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LoI GIdI THIEU 

Thtfc hien mot s6 digu cUa Luat Gido duc, BO Gido due & Dao tao va BO Y 
t6 da ban hanh chtiong trinh khung ciao tao Dudc si Dai hoc. BO Y to to chfic 
bien soan tai lieu day — hoc cac mon hoc chuyen mon, co ban chuyen nganh 
theo chuong trinh tren nham Bing budc xay dung bo tai lieu day — hoc chuan 
v6 chuyen mon de dam bao chat Wong ciao tao nhan luc y tg. 

Stich "Hod Dai Wong - vo cd Tap 2" duoc hien soan dila tren chuong trinh 
gido duc dai hoc cUa trtiong Dai hoc Dude Ha NOi, Bo Y to vdi phudng cham: 
kign thitc co ban, he th6ng; not dung chinh xdc, khoa hoc, cap nhat cac tign bO 
khoa hoc, ky" thuat hien dai va thiic tin Viet Nam. 

Stich "Hod Dai Wong - vo co Tap 2" db." duoc bien soan bdi cac nha gido 
giau kinh nghiem va tam huygt cua truong dai hoc DUoc Ha NOi. Stich "Hod 
Dai Wong - vo cd Tap 2" da ducic Hoi dOng chuyen mon tham dinh sach va tai 
lieu day — hoc cila BO Y t6 th'am dinh vao nam 2008. BO Y t6 ban hanh la tai 
lieu slat chua'n chuyen mon nay dg sti dung cho nganh trong giai doan hien 
nay. Trong 411a trinh sii dung sach phai duoc chinh 1Y, 136 sung va cap nhat. 

Bo Y to xin than thanh cam do cac Nha giao, cac chuyen gia caa. trucing 
Dai hoc Duoc Ha NOi da clanh nhigu ding sic hoan thanh clan sach, cam on 
GS. Dam Trung Bao va PGS.TS. NO Si Luong da phan bien de cu6n sach sdm  
hoan thanh kip thai phuc vu cho tong tac dao tao nhan 1iic y tg. 

Vi Ian dau xuat ban, thong toi mong nhan. &toe y kign dung gop cua dOng 
nghiep, cac ban sinh vien va cac dOc gia d6 Ian xuat ban sau chtoc hoan thien 
hon. 

VU KHOA HOC VA DAO TAO 

BO Y TE  
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LOI NOI IJAU  

Hod Dai dicing va Vo co la mon hoc co sei trong chuong trinh dao tao Dtioc 
si dai hoc. Theo quy dinh cua khung chuong trinh, phdn 1ST thuyet Hod Dai 
ctiOng va Vo co dtioc giang day i3 hai hoc ky cUa nam ddu cho sinh vien Dtioc 
he chinh quy. Mon hoc gem 2 hoc phdn: Hoa Dai cuong - Vo co 1 va Hod Dai 
cticing - Vo co 2. Mei hoc plidn dtioc giang day trong met hoc kY. 

De dap Ung yeu cat' chung ve nang cao chat Wong dao tao dai hoc va 
phuong phdp giang day tich cuc, chUng Cal hien soan giao trinh Hoa Dai dicing  
- Vo co theo htidng tao diet' kien cho sinh vien tii chit nhieu hdn trong hoc tap. 
Theo do, nhfing kign thtic ciia khoa hod hoc chtoc sap xep, trinh bay met cach 
hop VT va he thong, vita co ban - hien dai, viia thigt thuc trong van dung, ke ca 
lien he \Ted kien tit& Sinh - Y - atioc hoc. 

Muc tieu ciia mon hoc ma sinh vien can phai dat la: 

1. Hieu va giai thich duoc cau tao va tinh chat cila cac he vat chat 
(nguyen tu, nguyen to, phan tU, ph& chat, vat the) nho nhang kign thlic cO 
ban nhat ye co hoc Wong 

2. Xac dinh va ly giai duoc chieu hitting, gidi han cua cac qua trinh hoa 
hoc nhe van dung cac nguyen ly cita Nhiet deng hoc. 

3. Giai thich duoc co the phan tang va cac digu kien can bang hod hoc dUa 
tren nhang nguyen ly, dinh luat co ban, tit do van dung de giai guy& nhang 
van de thUc te. 

4. Trinh bay duoc mei lien quan glib. au tao va tinh chat dia cac nguyen 
to va cac hop chat vo co quan trong, theo do hieu va giai thich duoc vai trO cua  
chung trong Y - Duoc hoc va dec tinh. 

Giao trinh nay chia lam 2 tap: 

Tap 1. CAU TAO CHAT VA NHIET DONG HOA HOC gem 6 clutong: 
Nhfing khai niem va. Dinh luat co ban trong hod hoc/Cau tao nguyen tip va He  
thong tun hoan cac nguyen te/Lien ket va cau tao phan tit/Phut chat/Cau tao 
vat the — Phan civic ion/Nhiet deng hoa. hoc. 

Tap 1 nham gitip sinh vien thvc hien muc tieu 1 va muc tieu 2. 
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Tlap 2. C1-6m 2 phan: 

Ph'An I. CO CHE PHAN (ING VA CAC TRANG THAI CAN BANG g6m 4 
chuong: T6c do va cci the phan iing — Can bang hod hoc/Si hinh thanh va cac 
tinh chat cila dung dich/Dung dich chat dien ly/Phan 1.tng oxy hod khii va dOng 
dien. 

PhAn II. HOA HOC VO CO gem 10 chtiong, trinh bay moi lien quan gifiia  
cau tao va di-1h chat cac nguyen to va cac hop chat vo co; vai tro va doc tinh 
cila cluing trong sinh quyen va nhung ling dung trong Y-Dtioc. 

Tap 2 nham ginp sinh vien thuc hien muc tieu 3 va muc tieu 4. 

CuOi Tap 1 c6 kern theo cac phu luc de nguai doc tien tra ciiu nhieu hang 
s6, dai hiong hoac khdi niem thttong clang trong Hod hoc. 

Trong qua. trinh 	 eu 
k

soan, 
 van con. Chung t6i rat mong nhan duoc Sr kien dong 

gop va phe binh cUa cac do'ng nghiep, sinh vien va ban doc de lan xuat ban sau 
tai lieu c6 chat liking cao hon. 

Ha NIji, Thang 8 nam 2008 

Chez bier' 
PGS.TSKH. LE THANH PHLIOC 
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PHAN I 

CO CHE PHAN AG VA CAC TRANG THAI CAN BANG 

Chtfdng 7 

ToC DO VA CO CHE PHAN (MG. CAN BANG HOA HOC 

M V C TJ U 

1. Trinh bay each xac dinh cac thanh phan trong phuting trinh to'c dd. 

2. Viet phodng trinh tdc otc5 vi phan vet tich phdn cho cac phcin Ong bdc 0, 1, 2, va 
gidi etude mot selbai town tie thu'c te: 

3. Gidi thich cinh hu'dng awl nang dd, nhiet dd va yeit to khong gian can toe 
phdn Ong. 

4. Trinh bay 2 ddc diem caa chat xac teic vet nhieng diem cktc Net czia xi c bac enzym. 

5. Xac dinh duvc ch,ieu hu'dng va gidi han cda mot phdn zing qua cac gici tri cda 
Q, K vet dG. Gidi quyet etude mot so-be:a town dat ra tic thOc te: 

6. Trinh bay nguyenlY Le Chatelier va each van dung trong chuyen dick can bang. 

Phan -tang hod hoc la nhiing qua trinh dOng hoc, trong do vat chat va 
nang Wong lien tuc hien dOi. Bleu dien cac phan iing &lair clang phtiong trinh 
hod hoc la rat thuan tien va la tong cu de tinh toan Wong san phdm tao thanh 
tii m0 Wong chat ban dau (chat phan ling) da biet. Tuy nhien, phtiong trinh 
hod hoc khong cho to biet ba thong tin quan trong cUa mot phan ling hod hoc: 

Tai thai diem bat dau, phan iing co kha nang xay ra tai phat hay khong? 
No giai phong nang Wong hay can cung cap nang Wong? 

Tai mot thai diem, phan iing xay ra nhanh hay cham? Theo co the nil-Li 
the nao? 
NOng dO cac chat dau va san phdm la bao nhieu khi phan -tang ket dale? 

Be nhdn biet thong tin dau, Nhiet &Ong hod hoc (chtiOng 6) chi ra rang, 
mot phan ling bat kY chi có the xay ra tai phat khi AGp„ < 0. 
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Nhung not dung cila chtiong nay se cho phep xac dinh hai thong tin tiep 
theo. 

1. ToC DO VA CO CHg PHAN fiNG 

1.1. Dinh nghia va bieu din Vic do phan ling 

• Tdc dO phdn zing la sti bien doi niing do cua chat dciu hay san phei'm trong 
mot don vi thdi gian: 

+ C2 -  CI 	+ AC 

t 2  - t1 	— At 
(7-1) 

day, V IA tec dO trung binh trong khoang thai gian tit t1  den t2; AC IA 
su bien doi n6ng dO mol/L cna chat dau hay san phAm tit C1  den C2; vi tO-c dO IA 
dai lacing khong có gia tri am, nen dau + itng v6i viec xac dinh t6c do theo sit  
Eden d6i n6ng do san phAm, con dau - itng voi chat dau. 

Khi At —> 0, phtiong trinh (7-1) cho t6c dO titc thai: 

V = +dc 
dt 

Doi voi mot phan ling bat kST, chang han: 

aA + bB —> eE + fF 

trong do a, b, e, f IA cac he s6 tST Wong trong phuong trinh hoa hoc, thi tec 
dO phan ling dttoc xac dinh bang he thfic: 

V 
dc A 	dC B 	dc E 	dc F  (7-3) 
adt 	bdt 	edt 	fdt 

Chu 51: 

Don vi thai gian trong do tee dO phan ling do the IA giay (s), phut (min), 
gia (h), ngay (d) hoac thong, nAm. Theo do, t6c dO co this nguyen IA 
mol/Lgiay (hoac mol.L-1.s4); mol/Lphnt (hoac 

Gia tri cua V phu thuOc vao viec quy ve chat nao (trong pinking trinh hod 
hoc) de tinh: chat có he s6 ty Wong Ion, gia tri bang s6 cila V cang 16n. 

• Vi du ve' ccich xac dinh tdc de): phcin zing theo thai gian. Xet phdn zing thuCin 
nghich d pha khi gia'a ethylen va ozon (kw khoi quang hoci, gay o nhijm tit 
giao thong a thanh pho): 

C2H4  (k) + 03  (k) 	 C2H4O (k) + 02  (k) 

Tit he s6 tY' Wong cho thay n6ng do caa hai chat dau giam xueing voi t6c 
dO nhu nhau: 

(7-2) 
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V = A[C
2 H 4 ] 	A[03]  

At 	At 

Bang cach theo doi nemg d6 dia mot trong hai chat dau, to c6 the tinh 
dtfOc t6c d6 phan itng. Gia sit da bi'et ang d6 03  trong melt binh kin 6 30°C 
(303K) tai cac thai diem khac nhau trong phut dau tien sau khi C2H4  dtioc dtta  

vao binh (bang 7.1). 

Bang 7.1. N6ng d6 03  6 cac thOi diem khac nhau trong phgn Ong vdi C2H4  6 303K 

Thesi gian (s) N6ng d6 03  (mol/L) 

0,0 3,20.10-5  

10,0 2,42.105  

20,0 1,95.10-5  

30,0 1,63.10" 

40,0 1,40.10' 

50,0 1,23.10-5  

60,0 1,10.10' 

+ Tinh to/c d6 trung binh cua phan iing trong 60s: 

V60 
= 	(1,10.10-5  mol/L) -  (3,2.10-5  mol/L) 

= 3,50.10-7 mol/L.s 
60,0 s - 0,0 s 

+ Tinh t6c d6 trung binh cUa phan ung trong 10s dau tien: 

(2,42.10-5  mol/L) - (3,20.10-5  mol/L) 

	

VIO(t16u) - 	 7,8.10-7  mol/L.s 
10,0s-0,0s 

+ Tinh t6c do trung binh cua phan itng trong lOs cu6i cila phut dau tien: 

	

v.10(cum  = 	(1,10.10-5  mol/L) - (1,23.10-5  mol/L) 
= 1,3.10-7  mol/L.s 

60,0 s -50,0 s 

Tit cac ke't qua tinh tren day cho thay: ban than t6c d8 phan ling luon 
bi:en doi theo thai gian; t6c do chain dan trong qua trinh phan fing (t6c di) lOs 
dau nhanh .gap 6 tan lOs cu6i); t6c d6 trung binh trong mot khoang thai gian 
khong cho bie't t6c do tai mot thai diem. Neu chon khoang thai gian cang ngan, 
gia tri t6c d6 thu duoc cang gan t6c d6 tiic thai. 

+ Sit 'Dien doi t6c di) phan itng ciing c6 the th'ay dttoc bang cach ye d6 thi 
n8ng d6 theo thai gian (hinh 7.1). D6 d6c (he s6 g6c = tga) cua &fang 
thang (Ay/Ax, 6 vi du dang xet tic la A[03]/At) not hai diem bat kS7 cho 
bie't t6c do trung binh trong khoang thai gian d6. D6 eldc czia tie-p tuyen 
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40 2(1 	3(1 

Thai gian (s) 

flung V (mol/L.$) 

a 10,0 x 10-7  
b 3,50 x 10-7  

7,80 x 10-7  
d 2,50 x 10-7  
e 1,30 x 10-7  

duang cong tai thai diem t = 35s. 

4j0  J N6ng dO 03  (mol/L x 105) 

3,0 

2.0 

1,0 

10 50 
	1 
60 

udi du'eing cong tai mot thdi diem cu the' cho bi'dt tdc dO tic thol tai thOi 
diem do. Vi du tren hinh 7.1, to/c dO phan -ling 6 giay this 35 sau khi 
phan Ung bait dau la 2,50.10' mol/L.s, do la dO d6c cUa tiep tuyen \Ted 

Hinh 7.1. Do thi Wong c16 03  theo thai gian trong phan ling vOi C2H4  (ye theo so lieu cOa 
bang 7.1 va cac ket qua tinh tOc do cho vi du clang xet). DO dific cOa duting thang b la to'c 
dO trung binh di' a phan ling ci cä 60s, cOa duttng thAng c va e le tek do trung binh 6 lOs 
dgu va 10s cu6i; con dO dek cOa a la t6c c10 ban au tai thai diem t = 0,0s, cOa d la tcic 

chi .ttic thai tai thOi diem t = 35s 

• Nhi:ing hiu y can dung cho phAn trinh bay tiep sau: 

Thuat ngia "t6c dO phan ling" thong thttang la de chi t6c dO tfic thai. 

T6c dO ban dau la t6c dO tic thai tai thai diem cac chat dau moi 	trOn 
fan vdi nhau (nghia la 6 t = 0). Khi do, n6ng dO san pham la rat nhO nen 
teic do phan ling nghich khong clang ke. Trii nhiing truang hop dac biet, 
to se sit dung t6c dO ban dau de xac Binh cac thong s6 Ong hoc khac cua  
phan 

T6c dO phan itng phu thuOc trtioc het vao ban chat ciia cac chat tham gia 
phan itng, this den la n6ng do, trang thai vat ly cua chung, nhiet do ma 
tai do phan itng xay ra va tac dung cila chat xlic tac. 
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1.2. Anh htaing clad nang do clgn tac do phan iing  

• Phticing trinh to-c di) hay dinh luty tij-c d() (con goi la dinh ludt tac dung 
khai Wong, do Cato Guldberg va Peter Waage, hai nha hod hoc Na Uy, dua 
ra dang thiic ban ddu nam 1864): 

• Tdc dO phdn zing 0 le thuein voi, tich so nesing dO (vdi so ma thich hop) cda 
cac chlit tham gia phdn zing. 

vdi mat phan iing chung, chang han: 

aA + bB —> san phdm 

Phuong trinh tac do c6 

V = k.[A]m.[B]" 	 (7-4) 

[A], [B] - n6ng do mol/L cua chdt A va B 6 thOi digm tinh V. 

m, n - nhUng con so/  duct xac dinh bang thiic nghi0m; tang m + n &toe goi 
la bac cua phdn zing, trong do m la bek rieng ctdi vdi A va n la bac rieng ctoi vdi 
B. Cac s6 mu khong nhdt thigt phai c6 bdt ky mai quan 110 nab vdi cac 110 s6 a, 
b trong phtiong trinh phan 

k - he so q,  10, goi la hang so-  tot do, chi phu thuac vao ban chdt cUa chd.t 
phan iing va nhigt do. 	voi mat phan -tang xac dinh va 6 nhigt ct6 khong doi  
thi k = const. Khi n6ng d6 cac chdt phan iing dgu bang 1 mol/L, k = V va goi là 
tdc dO rieng cda phdn 

Phuong trinh (7-4) cluoc goi la dinh ludt tac do, phuong trinh tac do hay 
pinking trinh clang hoc hinh thiic cua phan ling; no là phuong trinh co ban cUa 
dang hod hoc va &foe xac dinh bang thiic nghi.0m. 

• tim chtoc cac thanh phdn cua dinh ludt tot do (g6m tac do, bdc phan 
ling va hang so/  tac do), ngtiOi ta phai thiic hiOn nhigu thi nghi0m 6 cac n6ng do  
ban cldu khac nhau de xac dinh mat boat gia tri van tac ban ddu. Mat khi cla" 
bigt phuong trinh tac clod nhik do nao d6, ta c6 thg dung no de xac dinh tac do  
6 bdt ky n6ng do chdt ban cidu nao. 

Chu 51: 

DOi,v6iphan ling clang thg, la. phan 	gicia cac chdt 6 trong tong 1 pha 
(chang han phan iing giita cac chdt khi, giita cac chdt hoa tan trong dung 
dich), n6ng do cac chdt phan *rig (Moe th0 hi0n ddy du trong pinking 
trinh tac do. 

• v6i phan ling di thg, la phan Ung gicia cac chdt khac pha (chang han 
phan iing gifia chdt khi va chdt ran hay giita chdt hoa tan va chdt ran), 
thi trong pinking trinh tot do khong c6 mat n.6ng dQ chdt ran, vi no du oc 
xem la c6 gia tri kh6ng doi va duoc dua vac) hang so-  tac do. VI du: 
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S (r) + 02  (k) -> SO2  (k) 

V = k'.const.[02] = k.[02],  

• Xac dinh bac phan ling 
a/ Bac chung ciia phan ling, hay bac rieng doi vdi ding chat, thltang la s6 

nguyen &tong hay 0, nhttng cling c6 the la phan s6 hoac am. Dieu nay ctuOc 
thay o cac vi du sau. 

- Phan ling: 

	

	NO (k) + 03  (k) ---> NO2  (k) + 0, (k) 

Phuong trinh to/c do (da duoc xac dinh qua thtic nghi:On) IA: 

V = k.[N0].[03] . 

Vay, phan ling nay la bac 1 dal voi. NO (t6c do phan iing phu thuac n8ng 
do NO tang theo bac 1 [NO]'). N6 cling la bac 1 doi voli. 03, la [03] 1. Tang cac 
bac rieng se la bac cila toan bo phan ling. Vay phan ling nay la bac 2. 

- Phan ling: 	2NO2  (k) + F2  (k) -> 2NO2F (k) 

Pinking trinh t6c do duoc xac dinh: 

V 	k.[NO2].[F2] 

Vay, phan ling la bac 1 doi vdi NO2, bac 1 dal vdi F2  va toan ba phan ling 
la bac 2. 

Phan fing gifia 2 chat long: 

(CH3)3CBr (1) + H2O (1) --> (CH3)3COH (1) + HBr (aq) 

Phtiong trinh t6c do: 

V = k.[(CH3)3CBr] 

Phan ling la bac 1 d6i v6i. 2-bromo-2-methylpropan. Pang chn Sr la riling 
do rat6c khong xuat hien trong phuong trinh toc do. Phan ling la bac 0 doi vdi  

Hz0 ([H90]°). Di6u nay co nghia la t6c do phan ling khong phu thuac vao ang 
do H2O (vi no la dung moi neing do 16n c6 the xem la khong d6i). Ta cling c6 the 
viet pinking trinh t6c do: V = k.[(CH3)3CBr].[H20]°, va bac clia toan ba phan 
ling la bac 1. 

- Phan fing phan huS,  1. chat khi: 

CH3CHO (k) -> CH4  (k) + CO (k) 

Phuong trinh Vic do: 

V = k.[CH3CH0r2  

Phan ling c6 bac 3/2 dal voi. CH3CHO, bac phan ling chung cling la bac 3/2. 
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- Phan Ung phan huY' khi ozon: 

2 03  (k) 

Phuong trinh t6c d6: 

 

3 02  (k) 

 

V = k.[03]2.[02] 1  = k.[03]21[02] 
Vay, n'eu n6ng d6 02  tang len gap doi thi t6c d6 phan 	giam xu6ng 

mot niia. Bac cua phan 	chung la bac 1. 

b/ De xac dinh bac phan itng, nguai ta tie'n hanh nhieu thi nghiem. M6i 
thi nghiem bat dau 6 ang d6 khac nhau d6i vdi chat khao sat, trong khi nOng 
d6 cac chat khac &Joe git nguyen. Tii m6i thi nghiem se tim thay mot to-c d6 
ban dau. So sanh cac gia tri t6c d6, ta tim dude bac phan 

Vi du: De xac dinh bac ciia. phan 

NO2  (k) + CO (k) —> NO (k) + CO2  (k) 

mau nau khong mau khong mau khong mau 

nguai ta tien hanh cac thi nghiem do mau trong binh mau (da bie-t the 
tich) dm may quang phO. Vi chi NO2  có mau (do hap thu anh sang nhin thay 
trong mot khoang bulk song hep) nen t6c d6 giam ang d6 dia no duck do mau 
theo thcii gian. Cac du lieu thuc nghiem thu &foe ghi trong bang 7.2. 

Bang 7.2. Cac t6c d6 ban dau va n6ng d6 ban dgu trong 3 thi nghiOm 
cOa phgn Ong gii7a NO 2  va CO 6 25°C 

Thi 
nghiem 

T6c do ban au 
(mol/L.$) 

[NO2] ban crau 
(mol/L) 

[CO] ban dau 
(mol/L) 

1 0,0050 0,10 0,10 

2 0,0800 0,40 0,10 

3 0,0050 0,10 0,20 

Pinking trinh t6c d6 cho phan tang dang khao sat &toe viet &ten clang 
tong quat la: 

V = k.[NO2] m.[CO]" 

De xac dinh m va n, ta lap ty s6 gii a cac plitiong trinh t6c d6 d cac thi 
nghiem, chn y gian uOc k (do 6 ding nhiet d6, gia tri cila no khong doi.) va gian 

cac nong d6 giong nhau: 

V2  = k. [NO2  ]2n  . [CO]2  

k.[NO2r 

r  7■TC) 12 
\m 

J 

[Na]i 

0,0800 mol/L.s 	(0,40 mol/L m  

0,0050 mol/L.s 	0,10 mol/L 
TAN TAO UNIVERSITY LIBRARY 
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(chn nhang con s6 ghi phia duoi V va [ ] la s6 this tti dm till nghi:e.m). 

Tif do tim thay m = 2, phan -ling la bac 2 deci vdi NO2. 

V3  =, k.[NO2 ]i.[C0]3̀1  _ ([C0]3  

V1 	k.[1\102 ] .[C0]111 	[C0]1  

0,0050 mol/L.s 	(0,20 mol/L)n  

0,0050 mol/L.s 	0,10 mol/L 

Tit do tim thay n = 0, phan Ting la bac 0 cloi vdi CO. 

Phuong trinh toc do cua phan Ting duoc xac dinh qua thuc nghi'm la: 

V = k.[NO2]2.[C0]° = k.[NO2]2  
Vay phan ling chung clang xet la phan -ling bac 2. 

• Xac dinh hAng so t6c do  

Khi da bie't cac gia tri t6c do tai mot nhiet c16, ang c16 chat phan ling va 
bac phan 	ta de dang tim duoc gia tri cila hang s6 t6c do k. D4 vi du, ta tra 
lai phan ling gilla NO2  va CO vita xet tren, thi gia tri k co the chide tim thay, 
chung han tit thi nghi.01 3, bang each lap he thfic sau: 

k  = 	V3 	0,0050 mol/L.s = 0,50 L.mol-1 .s-1 
[NO2 ]i 	(0,10 mol/L)2  

Di nhien d ca 3 lan thi nghi4m (tai 25°C), k cua phan -ling clang xet phai 
có cimg gia tri (frit nhung sai s6 th-qc nghi.rn cho phep ttiOng -ling vdi do chinh 
xac cua phuong phap do cluoc sU dung). 

Bang each b6 tri thi nghi:On va cach tinh tttdng tit nhtt vay, chting ta có 
the tim cluoc gia tri k cho moi phan ling có cac bac khac nhau. 

Chti ST rang, this nguyen (don vi) cila hang s6 t6c di) phu thu(ic vao bac 
cua phan ling (bang 7.3). 

Bang 7.3. Cac don vi coa .hang s6 to‘c do k cho cac bac phan 	khac nhau 

Bac phin ang Don vi cita k (thoi gian t theo gray = s) 

0 mol/L.s 	(hoac mol.L-1.s-1 ) 

1 1/s 	(hoac s-1 ) 

2 L/mol.s 	(hoac L.mo1-1.s-1) 

3 C/mo12.s (h0c L2.mo1-2.s-1) 
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/  Cong thfic chung cho n6ng dQ mol.L-1: don vi 	k 	
rno/r4c-I 

 — 
t 

hoac cho ang dQ khdi quat: don vi cila k = (don vi do ang 4)1-B4c x (don 
vi do thai gian)-1  

1.3. Anh Inking cita- thdi gian den niing d'(;) chat phan itng. Phtidng 
trinh to-c do tich phan 

Cdc phtiong trinh t6c do viia xet tren day chata bao g6m thai gian dttoi 
Bang Wen thien. Chung chi cho ta biet t6c d0 hay n6ng 4 tai mot thai diem. 

tra lai cdc cau hOi: sau bao lau thi mot chat phan ling het, hoac nan.g dQ 
cua no- bang may sau mot khoang thai gian nao do, ngtiai ta Can phai xay thing 
cdc pinking trinh mo to moi quan he dinh Wong gifia n8ng d6 va thai gian cho 
cac phan -tang a cdc bac khac nhau. Nhcing phtiong trinh nhu vay dUoc goi la  
cdc phtiong trinh dOng hoc hay phu'ang trinh tde ctO tich phan cua cdc phan 
iing hod hoc. Chung do'ng thai la cong cu ginp cho viec tha'm dinh va xdc dinh 
cdc thong s6 diing hoc khdc (bac phan ling, hang s6 t6c do, chu kST ban huY...). 

1/ Phdn ang bdc khong la phan fing ma t6c di) cila no la mot hang s6, 
khong phu thuQc vao n6ng do cua cdc chat phan ling va thai gian. Cdc phan 
ling A —> san pharn la bac khong thi pinking trinh t6c dQ vi phan cho chat 
phan -Cing A nhtt sau: 

- d[A] 
V = 	 = ko 	d[A] = - ko.dt 	(7-5) 

dt 

Lay tich phan phtiong trinh tren trong khoang tii n6ng d6 ban d'au [No 6  
t = 0 den nang dQ [A] 3 thai di6'm t, thu dtioc pinking trinh t6c 4 tich phan: 

[A] 
fd[A] = - ko  fdt 	[A] - [A]0  = - kot 

[A]„ 

[A] = [A])  - kot 	 (7-6) 

Thai gian ban hug, hay chu k5' ban hug, ky hie:u t112, là thai gian can thiet 
cue' mot idea 	chat ban ctdu bien thanh sdn phcim. 

[A]o  

2k0  

Khi phtiong trinh duang thang (7-6) duoc bieu din tren do thi nang do - 
thai gian thi he so-  goc cua &tang thang tga = -k0 	 (7-8) 

poi vdi phan ling bac khong, ti/2 (7-7) 
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[A], 
DO d6c = -k„ 

Hirai 7.2. D6 UV phtiong trinh t6c dO tich phan cad phdn sing bdc khOng 

- Vi du: 'roc dO phai mau cua mot ch6 pham giau nhorn phosphat (dtioc do 
qua sti giam dO hap thu quang A tai = 500nm) tuan theo t6c dO bac 
khong voi k0  = 0,00082 dO hap thu/gia d 60°C. Vay, sau bao lau mau cua  
the pham phai di mot niia, neu mau hien tai cita no do thicic la A0  = 0,470 
dO hap thu. 

Gidi 

Xem A0  = [A]o  va van dung pinking trinh (7-7), thu &toe: 

A„ = 	0,470 dO hap thu 
t 1/2 = 	 

2k 0 	2 x (8,2.10-4  dO hap thn/giii) 

= 2,9.102  gia 	12 ngay) 

21 Phdn ang btic 1: 

Cac phan ling A ----> sail phalli la bac 1 thi pluicing trinh to'c dO vi phan có dang: 

- d[A] 
V k[A] 

phan: 

hoac 

lg[A] 

t = 

d[A] 
k.dt (7-9) 

(7-10) 

(7-11) 

(7-12) 

dt 	
= 

suy ra phthing trinh to-c dO tich 

In ['Al°  kt = 

 [Al 	
= - 

ig  [A]o 	kt 

[A] 

va cac pinking trinh he qua: 

1n[A] 	= 	ln[A]0  - kt 	hoac 

1 
In [A]0  t 	= 

[A] 	2,303 

lg[A]0 	
kt 

= 
2,303 

2,303 
lg 

[A]0 
ho4c 

k 	[A] k 	[A] 

Bdi 	
1 

dinh nghia [A] = 2 — [A]0  d t = t112, nen: 
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t1/2  = I —In 
 [A] 	I 

0  = 	1n2 = 
0,693 

k 1 k 	k 
[At) 

(7-13) 

a day can lu'u 

- Chu kST ban huSi cila chat a phan fing bac 1 (tai nhiet do nhat dinh) là 
mot hang s6khong phu thuOc vao n6ng d6 ban Tau. 

- Neu bi4u thi plation.g trinh (7-11) theo y = ln[A] va x = t: 

1n[A] = -kt In[A]o  
y = mx + b 

to thu dti6c pinking trinh &tang thang ma he so goc (dO d6c) cila no bang 
m = -k = tga va eat true y tai b = ln[A]o  t = 0 (hinh 7.3). 

Neil ye .d6 thi ln[chat phan 
ling] theo, thai gian ma thu &toe mot 
duang thang di xu6ng thi do la clang 
phan ling bac 1 doi v6i chat phan 

deing thii tim du6c hang so t6c ln[A] 
do k nh6 xac dinh dO d6c. C6n ne/u 
ye d6 thi [chat phan ling] theo thai. 
gian ma thu dtf6c mot du6ng thang 
di xu6ng thi do la phan Ung bac 
khong doi vdi chat phan iing, d6ng 
thoi tim du 6c k0  qua dO d6c cua  
duang thang. 

- Phan Ung bac 1 thu6ng gap la nhang phan Ung phan huST chgt khi hay 
chat 16ng, phan 1 ng thuS,  phan, phan 1 ng phan ra phong xa... nhu mot s6 
vi du sau. 

+ Vi du 1: 	2N205  (k) ---> 2N204  (k) + 02  (k) 

co phudng trinh t6c do &toe xac dinh: V = k.[N205], vdi k = 0,0168 s 1  6 
40°C. Tinh s6 mol N205  con lai sau 1 philt phan iing, ngu ban dau có 2,5mol 
N205  chila trong binh th4 tich 5L va nhiet dO dude duy tri c3 40°C. 

I [Al, 

DO clCic = -k 

t 

Hinh 7.3. D6 thi phttong trinh to.c do 
tich phan b0c 1 

Ngu chat phan ling 6 the khi thi trong cac phucing trinh t6c do tich phan 
co th4 thay the n6ng dO mol/L bang n'Ong dO phan mol (N) hoac bang dp 
suat (P), vi chting la nhiing dai luring q,  le vOi nhau. Chang han pinking 
trinh (7-10) khi ay có 

= kt 	hoac 	In 	 = kt 	 (7-14) 
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Gidi 

Pinking trinh t6c d6 va thin vi cUa k cho thgy day la phan tang bac 1. 
2,5 mol 

	

N6ng d6 ban dau cUa N205  là: [N,05}0  = 	5 L = 0,500 M 

Van dung phuong trinh (7-11): 

ln[N205] = ln[N201 - kt = in 0,500 - 0,0168 s-1  x 60 s = -1,701 

• = 	[N205] = 0,182 M 

S6 mol N205  con lai trong binh 5L sau 1 phut la: 

5 x  0,182 mol 
	 = 0,910 mol 

L 
+ Vi du 2: Su phan huY hydrogen peroxyd: 

2H202  (1) ---> 2H20 (1) + 02  (k) 

duoc xac dinh la phan ling bac 1. Trong 1 thi nghi6m c6 xac tac d nhi6t 
d6 phOng, nguai to theo doi ski phan huY' H202  bang cach do th6 tich 02  giai 
phong nh6 mot buret khi va nhan thy sau 65 phut niing 0 H202  (bi6u thi 
bang s6 th6 tich 02  khi cho mot th6 tich H202  16n.g. O buret doc don vi th4 tich 
theo mL) là 9,6, con khi rndi bat d'Au do là 57,90. 

a) Tinh hang s6 t6c dO k. 

b) Tim thai gian ban huST t1;2. 

c) Sau 15 phUt, neing d6 H202  la bao nhieu. 

Gidi 

a) Van dung piniong trinh (7-10) hovO.c (7-12), thu duoc: 

k = 
2,3031g (H202)0 = 2,3031g  57

'
90 

= 0,0277 phut-  
t 	(H202 ) 	65 	9,60 

b) Van dung phudng trinh (7-13), dtioc: 

0,693 	0,693 
t I 2 =  	 = 25 phut 

0,0277 philt-1  

c) N6ng d6 H202  con lai sau 15 philt: 

2,3031g  57,90  
0,0277 = (H202 ) = 38,22 

15 	(H202 ) 

(O day can hi6u, tai th6i diem nay, 1 the tich H202  lOng con co th6 giai  
phong 38,22 th6 tich 02  khi). 
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+ Vi du 3: Carbon 14 phan ra phong xa p (beta) theo phan 

6 	7' 
14/1/4T e ((3-  ) 

có chu kST ban ra la 5730 nam. Tinh tu6i cua mot m'Au go khao c6 có do  
phong xa bang 71% d6 phong xa cua mdu g6 hien tai? 

Gicii 

Dtia cac dfi lieu \Tao phuong trinh (7-13) va (7-12), thu duoc: 

0,693 
5730 nam = k = 1,21.10-4  nam-1  

k 

2,303 	100  
t = 	 lg 	= 2831 nam 

1,21.10-4  nam-1 	71 

+ Vi du 4: M6t ddn thu6c chlia aspirin (= Asp) clang lOng Can &lac pha 
chg cho digu tri Odin dau, ha sift va thong ke't tap ti.4u cdu. N6 chila 
325mg (Asp)/5 mL hay 6,5g (Asp)/100 mL. DO tan ciia Asp a 25°C la 
0,33g/100 mL. Mid vay dang thu6c la hon dich (tieu phan chat tan 
dtioi dang cac hat treo 10 lung va gidi phong ddn Asp vao dung dich). 
Biel hang s6 t6c do phan 1n6'7 Asp trong dung dich la bac 1 va bang 

s-I . 

a) Tinh k(, cUa t6c do phan huy boat chS.t (Asp) trong hon dich. 

b) Tinh thai han sif dung ciia hon dich pha che, nghia la khi van con 90% 
Asp chua bi phan huST. 

Gidi 

a) Phan hq Asp trong dung dich la phan ling bac 1 nen theo pinking 
trinh (7-9), to c6: 

— d[Asp] 
	 = k.[Asp] 

dt 

,Vi [Asp] la khong d6i va bang do tan cUa Asp chling nao hem dich con On 
tai. 0 thai gian nay to/c do phan huY)  Asp la bac khong bieu kien (khi h6n dich 
tan het no se tr6 ve Sc 1), nen: 

— d[Asp]  
k.[Asp] = ko  

dt 

k,, = (4,5.10-6  s 1 ) x (0,33g/100 mL) = 1,5.10 6 	gs-1  
100mL 

b) Thai gian thu6c van con 90% chua bi ph -an huy duoc tinh theo phudng 
trinh (7-6): 
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t = 0,10 [Aspjo  = (0,10)(6,5g/100 mL)
, = 4,3.105s = 5 ngay 

k0 	1,5.10-6  g/100 

3/ Phdn zing bac 2 

Phan Ting A + B —> san pha'm la bac 2 thi plationg trinh to-c do vi phan có 
dang: 

- d[A] 	- [B] 
V = 

	

	
d 	

d 	
= k[A][B] 	 (7-15) 

t 	dt 

Goi a va b la n6ng dQ ban dau cilia A va B, va x la n8ng dQ da phan ling 
den thai di4m t, thi: 

V = —
dx 

= k(a - x)(b - x) 	 (7-16) 
dt 

Lay tich phan pinking trinh tren, thu duQc phuong trinh t6c do tich phan: 

1 
	ln 

b (a — x) 
kt 	 (7-17) 

(a — b) a (b - x) 

Khi A va B có cimg n6ng dQ (a = b), hoac coi phan ling la ciia cang 1 chat 
2A —> san pham, thi: 

V 

Phuong trinh teCc 

1 ( 	x 

x 
 

d 	 2 k 

= 	kt 

(7-19) la: 

(7-18) 

(7-19) 

(7-20) 

= 	= 	(a - x) 
dt 

do tich phan cila (7-18) la: 

1 	1 
= 

va chu ky ban h4 

t 1 

kt 	hoac 
[A] 	[A]0 

cUa phan ling bac 2 suy ra tit 

1 
/ 2 	= 	 

ak 

D6 thi bi4u din phuong trinh (7-19) tticing ling vdi 

1 	 1 
	 = kt + 	 
[A] 	[A]c, 

y = mx + b 

la mot duang thang có dQ d6c m = k = tga. Vay, khi ye do thi 1/[chat phan 
ling] theo thai gian ma thu chicle mot &fang tha'ng, thi do la phan ling bac 2 
(hinh 7.4). 
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Chit 	 1  
+ Khac Voi phan Ting bac 1, thai 	[A] 

gian ban huY' cUa phan ling 
bac 2 phu thuQc vao ang dQ 
ban dau dia chat phan 
Dieu do cho thay, thai gian 
niia phan Ung se ngan hdn 
khi có nhieu mol chat có mat 
de va cham va phan 
nhau. MQt ming dQ ban dau 
cao se có mot thai gian ban 
huy ngan, trong khi mot nong 
do ban dau thap se c6 mot 
thai gian ban h4 dai hdn. 

Do d6c = k 

1  

[A]0  

t 

Hinh 7.4. DO thi phuting trinh tek dO 
tich phan b0c 2 

+ Vi du: Phan ling xa phOng hoa ethyl acetat 6 25°C la: 

CH3C00C21-1, + NaOH ---> CH3COONa + C2H5OH 

Neng dQ ban dau cua CH3C00C2H5  va NaOH deu bang 0,01500 M. Sau 
20 phut ang dQ kiem giam mat 0,00993 M. Tinh: 

a) Hang so-  t6c 

b) Thai gian ban huST cUa phan 

Cho biet phuong trinh t6c dQ V = k.[CH3C00C2H5].[Na0H]. 

Gidi 

Phliong trinh t6c di) chi ra do la phan ling bac 2. 

a) No'ng dQ ban dau cila 2 chat phan Ung bang nhau nen có the van dung 
phuong trinh (7-19) de xac dinh: 

1 	0,00993 
k =     = 6,531-1-nor' .phtit -1  

0,015 x 20 (0,01500 - 0,00993) 

b) Va van dung phuon.g trinh (7-20) de tim: 

t1/2 = 	
1 	

= 10,21 phtit 
0,015 x 6,53 

Lu'u 	gia sii trong phan iing tren ma ban dau cho [NaOH] 
>> [CH3C00C2H5], thl sau mot thai gian [CH3C00C2H5] thay d6i dang ke so vai 
ang dQ ban dau, trong khi [NaOH] thay d6i khang clang ke so voi ang di) ban 
dau cila no (coi nhu khang d6i). Khi do phuong trinh t6c dQ duos viet: 
V = kl.[CH3C00C2H5], trong do k' = k. [NaOH] va pinking trinh duoc coi la 
bac 1 gia. 
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41 Phdn zing b(tc 3: 

Phan iing bac 3 tong quat có dang A + B + C --> san pham. Goi a, b va c 
la n6ng do ban dau cila A, B va C, va x la n6ng do da phan ling cua chting 
sau thai gian t, to có phtiong trinh t6c dO vi phan: 

V = dx 	k(a - x)(b - x)(c - x) 	 (7-21) 
dt 

- Trong trurang hop a = b = c hoac phan ling bac 3 la cila 1 chat, chang han 
3A --> sari pham, thi: 

dx 
V = 

dt 	
k(a - x)3 	 (7-22) 

Phan ly bie-n s6 va lay tich phan, thu dive phuing trinh t6c do tich phan la: 

1 	1 = 2kt 	 (7-23) 
(a - x)2 	a' 

'Cif do suy ra chu kST ban hug: 

3 
t(/- 2a 21: 

51 Phdn zing beic n: 

Dang phan ling là: 

A+B+C+...+K 	san phAm 

(7-24) 

(7-25) 

n (phan tir 

De don gian, gia sii n6ng do ban dau cita cac chat bang nhau va bang a, 
va x la n6ng dO da phan Ting cua thong, thi cac phaang trinh t6c do vi phan va 
tich phan thu dive nhti sau: 

dx 
= kn (a - x)" 	 (7-26) 

(n —1) 	— 	) 

Tit do suy ra chu kST ban hug: 

1 	2n-1  - 
t 1/2(n) 	(n-1) k n a n-1  

CS day, k„ va t1,2  („) la hang s6 to-c do bac n va chu kS7 ban hug cila phan 
-tang bac n, vdi n 1. 

dt 

= k ri t 	 (7-27) 

(7-28) 
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1.4. Anh htiang cita nhit coo d6n toe do phan ling  

Nhiet dO anh hoeing den t6c dO cua da so cac phan ling bang each gia 
tang hang s6 Vic dO k. Kinh nghiem cho thay, t6c dO phan iing thtiong 
tang 2-4 Lan m61 khi tang nhiet dO len 10K (hay 10°C). Con so-cho biet so  
Mn tang ciia tO'c 	phdn zing khi nhiet ctO tang them 10 c:1-0 goi là he so- 
nhiet 	ciict tele ctO phcin zing va ky hieu la y. Theo do, mot phan ling 6 
ding cac di6u kien khac thi: 

-= 
VT + 10 

VT  

k T 10  

k T  
(7-29) 

N6u 6 nhiet dO T, van tic cua phan ling la V, thi 6 nhiet do T2  van tic V2  

cna phan ling chicle tinh theo biL thi c kinh nghiem dia Van't Hoff: 

- 

Vz  =Y 1" .V/ 	 (7-30) 

Vay, nhiet dO lam tang tic dO phan ling, ma thtic chat la lam tang hang 
so -LOC dO k theo mot ham 

Bieu thlic (7-30) chi gain thing trong khoang nhiet dO khong cao. 

+ Vi du: MOt phan ling coy = 2 dtioc hoan thanh sau 2 ngay 6 0°C. Vay 
cling phan ling do, ne-u tie'n hanh 6 100°C thi: 

a) Tic dO phan ling se tang bao nhieu lain. 

b) No dtiic hoan thanh trong bao nhieu 

Gicii 

a) Van dung bieu.thfic (7-30), to có: 
loo- 

V100  = 2 lo = 2)0 
Vo  

Tic do phan ling tang 210  lain. 

b) Vi tic dO phan ling ty le nghich vdi thai gian hoan thanh t, nen: 

(2 x 24 x 60) phut  
3 pinit 

2'0  

d 100°C phan ling hoan thanh chi sau khoang 3 phut. 

- Phu'dng trinh Arrhenius: Tii nhung ke't qua nghien cflu chinh xac, nam 
1889 nha hod hoc Thuy Dien Svante Arrhenius da tim ra mo'i quan he  
theo ham mu am gifia nhiet do va hang s6 tic dO. Cj clang hien dai, 
phlicing trinh Arrhenius dtioc 

V100  
Vo  

t o  

t too 
2")  1100 
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k  = A. e-Ea/RT 

6 day, k - hang s6 t6c d6. 

T - nhi6t d6 tuy6t de:a. 

R - hang s6 khi. 

e - co sec logarit tv nhien. 

A - mot hang s6 có lien quan den s4 dinh litiong trong st.i va cham giiia 
cac phan tii (Sr nghia dia. no &toe thao luan a phia sau). 

E. - na ng lu'o'ng hoat hod cad phan zing, theo Arrhenius, la ruing lacing 
toi thdu ma cac phcin tec' can phdi c6 cte' phan zing Cy nghia chinh xac hdn dm 
no, cang nhu A, se not tiep a phan sau). Khi lay R = 8,314 J/K.mol thi Ea  có 
thin vi la J/mol. Nilo rang, khi nhi6t d6 tang, so-  mu am se nha hdn, gia tri k 
ft-6 len lon hdn, nghia la t6c dO tang. 

Cluing ta có tinh ctiOc E. bang cach lay In hai v6 phtiOng trinh Arrhenius 
va chuyen thanh dang phtiong 

Ink 

Y 

trinh 

Ea 	1 
= 

( 

mot &tang thing: 

+ InA (7-32) 
R 	T i  

= mx + b 

D6 thi Ink theo 1/T cho mot 
&tang thing ma d6 d6c dm no la - 
E./R va cat y d lnA (hinh 7.5). Bang 
thifc nghi6m, do mot s6 gia tri k a cac 
nhi6t d6 khac nhau va lap d6 thi nhii 
hinh 7.5, vi R da biet, nen tinh &toe 
Ea  = -R.tga. Cling có the xac dinh E. 
bang cach lay dao ham Ink theo T: 

cl In k 	Ea  
( 

dT 	RT 2 	
7-33) 

 

Neu xem E. = const, tich phan 
phitong trinh tren tilt T1  den T2, thu &foe: 

Ink 

 

I/T (K- ') 
Hinh 7.5. Xac dinh Ea  b6ng do thi 

bie'u din Ink theo 1/T 

(7-31) 

k 
= _Ea r  1 1 Ea 

k l  R \ T2  T1)  R 

(  1 	1 
T1  T2  

(7-34) 

Thilc to rat don gian, chi can xac dinh k1, k2  cua phan ling c3 hai nhiet d6 
T1, T2  r6i thay vao (7-34) ta se tim diloc gia tri Ea. Ngiicic lai, n6u da biet Ea  Ira 
hang s6 t6c dO tai mot nhiet d6 nao do, ta c6 the tinh dtioc hang s6 t6c c/6 a cac 
nhi6t do khac. 
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+ Vi du: Tinh Ea  cua phan ling phan 

2H1 (k) —> H2  (k) 	12  (k) 

Biet k 6 500K la 9,51.10:9  L/mol.s va 6 600K la 1,10.10 ' L/mol.s. 

Giai 

Ap dung phtiong trinh (7-34), to 

( 
k 

Ea 	-R In 	2  -- 
k 	

I 
 

\ T 	
1 

2 T1 

( 	
1,10.10-5  Lb-11°1.s \( 	1 	1 = - (8,314 J/mol.K) in 9,51.10

-9  L/mol.s 600 K 500 K 

1,76.105  J/mol = 1,76.102  kJ/mol 

1.5. Gfai thich cac anh hu'ang cua n6ng d6 va nhi6.t do den t6c do  
phan ling 

1.5.1. Thuyet va cham hoat di:mg 	
A 	 

- Thuyet va cham giai thich phtiong trinh t6c d6: 

D6 phan ling hoa hoc xay ra, cac phan tip chat 
tham gia phan ling (nguyen tU, phan tU, ion, g6c to 
do...) phai va cham vdi nhau. Nhu vay, tdc cto phdn 
eeng theyc quyet Binh bdi so va cham gieea cac phan 
to chat trong 1 dcm vi thol gian. S6 va cham nhi6u 
hay it lai phu thu6c vao n6ng d6 chat lOn hay nhO. 
It6t cu6c, t6c d6 phan ling tY 1e thuan voi n6ng do  
nhu da thay trong phtiong trinh t6c d6 (7-4). Nho 
rang trong phtiong trinh ay chila tich 	khong 
phai t6ng) cac n6ng d6. Vi sao lai nhtt vay? Mo hinh 
don gian 6 hinh 7-6 d6" dang giai thich di6u nay. 

- Khong phai moi va cham gifia cac phan tip clew  
d'an den phan ling. Thuyet va cham hoat Ong 
cho rang, chi flitting va cham giiia cac phan tip  
c6 nang Wong 4fi lon, goi la cac phan tit hoat 
Ong, moi c6 th6 gay ra phan ling. 	

Hinh 7.6. T6ng s6 va 
cham giUa cac tau phan Nhfing va cham nhti vay dtioc goi la va cham 

có th6 hi6u qua hay va cham du nang 
	 A va B /à tich (khOng phai 

t6ng) cac s6 lacing tido 
• NhiOt do$ tang có tdc dung lam tang so va chain 	phan A va B (tuang Ong 

	

det nang lu'o'ng, ma thu'c chat la lam tang so-phan tee 	v6i tich cac Wong c10 ceia 

	

hoat dOng. Ca'n htu y: day la nguyen nhan chInh 
	A va B) 

4 va cham 

Them 1 

6 va cham 

Them 1 

9 va cham 
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lam cho t6c dO phan ling tang nhanh khi tang nhiet dO (nhui da thay d vi du 
phia trutoc, nhiet dO tang 100°C, t6c dO tang 210  lan), chit khong phai nhiet dO 
lam tang chung tang s6 va cham binh thutong (vi ne-u nhur vay, theo tinh toan 
Ong hoc, t6c dO phan ung chi tang khoang 1,5 Fan, khong phai 210  lan, khi 
nhiet dO tang them 100°C, vol y van bang 2 nhut vi du da dua). 

- Co the tinh dtioc s6 phan tit boat &Ong hay so va cham du nang lacing 
theo dinh lukt phan 136 Boltzmann cho cac loaf hat Wong ttt khi 1ST Wang: 

N* 	-E,/RT 	 (7-35) 
N 

N* - s6 phan tit hoat &Ong. 

N - tang s6 phan 
EA - nang Wong can thiet de chuyen 1 mol khi A có nang Wong trung 

binh tra thanh boat &Ong va goi la nang Wong boat hoa khi A. 

R - hang so" khi, bang 8,314 J/mol.K. 

T - nhiet dO tuyet 

e - cd s6 logarit tLt nhien. 

Xet phan ling: A (k) + B (k) -> san ph'am 

Pinking trinh t6c dO: 

V = k.[A].[B] 	 (7-36) 

Theo thuye't va cham boat &Ong thi chi nhiing phan tit hoat Ong inch gay 
ra phan ling, do do: 

V = 13.[A]*.[B]* 	 (7-37) 

[3 - he s6 tS7)  le. 

[A]* va [B]* - ming dO cac phan tit hoat dOng A va B. 

Theo (7-35) thi: 

[A]*  = [A].e-EA/Fa va [B]* 	[B]  e-E,e/RT 	 (7-38) 

thay (7-38) vao (7-37), ta có: 
EA  +E„  

V = 13 [A]* [B]*  = 	RT .[A].[B] = fle-E' RT  JAMB] 	(7-39) 

6 day, Ea  - nang Wong hoat hod dm phan Ting va. Ea  = EA + EB. 	(7-40) 

Z* - s6 va cham du nang Wong. 

Z - tang s6 va cham. 

Tit (7-39) ta thay lai phtiong trinh Arrhenius (7-31) vdi (3 = A: 
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11/ la va cham du 
nang Itldng Idn han  

Ea  

k= [3.e-E" /RT =EJRT 

deng thai nhan ra tS'T le va cham du nang Wong tai met nhiet de (kST hieu 
f) chinh la thila so- ben phai 	phiiong trinh Arrhenius: 

Z* 	e -Ea  /RT = f 
	

(7-41) 

Thlia sof cho thay, ca Ea  va. T cteu anh huOng den tS,  le va cham du nang 
lilting, tfic la Anh huOng den tec do phan ling hay chinh IA lAm thay ct6i hang 
se t& do k. Khi T tang se khuech dai tY' le va cham có du nang liking vUot qua 
&foe hang /An nang liking hoat hoa Ea, nhu trinh bAy 6 hinh 7.7 va bang 7.4. 

Bang 7.4. Anh hvang dm Ea  va T der) ty le (f) va chum du nang Ivong 
de co the phan Ong 

Ea  (kJ/mol) f (a T = 298K) 

50 1,72.10-9  

75 7,13.1014  

100 2,96.10-18  

T f (iii Ea  = 50 kJ/mol) 

25°C (298 K) 1,72.10-9  

35°C (308K) 3,31.10-9  

45°C (318K) 6,12.10-9  

Du lieu 6 bang 7.4 cho thay, 
vii Ea  = 50 kJ/mol - met hang rho 
nang hong ph6 bien dia nhieu phan 
Ung, gia tri f (clang là clia tec de 
phan ikng va hang s6 toe do k) tang 
g'an gap doi moi khi nhiet do tang 
10 de. 

- Cdu trait phan tee anh hu'C'ing 
den tdc dO. Nhu da biet, so va 	Hinh 7.7. Anh twang cua nhiet do len Sc! 
cham du nang Wong gifia cac 	phan b6 cac nang luring hoot hoa 

phan tii hoat thing có the dan 	(= nang Ivong va cham). d nhiet cid cao 

den phan king chi chiem ty le 	hon T2, t.cf 10 va cham du nang ItiOng de  
vVot qua Ea  IOn hon 

(f) nhO trong tong so va cham. 
Tuy nhien, ngay ca tS'T le nhO nay et-mg data phan anh dung s6 Wong va 
cham có hieu qua ma thtic ski gay ra phan king. Con can met yeu te; 
de va cham du nang liking co hieu lye phan king là ski dinh hiking ching 
cua cac phan tii khi va cham. Trong pinking trinh Arrhenius 
k = A.CEJRT, thifa. s6 A ham ch-da yeti to khong gian. Ngvai to goi A la 
thila s6 tan s6 vdi A = p.Z, trong do Z la tan s6 va cham va p là theta so 
khOng gian. p ctac trtkng cho moi phan ling, no lien quan den do phiic tap 

Nang Mang va cham 
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ve mat cau frac cua cac tie2u phan va cham, c6 the coi no nbit la ty le va 
cham có hie2u qud caa cac phan hoat &Ong du'qc dinh hu'ang thing. 

Tit cac quan h8 da neu, de dang rut ra bi4u thitc chung cua hang so t6c 
d6 la sit tIch hop cita cac ye-u to va cham (Z), nang lUong (1) va khong gian (p): 

k = p.f.Z 	 (7-42) 

Va cham gifia cac nguyen tit rieng le có p 1, vi cac nguyen tit cd ban c6 
hinh cau, khong phu thuOc nhie'u vao hitong. 

Phan ling: NO (k) + NO3  (k) ---> 2NO (k) c6 p = 0,006, tiic la chi có 6 
va cham trong 1000 va cham nang lacing duoc dinh Intong khong gian thing 
de dan den phan ung. 

Trong cac phan ling hod sinh, cac phan tit nhO can dinh Inking dung tren 
nhfing \Tung khong gian cuc nhO cUa cac phan tii cue kin (protein, acid 
nucleic... vii vai tro enzym - xtic tac sinh hoc), p c6 gia tri < 10-6, tile la c6 it 
ban 1 trong 1 trie2u va cham vii day di' nang Wong tao ditoc san 

1.5.2. Thuyet trang thcli chuyin tiep  

Thuye't va cham boat &Ong clan gian, de hinh dung, nhung khong not ri5 
nang Wong hoat hod dUdc sit dung nhU the nao va phan tii hoat dOng bie'n doi  
ra sao. 

Nhu da bik 6 chudng 6 (Nhiet dOng hoa hoc), not nang dm 1 118 la tang 
&Ong nang va the nang cua 118. 2 phan di 6 xa nhau dang chuyen dOng lai gan 
nhau vii tOc dO rat nhanh, dOng nang cita chting lin, the nang thap. Khi 
chung tra nen sat nhau, mot phan dOng nang chuyen sang the nang, vi cac 
dam may electron cila chting day nhau. Tai thai diem va cham, cac phan tii 
ditng lai, dOng nang cua chting chuy8n thanh th8 nang va cham. Neu the nang 
va cham khong kin hdn hoac bang nang luting hoat hod Ea, chting bat ra nhu 
nhfing qua bong ban. Ngtioc lai, khi the nang va cham du lin va cac phan tit 
lai dinh huong khong gian dung, chting se vuot qua laic day. Hat nhan cua  
nguyen tit nay but electron dia nguyen tit kia, cac orbital xen phit vao nhau 
va mat dO electron thay doq, vai lien kat dai ra va 34u di trong khi mot s6 lien 
ke't moi bat dau hinh thanh, phan tit chat phan ling chuyen dan sang phan tii 
san pham. O nhfing di8m giao thai trong su6t qua trinh chuyen hod, ton tai 
khong phai chat phan iing hay san pham ma la cac tieu phan chuyen tie-p vai 
nhii'ng lien kat khong hoan chinh. Cdc tie'u phan do cuc kST khong en dinh do 
the nang rat kin, chung chi .ton tai trong khoanh khac khi h8 phan iing dat 
nang Wong cao nhat. Ngtfoi to goi dO la nhungphitc chat hoat &Ong hay nhiing 
trang thcii chuyen tie-p cua phan ling, va chting chi hinh thanh neu cac phan tit 
va cham dttoc dinh huang khong gian thing va nang Wong va cham Ea. Nhu 
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Chit phin Ong 	Trang thai truck chuygn tiip Trang thai chuy6n tip Trang thai sau chuy6n ttep  

H 	 H 

OH 

	

Br —CA...,  OH 	 1.` 	  

H 
H 

San phgrn 

Br 	—OH 

H 

H 
	

H 

Br• 	OH 
	

Br' 	..OH 

H H 
	 H H  

vay, nang luring hoat hoci du'o'c clang cho viec keo dai va lam bie'n clang cac lien 
ket 	dat tdi trang thdi chuyen tie' (chung to nhAn biet &toe trang thai 
chuyen ti6p nhO phep phan tich quang ph6, b6i vi hdu nhu kh6ng the phan lAp 
dude nhang tieu phan nay). 

Hinh 7.8 minh hoa don gian cho cac y tren thong qua phan itng gifia 
methyl.bromid va ion hydroxyl: 

CH3Br + OH-  -> CH3OH + Br- 

Can them 2 luu y cho hinh 7.8, nhung clang la chung cho thifc to cac phan 
ling: 

- Viec dat tdi trang thai chuyen ti6p van khong dam ban rang phan ling se 
tien trien tao ra san phAm. N6u lien k6t C-0 tie-p tuc ngan lai va ben 
them, san phAm dude hinh thanh. Con neu lien k6t C-Br ngan lai va ben 
hdn, trang thai chuyen tiep se phan huy tr6 lai cac chat ban dAu. Vi th6, 
theo mau hinh ay, moi phdn zing de'u la thudn nghich. 

A 1 

Br` u CH,OH 
Oua trinh phan ang 

Hinh 7.8. Sc d6 nang lacing ph5n Cmg gicla CH3Br va OH-. Nguyen ter Br tich dien am nen 
C trong CH3Br tich dien ducng. Cac tau phan ph5n sing vita ph5i chuy6nd6ng du nhanh 
(d6 dat Ea), vela phi Binh hu'Ong dOng d6 nguyen iii"C6(+ )  ti6p can duvic 060  (tich dien am) 

ctia OH-, tCi dO bat dau hinh thanh lien kat C-0. d trang thai chuyen ti6p, C du'Oc bao 
quanh b6i 5 nguyen tzr khac theo kau luting thap tam giac nang lu'ong cao ma kh6ng bao 

girl co 6 cac hOp chat C binh thtiOng 

- M6t phan itng thuAn nghich c6 2 nang Wong hoat hoa: Ea  cho phan 
thuAn, la hieu so nang ltiOng gifia trang thai da dude hoat hod va chat 
phan ling; con Ea' cho phan iing nghich, la hieu so nang luring gifia trang 
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thai da duoc hoat hoa va chat san pham. D-6i voi phan ging toa nhiet thi 
E. < 	con d6i v6i phan ling thu nhiet thi ngtioc lai, Ea  > Ea' (phan 
the hien 6 hinh 7.8 la phan iYng toa nhiet). N6u bi6t Ea  Ira AH cUa met 
phan ling, ta có tinh duoc E„' cua phan ling kia va ngticic lai. 

Vi du: phan 

03  (k) + 0 (k) 	 2 02  (k) 

6) Ea  = 19 kJ va AH,), = -392 kJ. Tinh Ea' cila phan ling nghich. 

Gidi 

Phan ling toa nhieu nhiet nen mile nang Wong cUa san pham rat thap. 
De san pham  dat den trang thai chuyen ti6p, can cung cap cho san ph -am met 
nang Wong bang AH,,„ + E„, nen Ea' = 	+ Ea  = -(-392) + 19 = 411 kJ. 

So dO nang hiring cua phan ling nay cc') 'clang hinh gieing nhu d hinh 7.8. 

1.6. Cd chg phan iffig 

H61.1 het cac phan ling hod hoc xay ra qua nhieu btioc cd ban la nhfing 
phan ling so cap. Tap hop cac phcin zing sq cap cte' thanh phdn zing chung 
duvc goi la cd the phdn zing. Chang han, co ch6 cho phan iing chung 2A 
+ 13' ---> E + F co the Om 3 buoc cc; ban la 3 phan ling sd cap: 

A + B 

C + A 

D 

C 

D 

E + F 

Phan Ling tong: 	2A + B 
	

E + F 

chinh là phan (mg chung 

Ccic co' the phdn zing va phan tee sal Nguoi ta quy Binh: m6i buck co ban 
hay m6i phan ling so cap khong tao ra cac but& hay phan ling don gian 
han nfia. 

1V16i boric co ban duoc dac trting b6i cac phan td' so; la so cac tau phan 
phcin zing trong mji bzddc. Vi du xet phan ling phan huS'T ozon d thucing tang 
khi quyen. Phan ling chung 	203 (k) ---> 302  (k) 

Met co ch6 2 btioc co ban duoc d6 nghi cho phan ling nay la: 
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(1) 03  (k) 02  (k) + 	0 (k) 

(2) 03  (k) + 	0 (k) 202  (k) 

Phan ling t6ng: 2 03  (k) 3 02  (k) 

Cj buoc (1) chi c6 1 ti6u phan tham gia phan ling nen goi la phcin zing 1 
phcin td'. CS buck (2) c6 2 tieu phan tham gia phan ling, quy uoc goi la phdn zing 
2 phan td'. Phdn zing 3 phcin td' rat hi6m gap b6i xac suat de 3 ti6u phan va 
cham ding hic vdi nang Wong day du va dinh hoeing khong gian dung rat be. 
Phan ling c6 phan tii s6 cao hdn 3 chua dtfoc bi6t. Khac v6i phan ling .chung, 
phu'o'ng trinh toe da cda 1 phdn (Pig sd cap có the' ctu'o'c suy ra tit he at.); lu'o'ng 
ciia phdn zing, va bCic phiin (mg bang phan so: 

+ Vi du: Ngtioi to de nghi cd ch6 2 buoc la 2 phan -tang sd cap dui% day 
cho 1 phan ling chung: 

(1) NO2C1 (k) 	NO, (k) + Cl (k) 

(2) NO2C1 (k) + Cl (k) 	NO, (k) + C12  (k) 

Cho bi6t: 

a) Phudng trinh phan ling chung (da can bang). 

b) Phan of so cua in& biidc. 

c) Phudng trinh t6c do va bac dm moi phan ling sd cap. 

Gidi 

a) Tim phudng trinh phan ling chung da can bang bang cach lay t6ng cac 
phan ling sd Cap da can bang (1) + (2), duoc: 

2NO2C1 (k) 	2NO2  (k) + C12  (k) 

b) Buck (1) c6 1 phan tit phan ling, vay do la phan ling 1 phan tii. Buoc 
(2) c6 2 phan ti phan ling, vay do la phan ling 2 phan tii (cling c6 the n6i, 
phan ling c6 phan tii so-  bang 2). 

c) Pluidng trinh t6c d6 cho cac phan ling sd cap dtioc vi6t: 

(1) V1  = kl.[NO2C1] , phan ling bac 1 

(2) V2  = k2. [NO2C1]. [Cl] phan ling bac 2 

- Bu6c gied han t6c dO: 

Tat ca cac phan ling sd cap trong 1 cd ch6 khong c6 cling t6c dO. Bu'o'c 

cham nhdt so v6i cac bu6c khac ducic goi la buoc gioi han t6c d6 hay buoc quy6t 
dinh t6c d6 phan ling. Tinh quan trong cua bu'o'c cham nhdt la ci ch8, no dai 
dien cho toe clo va theo do là dai dien cho phu'o'ng trinh toe do ca phdn zing 
chung. 
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Tra lai phuong trinh gala NO2  va CO (da neu 6 muc 1.2 (phia tren), bang 
7.2), phan Ung chung là: 

NO2  (k) + CO (k) -> NO (k) + CO2  (k) 

Neu phan itng chung là 1 phan ling so cap, phuong trinh t6c dO duoc 

V = k.[NO2].[CO] 

Tuy nhien, nhii da biet, phuong trinh t6c dO thuc nghiem lai chi ra: 

V = k.[NO2]2  

Vi the, mot co the 2 bUdc dtioc de xuat: 

(1) NO2  (k) + NO2  (k) -> NO3  (k) + NO (k) [cham, quyet dinh t6c d8] 

(2) NO3  (k) + CO (k) -> NO2  (k) + CO2  (k) 	[nhanh] 

Phuong trinh t6c dO cho 2 budc co ban là: 

(1) V1  = ki.[NO2].[NO2] = k,.[NO2]2  

(2) V2  = k2.[NO3].[CO] 

Neu k, = k thi budc (1) la look qUyet dinh t6c dO phan itng. Thtic t6 da xac 
nhan, dung là k, = k N/A phan ling so cap (1) cham den mitt có the gia thiet phan 
Ung chung xay ra theo Woe (1) va trong phuong trinh t6c dO kh8ng chfia [CO]. 

ei day can chti. ST: NO3  la. 1 san pham cua bulk (1) Ira là chat phan ling 6 
bulk (2). NO3  &rig vai tro chat trung gian, khong xuat hien trong pinking 
trinh phan itng chung da duoc can bang, va s-ct ton tai ciia no là tam thai 
nhung hoan toan can thik de phan iing xay ra. Khdc voi trang thai chuyen 
tiep (cac plific chat boat dOng), chat trung gian la cac phan tii voi cac lien kk 
binh thuang va doi khi chting du On dinh de co lap duoc [giai Nobel Hod hoc 
nam 2006 dtioc trao cho Roger D. Kornberg, nguai My, v8i nhcing nghien cifu 
ye qua trinh sao chep thong tin trong cac Bien va su truy6n thong tin do de 
tong hop cac protein - 6 day, st.f tim thay chat trung gian (mediator) dtioc xem 
IA mot phdt minh quan trong trong qud trinh sao chep]. 

- Thiet l4p mot cd the phdn (mg. Nghien cuu va de xuat co the cho 1 phan 
tang phai dam bao 3 tieu chuan: 

1/ Tang tong cac phan ling so cap phai cho phan itng chung xay ra th-qc 
trong tIrtic te. 

2/ Cdc phan ling so cap phai có kha nang xay ra, nghia là chi g6m phan 
ling 1 phan tit hoac 2 phan tit. Phan ling 3 phan tit duck xem IA rat it by vong 
xay ra. 

3/ Co the phan itng phai phis hop voi phuong trinh t6c dO (hay dinh luat 
t6c dO) duoc xdc dinh bang thuc nghiem. 

Co 2 loai co che: bUoc dau cham va buck dau nhanh. 
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Ea (buoc 2) 
nhanh 

Nang Krung 
Trang thai 
chuye'n ad.!) 

2NO2  + F, 
Chat phan irng  

2NO2F 

NO2F + 
F + NO, 

a) Cci the vdi bu'dc deiu ch(cm. Phan ling NO2  -I- CO a phan tren da la mot 
vi du cho truong hop nay. Xet them phan ling chung: 

2NO2  (k) + F2 (k) -+ 2NO2F (k) 

Pinking trinh teic d6 thiic nghiem: V = k.[NO2].[F2] \fa co c14 hien nay 
dtioc chap nhan la: 

(1) NO2  (k) + F2 (k) -> NO2F (k) + F (k) 	[charn,quyet dinh t6c 

(2) NO2  (k) + F (k) -> NO2F (k) 	 [nhanh] 

Co the nay phit hop vol 3 tieu chuan thiet lap, vi: 

+ Tang (1) + (2) cho pinking trinh phan ling chung. F la chat trung gian 
khong xuat hien trong phan ling chung. 

+ Ca 2 bride clia co the de'u la cac phan ling 2 phan tii nen thoa man tieu 
chuan this 2. 

+ Phuong trinh t6c d6 cila phan ling cham c1 btiOc (1) V1  = ki.[NO2].[F2] 
Au hop vdi pinking trinh t6c d6 thtic nghiem. Theo do, buck (1) la 
Woe guy& dinh t6c do cua phan ling chung. 

Hinh 7.9 cho thay so d6 nang ltiong cua phan ling NO2  - F2. 

Qua trinh phan irng  

Hinh 7.9. Sc d6 nang krong cho co ch6 2 buck caa phgn (mg NO 2  - F2. M& butic trong 

co ch6 co pink ch6t hoat Ong rieng cita n6 (k)Y hi6u *). Butic (1) ch0m, giOi han t6c c16 
phAn (mg do Ea  coa nO 16n han bu'dc (2) 

b/ Cd the vai bu'dc deiu nhanh. Xet vi du phan ling NO - 02. Phliong trinh 
phan ling chung là: 

2N0 (k) + 02  (k) -> 2NO2  (k) 
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Phtiong trinh tic do thiic nghiem: V = k.[N0]2.[02], vA co ch6 &foie de 
xuat là: 

(1) NO (k) + 02  (k) 	NO3  (k) [nhanh, thuan nghich] 
-1 

(2) NO3  (k) + NO (k) 	2NO2  (k) [cham, quyeI dinh toc d()] 

Phuong trinh t6c do cUa 2 phan ling so cap 6 2 bu6c duoc viet: 

(1) 	V1 (thuan) = k1 .[NO].[02] va 	= k_1. [NO3] 

6 (2) V2 = k2. [NO3] • [NO] 

Chit phan ling 6 buoc (1) nhanh, cho nhieu san pham (la chat trung 
gian NO3) nhung lai tieu thu chAm 6 bulk sau (nen goi là phan fing "c6 chai"), 
vi the no phai là phan ling 2 chieu de chuyen 136-t san pham tra lai chat &Au. 

Kiem tra co ch6 theo 3 tieu chuan thay: 

+ Tong (1) + (2) thing IA cho phtiong trinh phan ling chung da can bang, 
chat trung gian .(NO3) khong xuat hien trong phuong trinh chung. 

+ ca 2 bli6c la cac phan ling 2 phan tii, nen kha thi. 

+ Plniong trinh tic do ciia phan ling cham V2  = k2.[NO3].[NO] cho thay 
khong phn hop voi phuong trinh Vic do thiic nghiem da cho. Tuy 
nhien, vi blioc (1) là thuan nghich, 6 trang -alai can bang V1  = V., hay 

k1 .[N0].[02] = k_1.[NO3], nen [NO3 ] = 
k
k ' [NO][02 ]. Th6 [NO3] vao 

i  
pinking 	trinh 	tic 	do 	clia. 	bueic 	(2), 	thu 	duoc: 

V2  = k
2 

•k [NO]2  [02 ] = k.[NO]2[0,]. Phtiong trinh t6c do 6 btioc (2) 

cham dd the hien phuong trinh tee do thiic nghiem cua phan ling 
chung. VAy, cd ch6 dlidc de xuat la dung. 

Phan ling Om nhieu bti6c trung gian, hoac cling met Inc di theo ca 2 co 
ch6, duoc goi là nhfing phan fing.phlic tap, ph6 'Dien nhat là cac phan ling  
n6i ti6p, song song, day chuyen, thuAn nghich... 

1.7. Chgt xuc tac thnc d'Ay to-c cho phan ling 

— Chdt xi c tac la chdt lam tang tdc clo phcin zing va chive hoan nguyen sau 
qua trinh phan zing. 

Xac tac, hay sit xac tac, là hien Wong thlic day tic de phan ling duesi tac 
dung elm chat xnc tac. (Chat lam giam t6c de phan ling dei khi duoc goi IA 
chat xtic tac am. Tuy nhien, nen goi là chdt zic che'hon la chat xtic tac). 
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(Ihuo) 
khOng 
xtic tac 

ChSt 
phan (mg 

Ed  (thuan) 
co 
xac tac 

H pu  

khOng 
xtic tac 

Ea (nghi 

co 
xuc tac 

duct 
xuc tac 

Ea (nghich) 

khOng 
xtic tac 

San pham 

Nang ltrong 

Qua trinh phan ting 

Hinh 7.10. So do nang luang ph5n Cing cela mat qua trinh cluac xuc tac va kh6ng 
duac x0c tac. Chat xtic tac thik ddy teic d6 phan ling bang cach chuy6nca the 1 buac 

thanh co ch6 2 buck theo con du'ang nang Itiang th6p hon. TOc d6 ph5n Cing thuOn 
va nghich deu tang mat luting nhu nhau, nen chat )(tic tac kh6ng anh hu'ang d6n 

toan bij phan ung chung 

Ngay nay, khoang 90% qua trinh san xuat hod hoc phai sit dung chat xtic 
tac. Hang nam, chi rieng tai Hoa Ky, hen 2,5 trieu tan chat xtic tac &toe sit  
dung trong tong nghiep. Tuy nhien, thien nhien moi. la "Ngtioi 	si..1 dung 
chat xnc tac: mot to bao vi khuan den gian nhat clang dung den hang ngan 
chat xtic tac sinh hoc goi la enzym de tang t6c d5 cac phan ling t6 Joao can thiet 
cho su 

1\/18i chat xtic tac có 1 cach rieng biet de thuc hien chic nang cua minh, 
nlaing v6 co ban thi chat xac tac lam tang tot cho phan zing bang cach ha thciP 
nang lu'dng hoot hoci, do do lam hang s6 t6c do ldn hen va to-c d6 phan ling cao 
hen. Dieu nay duoc the hien tren gian dO hinh 7.10. 

- Hai dac diem quan trong cila chat )(tic tac: 

1/ Chat xlic tac lam tang to-c d6 ca phan iYng thu4n va nghich. M6t phan 
ling c6 chgt xtic tac khong cho nhieu hen s6 san pham nhung no cho ra san 
pham nhanh hen nhieu. Can nhan ra cac y nghia: 

+ M5t phan itng c6 AG > 0 thi chat xtic tac clang khong the lam cho no 
xay ra citfOc. BEd chgt xuc tac con nguyen yen sau phan itng thi clang 
khong gop ich gi cho thay dOi. AG. 
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+ Chat xiic tac khong lam thay doi trang thai can bang cua phan ling ma 
chi lam cho can bang dat duoc nhanh hon. LST do la, chat Kik tac lam 
tang t6c d5 mot ltidng nhu nhau doi vdi ca phan Ting thuan va nghich, 
nen hang s6 can bang ciia phan ling khong thay 

2/ Chat xac tac ha thap nang luong hoat hoa bang each tao ra mot cci the 
phan ling khac - mot con &tang nang Wong m6i thap hon. 	to goi do la cci 
the cilia qua trinh xuc tac. Gia sii mot phan ling xay ra theo cci ch6 1 bii6c vdi 
phan tii so-  bang 2: 

A + B --> san pham [cham], doi hOi Ea  
Co chat xuc tac thi phan ling chay theo cd the 2 biidc: 

(1) A + xdc tac 	C [nhanh], doi hOi Eal  
(2) C + B 	san ph'am + )(tic tac [nhanh], doi hOi Eat 

Chat ink tac dttoc hoan nguyen (h5i sinh) va con &tang nang Wong mdi 
co Ea, < Ea  va Ea2 < Ea. 

- Co 2 loai )(tic tac la xuc tac d6ng the va xtic tac di the. 
+ Xiic tac d'Ong the: chat xuc tac ding pha vdi cac chat phan ling. Noi 

cach khac, chat Kik tac ciing ton tai duoi dang dung dich (theo nghia 
r5ng, killing chi la dung dich lOng) vdi hiSn hop phan 

Hau het chat ink tac do'ng the la chat khi, chat 'Ong, hoac chat ran tan 
duoc trong dung dich. 

+ )(tic tac di the: chat xtic tac va cac chat phan ling i cac pha khac nhau. 
Xtic tac di the thuang la chat ran Wong tac vdi cac chat phan ling ii  
the khi hoac lOng. Vi phan ling xay ra tren be mat chat ran, nen chat 
)(tic tac di the thuOng phai c6 vi ng be mat rat lon (gifla 1 - 500 m2/g) 
de hap phu, do do lam tang n6ng d5 cac chat phan ling tren be mat. 6 
dO, su xiic tac lai din ra theo cci the chung nhu da not tren. Nhieu chat 
ran c6 tinh hap phu manh (nhu than hoat), cac kim loai thu5c nh6m 
VIII B nhu Pt, Ni, Pd, Ru, Os, Ir..., hay cac hop chat ciia cac kim loai 
chuyen tiep khac (nhu Mn02)... la nhung xnc tac di the quan trong. 

Xtic tac enzym 

Co hang ngan phan ling rieng re xay ra trong moi t6 bao song. Nhieu 
phan ling la nhcing bien d6i hod hoc plific tap, nhung chting van din ra hoan 
hao diidi dieu kien ang d5 dung dich thap, nhiet do va dp suat binh thuang. 
T6c d5 cua Bing phan ling dap tra nhip nhang vdi t6c dO cua cac phan ling 
khac, vdi tin hieu tii nhang t6 bao khac, va ca vdi nhung bien ap tit moi 
truang. Thiic ra, rad phan ling trong su dieu hoa hod hoc kST dieu ay &foe xiic 
tac b6i. 1 enzym dac hieu, dO la 1 protein ma chfic nang xtic tac cna no duoc 
hoan thien qua qua trinh tien hod. 
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Enzym c6 cau trtic 3 chigu phiic tap, khoi hieing mol thay d6i of 15000 
den 1000000 g/mol. Tren be mat ciia 1 enzym c6 1 diem dac biet goi la vi tri 
hoat dQng, mot "ke niit" phan tip ma hinh the dm no dtioc quyet dinh b6i sti  
sap xep cac chuoi aminoacid c6 lien quan den chiic nang xuc tac dac hieu. Khi 
cac phan tif chat phan ling (goi la co chat) va chain vdi vi tri hoat dong, phan 
iing hod hoc xay ra ngay. Vi tri hoat Ong chi la mot phan nha be ciia be mat 
enzym - giong nhti mot h6 nh6 dtioc dao tren stun nth, nhung c6 the chfia ca  
mot s6 nh6m amino acid tii nhung \Tung xa xoi cila protein. Trong hau het cac 
tniong hop, co chat lien ket voi vi tri hoat Ong thong qua cac ltic lien ket 
phan tit cac lien ket hydro, lien ket Wang chic va cac llic yeu khac. 

Enzym co cac dac tinh cua ca ).co.c tac Ong the va di the. Giting )(tic tac di 
the, vi so voi Co chat, hau het cac enzym co kith -dui& kh6ng 16 va thilang gan 
voi mang to bao. Tai vi tri hoat diing tren be mat enzym, 1 phan tii chat phan 
ling dttoc c6 dinh tam th6i Witt la bi hap phu) de cha "doi tac" phan ling con 
14i se dap xu6ng gAn. Gi6ng xuc tac d6ng the, vi cac nhom amino acid dia 
enzym toting tac v6i co chat theo ski ph6i hop da cap c6 tao thanh cac hop chat 
trung gian. 

Cac enzym la nhting chat xtic tac c6 hieu qua. 14 01-Laing. 

Chi can lay 1 vi du v6 thug phan ure: 

(NH2)2C=O (aq) + 2H20 (1) + 	(aq) 	2NH4+ (aq) + HCO3-  (aq) 

Trong moi truang ntioc, o nhiet d6 phong, khi kh6ng c6 xuc tac, hang s6 
t6c do cua phan Ting la 3.104°  s-1  (phan ling bac 1). Ciing trong dieu kien 
khi c6 mat enzym urease, hang s6 t6c d6 la 3.104  s-1, tang mot tram ngan tg  
(10k') lan. Noi chung, cac enzym lam tang tee dQ phan ling khoang 108  - 1020  

gia tri ma cac rtic tac khong sinh hoc kh6ng the nao dal toi. 

Cac enzym con civic kST . dac hieu, moi phan ling chi dtioc xtic tac bai 1 
enzym rieng. Urease chi )(tic tac thug phan ure, khong con enzym nao khac 
trong s6 vai ngan enzym trong t6 bao xtic tac dtioc cho phan ling do. Dac tinh 
phi thttang nay c6 dtioc la do cau true dac hieu cua enzym, dac biet la vi tri 
hoat Ong. Tinh dac hieu cht6c giai thich theo mo hinh "6 khoa va chia khod": 6 
khod la vi tri hoat Ong dac hieu, chia khoa la co chat. Vai thap nien gan day, 
mo hinh 6 - chia cling nhac dtioc thay bang m6 hinh "tay trong gang": tay•là co 
chat va gang la vi tri hoat Ong. Mo hinh sau cho thay enzym c6 bien d6i cat' 
tnic khi co chat dap vao vi tri hoat dong, ski tiep )(tic gan ket tay - gang tra nen 
hoan hao hon. 

DOng hoc ciia )(Ile tac enzym co nhieu diem chung v6i xilc tac thong 
thliang. Trong phan ling khong )(tic tac, t6c do phan ling phu thu6c n6ng do  
chat phan Ting. Trong phan ling co xtic tac, t6c d6 phan ling 14i phti thu6c vao 
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n6ng d6 chat trung gian (chat phan ling - xdc tac). Trong truang hop có xtic tac 
enzym, co chat (S) va enzym (E) tao phlic hop trung gian ES ma ang c16 cua  
no se quyet dinh t6c d6 tao thanh san pham (P). Co the chung cho tat ca cac 
pilau ling có >clic tac enzym là theo kigu "buoc dau nhanh" (nhit da trinh bay 
phla tren): 

(1) E + S 	ES 	[nhanh, thtta'n nghich] 

(2) ES 	P + E 	[cham, quy6t dinh t6c dO] 

Enzym sit dung nhigu cd ch6 de tac d6ng den lien ket gifia cac nguyen tit  
nham bien d6i cd chat thanh san pham (vi du nhu lam cac lien ket ngAn lai de  
bgn hon; hodc dai ra de yeti di va dlit; be tong lien kgt trong co chat de tiep 
xtic hoan hao "tay - gang" do dO phlic hop trung gian ES on dinh va ha thap 
nang Wong hoat hod; hodc cho di proton (H+) de lam tang t6c do htioc guy& 
dinh t6c d6 phan 

2. CAN BANG HOA HOC 

2.1. Dal ctidng 

Tat ca cac phan ling co the chia tuning d6i thanh hai loci: 

+ Phdn ang mot chi& la phan ling tier' hanh den clung, den khi ma mot 
hodc tat ca cac chat ban dau da tac dung het de tao thanh san pham. 
Vi the, nguai to con goi la phan ling hoan toan hodc phan itng khong 
thudn nghich. VI du, phan Ung chdy cua propan: 

(k) + 502  (k) —> 3CO2  (k) + 4H20 (k) 

Phan ling phan hu.S'T kali permanganat 6 nhiet d6 cao: 

2KMnO4  (r) 	K2MnO4  (r) + MnO2  (r) + 02  (k) 

Ph-an Eng phan ht6'7 hydro peroxyd 6 rihiet d6 thtthng: 

2H20;- (1).. 	2H20 (1) + 02  (k) 

+ Phdn ring thudn nghich la phan itng trong nhfing digu kien xac dinh 
c6 the tien •hanh dOng thai theo hai chigu ngti6c nhau, nghia là cac 
chat dau tac dung voi nhau cho ra san pham, thi ciang trong digu kien 
ay cac'ch 'at - san pham tac dung'voi nhau de tao thanh chat dau. 

Vi du: 	N204  (k) -7= 2NO2  (k) 

C (r, 'long dO) + H2O 	CO (k) + H2  (k) 

H2 (k) + 12  (k) 	2H1 (k) 

Nhu da biet, theo thuyet trang thai chuyen tiep, moi phan itng dgu la 
thudn nghich. 
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- Vi phan iing hod hoc rat khdc nhau v6 t6c do, nen cluing cling khdc nhau 
ye 	,d6 Hai khia canh nay là khac nhau. MOt phan iing nhanh có the 
tien trien hoar' toan hay chi mot phdn v6 phia san pham. ChAng han, vOi. 
HC1 1M, hdu het tat ca cac phan to acid dien ly thanh ion. Vali 
CH,,COOH 1M, chi dlidi 1% so-  phan to acid dien ly thanh ion. Tuy nhien, 
ca 2 phan itng xay ra rat nhanh va hoan thanh chi khoang dtioi. 1 gidy. 
Thong tu, mot s6 phan itng cham cu6i ding cho mot Wong lOn san pham, 
trong khi nhang phan ling khdc cho rat it san pham. Chang han, sau vai 
nam 6 nhiet dO ph6ng, thep 6 mot binh ,dung nu& se bi gi, nhung nueic 
trong binh khong bi phan WT. 

Diem Wu y 6 day la cac nguyen tac dOng hoc cua trang thai can bang dp 
dung cho cac khia canh khdc nhau cua mot phan fing. Tdc do caa mot phan 
zing - la n6ng dO cua san pham tao thanh trong mot don vi thai gian - chic yea 
phu thuOc veto su khac nhau ve nang lifting 	cac chat ctdu vet trang thcii 
chuyen tiep. Mt& do caa phan a'ng - la neng do cua san pham khi khong con 
quan sat dtfoc sit bien doi vi mo nao nita - phu thuOc chic ye-u veto su' khcic nhau 
ye nang lu'o'ng giiia chat ctdu va san phdin. 

- Khi luring cac chat ddu mat di theo phan itng thuan bang Wong cua 
cluing dtioc tao thanh tit phan ling nghich, ta not phan iing da dat toi 
trang thcii can bdng (TTCB). 

Cdc qua trinh hod hoc thuan nghich (la nhang qud trinh th-qc, khdc voi 
qua trinh thuan nghich nhiet dOng chi la gia dinh) bao gem: cac phan fing 
thuan nghich d6ng the hay di the; s-ki dien ly dia acid, base; sv thuY phan cac 
mu6i; sit phan ly cila phfic chat; qua trinh hoa tan; cac qua trinh chuyen pha... 
deu thiet lap nhang TTCB. 

Nhiem vu co ban trong nghien diu TTCB la xd.c dinh thanh Oar" hi:in 
hop-  khi can bang va cac yeti to anh hoeing den can bang. 

2.2. Phudng trinh clang nhiet Van't Hoff. Hang so can bang 

- Tit phudng trinh [(6-69) - chtiong 6] va xet ■ )i dieu kien P, T khong doi, ta 
có the rut ra tieu chudn tu' dien bien vet gidi han caa cac qua trinh hoci 
hoc ceing nhu' chuyen pha 

	

dG 	11.tdni 	 (7-43) 

pti: the hoa cila ca.'u 

dni: bien thien s6 mol cua caT-o tit i Wong ung trong he. 

	

Tit do, có the tinh 	AG = 	!d i n; 	 (7-44) 
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Chang han, d6i vol phan ttng chung trong he khi 1ST Wang (cho gon, chi 
xet Om 4 chat): 

aA + bB -> eE + fF 	 (7-45) 

thi: 

AG = G1s p1  - Gicni  = (euE  + fuF) - (ap.A  + buB) 

rut ra: 

AG = 	[SP] - 	t.t i  [CD] 	 (7-46) 

va d dieu kien chuan: 

AG" = DI;)  [SP] - 	j4[CD] 	 (7-47) 

Vay a dieu kien clang nhiet (fang ap: 

Neu 	II;  [CD] > 1p.;  [SP] = AG < 0 , phan itng tu phat (tit trai 

sang phai). 

Neu Di;  [CD] = 	µ; [SP] = AG = 0 , phan itng d TTCB. 

- Thay 	= 	RT1nPi  [phticing trinh (6-64) vao (7-46)], thu 

AG = [e (t4 + RT1nPE ) + f 	+ RT1nPF  

- [a (AA  + RT1nPA ) + b (µCB + RT1nPB  

13( e  Pt  \ E F  + f 14' - 	1_1 (,)‘  + b ti;)3  + RT In 
PAa  • PBb  G`p 	 GL) 

Da Db 
1- i6k I  B bd 

dung khoi, lu'dng (tinh theo ap sub."-t rieng phdn) hay thu'o'ng so ctia phiin Ling 
(q7 s6 gifia san pham chat ddu) ltic ban ddu. 

- Gia tri bang s6 cua Qp  thay doq sal trong qua trinh phan itng. Khi he 
dat ten TTCB nhiet de? T), thanh phdn cac chat khong Nen cr6i nila, 
Q1, = const = K1 , vay: 

Pe  AG = AG" + RT In  E 	= AG" + RT1nQp 

	

13: • PI13 9  ) bd 	
(7-48) 

ei day PA, PB, PE, PF  la cip suet rieng phcin ban deiu bd) cua khi A, B, E, 
F trong he phan fing d nhiet d6 T; a, b, e, f la he s6 hop thfic (he s6 ty Wong) 

PeE . P t 
cua F  

	

cac chat A, B, E, F trong phan ling; Q,,= 	goi là bie'u thdc tcic 
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Ca  CB A 13/ 

= Kc (RT)'" 

(RT)An 

(7-53) 

Kp = 

( e 	\ 
PE • PF 

PA3  • PBb  cb 

Kp la hang s6 can bang tinh theo dp suat rieng phan cita cac chat trong 
phan ling (7-45) clang thuan nghich d TTCB, lac nay t6c do phan ling thuan 
bang t6c d6 phan ling nghich: 

aA 

CS TTCB, AG = 0, plitidng 

0 = AG° + RT1n 

Thay (7-51) vao (7-48) 

AG = RT(lnQp 

+ 	bB 

trinh 

(e P 	t . E 	P F 

+ 

(Q  

= -RT1nKp 

fF 	 (7-50) 

(7-51) 

(7-52) 

eE 

(7-48) tra thanh: 

AG° 

xep lai, to cd: 

= RT1n 

iBich 

va sap 

- lnKp) 
K p  

Chit 	suat rieng phan cua cac chat trong bieu thlic Qp, Kp dell dung 
don vi atm. 

Cac phudng trinh (7-48); (7-49); (7-51) va. (7-52) la nhiing clang cita 
phu'o'ng trinh deing nhi0 Van't Hoff. 

- M6i lien he giaa Kp  va cac hang s6 can bang Kc, K„, KN 

+ Ap suat rieng phAn aim khi lY Wang lien he vdi ang d6 qua phudng trinh: 

Pi = 
n

1
. RT

V  
	 = Ci  RT 

ni: S6 mol chat i 

R = 0,0821 atm.L.mo1-1.K-1  

T: Nhiet 4 Kelvin 

V: The tich dm he phan fing (L) 

Ci: Ming do cau tit i trong he (mol/L) 

Thay tong thfic cua Pi  tinh o TTCB vao (7-49), thu cludc: 

(ce rf 

Kp (7-49) 

6 day, Kc  la hang s6 can bang ciia phan itng throe bi6u din qua ang do 
mol/L: 
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Kc  = 

CA, CB, CE, CF la niing 

An = 

( C;, CtF 

Lb 

.6 trang 

+ b) 

( [E]e  [F]
t 
 \ 

(7-54a) 

bang (mol/L). 

(7-54b) 

/cb Ca Cb  \ 	A 	B 

d6 cac chat 

(e + f) - (a 

[A]a  [B]b  , 

thai can 

do la hi6u so gifia tong cac he s6 ty Wong cac chat khi tao thanh va tong 
he s6 tST Wong the chat khi ban dau trong phan 	da cho. 

Chu 51 rang, Kp  chi phu thu6c nhi6t d6 (vi phu thu6c nhikt d6); va theo 
(7-53) thi Kc  cang chi phu thu6c nhikt d6. Bi& thric (7-54a) la Dinh luat bac 
dung khoi luvng do C. Gulberg va P. Waage hai nha hod hoc Na Uy thi6t lap 
nam 1867 khi nghien cifu t6c d6 cua phan 1mg thuan nghich. 

+ N6u thay Pi  = 	
n

Ptow, [pInfong trinh (1-21), chiidng 1] vao (7-49) thi: 
n i  

voi K„ = 

1=1 

Kp  = K,, 

e 	t nE •n F  
a 

n
b 

\ n A ' B ch 

(7-55) 

(7-56) 

( 
Prying 

An 

n ' )cb 

ni  - so mol khi i 6 TTCB. 

En, - tong s6 mol khi c6 mat trong he phan tang khi can bang (k6 ca khi 
"trd" khong tham gia vao phan 

Pidug -  ap suat tang Ong cila he hie can bang. 

Pi  - ap suat dia khi i hic can bang. 

Pt .8„, va Pi  clang don vi atm. 

Theo (7-55), lc ngoai ski phu thu6c nhi6t d6 Wong tit nhtl Kp, con phu 
thu6c vao ap suat tang va tong so mol khi caah6 khi can bang. 

+ N6u thay Pi  = Ni.Pto,„g  [pluiong trinh (1-22), chtiong 1] vao (7-49) to c6: 

/ e r 

0\11.1\11:3,6 	
ton 	■• teing ) el) Kp = 	E 	F 	KN, (13 	An 	 (7-57) 

NeE .N 

1\l'A .N bir3jth  
voi KN  = (7-58) 
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Ni  - n6ng dO phdn mol cita khi i trong he phan ling hic can bang, vdi NT;  = 

' 	 [theo (1-21), chuong 1]. 

Theo (7-57), KN phu thuOc nhiet dO va Pte;ng  cila he khi can bang, nen ngu 
Ptis,ng  (6 TTCB) = 1 atm, thi Kp  = KN. 

Cac hang so can bang lien quan v6i nhau nhu sau: 

	

i p 	All 

	

Kp = Kc.(RT)'" = Kn. v, 	 ' uing 	 An (7-59) 
\ L n i Jeb = 

KN.  (13t6ng )cb 

Khi An = 0, nghia la so mol khi 6 2 ye dia phuong trinh phan ling bang 
nhau, thi: 

Kp  = Kc  = K„ = KN 	 (7-60) 

2.3. HAng so can bang K va bieu attic tac dung khOi ltidng Q 

Thuong so [san pham]/[chat dau] bigu thi thanh phan cua he phan ling 6 
thai digm xet goi la 	tdc dung khoi lucing (= BTTDKL) va ky  
hieu la Q. Khi Wong chat duoc bigu din qua mot dai ltiongcu thg (Pi, C1 , 

1\11) thi Q duoc vigt Wong iing. ChAng han vigt Q tinh theo ap slat 
rieng phan va tinh theo n6ng dO mol/L cho phan ling (7-45): 

QP = 
( pe 

. p r E  F  

PA
pb  

A • 	bd 
va Qc 

r  [E]e .[F]t  

\ ['A]a  • [Br ibd 
(7-61) 

Nhu da bi6t, 6 trang thai can bang thi Q = K, bigu thfic Q luc nay goi la 
bigu Ur& cila hang s6 can bang (= BTHSCB) va duoc vigt cho Kp, Kc  nhu 6 
(7-49), (7-54a). 

Vay, K la gia tri dac biet cUa Q khi cac s6 hang cUa san pham va chat 
dau dat thioc gia tri cua chting 6 TTCB. 

(Tif day, to chi dg cap dgn Qp, Kp  va Qc, Kc  la 2 cap dai Wong thuang 
duoc sii dung). 

Hang sec can bang K chi phu thuOc vao nhiet dO va ban chat cita cac chat 
tham gia phan iing chic khong phu thuOc vao luong chat ban dau cita 
Digu quan trong nhat la K tlidng doing voi mot ty so nhat dinh giiia cac so 
hang bigu thi Wong chat san pham va chat dau 6 TTCB tai mot nhiet dO. Theo 
do, K cho bigt in& dO hoan thanh cua mot phan iing. K nh6, phan iing tign 
trign it vg phia san pham khi dat TTCB. K rat ion, phan iing dat tdi TTCB 
voi hau hgt chat dau bign thanh san pham. K trung gian gifia hai infic tren 
thi d TTCB van con có mot tong dang ke ca chat ddu va san pham. Nh6 
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rang, d TTCB, phan ling thuan nghich van din ra (6 mile dO vi mo phan 
nhung t'6c d6 dia cluing bang nhau (6 mile dO vi mo, 	to khong con xac 
dinh duoc sit thay d6i nao ve cac th6ng s6 trang thai T, P, ni...). D6 la trang 
thai can bang Ong. 

2.4. Chi6u Infeing va gi ii han cua phan iing 

Lam sao de biet mot hiSn hop bat kST cua cac chat phan ling va san phdm 
tai mot nhiet dO se tien trien theo hitting nao (theo chigu thudn hay chigu 
nghich?) de dat tdi TTCB? Co 2 cach de dii doan: so sanh cac gia tri Q vb. K 
hoac xet dau ciia. AG. 

- So sanh cac gici tri Q va K. Nguoc voi gia tri K là hang so/  6 in& nhiet 
gia tri Q bien thien, c6 the nh6 licin hay lon hdn K va khi he dat tdi TTCB 
thi bang K. CO the xay ra 3 truing hop khi so sanh Q va K. 

1/ Q < K  thi inau s6 (chila cac s6 hang chat &du) lon hdn so vOi tit s6 
(chila cac s6 hang san pham). De Q Wong &Ring voi K thi mau so phai giam va 
tit s6 phai tang. Noi each khac, phan ling tien trien ve ben phai (chigu thudn) 
tao thanh san phdm nhigu hdn cho tdi khi dat TTCB, d do Q = K. 6 tritOng hop 
nay chigu phan ill-1g la: chat dau --> san phdm. 

2/ Q > K  thi tit s6 (san pham) se giam va mdu s6 (chat ddu) se tang cho 
den khi dat TTCB. Vdy phan ling se tien trien sang trai (chigu nghich) vg phia 
tao ra chat dau. 6 day chigu phan ling la: chat dau san phdm. 

3/ Q = K.  Tinh hueng nay xay ra khi nOng dO (hay ap suit) eila chat dau 
va san phbm  co cac gia tri a TTCB. Vi vdy, khong c6 Men d6i thuc nao xay ra. 
(3 day phan ling duoc viet: chat dau 	san phdm. 

- VI du: Cho phan ling: 

N204  (k) 

 

2NO2 (k) , co Kc  = 0,21 

 

6 60"C, tai mot thai diem trong qua trinh phan itng. Ket qua phan tich 
cho biet: [N204] = 0,12M va [NO2] = 0,55M. 

Vay phan Ung se tien trien theo hitting nao ve TTCB? 

Gidi 

Viet BTTDKL Qr  va tinh: 

[NO2 ]2  = 0,55 2  
	 = 2,5 

[N 204 ] 	0,12 

Vi Q,. > Kr, phan itng chiia dat TTCB va se tien trien ve phia trai cho den 
khi Qr  = Kr. 

Qc = 
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- Xet gici tri AG. Tr6 lai phuong trinh clang nhiet Van't Hoff (7-52) va viet 
Q, K du6i dang khai quat: 

AG = RT (lnQ - InK) = RT1n(Q/K) 	 (7-62) 

Theo day, ta c6 the du doan chieu huong cUa phan 

+ Neu Q/K < 1 -> ln(Q/K) < 0: phan ling theo chieu thudn (vi AG < 0). 

+ Neu Q/K > 1 -> ln(Q/K) > 0: phan ling theo chieu nghich (vi AG > 0). 

+ Neu Q/K = 1 -> ln(Q/K) = 0: phan ling 6 TTCB (vi AG = 0). 

Moi quan he theo phuong trinh (7-62) c6 nghia gi? Q dai dien cho ang d6 
(hay alp suat) cua cac thanh phdn cUa he tai bat ky thoi diem nao trong qua 
trinh phan Ting, trong khi do K dai dien cho cac gia tri nay khi phan Ting dat 
toi TTCB. Phtiong trinh (7-62) chi ra bien thien nang Wong tti do Gibbs ciia he  
6 mot trang thai khi &du Q nao do va nang Wong tu do Gibbs dm he 6 trang 
thai ket thuc K. Doi vdi he 6 TTCB, Q tra nen bang K, vi the AG = 0. Noi each 
khac, a TTCB khong xay ra su bien &Si nang ludng, he da giai ph6ng tat ca 
nang luring tu do Gibbs cUa no trong qua trinh dat den the can bang. 

D6 lon cUa AG phu thu6c vao ski khac nhau vg d6 16n dia Q va K. Bang 
each chon cac gia tri 6 trang thai chuan cho Q, ta thu duoc bien thien nang 
Wong Gibbs chuan (AG°), la tong nang Wong Gibbs giai phong ra khi di 
diem bat dau dia trang thai chuan den diem ket thlic tai trang thai can bang. 
Khi moi Ming d6 Id 1M (hay moi alp suat la latm), Q bang 1, nen: 

AG°  = RT1n1 - RT1nK 

hoac 	AG°  = -RT1nK 	 (7-63) 

(Thong to nhu phudng trinh (7-51) da duoc rut ra cho Kp phia tren) 

Moi quan he rat quan trong nay cho phep chimg ta tinh Nen thien nang 
Wong Gibbs chudn (AG°) cua mot phan ling tii hang so can bang K va ngtioc lai. 

Vi AG°  c6 quan he logarit v6i K, nen moi ski thay doi nh6 v6 gia tri AG°  
cling anh huang lon den gia tri cUa K. Bang 7.5 cho biet cac gia tri cua K 
Wong ling voi khoang Wen thien cac gia tri AG°. 

lAtu ST rang, AG°  tang during, hang s6 can bang K tang nh6, nghia la phan 
ling dat den trang thai can bang I/6i it san pham hdn va nhieu chat ban &du 
hdn. Khi AG°  tang am, phan -tang dat toi trang thai can bang v6i nhieu san 
pham hdn va it chat ban dau hdn. VI du, AG°  = +10 kJ, K = 0,02, dieu clo c6 
nghia la so hang san pham nh6 hdn 50 l'an s6 hang chat ban dau. Nguoc lai, 
neu AG°  = -10 kJ, so hang san pham 16n hdn 50 lan so-  hang chat ban dau. 
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Bang 7.5. Tuzing quan gicla ziG°  va K 298°K 

AG° (kJ) K Y nghia 

200 	 1 x 10-35  Co ban khOng c6 phan ang thuan; phan 

100 	 3 x 1018 ang nghich coi la hoar' toan 

50 	  2 x 10-9  

10 	  2 x 10-2  

1 	  7 x 10-1  

Phan timg thuan va nghich cá toc do  
0 	 1 bang nhau 

-1 	  1,5 

-10 	 50 

-50 	 5 x 108  

-100 	 5 x 101' 

Phan (Mg thuan coi 	hoan toan; co ban 
-200 	 1 x 1035 kh6ng có phan ang nghich 

Tat nhien, hall het cac phan ring khong bat dau veil tat ca cac thanh phan 
trong dieu ki5n chuan dila no. Bang each thay mii quan 115 gifia AG°  va K 
[phridng trinh (7-63)] vao bi5u thric AG [pinking trinh (7-62)], cluing ta thu 
dridc -bi5u thric có the alp dung cho bat di nang d6 khai dAu nao: 

AG = AG°  + RT1nQ 	 (7-64) 

- Bai than dp dung pinking trinh (7-63) va (7-64). Tra lai vi du dd bie't ve  
sif oxy hoa SO2  trong san xuat acid sulfuric (chtiong 6): 

2S02  (k) + 02  (k) 	2S03  (k) 

O 298°K, Vic d5 phan ling qua cha.m, vi the ngridi ta tien hanh a nhikt d5 
cao hdn. Hay: 

a) Tinh Kp  a 298°K va a 973°K? 

Cho biet AG 2°,8  = -141,6 kJ/mol va AG y73  = -12,12 kJ/mol. 

b) Trong binh kin: Pso,  = 0,50 atm; P0,  = 0,010 atm; Pso, = 0,10 atm girl 

25°C va 700°C. 6 ca hai nhi5t d5 nay, ngu phan ring xay ra thi lien den trang 
that can bang theo chi5u nao? 

c) Tinh AG dial-15 a cau b tai m6i nhi5t d5? 

Gicii: 

a) Tinh Kp  d 2 nhi5t d5: dp dung ph-acing trinh (7-63) 

+ 	298°K, s6 mu la: 
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( —141,6 kJ / mol x 1000 J /1 kJ  

8,31 J /mol.() K x 298 °K 

Vay, Kp = e57'2  = 7.10' 

+ C 973°K, s6 mu la: 
( —12,12 kJ /mol x 1000 J /1 kJ  

8,31 J /mol.() K x 973 'K 

Vay, Kp = 	= 4,5 

b) Tinh gia tri cua Qp: 
D2 

so3 	 0,10 2  

-AG°/RT = 

-AG°/RT = 

• QP = 	  
Ps 

	

D  
 = 4,0 jp 

so2  x 02 	0,502  x 0,0 1 0 

= 57,2 

= 1,5 

+ Vi Qp < Kp d ca hai nhiet do nen c6 nhigu SO3  tao thanh hon, cho den 
khi Qp Wong ducing vdi Kp. Tuy nhien, a 298°K, phan itng hAu nhti 
chuygn vg ben phai. (chigu thuan) truck khi dat trang thai can bang; 
trong khi a 973°K, phan iing chi dich chuygn mot chat sang chigu thuan. 

c) Tinh AG d trang thai khong chuan: 

+ Cj 298°K la: 

AG298  = AG 298  + RT1nQp 

= -141,6 kJ/mol + (8,31 J/mol.°K x 1kJ/ 1000J x 298°K x 1n4,0) 

= -138,2 kJ/mol 

+ CS 973`)K la: 

AG973 = AG (,)73 	RT1nQp 

= -12,12 kJ/mol + (8,31 J/mol.°K x lkJ/ 1000J x 973°K x 1n4,0) 

= -0,91 kJ/mol 

Thao luan kgt qua: d6i vdi cac ap slat khi ban d'au ii 973°K, qua trinh 
chi vita du xay ra tit phat (AG = -0,91 kJ/mol). Tuy vay, 	to van tign hanh 
phan iing nhiet d6 cao ding vOi. mot chat )(tic tac a tang ma.nh t 6c do phan 
ling trong thvc to san xugt (mac du san Wong cao hdn d nhiet do thap, nhung 
t6c do phan ling lai qua cham). 

— Thuat ngit tit phat va khong ttt phat d6i voi cac phan itng thuan nghich 

Xet phan itng hai chigu tang quat A 	B, c6 hang s6 can bang 
K = [B]/[A] > 1, nIrd vay phan iing dich chuygn ma.nh sang phai. (chigu thuan, 
hinh 7.11A). III chat A tinh khigt dgn trang thai can bang, phan ling la ti 
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N
a

n
g

  l
u'c

in
g
  t
y'
 d
o

  ( G
. ) 1 

G°  < 0 

Cant  bang 
h6n hop .G = 0 

pilot (AG < 0). Tit do tra di, phan iing la khong tv phat (AG > 0). Gia this chung  
ta bat dau v6i. chat B tinh khiet thi phan ling cling se dat ten can bang. al ca 
hai trvang hop, nang Wong tV do Gibbs giam khi phan ling tien trien den gia 
tri cvc tieu a trang thai can bang. 

Neu chnng ta bat dau vdi chat A tinh khiet, binh phan ling chfia hau het 
chat B khi phan ling ket thuc, ta not rang phan ttng theo chieu to A --> B la tii 
Oat. Thong tit, neu bat dau veil. chat B tinh khiet, phan ling cling ket thlic khi 
hau het chat B c6 mat. Mac du chi mot lvong rat nh6 chat A tao thanh de thoa 
man trang thai can bang, ta not rang phan ling nghich tit B —> A la khong tit 
phat vi no tien trien rat it v6 hitting nay. Doi vdi phan ling tang A 	B (bat 
dau vdi tat ca cac thanh phan C1 trang thai chuan), G (B)  < G (A)  , nen AG°  < 0, 
tvong ling vdi K > 1 va vi vay phan ling tai din bien theo chieu sang phai. 

Bay gia ta 14i xet phan ling C 	D, khi K = [D]/[C] < 1 (hinh 7.11B). Neu 
bat dau vdi chat C tinh khiet, he giai phong nang lilting tit do Gibbs mot cach 
tit phat den khi dat trang thai can bang. Tuy nhien, tai thin diem nay, phan 
ling nghich (D --> C) tien trien nhieu hdn v6 phia ngtioc va la tv phat, trong 
khi phan ling thuan (C —> D) khong tien trien nhieu va la khong tit phat. Vi 
vay, thuat 	phcin zing tu' phcit cm cap den mot phcin zing tr(ii &in (chie-m u'u 
the ho'n) lie phia tao ra sdn pheim, cha khong nhifit thiet phdi li mot phcin zing 
hoan town. 

Chat A 
	

Mgt dO cua phan Crng 	Chat B 
	

Chat C 
	

Mac do dm phan Cing 
	

Chat D 
tinh khigt A 
	 tinh khigt 

	
tinh khigt 	

B 
	 tinh khigt 

Hinh 7.11. Toting quan giCia nang lu'ong tv do Gibbs va mac c10 coa phan Ong. Nang 
lu'ong to' do Gibbs cela he va mt-ic'dO phan Ong du'oc minh hop cho hai phan Ling tong quat 

co gia tri di' a hang so" K rat khac nhau. d A la phan (mg A 	B, G °A  > G (E , vay K > 1 va 

AG°  < 0. d B là phan Ong C 	D, G < G (D)  , vay K < 1 va AG°  > 0. Tuy the, 6 c6 hai 

tru'Ong hop, phan Ong la ty' pilot (AG < 0) mac du 6 cac mCic do khac nhau khi chuyen tit 
trang thai chugn caa chat cigu ho0c sa'n phgrn vS h6n hop 6 trang thai can bang (AG = 0) 
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2.5. Cac dung cita bi'At thiic tac dung khol l>Idng va hang -s6 can bang 

1/ Nhu da biet, can bang the hoa jai  cUa cac eau tit trong he phan -tang dan 
den can bang hod hoc. Vi the, khong gieng nhu dinh luat tec do (phuonk trinh 
tec do) phai duoc xac dinh bang thuc nghiem, BTTDKL chi di a tren pinking 
trinh da can bang. Bieu thfic nay la tY)  le cac s6 hang nhan vdi nhau, m6i s6 
hang duoc luy thita vdi he s6 hop fir& (he se ty Wong) trong pinking trinh 
phan itng (cac phuong trinh ly thuyet va cac vi du cu the phia tren da minh 
hoa dieu nay). 

2/ Met gia tri K d4c trUng chi c6 nghia khi no lien quan den met pinking 
trinh Cu the da can bang. Neu cac he se cua pinking trinh da can bang dttoc 
nhan vdi met thita se; chung thi thita s6 d6 tr6 thanh s6 mu cho BTTDKL va 
cho hang se can bang di kern vdi no. Chang han, tra lai phan Ung (7-50), neu 
nhan vdi thita so n, ta c6: 

n [ aA + bB 	eE + fF , BTTDKL se la: 

[E]e 
 [F]t' 

n 

[i6i]a  [B]b  

Vi du: 

(a) 	N2 (k) + 3H2  (k) 	2NH3 (k) Kc  = 2,4.10-3  & 1000°C 

7- 	 ( [NH3 ]2 	 [NH J2  
vik: Qc  = 	 va. K c  = 

JN2][H2]_ /IA 
Neu: 

(a) x —1 	
3 	

—2 
3 

NH3(k) + H 2  (k) 	 3  (k) , thl 
3  

\ 1/3 
[NH312 	(  [NH312/3  

Q'C = JN21 [H2 13  ibd 	[N2 ]1/3  [H2 ]ibd  

[NH]213  
va 	K c  = (Kc) 1/3 = 	 = (2,4.10)1/3  = 0,13 

■[N2 ]1/3 [H2 ]ieb 

Neu tiep tuc, ta c6 the nhan phan Ung (a) veil he se n bat kS7 va tim duoc 
cac hang se; Kc  c6 cac gia tri rat khac nhau [thoat dau c6 cam giac rang, chUng 
ta da lam thay doi raw do cUa phan itng (the hien qua thay doi gia tri K) chi 
bang cach thay doi he s6 can bang cila phUong trinh. Cam gide ay that slat 
khong dung. Bdi vi, nhu da not tren, moi gia tri K gan lien vdi met phan itng  
cu the. Q va K la nhung dai Wong khue-ch do phu thu(ic vac. Wong chat nen 
khong the so sanh truc tiep gifia cac phuong trinh khac nhau]. 

Q' = , va K' = (K)" 	 (7-65) 

= 2,4.10-3  
JN21[H2]/ L b 

53 



Qcking  = Qc(1)*Qc(2) 	1/4-1 re\ 1 KTryi 	 nvi- rn LN 2 	• L.LN._, _1 2  L ■--/2J 	LIN 2J 1.`-'212  

(1) N2 (k) + 02  (k) 	 2NO (k) 	K c = 4,3.10-25  

(2) 2NO (k) + 02  (k) 	2NO2  (k) Kc2  = 6,4.109  

Phan Ling tong: 	N2 (k) + 202  (k) 	2NO2 (k) 

[NO]2   [NO2 ]2  = [NO2 ]2  

3/ BTTDKL va hang s6 can bang cila phan ling thuan (th) va phan using 
nghich (ng) có quan he nghich ciao: 

Q(th) = 	
1 	 1 

va 	K(th) =  	 (7-66) 
Q(ng, 	 K(ng) 

Chang han, n6i tiep vi du phia tren, phan ling nghich cila (a) dIfOc viet: 

2NH3  (k) 	 N2 (k) + 3H2 (k) 

([N21[1-113  1 	1  
thi KC(ng) = 	

ENH312
= 416,7 a 1000°C. 

2,4.10 
Kc 

4/ Nhii da thay, Chung ta vie't BTTDKL va BTHSCB ma khOng can biet 
pinking trinh phan ling bieu thi 1 giai doan phan ling hay 1 phan ling tang 
gom nhieu giai doan. Bai vi, d TTCB, chi cac he s6tY)  hiring moi có vai tra. Neu 
1 phan ling la tang cila 2 hay nhieu Phan ling, thi BTTDKL hay BTHSCB se  
bang tich cac bieu thitc do cila cac giai doan: 

Qtong  = Ql•Q2•C 3• • • 	Va. 	Kt6ng  = 	 (7-67) 

VI du: trong &Ong cd cua xe co, t° — 100°C, N2 -yd. 02  tao thanh NO, sau do 
phan ling tiep voi 02  tao ra NO2  - mot chat 0 nhigni d8c hai. Hai buoc phan 
Ting la: 

KC tiing 	Kci 	= (4,3.10-25 ).(6,4.109 ) = 2,8.10-15  

5/ Neu cac thanh phan cua phan ling cling pha thi he dat toi TTCB &Ong 
the. Neu cac thanh phan la khac pha, he dat tai TTCB di the. Trong tniang 
hop sau, mot hoac nhieu thanh phan ciia he la chat lOng hay chat ran. Chang 
han, xet can bang khi da voi phan hug' thanh voi sang a — 900°C: 

CaCO3  (r) 	 CaO (r) + CO2  (k) 

[CaO] [CO2 ] 
theo quy tac viet BTTDKL, ta c6: Qc  = 	. 	. Tuy nhien, chat 

[CaCO3 ] 
ran CaCO3  va CaO luon c6 cling nting d8 c3 nhiet d8 cho trueic (cling s6 mol chat 
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trong the tich 1L chat ran). Mat khac, the tich chat ran rat it thay de;i theo 
nhiet do. V6i. cac IY do do, n6ng do 1 chat ran la hang so. Cling t dng tit dea voi 
1 chat lOng tinh khiet. . 

Vi chung ta chi quan tam den cac ang do thay doi khi phan fing tien den 
TTCB, nen cac se" hang n6ng do cila chat ran vb. chat 'Ong dnoc lien hop lai 
trong hang so/  chung. Chat ran va long tinh khiet khong c6 mat trong 
BTTDKL va BTHSCB. 

Chang han doi v6i phan Ting tren thi: 

[Ca03] 
= QC . 	• = [CO2 ] 

[CaO] 

DU hiong CaCO3, CaO di mat la bao nhieu thi BTTDKL cna phan itng  
cung chi tticing &tong vdi ang do CO2. 

6/ Cho den day, chung ta luen viet cac gia. tri cua Q va K ma khong kern 
theo don vi, cluing chi la nhUng con so. Dieu nay c6 ngan ge'c tit khdi niem the 
hod cila 1 mol khi ly tvang. Cdn nhac lai rang, mai so-  hang trong BTTDKL (hay 
BTHSCB) bieu thi tSi le dm luong chat do &toe cila met chat (n6ng do mol/L hoac 
ap suat) so v6i. Wong chat 6 trang thai chudn dra no (1M hoac 1 atm). 

• 1,50M  
Vi du: N6ng do 1,50M tr6 thank 	= 1,5. Thong tu, ap suat 0,75 

1,00M 
atm tr6 thanh = 0,75. Vi cac se" hang khong don vi, nen theo do Q va K cang 
khong c6 don 

Khi bleu thi Wong chat do ducic (Pi, Ci, 	N) bang hoat de 	hang so 
can bang phai dnoc viet la: 

K = 
e 	f aE • aF 
a 	b a A ' aB 

(7-68) 

aA, aE, aE, aF  la hoat do (khong don vi) dra cac chat A, B, E, F tai th6i 
diem phan ling dat den TTCB. 

2.6. Giai quygt nhiYng van de dinh hicing lien quan dgn trang thai can 
Wang 

1/ Xdc dinh hang se' can bang 

- Neu lnong cac chat d TTCB da biet (nha cac phep phan tich dinh luong), 
K de clang duoc xac dinh. 

VI du: Met khei Wong tudng &tong dia hydro va iod duoc-tiem vao binh 
phan ling 1,50 L o met nhiet do xac dinh. Phan itng sau xay ra: 
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H2 (k) 	(k) 	 2HI (k) 

O TTCB, tim thay trong binh phan Ting có 1,80 mol H2, 1,80 mol 12  vb. 
0,520 mol HI. Minh K cua phan ring. 

Gicii 

Luang cac chat d TTCB duiic biet theo mol nen phai chuyen ve n6ng d6 
mol/L: 

[H2] = 1,80 mol/1,50 L = 1,20 M. Turing tg, [I2] = 1,20 M va [HI] = 0,347 
M. Day la neIng do cac chat a TTCB nen khi thay vao BTTDKL to c6 Kc, va 
tinh diicic: 

[HI]2 	0,3472  K 
=   = 8,36.10-2  

[H2 ][12 ] 	1,20.1,20 

— Neu mot s6 gia tri a TTCB chua &Toe biet thi phai xac dinh cac gia tri ay 
tru6c, sau do tim K. 

Vi du: M6t binh da rut khong khi chiia mot Wang nha b6t graphit 
(carbon) va duicic nung nOng den 1080 K, sau do them CO2  toi alp suat 0,458 
atm. Trong he xay ra phan iing tao CO. Khi slat TTCB, ap suat -Using trong 
binh la 0,757 atm. Tinh K cua phan 

Gicii 

Thong thuang giai quyet theo trinh ti sau: 

+ Viet phan iing da can bang: 

CO2  (k) 	+ 	C (r) 	 2C0 (k) 

+ Viet BTTDKL TTCB de tim K: 

( P2  
Qp = 	

co  

co, Ab 
= K p  . Cac s6 lieu d'eu cho d dang atm nen K can 

xac dinh la Kp. C(r) khong c6 mat trong Qp. 

+ Lap bang phan iing (ghi: Wang ban dau dia chat dau va san pham/su 
Bien dooi cac dai Wang ay/va cac dai Wang a TTCB) bang cach &at x la 
so atm dm CO2  da phan iing (giarn di) a tao san pham. 

Ap suat P (atm) CO2  (k) + 	C (r) 	 2C0 (k) 

Ban dgu 0,458 0 

Bien d6i -x +2x 

6 TTCB 0,458 - x 2x 
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Giai thich bang: 1 mol CO2  phan *rig cho 2 mol CO tao thanh, nen x atm 
CO2  phan iing se cho 2x atm CO tao thanh. 

Viet -x vi CO2  la chat dau se mat di (giam) trong qua trinh phan ling den 
TTCB; +2x vi CO la san pham. 

Bie't Pte;ng  nen xac dinh duoc x theo dinh lust Dalton [phuong trinh (1-18), 
chtfong 1]: 

Prong  = 0,757 atm = PCO, 	PCO (6) = (0,458 atm - x) + 2x 

x = 0,299 atm. Tii gia tri x tim dtioc, xac dinh ap suat rieng phan. d TTCB: 

CO, (cID) = 0,458 - x = 0,458 - 0,299 = 0,159 atm 

PCO (cb) = 2x = 2 x 0,299 = 0,598 atm 

Thay cac gia tri nay vao Qp tim chicic Kp: 

Qp = 
( D2 \ 

CO  

co2  

0,5982  
= 2,25 = K p  

0,159 

[Nha hos hoc can cam nhan hay 4 doan duoc ket qua so bO trtioc khi 
tinh toan theo cac phtiong trinh. Chang han, d day truoc khi tinh Kp, to dti  
doan: ne'u Kp rat lon thi hau nhu tat ca CO2  chuyn thanh CO, nen PuIng  se gap 
doi ap suat ban dau 0,5 atm x 2 	1 atm). Ngtioc lai, neu Kp rat nhO, hau 
nhu khong có CO dutoc tao thanh, nen ap suat cuo'i cung cua he (Prom) gan vOi 
ap suat ban dau 	0,5 atm). B6i vi, ap suat cu6i cling ciia he nam trong 
khoang cac cuc tri nay (Pto,„g  thuc da cho bang 0,759 atm), nen Kp  tim thay 
phai có mot gia tri trung gian. Dung nhu ke't qua da tinh, Kp = 2,25, khong 
qua ldn hay qua be]. 

2/ Chuye'n doq gifia Kp va Ke  

. Vi du: Tinh Kc  cho phan ling sau: 

CaCO3  (r) 	CaO (r) + CO2  (k) 	Kp = 2,1.10-4  (Ci 1000K) 

Gicii 
. Co 1 mol kill ben v6 phai, khong có mol khi nao ben v6 trai, vi vay theo 

(7-54b): An = 1 - 0 = 1. 

Tinh Kc  theo phuong trinh (7-59): 

Kp = Kc.(RT)1  = 	Kc  = Kp.(RT)-1  

Kc  = (2,1.10-4).(0,0821 	
atm.L

x 1000K)-' = 2,6.10-6  
mol.K 

3/ Si dung hang s6 can bang a xac dinh n6ng do  

— Xac dinh n6ng do cs TTCB tit Ice  
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Vi du: Can bang giiia nitric oxyd, oxy va nitrogen dtioc in6 to bang 
phtiOng trinh sau: 

2NO (k) 	N2 (k) + 02  (k) , Kc  = 2,3.103°  (6 298K) 

Trong khi quye'n: P0  = 0,209 atm va. PN2  = 0,781 atm. 

'Dinh dp suat rieng phan cila NO (met khi dec gay o nhiem mei truCing) 
TTCB trong khong khi ma con nguai hit th6 hang ngay. 

Gicii 

Vi 	(kilo  = 0, nen theo (7-60) thi: 

PN, • Po 	0,781 x 0,209 
Kp = Kc  = 	= 	 = 	 

1:1 0 	PN20 
PNO  = 2,7.10-16  atm 

- Xac dinh ang 4 d TTCB tii ang do ban dau va Kc  

Vi du: Miic 4 bion de'i. CO va H2O thanh CO2  va 112  chicic sii dung a die'u 
hoa khi trong hon hop nhien lieu. Neu cho 0,250 mol CO va 0,125 mol H2O vao 
binh phan ling 125 mL d 900K thi thanh phan caa h6n hop d TTCB la bao 
nhieu? Bie't Kc  = 1,56. 

Gicii 

Phan ling da can bang la: 

	

CO (k) + H2O (k) 	CO2  (k) + H2 (k) 

BTTDKL: Q c  = [CO
2 ] [H2 ]  

[CO] [H 20] 

Tinh ang do ban dau cim cac chat dau: 

0,250 mol  
[CO] - 	 = 

0,125 L 	
2,00 M 

0,125 mol  
[1120] = 	- 1,00 M 

0,125 L 

Lap bang phan ling: dat x = ang dO da phan fing 

N6ng do (M) CO (k) + 	H2 (k) + 	H2O (k) CO2  (k) 

Ban d6u 2,00 1,00 0 0 

Bi6n d6i -x -x +x +x 

6 TTCB 2,00 - x 1,00 - x x x 
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Thay cac gia tri a TTCB vao Qc  d6 có Kc  da bi6t: 

Kc 	[CO2 ] [F12 ] 	x . x 	 x2 

	

= •    = 1,56 
[CO] [H2 0] 	(2,00 - x). (1,00 - x) 	x 2  - 3,00x + 2,00 

Sap x6p lai, thu doe clang phuong trinh bac 2: 

0,56x2  - 4,68x + 3,12 = 0 

Giai plutong trinh nay, &toe x = 7,60 M va x = 0,73 M. 

Gia tri x = 7,60 M khong coy nghia hod hoc vi no lon hdn nOng d6 ban 
dau. Vi vay, x = 0,73 M, va tinh: 

[CO]C, = 2,00 M - x = 2,00 M - 0,73 M = 1,27 M 
[1120],b  = 1,00 M - x = 0,27 M 

[CO2]th = [112],b 	= 	X = 0,73 M 

Kim tra lai xem cac gia tri vita tim citiOc có cho Kc  nhti da bie't hay 
0,73 x  

khong: K 	0,73 = 1,6; ke't qua dUng vi 1,6 la trong pham vi lam 
1,27 x 0,27 

trOn dm 1,56. 

4/ Xac dinh chi6u huong cua phan ling va tinh ang dO d TTCB. 

Khi chi cho bie't Wong cac chat dau thi &tong nhien phan ling phai ti6n 
trign ve phia san pham va trong bang phan fing ta dat dau am (-x) cho sit bie'n 
ct6i cac chat dau. N6u ta bat dau vii mot hen hop bat kY g6m chat dau va san 
pham thi chidu hiking phan ling se chita re rang. Khi ay, bat bu6c phai so sanh Q 
va K de xac dinh xem phan itng "trei" theo httdng nao vg TTCB. Digu nay se cho 
bi6t, ta can crat x mang dau am hay dau diking trong bang phan fing. 

Vi du: Hai thanh phan cUa khi tii nhien (CH4  va H2S) can duoc nghien 
ciiu de tao ra cac san pham (CS2  va H2) dila theo phan ling: 

CH4  (k) + 2H2S (k) 	CS2  (k) + 4H2  (k) 

Trong mot thi nghiem, cho 1,00 mol CH4; 1,00 mol CS2; 2,00 mol H2S va 
2,00 mol H2 chtoc trOsn 'An trong binh 250 mL a 960°C. nhiet de nay, phan 
itng có Kc  = 0,036. 

a) Phan ling se tie'n tri6n theo huong nao dd dat TTCB. 

b) Bang pile') phan tich, ngtiai ta tim thay [H2] = 1,76 M cJ TTCB. Vay, 
n6ng de cita cac chat khac la bao nhieu? 
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Gidi 

a) Tinh nOng d6 ban dau: 

1,00 mol  
[CH4] = 	- 4,00 M 

0,250 L 

TUong tit, [H2S] = 8,00 M; [CS2] = 4,00 M va [H2] = 8,00 M. 

Tinh BTTDKL: 

[CS2 ] [H2  ]4 	4,00 x 8,004  _ 
Q c 	 64,0 

[CI-14 ] [H2 S]2 	4,00 x 8,002  

So sanh Qc  va Kc: Qc  > Kc  (64,0 > 0,036). Vi vay, phan itng tien trien 
v6 ben trai (chieu nghich), ang d6 chat dau se tang va san pham se giam. 

b) Lap bang phan itng vesi x = [CS2] da giarn do phan itng (ghi -x) hay 
[CH4] duoc tao thanh (ghi +x). 

Nong dO M CH4  (k) + 	4H2  (k) 2H2S + 	(k) CS2  (k) 

Ban dau 4,00 8,00 4,00 8,00 

Bien d6i +x +2x -x -4x 

6 TTCB 4,00 + x 8,00 +2x 4,00 - x 8,00 - 4x 

Tinh x: WO [H2], = 1,76 = 8,00 - 4x = 	x = 1,56 M 

[CS2],b  = 4,00 - x = 4,00 - 1,56 = 2,44 M 

[CH4]Cb = 4,00 + x = 4,00 + 1,56 = 5,56 M 

[H,S],b  = 8,00 + 2x = 8,00 + 2 x 1,56 = 11,12 M 

Kim tra gia tri Kc  tit cac gia tri vita tim dtioc: 

Kr  = 
2
'
44 x 1

'
764 

= 0,0341 	0,036 
- 	5,56 x 11,122  

5/ Si dung gia thiet de don giAn hoa. phep tinh 

Trong nhieu tniCing hop, can cii vao dau hieu hoa hoc, to c6 the data them 
gia thiet nham tranh phai giai ph Icing trinh bac 2 hoac bac cao hon. 

N6i chung, neu phan itng c6 hang s6 can bang kha nhO (thtfOng << 1) va 
ang do cac chat dau lai kha 1.6n thi su Wen d6i n6ng d6 v6 TTCB c6 the 136 
qua ma khong tao ra mot sai s6 clang ke: 
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[chat ddu]bd 	x 	[chat d'au]bd  "=-,' [chat ddukb  

Gia thiet nay khong c6 nghia la x = 0, vi nhti the thi kh8ng c6 phan Ung. 
Tieu chuan 6 day la: net' gia thiet gay ra sai s6 :5_ 5% thi dtfoc coi la dung va 
goi Cat la thoa man gia thiet 5% (nhung nghien citu yeu cau chinh xac cao có 
the dat gia thiet khac nha hdn 5%). 

VI du: Phosgen la 1 chat d8c chien tranh (cla bi cam theo Hiep U6c Geneva) 
phan huV bai phan ing: 

COC12  (k) 	CO (k) + Cl2  (k) 	Kc  = 8,3.104  (Cr 360°C) 

Mall [CO], [C12] va [COC12] khi nhiing Wong sau day cua phosgen phan 
1Vva dat den TTCB trong binh 10,0 L: 

a) 5,00 mol COC12. 

b) 0,100 mol COC12. 

a) BTTDKL: Qc 

Gicii 

[CO] [C1 2 ]  

[COC12   

tinh [C0C12]bd = 5,00 mol/10,0 L = 0,500 M 

Lap bang phan itng voi x = [COC12] da phan 

Nong dO M + 	Cl2  (k) COC12  (k) CO (k) 

Ban dgu 0,500 0 0 

Bign d6i -x +x +x 

a TTCB 0,500 - x x x 

[COC12  cb 	0,500 - x = K
c  = 8,3.104  

Vi K nha, phan itng khong tien trien manh sang phai, nen gia thiet 
2 

x << 0,500 M = 0,500 - x 	0,500 M, theo do 	 = 8,3.10-4  
0,500 

= 2,0.10 2 . 

2,0.10-2 
Kim tra gia thiet: 

	

	x 100 = 4% , nha hon 5%. VI vay, gia thiet 
0,500 

thing (hay thoa man gia thiet 5%). 

Q c = 
[co] [C12  ] 
	

X . X 
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Tinh 	[CO]c, = [C12]6  = x = 2,0.10-2 M 

[C0C12L, = 0,500 - x = 0,480 M 

b) Doi yeti truang hop 0,100 mol COC12. Tinh Wong tu, voi [COC12]bd 
0,100 mol/10,0 L = 0,0100M. Theo do, d TTCB to c6: 

Q C = 
r[C0][C12 ] 	= 	x2 	

= K  
= 8,3.10-4  

[COC12  ch  0,0100-x c  

N6u gia thie't 0,0100 M - x 	0,0100 M va 

= 8,3.10-4 = 	x = 2,9.10' 
0,0100 

2,9.10-3  

	

Kim tra gia thi6t 5%: 	x 100 = 29% > 5%, vay gia thi6t sai. 
0,0100 

Phai giai pinking trinh bdc 2: x2  + 8,3.10-4X - 8,3.10-6  = 0 , tim dtiOc 1 gid tri  
c6 nghia: x = 2,5.10-3  M, va xac dinh: 

	

[CO]c, = [Cid 	= 2,5.10' M 

[C0C12]cb  = 1,00.10-2 M - x = 7,5.10-3  M 

6/ Lim y chung: 

+ Bang phan iing la mot ky thudt c6 ich, ngdn gon ma toan canh, tranh 
dtioc nham ran, nhat la d6i viii nhiing bai toan c6 nhi6u dii lieu thuic 
nghiem. 

+ Cac bai giai dinh Wong cua muc 2.6, phia tren cua cac muc trU6c niia 
hoac cua muc con-ti6p sau la nhiing truang hop th.thng gdp trong thiic 
hanh hay nghien diu hod hoc, trong san xudt va ca trong tut nhien. 
Can chit Y each vi61 cac chit so c6 nghia (xem Phu luc cuoi Quy6n nay) 
duoc th6 hien trong cac vi du da cho. 

2.7. Sly dich chuye'n can bang. Nguyen 1Y Le Chatelier 

D'a'.c diem clang lieu y nhgt cua mot he can bang la kha nang chuy6n dich 
sang mot trang thai can bang moi khi cac di6u kien thay doi. Chi6u hilOng 
chuy6n dich dia can bang duoc chi ra trong nguyen 157 Le Chatelier (nha Hod 
hoc Phap 1850 - 1936). 

Khi thay doi mot trong s6 cac thong s6 xac dinh trang thai can bang dia 
mot he thi can bang se chuyk dich theo chik cheing1ai. su thay doi do. 

X
2 
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D6i vOi can bang hod hoc thuong xay ra 3 su thay d6i: thay d6i ve n6ng 
do chat dau hay san pham, thay d6i vg ap suat hay the tich c-Cia he, va thay d6i 
ve nhiet do. Diia vao nguyen lY Le Chatelier, chUng to se thay re rang hdn 
nhung ski thay doi ay anh huang nhu the nao den trang thai can bang. 

I 1 Anh hu'Owg czta sa' thay dai nong coo den, can bing hoci hoc. 

Xet can bang sau duoc thiet lap 523K: 

PC13  (k) + Cl2  (k) 	PC15  (k) 

Qc  = 
	[PC15  ] 	

= Kc  = 24,0 
[PC13 ] [Cl, ] 

Vi Kc  chi phu thu6c vao nhiet do nen 6 T = const (= 523K): 

+ Neu tang n6ng do PC13  ho4c Cl2  (cac chat dau) thi can bang se chuyen 
dich sang phai tao ra them PC15  (san pham) de giii Kc  = const. 

+ Ly luan Wong tu de ket luan rang, can bang se chuyen dich sang trai 
(tao them chat &du) neu rut best n6ng dO PC13  hoa'c C12  khOi he, hay 
tang them n6ng do PC15  vao he. 

NMI vay, neu tang n6ng 110 cua mot thanh phan, he can bang se chuyen 
dich theo chieu tieu thu bot thanh phan do. Neu giam n6ng de) cila mot thanh 
phan, he se chuyen dich theo chieu tao them thanh phan do. He can bang hien 
chuyen dich theo chieu thong lai sli thay cloi n6ng do. Tuy nhien, khong loai 
trif dUcic hoan toan sti thay doi do. Chang . han vai vi du dang xet, TTCB ban 
dau dtioc xac lap b6i cac n6ng de sau: 

[PC13] = 0,200 M; [02] = 0,125 M; va [PC1,] = 0,600 M, vi the: 

[PC15 ] 	0,600 
KC (TCB ban clAu)   = T 	24,0 

[PC13  J [C12 ] 	0,200 x 0,125 

Neu them 0,075 M C12, can bang se chuyen dich sang phai de tieu thu 
(lam giam) n6ng do C12, tang them [PC15], va met TTCB moi duoc thiet lap. 
Thiic nghiem cho biet, i TTCB men [PC15] = 0,637 M; [C12] = 0,163 M va [PC13] 
= 0,163 M, nen: 

KC (TTCB moi) = 
0,637 

= 24,0 
0,163x 0,163 

Gia tri Kc  khong thay d6i, nhiing [C12] them vao (0,075 M) ding chi tieu 
thu diidc: 
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[Cid tieu thu = ([C121TTCB ban dau 	1C1.21 them vac)) 	EC121TTCB mdi 

= (0,125 M + 0,075 M) - 0,163 M 

= 0,037 M (< 0,075 M), nghia la kh6ng loai trii dUoc 
hoan toan n6ng d6 C12  mdi them vao. 

2/ Anh hu'Ong cua sr.! thay c of ap suat den, can bang hoci hoc. 

Khi xem xet anh Inaing cua ap suat den TTCB, to chi quan tam den 
nhting he c6 mot hay nhieu thb.nh phan la khi. Chat lOng va ran gdn 
khong chiu nen, vi vay thay doi ap suat it c6 anh twang. 

Ap suat chi thay d6i khi thay d6i n6ng do cUa thanh phan khi; them 1 khi 
trd (khi khong tham gia vao phan ling) va thay d6i the tich binh phan ling. 

TrUong hop anh In.fang do thay d6i n6ng d6 cua mot thanh phan cila he  
da dude xet phia tren. 

TrUang hdp thay do' ap suat bang cach them mot khi tri vao he thi 
khong anh hu6ng den vi tri can bang. Bai vi, the tich khong thay d6i nen 

	

tat ca n6ng d6 chat dau va san pham d TTCB van 	nguyen. Mac 
du ap suat tong tang, n6ng d6 phan mol giam, nhung -CY le ap suat rieng 
phan cua san pham va chat dau van nhu triloc nen vi tri can bang khong 
thay d6i. 

Truang hdp thay doi ap sudt do thay doi the' tich thu'eing anh hu'O'ng reit 
nhi& tdi vi tri can bang, vi thay d6i the tich clan tdi ski thay de;i n6ng d6 
(la s6 mol khi tren 1 L the tich cua binh chfia): sti giam th4 tich binh 
chiia lam tang n6ng d6 va su tang the tich binh chiia lam giam n6ng d6. 

Theo phucing trinh (7-59): 

KP 	KN (Puind cAbn  

thi ap suat khong anh ht ang den Kp, nen: 

+ Neu An > 0, khi tang P KN phai giam, nghia là can bang bi chuyen 
dich sang trai (phia it mol khi hdn) de ch6ng lai sti tang ap suat. 
Nguoc lai, khi giam P, can bang se chuyen dich sang phai. 

+ Neu An < 0, khi P tang KN  phai tang, nghia la can bang bi chuyen 
dich sang phai (phia it mol khi hon) de lam giam su tang ap suat. 
Nguoc lai, khi giam P, can bang se chuyen dich sang trai. 

Neu An = 0, ap suat khong lam chuyen dich can b.'ng. 

Tom lai, neti he can bang c6 sit chenh lech s6 mol khi gifia cac chat dau 
va san pham thi: khi tang ap suat, can bang chuyen dich vd phia c6 s6 mol khi 
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It hdn; khi giam ap suit, can bang chuyen dich ye phia có s6 mol khi nhieu 
hon. Dieu nay phit hop vdi nguyen VT Le Chatelier: he can bang hien chuyen 
dich theo chieu thong lai sit thay de2i dp suit. 

31 Anh hu'Ceng caa sa' thay ctdi nhi0 coo sten can bcing hod hoc 

Trong 3 stl thay d6i, chi co nhiet do lam thay d6i hang so can bang K. 

Tit phtiong trinh (6-60): dG = VdP - SdT , khi P = const thi: 

aG \  

\.„ aT  p 

_-s 	(a(Aw 
aT )p 

(7-69) 

Thay (7-69) vao (6-52), thu dtioc: 

AG = AH + T a(AG)  
aT 2 p 

Chuyen ye (7-70) va chia 2 ye cho T2, to co: 

T
(a(Aw _ 

AG 
aT p 	 AH 

T2 	 T2  

(7-70) 

(7-71) 

Ve trai ciia (7-71) có clang tong thlic co ban cila vi phan 

(7-71) trO thanh: 

a ( AG \ 	AH 

aT, 	p 	 T2  

Cac pinking trinh (7-70) va (7-72) là nhiTing clang khac nhau cua phudng 
trinh Gibbs - Helmholtz. 

Xet d trang thai can bang va thay (7-72) vao (7-51), thu duoc: 

AH" 

aT p0 RT2 
	 (7-73) 

Day la phtiong trinh ding dp Van't Hoff, theo do: 

Neu phan ling la thu nhiet, AH()  > 0, thl khi T tang K1 se tang (deng 
bien). Dieu nay có nghia là khi tang nhiet de, can bang chuygn dich sang 
phai tao ra nhigu san phm hon (co the xem nhiet la met thanh phan cua  

cac chat dau, nen khi tang no, can bang chuyen theo chieu giam no, tilt 
là sang phai). 

VdU - UdV 

v2 
	, nen 

(7-72) 
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Neu phan ling la toa nhiet, OH()  < 0, thi khi T tang, Kp se giam (nghich 
bien), can bang chuyen dich sang trai (6 day, xem nhiet la mat san pham, 
nen khi tang no, can bang chuyen theo chieu tao ra nhieu chat ddu hon, 
tiic là chieu nghich). 

Trong khoang hep cila nhiet do tit T1  den T2, xem AS° va. AH° khong d6i 
thi phuong trinh (7-73) trii thanh: 

T2 	 0  T, 	 0 	1  1 
	 - 	 

	

AH fdT 	K 
fdlnK p  =  	

T 2  = AH 	1 
in    	(7-74) 

T 	 T 

	

R J,  T2 	KT, 	R. TI 	T2  j  

Xet plutang trinh Van't Hoff (7-74), ta de dang rut ra ket luan gi6ng nhii 
tren. Mat khac, neu biet gia tri hang s6 can bang KT  a nhiet 4 T1  va hieu 

iing nhiet cua phan ling (thuang dung dU lieu d di6u kien chuan T = 298 K), 
ngiidi ta c6 the xac Binh KT, d nhiet do T2  nao do. Ngitac 10, khi biet gia tri 

cac hang s6 can bang d 2 nhiet do khac nhau, ta c6 the tInh dtiac AH° cita phan 
ling (chu khi AR' tinh bang Jun, thi R = 8,314 J.mo1-1.1C-1). 

Tom lai, anh huang cua nhiet do den he can bang tuan theo nguyen lY 
Le Chatelier: chieu chuyen dich can bang la chi& chdng lai su' thay ddi 
nhi0 

4/ Su thie-u yang anh hu'a* caa chdt xac tac. 

O muc 1.7 phia tren ta da biet chat xtic tac lam tang t6c do phan ling do 
lam giam nang Kiang hoat hod, vi vay lam tang phan iing thuan va phan itng  
nghich voi ding mite do. Theo do, chat )(tic tac khong lam thay de>i vi tri can 
bang. Tuy nhien, ta se thay ngay la chat )(de tac gift vai tr6 chit ch6t de t6i ttu  
hod v6 nang Wang va thai gian cho mat he phan 

5/ Ong dung thu'c to cac nguyen tac chuyen dich can bang. 

Nitrogen c6 mat trong nhieu hap chat tit nhien va tang hap. Ngu6n 
nitrogen giau nhat trong til nhien la khi quyen, yeti 4 trong 5 phan tit la N2. 
Du vay, nguein cung cap nitrogen c6 the sit dung dtiac trong sinh hoc va san 
xuat bi han the bdi hoat tinh hoa hoc cita N2  rat thap. D6 la ket qua cita lien 
ket bai manh gan cac nguyen tit N vdi nhau, nen nguyen tit N rat kh6 gan vdi 
cac nguyen tit khac. Si gan ket N duac thuc hien nha hoat tInh cita mat s6 
enzym tim day trong vikhua.'n hoac nha nhiet do rat cao tai tia Em dien cac 
anh chop. Ngay nay, gan 13% su c6 dinh nitrogen tren trai d'at &talc tintc hien 
trong cong nghiep nha chu trinh Haber (Fritz Haber, nha hoa hoc Disc, 1868 -
1934) v6 the tao amoniac tif nguyen to 
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N2 (k) + 3H2  (k) 	2NH3  (k) 	Aii(p) t, = -91,8 kJ 

[Hang nam, 110 trileu tan NH3  dtioc san xuit theo chu trinh nay. Tinh 
tren don vi mol thi amoniac dtioc dig tao nhigu hdn bit ky hop chit nao khac. 
Hon 80% san Wong NH3  clUng lam phan bOn (ngn nong nghiep tien tign sii  
dung phan bon clang NH3  long duoc nen va phun truc tiep vao trong dit). Cdc 
ling dung khac ciia NH3  g6m: san xuit chit no, HNO3, nylon, nhigu loai 
polymer; lam chit on Binh cao su, chat  lam lanh, chit lam sach; trong tang 
hop cac chit lulu co va duoc phim]. 

Chu trinh Haber la vi du dien hinh v6 dp dung nguy8n lY chuygn dich 
can bang. Xem xet phan iing d TTCB, to thiy có 3 cach de dat t6i da san Wong 

. NH3: 

- Gidm [NH3] bang cach lien tuc rut NH3  khi he phan ling de can bang 
luon chuygn sang phai tao ra san phdrn (NH3). 

- Tang cip suit cac khi la chit diu (N2, H2) de can bang chuygn dich manh 
vg phla tao s6 mol khi it hdn - phla tao san phA:m (NH3). 

- Gidm nhiet dO. Vi chigu phan fing tao thanh NH3  la toa nhiet, nen khi 
giam nhiet can bang se chuygn dich theo chigu do. 

Tillie t6 san xugt can teci Liu ca, san Wong va t6c dO. nhiet do thip, san 
Wong cao nhung t6c dO lai cham. Vi the, cac nha may san xuit amoniac hien 
dai boat dong d ap suit - 200-300 atm;'nhiet dO khoang 673 K (400°C), chit 
xuc tic g6m cac khoanh sat tinh thg 5-10 mm dtioc nIrang chim trong h(in hop 
nOng chay cua MgO, A1203  va SiO2. H8n hop khi (cac chit din) duoc nen lai  
(N2/H2  = 1/3 theo thg tich) va tiem vao bung phan fing nhiet do va dp suit 
cao. Khi hiSn hop chay qua )(tic tic, mot phin hiOng nhiet ma phan iing toa ra 
duoc cung cap de nang cao nhiet dO cua bung phan fing. Hon hop can bang 
tao thanh hic nay chlia khoang 35% the tich NH3  duoc lam lanh dgn ngung to 
NH3  clang ran (tI\TH3  = -33,4°C) va duoc rut ra. Vi digm soi cila N2 (-196°C), 
cila H2 (-253°C) thip hon rat nhigu nen chUng van a dang khi va duoc bcim trei 
lai bung phan iing de tigp tuc chu trinh. 

2.8. Can bang trong chuygn hoa to bao 

T6 bac) sinh hoc la hinh anh vi mo kY la Cila ski bign d6i va can bang hod 
hoc. Ttif nhiing vi khudn don gian nhit cho tdi nhfing day thin kinh dac biet 
nhit, m6i t6 bao dgu thkic hien hang ngan phan iing dg nu& &tong va bai tigt, 
phat trien va sinh san, di truye'n va trao d6i. Tit ca cac phan ling nay tao 
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Enzym 2 Enzym 3 

Dihydroxy- 
methyl valerat 

lsoleucin Threomin Acetohydroxy-
butyrat 

Enzym I 
(Threomin dehydratase) 

Ketobutyrat 

Enzym 4 	Enzym 5 

Ketomethyl- 
valerat 

thanh sti chuyen hod cilia to bao. Day la vo s6 kST tong cilia sit be gay li8n ket, 
tang hOp sinh •hod hoc va chuyen do2i nang Wong chide to chfic thanh chu6i 
phan itng goi la con &tong chuyen hod. Mot s6 con ditOng hien d6i cac polymer 
sinh hoc trong thiic an thanh nhcing monomer cho xay dung nen tang co the: 
&tang, amino acid, nucleotid... Mot s6 con &tang sit dung nhiing phan tit nhe 
nay de tao nang Wong, va sau do lai sit dung rat nhieu nang Wong de tao 
thanh cac phan tit có chitc nang khac: hormon, chat dan truyen than kinh, cac 
phan tit khang the va cac biopolymer cua chinh to bao. 

Ve nguyen tic, moi buoc trong con ditOng chuyen hod la mot phan iing 
thuan nghich duoc xuc tac bdi mot enzym dac biet (xem xuc tac enzym, muc 
1.7 phia tren). Tuy nhi8n, ta se thay, mac du có nhcing nguyen VT can bang 
nhu da thao luan teen, TTCB khong bao gia dat duoc trong nhfing con &tang 
do. \Ted mot chu6i phan ling gem nhieu giai doan, san pham cua phan ling this 
nhat la chat dau cua phan Ting this 2, san pham cua phan iing this 2 la chat 
dau cua phan ling this 3... va cit the. Chang han, xet con &tang g6m 5 budc 
chuyen threomin (1 amino acid phan cue, chila nhom OH) thanh isoleucin (1 
amino acid khong phan cuc, mach thang) nhu sau: 

uc the 

Threomin duoc cung cap tit mot viing khdc cua t6 bao, tao thanh 
ketobutyrat nha xfic tac cua enzym 1 (phan ling 1). Vi tri phan ling 1 lien tuc 
chuyen sang phai bai vi ketobutyrat lien tuc duoc rut vao lam chat dau cho 
phan ling 2. Tufting tu, phan ling 2 chuyen sang phai vi san ph6m cua no la 
chat dau cho phan ling 3. 1\46i phan ling ti6p theo deu lam dich chuyen vi tri 
can bang ciia phan ling tritdc ve huong tao ra san pham. 

Su chuyen dich can bang lien tuc tao ra 2 dac diem chinh cua cac con 
&tang chuyen hod. This n1-4t, moi phan iing deu tien trien vdi gan 100% san 
luting. Nghia la, hau nhit tat ca cac phan tit threomin di vao 1 \Tung cua to bao 
deu chuyen thanh ketobutyrat, moi phan tit ketobutyrat lai tao thanh cac 
phan tit khac va cut nhu vay. This hai la, nting cti5 chat dau va san pham gift 
gan nhur khong de;i, mac du h8 khOng bao gia dat TTCB. Day goi là trang thai 
On dinh, v6 co ban la khac voi nhiang gi chUng ta da thao luan d phla tren. 
Trong cac h8 can bang, t6c dO phan ling cua cac huong bang nhau dan den 
ang do khong d6i. Con trong cac 118 on dinh, t6c dO phan iing ve mot hudng 
dan den ang dO khong d6i (gi6ng flint thiet lap trang thai on dinh trong 6ng 
nuoc, bang cach dieu chinh de Wong nit& di vao bang Wong nit& di ra). 
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Dieu quan trong la to bao dieu hoa n6ng dO cua san pham cuai cling cUa 
con dudng. Nhd lai rang, mot enzym xfic tac phan itng khi cd chat xam nhap 
vao vi tri hoat Ong. Tuy nhien, n6ng dO cd chat rat Ion so vdi n6ng d6 enzym, 
nen neu .khong có yeu to diet' hoa, tat ca cac phan itng trong to bao se xay ra 
vdi tac dO tai da. lJoi veil day chuyen san xuAt cong nghiep thi day IA dieu 13-7 
tUdng, 	vai mot sinh vat do lai la mot tham hoa. De diet' hoa tat ca 
cac san pham tao thanh, tac dO mat s6 giai doan chU chat duoc kiem soat b6i 
cac enzym dieu hoa, 6 chnng, ngoai vi tri hoat &Ong thi con chlia mot vi tri itc  
che tren be mat. Cau true khong gian 3 chieu cUa enzym lam cho khi vi tri fic 
die bi xam chiern thi hinh dang ciia vi tri boat dOng bi thay doi va phan ling 
khong con duoc xuc tac nua. Vi du don gian nhat ve kiem soat chuyen hod la 
san pham cuai cling ci'm con &tong &mg vai tr.() phan tit lac ch6, con enzym 
dieu hoa IA enzym xtic tac buoc dau tien. Chng han, khi to bA.o tam thdi 
khong san xuAt protein thi isoleucin dude tang hop b6i con &tang nay khong 
dude rut di. Khi n6ng dO dm no tang len thi isoleucin se chiem vi tri fic che 
cua enzym 1 va "dong 	ngay con during san xugt no mot cach hau hieu. 
Qua trinh do goi là dieu hoa ngudc bang san pham cUa phan itng cuai 
Nhieu con &long diet' hoa plific tap hdn theo nhung mo hinh khac nhau, 
nhung rat nhieu trong s6 do van la cd che dieing tit dieu hoa nguoc. Nhu vay, 
std dieu hoa cac con &tang chuyen hod lai bat ngu6n Ulf cac nguyen 1ST cila thing 
hoc va chuyen dich TTCB. 
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MUC TIEU 

1. Neu ctinh nghia va each phan loai cac dung dich, ccic ndng do. 
2. Gidi thich cac thong tin ye trong thcii ci a mot chat nguyen chat dilac ghi tren 

gidn dd pha. 
3. Trinh bay cac nguyen nha n ve lien k et va nhiet dOng hod hoc trong qua trinh 

hoa tan hinh thanh dung dich. 
4. Van dung du'ac dinh luat phan bd, ctinh luat Henry, cac dinh luat Raoult va 

Van't Hoff cho cac loai dung dich de giai thich va giai quyet nhting van ctj tic  
thvc te: 

ChiIdng 8 

ski HINH THANH VA CAC TiNH CHAT CCJA DUNG DICH 

1. NHUNG VAN DE CHUNG Vts  SU HINH THANH DUNG DICH 

1.1. Dinh nghia - Phan loai 

Cac h" phan tan: mot chat phan tan thanh nhiling hat rat nhO vao trong 
mot chat khac lam thanh mot he phan tan. CO tat ca 9 he phan tan (bang 
8.1). 

Bang 8.1. Cac h0 phan tan 
He phan tan Vi du 

1.  K/K (kill ph5n tan trong khi)  KhOng kW 

2.  L/K (lOng ph5n tan trong khi)  Suring mu 

3.  R/K (ran ph5n tan trong khi)  Hai iod thang hoa; bui; khoi trong khOng khi 

4.   K/L (khi ph5n tan trong king)  Nutic thien nhien hoa  tan oxy; nuOc uong có gas (CO2)  

5.  L/L (I6ng ph5n tan trong !Ong)  C6n  trong nude; nhili Wang 

6.  R/L (ran ph5n tan trong king)  Cac mu6i, during hoa tan trong nuac; huy6n phi; keo 

7.  K/R (khi ph5n tan trong ran) Hydro bi hap phu trong platin 

8.  L/R (long ph5n tan trong ran) Hai nutic bi hap phu trong than hoat, silicagel 

9.  R/R (ran ph5n tan trong ran) Cac hop kim; khoang chat; thug tinh mau; men sit; ceramic 
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Theo nghia rang, ngtioi ta goi tat ca cac he phan tan nInt th6 la dung 
dich; chat phan tan thank nhang hat rat nhO (phan tit, ion, hoac mot tap hop 
cua chnng) goi la chat tan; moi truang phan tan goi la dung moi. Vay„ dung 
dich g6m chat tan va dung moi. Ngttai ta thtiOng quy Binh dung mei la eau al 
ma 6 clang tinh khik no c6 trang thai tap hop giong nhii dung dich (vi du, 
dung dich nttdc cua cac mu6i, thi di nhien nti6c la dung moi). N6u ca hai cau 
tit (chat tan va dung moi) c6 trang thai tap hop nhti nhau (vi du, rtiOu Ira 
mi6c), thi dung moi la cau tit c6 Wong lon hon. 

- Thong thtiOng ngtfoi ta goi dung dich lot mot he phan tan ma dung moi la 
mot chat l6ng. Dung dich 'Ong la he phan tan ph6 bi6n va quan trong 
nh'at trong to nhien va trong sinh quyen. Gido trinh nay cling chi nghien 
cuu ki6u dung dich nhti the. Dung dich ma dung moi la chat 16ng lai dtioc 
chia thanh 3 loai tuST theo kich tint& cua ti6u phan (hat) chat tan. 

Bang 8.2 trinh bay sti phan loai Ira dac tinh cac dung dich lOng. 

Bang 8.2. Ph5n loai cac dung dich long du'a tren kich thu'dc tau phan chat tan 

Loai 
Kich 

thu'dc 
ch'it tan 

Dac tinh dung dich Vi du cac chat tan 

• Dung dich th5t, Om: 

-  Dung dich cac chat kh6ng 
dian ly (dung dich ph5n ti1'). 

- Dung dich cac chat dian ly. 

• Dung dich keo 

• 	H6n dich, g6m: 

- NH Wong (nhil dich), ha 
L/L  

- Huyen phO, he R/L 

< 1 nm 

1+100 nm 

> 100 nm 

Chat 	tan 	kh6ng 	nhin 	thay 
du'oc trong kinh hign vi dian 
0; di qua du'oc cac mang sieu 
loc 	va 	mang 	ban 	tham; 
khugch tan nhanh. 

Chat tan 	khOng 	thay 	du'oc 
trong 	kinh 	hign 	vi 	thuting, 
nhu'ng c6 the phat hien trong 
kinh 	slat,' 	hign 	vi, 	thay du'oc 
trong kinh hign vi dian tif; lot 
qua 	giay 	loc 	thu'Ong, 	n1-fling 
kh6ng qua du'oc mang ban 
tham; khugch tan rat ch5m. 

Chat tan nhin thay dutic trong 
cac loai kinh hign vi; kh6ng 
qua 	du'oc 	gray 	loc 	thu'ong, 
kh6ng tham tich qua mang 
ban tham; kh6ng khugch tan . 

Cac 	ph5n 	to' 	oxy, 
glucose; cac ion don 
giAn 

Keo 	bac 	clorid 
(AgCl)n; 	polymer 
thien 	nhien 	ho5c 
tang hop 

c 	hat 	khoana' Cac 	hat 
 

phu 	sa; 	cac 	nht? 
 

tu'ong va huyen phu 
du'oc 	dung; 	cac to 
bao hong cau trong 
mai 

Sit phan loai dung dich (he phan tan lOng) theo nhfing gioi han kich 
thiloc cua ti6u phan chat tan (chat phan tan) chi la Wong deci. Cac dai phan tit  
nhit cac polysaccharid, cac protein va cac polymer a kich tint& du lon, co th6 
vita tao ra dung dich phan tit (dung dich that), vita tao dung dich keo. MOt vai 
nha Wong hoac huy6n phu chlia cling loai hat phan tan c6 kich tint& nhO hdn 
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met cluit thi dude xep vao dung dich keo, con lon hon met chat lai dude phan 
loai la h6n dich. Nhfing dung dich chiia chat tan tinh khiet &toe dieu the 
trong phOng Ulf nghiem hoac trong cong nghe dfing cho muc dich nghien an' 
hoac lam thuo-c. Dung dich trong thien nhien, da. c biet trong cac mOi truang 
sinh hoc, deu la nhUng dung dich plific tap. Vi du, scia Tang vat la met dung 
dich phlic tap, go'm 87 - 89% nuoc (dung moi); 2,7 - 4,5% lipid (a dang nhu  
tdong, to tach thanh yang sila dung lam bo); 2,7 - 3,8% casein (la protid 
dang dung dich keo, c6 the tach rieng lam ph6 mat) va 4,5 - 4,7% lactose 
(duang sfia) cling voi cac muOi khoang, cac vitamin dang dung dich that). 
Mau nguai la met vi du khac v6 mot he phan tan bao gOm ca. 3 loai dung dich 
long dien hinh va rat plific tap. Hang cau, bath cau, tiL cau la nhiing to bao 
mau, chiem 40 - 46% the tich mau, tao thanh he phan tan th6 (11-6n dich) trong 
huyet tticing. Huy& ttidng chiem 54 - 60% the tich mau (chi yeu la nude chiem 
90% khoi ludng huyet ttiOng, &mg vai tr.() dung m8i) vita là dung dich keo (vi 
chiia cac dai phan tit nhti cac albumin; protein; plific hop protein - lipid), vifa 

la dung dich that (vi chiia cac chat hoa tan la nhiing phan ti nhO: oxy; 
glucose; cac hormon, enzym; cac chat vo cd Nat, IC, Ca', Mg', Cr, HC032-, 
phosphat, sat, dOng, cobalt, selen...; cac chat can ba do to bac) dao thai ra nhu 
CO2, ure, creatinin, cac acid va sac to mat...). 

Nhcing kien thfic trinh bay trong gido trinh nay chi' yeu la cho dung dich 
that, goi chung la dung dich. He phan tan keo dude de cap ci chuyen de rieng. 

1.2. Cac each bie'u thi nong do  

Bang 8.3. Cac loai nong de) 

Loai nong do Ky hieu Dinh nghia 

+ Phan tram theo kh6i litong (KL) 

+ Phan nghin theo kh6i ludng 

+ Phan tram theo thg tich (V)  

+ Phan tram theo kh6i lu'ong-the tich 

+ Phan nghin theo kh6i ludng-thg tich 

+ Mol 

+ Du'ong bong 

+ Molan 

+ Phan mol 

% (KL/KL) 

%o (KL/KL) 

% (V/V)  

% (KLN) 

%o (KL/V) 
hoac g/L 

M, mol/L 

N 

m 

X hoac NI;  

S6 g chat tan trong. 100 g dung dich 

SO g chat tan trong 1000 g dung dich 

SO mL chat tan trong 100 mL dung dich  

S6 g (hoac s6 mg) chat tan trong 100 mL 
dung dich 

SO g chat tan trong 1000 mL (= 1 L) dung dich 

SO mol chat tan trong 1 L dung dich  

S6 dudng Iu'ong gam chat tan trong 1 L 
dung dich  

S6 mol chat tan trong 1000 g (= 1 kg) 
dung m6i 

Ti so giira s6 mol mot chat trong dung dich 
va tong so mol cac chat co trong dung dich 
(ngu tinh ra % thi goi la phan tram mol) 
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N6rg d6 la cach bieu thi thanh phan dinh luong cua mot dung dich. NO 
có the bieu thi Wong chat tan trong mot the tich xac dinh cila dung dich hoac 
luring chat tan trong mot khoi hldng xac dinh cila dung dich hoac cUa dung moi. 
Lacing chat tan trong dung dich cang lOn thi n6ng d6 cang lon va nglioc lai. Bang 
8.3 tom tat cac loai nang do thliang dtioc dung trong hod. hoc va Y- Duoc. 

DO% day.là mat s6 vi du cu the v6 cac loai nang d6 hay gap. 

- N6ng d6 %, %o theo kh6i luong/khOi Wong: 

Vi du: Dung dich KNO3  10% c6 nghia la có 10 g KNO3  trong 100 g dung 
dich. Dung dich cac acid dac H2SO4, HNO3  va HC1 ban tren thi truang c6 nang 
d6 Wong ling bang 96%, 65% yd. 36%. 

BOi vi, do the tich dung dich de dang hdn do kh6i Wong, nen ngithi to 
thifang ghi kh6i. Wong rieng kem theo cho loai dung dich nay, de chuyen d6i to  
khol hldng chat can lay sang the tich dung dich can dong. Vi du, HC1 36% có 
D = 1,179 g/mL (6 20°C). 

Dung dich NaC1 9%o c6 nghia la có 9 g NaCl trong 1000 g dung dich. 

- N6ng d6 %, %o theo khol. Itiong/the tich (thithing duoc viet g/100 mL; g/L...): 

Vi du: Dung dich glycerin 10 g/100 mL, glucose 50 g/L có nghia la co 10 g 
glycerin trong 100 mL dung dich, có 50 g glucose trong 1 lit dung dich cho 2 
dung dich hiring Ting da ke. 

- N6ng do mol/L (M): 

Mol la mot Wong chat chlia s6 hat ding kieu cau trilc (phan tii, nguyen 
ti ion, electron, proton...) bang s6 Avogadro 6,022.1013. ThUang sii dung la 
mol/L, s6 phan tii gam/L. 

Cac, dung dich c6 nang d6 mol bang nhau thi chiia ding s6 Wong hat chat 
tan trong nhung the tich dung dich bang nhau (chn ST: hat chat tan phai cling 
kieu can trot). 

Vi du: Dung dich NaOH 2M, nghia 1a trong 1 lit dung dich nay có 2 mol 
hay 2 mol x 40 g/mol = 80 g NaOH. 

Dung dich chila phenobarbital 0,001M Ira NaC1 0,1M, nghia la trong 1 lit 
dung dich nhit the cal 0,001 mol x 232,32 g/mol = 0,2323 g phenobarbital 
(C12 H72N203  = 232,32) va 0,1 mol x 58,45 g/mol = 5,8450 g NaCl (M = 58,45). 

Trong 1 lit dung dich NaC1 1M có 1 mol x 58,45 g/mol = 58,45 g NaCl. 
Xem NaC1 dien ly hoan toan thanh cac ion, thi trong 1 lit dung dich nhu the 
cling có 1 mol ion Nat (23 g Nat) va 1 mol Cl-  (35,45 g CU. 

Nguoc lai, dung dich Na2CO3  1M c6 trong 1 lit dung dich cua no 1 mol 
C032-  (60 g CO3 -̀) va 2 mol Na+ (2 mol. x 23 g/mol = 46 g Nat), \Ted dieu kien 
gan dung rang trong dung dich, cif 1 phan tii natri carbonat thi dien ly ra 1 
ion CO3`'-  va 2 ion Nat. 
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Enguycm 
	Kheii hrong nguyen tir 

Vi du: Eoxy  

Hod tri 

16 	
8 

2 

Vi du: EA,,* 

E so4- 

S6 ion fr dien ly tir mot phan tir acid 

36,45 = 
36,45 

1 

98 
EH2S02 = 49 

Kh6i lining phan tir base 

Vi du: E Fici  

- N6ng d6 &tong Wong (N): 

Vi du: H2SO4  0,5N la dung dich child 0,5 ducing hiving gam H2SO4  trong 
1 lit dung dich. 

Khal niem during Wong dm 1 chdt xudt phat tii dinh ludt &tong 1-acing 
dia Dalton,neu ra nam 1792 (xem chtiong 1). Goi &tong hfc.ing 	mot chdt la 
E. to có the neu cdc Ong thlic tinh E trong cdc phdn ixng trao d6i va oxy hod 

sau: 

Eacitl 

Ehase 

Kh6i ltrong ion 

I Dien tich ion I 

27 	
9 

3 

96 	
48 

2 

Khoi lacing phan dr acid 

S6 ion OH-  dien ly tir mot phan tir base 

40 	
40 

1 

Kh6i luong phan tir mu6i 

IDien tich ion (throng hoac am)I x S6 ion (throng hoac am) 

342 
3x2 

Vi du: E NaOH 

VI du: EA, ,(SO4)3 = 57 • 
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Khoi luting tidu phan (phan tir, nguyen tir, ion) 
EOx(Kh) 

S6 electron nhdn (hoac cho) cua mot tidu phan 
Bang oxy hod (hoac dang khir) 

day, Eox(Kh)  la during Wong cua clang oxy hod hoac cua clang 

Vi du, tim during luring dm chat oxy hod va chat khil.trong phan 

2KMnO4  + 10FeSO4 + 8H2SO4  = 2MnSO4  + 5Fe2(SO4)3  + K2SO4  + 8H20 

Can cit theo s6 electron ma met phan tii KMnO4  nhan bang 5 va s6 
electron ma mot phan tii FeSO4  cho bang 1, ta xdc dinh dtfoc dating luting cUa 
chat oxy hod. la:  

EKNino4  
158 
	 = 31,6 
5 

va during Wong caa chat khit la: 

151,8 
= 151,8 

1 

Vi hod tri cUa nguyen to, s6 H+ hay OH-  dien ly dm acid hay base, se; 
electron nhdn hodc cho cua chat oxy hod hoac chat khii c6 the thay doi tuST 
theo dieu kien cua phan ling, nen duong ltiong. cita met chat cling c6 nhting gia 
tri bi6n dei. 

Dicing Wong là met . dai luting khong c6 this nguyen. Trong hod hoc ngtioi 
ta thuong dung: 

+ Diking tong gam ciia mot chat la kh6i Wong cilia chat do bi6u dien  
bang gam Ira c6 tri s6 bang &tong Wong cila no. 

+ Mili &long luring gam, l(ST hieu mE, bang 1/1000 &tong Wong gam va 
lay don vi Main Wong la miligam. 

Vi du, c6 cdc cong dr& tinh sau: 

EFeSO4  

S6 during lu'cing/mol 

TraOng hop chat phan tan trong dung dich thi tit cac cong dr& tren c6 
the suy ra: 

Khe luring chit (g/mol)  
Diking liking gam cilia chit (g/E) =  

SO during itking/mol 

Mili during luring gam cilia chit (mg/mE) = Kh6i luring chit (mg/mol)  

Du'dng luring gam cilia chit (g/E) = 
S6 gam chit/lit 

S6 clu'cing luring/lit 
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Mili &Ring lacing gam cila chat (mg/mE) = S6 mili during lacing/lit 

Vi du: Biet trong 1 lit huyet Wong cila mau ngi.thi có 100mg Ca'. Tinh: 

a. S6 mili &long Wong gam dm Ca' trong 1 lit buy& Wong? 

b. S6 miligam CaC1,.2H20 de pha 750m1 dung dich có n6ng do ion Ca' 
wong &wing trong huyet Wong? 

Gidi: 

S6 miligam 

a. 	E 
C a - ` 

40 
2 

= 20 g/E hoAc 20 mg/mE 

ta có: 
100 mg/lit 

20 mg/mE = 	  
S6 mili &rang lacing/1ft 

\Tay, s6 mili doing Wong cUa Ca"/lit (huyet Wong): 

100 mg/lit 5 mE/lit (huyet ttiong) 
20 mg/mE 

b. 

ta co: 

ECaCI,.211,0 

147  
1 x 2 

= 73,5 g/E hoac 73,5 mg/mE 

S6 miligam chSt/lit 

5 mE/lit 

Nen, s6 miligam chat (CaC12.2H20)/lit = 73,5 mg/mE x 5 mE/lit 
367,5 mg/lit 

De pha 750m1 dung dich can: 
750 ml  

1000 ml 

N6ng d6 molan (m): 

N6ng do molan khong bi bien doi theo nhiet d6, vi khac vdi th.4 tich, khol 
Fong dung moi khong phu thu6c vao nhiet d6. 

Vi du: Dung dich NaC1 0,173m trong dung moi nuoc, nghia la có 0,173 
mol NaCl trong 1000 g mioc, do chinh la dung dich NaC1 1% theo kh6i luring. 

- N6ng d6 phan mol (X): 

Neu nA  la s6 mol dung moi A va nn  là s6 mol chat tan B, thi ang d6 phan 
mol cua chat tan B la: 

73,5 mg/mE = 

x 367,5 mg = 275 mg CaC12.2H20 
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X B  
n B  

 

11 A 	n B 

va ang d6 phan mol cita dung mai A la: 

XA 
	 nA 

nA  + n8  

Hiking nhien: XA 	XB = 1 

Vi du: Tinh ang d6 phan mol cua cac chat trong dung dich g6m 142 g 
isopropanol (C3H7OH) va 58,0 g nti6c. 

Gidi: 

142 g C3H 7OH 
S6 mol C,H7OH = 

	

	 — 2,36 mol C3H7OH 
60,09 g C1H 7OH/1 mol C3 H 7OH 

S6 mol nti6c = 	
, 58,0 g H20 	

= 3,22 mol H2O 
18,02 g H 2 0/1mol H20 

SOmol mol C3H 7OH 	2,36 mol x c,H7ou = 

	

	  
Tong so mol dung dich = 2,36 mol + 3,22 mol = 0,423 

SO mol H2O 	 3,22 mol 
X 	= 	  = 	  = 0,577 H20 

XC,H2OH + X H20 = 0,423 + 0,577 = 1 

1.3. Can bAng pha 

Qua trinh hinh thanh va nhang dac tinh ciia dung dich lien quan chat the 
den can bang va Nen d6i cac pha. Quy tac pha cim Gibbs cho bie't quy luat chinh 
xac va tang quat ve mat nhiet Ong he hoc d6i vdi tat ca cac he can bang. 

Cac khai niem va dinh nghia: 

+ H" ddng the' là he ma cac phAn khac nhau cua no c6 ciing thanh phan, 
ding tinh chat hod hoc va nhiet Ong. 

+ HO di the' la he ma a cac phan khac nhau cua no thi khac nhau ve 
thanh phan va cac tinh chat hoa hoc, nhiet dOng. 

+ Pha la tap hop cac phan d6ng the trong he c6 thanh phan, tinh chat 
d6ng nhat va drfoc gioi han vdi cac phan d6ng the khac c4a he bai cac 
mat phan each ro ret. 
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S6 pha trong he duoc ki hieu bang chit c1). 

He chi c6 mot pha = 1) la he delng the. He chiia 2 pha trO 	> 1) la 
he di the. 

Vi du: Nttoc trong c6c la met he do'ng the, chi có met pha lOng 	= 1). 
Them cac cuc nuoc da vao c6c nuoc thi duoc he di the Om 2 pha = 2): pha 
long là nuoc va pha ran IA cac cuc nuoc da. Hoac d sit phan huY' calci carbonat 
c6 can bang: 

CaCO3  (r) 	 CaO (r) 	+ CO2  (k) 

ton tai 3 pha 	= 3) Om mot pha khi tao bOi CO,, met pha ran tao bai 
CaCO3  va pha ran this hai tao bat CaO. 

• Cdu tic' la cac chat hod hoc cc-) mat trong he. O cac vi du tren thi he 2 
pha (Ntteic H Ntteic da) chi có met cau tit la H2O; con d hg 3 pha (can 
bang phan huY calci carbonat) có 3 eau tit la CaCO3, CaO va CO2. 

+ So-cdu d'Oc lap, duoc ki hieu bang chit C, la so-  cat' tit tot thieu du de  
mo to thanh phan dia. he. N6i cach khac, do la s6 cau tit t6i thieu ma 
khi da bigt n6ng do cila chung la du de' xac dinh thanh phdn cua he. 

Ghia s6 Caul tit va s6 cau tit dOc lap (C) co mo'i quan he: 

C = S6 cau tit - S6 phtiong trinh lien he giiia cac cau tit 	(8-1) 

VI du, có can bang sau: 

PC15  (k) 	 PC13  (k) 	+ 	C12  (k) 

thi C = 3 - 1 = 2 eau tit dOc lap, vi he g6m 3 cat' tii nhung c6 1 pinking 
trinh lien he Oita. chung. Sa di nhu vay vi chi can bigt n6ng do dia. 2 cau tit la 
c6 the suy ra n6ng d6 cua cau tit this 3 nho vao hang s6 can bang cila he. Theo 
do, thanh phan cua ca he •duoc xac dinh. 

TrUang hop giiia cac eau tit khong c6 pinking trinh lien he nao thi so-  cau 
tit dOc.  lap C = s6 cat' tit trong he. 

+ Sdbiftc tu' do, Id hieu bang chit F, la s6 thong s6 Wang de cila he c6 the 
thay dOi tug Y ma khong lam thay de;i s6 pha va s6 cau tit cila cac pha 
do. Day chInh la s6 thong s6 doe lap cim he, chu y6u là nhigt de, ap 
suat va n6ng clO. 

— Quy tac pha: 

Quy tac pha do Gibbs thigt lap nam 1876 bang con dating nhiet deng. Do 
ld met dinh luat tang quat, chInh xac va don gian cho phep du doan sti thay 
d6i s6 pha trong he phu thuOc vac thay do"i dieu kien ben ngoai va vao s6 cat' 
tit dee lap. Bieu thiic cim quy tac pha &toe vigt: 
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F = C — 	+ 2 	 (8-2) 

6 day, F là s6bAc tit do (s6 th6ng s6 ct6c lAp cira he) 

C là s6 ciu tit d6c lAp 

4:1) la. s6 pha 

va s6 2 là dai dien cho 2 thong s6 ben ngoal c6 the anh huang 
den he la ap suit va nhiet d6. 

VAy, doi vdi he can bang chi chiu anh 	hai ye'u to ben ngoai là 
hp suit va nhiet d6 thi s6 134 t4 do ciia he bang s6 ciu tit d6c lAp trif di s6 pha 
Ong voi. 2. 

Vi du: He mot cau tit là mi6c, s6 CAI tit d6c lap cling là 1 (C = 1), c6 cac 
truang hop sau: 

+ N6u he chi c6 nti6c lOng ((l) = 1) thi: 

F = 1 - 1 + 2 = 2 

He c6 2 bAc tti do, nghia là ta c6 the thay d6i tuS7 y nhiet do (trong 
khoang tit 0°C den 100°C) va bat ki ap suit nap ma van khong lAm thay d6i s6 
pha va ciu tit dia he. D6 IA he nhi bi6n. 

+ N6u he can bang là I\TV6c 'Ong 	Hoi nude 	= 2) thi: 

F = 1 — 2 + 2 = 1 

coHe 	1 bAc tit do, nghia là khi thay d6i nhiet do thi ap suit hdi dm he 
thay d6i mot each don tri: ap suit hdi nti6c bac) hoA can bang vdi nti6c lOng là 
hoan toan xac dinh 6 tai moi nhiet d6. Noi each khac, tai moi nhiet d'6 xac dinh 
chi c6 mot gia tri cua ap suit hdi bao hoa cira nti6c. D6 là he nhit bi6n. 

+ Neu he can bang co 3 pha(CD= 3) 

Hai ntrac 

Nireic 	Nuot da  

thi: 	 F = 1- 3+ 2 = 0 

He khong c6 bAc tit do nAo ca, nghia 1a nhiet do va ap suit cira he ham 
toan xac dinh (6 T = 273,16°K va ap suit hdi nude P = 0,006 atm). Ngithi ta 
khong th6 duy tri can bang nay ne'u thay d6i du chi mot thong s6 nhiet do hoac 
ap suit hdi. Goi day là he bit bi6n. 

Ke't qua van dung quy tic pha cho nude tren day cling ap dung dtioc cho 
tit ca cac he mot ciu tit (he mot chit nguyen chit) - xem tom tat a bang 8.4 va 
diloc the hien tren sd do pha cua phdn ti6p theo. 
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Bang 8.4. Van dung quy ta"c pha (F = C - 0 + 2) cho cac he mot cau tit 
(s6 	dOc rap C = 1) 

He 
S6 pha 

(0) 

S6 bac to do 
(F = 1 - cI) + 2) 

Chu giaiN1 du 

Khi, Long 

hoac Ran 
1 

2 

3 

F = 1 

F = 1 

F = 1 

- 1 

- 2 

- 3 

+ 2 = 

+ 2 = 

+ 2 = 

2 

1 

0 

hoac Khi 	R5n 

 

H5 nhi bign; g6m tat c5 cac didm ten 
viing Hoi, Lang, RAn dudc xac dinh bai 
2 thong so P, T tug 9 

H5 nh5t bign; g6m cac didm nam tron 
throng ph5n cach hal pha (vi du, cac 
duang OA, OB, OC tren hinh 8.4, 8.5) 
du 	xac dinh don trl hoac P hoac T 

H5 bgt bign; chi có mot didm la giao 
didm caa 3 duang ph5n cach cac vOng, 
khOng có thOng s6 nao (P hoac T) 
du'dc thay d6i tu' do (vi du, didm 0 ten 
hinh 8.4, 8.5) 

Khi- ---.' Lang 

Lang -,--- Ran 

.,='-'  

Khi. 

Ran -=.--"--  Long 

Quy ta.'c pha the hien '6 plytiong trinh (8-2) c6 the duoc thiet lap nhu sau: 

Gia sii comet he can bang gorrl n chat phan b6 trong (1) pha. De biet n6ng 
do cac chat trong malpha ta chi ,Can biet (n - 1) n6ng do, bai vi nang do cila 
chat con lai dtioc suy ra tii hang s6 can bang. T6ng so n6ng do dac trUng cho 
he (1) pha 14 (n - 1)0, titc la c6 (n - 1)0 Wen s6 dec lap ben trong he. Neu ke 
them 2 Wen s6 dec lap ben ngoai la nhiet do va ap suat thi t6ng cac Nen s6 clot 
lap se la (n - 1)I + 2. 

Mat khac, 6 trang thai can bang, m6i chat c6 	- 1) pinking trinh lien he, 
bai vi m6i chat tit can bang voi no trong (ID pha (the hien qua cac hang se can 
bang, hoac qua can bang v6 the h.oa hoc - xem chuong 6). Vi du, neu he chi c6 2 
pha thi chi c6 met 0-Wong trinh lien he cho m6i chat. Neu he c6 n chat thi se  

c6 	- 1)n phuong trinh lien he. Khi gifia n6ng do cac chat con c6 k phttong 
trinh lien he (vi du, giiia cac nang do phan mol c6 met phuong trinh lien he, vi 
X1  + X2  +... + Xi  = 1) thi t6ng s6 phuong trinh lien he gifia cac bien s6 dec lap 
se la. 	- 1)n + k. 

Ro rang la s6 bac to do F cUa he phai bang t6ng so bien so dec lap trif di 
tang s6 phuong trinh lien he gifia cac hien s6 do, \Tay: 

F 	= 	[(n - 1)(ID + 2] — [(ta - 1)n + k] 

=- (n - k) — (1) + 2 

Theo he thitc (8-1), (n - k) = S6 ca'.0 tit (se-  chat) - S6 phuong trinh lien he 
gifia cac eau tit = C la s6cau tii dee lap, vay: 

F = C — (ID + 2 
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Pinking trinh (8-2) da duoc chiing minh. Luu y: khi he d diet' kien 
T = const hoac P = const thi phitong trinh (8-2) tr0 thanh: 

F = C - 	+ 1 	 ' (8-2') 
Neu he vita clang nhiet (T = const) vita Bang ap (P = const) thi: 

F = C - (I) 	 (8-2") 

- Ban chit can bang va bien d6i pha: 

Cac that nghiem hang ngay thuang tien hinh trong nhang he ma, nhiet 
va chit toa vao moi truing hoac &toe b6 sung lien tuc tit moi truang. Bien d6i 
nhu the la khong thuan nghich. Nguoc lai, trong he kin, cac bien d6i la thuan 
nghich dAtoi nhiing dieu kien xac dinh. 

- Can bang LOng - 

Trong mot binh ho dung chit king, cac phan tii tren be mat se bay hdi khi 
cluing có dOng nang du lon de thing slic but ciia khol long. Nang Wong duoc cap  
bai nhiet ciia moi truang xung quanh lam cho khoi king bay hdi den het. 

Neu chit king duoc dung trong binh kind nhiet dO hang dinh, va gia 
thiet ban dill binh la chin khong, cac phan tit chit lOng teen be mat có dOng 
nang ldn se bay hdi (hinh 8.1A). S6 phan tit trong pha hdi tang, dp suit cua  
hdi trong binh ciing tang din. O mot th0i diem nao do, s6 phan tit bay hdi tit 
pha king va s6 phan tit tit pha hdi ngung to tr6 lai pha king bang nhau (hinh 
8.1B). Tai diem nay, dp suit ciia hdi la hang dinh d nhiet do da cho. O mitc dO 
vi mo, hien Wong hoa hdi nhu thing lai, nhung d cap dO vi mo, cac phan tit van 
tach ra va ngung dong tren be mat chit Yang voi tY le bang nhau, he dat trang 
thai can bang dOng: 

Lang 	 Hai 

Hinh 8.1C bieu din qua trinh vita mo ta. 

Ap suit hdi trong binh kind trang thai can bang goi la cip suit hdi bdo 
hod, hoac ap suet hdi can bCing, ddn gian nguai ta ciing chi goi la ap suet hut. 
Gia sit, lieu có the lam binh m0 Ong ho4c co lai (nhit thay d6i the tich trong he 
xilanh - pittong) ma van con ton tai hai pha king - hdi, thi dp suit hdi trong 
binh cuoi ding van khong thay d6i. 
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Hinh 8.1. 

A. Trong binh kin a nhiet dO nhat dinh khong 
khi da dtioc hOt ra het, ap suet ban dau bang 
0. Cac phan ter bay hal fa° ap suet tang clan 
tren mat chat Ong. 

 

 

A 

 

 

B. Khi s6 phan ter bay hdi bang s6 phan tit  
ngting dong hit lai be mat Ong, qua trinh bay 
hal dat trang thai can bang, ap suet hdi dat 
gia tri hang dinh. 

••••, 

r—■ 

sZ-4= 

Can bang 
V,, >= V 

■•= 	nn 

'110i gian  

D. DO thi ap suet hdi - thai gian: ap suet hdi 
tang chOng nao t6c di) bay hdi (Vbh) Ion hon 
t6c dO noing dong (V„d). d can bang, ap 
suet hdi 15 hang so vi cac t6c dO dO bang 
nhau. Ap suet tai diem nay goi 15 ap suet hal 
ci) a chat long 6 nhiat do nhat dinh. 

Ap suet hdi am met chat phu thuec vao nhiet do: not chung, nhiet do  
cang cao, ap suet hdi cang ion la do s6 phan tit c6 dong nang du len vtiot qua 
luc not phan tit cua chat rang cang nhi6u. Nhti vay, hic 	cac phan tic (ltfc 
Van der Waals) cang yet, chat-  lOng c6 ap suet hdi cang 16'n. Hinh 8.2 cho they 
ap suet hdi la ham dm nhiet do dei vei ba chat 'Ong khac nhau. 6 mtii trtiang 
hop, duong cong có dO -d6c tang nhanh theo nhiet do, vi s6 phan tii c6 nang 
ltiong du len da thoat kh6i chat lOng tang manh khi nhiet de tang. Mht khhc, 
tai nhiet do nhat dinh, chat vdi luc gifia cac phan tit yau nhat se co hp suet hdi 
len nhat: ltic dinh huong trong diethyl ether yau bon lien kat hydro trong 
ethanol, lien kat hydro trong ethanol lai yau hdn da lien kat hydro trong ntfoc. 
VI the, hp suet hdi tai nhiet dO xac dinh (hinh 8.2 a 20°C) ciia 3 chgt fang ran 
htot giam 
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Hinh 8.2. Ap suet hal là ham cu'a nhiet ch, 
d6i vdi ba chat long khac nhau. O nhiet do  
nhat Binh (vi du 20°C) diethyl ether co ap 

suet hal Idn nhat va nu'dc 15 nho nhat, &Ai vi 
6 diethyl ether Ivo Van der Waals nho nhat, 

con 6 nu'dc la manh nhat. Du'Ong nem ngang • 
ti:r 760 mmHg chi ra nht7ng dam sOi caa cac 
chat lOng, la nhiet do tai do ap suet hal bang 

ap suet khi quydn mut nu'dc bier?) 

 

20 40 60 80 100 

 

t
toot do (0c) 

Sti tilOng quan khong tuye'n tinh gifia ap suet hdi va nhiet do (hinh 8.2) 
duoc bieu thi qua phtiong trinh Clausius - Clapeyron: 

— AH hh  ( 1 

R T 

day, P là ap suet hdi (mmHg, torr) 

T 1a nhiet dO tuyet d6i (K) 

AHhh  1A. Enthalpy hod hdi, nhiet hod hdi, là nang luong can thie't 
de chuyen 1 mol cdc phan tit chAt 'Ong thanh hdi 

R IA hang s6 kill (8,314 J/mol.K) 

C IA mot hang s6 

Phtiong trinh (8.3) có the bi'41.1 din thanh &fang thA.ng (vi du cho rnioc va 
diethyl ether 6 hinh 8.2) nhu tren d6 thi 8.3. DO thi nay cho thgy moi quan he 
gifia 1nP va 1/T theo plytiong trinh y = mx + b, 6 day y = 1nP, x = 1/T, m (dO 
d6c) = -AlThh/R va b (tung dO y khi x = 0) = C. 

   

Hinh 8.3. DO thi tuye'n tinh caa tu'dng quan 
ap suet hdi - nhiet dO 

Phuring trinh Clausius - Clapeyron cho mot 
thang neu bleu dien tren do thi quan 

he InP va 1/T. Cac do d6c (-L1Hhh/R) cho phep 
xec Binh nhiet hoe hdi caa hal chat long. Ltfu 
k /à dO d6c rat Ian (dung cli:rng) do7 vdi ntrdc vi 
AHhh  cua nu'dc Ion fon nhieu. 

y 

a_ 

Nuoc 

 

  

Diethyl ether 

 

t/T 

  

In P = + C 	 (8-3) 
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Phitang trinh (8-3) va de., thi (8-3) cho phep xac dinh AHhh 	chat. 
Tuy nhien, khi xet mot cap diem va lay hieu s6 gicia chung, ta c6 the xac dinh 
AHhh  ma khang can dUng den de thi, vi khi ay phlidng trinh (8-3) ditdc 

P, 	OH hh  1 
= 	 

131 	R 

1 \ 	AH hh  (T, - T1 ) 

RTI  T2  
(8-4) 

Vdi pinking trinh (8-4), khi da biet AHhi„ ta c6 the tinh dltdc dp suat hdi 
(P2) d nhiet dQ bat kY (T2) hoac tinh duoc nhiet dQ d alp suat bat kY, n'6u &toe 
biet P,, T1 . 

Vi du, biet ap suat hdi cita ethanol (CH3-C112--OH) d 34,9°C la 115 mmHg 
va AHhh  ciia no la 40,5 kJ/mol, tinh nhiet do (°C) khi di) suat hdi la 760 mmHg. 

Gidi: 

Thay cac du lieu da cho vao phudng trinh (8-4), chi]. Y sit dung hoac 
chuyen dm dung cac don vi do phu hop voi cac dai hiring trong phuong trinh: 

760 mmHg ( 40,5 x 103  J/mol \ 1 1 
In 

115 mmHg \ 8,31 J/mol.K T2  ()C (34,9 	+ 273,16)K 

1,89 

T2 	= 

= 	(- 4,87 

350 K 

x103.K-' 
1 (3,247 x10-3 )K — - 

T, 

Chuyen T2  thanh °C: 

T2  = 350 K - 273,16 = 77°C 

Ethanol dat ap suat hdi 760 mmHg (bang ap suat khi quyen) tai nhiet dQ 
77°C. Day cling chinh la nhiet dQ soi dm ethanol d dieu kien thLidng (nhiet dQ 
soi cua cac chat se con thao ludn tiep sau). Tra se; tay hod hoc, ta tim thay t's  
(ethanol) = 78,5°C, khong khac nhieu so \Ted ket qua da tinh theo pinking trinh 
cua Clausius - Clapeyron a tren (= 77°C). 

Quan he gifia rip suat hdi va nhiet dQ soi: trong he ha, ap suat khi quyen 
nen len be mat chat 16ng. Khi nhiet dO tang, cac phan tit rdi khOi be mat 16ng 
tang nhieu va chuyen Ong tang nhanh ngay ca trong toan kh6i chat long. Tai 
nhiet dO nao do, &ling nang cua cac phan tit du lon de tao thanh cac bong bong 
hdi ngay trong not bO chat long, khi do chat lOng soi. CS nhiet dQ thap hdn, cac 
bong bong hdi se bi va trudc khi chting ditdc hinh thanh vi khi quye'n có ap 
suat lein hdn ap suat hdi trong bong hdi. Vdy, nhiet dO soi c eta mot chat /à 
nhiet dO ma tai do ap suat hdi ceia chat bang ap suat ben ngoai. Trong dieu 
kien thong thudng, ap suat ben ngoai la ap suat khi quyen. Nhiet cap cho he  
dudc chuyen thanh Ong nang cua cac phan tit de thang siic but not phan tit  
trong toan bQ pha 16ng khi chuyen thanh pha hdi. Su soi bat dau va nhiet dO 
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la hang so/  cho den khi pha long hohn toan bier' mat. Si.i soi khong the xay ra 
trong he kin vi ap suat ben ngoai 1ai chinh la ap suat cua hdi thoat ra tit be 
mat chat 16ng, ma ap suat nay lien tuc tang khi nhiet do tang. Vi le de;  sti soi 
khong phai la met hien tuong can bang. 

Ap suat ben ngoai c6 the thay doi nen nhiet do soi ctia chat cling thay dOi 
theo. Nhiet do soi binh thu'dng ctu'dc guy dinh la nhiet dO soi xciy ra tai c p suat 
khi gayer' tieu chua'n (760 mmHg = 760 torr, hoac 101,3 kPa). Tren hinh 8.2, 
&long nam ngang dirt net song song v6i truc hoanh chi ra cac diem soi cua ba 
chat 16ng. 

Vi diem soi la nhiet de ma tai do ap suat hdi cUa chat 16ng bang ap suat 
ben ngoai, b6i vay cluing to hieu cac dual-1g cong tren hinh 8.2 cling chinh la 
cac &tang bleu dien cua ap suat ben ngoai Wong -Cing voi nhiet do soi. Vi du, 
doing cong ciia nude cho biet nude soi 6 100°C tai 760 mmHg (Ung vdi mat 
bien); soi 6 94°C tai 610 mmHg (tren dinh nui cao) va soi 6 72°C tai 270 mmHg 
(tren dinh Everest cao 8850 m thuec vung nui Himalaia). Nguoc lai, nude cling 
c6 the soi tren 100°C nett tao ra ap suat ben ngoai len hdn 760 mmHg (nhu 
trong cac not hdp tiet trUng c6 van dieu chinh ap suat). 

— Can bang Ran - Lang: 

Cac tieu phan trong chat ran dao dong lien tuc quanh vi tri can bang. 
Khi tang nhiet de, cluing dao dong kich liet hdn. Den hic nao do, c6 met s6 tieu 
phan dat duce dong nang du 16n tach khi mang ltrdi tinh the va tra thanh to 
do: s-ti nong chay bat dau. Khi do, co nhieu tieu phan chuyen vao pha 16ng 
(nong chay), flirting ngudc lai cling c6 mot s6 tieu phan trong pha 16ng va cham 
vdi pha ran va tr6 thanh cau true tinh the (goi la dong dac, hod ran, hoac ket 
tinh). Khi cac pha con tiep xtic nhau, met can bang dong dudc thiet lap neu t6c 
de nong chay bang t6c de ket tinh. Nhiet dO ma tai do ton tai can bang nay goi 
la nhiet dO ming chdy (diem nong chdy), do cling la nhiet dO dOng dac (dam 
dong c), chi khac nhau chieu bien dea pha. Ttiong to nhu diem soi, nhiet dO 
la hang dinh diem nong chdy chUng nao ca 2 pha con ten tai (nhiet cap vao 
he dudc chuyen thanh dong nang cho cac phan ti but khi mang htdi tinh the 
trong su6t qua trinh nong chay, chic khong phai de tang nhiet de cUa he). VI 
chat long va chat ran hau nhu khong c6 tinh chiu nen, nen alp suat chi có tac 
Ong rat nh6 den t6c do chuyen dong cila cac tieu phan trong qua trinh nong 
chay hay (Tong dac. Do vay, khac vdi nhiet de soi, nhiet do dong dac chiu anh 
hung rat it b6i alp suat. Di6u do dude thay tren de thi ap suat (truc y) - nhiet 
de (truc x): su chuyen &di pha Ran - Long cua hau het moi chat la met dung 
thOng gdn nhu dUng dung, hdi nghieng sang phai 6 nhiet de cao (dung OB, 
hinh 8.4). S6 di nhu vay, vi cac chat lOng chiem khong gian (the tich) nhieu 
hdn cac chat ran, nen 6 dp suat cao (lam co the tich), cac tieu phan long can c6 
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deng nang len hdn (-Lac la nhiet do cao hdn) de tang khong gian, tang the tich 
(nguyen lY Le Chatelier). Chu Y: nu& la met n.goai le, se xet 

- Can bang Ran - Hdi: 

Cac chat ran not chung co alp suat hdi nha hdn ap suat hdi ciia chat long 
rat nhieu. Thang hoa, hien Wong met chat ran bien dei trkic ti6p thanh hdi, 
thtion.g hiem gap, vi cac dieu kien v6 op suat va nhiet de de hien tuong xay ra 
la khong binh thuang cho hau het cac chat. Chi mot s6 chat ran co ap suat hdi 
lend dieu kien thilen.g mei thang hoa, vi du da kilo CO2, met s6 chat diet mei 
mot hoac khi min 6 dang ran, iod... Met chat thang hoa de hdn ming chay khi 
st.i lien hop gitia cac htc not phan tii va ap suat la khong du len de giii cac tieu 
phan lai gan nhau, Chung de tach khOi trang thai ran. D6 thi ap suat - nhiet 
do ye cho &tang cong Ran - Hdi chi ra anh htiang tren pham vi reng cua ap  
suat, nghia la &tong cong nay gieng nlru &long cong Lang - Hdi khi no dtioc 
keo dai len phia tren theo huang nhiet do tang. 

- Gian de pha cila chat nguyen chat: 

He me ta day da nhiing bien doi pha cua met chat 6 dieu kien khac nhau 
v6 nhiet do va ap suat, cluing ta xay thing met gian de pha (gian de trang 
thai). Gian de la de thi P - T, tren do lien ket lai cac &tang cong Lang - Hdi, 
Ran - Lang, Ran - Hdi ma chung ta vita giai thich phia tren va thay ro hon quy 
tac pha ciia. Gibbs. Hinh clang gian do pha cua CO2  là dac trting cho hau het 
cac chat (hinh 8.4). Gian d6 pha cung cap thong tin v6 trang thai vat lY cua  
met chat trong khoang bien dei reng dia ap suat va nhiet do, gem nhcing diem 
chinh yeu sau: 

1. Cdc yang ceta gidn ctd: m6i -yang (Ran, L6ng, 1-16i) Wong Ting vai met 
pha (trang thai) dia chat. Pha ben viing trong vang cUa no del voi bat kY gia 
tri nao cila cap thong s6 P - T (he nhi bien). Noi chung, pha ran ben viing 
nhiet de thap, alp suat cao; pha hoi band nhiet do cao, ap suat thap; pha 'Ong 
ban 6 dieu kien trung gian. 

2. Cdc du'dng gid'a cac vung: cac &long phan chia 3 viing la nhang dueng 
cong chuyen pha (da thao luan phia tren). Mei diem tren cac diking nay chi ra 
met cap gia tri P - T, 6 do 2 pha cling ton tai trong can bang (he nh'at bien). 

Dtiong OA goi la dualig soi (hoac hod 'Ong). 

Dtiang OB goi la doing nong chay (hoac &Ong dac, hod ran). 

Dithng OC goi la thieng thang hoa (hoac ke't tu). 

3. Diem tdi han (A): dueng Lang - Hoi ke't auk 6 diem tai han A. Khi chat 
long dtioc dun rich-1g trong bin.h kin, no gian nd va kh6i Wong rieng giam dan 
theo thai gian, ap suat hei tang dan, do do khoi Wong rieng cua hoi tren mat 
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G. 

ru 

a 

(PK) 

73 atm 

10 

5 

-78 -57 

Nhi.t d() (T) (°C) 

0 31 (T„) 

   

Hinh 8.4. Gi3n do pha.caa CO2  dac trung 
cho hau het cac chat:diking Ran - Long 
nghieng sang ban phai (dO d6c > 0) khi 
ap swat tang - bleu thi mat dO pha ran 

Ion han mat de) pha 'Ong 

chat lOng cang tang theo. Tai nhigt d6 toi han TK, kh6i Wong rieng cua pha 
lOng va pha hdi bang nhau, bg mat gidi han giita hai pha bign ma. D6ng nang 
trung binh cita cac phan tit tit tren nhi8t ct6 nay lon dgn mitt hdi khong the 
ngting dong thanh 16ng cho du ap suat lon bao nhieu. Ap suat tticing ling 6 
nhi.8t d6 TK goi la ap suat toi han PK  (xem them chitong 5, muc 2.1). ci nhiet do  
cao hon TK se ton tai mot dong vat chat sieu hdi, sieu 16ng. D6 khong phai la 

	

chat 16ng, ciing khong phai là hdi 	binh thitang. 

4. Diem ba (0): ba &tang cong 
chuyen pha gap nhau tai 0 goi là digm 
ba, tai do cho bigt mot cap gia tri duy 
nhat cua hai thong s6 P - T dg ba trang 
thai cang ton tai trong can bang: digm 
ba la bat bign, vi khong thg thay d6i 
bat kST mot dai Wong nao (T hoac P) ma 
khong lam mat di can bang d6ng thai 
cua ca ba pha. Diem ba &toe xem la 
diem kST di, vi tai day, nhit tren hinh 
8.4 cho thay: ap suat hdi cua pha ran 
va pha 16ng bang nhau; CO, vita thang 
hoa vita kgt tu, vita ming chay vita 
thing dac, vita s6i vita hod 16ng. Tit do, 
chung ta higu vi sao da kilo CO, khong 
thg nong chay 6 digu kin thang: ap  
suat digm ba cita CO, la 5,1 atm, chat 
16ng CO, vi thg khong thg ton tai. Khi 
chat ran CO, duoc dun nong 6 1,0 atm, no se thang hoa 6 -78°C thanh khi CO, 
rat nhanh (xem &tang gay net nam ngang xuat phat tit 1,0 atm tren hinh 8.4). 
Gia sit, ap suat khi quygn cita trai dat chang han là 5,2 atm, cluing ta se nhin 
thay cuc da kilo CO, chay 16ng trong c6c cho dgn hgt 6 -57°C, trtioc khi no soi 
va bo'c hdi dgn can. 

He s6 goc cua ba &tang OA, OB, OC dtioc xac dinh b6i phu'dng trinh 
Clausius - Clapeyron: 

dP 	AH cp 

dT 	T Av 	
(8-5) 

6 day, Aficp 1a nhigt chuyen pha (bign thien Enthalpy dm qua trinh 
chuygn pha) 

AV la bign thien thg tich giita hai pha 

T la nhilet do tai digm chuygn pha 

Co thg chling minh piniong trinh (8-5). Nhtt da bigt, cac qua trinh 6 

trang thdi can bang AG = 0. Theo do, khi hai pha A va B nam can bang v6i 
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nhau thi the hoa, tiYc là the dang ap mol rieng phan cua chung phai bang 
nhau: 

VLA  = 11B hoac GA = GB 

Neu thay deq P va (hoac) T ma can bang van&toe bac) than thi G cua  . 
chung phai bien 	sao cho: 

dGA  = dGB  

Van dung phtiong trinh [(6-60), di-acing 6] dG = VdP - SdT, ta có: 

VdP - SAdT = VBdP - SBdT 

dP 	SA 	S
D 	

AS cp 
hoac   = 	 

dT 	VA  - VB 	AV 

AScp la Entropy chuyen pha cua he. V4n dung phttong trinh [(6-50), chtiong 
6] trong truang hop can bang, thi: 

AH cp 

L\Scp (He) = -AS (MOi t rnimg) 

Thay Mei) vao phtiong trinh tren, ta có: 

dP 	AH cP  

dT 	T AV 

Vay, phtiong trinh (8-5) da chioc chung minh. 

Ta thay, vdi qua trinh hod hoi (soi) va thang hoa thi pha hdi c6 the tich 
rat Ion so vdi pha lOng hoac pha ran, do do AV c6 the thay bang VHdi: 

dP 	AH 	AHcp X P 	P AH CP 

dT 	TVh„i 	T R T 	R T2  

hoac: 
dP 	AH cp  dT 

P 	R T2  
(8-6) 

Lay tich phan phtiong trinh (8-6), ta thu dtioc phtiong trinh (8-3) cho biet 
quan he gilla ap suat hoi va nhiet do (da van dung phia tren). 

Voi qua trinh nong chay, VBA„ va VL6„g  khong khac nhau nhieu, phtiong 
trinh (8-5) khi do dttoc vie't dtioi clang thuan tien cho van dung: 

ATV — V - Long 	Rii n 
	 = T 	 (8-7) 
AP 	AH CP 

SO do pha cua nuoc khac mot chtit so voi dang chung, phan Lah tinh ch6t 
dac biet dia. no (hinh 8.5). 
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Trong he kin, &tang cong ap suat hdi OA chinh la &tang ap suat hdi cUa 
nu& phu thuOc.nhiet dO 6 hinh 8.2. MOt s6 gia tri cua cac cap P - T xac dinh 
bang thiic nghiem ghi 6 bang 8.5. 

136ng 8.5. Ap suat hci nutfic (bac,  hoa) 6 cac nhiOt do 

Nhiet dO (°C) Ap suet hdi nit& 
(mmHg = torr) 

Nhiet dO (°C) 	Ap suet hoi woo 
(mmHg = torr) 

-10 	 2,1 60 	  149 

0 	 4,6 70 	  234 

10 	 9,2 80 	  355 

20 	 17,5 90 	  526 

30 	 31,8 95 	  634 

40 	 55,3 100 	  760 

50 	 92,5 101 	  788 

Duang OA di len ket thnc tai A, do là diem tai han cda nu'ac (6 374°C va 
218 atm) va di xu6ng ket tlrac tai 0, do la diem ba (a 0,0098°C va 4,58 mmHg 
= 0,006 atm). 

Chu 6 he ha, thtfing OA goi ld du'ang cong soi (hoac &fang hoa. 'Ong); 
nhiet dO ghi 6 bang 8.5 khi 'ay la nhiet dO soi tuong iing vdi ap suat ben ngoai 
(cung la ap suat hdi rut& trong bong bong hdi hinh thanh trong long nuac king). 

Duang OB mo to dieu kien can bang Ran - Lang (Nuac da - NU6c). Khac 
vdi nhung chat khac, du'ang OB ceta nu'dc có do do-c am (nghieng sang ben trai; 
phtiong trinh (8-7) c6 gia tri am), nghia la khi ap suat ben ngoai tang tren be 
mat nu6c c/a, no se n6ng chay d nhiet dO thap hdn. DO la do kh6i Wong rieng 
cna nu& da nha hdn nu 6c long, nen khi ap suat tang tren nu6c da (vi du 6 
0°C) no se chuyen thanh nudc long, tic la chuyen thanh trang thai c6 the tich 
nha hdn a tang khong gian cua he, lam giam ap suat ngoai tac dOng vao he 
(Nguyen li Le Chatelier). Theo do, h0 de nong chdy d ap suet cao, nhift do 
ming chdy (hodc (tong cteic) vi the ha thdp ham 

OC la du'O'ng thang hoa, cac diem tren do mo to trang thai can bang Ran 
- Hoi. C3 ap suet thap hdn diem ba, pha long khong Van tai, pha ran thang hoa 
trqc tiep chuyen thanh hdi hang dung quan trong cua. hien Wong nay la lam 
kho cac chat 6 nhiet dO va ap suat thap, goi la phu'dng phtip clOng khO: cac chat 
thu6c, chat sinh hoc hoac thiic pham chlia nude va kern ben vdi nhiet till& het 
dudc lam lanh 6 nhiet dO thap hdn nhiet dO &Ong dac (0°C) cho mi6c dor-1g 
bang, sau do ha ap suat  de nude da thang hoa thanh hdi va duoc but ra khai 
bang say]. nhiet do thap hdn diem ba, chang han tai -1°C tren gian d6 pha, 
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0 HC I Nubc 

1 

100 

NhiOt dij (°C) 

Hinh 8.5. Gian do pha coa nu'dc: 
clueing Ran - LOng nghieng sang ben 

trai (d6 d6c < 0) khi ap suet tang 
thi mat do pha ran (nudc da) nho 
hcin met do pha long (nu'dc) 

Digm t6i hen 
(374°C, 218 atm) 

NUOc DA 

DiSm ba 
(0,0098'C, —
0,006 atm) 

A 

NU6c LONG 

ne-u tang ap suet cho pha hoi thi dau tien hoi se chuyen thanh nude da, sau do 
ap suet cao hcin ntia se chuyen thanh nude l6ng. Diem ba da nitric nam d ap 

suet thap (0,006 atm), nen khi dun n6ng nu& da a ap slat khi quye'n (1,0 atm) 
no chuye'n thanh l6ng a 0°C, do la diem nOng chciy cua nu'ac da ddu kien 
thadng (giao diem giiia. duffing OB va doffing dirt net nam ngang xual phat tit  
1,0 atm). 

Bai tap van dung: Neu tang Ai) 
slat 1 atm thi diem (tong dac cua  
nude lOng (diem nong chay cUa 
nude da) thay doi the nao? Bi6t: 
0°C (T = 273,16°K) Alicp  (= AHdd  = 
AH,„.) = 1440 cal/mol, the tich mol 
cua nude = 18,018 va cua node cid 
= 19,651 cm3/mol. 

Gidi: 

De thu dude sit thay dOi dO/atm 
theo phudng trinh (8-7), trade het 
chuy'n cac dai Wong ve don vi do tilting 
nhat: 

AV = Vung  - V, 1T1  = (18,018- 19,651) 
cm3/mol = -1,633 cm3/mol 

AHdd  = 1440 cal/mol x 4,184 x 10' 
ec/cal 

= 6025 x 107  ec/mol = 6025 x 107  
dvn.cm/mol 

Elva cac gia tri vao phudng trinh (8-7) voi. Wu phai nhan ca phudng 
trinh do vdi gia tri Wong during 1,013 x 106  dyn/cm2  cho msiii atm: 

AT 	273,16 dO x (-1,633 cm3/mol) 

- 0,0075 dO/atm 
AP 

Vay, tang ap suet 1 atm se lam ha diem (long dac clia nude khoang 0,0075°, 
hoac tang ap suit khoang 133 atm se lam ha diem &Ong dac cua nude khoang 1°. 

Nhu da bie-t„ap suet. diem ba efia nude trong he kin killing có khong khi 
la 0,006 atm. Khi tang ap suet tit 0,006 atm den 1 atm thi diem &Ong dac ha 
thap khoang 0,0075°  (xem ligt qua'. tren). Diem &Mg dac con can ha thap them 
0,0023°  bdi sit eó mat cila khong khi hoa tan trong nude tai 1 atm. Vi va'y, 

	  x 1,013 x 106 dyn/cm2.atm 
AP 	6025 x 107  dyn.cm/mol 

AT 
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diem deng dac dia niidc d digu kien thueng la thap them 0,0075°  + 0,0023°  =- 
0,0098°  so voi diem ba, nghia la tai 0°C. 

1.4. DO tan - Nhi?ng ygu to anh 'Wang clgn dO tan cua cac chgt 

1.4.1. Khcii niem - Dinh nghia 

- Dung dich that bieu hien vita la hiSn hop co hoc don thuan, vita la hop 
chat hoa hoc. 

La lion hop vi thanh phan dia dung dich khong xac dinh, c6 the bign doi  
trong met giei han reng va trong tinh chat chUng cila dung dich, to Iran phat 
hien ra nhigu tinh chat rieng cita cac cau tit (min vi, mau sac, hod tinh). 

La hop chat hod hoc vi dung dich c6 tinh deng nhat. Mat khac, si hinh 
thanh dung dich c6 kern theo hieu itng nhiet va bign doi y6 the tich, giOng nhu 
cac qud trinh hod hoc. 

Mat vay, ve hinh thitc, dung dich chigm vi tri trung gian hon hop va hop 
chat hod hoc. 

- Dung dich loang hoac dac, bao hoa va qua bao hoa. 

Khi cho chat tan ran vao met dung mOi se xay ra hai qua trinh. Qua 
trinh tach hat chat tan tit bg mat tigp xuc giiia chat tan va dung mei, goi la 
qud trinh hoa tan, c6 Vic do hoa tan uh, (so' hat chat tan chuyen vao dung mei 
trong met don vi thei gian). Cdc hat chat tan dad trong dung mei c6 the gap 
lai bg mat cUa chat tan ro'i bi gift lai trong eau true chung, do goi la qua trinh 
kgt tinh, c6 tic do uk, (se' hat chat tan tra lai eau true chung trong met don vi 
thei gian). Ban dau, tic do hoa tan len hon tic do kgt tinh. Nhung khi trong 
dung mei da c6 nhigu hat chat tan (n6ng de chat tan trong dung dich len) thi 
tic de kgt tinh len dan, tic do hoa tan nhe din. Co the ton tai 3 tracing hop 
(xet 6 ding nhiet do): 

+ Ngu u,„ > th„, do la dung dich loeing hoac cac, con c6 the hoa tan them 
chat tan (nang Wong Gibbs hoa tan cita he AGht  < 0). 

+ Ngu ul,r = uk„ do la dung dich bao hat, chat tan khong the hoa tan 
them duoc nua, dung lion la: trong met don vi thai gian, c6 bao nhieu 
hat chat tan chuyen vao dung dich thi ciing CO chiing ay hat tit dung 
dich tr6 ve cau true ban dau cila chat tan. Qua trinh hoa tan dat den 
trang thai can bang, goi tat la can bang hoa tan - met can bang deng 
(AGht  = 0). 

+ Ngu u1„. < ukt, do la dung dich qua bao hod, chila Wong chat tan vuot 
qud Wong chat tan trong dung dich bao hoa. Loai dung dich nay duoc 
tao thanh khi lam nguei cham va yen tinh met dung dich bao hob. 6 
nhiet do cao. Day la truang hop can bang khong bgn \Tang (AGI„ > 0). 
Dicing du chat tan trong dung dich qua bao boa s6 di chua kgt tinh 
(kgt tila) ngay vi chua tao dttoc mam tinh the, de tit do phdt trien 
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thanh nhfing tinh the lon. Khi ta khuay, lac dung dich, hoac co dila 
thug tinh vao thanh binh chlia dung dich, hoac b6 vao dung dich mot 
hat tinh the chat tan d6ng loai de tao mam tinh the kiwi mao, thi lap 
tiic chat tan du trong dung dich qua bao hoa se ket tinh. 

- Dinh nghia d6 tan: 

D6 tan cila mot chat trong mot dung moi là n6ng d6 dung dich b-do hoa 
ben yang cila chat do 6 nhiet do va ap suat nhat dinh. 

Nhu vay, c6 bao nhieu each bieu thi n6ng.,d6 thi c6 by nhieu each bieu 
thi d6 tan. Thong thuang, nguai ta chon cach bleu thi di) tan bang s6 gam chat 
tan dttoc bao hoa trong 100g dung moi, hoac s6 mL khi bao hoa trong 100mL 
dung moi 6 dieu kien nhat dinh v6 nhiet d6 va ap suat. 

Nhung chat c6 d6 tan 16n hdn 10g/100g dung moi, du6c goi la nhang chCit 
de tan; c6 d6 tan tit 1-10-3g/100g dung moi là nhang chat kho tan va c6 do tan 
be hdn 10-3g/100g dung moi la nhang chdt thifc to kitting tan. 

Kh6ng c6 chat nao la tuyet doi khong tan. 

Bang 8.6 la vi du v6 d6 tan cila mot so chat trong dung moi nude va bang 
8.7 la d6 tan cila KI trong cac dung mei khac nhau. 

Bang 8.6. Do tan cOa mot s6 chat trong nu'dc (g/100g H2O, 6 20°C) 

Chgt DO tan Chgt DO tan 

Glucose 200,0 CaSO4  . 0,2 

CsCI 186,5 CaCO3  1,3.10-3  

LiCI 78,5 AgCI 1,5.10-4  

KBr 65,0 AgI 1,7.10' 

NaCI 36,0 

KCI 23,8 

H3B03  5,0 

Bang 8.7. DO tan co a KI trong mot s6 dung moi (g/100g dung moi, 6 20°C) 

Dung mai DO tan 

Nu& (H2O) 113,60 

Ru'au metylic (CH3OH) 17,65 

Aceton (CH3COCH3) 1,32 

Nitrometyl (CH3NO2) 0,31 

Nitrobenzen (C61-002) 1,80.104  

Etylacetat (CH3C00C2H5) 1,30.104 
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1.4.2. Nhang hie tu'ong tác khi hat tan 

- Co ha bien c6 xay ra khi mot chat hoa tan vao mot chat khac: 

a. Cac tieu phan chat tan tach rai nhau. 
b. MOt Wong cac tieu phan dung moi tach rai nhau de danh chit; cho cac 

tieu phan chat tan. 

c. Cac tieu phan chat tan va dung moi hoa hop voi nhau tao thanh mot 
pha dung the (dung dich). 

Bang 8.8. So sanh n5ng lu'ong cija cac loai lien ke't trong Oar) ta' va giCra cac phan tt7t 

Luc lien Wet Mo hinh Tilting tac 
Nang 
lu'dng 

(kJ/mol) 
Vi du 

Trong phan ter 

Ion 	
2  

Cation - Anion 400-4000 
NaCI 

KF 

Cong hoa tri 

Kim Ioai 

----- 	- 7. 
 ; 	1' )fl 

,._.. 
 nhan - Cap e-  

Cac cation - Electron 
knot -1g dinh xii 

150-1100 

75-1000 

H-H 

Cl 

Fe 

Zn 

Cs 

, 	- 	; 	,, 

GiCra cac phan ter 

Ion - Wang cut 

Laing cut - Lu'Ong 	 
cut 

Lien kat hydro 

Ion - Laing cut cam 
(trig  

Lu'Ong cut - Wang 
cut cam Cmg 

Khuech tan 

0 	
__ 

 	- 	: -;- 
---" 	----7.3i)  

-A -}li 	 : 

.i&,1), 	 -j  

Dien tich 	ion - Dien 
tich lu'ong ctic 

Dien 	tich 	cac 	luring 
cut 

Lien 1(61 phan cut cOa 
H 	- 	{Dien 	tich 	luting 
cut 

Dien tich ion - May e-
phan cut 

Dien tich luring cac - 
May e-  phan cut 

Cac may e-  phan cac 

40-600 

5-25 

10-40 

3-15 

2-10 

0,05-40 

Niff----0 1-1  
H 

I-CI—CI-I 

O-H----O-H
H
, 

H' 	H'  

Fe21----0, 

H-C1--C1-C1 

F-F---F-F 
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Vay, .mat qud trinh boa tan có xay ra hay khong se phu thuac \TAD d6 
manh ttidng dai cua cac lkic lien kgt giiia. cac .phan tit chAt tan - chAt tan, dung 
mai - dung mai va chAt tan - dung mai. 

Khi bigt dude cac lite lien kgt, chting to có the dv doin nhiing chAt tan 
nao se hoA tan trong dung mai nao. 

- Kign Ur& ye cAu tao chAt chi ra rang, tat ca cac lite tao ra lien kgt trong 
phan tit va gilta cac phan tit dgu là tticing tdc tinh dien cua cac dien tich 
trai dAu. Cdc lute tao ra lien kgt Oita cac nguyen tit trong phan tit IA 
Wong dot manh, vi do IA tudng tdc gicia- cdc dien: tich lon (cita hat nhan, 
ddm may electron, ion Boring hoc am) 4)J nhung khoang each rth6 (ca 
nguyen tit). Ngti6c lai, cac laic tao ra lien kgt gitta cac phan tit lajtiong 
riot ygu, vi cac dien tich nhO (cila cac hiring cuc) nain a khoang cdch lOn 
(ca phan tit). 

Bang 8.8 dua ra sit so sdnh .nang Wong cac loai lien kgt trong phan tit 
(lien kgt hod hoc thiic thu) va cac loai lien kgt gifta cac phari tit (lien kgt Van 
der Waals, lien ket hydro). 

- Cdn chit y trong sit dung bang 8.8: 

+ Theo Binh luAt Coulomb, hic but (F) giita cac dien tich trdi dA.0 ty le  
truc tigp \rat dien tich cac ion (q+, q) va qr le nghich 	binh phticing 
khoang cach gifia thing (d): 

q 
d 2  

Nang Wong (E) la hic nhan khoang each (F x d), do do nang Wong hitt tY' 
le true tigp vai cac dien tich va tY' le nghich voi khoang each gifta chting: 

E 	q q 	 (8-9) 

Trong cAu tao chAt, thuAt ngit v6 cac loai he lien ket va theo do IA nang 
ltiong lien kgt, dude sit dung de chi ra clang he Wong tdc giiIa cac tieu phan. 

+ Lien ket ion the hien ca hai kig'u lien kgt trong phan tii va lien kgt 
Oita cac phan tit. 

+ Cdc thAnh phAn cua hic Van der Waals ke ra trong bang can dtt60.hieu 
theo nghia rang, g6m he lien kgt gala cac Wang civic: vinh citu - vinh 
citu, vinh ciiu - cam ling, khuech tan khugch tan hoc gifia ion - vinh 
ciiu, ion - cam ling; lien IC& hydro (xem hiring tti nlitt hic gifia cac 
hiring cvc vinh ciiu - vinh cat hoAc ion - vinh ciiu) va ke ca hic lien ligt 
gifia cac ion. 

F (8-8) 
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Lu'c lien ket ion - lu'Ong cvc c6 vai tro chir yeu trong qua tri.n.h hoa tan cac 
hop chgt ion trong nuoc. Luc nay lon hon hic but gilia cac ion nen c6 the pha 
va caU trac tinh the ion ciia muei va hoa tan no. Khi met ion dUoc tach ra„cac 
phan tip rliteic barn quanh bang clic trai dgu tao thanh ion hydrat. D6 la hien 
tu'dng hydrat hod khi hoa tan (hinh 8.6) (neu dung mei khac nuoc goi la hien 
twang solvat hod). VO cac phan tii nuoc bao quanh m6i ion khong c6 cgu triic c6 
dinh vi chUng con tvcing tac voi cac phan tit mioc khac cua ca khei dung mei 
trong dung dich qua cac cdu ne'i hydro. Tuy nhien, c6 nhfing hop chgt hydrat 
kha ben, khi chgt tan tach khOi dung dich, cac phan tii rut& van nam trong 
tinh the chdt tan, vi du cac mu6i hydrat CuSO4.5H20 ; Na2B407.10H20 ; 
MgSO4.7H20 ; Na2SO4•10H20 v.v... 

Hinh 8.6. Qua trinh hoa tan NaCI trong nuttc va sV hinh thanh 
cac ion hydrat Na+ (aq) va 	(aq) 

Lien ket hydro la loai luc da'c biet Wang citc - hldng cue chiu trach nhiem 
ve kha nang cim nu& hoa tan nhieu hop chgt hiiu co phan tii lon chita 0, N, F 
nhu cac alcol, cac clueing, cac amin, cac chdt c6 gan fibvao khung phan 

Lu'c lien ket ion - lufing cvc cam zing hien tro giUp cho hoa tan cac hop 
chgt ion (cac 	trong 	hoac trong cac dung mei it phan cuc. Luc nay 
cung c6 the dung giai thich ski tao thanh ion phitc iodid khi hoa tan iod trong 
dung dich kali iodid: 

12  + 	---> K13 

Lt.& lien ket lu'ang cue - lu'ang cu'c cam zing la loai fuc yeu, vi citc cam ling 
xugt hien hien chi la nhfing phdn dien tich nhO trong Wong tac. Loal luc nay 
tro ginp cho hoa tan cac khi nhit oxy, nito, khi tro trong rutOc. Cac loai xang, 
ddu hoa... diing pha loang nu& son, cac dung mei dung hoa tan ddu, and la 
nha co the boat Ong clia hie lien ket Wang chic - Wang clic cam ling. 
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Ltfc khuech tan luon xuat hien 6 moi thai di6m, giup cho sit hoa tan cila 
moi chat trong moi dung moi. NO tra thanh lilt lien k6t chinh yeu trong hoa 
tan giiia cac chat khong phan clic vao nhau. VI du, lilt nay lam cho dau mO tr6 
thanh h6n hop d6ng nhgt (dung dich cua cac loai hydro carbon phiic tap). 

- Sit hoa tan cac chat ran, chat lOng: 

Kinh nghiem pha the trong hod hoc da rut ra quy ta'c don gian: gang 
nhau thi hod tan vao nhau. Nod each khac theo ban chat cau tao, cac chat cling 
kieu lilt lien ke't gifiia cac phan tii thi có th6 hoa tan vao nhau. Bai vi, ne-u cac 
lvc lien ke't giiia cac phan to chat tan - chat tan gi6ng nhu hoc gan nhii lift 
lien ket gifita cac phan tit dung moi - dung moi thi chimg d6 clang thay the 
nhau, "lan" vao nhau de hinh thanh dung dich (bie'n c6 c) ma khong can vitot 
qua at cach biet cua hang rao nang Wong (d6 thvc hien bie'n c6 a va b 	da 
neu 6 phan dau de muc nay). 

NU6c hoa tan cac mu6i, vi lilt lien ke't ion - tang cvc Oita nu& va cac ion 
la rat hiring d6ng vdi hic lien ke't manh Oita cac ion trong tinh the mu6i, do do 
chUng có th" thay the nhau. Cling chinh cac muoi do nhung lai khong tan 
trong dung moi hexan (C61114), vi lilt lien ke't ion - Wang cite cam ling giiia cac 
ion va dung moi khong phan cvc la ye-u, khong the thay the hic lien ke't ion 
trong mu6i. Thong tit, dau and kh6ng tan trong nude vi cac hic lien ket ludng 
clic - Wang clic cam ling giiia nitric - dau and khong the thay the lilt lien ket 
hydro giiia cac phan tit nude. Tuy nhien, dau ma lai hoa tan trong hexan vi 1Vc 
khuech tan trong chat nay thay the tot cho lilt khuech tan trong chat kia. 

Trong cac dung moi khdc nhau, d6 hoa tan cila cac chat cling phu thu6c 
vao hic lien ke't gala nhfing phan cua phan tit chat tan vdi dung moi. Vi du, 
xet d6 tan oda mot day alcol trong hai dung moi la nitric va hexan. Hai dung 
moi nay co d6 phan clic khac xa nhau (momen ludng cVc I.1.20 = 1,84 D va 

= 0). Chat tan la 	alcol chila mot nhom hydroxyl (-OH) lien ke't vdi 
chddi hydrocarbon, tong thitc chung CH3(CH2)"OH, vdi n = 0 den 5 (bang 8.9). 

Chu ST tilt& tien là chu6i hydrocarbon tra len dai hon thi 4 hoa tan cila 
alcol trong nit& earn. Chung to hie'u di6u nay khi nhin cac phan tit alcol bao 
g6m hai phan: nhom -OH phan clic va chai hydrocarbon khong phan cite. 
Nhom -OH tao lilt lien ke't hydro manh vdi nu& va tao lilt lien ket ye'u (hidng 
clic - ltidng clic cam ling) vdi hexan. Khi chat tan la cac alcol nh6 (1 den 3 C), 
nhom -OH la mot phan Wong doi lon cua phan tit thi cac phan tit chat tan 
Wang tac vdi nhau bang lift lien ke't hydro, giting nhd gifia cac phan tit dung 
moi (nude). Vi vdy, khi tr6n lan, lien ke't hydro manh trong chat tan va trong 
dung moi d6i ch6 ran nhau thanh lien ke't hydro manh giiia chat tan - dung 
moi. K6t qua la cac alcol nhO hoa tan vo han vao ratdc. Khi chu6i hydrocarbon 
khong phan cite dai hcin (4 den 6 C), nhom -OH chi con la mot phan nhO cila 
phan tit, lite lien ke't hydro giiia cac phan tit alcol khi do khong con du kha 
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nang phan re cac lien lie't hydro manh trong nudc de chen Lan, fan vao dung 
moi (nuoc). Va nhii da thay a bang 8.9, dO hoa tan trong nuoc giam ti alcol 3 C 
den 6 C. 

Bang 8.9. Dd hoa tan coa day alcol trong nu'dc va trong hexan 

Alcol Trong ntroc 6 20°C 
(mo1/100g H2O) 

Trong hexan 6 20°C 
(mo1/100g C61-114) 

CH3OH (methanol) oo 0,12 

CH3CH2OH (ethanol) 

CH3CH2CH2OH (propanol) 

7", 

oc 

CH3CH2CH2CH2OH (butanol) 0,11 09 

CH3CH2CH2CH2CH2OH (pentanol) 0,030 00 

CH3CH2CH2CH2CH2CH2OH (hexanol) 0,0058 09 

Tinh the se nguoc lai, ne-u dung moi la hexan. day, luc ttidng tac cd ban 

gifia chat tan - dung moi la cac luc khuech tan. Luc tddng tac yeti gifia nhom 

-OH cila methanol (CH:30H) va hexan khong the thay the cho luc toting tac 

manh gifia cac phan tU CH3OH, vi the d6 tan cUa methanol trong hexan la 
Wong d6i nhO. Trong nhang alcol ldn hon, cac laic khuech tan tra nen quan 
trong hdn, chUng có the thay the cho cac 11.1c khuech tan trong hexan, do do cac 
alcol tif 2 C trei di da hoa tan vo han trong dung moi nay. 

- Bai tap van dung: 

+ Dung moi nao hoa tan nhi6u hon d6i voi mot chat tan da cho? Vi sao? 

a. NaC1 trong methanol (CH3OH) hay trong propanol (CH3CH2CH2OH)? 

b. Ethylenglycol (HOCH2CH2OH) trong ruidc hay trong hexan 

(CH3CH,CH2CH2CH2CH3)? 

c. Diethyl ether (CH3CH2OCH2C1-1:3) trong ethanol (CH3CH2OH) hay 

trong nuoc? 

+ Chat tan nao hoa tan nhigu hon vao mot dung moi da cho? Vi sao? 

d. 1,4-butandiol (HOCH2CH2CH2CH2OH) hay butanol (CH3CH2CH2CH2OH) 

trong nuoc? 

e. Choloroform (CHC13) hay carbon tetraclorid (CC14) trong midc? 
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Gicii: 

a. Methanol. NaC1 la hdp chat ion. N6 hoa tan trong dung moi nh6 laic  
lien ket ion - ludng cue. Luring cuc trong methanol manh hdn do chuiii 
hydrocarbon ngAn hdn so WA' propanol. 

b. NU6c. Ethylen glycol c6 hai nhom -OH nen cac phan tii cita no -Wang 
tac vdi nhau qua lien kgt hydro manh, giOng nhu lien ket hydro trong ntioc. 
Vay, no tan nhigu trong nude hdn la trong hexan vi trong ftexan chi On tai Ric 
khuech tan. 

c. Ethanol. Cac phan tii diethyl ether tudng tac vdi nhau qua hic lien ket 
hiring cuic - ludng chic va laic khugch tan; chung c6 the tao lien ket hydro vdi 
nude va ethanol. Nhuing ether se tan nhigu hon trong ethanol, vi dung moi nay 
visa tao dtioc lien ket hydro (ludng cuc - ludng cuic), \Fifa tao hic khuech tan voi 
chat tan. Vi vay, chting chuyen cho va lan vao nhau tot hdn la trong nude chi 
c6 luc lien ket hydro. 

d. 1,4-butadiol tan tot hdn trong nude vi c6 the tao dude nhigu hdn lien 
kgt hydro. 

e. Chloroform tan nhigu hdn trong nu6c vi tao dtioc cac luc lien ket luring 
cue - Wang cuc. 

Trong phan tii cua nhigu hop chat him cd c6 ca phan phan ctic va phan 
khong phan cuc, ma su nOt trOi cita phan nao se guy& dinh do hoa tan cita 
chat trong cac dung moi khac nhau. 

Cac phan tii xa phOng la muoi cua hydroxyd kim loai voi acid beo dai 15 
den 19 carbon, vi du natri stearat CH3(CH2),6C00-Na+. Duoi hydratcarbon 
khong phan cuc tao luc lien kgt khuech tan v6i dau and nen tan vao dau ma, 
trong khi dau ion phan clic (-COO-Na+) tan trong nti6c do luc lien ket ion -
ludng cuc va lien kgt hydro. Su xao trOn tao ra cac hat dau and nh6 xiu dude 
bao quanh bai cac phan tii xa phOng va dOng nti6c se cuOn di, lam sach cac vet 
dau and barn tren de vat [cation cita phan tii xa phong anh huang den tinh 
chat cula no. Xa phong Li+ cling, diem nong chay cao duck sii dung lam dau boi 
trdn cac dOng cd. Xa phOng Na4" thong dung vi hoa tan -at trong nude. Xa 
phong 	c6 diem nong chay th'ap ditn.g lam cac loaf xa phOng lOng. xa phong 
Ca" khong tan trong nude da giai thIch vi sao kho lam sach de vat bang nude 
cling (eh-Cm nhigu Ca") khi sii dung xa phong thong thuang]. 

Phan tii cua nhigu loai thuo-c khang sinh (nhu gramicidin A, 
valinomycin) c6 call tao hai lop, lop phan cue va lop khong phan cuc. Nilo do, 
thu6c c6 the xuyen qua, narn lai hoac hoa tan trong mang to bao cua vi khuan 
gay lanh, tao ra nhung kenh van chuyen ngtioc cac ion, can bang ion trong va 
ngoai to bao bi pha huy, vi the lam vi khuan chet. 
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[SU thieu hi5u biet quy tac hoa tan giita cac chat cang gop phan vao sti  
lay lan ciia AIDS. Ng-la:1i ta sii dung cac chat boi tron len bao cao su hoac cac 
ma.ng ngan vdi muc dich giam ma sat va gin cho bao hoac mang khong bi rach. 
Thiic ra, cac chat boi trcin (la dau, kem xoa) khong phan clic có th5 hoa tan 
trong cao su ding la nhang chat khong phan chic. Ngay tit phut boi troll dau 
tien da tao thanh cac 16 thing tren cao su ma mat thuang khong th5 nhin 
thay, nhting cac 16 do có the de cho HIV va tinh dich di qua. Hall qua la AIDS 
lan truy6n hoac có thai ngoai y muon]. 

- Su hoa tan cac khi: 

Cac khi có di5m soi thap vi luc Wong tac giiia cac phan tit nit& Mat khac, 
cac khi d5u hoa tan rat it trong nueic vdi ding 1ST do: 11.1c lien k5t gifita cac phan 
tai chat tan (khi) - dung moi (midc) rat y5u. Thuc t6 có moi tracing quan giiia  
nhi5t do soi cua khi va do tan dia no trong nuoc (bang 8.10). 

Ltfc tuong tac trong khi nhO den miic cho phep thong ta khi c14 doan do  
tan ciia khi trong dung moi thi chi can xet cac 111c lien k5t chat tan - dung moi 
va dung moi - dung moi, chit khong can xet he gicia chat tan - chat tan. 

Bang 8.10. TYOng quan gitia nhiOt d6 soi va di) tan caa mot s6 khi trong nutic 

Khi DO tan (M) (6 25°C va 1 atm) NhiOt dO sal (°C) 

He 4,2.10-4  -271,9 

Ne 6,6.10-4  -246,1 

N2 10,4.10-4  -195,8 

CO 15,6.10-4  -191,6 

02  21,8.10-4  -182,9 

NO 32,7.10-4  -151,8 

Wit luring nhO khi 02  hoa tan trong ntidc (0,64 mL 02/100 ml H2O 6 1 
atm va. 25°C) la rat thi5t yen cho su song cua ca va cac d5rig vat thq sinh 
khac. mot vai trUang hop, d5 tan cila khi có ye ldn, nhung thiic ra la do có 
phan ling cO.a khi vdi dung moi hoac vdi mot thanh phan khac co mat trong 
moi truang. Vi du, CO2  có d5 tan trong nuoc 10n (- 81 mL CO2/100 mL H2O d 1 
atm va 25°C) vi ton tai phan ling lam tang d5 boa tan: 

CO2  (k) + H2O (1) 	H+ (aq) + HCO3-  (aq) 

Hoac nhu 02  hob, tan trong mau nhi5u hdn là trong nuoc, vi 02  trong mau 
có lien k5t vdi cac phan tai hemoglobin trong t6 bao h5ng cdu. 

99 



* Tom tat ve dO tan: dung dich la nhiing h8n hop d'Ong the chita chat 
tan hoa tan trong mot dung moi nha tac dung dia cac luc phan tit. D6 tan cim 
mot chat la Wong tea da chat do co the hoa tan trong mot Wong dung moi xac 
dinh, du oc bieu thi bang cac loai n8ng d6 cho dung dich dat trang thai bao hoa 
6 di6u kien nhat dinh. Cac loaf 11,ic phan tit trong dung dich la ttidng diing 
(gi6ng) vdi cac loai 	phan tit trong moi chat nguyen chat tilt& hic hoa tan. 
Neu luc phan tit trong dung moi va trong chat tan giting nhau, sit hoa tan luon 
xay ra. Luc ion - luang citc du kha nang de hoa tan cac hop chat ion vao nu6c. 
M8i ion trong nuoc duoc bao quanh 	lop vO hydrat (vO tao thanh 136i cac 
phan tit nuoc htit cac ion bang cuc trai dau). D6 tan cila cac phan tit hitu co 
trong nueic phu thu6c vao quy m6 cua phan phan cuc va phan khong phan ctic. 
Cac xa phong, mot s6 thu6c khong sinh boat dOng theo cd the tac dung cua hai 
d6 phan cuc trong phan tit cim thong. D6 tan cilia cac khi trong nitric rat nhO vi 
he lien ket gift cac phan tit chat tan - dung moi rat yeu [nhung nhO rang, cac 
khi hoa tan vo han vao nhau. Chung cung hoa tan trong chat ran nha chie-m 
gilt nhung phan khong gian trong tinh the qua cac luc lien ket]. 

Khi van dung quy tac Wong thing "giong nhau thi hoa tan vao nhau" cho 
d6 tan, ta can xem xet day &I cac tuong tac ve hoa hoc, dien va eau true phan 
tit gifia chat tan va dung moi. 

1.4.3. Anh htthng ceta nhiet clo ud ap suet den dO tan. Dinh lui:tt phtin bo: 
Dinh lust Henry 

D6ng luc cila qua trinh hoa tan la nang Wong tut do Gibbs: 

AGht  = Alfht - T ASht 	 (8-10) 

6 day, AHh, la Wen thien Enthalpy va AS,„ la bien thien Entropy cila qua 
trinh hoa tan ma bieu thitc ciia cluing dii6c vi6t: 

OH,„ = AH„ + AHhydrat (hoac solvat) 	 (8-11) 

ASht  = AS, + A 	4 	 (8-12) Shvdrat (hoc solvat) 

Met: bien thien Entropy chuyen pha cUa chat tan. 

AShvdrat (hodc solvat) 

Dila yap cac pinking trinh nhiet thing hoc tren, ta c6 the xet su thay d84 
d6 tan cila cac chat theo nhiet d6 va ap suat. 

Mat khac, can Wu ST 6 nhang dung dich bao hoa ton tai cac can bang: 

+ Giita chat tan dit thlta va chat tan cid 6 trong dung dich bao hoa tai 
nhiet d6 nhat dinh: 

Chat tan 
(du thita r,l,k) 

 

Chat tan 	 (8-13) 
(trong dung dich bao hoa) 

 

: bien thien Entropy hydrat hoa hoac solvat hod. 
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+ Giiia nhiet hoa tan can hap thu va si tao thanh dung dich: 

ChSt tan + Dung mOi + Nhi4 	Dung dich 
(bad hoa) 

+ Gina nhiet hoa tan toa ra va sti tao thanh dung dich: 

Chgt tan + Dung mOi. 	 Dung dich + Nhie't 	(8-15) 
(bao hoa) 

Diia vao nhang pinking trinh tren day, to c6 the xem xet d6 tan phu 
thu6c cac dieu kien cho nhung truang hop du the. 

DO tan czla chat ran trong chat 16ng 	R /L): 

+ Vi AH„ tIntang lon, dac biet la 6 cac hop chat ion c6 n.ang Wong mang 
lUdi tinh the (AHmi) rat lon, nang Wong giai phong do hydrat hod (hoac 
solvat hod) khong du ba dap, nen AHht  .> 0. Khi tang nhiet d6, theo 
pinking trinh (8-14), can bang chuyen dich sang phai. Thu'c to thing la 
da so cac chdt rein có coo tan tang theo nhiet ctO (hinh 8.7). Dieu nay 
clang de clang thay du oc qua bien thien nang luong tu do Gibbs (AG11 ): 
theo phudng trinh (8-11), AS, >> 0 (vi chat ran tinh the di trat to rat 
cao chuyen thanh chat tan 116'n don trong dung dich), trong khi AShvdta, 

(hoac solvat) < 0 nhting kh6ng clang ke (vi trat tki do hydrat hod hoac solvat 
dda lai thap va khong on dinh), nen ASht  > 0 (luon luon). Neu tang 
nhiet d6 (T), s6 hang (-T.ASh) cang am hdn va vuot qua AHht  > 0, clan 
deia AGht  cang am hdn, d6 tan caa chat ran vi the cang ldn. 

+ Nglioc lai, 6 nhang chat ran khac c6 nang Wong hydrat hod (hoac 
solvat hod) giai phong ion, AH 	 va ne-u nang Wong --hydrat tho4c solvat) << 0, 

mang 	(AH,„) caa chat tan lai nh6, thi AHht  < 0, qua trinh hoa tan 
phat nhiet. Theo phu ong trinh (8-15), khi tang nhiet d6, can bang bi 
day lai sang trai, nghia la coo tan ceta chdt gidm khi tang nhi'Ot dO. VI 
du, dieu nay xay ra khi hoa tan vao nude cac chat kiem, Na2SO4, 
Ce2(SO4)3, nhieu muoi cUa lithi, magnesi, nhom... Ta cang tim thay 
tticing quan nghich nay giaa d6 tan va nhiet d6 (T): vi qua trinh hydrat 
hod (hoac solvat hod) manh me nen AShydrat (hoac solvat) << 0, d'an den ASht  
< 0. Neu tang T, so" hang (-T.ASht) cang diking hcin va vudt qua AHht  
< 0, dan den AGht, cal-1g &tong hdn, qua trinh hoa tan bi day lai, d'6 tan 
vi the giam xueng. 

(8-14) 
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Hinh 8.7. Su' phy thu6c giUa d6 hoa tan caa mot s6 mu6i trong nu'dc vao nhiet d6 

Tren hinh 8.7, nhang dttdng cong do tan nao hudng manh len tren thi 
chi:mg to khi tang nhiet do, do tan ciia cac chat nay tang len manh. Do tan cila 
NaC1 bign d6i it theo nhiet de, nen &tang cong do tan cila no gan nhii nam  
ngang. DUOng cong do tan cila CaC12  va Na2SO4  bi gay tai cac cuc dai la do 
-Wong ring voi do tan dm cac clang tinh the muei khan va mu6i hydrat tai cac 
nhiet do. Vi du, do tan cUa Na2SO4.10H20 duoi 32°C tang nhanh theo nhiet 0, 
vi qua trinh hoa tan hap thu nhiet. nhiet de cao hon 32°C, pha ran na.m can 
bang voi dung dich bao hoa la muol khan Na2SO4  ma su boa tan no la qua 
trinh toa nhiet, nen de tan giam khi nhigt 0 tang. 

Data vao dtiang cong do tan ngtiai ta có the tinh chg cac chat ran bang 
cach kgt tinh lai. Cu the la: tao ra nhang dung dich bao hoa ci nhiet do cao 
chlia nhfing Wong mu6i lon, roi sau do lam lanh de có cac dung dich qua bao 
hoa d nhiet do th'ap. Khi do met Wong mu6i "du" tinh khigt se kgt tinh, con lai 
tap chat khong dat duoc ang do bao hoa van nam lai trong dung dich. De có 
mu6i that tinh khigt, nguai ta kgt tinh lai vai lan nhu vay. Cac muel có de tan 
bign de'i nhigu theo nhiet do dgu có the tinh chg bang cach do. 

[DO tan cila met chat thuang lon nhat trong dung mei nguyen chat va 
thuong giam xugng trong dung dich da có mat cac chat khac. Vi du, 0 20°C, de 
tan ciia. C12  trong nitric tinh khigt la 3 L(C12)/L(H20), nhung trong nuoc da. bao 
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hoa NaC1 la 0,3 L(C12)/L (dung dich NaC1 baO hoa). Vdy, do tan dd.-  giam 10 
Ian. Nguyen nhan la do luc ion cila dung dich len dd lam giam de tan cila cac 
chat]. 

Khi boa tan chat ran trong chat long, the tich cii.a he Eden doi khong 
clang ke. Vi vay, do tan cUa cac chat ran thtic to khong phu thuec vao ap suat. 

- DO tan cila chat fOng trong chat liing (he L/L): 

+ Met se chat fOng tan khong gioi han vao nhau, nhu cac alcol phan tii  
nhO trong ntidc. Nguyen nhan do co sti Wong deng ve lve lien ket trong 
chat tan, dung mei va dung dich. 

+ Met se' chat king khac dtioc coi la thiic t6 khong tren Fan voi nhau, vi 
cac hic lien ket trong chting khac xa nhau, vi du rut& - dau hoa, nuoc - 
benzen, nudc - thuY ngdn. 

+ Nhieu chat long khac chi hoa tan met phan. vao nhau, nhu ether ethylic/ 
nuoc (khi lac ether voi mioc roi de phan lop thi lop tren la dung dich bac) 
hoa cua nuoc trong ether, con lop du& la ether bao hoa trong nuec). 

Trong h'au het cac trUang hop, khi hai chat lOng hoa tan giei han vao 
nhau, neu tang nhiet de thi do tan trong nhau cua chung tang cho den khi dat 
dtioc nhiet do mad do hai chat lOng tan vao nhau theo bat kY tY' le nao. Nhi-et 
dO, ma tai do hai chat lOng tan uO han veto nhau got let nhift dO tdi han. Vi du, 
duoi 66,4°C phenol chi tan met phan trong nude va nude tan met phan trong 
phenol. Nining bat dau tif 66,4°C thi phenol va nuec tan khong gidi han vao 
nhau. Nhiet do 66,4°C la nhiet do tdi han cila he phenol - ntidc. Thong -U.!, he 
anilin - nuec có nhiet do tdi han la 167°C. 

Do tan cila chit lOng tang theo nhiet do cling dvoc giai thich Wong tu 
nlui d truing hop do tan cila he R/L. Tuy nhien, Alict  ciia chat tan lOng nhO (it 
&king) va L\Hhydrat (hoac solvat) thuang am nhigu hdn nen AHh„ thuang < 0, trong khi 
ASh„ thuang > 0, theo do AGht  am nhieu hon khi nhiet de tang. Tai nhiet do tdi 
han, AGht  << 0, do tan cua he L/L vi the tra nen vo han. 

Cling nhu he R/L, ski hoa tan vao nhau giiia cac chat lOng it phu thuec 
vao ap suit.  Do tan ciia cluing chi tang len ro ret d ap suit hang nghin 
atmotphe. 

I 	 - Dinh ludt phan b6: 

Neu met chat X co khi nang tan trong hai dung mei khong tren ran L1  va 
L2, thi X se duoc phan b'6 vao ca hai dung mei do sao cho 6'7 le cac n6ng do cila 
no trong hai dung mei la met hang sod nhiet do khong dei va khong phu thuec 
vao luong chung cua chat hoa tan X. Bieu thiic cua dinh ludt: 
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CX/L, (8-16) 

 

CX/L2  

Cx/Li  la ang d8 chat X trong dung moi L1. 

Cx/L2  la ang di) chat X trong dung moi L2. 

F goi la he s6 phan b6, mot hang sod nhiet d8 nhat dinh. 

Vi du, iod có the tan trong ca hai dung moi khong trOn fan la chloroform 
(HCC13) va nudc vdi he s6 phan b6: 

C12 / clorotorm 

C 1 2  / nit& 

He s6 nay khong phu thu8c vao Wong chung cua iod hoa tan, nghia la du  

hiring iod ban dau trong nitric (h0c trong chloroform) la bao nhieu, n1rUng sau 
khi lac hai dung moi vdi nhau va sau do de yen cho chting tach thanh hai 
thi n6ng do I, trong chloroform luon luon. là 130 lan ldn hon so vdi neng do cila 
no trong nude. Nhu vay, nho chloroform nguOi ta có the chi& (tach ra) khi 
rat& hau het iod hoa tan trong do, neu qua trinh chiet duoc lap lai nhieu lan. 

TuST theo he s6 phan b6 cila chat tan trong he hai chat lOng khong trOn 
Ian ma nguai ta chon dung moi chi& cho thich hop. Nhung dung moi thuang 
dfing trong qua trinh chi& là dau hoa, xang, benzen, carbon disulfid (CS2), 
aceton, carbon tetraclorid (CC14), rtiou ethylic, ruou methylic, chloroform... 
Sau khi chiet, cac dung moi duoc thu hoi de tai sit dung. 

- DO tan caa cac chat khi trong chat-  rdng (He K I L): 

+ Vi Afict  = 0 (chat tan la khi nen khong can tieu ton. nang Wong de tach 
cac tieu phan) va AH —hydrat (hoac solvat) < 0, nen AHht  < 0 (luon luon). Vay, szc  

hod tan chdt khi trong chat lOng là qua trinh tod nhiet. Theo nguyen 1ST 

chuyen dich can bang ap dung cho phuong trinh (8-15) thi cho tan caa 
chat khi cl-ju gidm khi nhift ctO tang vet ngu'ac lai [net' de c6c int& lanh 
6 ch8 gm se thay cac bot khi barn vao thanh ben trong c6c, do la do 
khong khi tan trong nuoc lanh thoat ra khi nhiet do tang. Dun s8i 

toan bo khong khi da tan trong nuoc &toe giai phong]. Ta cling 
de clang giai thich duoc quy luat d8 tan cila khi mot cach ban chat hdn 
qua nang Wong ti.1 do Gibbs: Affe, ro rang bang 0, chi AHhydrat (hoac solvat) 

< 0 nhungkhong lon (ve gia tri tuyet deci) do cac liic lien ket chat tan -
dung moi deu yeu, dan den AHht  < 0 nhung cling khong dang ke. Mat 
khac, ASht  << 0 (luon luon) vi ASc, va AHhydrat 	 d6u am (chat khi —hydrat (hoac solvat) 

hen d8n tan trong dung dich se tr6 nen tr4t ttt hdn nhieu). Dtia cac gia 

= 130 
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tri nay cila.iht  va ASht  vao phitong trinh (8-10), ta nhan thay AGht  chi 
< 0 khi nhiet d6 T nhe, va T cang nhe AGht  cang am hdn, nghia la do 
tan dm khi trong chat 16ng tS7le nghich vdi nhiet do. [Co vai khi (vi du 
cac khi tro) khi hoa tan trong dung mei hitu cd lai kern theo hap thu 
nhiet, nghia là do tan ciia chi ng tang khi nhiet do tang. Sti bat thiteng 
nay gay ra do nhung hieu Ung dac biet (khong neu ra day) lam cho 
ASI„ vita du > 0, nen khi T tang, AGht  tra nen am hdn, do tan cUa khi vi 
the lon hon]. 

Dinh luat Henry (1803): 

Gia thiet trong.be pitteng - xilanh (dat thang ditng vei pitteng nam phia 
tren) chita dung dich bao hoa met chat khi trong met dung mei 'Ong a nhiet de 
xac dinh. Tren mat dung dich bao hoa la chat khi do a ap suat P. Trong he kin 
nInt the se thiet lap met can bang, nghia la s6 phan tit khi di vao dung dich va 
tach khidung dich trong met don vi thei gian bang nhau: 

Khi + Dung mOi 

 

Dung dich 	(8-17) 

 

Neu day pitteng a nen khi, the tich khi giam, ap suat cila no tren mat 
dung dich tang len. Theo nguyen 1ST chuyen dich can bang cila Le Chatelier, 
can bang (8-17) se chuyen sang phai de giam ap suat, nghia la khi hoa tan 
nhieu hdn vao dung dich. Met can bang mei ditoc thiet lap vei do tan cila khi 
len hon. Tit do, Henry TA phat bieu dinh luat: 

DO tan ciia mot khi (Sk) ty le thu(In vdi cip suat rieng phein cita no (Pk) 
tren mat dung dich: 

Sk  = kH  X Pk 	 (8-18) 

O day, kH  la hang s6 Henry rieng cho m6i cap khi - dung mei 6 nhiet do 
xac dinh. Neu do tan Sk  tinh theo n6ng do mol/L va Pk  theo atm thi this 
nguyen cua kH  la mol/L.atm. 

Can Wu ST met he qua quan trong cua dinh luat Henry. Gia thiet a 
T = const, itng vei ap suat P1, c6 the tich V1  dia khi hoa tan trong met the tich 
xac dinh dia dung mei, tticing ling vei s6 mol khi hoa tan la n1  = P1V1/RT. Khi 
tang ap suat len n lan, gia sit ap suat dat P2  Ira the tich khi hoa tan la V2, thi 
s6 mol khi hoa tan bang n2  = P2V2/RT. Theo dinh luat Henry, ap suat khi tang 
n Pan, n6ng de theo khei Wong cUa khi (hay s6 mol khi hoa tan) cling phai tang 
n lan. Tit do ta c6 the viet cac bieu thitc sau: 

n2  = n x n1  = 	P2V2/RT = n x (P,Vi/RT) 

P2V2  = n 
Vi P2  = n P1, nen 	V2  = V1  
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Nhu vay, the tich khi hoa tan sau khi tang ap suet len n len van la V1, 
giting nhu truck khi tang hp suet. He qua la, the' tich cda chat khi tan trong 
mot the' tich xac Binh cda chat 16ng nhiet c1-0 khong ddi khong phu thu0c- veto 
ap suet rieng phdn cda no. Chinh vi vay, ngi.thi ta thuang bieu thi do-tan cue  
chat khi bang s6 mL khi trong 100 mL dung moi, chic khong dung s6 gam khi 
trong 100g dung moi nhu thong le d6i veil chat ran va chat 

Bang 8.11 ghi dO tan cila mot s6 chat khi trong nit& d 0°C va 20°C. 

Bang 8.11. DO tan (mL/100 mL H 2O) caa cac kW 6 0°C, 20°C ve ap suet 1 atm 

Ch'it khi 
DO tan 

Chat khi 
DO tan 

6 0°C 6 20°C d 0°C O 20°C 

Hydro 2,15 1,8 Carbon dioxyd 361 240 

Oxy 4,90 3,1 Clor 461 236 

NitO 2,35 1,5 Metan 	• 5,5 3,3 

- Bai tap van dung: Trong mot nha may san xuat d6 u6ng có gas, ngtfai ta 

nap CO2  \Tao cac chaff nu& ngot duoi ap suet rieng phan cua khi CO2  
bang 4atm. Tinh dO tan ciia CO2  trong die'u kien nay, biet hang s6 Henry 
dia. CO2  trong nu& a 25°C la kH  = 3.102  mol/L.atm. 

Gidi: 

Ap dung phuong trinh (8-18) vesi Pco,  = 4 atm va kH  da cho, ta co: 

SCO2 = (3 x 102  mol/L.atm) x 4 atm = 0,1 mol/L. 

2. CAC MINH CHAT CUA DUNG DICH CHI-TA CHAT TAN KHONG DIEN 
LY VA KHONG BAY HOI 

2.1. WO ha ap suet hdi cila dung dich. Dinh luat Raoult 1 

- Thuc nghiem chi ra rang, cung nhiet dO, dung dich chfia chat tan khOng 
bay hdi va khong lien ly cc:).  ap suet hdi luck' luon nhO hon alp slat hdi cua  
dung moi nguyen chat. Can dttoc hi4u, ap suet hdi tren mat dung moi 
nguyen chat hoac tren mat dung dich de'u do cac phan tiff dung moi ci  

trang thai hdi tao ra. O cap d6 phan tiff , nguyen nhan sti ha thap ap suet 
hdi caa dung dich du oc minh hoa d hinh 8.8. 
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Hinh 8.8. Anh twang cua chat tan den ap suat hal cua dung dich 

A - Can bang duoc thiet 10p gilia dung moi nguyen chat (o) va áp suat hot cua no 
khi s6 phan to bay hot bang s6 phan tit ngu'ng dong trong mot don vi thdi gian. 

B - Khi CO mat chat tan (a) khOng bay hot, be mat bay hot cua dung moi tren dung 
(itch thu nha 10, s6 phan CO bay hot cang nhLt ngu'ng dong it hon trong mot don vi 
thdi gian. Trang that can bang L6ngR="•.- Hai cua dung dich xay raa áp suat hoi 
th5p hon so voi dung moi nguyen chat. 

Vg tlidng quan dinh luting, Raoult phat bigu dinh luat 1: 

Ap suat hdi cua dung moi tren dung dich bang neing dO phan mol cua  
dung moi trong dung dich (luon luon < 1) nhan v6i ap suat hoi cii.a dung moi 
nguyen chat. [lieu fly& cua dinh luat duoc vigt: 

Pad = Xdrn X P dm 
	 (8-19) 

o day, Pdd  1a ap suat hoi (bao hoa) cua dung moi tren dung dich. 

P dm  la alp suat hoi (bao hoa) cua dung moi nguyen chat. 

Xdm  la ngng dO phan mol am dung moi trong dung dich. 

Vi X,„ + Xdm  = 1 (X„ la ang dO phan mol cua chat tan), nen co thg bign 
d6i piniong trinh (8-19) thanh mot s6 phuong trinh he qua: 

Pad  = (1 - X,) x P dm (8-20) 

AP = P m 	Pdd  = X, x P dm (8-21) 

dm Pdd 
	

AP 	
(8-22) 

dm 
	

dm 

Voi AP la dO ha ap suat hoi cua dung dich. 

AP 
	la do ha tildng d6i ap suat hoi cua dung dich so voi ap suat hoi cua 
P(ci'm 

dung moi nguyen chat. 
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- Bai tap van dung 1: Tinh d6 ha dp suat hdi. AP cita dung dich 10mL 
glycerol (C3H803) hoa tan trong 500mL milk a 50°C. Tai nhiet d6 nay, dp 
suat hdi bao hoa cua rni6c nguyen chat là 92,5 mmHg va kh6i Wong rieng 
cilia. no 1a 0,988 g/mL; kh6i Wong rieng ciza glycerol là 1,26 g/mL. 

Gidi: 

So mol glycerol = 10 mL x 
1
,
26g 

x 
 lmol 

= 0,137 mol 
lmL 92,09g 

0,988g x  lmol  
lmL 	18,02g 

0,137 mol 
Xet (glycerol) — 

	

	  = 0,00498 
0,137mol + 27,4mol 

Tinh AP theo pinking trinh (8-21): 

AP = Xct (glycerol) X  P dm (H20) — 

(AP nh6 la hop lY vi n6ng do phan mol cila chat tan rat be). 

- Bai tap van dung 2: Tinh d6 ha dp suat hdi dia dung dich khi hoa tan 
2,00g aspirin (M = 180,16 g/mol) trong 50g methanol (CH3OH = 32) a 
21,2°C. Methanol nguyen chat d nhiet d6 nay có ap suat hdi bao hoa la 
101 mmHg. 

Gidi: 

AP = 	Xct (aspirin) X  P dm (methanol) 

 

 

2,00 g  
180,16 g/mol 

2,00 g 	50,0 g 
180,16 g/mol 	32,0 g/mol 

= 0,713 mmHg 

x 101 mmHg 

2.2. Do tang nhit do soi cila dung dich. Dinh 1u4t Raoult 2 

MO chat lOng bdt 16, se soi d nhiet coo ma ap suat ho'i bdo hod ceict no bng 
ap suat ben ngoeti (11Ic nay ca kh6i chat long se b6c hdi, khong rieng tren 
be mat). Vi dung dich (chlia chat tan khong bay hdi) có dp suat hdi bao 
hoa luOn luon nh6 hon ap suat hdi bao hoa cila dung moi nguyen chat, 
nen 6 nhiet d6 ma dung m6i nguyen chat soi thi dung dich chtia soi. Tren 
gian d6 pha d hinh 8.9 cho thay, &tang cong dp suat hdi dm dung dich 
nam dvoi &fang cong dp suat hdi cila dung moi nguyen chat nen dung 

S6 mol H20 = 500 mL x 27,4 mol 

0,00498 x 92,5 mmHg = 0,461 mmHg 
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Dung dich 
Can bang 

\ nuoc long - nu6c dzi 
i I  

RAN 

At„ 

AP 
thl 

760 
eu 

E 

(7) 

4,58 

Di6m ba 

I A, 

LONG 

HOI 

At 

dich se soi 6 nhiet d6 cao .hon. Dung dich cang dac, d6 ha ap suat hdi AP 
cang Ion, nhiet d6 soi cang cao. 

Can bang 
dung dich - nu6c da 	 Nu& tinh khi6t 

t", 0" 0,0098" 	 100" t", 
NHIET ISO ("C) 

Hinh 8.9. NhiOt dO clOng dec va nhigt d0' soi coa dung moi tinh khigt (nuOc) 
va cu'a dung dich (gie'n do khOng theo tji re) 

- Dinh it* Raoult 2 thik lAp quan he dinh Wong gicia ang d6 va d6 tang 
nhiet d6 soi ciia dung dich qua phticing trinh: 

Ats  = Ks  x m (8-23) 

day, Ats  =t (dd) 	t (dm) goi IA d6 tang nhiet 	soi cUa dung dich. ::   

vdi 	t( (dd)  IA nhiet d6 bat dau soi cila dung dich. 

es)  (d m) là nhiet do soi cila dung moi nguyen chat. 

m là ming d6 molan dia chat tan trong dung dich. 

Ks  là hang so soi cila dung moi. Vi khi m = 1 thl Ats  = Ks  nen 
ngticii to con goi Ks  la d6 tang nhiet d6 soi molan. 

Bang 8.12 cho biet nhiet d6 soi vb. Ks  do'i voi mot s6 dung med. 

VI nuoc có Ks  nhO nen su hien dOi nhiet d6 soi cua cac dung dich cac chat 
trong dung moi ntioc rat It. Vi du, hoa tan 1 mol glucose (180g) vao 1 kg nv6c, 
hoac 0,5 mol NaC1 (29,2 g, day la chat dien ly manh nen Wong &long vOi 1 mol 
tieu phan boa tan) vao 1 kg nuoc, thi nhiet d6 soi cua cac dung dich nay la 
100,512°C thay vi 100,00°C [tinh theo piniong trinh (8-23)]. 
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Bing 8.12. NhiOt do soi, nhiOt do deing dac, hang s6 soi (Ks) va hang s6 clOng clOc (<d) 
cu'a mot s6 dung mai 6 1 atm (K s, Kd  khOng phu thue)c vao ban chat ca a chat tan, 

chi phy thuOc vao ban chat cua dung miii) 

Dung mei 
Nhit do soi 

(°C) 
Ks  

(°C/m) 
Nhiet dO dong dac 

(0C) 
Kd 

(°C/m) 

Nutic 100,00 0,512 0,00 1,86 

Acid acetic 118,0 2,93 16,6 3,90 

Aceton 56,0 1,71 -94,8 2,40 

Benzen 80,1 2,53 5,20 5,12 

Cloroform 61,7 3,63 -63,5 4,70 

Ethyl ether 34,6 2,02 -116,3 1,79 

Phenol 181,4 3,56 42,0 7,27 

Nhiet do soi cila dung dich &foe tinh la nhiet de bAt d'au soi (khi xuat 
hien bot hdi dau tien). Qua trinh soi cila dung dich clula chat tan khong 
bay hdi se lam Wong dung mei trong dung dich giam dam do bay hdi, 
n'Ong do dung dich tang clan, do do nhiet do soi cang tang dan (khac voi 
dung mei nguyen chat có nhiet do soi c6 dinh). Nhiet do soi ciia dung dich 
se hAng dinh khi dung dich dat trang thai bao hoa, vi cung voi sti bay hdi 
cilia dung mei, chat tan se ke't tinh -Wong ling. Tuy nhien, nling do dung 
dich Ric nay rat lon, khac nhi'eu ved dung dich loang, nen phtiong trinh 
Raoult khong con Wong thich. 

2.3. DO ha nhi'Ot do dOng dac cita dung dich. Dinh 1114 Raoult 3 

- Trong die'u kien thulang, met chat nguyen chat se deng dac hoac &mg 
chay ii nhiet do ma tai do can bang giiia pha rAn va pha 'Ong c3 1 atm 
difoc thigt lap. Hinh 8.9 cho thay, nitric tinh khigt deng dac tai 0°C d ap 
suat khi quyen 760 mmHg (1 atm). Tai diem ba cua nitric tinh khi6t t1.1 
bay hdi trong than khong (he kin); can bang cua ba pha rAn - bing - hdi 
dude hinh thanh tai ap suat 4,58 mmHg va nhiet do 0,0098°C. Nhiet do  
deng dac cua int& d diem ba khong trang voi nhiet do (long dac cua nude 

ap suat khi quye'n, nhting dung vdi ap suat hdi rieng phan cua no. 

De ha nhiet do (long dac (Atd) cila dung dich dtiOc chi ra tren hinh 8.9. 
Chu Sr rang, &tang cong can bang RAn 	Long cOa dung dich nam ben 
trai chi6ng cong cua dung mei nguyen chat, nghia la dung dich luon &rig 
dAc d nhiet do thap lion dung mei nguyen chat. Dieu nay có the giai thich 
bang nguyen 1ST chuyen dich can Wang cila Le Chatelier. Can bang gifia 
pha rAn va pha icing bi4u din theo pinking trinh: 
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(H20), 	(H20)1 AHcp > 0 

Nhu vay, qua trinh chuyen pha tii Ran Long luon thu nhiet. Hoa tan 
mot Wong chat nao d6 vao nuOc long, dung dich duoc tao thanh, n6ng do cac 
phan tii niidc trong pha Fang giam xu6ng, can bang chuyen dich sang phai lam 
tang no - tic la nuoc da ming chay. He tu thu nhiet va can bang moi duoc thiet 
lap ci nhiet dO thap hon. 

Ta ciing c6 the hieu nguyen nhan o cap dO phan tit Do cac tieu phan chat 
tan c6 mat trong dung dich can tra nen s6 tieu phan dung moi tack ra hoac di 
vao phin (tong dac cua chung giam xu6ng, dQng nang cac phan ti dung moi va 
theo d6 là nang Wong cUa he (dung dich) cao. VI vay, de dung moi trong dung 
dich dong dac duoc, nhiet do ciia dung dich phai ha thap. 

- Dinh luat Raoult 3 cho biet quan he dinh Wong Oita n6ng dO va d0 ha 
nhiet 4 dong dac cila dung dich qua pinking trinh: 

Atd  = Kd x m 	 (8-24) 

O day, Atd  = t(d)  (dm) - td (dd) goi la dQ ha nhiet dQ &Ong dac cUa dung dich. 

vdi 	t; (dm)  la nhiet di) (tong dac cila dung moi nguyen chat. 

to (dd) la nhiet do &Ong dac cila dung dich. 

m la n6ng dQ molan dm chat tan trong dung dich. 

Kd la hang soy  &Ong dac ciia dung moi, con goi la hang s6 do ha 
nhiet d413 dong dac molan, vi khi m = 1 thi Atd  = Kd. 

Bang 8.12 cho biet nhiet dQ &Ong dac va Kd  do'i vdi mot s6 dung moi. 
Kd(H20) = 1,86 la mot gia tri nhQ, vi du: 1 mol glucose hoac 0,5 mol NaC1 hoac 
0,33 mol K2SO4  hoac tat ca cac dung dich co 1 mol tieu phan chat tan trong 1 
kg nuoc deu dong dac d -1,86°C (n6u xem gin cluing he s6 hoat di) bang 1). 

- giai doan diu chi c6 cac phan tfi dung moi trong dung dich &Ong dac 
lam n6ng dQ chat tan trong dung dich tang din, nhiet 4 (tong dac vi the 
thap din (Atd  tang din). Khi n6ng di) dung dich dat trang thai bao hoa 
thi tat ca chat tan va dung moi ciing dong dac (cung goi la ket tinh hoac 
hoa ran), nhiet dQ hie nay tra nen hang dinh duoc goi la nhiet do Eutecti, 
thanh phin dung dich inc nay la thanh phan Eutecti va khoi tinh the c6 
thanh phin nhu the la kho'i Eutecti. Tuy nhien, -Lacing tu nhu dQ tang 
nhiet do soi, do ha nhiet di) dong 'Jac o nhung dung dich ruing 4 lon gan 
n6ng do bao hoa thi phuong trinh Raoult khong con dp dung duoc nfia. 
Khai niem vo' di6m Eutecti vi the it duoc de cap do'i vdi cac dung dich 
thong thuong, ma chi duoc nghien Gifu o nhung gian d6 pha cUa dung 
dich theo nghia Ong. 
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S6 mol C,H2O, = -= 16,1 mol C21-1602 
62,07g C2 H 60, /lmol C2 H60, 

1kgC2 H 60, (10s g/lkg) 

1000 X W2 M2  = Ks  x = 0,51 x 
x At, 	 100 x (100,149 -100) 

1000 x 10 

Mot s6 van dung cila dinh luat Raoult ve cl8 tang nhiet d8 soi va do ha 
nhiet cl8 &Ong dac cila dung dich. 

+ Bai tap van dung 1: Trong 4450 g nude có chlia 1 kg chat ch6ng thing 
quen thu8‘c la glucol etylen (C2H602). Cho bievt nhiet do sOi va nhiet d8 
Bong dac ciia dung dich nay? 

Gid is 

	

mol chai tan 	16,1mol C2 H 602  

	

kg dung mOi 	4450g H 2 O x 1kg/103 g 

= 3,62 mol C21-1602/1kg H2O = 3,62 m 

Ap dung phtiong trinh (8-23) vdi Ks(H20) = 0,512 (bang 8.12): 

At, = 0,512 (°C/m) x 3,62 m = 1,85°C 

(dd) = t s (dm) + At = 100°C + 1,85°C = 101,85°C 

Ap dung phuong trinh (8-24) vdi Kd(H20) = 1,86 (°C/m): 

Atd  = 1,86 (Tim) x 3,62 m = 6,73°C 

ea)  (dd)  = td (d,„)  - Atd  = 0°C - 6,73°C = -6,73°C 

(Co nhiet dO d8ng dac thap nen_ dung dich nay duds sit dung de ch6ng 
dung trong nhi6u thiet bi). 

+ Bai tap van dung 2: Dung dich chlia lOg sacarose trong 100g nude có 
nhi4 d8 soi la 100,149°C. Tinh kh6i Wong phan tit sacarose? 

Gid is 

Pluiong trinh (8-23) có the vie't dttdi dang khac: 

W,/ M
2 	

1000 X W2  
At, = Ks  x m = Ks 	 = 

K. 
(8-25) 

	

W 	 Ks 1  /1000 	 M 2 WI 

Trong do, M2  la phan tit Wong cila chat tan (g/mol). 

W2 la kh6i Wong (g) chat tan. 

W1  la khoi Wong (g) dung moi. 
Rut ra: 

N8ng d8 molan 

= 342 g/mol 
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+ Bai tap van dung 3: D6 ha nhigt d6 dong dac ciia dung dich 2g 1,3- 
dinitrobenzen boa tan trong 100g benzen la 0,6095°C. Tinh kh6i Wong 
phan tii cila 1,3-dinitrobenzen? 

Gicii: 

Phtiong trinh (8-24) c6 the vigt clang khac: 

1000 x W 
Atd  = Kd 	Kd  x 	

/M  2  = K4  x 	 (8-26) 
M2 X WI 

o day, W1, W2  va M2  coy nghia Wong ti.1 nlitt CI pinking trinh (8-25) cila vi 
du tren. Vi dung moi cila dung dich nay la benzen nen Ka  = 5,12 (xem bang 
8.12) dtioc dita vao bieu thiic tinh: 

1000 X W2 	 1000 X 2 
M2  = Kd  x 	 = 5,12 x 	 = 168 g/mol 

W1  x At d 	 100 x 0,6095 

- Trong ky-  thuat va trong dai song, quy luat d6 ha nhigt d6 &rig dac cua  
dung dich c6 nhigu van dung hi u Ich. 

+ TtiOng of glycol etylen (xem bai tap van dung 1 d tren), glycerol 
(C3H803) cang c6 dac tinh de tan trong nuoc va khong bay hoi nhO 
hinh thanh nhigu lien kgt hydro nen cling la chat ch6ng dong tot. Cac 
loci ca. Bac c-kic tai san xugt trong cci th4 thong mot Wong lon glycerol 
de ha thap nhigt d6 dong dac cua mau, nha do mau cua chung kh6ng 
bi dong dac a nhigt do thap dudi 0°C. 

+ Cho mai an vao thimg ntidc der c6 the tao ra mot ngan sinh han ha 
thap nhigt do xu6ng thap hon 0°C; hoac rai cac mu6i NaC1, CaC12  van 
nhfing ndi khong muo'n nit& (long bang (CaC12  c6 AHht  < 0 nen nhigt 
toa ra khi no hoer tan con gop phan lam tan nu& der dong bang). 

2.4. Ap su'dt therm thgu. Dinh lulat Van't Hoff 

- Sti thdrn 

Theo quy luat tang Entropy, cac phan tii khi khong ngifng chuygn d6ng 
va c6 khuynh huong tai nhien chiem toan b6 khOng gian ch-Cia no. Chuygn d6ng 
nay goi la su' khudch tan. Hign tvdng cang toting tai khi hinh thanh dung dich: 
chat  tan khugch tan vao toan b6 dung moi de tao ra mot he d6ng nhat: 

Neu cho 2 dung dich n6ng d6 khac nhau tiep xtic NT& nhau (vi du, trong 
mot cO'c Ong san mot dung dich &fang dam dac, to rot can than len no mot 
dung dich &thing loang hon) thi sau mot thai gian nao do (do cac phan tit chat 
tan khugch tan tit dung dich dam dac sang dung dich loang, va ngtidc lai, cac 
phan ti.).1 dung moi khugch tan tit dung dich loang, giau no hon, vao dung dich 

W1  /1000 

113 



Dung 
dich 

Chu* 
dung moi 
qua many 

Phan tit 
chat tan 

Phan tit 
dung moi 

Mang 
ban tham 

dam dac), nang do cua cac call tit' (chat tan va dung mai) dude san bang a moi 
phan cila he. Khi do Entropy cila he dat dude cue dai va ski khu6ch tan ngiing 
lai. Ste khue'ch tan ceta chat tan va dung moi vdo nhau c e'san bang ndng cho goi 
la su' khuech tan 2 chieu. Ski vi."c se khac, n6u giiia hai dung dich c6 n6ng do  
khac nhau duoc n.gan each bang mat mang ban therm - mang cho pile') chi cac 
phan tit dung mai qua lai 2 chi6u, nhung con cac tieu phan chat tan thi khang 
th6 di qua. 

Su' khue'ch tan chi cita dung mai qua- mang ban therm goi la sti therm 
thdu. [Mat binh hinh tru bang dat set c6 nhi6u l6 nhO dude tam dung dich 
Bong sulfat (CuSO4), sau do nhiing vao dung dich kali hexacyanoferat (II) 
(K4[Fe(CN)6]) thi tai cac l6 cua binh c6 ket tua d6ng hexacyanoferat (II) 
(Cu2[Fe(CN)6]); mang cellophan; cac mang t6 bao, cac vach ngan gicia cac cd 
quan trong cd the clang vat, thuc vat d6u la nhung mang c6 tinh ban tharn]. 

- Ap suet than). thau: 

Ap suet 
tham thau 

A 

Ap suet ch6ng Iai  
ski tang the tich 

C 

Hinh 8.10. Sti hinh thanh ap suet them theu 

A. Trong qua trinh them thou, mot dung dich va mot dung moi (hogc cg 2 dung dich 
CO Wang d6 khac nhau) dude phan each bgng mot mang ban them. Hinh a'nh pilaf) to 
(hinh dtkii) chi ra cac phan tit dung moi chuyen vac) dung dich nhieu hon. 

B. Ket qua 16 the tich dung dich tang, Wang d6 cc:1'a nO gi6m. Su chenh loch d6 cao 
giCia hai chat long tticing Ong v6i ap suet them theu (7z). 

C. Ap suet them thau dude dinh nghTa la ap suet can thiet tac dung len dung dich de 
no khOng tang the tich. 

Hinh 8.10 la mat dung cu don gian: mat mang ban tham dat a gicia doan 
tong va chia mat Ong hinh chit U thanh 2 nhanh bang nhau. Nhanh ben trai 
chita nude tinh khieet, nhanh ben phai chita dung dich nitric &tang. Ban ,dau, 
mitt chat lOng hai nhanh cao n.hit nhau. Cac l6 	mang ban than]. de' cho 
cac phan tit nitric chuy6n qua 2 chi6u, nhung khang cho cac phan tit &tang lon 
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hcin di qua. Do c6 mat cdc ti6u phan chat tan, so phan tit nitric to tap a phia 
mang chita dung dich it hdn, nen s6 phan tit rut& a phia mang ben kia (phia 
nttOc tinh khiet) chuyen vao dung dich lon hdn trong cfing don vi th6i gian, 
lam tang the tich ciia dung dich va lam loang no. Kgt qua la chigu cao cua cot 
dung dich tang len, con dia cot nitric nguyen chat ha thap xu6ng. Khi ap suet 
thug tinh ciia dung dich (Wong ling vdi trong Wong ciia dung dich trong cot 
mite cao hon) du luc day lin brit mot s6 phan tit nude chuygn vao dung dich thi 
mot trang thai can bang dtioc thigt lap, khi do to-c d6 cila dung //led (so phan tit 
rut& trong ding thai gian) chuygn qua mang 2 chigu bang nhau. 

Ap.  suet thug tinh hinh thknh trong digu kin 	vay dtioc goi la ap 
melt therm theiu (it) ciia dung dich, no Wang ling vOi mot ap suet ngoai can 
thigt dat len bg mat dung dich dg ngan than sit di chuyen cua rat& tit dung 
moi vao dung dich. Can ch-6. Y rang, cap suet therm thdu chi phu thuOc veto so 
lu'dng, ma khong phu thuo2c vao bdn chat clia ccic tdu phan chat tan trong 
dung dich (vi vay, no la tinh chat Ong hop Wang ti nint cdc tinh chat cua 
dung dich tuan theo cdc dinh luat Raoult der lieu a phia tren). 

GiOng vdi cac phan tit khi ly Wang, cdc tigu phan chat tan trong dung 
dich rat loang d xa nhau va khong tuang tac vdi nhau. Doi vdi nhiing dung 
dich rat loang - dung dich ly tuang, 	suet them thau (T) dttoc tinh theo 
phttong trinh cua dinh luat Van't Hoff: 

a day: 

mol." K 

Ap suet than' thau tang theo sit tang cila nhiet d6, vi T lam tang s6 va 
cham dung moi - mang trong mot don vi thai gian. it cling tang theo sit tang 
n6ng do M, vi M 16n clan dgn stt thilc day manh hdn qud trinh pha loang de  
tang entropy trong dung dich. Stt giOng nhau giita phttong trinh (8-27) vdi 

pinking trinh trang thdi 	khi ly Wang (PV = nRT, hoac P — nRT ) cung 
V 

khong ddng ngac nhien, 136i vi ca hai dgu the hien sit Wang quan Oita ap suet 
cue mot he vdi n6ng do va nhiet do ciia no. Khdc nhau la a ch6, ap suet khi 
gay ra bai sit va cham giiia cdc phan tit khi vdi nhau va vOi thanh binh, con dp 
suet them than gay ra bai sit chenh lech n6ng d6 dung moi (tile la chenh Lech 
thg hod hoc t ciia dung moi tip xiic - qua mang ban them). Khi dung dich rat 
loang, n6ng d6 M m (vi khol Wong rieng dia dung dich nitric luc d6 d 1 
kg/L), nen: 

7C = -nR T = MRT 	 (8-27) 
V 

n la s6 mol chat tan trong the tich V (lit) ciia dung dich, vay n/V 
la n6ng d6 mol/L, n6ng dO M. 

T la nhiet d6 tuyet dOi cita dung dich. 

L.atm 
R la hang s6 khi van nang = 0,082 	 , it c6 don vi la atm. 
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it = mRT 	 (8-28) 

GiOng nhU khi 1ST Wang d di6u kien tieu chuan, 1 mol chat tan c3 0°C (273°K) 
mu6n c6 ap suat them than latm thi the tich dung dich phai la 22,4 L, 

1 mol x 0,082 	
L.atm 

 x 273°K 
nRT mol." 	K  V (L) =  	 = 22,4 L 

1 atm 

Ap suat them thau la bik hien cila nhieu loai hic quan trong. Vi du, 
dung dich 1,0 M hoac 1,0 m cua cac chat khong din ly va khang bay hcii trong 
nueic a 0°C c6 it ,==, 22,4 atm. 

+ Trong Y-Dtioc ngtfai ta con quen dung ddn vi khac cua it la Osmols 
(viet tat Osm) voi dinh nghia: Osmols la ap suat them thati cila dung 
dich chlia 1 mol (gam) chat tan khang dien ly trong 1 kg milk tinh 
khiet hoac 1 kg dung moi tinh khiet (tile la dung dich 1 m theo ang 
do molan). 116c thap phan cua Osmols thuOng duoc std dung la 
milliOsmols (viet tat mOsm) voi quy dai: 

1 Osm = 1000 mOsm 

- Vai tr6 cua alp suat them thau: 

Bao quanh moi t6 bao song la nhfing mang ban them quan trong nhat. Vi 
very, vai tro cua ap suat them thau duoc tim they moi ndi trong thien nhien va  
trong cac gi6i sinh vat. 

+ Su them  thau la mat trong nhung con &tang co ban de cac phan tit  
nu& (dung mai) vao - ra cac t6 bao qua mang ban them. Co nhfing 
mang cling cho phep mat s6 ion va tieu phan chat tan n116 di qua mat 
each chon loc. 

Trong cac,  t6 bao song la nhfing dung dich - bad Wong. Ngtfai ta goi mat 
dung dich la dang tru'dng neu dung dich do c6 cling tieing do cac tieu phan chat 
tan nhtt trong dich to bac). Vi ap suat tham thau ngoai va trong t6 bao bang 
nhau, s6 phan tit node vao - ra t6 bac) v6i cling t6c do, nen trong dung dich 
clang tracing cac t6 bao gilt nguyen hinh clang binh thuong„ Mat dung dich goi 
la nhu'o'c tru'o'ng khi nting do cac tieu phan chat tan cila no thap hdn trong dich 
t6 bao. Do ap suat them than not bac) 16n, nude bi keo vao trong t6 bao. VI the, 
cac t6 bao dat trong dung dich nhttoc trtiOng bi tnidng phang va va ra. Nguoc 
lai, dung dich u'u truVng la dung dich c6 nting do cac tieu phan chat tan 16n 
hdn dich t6 bao. Neu dat cac to bao vao trong mat dung dich nlru the, node bi 
ht t ra khi cac to bao va lam cho thong teo lei. Nguyen nhan la ap suat therm 
than ngoai ban lon hon ap suet them thau not bac). 

+ Ap suet them than binh thuang cua mau va cua hau het cac dich trong 
cd the ng-U6i Eden dai trong khoang 7,0 - 7,5 atm, trung binh la 7,3 ± 
0,1 atm hoac 275 - 295 mOsm, trung binh la 286 ± 4 mOsm. 
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Trong chuyen nganh Y-Dtioc, nguoi ta goi cac dung dich clang trilcing, -au 
tracing hoac nhuOc tnidng la so v6i ap suet therm thau cua mau nguai trong 
gioi han neu tren. Neu sai khac 1 atm hoac 50 mOsm so yen gia tri trung binh 
(7,3 atm hoac 286 mOsm) IA bleu hien cila nhfing benh 1ST nang (nhu benh gan, 
suy than, shock tan mau, ure huyet, nhiem dOc...) . B6n ion sinh hoc thigt 34u: 
Na+, Ic+, Mg' va Ca' - c6 vai trO digu tiet the tich dich cd the a ngu6i va moi 
&Ong vat. Ion Na+ chiem hon 90 mol% dm tat ca cac cation ngoai bao. N6ng do  

cao se keo nuoc ra kh6i to bao b6i ap suet therm thau ngoai bao Ion. NOng 
clO 	thap, nu& bi but vao trong to bao b6i ap suet nOi. bao cao. Very, vai tr.() 
co ban cita M.+ la digu chinh the tich nLtdc trong co the, con mot trong nhfing 
vai tro cci ban dia than la digu chinh n6ng dO Na+ thong qua co chg digu tigt . 
huygt ap - than kinh - hormon. Dung dich truygn tinh mach voi the tich lon de 
nuoi duong (vi du, dung dich glucose), de duy tri the tich mau va can bang 
dien giai (vi du,. dung dich NaCl), hoac de digu tri benh (cac dung dich thu6c) 
luOn can phai clang truong v6i mau ngu6i, nghia la c6 ap suet therm thau trong 
gioi han 7,0 - 7,5 atm de cac to bao hang cdu khong bi truong vd hoac teo lai 
(vi du, dung dich glucose 5%; NaC1 0,9% la nhfing dung dich Bang trttong). 
ThuOc nh6 mat, the mat phai clang truong voi dich mat de khong lam bign dOi 
the tich cac to bao giac mac (vi du, rnt6c mu6i sinh ly la dung dich NaC1 0,15M 
- Wong &tong 0,9%, dung de rita mat). Nguoc lai, nguai. ta tao ra m8i truang c6 
ap suet therm thau rat lon de bao quern cac &toe chat cluoc lau dai, vi trong mOi 
trUong ay cac t6 bao vi khuan, bao tit nem bi but kiet nude va chgt (vi du, sire) 
thu6c la dung dich dam clac - hon 60% &tang trang co chiia cac duoc chat, dich 
chigt duoc lieu va chat  thorn). 

ThuOc ldi tieu do therm than co co the lam tang ap suet them thau 6 6ng 
than de thu but nhigu nu& ve than r6i bai xuat qua nu6c tieu. Vi du, cac dung 
dich tiem tinh mach cila ure, manitol, sucrose; cac thu6c furosemid, 
chlothiazid... gay ldi tieu trong digu tri phn lido, tang huygt ap, tang nhan ap  
(glocom cap), phu phOi va de deo 	, thai cac chat clot qua than. Benh nhan suy 
than nang can dtioc them tech mai loai b6 cac san pham chuyen hod (nhu 
creatinin, ure, acid uric), nhung gift lai cac chat can thigt cho co the (nlau 
glucose, chat dien giai, acid amin). May chay than nhan tao la mot he thong 
mang ban therm clac biet thiic hien qua trinh therm tech matt. 

- Si therm thau va ap suet therm thau coy nghia lon lao trong ct6i song 
sinh vat va trong iing dung phut vu con n.guai. Cac chat hoer tan trong 
nhtta cay tao ra dung dich dam dac ma ap suet therm thau cita no c6 the 
lon den 20 atm. NhO mot bac thang therm thau tang den tit r6 cay len  
ngon cay ma milk va dich dinh &tang therm qua cac mang c6 the len cao 
hang chuc met. Ca nude man thich nghi voi ap suet therm thau lon cua  
nitric bien (khoang 25 atm, vi nu& Wen chlia - 35 g muoi trong 1 lit) 
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TC 

khong the sang trong nttdc ngot có Ai) su'at thanithau.nhO (chi khoang 1 
atm) va 	Ngam trong mat ong cac:dUcic lieu quy; hoac'itdp mot 
lop mu6i len' thuc phOrn de bao quan 1a.0 dai la chfa tren co the diet 
khuan nhti vi du v6 siro not tren. 

Neu gay ra met ap lac tren dung dich 16n hon. ap 'sua.'t therm thau- Cila no 
thi dung rnoi bi day ngttoc ra khOi dung dich qua:mai-1g ban therm. Qua trinh 
nay goi la sit thOrn than nguoc, Hien nay, phtiong phap them that' ngtioc qua 
mang ban therm (lam bang seri cellulose acetat hoac polyamit) dude van dung 
n037 cang ph6 hien d nhieu qu6c gia de bier]. nude bien thanh . nuOc ngot vi quy 
trinh san xuat don gian, khong ban nhiet 	chttng cat, 'chi phi thap. [theo 
plitiOng phap nay, cac nha may 6 thanh ph6 Sarasota, Florida (my), hoc 6 cite 
mace yang Vinh nhu CO:oet, A-rap Xe-Ut clang san xuat nhieu trieu gallon 
nuOc m6i ngay (1 gallon 4 lit)]. 

- Bai tap van dung 1: Vi sao dung dich glucose Ccfl,206 (M = 180) dUng 
tiern truy6n lung ldn vao tinh mach ngoai vi cho benh'nhan de bit mat 
nu& hoac de nuoi,duang, phai co n6ng d6 5% trong intdc? 

Gidi: 

Xem gen thing dung dich glucose 5 %o, co d = 1,0 g/mL Ira sit dung phticing 

trinh (8-27): zc = —RT de tinh toan. Luu y rang, 6 day T phai lay phis hop 
V 

vOi than•nhiet tiguoi binh thtiong la 37°C. Dua cite s6 lieu vao phutong trinh, 
thu duoc: 

= bira 	7,06 atm 

rs  Vay, dung dich glucose' dung tiem truy6n hicing lon phai c6 n6n:g do la 5% 
vi dp suet therm thau cilano,dang trtiong veil man ngttoi. 

- Bai tap van dung 2:'Pepsin la . rn'et enzym phan giai protein c6 rnaftrong 
6ng tieu hoer: Met q-n'au 0,500 g pepsin da'tinh the trong 30,0 mL thing.  
dich nitoc 'có apsuat thOrn than la 8,92 nimHg'a 27;0°C:Tinh phan-ttit 
luring cua pepsin 	 3.1;. , 

;':) 1 	 1.13 	 fdhlti 	- 

8"Ap dung pliang trinh (8-27).: 	 'gill; 1311°11 	fintkl 
611.1 	 . 	:a Di'-:!f.) fn. 	ri'Ab !limb El 01.0 ,iflo IA) ftlf, 

TC = MRT = 	RT hoac n = 	 
OE:,) f!;“ 	 . 	 V 	 rif)tb 	finfirwri Am vii rio11-1 

pita cite da heti vao plaucing t ' h h 	'd- 02)"(15  rm , c uyc yen Q1 	 g ti.anh 
atm de co aing danvf ;VoiTR,'thu &roc: 	.IIJB cS ficoilA) cr.61d 

Sg C61-112 06 	1000mL f120/1 

180g C61-112 067m01 	100mL H 20 
x 0,082 

L.atm 
(273 + 37)°K 

mol.°  K 

1181 



47 	 -T;,,oartripmeir porippipirrre_ 

atrii 	Iilinflb 

	

I /8,92unHgx  	3,03oo  fir: I760mmfg   

1,43 x 

.atm 
0,082 

). 300c) K b 	rift) 

0, ,, 
(;)Yrrg o9d t dub " 

.f`H 

'1! 

dii  
mol. )̀ K), 

10-5  mol pepsin 
f 	It 

Ion trung binh cna cac protein.: 	 n 1611  

Chu Y rang, do ha nhiet do Bong dac cna dung dich pepsin no'ng do loang 
nhu vay chi vao khoang 0;0009°C - met gia tri rat kho do Wang chinh xac, 
trong khi dp swat therm than 8,92 mmHg duoc' xac'dinh Met each de clang va 
kha don gian. Di6u nay giai thich vi sao nguoi to thuong xac dinh phan tip  
luring cac chat nho dinh luat Van't Hoff v6 dp seat thanith.au., 

3. TINH CHAT CUA DUNG DICH CAC CHAT DIE' N LY 

:Cac: tinh chat. cna dung didh tuan. theo dinh lua.t Raoultva.Van't: Hoff, chi 
phn thuec vao :s6.hat (s6 ti6u phan),  chat tan. trong :mot kholluong xac, 
cna dung mei. 	 w,  

Nhu vay,.chnng.ta di kie'n rang de tang nhiet do soi .(A.t.$);cna dung dich 
NaC1 0,050 m trong mioc se la 04) hailan dung dich glucose 0,050, a vi m6i don 
vi cong thfic NaC1 khi dien ly:tach thanh hai 	;phan. (hai ian:Na'i va 
the met he so gia tang can duck dtta: vao cac phtiongtrinh cna.Raoult varVan't 
Hoff d6i vdi dung dich cac chat dien ly. Do là he so Van't Hoff ,  (i).; met: q7 
gifia gia tai cac tinh chat do dude tren thug n.ghiem dol vdi, dung dich., chat dien 
ly va gia tri ay dude tinh theo cac pfiti6ng trinhd6i*i.eil dung dich chat khong 
dien ly li  

9nothil Gia tri do duos cho dung dich chat dien ly 
•1 	, 	: 	 . 	"..i 	(lob  i 

Sri Vi..1 EL 601 11.1;011 	Gia,,tri tinh duccc cho dung dioli:04t,khOng dien ly, 61,j grin 

nth' Nliff vay, de tinh cac dai luring '&4 trUng 'cho dung dieh chat diefi'ly, 
s0'  i t  can n dude nhaii van' 'cac rihtfong.  trinh:.'" 	"9V- Ljgfi ,N"-(-"  "1E-) 991i -60.14-  
fhl± 	 c_.{.Lui 1ft oh .D.  G1/1 	grimb gnoll irud guii;r0 	p.ao 

ha-ap sprat hc4: „ L.-3 ucI  ,E- 4:k 27} iiNacgt-pmdrudril ot.;J Ern 13 sb ii;  

id` 	 iff -1 in6J-.4)bdan 	kifiri nod 116irla Doi 	d6 tang nhiet do soi: 	Ats: — 
fro= 	 r,1114. .1 '1101 rnith" 	 oo "rum risvllp 

POi vOi 4 ha nhiet cm)  dong 	 - !.. 	„ , I 	. ) 	grfu.on 	11.1i0f1 had 

DoIvOi a.p suat tham 	Llii) 	 r{oIi nib tied .cfsgoiib 41-1 

NhU'vay, 0,500 g pepsin la 1,43 x 10-5  mol. Tin kh6i luOng mol cna no: 

0,500 g 
ifb 	? g/mol 	 .3,5- 	g/rnol 	lig is,  

1,4.3 10-5  mol . rfl 01 .0 16.A doll) 
Phan-tn Wong cna pepshlgan .thingla 35000 dyne', 	trung cho clo  



Ngu dung dich dien ly la ty Wang, nghia la moi thin vi ding thitc cua chat 
tan dien ly hoan toan ra cac ion, thi i = 2 cho NaCl; i = 3 cho Mg(NO3)2; i = 4 cho 
FeC13... Thiic to cho bigt hau hgt cac dung dich dien ly la khong 15T Wang nen i 
nhO hdn cac con s6 du doan tren. Vi du, do tren thtic nghiem thi dung dich NaC1 
0,050 m da neu o tren cho Ats  = 0,049°C, con dung dich glucose 0,050 m khong 
dien ly (i = 1) tinh theo phiicing trInh (8-23) cho 0,026°C, ta tinh ditOc: 

At cua dung dich NaC10,050 m 	0,049°  C 

1 
=     = 1,9 

Ats  cua dung dich glucose 0,050 m 	0,026°  C 

Nhit vAy, i = 1,9 chit khong phai bang 2 nhu du doan. Thong tit, dung 
dich KBr 0,10 m va KBr 1,0 m trong nude cho Atd  do duoc tren thitc nghiem 
lan liidt la 0,349°C va 3,29°C, con tinh theo pinking trinh (8-24) cho cac chit 
khong dien ly cling a hai n6ng do Ay (0,1 m va 1,0 m) tuong ling la 0,186°C va 
1,86°C, \ay: 

0,349°C poi voi dung dich KBr 0,10 in: = 	1,88 
0,186°C 

3 29°C lJoi voi dung dich KBr 1,0 m: i = — 
	

1,77 
1,86°C 

O day, ta có nhAn xet: ding met chAt dien ly, ang (16 thAp i lon hon. 
Thiic t6 la, a n6ng to tang loang cac dung dich dien ly tang gdn toi ly titang, 
nghia la i tang gdn toi nhung s6 nguyen dung bang s6 ion tach ra to met don 
vi tong thitc cua chat dien ly da cho. 

Bang 8.14 cho bigt cac gia tri i dia dung dich ly Wang va i 6 cac dung 
dich có n6ng de khac nhau doi vdi cac chAt dien ly manh hoa tan trong nuoc. 
Chu Y la, cac ch'At dien ly ygu trong nu& có i > 1 chi t it; cac chAt kh6ng dien 
ly hoa tan trong nu& hoac cac chat tan hoa tan trong cac dung moi khong 
phai nit& có he s6 i = 1. 

Qua bang 8.13 ta thAy cac gia tri i do dttoc 6 moi n6ng de dgu thAp hdn i 
1Y Wang tinh theo met don vi ding thitc. Sai lech nay chiing -CO cac ion trong 
dung dich khong phai IA nhung tigu phan hoan toan doe lap. Sit sai lech tang 
lon khi don vi tong thitc có chi a ion dien tich 16n. Nhung sai lech do &tang 
nhu trai voi sii thAt la cac hop chAt ion dign hinh phai dien ly hoan toan trong 
dung dich, bai le ngay trong tinh thg chting da la cac ion rieng biet. Cac nha 
hoa hoc cho rang, nguyen nhan cua sii sai Lech la do sit hAp dan tinh dien Oita 
cac ion. Chang han trong dung dich NaC1, do sit hAp dan Oita cac dien tich 
trai dAu ma tao thanh cap ion [Na+C1-], .be ba ion [NATI-Nal va sit to tap 
nhigu hon nita (khi neing do lon) thi moi ion ctuoc bao quanh bai met "khi 
quygn ion" tao thanh nhiing "dam ion". Nhu vAy, cac chAt dien ly manh ion 
hoa hoan toan, nhung cac ion lai khong hoan toan boat tong tit do nhu nhiing 
hat doh lAp. Ion dien tich 18n, h e h'Ap dan tinh dien tang 16n, cac dam ion tang 
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de  hinh thanh nen tang sai lech voi he so i 1ST tu6ng. N6ng d6 hoat Ong thuc, 
goi la hoat d6 hay n6ng d6 hieu dung cila chat tan luon nh6 hdn n6ng do tinh 
theo cong thiic, nen i thuc nghiem luon nh6 hdn i 1ST tuang. 

Bing 8.13. HO s6 Van't Hoff i thu'c to Ira ly twang cua cac chat kheing dien ly 
va dian ly manh trong dung rneji nu'dc 

Hop chgt i cho dung dich 1,0 m cho dung dich 
0,10 m 

i cho dung dich  
0,050 m 

• Kh6ng die'n ly 

Glucose, C6H1206 

Sucrose, C12H22011 

1,00 (19 twang) 

1,00 

1,00 

1,00 (19 tu'ang) 

1,00 

1,00 

1,00 (19 Wang) 

1,00 

1,00 

• 2 ion/don vi cong thac 

KBr 

NaC1 

2,00 (19 Wang) 

1,77 

1,83 

2,00 (19 Wang) 

1,88 

1,87 

2,00 (19 tireing) 

1,90 

• 3 ion/don vi cong thCrc 

K2CO3  

K2CrO4  

MgCl2 

3,00 (19 twang) 

2,39 

1,95 

3,00 (19 tu'ong) 

2,45 

2,39 

3,00 (19 Wong) 

2,70 

• 4 ion/don vi cong thCrc 

K3[Fe(CN)6] 

FeCl3  

4,00 (19 twang) 4,00 (l 	tilling) 

2,85 

4,00 (19 hieing) 

3,40 

Bai tap van dung: Acid lactic, C2H4(OH)COOH, dtioc tan thanh trong siia  
chua. N6 cang duoc hinh thanh trong cd khi van Ong g'Ang sfic va gay 
cam gide dau. D6 là mot acid yeu don chile, vi vay clang la chat dien ly 
ye-u. Nhiet d6 &mg dac cUa dung dich acid lactic 0,0100 m trong nu& la -
0,0206°C. Hay: 

a. Tinh he so i cila dung dich acid 6 n6ng c16 da cho. 

b. Tinh % s6 phan di acid da ion hoa trong dung dich nay. 

Gicii: 

a. Trude het tinh m(hieu dung)  tiic n6ng c16 hoat d6ng thiic 

Atd (thue I:6' do) 	= 	Kd (H20) X m(hieu dung) 

(hien dung) 
At d (auk L6 do) 	0°C - (-0,0206°C) 

- 0,0111M 

Kd (H20) 	 1,86°C/M 
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, ■-affij (job 	 L;;}Li ,1 	6=D  

&ill oh T4..{16“ 	 ,Q,0100 m 

'Urlt  cho 

KST hieu acid lactic = HA. 

Goi xJa nong do riiolaq cia aeid 1actic da'dien ly ra cac ion (cta-  ion hod). 
Theo dO, co the thanh lap cac quan h sau: 

r 	, 

	

, 	 HA  	 A 
00:r 

Ban du: 0,0100 m 	0 	0 
00  r 

 
Bien doi -x m 	 +x m +x m 

	 Cuoi ciing: (0,100 - x) m 	'X m 	x m 

Mai(eu dung) = MHA 	 m 	m A r."31:30 
= (0,0100 - M + xm 	xm 	0,0111 M - - 

, 	sob\1101E (prrco 	 :  

Rut ra, x = 0,0011 m = M(ion hoa) 

0, 	m 
Vb. % dien ly = 	

0011 
	 x 100 % 	11 % 	 A 
0,0100 m 

Vay, chi có 11% s6 phantif acid lactic hob. tan là dienly thanh cac ion H+ 
vb. ef2814(OH)C00-. Con 89% khong dien ly nhm dang phan tit riguYen yen 
trong dung dich. 

	

"g11011 	.̀.)Y.ij 	HOCYJ 171 0/ 11 J..) 
BV otra 	 ifi)v ifi 	1iOti 	d11ii 0. :-0  

TOil) 	gilfp) 	if 	 loril 

- fi )tiJfl f1Ofl m 0010,0 	 flob 	.1/61, 
: 

fl) (tb 	 ±.db 	 JO .311 di-in .ii 

yfift 	 15;2. ,:r!:` 

261 	 (-)b %nor' f.)bi f oh „i rri 	f5r1 )6`.1"sir.r 1  

1111110,0 
kT )000,0-) - D00 

M D°081 
0;30, o111 

b. % dien 	= M  (ion hod') 
	  X 100% 
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Mc:1C TIEU 

1. Gidi thich cac khcii niem a, i, A, K, hoat do (a) vet he so'hoat d(f). Lap du'cjc ccic 
phu'o'ng trinh quan he va tinh ctu'o'c gici tri ceict cdc ctai lu'o'ng 

2. Trinh bay cdc diem giong nhau vet khdc nhau cact 3 ly thuYet ye acid - base. 

3. Vdn dung thuyet Bronsted - Lowry, tinh du'vc pH cua mot so dung dich cac chat 
trong dung mai nu'oec. 

4. Trinh bay khcii niem vj dem,,  chi thi mew vet tich ,so" tan. Chi ra n,hieng van 
dung thu'c te"ceta cdc khdi niem áy. 

r4ib (ILI) CC th (nor 	qiyi) Ito! i0s1 -(4114.111 	61-II 14111A ILI feiriA IIIIII DE/1 
&Laub ifyi c1.yI 1.01 1'AP:111 ';e1.3 .11 	Chung 9 ;1-1 Dbun :t.A.acrlf 	-gram ic171 

.d'Ab p,1111b -gnord noi 

giuy; 	 DUNG DICH CHAT DIEN LY 1A ci"i"/ "11  
td 	.nYfd1i ■;e:1.17 .1; 	 1lor..171. 'Orb 	i;od 

Ib yMb 	.(2-() 	gnOinig- 	 not Id 1:.ffi ,D6'1.111 	-gra's 

90:0' 	 rHJ 	 (JAI .)/7.4") 	 (16cf>1 'Ff. rm!.  ,•2ri- i-s".-;t 71.sTft 

(xl) ,r1 nib M{ 	t 
Nguyen nhan chinh ca sli din ly phan ti thanh cac ion là do ttiOng tac 

giüa phan t chat dien ly va cac 14-,40,ta chmg moi, dgAqt0 than-1110.0, i0.7v,s010Atc. 
hoci (trong dung mei noi chung) hodc cac ion hydrat hod (trong dung mei nit6c). 

— Khi cac chat dien ly tan trong nvoc, chting ton tai dad clang ion trong 
(1,A)dung dich bi"eu thi theo nhiing phdong trinh: 

,mb'r NaC1 + aq 	Na (aq)  + Cl (,„i) 	 (9-1) 

HC1 + H20 	---> 	+ jj'.1•""LIfl 1i finib 	(9-2) 
no! 	 141I.A0. 	H.3cr.,,Lp,)61,c,00_ 	 - A9_ 3)  

d-r"31-0 1 iii& khong xac 'clinIM) tigted'nediVd b© qua de laM" cax 
t.)n 'g1(011 

.1101 ',9,n0.) .1dy 	 guk.;.b 	 fino 1111 u6i(-1 (1.11fij 	 rbifign: 

.10 no') 	Ov 	od 11k/ 1)1:)1; '.)11") B 	 re(J iV LimODi.v) 

	

iL lib) 'Oa &V 1.611111 11 k:. 	;(..11/0 6 t:i21 	,)td iv 

T -11.41, 
1. TRANG THAI CUA CHAT DIE N L Y.  TR, ONG DUNG DI C 	[,( I/fp ),A 

1:1. Dinh nghia - Phan loai chdt dien 	ISI31)  .3;" 	Lid) 161" 
ot"  

— Nhiing chat khi hod tan trong dung m6i ma cac phan ti1 cia chting phan 
ly thanh ion goi la chat dien ly. 

phliong trinh, nhiing khong thioc vie't 1-1+tii do trong nude). 



NaC1 tinh khigt la tinh the c6 mang Midi ion (hop chat ion) nen (fan dien 
khi nong chay. trong /Woe, nuoc se boa tan tinh thg NaC1 va tach rai thanh 
cac ion trong dung dich. 

HC1 tinh khigt ton tai chu ygu a dang phan -at trung hoa (hop chat ceng 
hod tri) chit khong phai g6m s'an cac ion, nen khOng dan dien. Tuy nhien, khi 
phan itng vdi nu6c, HC1 bi ion hoa (dien ly) theo pinking trinh (9-2). O day chu 

ngay rang, ion H+ khong ton tai d6c lap trong dung dich nti6c. N6 phan ling 
hoan toan vdi met phan tit H2O (qua met cap electron ti do) tao ra ion H30+ 
goi let ion hydroni hoac ion oxoni. Ion H30+ c6 cau true hinh thap gigng nhu 
NH3. Ngoai H30÷, trong dung dich con ton tai cac dang hydrat hod khac cua  
proton (IV). 

NaC1 va HC1 la nhung chat dien ly manh vi chung gan nhu ton tai hoar' 
toan &Lich dang ion trong dung dich nil& d nOng do trung binh. Cac acid vo cO: 
HC1, HBr, HI, HNO3, H2SO4, HC1O4, HC1O3; cac base vo cd nhom kim loci 
kigm, kim th6: LiOH, NaOH, KOH, RbOH, CsOH, Ca(OH)2, Sr(OH)2, 
Ba(OH)9; hau hgt cac mu6i vo cci va hiiu cci dgu thuec nhom chat dien ly manh. 

Tra lai phan ling (9-3), acid acetic la met chat dien ly ygu, mai ten thuan 
nghich trong pinking trinh bigu thi can bang giiia clang phan tit va dang ion. 
Hau hgt cac acid va base hilu co; tat ca cac acid va base vo cci con lai (trif 
nhang acid va base da kg d trgn); mot s6 it mugi ye cci (chi acetat, Hg(CN)2, 
HgC12, Hg2I2, Hg2Br2) va cac ion phlic bgn (nhu [Hg(NH3)2]+, [Cu(NH3)4]2+, 
[Fe(CN)6]3+, [HgI,]2+, ...) dgu là nhiing chat dien ly ye-u. 

Sit phan chia thanh cac chat then ly manh va ygu chi la Wong dal, vi de 
dien ly con phu thuec vao n6ng de chat tan, tinh chat cila dung mei va nhigu 
ygu to khac. 

1.2. DO dien ly (a) 

1.2.1. Dinh nghia - Cac ye-u to tinh hming 

Bo dien ly a la tS'T so ciia so phan tit dien ly va tong so phan tit hoa tan: 

S6 phan tix dien ly 	
(9-4) 

Tong s6 phan tir hoa tan 

dinh nghia tren, suy ra 0 	a 	1 

a = 0 khi "(hong c6 sit dien ly (vi du, dung dich cac chat hail co khong ion hod). 

a = 1 khi c6 ski dien ly hoan than (vi du, dung dich cac acid, base manh 
ang do loang). 
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Nguai ta cling bidu thi a bang % va qui uoc, ngu dung dich chat c6 ang 
d8 0,10N d 25°C ma: 

30% la chat dien ly manh. 

3% < a < 30% la chat dien ly trung binh. 

a < 3% la chat dien ly ydu. 

- D6 dien ly phu thutic vac) cac ygu 

+ Bcin chat dui chdt tan. Theo chigu sap xdp tii phan to ion, phan tii  
phan clic nhigu hay it, phan tis khong phan cuc, not chung su dien ly 
bat 10i dan dgn khong thd dien ly 	Sts then ly cua chat tan con 
phu thu6c cu the vao ban chat cua moi chat dien ly, nhii ban kinh va 
dien tich cila ion, d6 phan chic cua ion va phan tip, nang Wong mang 
Midi, ski hinh thanh cac lien kgt phu chat tan -• dung moi. NhUng ban 
chat ay lam cho moi chgt diOn ly c6 mot gia tri a rieng trong ding mot 
dung moi va d cungnhiet 

+ Bdn chat cua dung moi. Dung moi phan chic tang lon (phan tii c6 
momen 	cult ion) gay ra ski dien ly tang manh; dung moi khong  
phan cuc (liphan  = 0) thi khong gay rasu phan ly chat tan. Dd so sanh 
kha nang ion hod khac nhau cua cac dung moi, nguOi ta dung dai 
hiOng goi la hang so diOn mai e, d6 la mot so (khong this nguyen) chi 
cho bigt list tac dung gitta hai dien tich cua phan to dat trong dung 
moi nhO hdn bao n.hieu Lan so voi laic tac dung trong than khong. E phu 
thu6c vao d6 phan cue pt, cUa nhUng phan tit dung moi. c tang lon dung 
moi tang phan cuc va gay ra su ion hod tang manh, a tang lon. Bang 
9.1 ghi hang so (hen moi cua mot so-  dung moi thong dung 25°C. 

Bang 9.1. Hang s6 cliOn moi e cua mot s6 dung moi 6 25°C 

Dung moi E Dung moi E 

Hydro cyanid 110,0 Ethyl acetat 6,0 

N tiac 78,5 Chloroform 4,8 

Glycerol 42,5 Diethyl ether 4,34 

Methanol 32,6 Carbon disulfid 2,64 

Ethanol 24,3 Toluen 2,38 

Aceton 20,7 Benzen 2,27 

Isopentanol 15,0 Carbon tetraclorid 2,23 

1-Pentanol 14,0 Pentan 1,84 

Phenol 9,8 
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Milk o dieu kien thtiong c6 E = 78,5 nen trong dung dich ntiOc, 14c but 
gifia cac ion se —79 ldn be lion so voi trong tinh the. Ntioc c6 hang s6 dien moi 
lon nhat trong s6 cac dung moi thong dung, nen int& la dung moi rat tot hod. 
tan rat nhieu chat khdc nhau [mat khac can chu Y, n6u co su hinh thanh hen 
ket phu, dac biet la hen ket hydro, gilia chat tan - dung moi thi hang so Bien  
moi E co khi khong con gilt vai trO guy& dinh. Vi du, HC1 ion hod rat manh 
trong ethanol (6 = 24,3) hon la trong hydro cyanid (E = 110,0) vi gifia HC1 -
ethanol c6 hinh thanh lien ket hydro, con giiia,HC1 - HCN thi killing. Theo do 
to thdy, dac tinh rieng cad. 2 cau tit chat tan va dung moi c6 mot y nghia lon 
doi voi sit dien ly nini the nao]. 

+ Gici tri cUct a phu thudc ndng d6. Khi nemg dO cac ion trong dung dich 
tang, cluing de" va cham nhau tai tao lai phan tit ban ddu, a giam. 
Ng-0c lai, dung dich cang loang, a cang lOn. Quan he gnia n6ng do C 
va a con duct thay lai trong dinh luat pha loang cita Ostwald. 

+ Gia tri caa a phu thu'Oc nhiet di) T. Neu qua trinh dien ly thu nhiet 
(OH > 0) thi T T, a T va ngtioc lai. Neu qua trinh dien ly phat nhiet (AH 
< 0) thi T C, a 4,  va nglioc lai. Nhv da biet, qua trinh hydrat hod la 
phat nhiet, nen nhin chung T T lam can tra qua trinh do, a Tuy 
nhien, khi nhiet hydrat hod ion khong cung cap du cho qud trinh dien 
ly thi viec be.; sung them nang lacing tit ben ngoai la can thigt, hic do T 
T, cc T. 

— Vi du 9.1: Nu& khi phan ly hap thu nhiet dang ke: 

H2O + H2O 	H30+  + OH- 
	

Ott = 55,9 kJ 

Vi vdy, khi dun ming, dO dien ly cua nude tang len manh. Dieu do c6 
nghia lOn doi v6i nhieu phan itng trong dung dich mtoc. 

+ Su' có mat mot trong nhiing ion cang ten voi chat dien ly trong dung 
dich se lam giam di) dien ly a. Bai vi, qud trinh dien ly cling thie't lap 
can bang gifia cac phan tit khong .dien ly va cac ion dm no trong dung 
dich. Khi co mat ion cang ten, can bang dien ly bi day lin lam a giam. 

Vi du 9.2: CoC12. khan ritioc có mau xanh, la chat dien manh. Khi dien 
ly trong mfoc, ion hydrat dia Co' có mau hang va trong dung dich thiet 
lap can bang: 

CoCl2  + aq 	CoNaq) + 2c1-  (aq) 

xanh 	 h6ng 
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,Khi them HC1 dac vao dung dich, tfic IA them rat nhigu ion cr, can bang 
bi day lui rat manh sang trai, Tan mitt trong dung dich ton tai chu you cac 
phan tip CoC12  khong dien ly, .mau ciia dung dich chuy'en -al hang sang xanh. 

Sit chuyan dich can bang dien ly rat thuang gap trong nghien cuu cac 
tinh chat cila dung dich. 

Vi gia tri cila a phu thuac nhigu yau to nhu da ke tren, nen muan so 
sanh do dien ly gifia cac chat can phai tign hanh trong ciing digu kien. Bang 
9.2 ghi tri s6 a cila mot s6 chat. 

Bing 9.2. Gia tri de) dien ly a coa 1744 s6 chat a neing do  
0,10N trong dung dich nu'Uc va a 25°C 

Chgt dien ly a 
Tinh theo 

% Chat dien ly a Tinh theo 
% 

Acid Base 

HCI, HNO3  0,90 90 KOH, NaOH 0,90-0,95 90-95 

H2SO4  0,60 60 Ba(OH)2  0,77 77 

HF 0,08 8 NH4OH 0,014 1,4 

CH3COOH 0,014 1,4 

H2003  0,0017 0,17 Mu6i 

HCN 0,0001 0,01 KCI 0,86 86 

H2O 1,8.10-9  1,8.10-7  MgSO4  0,45 45 

1.2.2. Quan he giiia a va i 

• Neu cho m phan tit vao mat the tich nvoc, gia thiat masi phan tit phan ly 
ra y ion, va a IA do dien ly, thi: 

ma IA s6 phan tit phan ly, se tao thanh may ion. 

m(1-a) IA s6 phan tit khong phan ly. 

Tang sa tiau phan trong dung dich = may + m(1-a) = m(1-a+ay) 

He s6 Van't Hoft: 

S6 tidu phan thuc có trong dung dich 	m (1 - a + ay) 
i = 

	

	  
S6 phan tit hoa tan 

- rut ra: 	a = 1 	1 	
(9-5) 

y - 1 
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y cila m6i chat da bigt (vi du, NaC1 c6 y =2; Na2SO4  coy = 3; Na3PO4  c6 
y = 4; ...), i c6 the xac dinh dUoc bang each do AP, Atd, Ats, it. Vay c6 the tinh 
&roc dO dien ly a (xem vi du a muc 3, chuong 8). 

1.2.3. Quan he giita a va do dan diet' (lacing luo'ng 

- Sti dan dien trong kim loai la do electron, con su clan dien trong dung 
dich la do cac ion. DO dan dien cua mot dung dich la nghich ciao cua dien 
tra cila dung dich d6 va &roc tinh bang don vi Q-1  (ohm-1). DO dan dien 
cUa dung dich dien ly tang lon khi dung dich tang nhigu ion va cac ion c6 
tic do chuyen dich lon. Ngtrai ta dua ra mot dai Wong goi la do dan dien 
du'ang lu'o'ng 2 va duoc dinh nghia la dO dein dien cita mot dung dich CO 
the' tich vita del cha'a 1 dumg lacing gam chdt tan khi do bang binh dien 
phem co 2 dien cute song song each nhau 1cm. x &roc tinh theo ding thfic: 

1000 x 
C 

day, X (khi, chic cai Hy Lap) la dO dran dien rieng - dO dan dien cila 1 
cm' dung dich va mang don vi Q-1.cm-1. Con V (cm3) la the tich dung dich chlia 
1 diking lacing gam (E) chat tan, goi la do pha loang: 

1000 cm3/lit 

C Eilit 

v6i C la n6ng d6 &tong Wong. Ngitai ta do dien trei dia dung dien di qua 
dung dich trong nhiing digu kien nhat dinh va tinh dttoc dO clan dien rieng x. 
Bigt dO,pha loang V, ta tinh ditoc x.  

+ Vi du 9.3: DO dan dien rieng x cua mot dung dich thutic n6ng dO 0,1N 6 
25°C do &roc la 0,0293 5I-1.cm-1. Tirrh dO dan dien throng liking x cira 
dung dich 6 n6ng do do. 

Gicii 

Ap dung phuong trinh (9-6): 

1000  
x 0,0293 = 293 cm2.S2-1/E 

0,1 

Vay, dO dan dien &tong luong gap 10.000 lam dO &an dien rieng [nii6c 
tang tinh khigt, do dan dien rieng tang nhO. Nude tinh khigt chfia CO2  can 
bang vii Mai quygn c6 x = 0,8.10-6  52-1.cm-1. Nu6c tinh khigt thong thiiang 
x = 1.10-6  S2-'.cm-1. Con nil& rat tinh khigt x = 0,05.10-6  Q-1.cm-1]. 

- Theo dinh nghia vg X., Wong chat dien ly la hang dinh va bang 1 diking 
Wong gam. Tuy vay, dung dich tang loang, nghia la V tang lon thi dO 

x = x.V cm2.Q-1/E 	 (9-6) 

V 
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dien ly a tang lon, so-  ion trong the tich V tang len, do do do d'an dien 
doing luong X cling tang. Nhung X khong tang mai theo do pha loang V 
cila dung dich, ma clan tdi met gia tri xac dinh r6i khong thay cl6i nfia goi 
la chi clan dien clito'ng lu'o'ng a' ctc3 pha bating vo cling 	Theo thuyet dien 
ly ciia Arrhenius thi do d'an dien duong Wong ty le thuan \Tad do dien ly a 
cila chat tan: X = k.a, vOi k la he s6 ty le. O do loang ye ding, tat ca cac 
phan Cif phan ly thanh ion (a = 1) va do dan dien 2 dat tdi tri s6 gioi han 
ale dai la X. = k, do do X = 	rut ra: 

x 
(9-7) 

- Nha dinh luat cua Kohlrausch v6 sit chuyen deng dec lap cila cac ion cJ de 
loang ye ding, ta tinh ctlfoc: 

= 	+ 1:: 	 (9-8) 

1:: la do din dien cluong Wong cita cation va 1:: la do clan dien dudng 
luong cila anion d do loang vo ding. 1° cila cac ion phu thuec vao kith thu8c, do  
hydrat ciia ion, cling phu thuec vao nhiet do va ban chat cila dung mei. Dia 
vac) dinh luat cua Kohlrausch, ngtfai ta có phuong phap rieng de xac dinh tri 
s6 1° cho tong ion va lap thanh bang. Theo do, X. cua m6i chat có met gia tri 
xac dinh. Co the tim chua biet dm met chat bang cach tong hoac trii da 
biet cua nhfing chat then ly khac, nhu vi du sau. 

+ Vi du 9.4: De dan dien diking Wong cila acid phenolbarbituric (HP = 
C12H12N203, met thu6c an than, gay ngil va gian co van) ci dung dich 
loang ye tan la bao nhieu? Biet rang X (HC1) = 426,2; 4. (NaP - mu6i 
dm HP) = 73,5 va (NaCl) = 126,5 cm2.0-1/E. 

Gicii 

Theo dinh luat cua Kohlrausch [phuong trinh (9-8)], ta có: 

ko, (HP) 	= 1;- 	 (a) 

va 	X„„ (HC1) + X. (NaP) - Xn  (NaC1) = 

= 	+ 1"+ 1" + 	- 10  - 10  H 	 Cl - 	Na+ 	P- 	 Cl- 

= 	+ 1;_ = 	(HP) 	 (b) 

Vay (a) = (b), thay cac tri s6 vao thu ctuoc: 

X., (HP) = X. (HC1) + 	(NaP) - X., (NaC1) 
= 426,2 + 73,5 - 126,5 = 373,2 cm2.C2-1/E 
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Nhti vay, di the xac dinh &toe 2 (xem vi du 9.3) va X.co  (xem vi du 9.4) nen 
to co the xac dinh difOc cc 6 bat ky n6ng do nao theo phliong trinh (9-7) va 
nha do ding tinh &toe hang s6 dien ly K cua chat dien ly 34u. 

+ Vi du 9.5: Do d'an dien cila dung dich acid acetic loang vo ming 6 25°C la 2 
= 390,2 cm2.Q-1/E; con do &an dien cila dung dich acid acetic 6,0.10-3M la 2 

= 21,1 cm2.Q-1/E. Tinh do dien ly a ciia acid acetic 6 n6ng do do. 

Gidi 

Thay cac dit lieu vao phtiong trinh (9-7), tim dtioc: 

21,1 
= 0,054 hoac 5,4% 

390,2 

1.3. Hang so dien ly (K) cua chat dien ly ye-u. Dinh luat pha loang cua  
Ostwald 

- Qua trinh dien ly nhung chat dien ly yeu la met qua trinh thuan nghich 
va thie't lap met can bang deng trong dung dich. Sit dien ly hop chat 
MxAy có the bieudien bang phtiong trinh: 

MxAy 	 x MY+ 	+ y Ax- 	 (9-9) 

Theo dinh luat tac dung khOi. Wong cua Guldberg - Waage dp dung cho 
he can bang thi: 

K 
	[MY-1- ]X [AX-]Y 	

(9-10) 
[M X A Y ] 

Hang s6 can bang K goi la hang so dien ly. 

KS7 hieu dau moc [ ] de chi n6ng de C (mol/L) cua cac cau tit d trang thai 
can bang. 

Trvang hop x = y = 1, chat dien ly MxAy 	thanh phan tit don gian MA 
va dien ly theo pinking trinh: 

MA 	 + A- 

Goi C la n6ng do mol/L lac ban dau, thi ltic can bang: 

[Mt] = 	= a C 

[MA] = (1 - a) C 

Vay, 	
[M+ ][A] 	ccC.aC 

[MA] 	(1- cc)C 

(9-11) 

(9-12) 
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RUt ra: 
a

2 

	.0 
1 - a 

(9-13) 

Vi K = const, nen khi pha loang lam giam n6ng do C thi a tang va ti6n 
clan d6n 1. Bieu thi (9-13) goi la dinh luett pha loang ceta Ostwald. Cac chat 
dien ly y6u c6 a nhO thi c6 the xem 1 - a a, hie do: 

K = a2C 	va 	a = 	 (9-14) 

Biel a va C ta c6 the tinh gAn dUng hang s6 diOn ly K cua chgt diOn ly 
ye-u theo bi6u thfic (9-13) hoa.'c (9-14), va ngtroc lai c6 the tinh throe a khi 
biet K. 

+ Vi du 9.6: 0 vi du 9.5 da tim throe a = 0,054 dm acid acetic 6 n6ng d6 
6,0.10-3  M. Dila cac tri s6 nay vao bieu thirc (9-13) de tinh gdn dung 
hang s6 di6n ly K cho acid acetic 6 25°C: 

0,0542  
	 x 6.10-3 	= 	1,85.10-5  
1 - 0,054 

- Hang so di'On ly K let mot dai luvng rieng cho moi chat dien ly. CS nhiet do  
khong doi, trong mot dung riled nhat dinh, K la dai ltiong khong doi. K 
lon chat dien ly phan ly nhieu, K be chat dien ly phan ly kern. 

Vi K chi phu thu6c van nhiet d6, khong phu thu6c vao n6ng d6 nen no dac 
trung cho mot chat dien ly ktiach quan hon la do dien ly a. Chang han, 6 25°C 
nguoi ta tim thgy cac gia tri a..va K cUa CH3COOH nhu sau: 

C (mol/L) 0,001 0,005 0,01 0,05 0,10 0,20 

a 0,124 0,060 0,042 0,019 0,014 0,0095 

K.10-5  1,80 1,82 • 1,83 1,85 1,86 	• 1,81 

Ta thay, khi n6ng do C thay d6i, a bie'n d6i rat 16n, con K c6 th6 xem la 
hang dinh. Vi tri s6 cua K the hien do y6u - manh dia chat dien ly nen no cling 
ducic dung de phan loci cac chat: 

+ Chat dien ly rat y6u: K 5 104°  (vi du, H20, HCN, phenol, anilin...) 

+ Chat dien ly y6u: K 	10-5 + 10-9  (vi du, CH3COOH, NH4OH) 

+ Chat dien ly trung binh: K 	10-2  -:- 10' (vi du, .H3PO4, CHC12COOH, 
Ca(OH)2) 

+ Chat dien ly manh: K > 10-2  

Rat can chu ST rang, hang s6 dien ly K chi c6 gia tri khong d6i va c6 
nghia trong cac so sanh, cling nhu dinh luat pha loang cua Ostwald chi sit  

131 



dung &toe cho nhung chat dien ly yeti va dung dich Wong doi bang. Chat dien 
ly yeu d nhang n6ng do dam dac hoac cac chat dien ly manh cif) K thay d6i theo 
n'eng do. Khi do can phai thay the khdi niem nOng de bang hoat de ma Nhiet 
dung hod hoc da xay dung mei la cach khAc phut t6ng qudt nhat. 

1.4. Hoat cli;) va he se; hoat do 

1.4.1. Hoat cif; 

Ap dung cac tieu chuan nhiet clung cho trang thdi can bang (xem 6.3, 
chliong 6) thi can bAng dien ly theo pinking trinh (9-9) phai ditec vigt: 

K 
X 	Y a 	. a - MI+ Ax- 

Z.= 
([MY+ifm,,)x 	fAx  

([MxAY]fm \A, ) 

 

am x Ay 

 

[MY+ X [A X- ])( fmX y,  fAYx  

[MxAy] 	• fM A X Y 

6 day, dau ( ) chi hoat de a va f la he s6 hoat do dia cac eau tit. 

Vay, co the Weil dien quan he chung giaa n6ng do C va hoat de a qua he 
thiic: 

a = f C 	va. 
	 a 

C 
	 (9-16) 

ei day, C la n6ng d6 M (mol/L), con f la he s6 hoat de theo n6ng de do (C 
cling co the thay bang n6ng d6 molan (m) hoac plidn mol (X) va f la he so hoat 
do tticing iing voi cac loai n6ng de do). 

Phuong trinh (9-15) rut ra tii ly thuyet Nhiet clung hod hoc la t6ng quat 
de tinh hang S6 can bang dien ly trong moi trueng hop, bat luan do la chat 
dien ly yeu hay manh, dung dich la ly thing (a do bang vo cling) hay khong 1ST 

ttiOng n6ng do len bat 14). Tuy nhien, d cac dung dich Mang f 1 nen a C, 
dung dich gan voi 1S7 -Wang, thi cac phuong trinh (9-10) den (9-14) deu ditec sii  
dung trong that -Lg. Du vdy, trong nhling phep tinh nghiem ngat, ngay ca voi 
chat dien ly yeu, n6ng do nhO van phai chuyen n6ng do thanh hoat do rei moi 
giai cac bai town ve cac tinh chat cila dung dich. 

ei day can lien he vg ngu6n g6c cua khdi niem hoat de van dung cho dung 
dich. Khi pha hoi va pha long nam can b.'ng vei nhau thi the hod vi cua  
cac chat trong hai pha phai bAng nhau. The hoa cua eau ti i bat kST &toe 
bieu thi: 	= t.t.1)  + RT1nPi  /Pi', Pi la ap suat hoi rieng phan cUa chat i 
flam can bang NT& dung dich [xem cac phucing trinh (6-63) va (6-64), 
chtiong 6]. Neu dung dich la 1S7 twang thi Pi  = X, P:) , Xi  la n6ng do phan 

(9-15) 
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mol cilia chat i. Day la dinh luat Raoult 1 (chang 8) cho dung dich loang 
vo ding (1ST tuang) den mite c6 the xem i la mot chat king nguyen chat. 
Doi -v.& dung dich thuc 	# X Pi')  do tang tac giiia cac cau tit, nhat la 
nhang n8ng dQ lon. He dinh luat Raoult van dttOc dp dung, ngai ta phai 
dila them vao plittong,trinh ap suat hoi mot he s6 f dieu chinh ang dd 
plidn mol cho tang ling voi Pi  do duoc bang thuc nghiem: 

= 	(fi  X; ) Pi" 	 (9-17) 

Tich s6 f.X goi la boat dQ, ky hieu bang chit a, va the hod. caa cau tit i 
trong dung dich la: 

!A i  = 	+ RT le;  /13;" = 1,1,1)  + RT Infi  X = 1.1;)  + RT lila.; 	(9-18) 

Nhii vay, hoat dO a la dai luong duoc Sit dung de thay the cho ang dd 
phan mol trong bieu thitc hoa the, can.g nhtt trong cac bleu dr& nhiet dQng 
khdc suy ra tii ham hod the [vi du, bie'uthitc cac hang s6 can bang nhiet 
thong K, nInt hang s6 dien ly da viet d phtidng trinh (9-15)]. 

- Mdt s6 chti ST: 

a) Hoat dQ a khong chi thay the cho n'cing dQ phdn mol (X) trong ham 1.t, 
ma con thay the cho ca cac n8ng dQ M, m v6i cac he so hoat do f tang thich. 

b) Trong moi trang hop, hoat dQ cua mot chat la mot dai Wong khong 
this nguyen. Dieu do c6 the suy ra de clang tit phang trinh (9-18): vi vt.i1)  la the 
hod khi chat d trang thdi chuSn boat dQ bang don vi a°, theo do hoat dQ cua  
bat 14 chat nao ding la mot dai Wong tang d6i so Voi gia tri hoat dQ cua no 
trang thdi chu'an (a° = 1). Ngai ta qui ti6c d dieu kien chu'an (thang la c1 25°C 
va 1 atm) thi trang thai chuan cita cac chat nhu sau: 

+ DOI \Tad chat khi, gia thik la khi ly tang, a° = Pi°  = 1 atm, vi the 
ai  = 	= P111 = Pi. Dai Wong ai  khong this nguyen vi la tS7' s6 cua  
hai rip suat tinh theo atm. 

+ D6i \Ted dung moi nguyen chat (16ng, ran) a° = X =-1. 

+ Doi vdi cac chat tan a° = 1 don vi nt'ing dQ (M, m ho‘ac X) thing thOi gia 
Binh do la dung dich loang vo ding hay dung dich ly tang (gia dinh, 
vi dung dich 1M hoac lm khong the la loang vo ciing!). Cdn hieu, boat 
dQ cita chat tan trong dung dich loang vo cling bang ming di) nhung 
khong bang 1, do do trang thdi chuSn khong thing nhat voi trang thdi 
ly tang (loang vo cung). 

+ Doi \Ted tat ca cac chat ke't dm a° = ai  = 1. 

c) Mitt da bigt, khdi niem boat di) c6 ngu8n g6c tit nhiet di)ng hod hoc. Co 
the dUng thuat ngfi nay din voi dung dich chat kh8ng dien ly, chat dien ly y'eu 
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va cac ion cila chat dien ly manh. Co the coi hoat dO let mot n6rig coo hoat dOng 
- ang do có hieu lit, tai no the hien trong tac dung. 

1.4.2. Hesohoatcdo 

Theo he that (9-16), de xac dinh hoat d6 a cila chdt ci ang do C can bie't 
he s6 boat do f. 

- He so hoat do la dai liking phan anh mot cach tang quat tat ca 
tucing tac cua laic tru6ng có trong met he. Trong dung dich, f xac dinh 
infic dO Wong tac gifia cac phan tii va ion vdi nhau. 

Khi pha Mang to to dung dich, khoang cach,  gicia cac lieu phan chat tan 
lon dan, luc Wang tac 	chung be, cluing chuyen deng gan hoan toan ti do. 
0 de bang \TO cung, cac tieu phan chat tan cach xa nhau den mac khong tildng 
tac &toe vdi nhau, hoat de a clia cluing bang n6ng do C, nen f = a/C = 1, dung 
dich dat trang thai 1ST tuang. 

Khi n6ng do chat tan tang, cac tieu phan chat tan gall nhau, tildng tac 
gilla cluing lon - clac biet la giiia cac ion trong dung dich chat dien ly manh 
hoac trong dung dich chat then ly yeu nhung dam dac. Vi cac tieu phan chat 
tan khong con dildc chuyen Ong to do, hoat tinh cua chiing giam, n6ng do  
boat Ong a (boat do) nhO hon n6ng crO, a < C nen f = a/C < 1. 

Cac chat dien ly manh dien ly hoan toan thanh cac ion (a = 1), nhung cac 
ion lai khong chide hohn toan tu do vi hic hap dan tinh dien gitia cluing - cac 
ion trai dau hilt fan nhau de hinh thanh nhiing cap, nhting bo ba hoac nhcing 
dam khi quyen ion trong dung dich. Theo do, khi ming de tang loin, f cua cac 
chat dien ly giam dan, a tang be hdn C. 0 met so chat dien ly manh trong 
nitric, khi tang n6ng dO, he s6 hoat do f di qua mot clic tieu, sau do tang clan va 
có the f > 1, khi do a > C. Nguyen nhan la su hydrat boa manh da lam giam su 
hap dan ion va lam tang he s6 boat do dia chat tan. Nguai to goi day la hiOu 
zing muoi hod, lam giam hic ion (I) dia dung dich (de cap 6 phan tiep theo), do 
do lam tang hoat doe cila cac chat kh8ng dien ly trong nuOc khi them chat dien 
ly vao dung dich. 

- He so boat de &toe xac dinh qua thuc nghiem bang each do dp suat tham 
that]. (T), de ha ap suat hoi (AP), dO tang nhiet do soi (Ate), dO ha bang 
diem (Atd), sic dien 	Cac pinking phap khac nhau deu thu dude gia 
tri f phu hop nhau neu tien hanh do trong cling dieu kien - boi vi, he so 
hoat do chung nhfing phu thuOc vao n6ng d6 m6i chat tan ma con phu 
thuec vao thanh phan chung cua ca dung dich va vac) nhiet de. 

- Debye va Mickel cling vdi Lewis va Radall da phat trien phitong phap ly 
thuyet, tinh ditoc he s6 boat do cila tang ion va he s6 boat do ion trung 
binh cila chat tan ma khong can den cac ket qua that nghiem. 
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Z 	(9-19) 
2 

+ Lzfc ion W. Pinking phap ly thuye't dtia ra khai niem laic ion I dd d'ac 
trun.g cho Wong tac tinh dien giiia cac ion nguoc d'au trong dung dich 
dien ly. I dtioc tinh theo cong thac: 

I = 
2 

2 C2 Z 	C i Z;) 

trong cto, 	Ci  la n6ng d8 mol/L cua ion i. 

Zi  la dien tich cua miSi ion i. 

I chi phu thu8c vao tang dien tich cac ion ma khong phu 
thu8c vao ban chat rieng cua Chung.  

+ Vi du 9.7: Tinh hic ion cila cac dung dich: 

a) KC1 0,010M. 

b) Na2SO4  0,010M. 

c) MgSO4  0,010M. 

d) Dung dich chlia ca 3 loai muoi tren va acid salicylic 0,010M trong 

Gidi 

Ap dung phudng trinh (9-19) cho m6i truing hdp: 

a) 	I 	2 [(0,01 x 12 ) + (0,01 x 12 	= 0,010 

b) I Na SO4I [(0,02 x 12 )+ (0,01x 22 )1 = 0,030 
2 

c) I NigSO4 	40,01 x 22 ) + (0,01 x 22 )] = 0,040 
2 

d) 	c = 	0,003 (la lifc ion ciia dung dich acid salicylic 0,010M. 

Cach tinh cu the phai clang cong thiic [H301 = A/KC se dtioc bie't 6 cac plidn 
tie'p theo). 

Lkic ion cila hiin hdp cac chat dien ly la tong cac lip ion thanh phan. Do do: 

I  Ong 
	

I KCI ± I Na,SO4 + I MgSO4 + I salicylic 

0,010 + 0,030 + 0,040 + 0,003 = 0,083 

Qua vi du tren to thay 114c ion cila chat dien ly manh 1:1 (dien tich cac 
ion . deu la 1, bO qua 1cY hieu dai so &tong hoac am) nhif KC1 bang n6ng d8 
phan to (M), 	ion dia chat dien ly 1:2 nhif Na2SO4  gap 3 Ian ang dO, con 
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laic ion dia chat dien ly 2:2 gap 4 la'n nhti MgSO4. Laic ion cila chat dien lyy6u 
nhii acid salicylic ditoc tinh theo [H301. 

+ Debye va Hiickel dila ra cac ding thiic tinh he s6 hoat do cua tifng ion 
va he so-  boat dO ion trung binh cUa chat dien ly. Cong thiic tinh neu 
len moi quan he gifia he-s6 hoat dO voi laic ion cila dung dich, dien tich 
ciia ion, nhang dac tinh cUa dung moi va nhiet dO. Can chtl y ngay 
rang, he so-  hoat do cUct mot chat dien ly da cho la khOng thay doi trong 
cac dung dich có tang mot lu'c ion va khong phu thuiic vao bdn chat 
nhring chat dien ly có mat. 

o mitt dO gido trinh nay, sau day chi neu cac truing hop van dung nhiing 
phiicing trinh cua Debye - Huckel, khong giai thich 1S7 thuy6t va ngu6n go,"c 
toan hoc cila cac phitong trinh do. 

1) N6u dung dich co laic ion I 10-1, xem f = 1 va a = C. Day la trtiang hop 
thuang gap trong nhiing tinh toan thong thtiang d6i \Ted cac dung dich loang. 

2) N6u dung dich có hie ion tang len, d6n I 0,025, thi: 

* He se; boat dO f, cua mot ion then tich dtioc tinh theo cong 

lg f; 	= - A Z.2  VI 	 (9-20) 

A la mot he se; chi phu thuOc vao nhiet dO va hang s6 dien moi s cila dung 
moi: 

A 	
1,824.106 

(E. T)N2  

Neu dung moi la nude (s = 78,5) i3 25°C thi: 

1,824.106  
A   = 0,51 

(78,5.298)3/2  

va phticing trinh (9-20) vi6t lai cho dung dich rniOc la: 

lg 	= - 0,51Z,2  

(9-21) 

(9-22) 

[Tinh tilting tai cho cac dung moi khac, vi du Aaceton = 3,76 (veil E = 20,70), 
Aethanol = 2,96 (voi c = 24,3). Lai thay cac he s6 A nay vao phtiong trinh (9-20) 
d6 dude each tinh trong moi dung moi do]. 

* He s6 boat dO ion trung binh f±  cua mot chat dien ly tinh theo cong 
thiic: 

lg ft  = - A Z(+)  ZN -11 	 (9-23) 
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A Z(,Z( _, 
1g f, = (9-26) 

Ky hieu Z(+), 	bigu thi dien tich cac ion trong phan tii chat dien ly 
(khong vik Z;2 

 nhv cong thfic (9-20) vi c6 thg Z(0  # Zo). 

Trong dung dich nvoc thi: 

lg f+ 	= - 0,51 Z(+, Zo Aff 	 (9-24) 

+ VI du 9.8: Tinh he s6 hoat do va hoat do ion trung binh trong dung 
dich ntidc cua thu6c atropin sulfat 0,005M (At = C171-123%N.H2SO4.H20 
= 694,8, thu6c lam gian cd trcin, gian clang tii, thong co that, cat con 
hen) va co mat clang thai NaC1 0,01M d 25°C. 

Gicii 

Thu6c At la chat dien ly 1:2 nen Z(+).Zo  = 1 x 2 = 2, 

I At 	
2 

(0,005 X 2 x12 ) + (0,005 x 22 )] = 0,015 

I  NaCI 	 40,01 X 12 ) (0,01 X 12  )1 = 0,01 

2 

Ito'ng = 0,025 

Ap dung cong thfic (9-24): 

lg f+  = - 0,51x 2 x V0,025 

f+ = 0,690 

va 	aAt  = 0,690 x 0,005 = 0,0035. Day chinh la nang do hoat clang c6 
hieu laic cua thu6c. 

Chu S7 rang, mac du laic ion la tang laic cua tat ca cac ion c6 mat trong 
dimg dich, nhiing Z(.0.Z0  la ciia thu6c can xac dinh he s6 hoat do nen phai dva 
tich s6 do vao phlking trinh (9-24). 

3) TrVang hop dung dich c61Vc ion > 0,025, nam trong khoang 0,025 <I 
0,1, cong thfic (9-20) va (9-23) chi6c mci rOng .14 tinh hoat do cila mat ion: 

lg f;  = 	
A Z.2 -J 

(9-25) 
1 + Ri l3Aff 

hoac he s6 hoat do ion trung binh cua phan tii chat dien ly: 
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trong do, B la hang so chi phu thuec nhiet do va hang so dien mOi s 
(gi6ng nhu A), Ri  la ban kinh ion hydrat dm ion i. Trong dung dich nude nguai 
ta xac dinh duoc 11;13 1, nen: 

lg fi  

lg f, = 

0,51z i 2 -11 
± 

0,51 Z(±)Z( _oil-

1 + 

(9-27) 

(9-28) 

4) Ngu dung dich có laic ion con lon hon niia, titc la I > 0,1 a cac n6ng d6 
cao khoang 1M dgn 5M thi cong thfic cua Debye - Htickel fig') tn.c thioc mii  
Ong hdn de tinh cho ca truOng hop f > 1, chA.ng han: 

A Z(, " Z 
lg f+ 	=   + C, 	 (9-29) 

1 + Ri B VI 

C1  la hang s6 kinh nghiem chtta ro ban chat va each tinh. CI  luon luon 
during, có the lem hon s6 hang am cila pinking trinh, khi do f > 1. 

+ Vi du 9.9: Tinh he s6 hoat do va boat do trung binh trong dung dich 
nude cua Na phenolbarbital 0,004M (NaC1211111\1203  = 254,24, thu6c an 
than, gay nga, gian co) a 25°C. Dung dich thu6c da dtiOc pha them 
NaC1 de cólUc ion 0,09. 

Gidi 

Vi I = 0,09 nen dp dung cong thilc (9-28) va thu6c dien ly 1:1 nen Zeo.Zo  = 
1 x 1 = 1, vay: 

0,51 x 1 x 1 x
'
09 

= 0,76 1g f+  = 
• 1 + V0,09 

atha-c = 0,76 x 0,004 = 0,003 

NhO cac phuong trinh ciia Debye - Huckel, ngtthi ta tinh va lap thanh 
bang lien he gifia he s6 hoat de fi  hoar f±  va luc ion I trong cac digu kien 
khac nhau. Vi du, bang 9.3 ghi he s6 hoat do cila ion (fi) mang cac dien 
tich khac nhau trong cac dung dich có luc ion khac nhau. 
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136ng 9.3. HO s6 hoat d() (f,) cua mot s6 ion co diOn tich khac nhau trong 
cac dung dich co li/c ion I bier) d6i 

Lcrc ion (I) 

ciia dung dich 

He so hoat dO f, 

Ion 1 dien tich 
(1±) 

Ion 2 dien tich 
(2±) 

Ion 3 dientich 

(3±) 

0,0000 1 1 1 

0,0001 0,99 0,95 0,90 

0,001 0,96 0,87 0,72 

0,002 0,95 0,81 0,63 

0,005 0,92 0,72 0,48 

0,01 0,89 0,63 0,35 

0,02 0,87 0,57 0,28 

0,05 0,81 0,43 0,15 

0,1 0,76 0,33 0,08 

0,2 0,70 0.24 0,04 

0,5 0,62 0,15 0,014 

+ VI du 9.10: TInh he s6 hoat do \Ta boat do cua cac ion Al' va S042-
trong dung dich nu& Al2(SO4)3  0,007M. 

Gidi 

Nhom sulfat la chgt dien ly manh dien ly hoan toan = 1), nen: 

CAS ,, 

Cso:-  

= 

= 

0,007 x 2 

0,007 x 3 

= 

= 

0,0140 mol/L 

0,0210 mol/L 

Theo phudng trinh (9-19) thi: 

-40
2 

1  
,014x 32 )+(0,021x 2 2 )1 	0,1 

Tra bang 9.3 luc ion 0,1, dtioc fAi ,„ = 0,08 va I.50,2_= 0,33, vay hoat dO: 

a Al ,
* 

a so  -, ,  

= 

= 

0,08 x 0,0140 

0,33 x 0,0210 

= 

= 

0,0011 

0,0069 
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fret qua cho thay, boat dO cua A13+ nhO hdn neing d6 — 13 loin, con dm 
S042-  la — 3 loin. 

2. THUYET ACID - BASE 

2.1. Thuygt Arrhenius (thuygt clien ly H+, OH-) 

Nam 1884 nha hod hoc Thuy Dien Svante Arrhenius (1859 1927) dila ra 
thuyet dien ly cua cac chat, trong do có dinh nghia acid - base: 

Acid la nhfing  chat chlia hydro va có the dien ly trong nu6c tao ra ion H+ 
(viet dung la H30+). Base la nhiing chat chila nhom OH va có the dien ly trong 
nu6c tao ra ion hydroxyl OH-. 

Phan Ting gilia acid ya base goi la phdn zing trung hod, do la ski ke't hop 
gifia cac ion H+ va OH-  tao thanh H2O rat it dien ly: 

H+ (aq) + OH-  (aq) ----> H2O (1) Afep) u. = -55,9 kJ 	(9-30) 

Mu6i la san pha.'m cUa phan iing trung hoa ding voi nu6c. 

Thuyet cila Arrhenius coy nghia 16n trong hoa hoc. No giai thich duoc 
cac tinh chat chung cua cac acid: 

Phan iing v6i base tao thanh muoi va mi6c; 

Phan ling veil mot s6kim loci cho hydro thoat ra; 

Lam bien d6i m.au cua cac chat chi thi (vi du, lam quY c6 mau c16); 

CO vi chua, bai vi trong nu6c, cac acid cte'u dien ly ra ion chung la H30+. 

Thong tti, base dUoc dac tning bai cac tinh chat chung: 

Phan ling veil acid tao thanh mu6i; 

Lam bien d6i mau cac chat chi thi, khac voi mau do acid lam bien d6i (vi 
du, lam cho quY có mau xanh); 

CO vi "xa phong" d4c trung, bai vi trong nuoc, cac base deu dien ly ra ion 
chung la OH-. 

Tuy nhien, thuyet Arrhenius có nhieu han che, chi dung trong moi 
truang nu6c cho nhieu chat. Vi chua neu duoc vai trO cUa dung moi nen có 
nhfing chat khong chiia nhom OH nhung trong 	von có tinh base (nhii 
NH3, cac amin him cd, cac mu6i KCN, NaCH3C00, Na2S...), ho4c chat khong 
china H van co tinh acid Witt Al2(SO4)3, Cu(NO3)2, FeC13...). M'a't kha.c, cac acid 
va base có the phan iing vdi nhau ma khong can moi truong nu6c, ciing khong 
can phan ly thanh cac ion, thi du: 
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Nf1,3  (k) + HC1 (k) 	NH,,C1 (r) 

Ro rang, khdi niQm vg acid - base can c6 mot 1S7 thuygt tang qudt hon. 

2.2. Thuygt Bronsted - Lowry (thuygt proton) 

— Nam 1923, nha hod hoc Dan Mach J.N. Bronsted (1879 - 1947) va nha 
hod hoc Anh T. Lowry (1874 - 1936) tong ctiia ra mot 1S7 thuygt rQng hdn 
vg acid - base, goi la thuygt Bronsted - Lowry: 

Acid la mot phAn tit (phan tit, ion) c6 th6 cho mot proton H. Base la mot 
phAn tit (phan tit, ion) c6 the nhAn mot proton H+. 

Base phai c6 mot cap electron to do de lien k6t vdi mot ion W. 

KST hi:0 HA la mot acid, no cho mot proton theo phdn 

HA 	 H+ + A- 	 (9-31) 

Theo chigu nghich, khi A-  nha.n mot proton se cho lai HA, do d6 A-  là mot 
base. Ngttai ta not HA I A-  let mot cap acid - base lien hop. 

Ky hieu B IA mot base, no nhAn mot proton theo phan 

B + 
	

BH± 
	 (9-32) 

Khi BH+ cho mot proton, no dong vai tr6 mot acid va tao lai B. Ngt,thi ta 
not RH+ I B la mot cap acid - base lien hop. 

Chit51: 

+ Acid lam vigt ben trdi net gach nghieng, con base luon ben phai. 

+ M6i cap acid - base lien hop chi trao dOi (cho - nhdn) 1 proton (chdt c6 
thg cho - nhdn nhigu proton thi se tao thanh nhigu cap lien hop). 

+ Cdc chdt acid theo Arrhenius van dung trong thuygt Bronsted - Lowry, 
vi trong 	cluing van diQn ly (cho) ion H+ (proton). Nhung base 
Bronsted .- Lowry thi khong nhdt thigt phai c6 nhom OH nhu base 
Arrhenius. Ban than ion OW la mot base vi c6 thg nhdn proton. 

• Thuygt Bronsted - Lowry &An ra mot s6 hQ qua: 

DQ manh tildng ctOi cua mot acid hay mot base duoc do bdi xu twang 6' 
hay kho khi chUng cho hay nham proton. HC1 la mot acid manh trong 
nudc bdi vi no cho di proton dg dang, trong khi CH,COOH la mot acid 
ygu bdi vi chi cho proton d mite dQ n11.6. 

Ho manh ciia acid hay base thay doi theo dung med. Chang han, 
CH3COOH la acid ygu trong nude nhUng là acid manh trong dung moi 
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amoniac fang; HC1 la acid manh trong rat& nhung la acid yeu trong dung 
moi acid acetic bang; anilin la mot base trong nttcic, ntning la mot acid 
yeu trong amoniac long. 

Nhu vay, dO manh cua mot acid khong chi phu thuOc vao kha nang cho 
proton ciia no, ma con phu thuOc vao kha nang dung moi nhan proton tit acid. 
Kha nang do duoc goi la do manh base ciia dung moi. Theo do, dung moi &toe 
phan thanh cac loai: 

1) Dung moi 1a proton: la dung moi có kha nang nhan proton tit chat 
tan. Vi du, amoniac lOng, aceton, ether. 

2) Dung moi sinh proton: la dung moi có kha nang cho proton. VI du, acid 
acetic, acid formic, H2SO4, HC116ng, HF 16ng. 

3) Dung moi hiang 	có kha nang ca cho va nhan proton. Vi du, mioc, rtiou. 

4) Dung moi ky, proton hay dung moi trung tinh: la nhung dung moi 
khong cho va cang khong nhan proton. Chang han nhU cac hydrocarbon 
(benzen, toluen), SO3  king (loai nay rat hitu ich khi nghien cuu phan tang ciia 
cac acid - base ma khong xet dgn anh 'Wang cila dung moi). 

- Dva vao dinh nghia thi acid va base có thg la anion nhu HSO4, HCO3-, 
CH3C00-, CN-, OH-; cation nhu H30+, NH4+, Bi(OH)2+; phan tit trung 
hoa nhU H20, NH3, HC1, CH3COOH. 

- Vi proton khong 6 trang thai tit do, nen mot chgt cho mot proton thi phai 
có mot chgt khac nhan no. Do do, mot phdn zing acid - base thu'c chat let 
mot qua trinh van chuye'n proton giica 2 cap acid - base lien hdp. Dieu 
nay dtioc the hien qua so del: 

Al  + B2 -'=-----  A2 + B1 	 (9-33) 

acidl base2 	acid 2 basel 

Phan ling có lien quan dgn 2 cap acid - base lien hop Al/B1  va A2/B2. 

Chigu xay ra cua 1 phan -tang acid - base phu thuOc vao de manh Wong 
doi ciia acid va cila base Wong tac. Nguyen t6.'c chung nhat disc rut ra: phdn 
(mg xdy ra theo chi& 1 acid manh han tdc dung ()di 1 base manh han. Bang 
9.4 sap xe'p dO manh cua mot s6 cap acid - base lien hdp. 
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KhOng 
Bang 1Ce 

Rift 
ye'u 

You  

Trung 
Binh 

Manh 

Bing 9.4. DO manh cua mot s6 cap acid - base lien hdp 
(acid manh nhat xep tren clung ben trai, base manh nhat xep du'di ceing ben phai) 

ACID 

HO 

H ,SD, 
Mkt nh 

H NO, 

H,00+ 

HSO, 
Trung H290, 
bi nh 	H PO., 

H F 

CH,C00 H 

H,00, 
H ,S 

H 

H PO,' 
N H4+ 

HOD, 
Rat 
y6u 	H PO: 

H 20 

Khong HS  
ding ke OH 

Tif bang 9.4 c6 the nhan xet: 

BASE 

---> 	H ' 

---> H HSO, 

-. 	H' 	NO, 
H' + H,0 

H ' + 90 4' 
H' + HSO, 

H 	H, PO, 
H + F 

H + C1-1 ,C00 

H + HCO, 
H' + HS 

H' + SO' 

H + HPO: 
H' + NH, 

H + CO3' 

H ' + FO 

H + OH 

H' + 
H' 	02  

, 
u 

a) Phan ling tang chuyen manh sang phai khi cho mot acid tang a phla 
tren (manh hdn) tac dung voi mot base tang 6 phia didi (manh hdn); hang so 
can bang K cita phan ling do tang > 1. 

b) Anion cita acid tang manh la mot base tang yeu (kh6 nhan proton). 
Ngtioc jai anion am acid tang yeu la mot base tang manh (de nhan proton). 
Chang han xet chieu phan itng sau: 

H2S + NH3 	HS-  + NH4 	(9-33a) 

acid1 
	

base2 	base 1 	acid 2 
manh hdn manh hdn 	yeu 'hdn yeu hdn 

Co the xem là phan ling tranh chap proton gifia NH3  va SH-, trong do 
NH, la base manh hdn nen da thang, phan ling chuyen manh sang ben phai. 

HNO„ + H2O -I,- NO3- 	+ 	H30+ 	(9-33b) 

acid' 	base2 	base 1 	acid 2 
manh hdn manh bon ' 	y6u hon 	yeu hdn 

HNO 3  la mot acid manh hdn 1130+, no ctie'n ly hoan toan trong nti6c; NO3 la 
mot base rat yeu khong the tranh chap proton. Phan ling (9-33b) la mot chieu. 
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HF + H2O -̀ --.='' F-  + H30+ 
	

(9-33c) 

acid1 	base2 ii-- base 1 	acid 2 
manh hdn manh hon 	yeu hon 	yeti hdn 

HF la acid yeu hdn H30+, nen trong nu& chi yeti ten tai cac phan ti HF 
khong dien ly. Phan ling (9-33c) chuyen manh sang ben trai. 

Theo nghia rOng, cac phan iing trung hoa, thug phan hay trao doi deu có 
the mo to theo phuong trinh (9-33), nhu cac vi du o bang 9.5. 

Bang 9.5. Cac loai ph5n Ong acid - base 

Phan Ting Acid 1 	Base 2 Acid 2 Base 1 

Trung hoa H30+  OH - + H,0 H20 	+ 
Trung hoa 
Trung hoa 

NI-14+  
HC1 

OH- + NH, 
Cl - + 

H2O 	+ 
NI-13  NH4+ 	+ 

Thug phan H2O + + OH- CH3COO CH3COOH 
Thus' phan NH4+  + NH3  H2O H30+ 	+ 
Trao d6i HC1 CN- + Cl HCN 	+ 

Thuyet proton ciia Bronsted - Lowry v6 acid - base la 1s' thuyet hien dai 
va hoan chinh, duoc van dung rOng rai trong hod hoc hien nay. Su xem xet 
dinh tinh, dinh Wong cac trang thai can bang tiep theo trong chuOng nay deli 
dua tren khai niem acid - base cila ly thuyet dO nhting chi gidi han trong dung 
moi 

2.3. Thuyet Lewis (thuyet electron) 

Khi xet moi quan he v6 eau trot electron cita cac phan ti'i acid, base trong 
su hinh thanh lien ket Ong hod tri kieu phOi tri, cang nam 1923, nha hod hoc 
nguai My G.N. Lewis (1875 - 1946) dua ra dinh nghia: 

Acid là mot phdn tip nhdn mot cap electron di tcto thanh mot lien ket tong 
hod tri. Base là mot phdn cho mot cap electron try do cle' lien ket vdi acid. 

Nhu vay, doi \Ted base thi dinh nghia cila Lewis va cua Bronsted - Lowry 
la nhu nhau vi deu doi hOi base phai do cap electron tu do. Su khac nhau co 
ban gifiia hai thuyet la doi vdi acid. Thuyet electron cilia Lewis khong doi hoi  
cac phan tif acid nhat thiet phai chita H de cho proton nhu 6 thuyet Bronsted -
Lowry, do do khai quat hon. Thiic chat thi acid là nhieng chdt có orbital hod 
tri trong nhdn cap electron to do. 
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+ VI du 9.11: Cac phan ling diidi day la minh hop cho thuy'et Lewis. 
- Phan iing trung hoh: 

	

H+ 	+ 	:0:11 H2O 

	

acid 	base 

Vay, proton (H+) là mot acid. 

- Phan ling gitia cac phan tit 

Acid 	Base 

	

F 	H 
F-13 

• 

:N-H F3B-14-13  

	

Cl
F 	H 

CH3  

	

Cl -Al 	

• 

:0 C13A1 0(CH3)2  

	

Cl 	 CH3  

AlC13  

• 

CH3C1 

CH3+C6H6  + [C1A1C13] 
benzen 

(-) 	 ± 	: 6 
H 

,3 (_) y----8 (+) 
0=C0 + 	: (15: Ca2+  • • 

- Phan iing k'et hop: 

	

BC13 	+ 	 BC14 

	

H+ 	:NH3 	 NI-14+ 

- Phan ling tao pink trong dung dich midc: 

Cu 2+  (aq) + (:NH3)4 	{Cu (NH3)4] 2+  + aq 

- Phan Ting thug phan: 

AC+ + AlOH 2+  
H H 

CH3+[C1A1C13] 

C6H5CH3 	+ 
toluen 

A1C13  + HC1 

OH 
O=S' 

OH 
- :0: 	- 2- 

Ca2+  . 

	

I 	I c 	.. 
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Thuyet Lewis cho phep hien sau lion co the phan. -ling acid - base. 
Nhung vi qua rOng nen no khong có kha nang dita ra phep dinh lttOng ve  
cliang dO acid. Thuyet Lewis hau nhit chi thuan tien cho phan loci electron 
trong cau tao chat. Ngay viec dOi hoi cac phan tit HC1, HNO3, H2SO4... phai 
nhan cap electron moi coi la acid thi that la mot dieu khien citEing. 

3. S15 HIEN LY CUA 	THANG PH CUA SORENSEN 

3.1. Ski dien ly caa 'nide 

Nu& la dung moi Wang tinh, vita cho Ira vita nhan proton: 

H2O 	 + OH- 	(9-34) 
H20 + H+ 	 H30+ 

	
(9-35) 

H2O + H2O 
	

H30÷  + OH- 	(9-36) 
acid 1 	base 2 	 acid 2 	base 1 

va -Wong 	vdi 2 cap acid - base lien hop theo thuyeI Bronsted - Lowry: 
H20/0H-  va 1-130+/H20. 

Mac du su dien ly cua nude rat be, nguai to van do duoc dO d'an dien cUa 
no va xac dinh ditoc gia tri cUa hang s6 can bang cila phuong trinh (9-36) theo 
dinh luat tac dung kh6i Wong: 

[H,01 [OH-  ] 
K = 

	

	 = 3,24.10-'8 	(6 25°C) 	(9-37) 
[H 2 0]2  

K [H20}2  = 3,24.10' (1000 )2  = Kn  = [H301 [OH-] = 1,0.10'4 	(9-38) 
18 

(mOt cach chat the thi phai viet cac n6ng dO [ thanh cac hoat de a H„ 

aoH_ , a.,0  khong this nguyen, vi 6 dieu kien chua.'n da so sanh vdi cac hoat di) 
chua'n 	= 1 mol/L. Theo do, phuong trinh (9-38) phai dudc viet la: 

a H. 	F1 x a0- = 	1,0 X 10 14  (9-39) 

Hang so K„goi la tich s6 ion ciia rutoc. Tich s6 nay thay d6i theo nhiet de. 

Vi mot ion H30+ va mot ion OH-  ditoc phan ly tit mot phan tit H2O, do do 
trong nttdc nguyen chA: 

[H30+] = [01-1-] = V10-14  = 10' mol/L 	 (9-40) 

1000  
(N6ng dO nitoc nguyen chat = 	 55,5M, vay cit moi 555 trieu phan 

18,02 
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tip rill& chi c6 1 phan tii dien ly ra cac ion). Dua vao can bang dien ly cUa 
nu6c, ngtidi ta dinh nghia dung dich acid, base va trung tinh tuST theo d6 lon 
WI:Mg do-i gicia [H301 va 

Dung dich Gidi flan chung O 25°C 

Acid [H301 > [OH-] [H301 > 10-7  [OH-] < 10-7  

Trung tinh [H301 = [OH-] [H301 = 10-7  [OH-] = 10-7  

Base [H301 < [OH-] [H301 < 10-7  [OH] > 10-7  

Vi Kn  la hang sod nhiet d6 nhat dinh, nen khi biet n6ng d6 cua mot trong 
hai ion, ta có the tinh &foe n6ng d6 ion kia. 

+ VI du 9.12: Biet n6ng do [H301cua mot dung dich bang 3,0.10-4M. 
Tinh [OH-] va cho biet dung dich la acid, trung tinh hay base? 

Gidi 

10- '4  

[H 301 	3,0x10-4  

Day la dung dich acid vi [H301 > [OH-]. 

3.2. Thang pH 

[OH] = = 3,3 x 10-11  M 

I\TOng d6 H30+ trong dung dich nvoc c6 the Wen d6i tren mot pham vi 
Ong tfi 10M den 101°M, gay kilo khan va dai &mg trong tinh toan, do do 
Sorensen de nghi dung dai laic ng pH a bieu thi ti6m nang ion hydro 
(hydrogen ion potential) v6i dinh nghia: 

pH = -1g [H301 hoac [H301 = 10-"11 	 (9-41) 

va pOH = -1g [OH-] hoac [OH-] = 10-"°H 	 (9-42) 

Vi Kn  = [H301 [OH-1 = 1,0 x 10-14  nen ng-U6i ta cung hay dung dai Wong: 

pKn  = -1gKn  = -1g[H,01 [OW] = -1g[H301 - lg[011+] = pH + pOH = 14 
(9-43) (6 25°C) 

Thong thdang nguai ta chi sif dung thang pH, cac dai ltiong khac du6c 
suy ra theo pinking trinh quan he (bang 9.6). 
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Bang 9.6. Quan he giCia [H301 ], pH, pOH va [OH7 

[11,04 ] pH pOH [OH] 

10j5  
10 14  
10" 
1 0- 2  

10-" 
1 o b" 
10 -9  
108  

lo 
10 6  
10 5  
10 -4  
10' 
102  
10-' 
1 
10' 

15 
14 — 
13 — 
19 — 
11 —
10-
9-
8-
7-
6— 
5— 
4 — 
3 — 
2 — 
1 —
0-

-1— 

(o. 
"LI 
b.0 
<o 

O  

<0. *ti 
IraP 
,c) 

-1 - 
- 	1 
— 2 
— 3 
— 4 
— 5 
— 6 
— 7 
— 8 
— 9 
— 10 
— 11 
— 12 
— 13 
—14 

15 

10' 
1 
10' 
10 
10-1  
10-4  
10 5  
10 6  
10-7 	 
10 8  
10 9  
10 1 " 
10" 
10 12  
10" 
10'4  
10'5  

tO 
>ct 

<0. 

Trung 

b0 
ict 
0  

Mc)  
<0. 
Ci=1 

thin 

- Chzi a) Vi 	phu thu6c nhiet d6 nen pK„, pH, pOH cua nit& nguyen 
chgt cling thay d6i theo nhiet do (bang 9.7). 

Bang 9.7. Tich s6 ion (Kr) cua nutic nguyen chat a mot s6 nhiet c16 

Nhiet do (°C) lc x 10' pKn  pH = pOH 

0 0,11 14,96 7,48 

10 0,29 14,54 7,27 

25 1,00 14,00 7,00 

50 5,66 13,25 6,62 

100 51,30 12,29 6,15 

300 400,00 11,40 5,70 

b) Muon dinh nghia chinh xac hdn v6 pH thi can phai thay the [H301 
bang hoat d6 ion hydro a H+  de c6: 

pH = -1ga., 	 (9-44) 

a = f±  C 	= f±  [H301 = He se-  hoat d6 x N6ng d6 ion hydro 

+ Vi du 9.13: 

a) Dung dich HC1 0,05M c6 ang d6 ion hydro bang 0,05M. Tinh pH cilia 
dung dich. 
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	NaOH 1M (14,0) 

	Dich giat (13,0) 

	Amoniac gia dung (11,9) 

1 
	NInTi dich MgO china 
N  dau da day (10,5) 

Dung dich rira (ung, 
mun, vet filming) (-10,0) 

	Nu& bin (7,0 - 8,3) 
	Mau (7,4) 

TRUNG TINH 
SCra (6,4) 
Nuoc tieu (4,8 - 7,5) 
NuOc mua sach (5,6) 

	Bia u6ng (4,0 - 4,5) 

Darn chua (2,4 - 3,4) 

Nude chanh vat (2,2 - 2,4) 

Dich da day (1,0 - 3,0) 

HC1 IM (0,0) 

10 

9 

pH 

b) Biet he s6 hoat do ion trung binh dia dung dich a) là 0,83 cI 25°C. Tinh 
pH ciia dung dich. 

c) Them NaC1 vao dung dich a) de' dung dich có laic ion tong tong la 0,5. 
Tinh pH cila dung dich, biet rang he s6 hoat do ion trung binh cua HC1 d hIc 
ion 0,5 bang 0,77. 

Gidi 

a) pH 	= 	-1g(5.10-2) = 1,30 

b) pH = -1g(0,83 x 0,05) = 1,38 

c) pH = -1g(0,77 x 0,05) = 1,41 

- Hinh 9.1 cho biet do pH dm met s6 dung dich niiOc thliang g4p. 

Hinh 9.1. Gia tri pH caa mot so dung dich nu'Uc thuting gOp 
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4. CAN BANG ACID - BASE 

4.1. Sif dien ly caa cac acid ygu 

Trong nu6c, acid yki HA di6n ly qua phan itng voi phan tit H2O: 

HA + H2O 	H30+ + A- 
	 (9-45) 

Theo dinh luat tac dung kh6i Wong, hang s6 can bang cila phan fing ducic 
vik: 

[Hi0+] [A]  
K = - 	 (9-46) 

[HA] [H20] 

Doi v6i dung dich loang va cho muc dich thuc hanh, ngithi ta coi lacing 
niidc la du lon de duoc xem la hang s6 ([H20] trong 1 lit nueic 3 25°C vao 
khoang 55,5 mol/L). Tit do, phuong trinh (9-46) ditoc bien d6i: 

K [H2 O] = Kd 
=[H2O A]] 	

(9-47) 
[H 

Ka  goi la hang s6di6n ly acid, citing goi la hang s6 acid. 

Nguai ta dung dai Wong: 

pKa  = -1g Ka 	 (9-48) 

va goi la chi s6 sift acid. 

Gia tri Ka  va pKa  the hien d6 manh - 376u cua mot acid. 

Ka  cang 16n, acid cang manh, vi ii trang thai can bang no di6n ly duoc 
nhieu hon ion hydroni H30+ trong dung dich va ngvoc lai. Neu danh gia theo 
pKa  thi, acid cang manh pKa  cang nhO va ngtfcic 

Chzi neu HA la acid manh, chang han nhu HNO3, din ly hoan toan 
trong nitoc, the la nitric thau tom tat ca proton cUa acid: 

HNO3  + H2O —> H30+  + NO3-  

thi [HA] lac can bang = [HNO3]],„an Wang 	0. 6 trang thai can bang khong 
ton tai cac phan tit acid khong di6n ly, phan ifng hoan than mot chi6u, Ka  tr6 
nen lon vo cling, do do no khong ditoc icac dinh trong dieu ki-en thong thuOng. 

- Bang 9.8 dua ra gia tri Ka  ciia mot s6 acid don chile (m6t phan tit cho mot 
proton). 
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Bang 9.8. Gia tri Ka  di' a mot s6 acid don chdc 6 25°C 

Ten Cong t h Lic Ka  

Acid iodic HIO, 1,6 x 10-1  

Acid cloro HC102  1,1 x 10' 

	
r-

,  
I 	

 1--
-'
 

D
O

  m
an

h 
ac

id
 ta

n
g

  

Acid nitro HNO2  7,1 x 10' 

Acid hydrofluoric HF 6,8 x 10-4  

Acid acetyl salicylic (aspirin) CH3000C6H4COOH 3,27 x 10' 

Acid benzoic C6H5COOH 6,3 x 10-5  

Acid acetic CH3COOH 1,8 x 10-5  

Acid propanoic CH3CH2COOH 1,3 x 10-5  

Sulfacetamid C81-1,0N203S 1,35 x 10-6  

Sulfadiazin C1oH1oN402S 3,3 x 10' 

Acid hypocloro HCIO 2,9 x 10' 

Pentobarbital C111-118N203 1,0 x 10' 

Acid hypobromo HBrO 2,3 x 10-9  

Acid hydrocyanic HCN 6,2 x 10-1°  

Phenol C61-150H 1,0 x 10-19  

Acetaminophen (paracetamol) C81-19NO2 1,1 x 10'9  

Acid iodo HIO 2,3 x 10-11  

4.2. S4 (WO ly cita cac base ygu 

- Base yeu B trong dung dich nuoc có phan ling: 

B + H2O 	 BH+ + OH- 

a day, thuyk Bronsted - Lowry liiu ST rang, base B phai có cap electron 
tai do de ket hop (thau torn) proton dm phan tii niidc, do do tao ra mot n6ng d(5 
OH-  trong dung dich. Base Bronsted - Lowry khong nhat thiet phai chlia san 
nhom OH trong cau tao cilia no. 

Phan ling (9-49) có hang so can bang: 

[BH± ] [OH ]  
K = 	 xem [H20] = const thi: 

[B] [H 20] 

- 
K[H2 0] = K b  = 

[BH± ] [OH ]  

[B] 

Kb goi la hang s6 dien ly base, cling goi la hang s6 base. 

(9-50) 

(9-49) 
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K b  — 
[NH,] 

= 1,76 x 10-5 	(a 25°C) 
[NH 4 + ] [OFF] 

Ngttdi to cling dung dai 

pKb  = - lg Kb 	 (9-51) 

va goi la chi s6 sic base. 

Kb  cang Ion, hay pKb  cang nh6, base cang manh va ngt lc lai. 

Chit toan be Wong base manh, chang han nhtt NaOH, c6 mat trong 
dung dich dgu thau tern proton ci:ia nUoc: 

	

NaOH + 1130+ 	Na+ + 2H20 

phan Ung met chigu, nen cling nhu doi voi acid manh, Kb  Ion ve ding va 
khong duoc xac dinh trong digu kien thong thtiOng. 

— Met base phan tit quen thuec la NH3, trong nit& no c6 phan ling: 

	

:NH3  + H2O 	 NH4+ + OH- 

Do Kb  nh6 nen trong nuoc ten tai chu ygu cac phan tit NH3  (mac du tren 
nhan lo hoa chat van ghi la "amoni hydroxyd"). 

Trong dung dich 	cac base ygu g6m 2 nhom lon: 

+ Base phan tit trung hoa, nhu amoniac, cac amin him co. 

+ Base ion gem tat ca cac anion dm cac acid y6u. 

Bang 9.9 ghi gia tri Kb  ciia met so base phan tit trung hoa (nhom amin). 

Bing 9.9. Gia tri Kb caa mot s6 base phan tit nhOm amin 

Ten Cong thitc Kb 

Diethylamin (CH3CH2)2NH 8,6 x 10' 

Dimethylamin (CH3)2NH 5,9 x 10-4  

m
an

h
 ba

se
  ta

ng
  Trimethylamin (CH3)3N 5,2 x 10-4  

Methylamin CH3NH2  4,4 x 10-4  

Ethanolamin HOCH2CH2NH2  5,0 x 10-5  

Atropin C171--123NO3  4,5 x 10-5  

Codein C181--121NO3  1,6 x 10-6  

Amoniac NH3  1,76 x 10-5  

Pyridin C5H5N 1,7 x 10-9  

Anilin C6H5NH2  4,0 x 10-19  

Ure CO(NH2)2  1,5 x 1014  

152 



4.3. Quan he giiia Ka  va Kb  cira mot cap acid - base lien hcip 

Co mot moi quan he don gian ma quan trong gift- a hang s6 dien ly cua  
mot acid yeti (HA) va cila base lien hop cila no (A-) trong dung med. Wong tinh 
nhit nttcic. Quan he ditoc nhan ra qua cac phtiong trinh: 

HA + H2O 	H30+  + A 	Ka  = [H
30+] [Al  
[HA] 

A -  + H2O 	HA 	+ OH- 	Kb  = 
[HA] [OH-]  

[A-] 

Ka x Kb = 
[H

3
0 ±  [A] 
 x 

 [HA] [0H- ]  
;0+ 1[0H-1= K. 	(9-52) 

[HA] 	[Al 
 

a 25°C, Ka  x Kb  = K„ = 1,0 x 10' 	 (9-53) 

M6i quan he nay cho phep tim ditoc Ka  neu biet Kb, va ngitoc lai. Liu S7 
rang, trong cac bang tra citu, ngtiai ta chi ghi cac gia tri K. va Kb cua phan tip  
acid va base trung hoa. Mu6n biet Kb, vi du cua CN-  va Ka, vi du dia 
CH3NH3+, thi sit dung phitong trinh (9-53). Sau khi tra bang, ditoc biet Ka (HCN) 
= 6,2 x 10' thi: 

Kb (CN-) 
1,0 x10 14  1,0 X10-14 

6,2 x10-1()  
= 1,6 x 10-5  

Ka (HCN) 

va biet Kb (CH3NH2) = 4,4 x10-4  thi: 

1,0x10 14 	1,0x10 14  
	 = K 	=  	 2,3 x 1011  

a (Ltiv,n3+) je 	 4,4 x 10 4  " b (CH 31\11-12 ) 

4.4. Su dien ly cita acid, base da chic. Chgt Wang tinh 

— Cac plidn tren moi de cap den acid, base don chitc - phan tit chat chi cho 
hoac nhan 1 proton. Neu 1 mol chat có the cho hoac nhan tit 2 proton tra 
len, ta goi nhfing chat do la acid hoac base da chic. 

— Acid da chat dien ly tieng nac, moi nac cho 1 proton. Vi du, acid phosphoric có 
3 chic acid dien ly theo 3 phan itng nac: 

1/ H3PO4  + H2O 

 

H30+  H2PO4 

 

[H301 [H2PO4 	= 7,5 x 10-3  va pKai  = -1g Kai   = 2,1 
[H,PO4] 

Kai  
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2/ H2PO4 + H2O 	 H30+  + HP042-  

[F130+1[HP0  2  
Ka 	 = 6,2 x10-8  va plc" = -1g Ka,  = 7,2 

3/ HP042-  + H2O 	 H30-1-  + P043  

[F130+ ][PO4' ] 
	  = 3,6x10-13  va 	= -1g Ka,  = 12,4 

[HP042-  ] 

Phan Ung dien ly tang Ong: 

H3PO4  + 3 H2O 	 3 H30+  + P043-  

[H3013  [ P043  ] 
= Kal .Ka2 .Ka3 = 17x10-22  

[H3PO4 ] 

va 	pKa 	= - lg K
a tong = 

pKa,  + pKa  + pKa,  = 21,7 
tong 

Ka  , Ka, , Ka,  goi la cac hang so- diet' ly nac. 

pKai  , 	, pKa  la cac chi s6 sic acid nac. 

Ka  , pKa  la hang s6 dien ly tang cong va chi s6 sic acid tong cong. 

Tit cac phan ing dien ly cua H3PO4, rut ra cac nhan xet chung: 

+ Hang s6 dien ly nac 1 Ion hdn nhieu so \Ted nac 2. Dac biet Ka,  vO cimg 
be, den mic có the xem thuc to la khong ton tai ion PO4' trong dung 
dich. Noi chung, neu Ka  >> Ka,  thi trong cac phep tinh gan dung nguai 

to chi sit dung tri so- dm Ka  , khi do acid da chic ctuoc coi la don chile. 
+ Hang s6 dien ly tang cong bang tich cac hang so-  dien ly nac. pK tang 

cong bang tong cac pK nac. 

+ Ion PO,' chinh la mat base da chic va ming nhan proton theo 3 nac, 
m8i nac chi nhan 1 proton tit phan tif nude nhu cac phan ing sau: 

1/ P043-  + H2O 	 HP042-  + OH- 

[11 2 PO 4 

K a,  

Ka  
!Ong 
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K r, 	1,0 x10-14  

Ka, 	3,6 x 10-1  
= 2,8 x 10-2  Kb  = 

[P0431 

[OH-1[HP042-] 

pKb, = -1g Kb  = 1,6 

day là the hien m6i quan he cila cap acid - base lien hop HP042-/P043-. 

2/ HP042-  + H2O 

 

H2PO4 + OH- 

 

Kb,  
[OH- ] [H2 P041 	K r, 	1,0 x 10-14  

[HP0421 	Ka, 	6,2 x10-8  
= 1,6 x 10-7  

pKb,  = -lg Kb2  = 6,8 

ei day 1a the hien m6i quan he cim cap acid-base lien hdp H2P0,,-/HP0 

3/ H2PO4 + H2O 

[OHl[HiPO4]  

[H2 PO4  

H3PO4  + OH 

K 	1,0 x10-14  
	 = 1,3 x 10-12  

Ka 	7,5 x10-3  
Kb,  

pKb;  = -lg 	= 11,9 

day là the hien m6i quan he cila cap acid- base lien hop H3PO4/H2PO4-. 

VA phan iing dien ly base tong Ong: 

	

P043-  + 3 H2O 	 3 OH - 	+ H3PO4  

[OH13  [H3PO4] 	 5,8 x 10-21 
= Kbi . Kb, • K b;  Kb iOng 	[P043-] 

va 	pKbtcmg  = -1g 	= pKb,  + pKb,  + pKb,  = 20,3 

— Nhii vay, mot acid da eh& HnA sau khi cho di tat ca proton se tao ra mot 
base da chfic 	n cap acid - base lien hop. O vi du H3PO4  to thgy có 3 
cap acid - base lien hdp va cac m6i quan he gitia chung thioc nhan ra là: 

Ka x Kb  = Ka2 x Kb2  = Ka X Kb = K,, = 1,0 x 10-14  

K„ x Kb = Kai x Ka,  x Ka  x Kb] X Kb2 x Kb3 = Kn3  = 10-4' 
uing 	tong 3  

pKa,Ong  + pK b 	= -1g K.3  = 42 
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- Bang 9.10 cho bie't hang s6 dien ly ciia mot s6 acid da chic. 
Bang 9.10. Hang s6 diOn ly co a mot s6 acid da chat 

Ten Cong that Ka  
l 

K
a 

Ka 

Acid oxalic 1-12C204  5,6 x 10-2  5,4 x 10-5  

Acid phosphors H3P03  3,0 x 10-2  1,7 x 10-7  

Acid sulfurs H2S03  1,4 x 10' 6;5 x 10' 

flo
  m

an
n 

ac
id

 ta
ng

  Acid phosphoric 1-13PO4  7,5 x 10' 6,2 x 10 3,6 x 1013  

Acid arsenic 1-13As04  6,0 x 10" 1,1 x 10-7  3,0 x 10-12  

Acid citric C61-1807  7,5 x 10-4  1,7 x 10-5  4,0 x 10-2  

Tetracyclin C221-124N208  5,0 x 10-4  2,1 x 10' 2,0 x 10-1°  

Acid ascorbic 
C6 -1806  5,0 x 10-5  1,6 x 10-12  

(Vitamin C) 

Acid carbonic 	I  H2CO3  4,5 x 10-7  4,7 x 10-1' 

Acid hydrosuifuric H2S 9,0 x 10-8  1,0 x 10-17  

- Chat luThig tinh. O vi du di:0 ly cila acid phosphoric, cac ion H2PO4-  va 
HP042-  c6 th4 c6 chic nang caa mot acid hay cila mot base. Nhin chung, 
trong he acid da chic H„A, tat ca cac ion d6u c6 2 chic nang nhU the, frit 
H„A va 	MO1 ion có the' dOng vai trb nhu' mot acid hay mot base du'o'c 
goi la chdt 	tinh. Cac acid amin va protein la nhung chat hiong tinh 
duoc quan tam dac biet trong Duoc hoc. Vi du, glycin (H2NCH2COOH), la  
mot acid amin c6 trong thanh phdn cac dung dich dam a tiem truy6n, 
hoac pha dung dich d4 riia trong phau thuat. Glycin boat tong nhu mot 
acid hoac mot base: 

+NH3CH2C00 + H2O 	NH2CH2C00-  + H30+  
+ NH3CH2C00 + H2O 	±NH3CH2COOH + OH- 

Cau tit +NH3CH2C00-  goi la phan try ion, no mang ca din tIch duong va 
am, toan b6 phan tit trung hoa 176 then (khac voi cac ion Kiang tinh phan ly ra tit 
H3PO4  hoac H„A). TuST theo moi trtiong ma glycin th4 hien U1-ill acid hay base. 
pH ma n6ng d6 phan di ion lon nhat goi la dam cliing dien. Tai diem ding din 
chuy4n Ong thiic ciza phan di chat tan trong dien truing c6 th4 b6 qua. 
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4.5. Cach tinh pH 'mit se; dung dich 

Dua vao pinking trinh bao toan neng do, phuong trinh bao toan dien tich 
va cac hang s6 can bang, nguai ta co the tinh chinh xac [H301, to do tinh pH 
cho moi dung dich co thanh phan bat 1(57. Tuy nhien, nhieu he phuong trinh 
rat phfic tap, kilo giai; hon nfia, gia tri pH qua chinh xac v6i nhieu s6 le sau 
hang ddn vi ciing la dieu khong can thiet. Trong thiic to nguai ta chap nhan 
cach tinh gan thing ma van thoa man cac gi6i han sai se duoc &at ra cho tang 
truOng hop cu the. 

A. Dung dich acid manh, base manh 

- Tinh pH ceza dung dich acid manh ddn chac: 

Acid manh HA, n6ng do Ca mol/L, dttoc xem la dien ly hoan toan (a = 1) 
trong dung dich /Woe. Cac can bang then ly tao ra 3 n6ng do chua biet [H301, 
[OH-] va [Al nen can 3 pinking trinh dec lap lien quan de xac Binh: • 

HA + H2O 	 1130+ + A- 	 (a) 

H2O + H2O 	 H30+ + OH- 	(b) 

[11301 = 	+ [OH-] 	 (c) 

Can di phuong trinh bao toan dien tich (c) va tich s6 n6ng do ion cua 
nuoc theo (b) ta tinh thioc: 

[H30+] = Ca + 	
Kn 	

(9-54) 
[H301 

Giai phuong trinh bac 2: [H30-12  - Ca[H30+] - Kn = 0 tim ra [H30-1 rei 
to do tinh pH. Day la phuong trinh &toe ap dung cho bat kS7 met acid manh 
nao vdi n6ng do Ca tuS7 S7. Neu Ca 1,12.10' M (nghia la chap nhan dung dich 
acid có pH :5_ 6,95, each biet 5% don vi pH so voi gidi han trung tinh) thi b6 qua 
[H301 do nudc dien ly ra, do do [H301 = Ca va: 

pH = -1gCa 	 (9-55) 

Cita )5: Neu dung dich gem chlia nhieu acid manh don chile HA, n6ng d6 
Cal, HA2  n6ng do Ca2... thi Ca trong (9-54) la tong n6ng do cac acid co mat: Ca 
= Cal  + Ca2  + 

+ VI du 9.14: Tinh [H30+] va pH cac dung dich: a) HNO3  0,015 M ; b) 
HC1 10-7M va c) gem HNO3  0,0100M va HC1 0,0015M. 

Gidi 

a) [HNO3] >> 1,12.10-7M nen [H301 = Ca = 0,015M vb. pH = -1g (0,015) = 1,82. 
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b) [HC1] < 1,12.10 7M nen phai ap dung (9-54), tim dttoc [H301 = 1,6.10-
7M va pH = -1g(1,6.10 7) = 6,80. 

c) Vi Ca = 0,0100 + 0,0015 = 0,0115M >> 1,12.10-7M nen [H301 = Ca = 
0,0115M va pH = -1g(0,0115) = 1,94. 

- Tinh pH cUa dung dich base manh dan chic: 

Base manh BOH, nOng dQ Cb mol/L, dien ly hoan than trong dung dich 
ntidc. Bang each giang nhtt dai voi acid manh, xet 3 phtiong trinh dQc lap: 

 

BOH 

2H20 

[OH-] 

  

OH-  + 13+ 

OH-  + H30+ 

[B+] + [1130+] 

   

Rat ra: 

  

Kn  
[OH-] = Cb + 	hay [H301+ Cb = 	 (9-56) 

[O 

Kn  

H1 	 [H301 

Giai phttong trinh bac hai tim dttoc [OW] hoac [H301, tit do tinh pH ciia 
dung dich. 

Neu Cb 1,12.10 7M thi be) qua [OH-] do nuoc dien ly ra (nghia la chap 
nhan dung dich base c6 pH ?_ 7,05, each biet 5% don vi pH so veil gioi han 
trung tinh), do do [OW] = Cb va: 

pH = 14 + 1gCb 	 (9-57) 

Neil dung dich gam chita nhieu base manh thi Cb la tang nang do cac 
base có mat. 

+ Vi du 9.15: Tinh pH cac dung dich: a) NaOH 0,5M; b) CsOH 10-7M 
va c) gam NaOH 0,5M va CsOH 0,3M. 

Gidi 

a) Vi Cb >> 1,12.10-7M nen pH = 14 +1g0,5 = 13,70 

b) Vi Cb < 1,12.10-7M nen.phai ap dung (9-56), tim dtioc [OH-] = 1,6.10-
7M = pOH = 6,80 nen pH = 14 - 6,80 = 7,20. 

c) Vi Cb = 0,5 + 0,3 = 0,80 >> 1,12.10 7M, nen pH = 14 + 1g0,80 = 13,90. 

B. Dung dich chlia mot cap acid - base lien hap 

MQt cap acid - base lien hop trong dung dich tao ra 4 nang do chua biet 
(xem muc 4.3 phla tren) la [H301, [OW], (A-] va [HA] d trang thai can bang. 
Vay can 4 phttOng trinh dQc lap lien quan de xac dinh chting, Om: 
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+ Nuking trinh dien ly cila acid yeti HA có n6ng do ban dau Ca va hang 
s6 can bang Ka: 

HA + H2O 
	

H3  0+ + A-  Ka - [H
30± ][A]  
[HA] 

+ Phuong trinh dien ly cua nude: 

H2O + H2O 	 H30+ + OH- 
	Kn = [11,04] [OW] = 10' 

+ Plationg trinh bao toan n6ng dd, vdi Cb la n6ng dd ban dau cila base 
yeu lien hdp A-: 

Ca + Cb = [HA] + [A-] 

+ Phtiong trinh bao than dien tich: 

[H30+] = [A-] + [OW] 

Sau khi to hdp 4 pinking trinh tren va sap xe-p lai, thu duoc: 

(Ca - [H30+ ] + [OW])  
[H30+] = Ka 

	

	 (9-58) 
(Cb + [H30+ ] - [OW]) 

Day la pinking trinh chinh xac va tang quest, có the trien khai tinh town 
ma khOng can kem then bat kS7 gia thiet nao. Phtiong trinh (9-58) duoc ap 
dung de tinh pH cho nhieu truang hop cu the. 

- Tinh pH cua dung dich mot acid yeu don 

Dung dich chi chiia met acid yeu nen Cb = 0, thay [OW] = 
Kn va 

sdp.xep lai, pinking trinh (9-58) tr6 thanh: 

Ca [H3012  - Kn 

[H3012  - Kn 
[H30+ ] 

	 (9-59) 

Phtiong trinh (9-59) cho phep tinh [H301, tit do tinh pH chinh xac cho 
bat kST dung dich nao chiia mot acid yeu trong nude. 

De tinh gan dung nguai-  to chap nhan sai s6 < 5% (goi la gia thiet 5%): 
khi mot gia tri < 5% so vdi mot gia tri khac thi có the 136 qua. 

Van dung gia thiet 5% a xet (9-59) cho thay, nein (Kn/[H3012) < 5%, 
nghia la khi [H30+] > 4,47.10-7M thi b6 qua [H30+] do nit& dien ly ra, do do 
phtidng trinh (9-59) tra thanh: 

[H30÷ ] 

Ka 
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[H3012  

Ca - [F1301 

Neu ([14301/Ca) < 5% thi (9-60) dude thu gon lai: 

[H3012  
Ka = 	 [H301 = A/Ka Ca 	 (9-61) 

Ca 
6 day can hieu, doi h6i Ca du ion nhung Ka cung phai du nhO de [H301 

tii acid dien ly ra c6 the b6 qua. Van dung gia thiet 5%, ta c6 tieu chi don gian 

de alp dung (9-61) la Ca > 400. 
Ka 

+ Vi du 9.16: Tinh pH eila cac dung dich: a) CH3COOH 0,05M, 
Ka = 1,8.10'; b) acid orthohydroxybenzoic (HOC6H4COOH) 0,01M, 
Ka = 1,06.10-3  va c) HCN 1,0.10-4M, Ka = 6,2.10". 

Gidi 

a) Ap dung cong thfic (9-61) tim dude: [H301 = V1,8.10-5.0,05 = 9,49.10-  

'M. Kiem tra gia thiet 5%: 
9,49.10-4 

 x 100 = 1,9% << 5%, hoac (Ca/Ka) = 2777 
0,05 

>> 400, vay gia thik dung, nen pH = -1g(9,49.10-4) = 3,02. 

0,01 
sai. Phai dp dung (9-60) bang each giai phUong trinh bac hai, tim thgy: [H301 
= 2,77.10-3M. Vi gia tri nay >> 4,47.10-7M nen c6 the sii dung va tim duoc: pH 
= -1g(2,77.10') = 2,56. 

c) Ap dung (9-61) va (9-60) deu cho [H301 = 2,49.10-7M, gia tri nay 
< 4,47.10' M. Vay, khong the b6 qua [H301 do nude dien ly ra. Phai dp dung 
pinking trinh (9-59) la phuong trinh bac 3 va giai theo phuong phap lap 
Newton de tim [H301. 

Tuy nhien, de dp dung dude (9-59) theo each tinh gam citing vdi gia thik 

- 
5%, ta xet mA.0 so cua no. Neu 	

3012 	
/ Ca 5% thi (9-59) tra thanh: 

[H301 Kn  

[H30+ 12  - Kri 
Ka = 	 , do do [H301 = VKaCa + Kn 	(9-62) 

Ca 

Ka = (9-60) 

tra gia thiet 5%: 

b) Ap dung (9-61) tim duoc: [H301 = V1,06.10-3.0,01 = 3,26.10-3M. Kiem 

3,26.10-3  
x100 >> 5% hoac (Ca/Ka) << 400. Vay, gia thik 

160 



Chit sau khi dp dung (9-62) de tim [H301, can kie'm tra lai xem gia 
thie't 5% c6 dung khong. Clang c6 th6 	ra tieu chi xet truoc khi ap dung là 

(4,47.10-7 )2  - 10-14  

	

Ca   = 8,49.10-6M. Thtic ra cong thClc (9-62) diloc dp 
4,47.10-7.0,05 

dung cho tat ca cac trtiang hop, trif dung dich c6 Ca qua nhO. 

TrO lai vi du dang xet, vi Ca = 1,0.10-4M > 8,49.10-6M.nen dp dung difoc 
(9-62), tim thay: 

[H301 = 	6,2.10-10.10-4  +10-14  = 2,68.19-7M 

va 	pH = -1g(2,68.10-7) = 6,57. 

- Tinh pH clia dung dich mot base yeti coon 

Dung dich chi chfia mot base ygu nen trong (9-58) Ca = 0; thay 
Kn 	, 

[H30+] = 	Kn , thay Ka = 	va sap xep lai thi (9-58) tra thanh: 
[OH-] 	 Kb 

[OH-]2  -Kn 
Kb = 

	

	 (9-63) 

Cb 
[OH ]2 - Kn 

[OW] 

Ph-tiong trinh (9-63) cho phep tinh [01-11, tit do tinh [H301 va pH hoan 

toan chinh xac cho bat kST dung dich nao chlia mot base yeu trong nuoc. 

Bang lap luan hoan toan Wong tai nhit deci voi acid ye-u ci tren to tim &foe 
cong thfic tinh ga'n dung [OW] cho tiing .trtiiing hop trong gioi han sai s6 5%. 

Ngu [OH-] > 4,47.10'M thi bO qua [OH-] do nude dien ly ra, (9-63) tra thanh: 

[OH ]2

Cb - [OW] 

Cb 
Ngu ([0H-]/Cb) < 5% hay Kb > 400 thi sii dung cong thfic: 

[OH

b  

-]2  
Kb -  	[OW] = A/Kb Cb 

C 

Noi chung, ngu Cb 8,49.10-6M dgu có thg dp dung: 

(9-65) 

    

[OW] = A/KbCb + Kn 	 (9-66) 

Kb = (9-64) 
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+ Vi du 9.17: Tinh pH caa dung dich cocain base 0,0025M. Bi6t cocain 
base (dung gay to niem mac mat, mieng, nieu dao) có cong thfic 
C17H2INO4  va Kb = 2,6.10 6. 

Gidi 

Ap dung cong thitc (9-66) vi Cb = 0,0025M > 8,49.10-6M, tim &toe: 

[OH] = V2,6.10-6.0,0025 + 10-14  = 8,06.10-5M 

pH = 14 + lg(8,06.10-5) = 9,91 

Tinh pH cz1a dung dich cha'a mot cap acid - base lien hdp: 

Nhu vay dung dich se g6m met acid yezu va mu6i cua no, chang han 
CH3COOH/NaCH3C00; hoac met base y6u va mu6i cua no, chang han NH4C1/NH3  
clung duoc them vao nuOc. Vi Ca, Cb chwc them vao nen nhin chung 16n hdn 
nhieu [H30-1 va [OW]. \Tay phuong trinh (9-58) tra thanh: 

	

Cb 
	 (9-67) 

+ VI du 9.18: Tinh pH cila dung dich: a) CH3COOH 0,12M va NaCH3COO 
0,16M ; b) NH3  0,3M va NH4C1 0,2M. 

Gidi 

a) Tit (9-67): 

(1,8.10-5).0,12 
[H30-1 = 	  = 1,35.10-5M 

0,16 

va 	pH = -1g(1,35.10-5) = 4,87 

Kn 	10-14  

Kb(NH3) 	1,76.10-5  

10-14 	0 2 
pH = -1g( 	x 	) = 9,42 

1,76.10-5  0,3 

C. Dung dich acid, base da chic 

- Tinh pH cUa dung dich mot acid da chac: 

Hau h6t cac acid y6u da chic FInA có nac phan ly truck lOn hdn rat nhieu 
n'ac phan ly k6 ti6p (Kai/Kai _ l  104). Do do, khi Kal/Ka., 103  + 104  ngtfai to 
xem [H30-1 chu y6u duoc tao ra tit buck phan ly thit nh'at va viec tinh pH cila 
dung dich acid da chfic Wong tai nhu d6i voi dung dich acid y6u don chfic. 

+ Vi du 9.19: Tinh pH ciia dung dich H3PO4  5,0M. 

KaCa 
[H301 = 

b) Ka 	= 
(NHU 

, tinh ngay pH theo (9-67): 
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Gicii 

Vi Kal/Ka2  = (7,5.10-3)46,2.10-8) = 1,2.105  nen dp dung theo cong tlpic (9-
61) de tim: pH = -1g V7,5.10-3.5 = 0,71 

- Tinh pH c eta dung dich mot base da chac: 

Giong nha deci vdi acid y6u da chile d tren, khi Kbl/Kb2  cz-=, 103  104  thi 
tinh pH tticing ta nha d6i vdi dung dich base ye.0 don chic. 

+ Vi du 9.20: Tinh pH cila dung dich Na3PO4  0,55M. 

Gidi 

Vi Kbi(P043-)/Kb2(H2P042-) = (2,8.102)/1,6.10') = 1,75.105  nen dp dung (9-
65) va tinh: 

pH = 14 + lgV2,8.10-2.0,55 = 13,09 

Chu y": trtiong hop cac hang s6 dign ly Kal, Ka2... hoac Kbi, Kb2... khac 
nhau khong nhigu thi cach tinh pH can theo phtiong phap phlic tap hon. 

D. Tinh pH eau dung dich muol 

Cac muoi daoc xem lah6n hop cUa acid va base. Trong ntidc cluing din
ly hoan toan thanh cac ion. Cac ion nay có thg thing tac vdi cac ion H30+ va 
OW do milk dign ly ra, vi thg dung dich mu6i có nhung gia tri pH khac nhau 
ma to có thg dii doom va tinh duoc. 

- Mu6i cila acid manh va base manh tao ra dung dich trung tinh (pH 7) 
vi cac ion khong phan ling vdi nadc. Chang han: 

H2O
NaCI (r) 	 Na+ + Cl- 

a= 100% 
Na+ la acid vo cling ygu vi la cation cila mot base manh (NaOH) nen 

khong phan ang vdi naoc. Cr la mot base vo cang y-gu vi la anion clia mot acid 
manh (HC1) cling khong phan iing vdi naoc. Trong dung dich chi có nuoc din
ly nen moi truing la trung tinh. 

ThuOc loai nay gi3m cac mu6i tao bai ion kim loai IA, IIA (trii Be') vdi 
anion cUa acid manh NO3-, Cr, Br-, I-, CI04, HSO4-. 

- Mu6i cila acid manh va base ygu tao ra dung dich có tinh acid (pH < 7) vi 
cation phan ling nha mot acid ygu, con anion thi khong. 

+ Vi du 9.21: Tinh pH cila dung dich AlC13  0,010M, bigt Ka 	3+ 
Al(H20)6 

1,2.10-5. 

163 



Gidi 

Cation A13+ trong dung dich la mot acid ygu phan iing voi 

Al(1-170)63+ + H2O 	 Al(OH)(H20)52+ 
 

+ 

pH dm dung dich di16c tinh Dint d6i v6i mot acid 376u. Ap dung cong thfic (9-

61), tim dtioc: [H301 = V1,2.10-5.0,01 = 3,46.10'M thoa man gia thigt 5% nen 

pH = -1g(3,46.10-4) = 3,46 

Vi du muoi thu6c loai nay nInt: Al2(SO4)3, Cu(NO3)2, (CH3NH3)2SO4, 
(CF13)2NH2Cl• • • 

- Mu6i cila acid ygu va base manh tao ra dung dich c6 tinh base (pH > 7) vi 
anion phan ling 	mot base ygu, con cation thi khong. 

+ Vi du 9.22: Tinh pH ciia dung dich NaCH3COO 0,13M. 

Gidi 

NaCH3C00 (r) 
H2O 

CC = 100% 
Na+ + CH3C00-  

Anion CH3C00-  trong dung dich la mot base y6u phan ling vdi nti6c: 

CH3COO-  + H2O 	 CH3COOH + OH- 

Ap dung (9-65): 

• Kn 	11  10 14  

	

[OH] = ' 	 .Cb = 	5 .0,13 = 8,50.10-6M thoa man 
\ Ka(CH3COOH) 	1,8.10- 

gia thigt 5% nen pH = 14 + lg(8,50.10-6) = 8,93 

VI du mu6i thu6c loai nay flint KCN, Na2CO3, K3PO4, Ca(CN)2, K2S... 

- Mu6i ciia acid ygu va base ygu tao ra dung dich c6 moi trii6n.g acid, base 
hay trung tinh phu thu6c vao d6 manh acid ho4c base tic:Mg doi cua cac ion. 

+ VI du 9.23: Tinh pH cila dung dich NH4CN 0,100M. 

Gidi 

NH4CN 

 

H2O 
	■ NH4+ + CN- 

 

a = 100% 

Nhiang thanh phan chinh trong dung dich la NH4+, CN-, H2O c6 cac phan Ting: 
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(1) NH4-F + H2O NH3  + H30+ Kam  =5, 7.10 10  
(2) CN-  + + OH-  Kb(2)= 1,6.10-5  do Ka(2)= 6,2.10-10  H2O HCN 

(3) H2O + + OH-  Kn = 1,0.1014  H2O H30+ 

va phan itng trung hoe gala acid NH4+ va base CN-: 

(4) NH4+ + CN- 	HCN + NH3 	K = ? 

hgt tim cac cong thfic ly thuye't chung cho loai mu6i nay. Tit can 
bang (4), cho: 

K 	
[HCN] [NH3 ]  = [NH3][H30+] 

 x 	
[HCN] 	Ka(1)  (9-68) 

[NH4][CN-] 	[NW41 	[CN ] [H301 	Ka(2) 

Lap bang phan 

NH4 + 	CN- + 	NH3  ------1--- 	HCN 

Ban dau Cm  Cm  0 0 

Bien d6i -x - 	-x x x 

d can bang Cm  - x Cm  - x x x 

(O day, C. là ang d() ban (tau cila mu6i, va di6u ki"0 de lap bang tren la 
KamC. >> 10-14  va Ka(2)C. >> 1044). 

Tit bang phan ling cho they [NH41 = [CN-] va [HCN] = [NH3], dila cac 
ang 0 nay vao tich s6sau de thu dtioc: 

[NH3 ][H30+ ] x  [CN-][H30+]  = 	 = [11,012  
[1\11-1-n 	[HCN] 

[H301 = NiKa(I)Ka(2)  = pH = -1g.v/Ka(1)Ka(2)  (9-69) 

Vay, pH ciia dung dich loai mu6i nay khong phu thuOc vao nOng dO muoi, 
chi phu thul)c vao gia tri caa hai hang s6 can bang. 

Tra lai vi du cu the da cho, thu 

pH = -.1gV(5,7.10-1°)..(6,2.10-1°) = 9,23 

5. DUNG INCH DEM. CHAT CHI THI pH 

5.1. Dung dich d'e'xn 

- Dung dich dem la dung dich có gia tri pH h'au nhil khong thay doi khi pha 
loang holac khi them mot Wang nha acid manh hay base manh vao no. 
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Tinh chat cheng lai sti thay dei pH du de goi la tac dung &Om. Chang han, 

rid& hoac dung dich NaC1 khong có tac dung dem, nen neu them 1mL dung 
dich HC1 0,1N vao 100mL nit& tinh khiet thi pH giam tit 7 --> 3. Trai lai, h8n 
hop gem CH3COOH + NaCH3COO voi n6ng do deng mol 0,01M c6 tac dung 
dem, nen cling them lmL dung dich HC1 0,1N vao 100mL hon help do thi pH 
chi thay deci. — 0,09 don vi. 	to goi h8n hop vita neu la met dung dich dem. 

Muen gift ditoc pH hang dinh, he dem (dung dich Om) can phai Chita met 
c6u tit c6 tinh acid de trung hoa OW them vao he va met cgu tit co tinh base 
de trung hoa H30+ them vao he. Cac cgu tit do khong the la acid va base bat 
kST, bill vi chung phai cling ton tai trong dung dich ma khong trung hoa ran 
nhau. RO rang, do chi c6 the la 2 c'au tit cua cling 1 cap acid - base lien hop 
theo thuye't Bronsted - Lowry, vi du nInt cap CH3COOH/CH3COO— (h8n hop 

acid yeu va muoi cila no) da neu tren. Cdn khai quat ngay rang, mot he dem la  

mot dung dich caa 1 cap acid - base lien ho'p ma tot nheit let n "dng de) cilia clang 

acid va caa clang base xdp xi nhau. 

Co the dem: h8n hop CH3COOH + NaCH3COO trong dung dich thiet lap 
can bang: 

CH3COOH + H2O 	CH3C00 + H30+ 	(9-70) 

[1-1/0+1[CH3C001 
Ka  = 	 = 1,8 x 10-5  (9-71a) 

[CH 3C001-11 

 

[CH1COOH] 
Rut ra: [H30+] = 	- 

[CH 3 COO 	

(9-71b) 

Muei NaCH3COO dien ly hoan toan: 

NaCH3COO —> Na+ + CH3C00- 	 (9-72) 

nen [CH3C00 ]tu mu6i = [Muei] 

Vay: 

[CH3C00-]dung dich 	[CH3C00 ]tit muoi 	[CH3C00-]ti acid 	(9-73) 

Khi c6 mat gee cH3C00-  tit muei voi lttong len thi can bang (9-70) bi d6y 
lui manh sang trai, CH3COOH lien ly da yeu lai cang yeu hdn, do do c6 the bO 
qua [CH3C00-]tir  acid, nen: 

[CH3C00-] dung dich = [CH3C00 ]tii muOi = [MU6i]toan phdn ban ddu 

[CH3COOH] dung dich = [Acid]toan phdn ban ddu 
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Thay cac nemg do tren vao pinking trinh (9-71b), ta có: 

[Acid] 
[H301 = K. (9-74) 

a  [Mu6i] 

[day chinh la phuong trinh (9-67) da bigt]. 

Tit (9-74) tinh pH cila he dem CH3COOH/CH3C00-: 

pH = pKa  + lg [Muoi] 	 (9-75) 
[Acid] 

He dem dang xet gifi dude pH hang dinh, 

+ Khi them met Wong acid manh (tfic la them H30+) vao he thi base cila 
he (la CH3C00-) se trung hoa va chuyen acid manh them vao thanh 
acid ye-u cira chinh he qua phan 

H30+  (them vao) + CH3C00-  --> CH3COOH + H2O 

NhO do, pH cila he hdu nhti khon.g thay doi. 

+ Khi them met lacing base manh (tfic la tang them OH-) vao he thi acid 
cila he (la CH3COOH) se trung hoa qua phan 

CH3COOH + OH-  (them vao) —> CH3C00-  + H2O 

Nilo do, pH dia he gAn nInt &foe hang dinh. 

+ Vi pKa  la hang s6, do do pH cila dung dish dem chi phu thuec ty s6 
[Mutii]/[Acid]. Khi pha Mang, tY' s6 nay khong d6i (n4c du neMg do 
muoi va acid deu giam), pH vi the ducic hang dinh. 

— Phu'o'ng trinh dem: de khai quat cho he dem Om 'mit acid yeu (HA) ya 
mu6i cua no (A-, la dang base lien hop), ta co cac plitiong trinh chung: 

HA + H2O 	H30 + A- 
Ka  — 

[H304 ][Al  

[HA] 

[H30+] = K 
[HA] 	[Acid] 

a  [A: 	 a  [Base] 

pH = pKa  + lg 
[HA] 

Wit ra chung cho moi cap acid 7 base: 

pH = pKa + lg 
[Base]  

] 

[Acid] 

(9-76) 

(9-77) 

(9-78) 
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Phtiong trinh sau cfing goi la phtiong trinh Henderson. 

+ Vi du 9.24: Tinh pH dia dung dich dem: 

a) Chita CH3COOH 0,50M va NaCH3C00 0,50M. 

b) Sau khi them 0,02 mol NaOH vao 1 lit dung dich dem a). 

c) Sau khi them 0,02 mol HC1 vao 1 lit dung dich dem a). 

Ka  da cho 6 phuong trinh (9-71a). 

Gidi 

a) Vi Ka  = 1,8 x 10.5 nen pKa  = -1gKa  = 4,74. 

Diing phuong trinh (9-78), tim duoc: 

0,50 
pH = 4,74 + lg 	 - 4,74 

0,50 

b) Them 0,02 mol NaOH vao 1 lit dung dich dem, do phan itng trung hoa: 

NaOH + CH3COOH ---> Na+ + CH3C00-  + H2O 

ma n6ng do acid (CH3COOH) cila he giam con (0,50 - 0,02)M va ang do  
base (CH3C00-, dang mu6i) cila he tang them thanh (0,50 + 0,02)M. V4y: 

0,50 + 0,02 
pH = 4,74 + lg 	 = 4,77 

0,50 - 0,02 

c) Them 0,02 mol HC1 vao 1 lit dung dich dem, do phan itng trung hoa: 

HC1 + CH3C00-  ---> CH3COOH + Cl- 

ma no'ng do base (CH3C00-) cua he giam con (0,50 - 0,02)M va ang de 
acid (CH3COOH) cua he tang them thanh (0,50 + 0,02)M. V4y: 

0,50 - 0,02 
pH = 4,74 + lg 	 = 4,71 

0,50 + 0,02 

Nh4n xet: du them base manh (NaOH) hay acid manh (HC1) vao he dem 
cu the nhu tren thi pH cila no clang chi thay dei ± 0,03 don vi pH, ttiong itng  
\Ted sit thay dei - 0,6% pH cila toan he. 

Ghi chi": phuong trinh Henderson (9-78) duoc Alp dung chung cho dung 
dich dem chfia Op acid - base lien hop bat kST nao. Tuy nhien, ngtfoi to cang 
phan biet 2 trueng hop khi he dem duoc tao thanh 

• C4p acid - base lien hop dang HA/A-  [phtiong trinh (9-31)] la dung dich 

dem gem 1 acid yeu va muoi c eta no, goi tat let he dem acid, Chang han 
CH3COOHANOCH3C00-; H2CO3/(NOHCO3; H3PO4/(Na+)H2PO4. 

168 



• Cap acid - base lien hop dang BH±/B [phuong trinh (9-32)] la dung 
dich dem gdm 1 base ye-u va !nu& cita no, goi tat la he dem base. 
Chang han NH4+(C1-5/NH3  ; ephedrin2+(S042-)/ephedrin base. 

— Yeu to anh huOng den pH dia he dem: 

+ IAlc ion ciia dung dich. Khi them mu6i trung tinh bat kST nao vao he 
dem, lUc ion I ciia dung dich tang. Nguroc lai, khi pha loang, lt,ic ion I 
ciia dung dich dOm giam. Sti bie-n d6i laic ion &an den thay d6i he so 
hoat do f ciia 2 thanh phan tao nen he dem, vi the pH ciia dung dich 
dem bi anh huOng. 

+ Nhiet do. Theo quy luat chung, trang thai can bang trong he dem thing 
thay d6i theo nhiet do. Tuy nhien, anh huOng nay nhO, ne-u nhiet de 
bi.en doi trong khoa.ng hep. 

+ Vi du 9.25: Mot dung dich dem chfia. HCOOH 0,05M va NaHCOO 
0,10M. Dung dich cif) laic ion I = 0,10. Biet pKa  cila acid formic bang 
3,74, U./1h pH dm dung dich khi: 

a) Kheng xet den su di'6u chinh cua he s6 hoat do. 

b) Co xet (len sti die'u chinh cua he s6 hoat 

Gidi 

a) pH = 3,74 + lg 
 010

= 4,04 
0,05 

b) Vi laic ion cila dung dich I = 0,10, nen he so-  boat do dtioc tinh theo 
plitiong trinh (9-27) va (9-28) cua Debye - Huckel, tif do pinking trinh dem 
Henderson &foe vie't theo boat de nhU sau: 

X  fBase 	 [HCOCY x fHcoo_ 
pH = pKa  + lg [Base] 

	
= pKa  + lg 	  

[Acid] x fAcid 	 [HCOOH] x fHCOOH 

Vi HCOOH la acid ye-u, n6ng di) nhe nen fricomi  e-z% 1, vay: 

- 
pH = pKa 

 + lg [HC00 ]  

[HCOOH] 
	lg 

HC00- 

0 10 	0,51 V0,10 
= 3,74 + lg    = 3,92 

0,05 	1,0 + V0,10 

• Dung luting dem (/3): Kha nang ch6ng lai su thay deli pH cUa cac dung 
dich dem khi them acid manh, base manh hay pha loang la khac 
nhau va chi trong met gioi han nhat dinh nao do. Dung hiOng dem 13 
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la mot dai lilting de danh gia hieu luc dem, dUdc dinh nghia la so gia 

lu'o'ng base manh hay acid manh them vao de' pH thay dei 1 dan vi. 

Bigu thitc xac dinh 13 trung binh là: 

AB 	AA 	 (9-79) 
ApH 	ApH 

ei day, AB, AA la so mol OW hay 111-  cila base manh B hay acid manh A 
tao nen mat si thay dai ve pH là ApH. Chia y:• khi them AA thi ApH < 0 nen 
phai dat dau - de 13 luon dtidng. NInt \Tay, dung Wong dem f3 cim mot dung 
dich cang lon thi hieu hic dem (hay kha nang thong lai su thay dai pH) cang 
lon va nguoc lai. 13 c6 gia tri bang 1 khi them 1 mol cUa base manh (hoac acid 
manh) vao 1 lit dung dich dem gay ra si thay dal 1 ddn vi pH. 

+ Pinking trinh Henderson (9-78) cho thay, pH cila dung dich dem chi 
phu thuac tY' so [Base]/[Acid]. Dung Wong dem se lOn khi [Base] 
[Acid]. Nglioc lai, khi 2 nang do do khac nhau nhieu thi dung Wong 
dem cang nh6, hieu ldc dem ygu dan. De minh hoa, to tra lai vi du 
9.33: ts'T so [Base]/[Acid] = [CH3C00-]/[CH3COOH] = 0,50/0,50 = 1 da 
cho ket qua là pH chi thay d6i. 0,03 ddn vi (= ApH) khi them 0,02 mol 
NaOH (= AB) vao 1 lit dung dich dem, dung lucing dem tinh theo ding 
thitc (9-79) cho pi  = '0,02/0,03 0,67. Gia sit bay gia thay doi ty so 
thanh phan cUa dung dich dem khac 1, chang han. [CH3C001/ 
[CH3COOH] = 0,40/0,60, dung dich hie nay c6: 

0,40 
pH = 4,74 + lg 	 = 4,56 

0,60 

Neu van them 0,02 mol NaOH vao 1 lit dung dich dem nay thi: 

0,40 + 0,02 
pH = 4,74 + lg 	 = 4,60 

0,60 - 0,02 

V4y pH da thay diS'i 0,04 ddn vi \TA. R2 = 0,02/0,04 = 0,50 nhO lion (31  da xet 
tren. 

• 

Tom lai, 6 nang d6 nhat dinh, mat dung dich dem c6 pH = pKa  (nghia la  
khi [Base] = [Acid]) thi dung lacing dem 13 cUa no la lon nhat. 

Dieu kien "a nang d6 nhat dinh" duoc hieu la tang cua 2 nang dO 

[Acid] + [Base] = Ca  + Cb  = C 

• Dung Wong dem tinh theo phuong trinh (9-79) chi la gan dung. D6 là 
dung litOng dem trung binh khi them base hay acid. Neil vigt piniong 
trinh &Ai dang dao ham: 

13  

170 



= -2,303  	(9-80) 
– d lg[H30+ ] 	d 1n[H30+ ] 

. 
lai 	theo cac quan he: [H301 	

C 
= Ka 

	

	a va C = Ca  + Cb  = const nen 
Cb  

dCb  = -dCa, to có the rut ra phacing trinh tinh dung luring dem chinh xac 

= 2,303 C 	
Ka[H10+] 	

(9-81) 

R 
	dCb 
dpH 

dCb dCb 

(Ka  +[H10± ])2  

Nhu da biet, dung Wong dem clic dai xay ra khi pH = pKa  hay [H30+] = 
Ka, cfing titc la khi Ca  = Cb  = 0,5C, piniong trinh (9-81) Ric do tra thanh: 

[H1012 	0 5Cx 0,5C _ 
La. = 2,303 C x 	• 	– 2,303 	 0,576 C 	(9-82) 

(2 [H 30+  ])2 C  

Ta thay, ca R  va13ma,, deu lon khi ang do tong cac thanh phan (C) lon, va 
ngticic lai. Bdi vi C bieu thi cho tie'm nang cim met dung dich dem ch6ng lai ski  
thay d6i pH (them acid manh, base manh hay pha loang). 

• Wing dem la viing pH mad do met he dem có kha nang digu hoa (gift 
pH hang dinh) tot nhat. Ty so ang de dem [Base]/[Acid] cang khac 1, 
kha nang dem hay hieu hic dem cang yeu (tiic la dung hiring dem 
cang 

Thuc to cho biet, hieu luc dem tot nhat la khi cac niing do trong ty s6 
chenh Lech nhau khong qua 10 ldn, nghia là 0,1 < [Base]/[Acid] < 10, \Ta theo 
phucin.g trinh Henderson (9-78) thi: 

pH = pKa  + lg
10 

= pKa  + 1 

va  pH = pKa  + lg-
1 

= pica  – 1 
10 

Vay, cac dung dich dem có vung dem sit dung &toe la pH = pKa  ± 1. 
Chang han, acid formic có pKa  = 3,74 thi dung dich dem g6m HCOOH 
+ NaHCOO chi duoc pha the trong viing pH tit 2,74 den 4,74. 

Ket Juan quan trong: 

a) Dung Wong dem phu thuec: 

+ Gia tri ty le [Base]/[Acid], va cang lon khi ty le nay gAn tOi dcin. vi. 

+ Do lOn cua moi n6ng do cac thanh phan dem, va cang lon khi ca [Base] 
va [Acid] dgu ldn. 
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b) O rni5i gia tri xac dinh cUa n6ng d6 tang C, dung Wong dem la cac dai 
khi pH = pKa. 

c) \Tung dem tot nhgt daoc sit dung la trong gidi han pH = pKa  ± 1. 

+ VI. du 9.26: Tinh dung lacing dem cua dung dich g6m CH3COOH + 
NaCH3COO c6 n6ng d6 d6ng mol 0,50M. - 

Gidi 

Dung phuong trinh (9-81) voi Ca  = Cb  = 0,50M duoc: 

0,50 0,50 
13 = 2,303 x 	 = 0,576 

	

. 	(0,50 + 0,50) 

	

Day cling la gia tri 	voi cac dung dich c6 C = Ca  + Cb  = 1M. 

• Vi du 9.27: Hay die'u che mot dung dich dem pH = 5,00 va c6 dung 
Wong dem 13 = 0,20. 

Gidi 

1) Chon 1 acid yeu c6 pKa  gan pH mong mu6n cila dung dich can di6u 
Chon acid acetic c6 pKa  = 4,74 la phu hop trong traOng hop nay. 

2) Ty le [Base]/[Acid] = [Mu6i]/[Acid] = [CH3C00-]/[CH3COOH] tim duoc 
tit phacing trinh Henderson (9-78): 

[Mu6i]  

[Acid] 

3) Sit dung phacing trinh (9-81) de tinh C = [Muoi] + [Acid], voi Ka, n6ng 
d6 [H30+] Ira 13 da 

(10-4,74 + 10-5,00 )2 

C = 0,379 mol/L 

4) Tit 2) c6 [Mu6i] = 1,82 [Acid] 

tit 3) c6 C = [Mu6i] + [Acid] = 0,379 

do d6 	[Acid] = 0,134 mol/L 

[Mu6i] = 1,82 x [Acid] = 0,244 mol/L 

Chu 51: cach giai tren day c6 the coi la cac buck tien hanh chung de pha 
che cac dung dich dem khac theo yeu cau dat track. 

- Vai tr.() va ling dung Oa dung dich dem: 

+ Mau nga6i c6 pH on dinh khoang 7,4. Khi pH nh6 hdn 6,9 hoac 16n 
hdn 7,8 là bieu hien cim nhang benh nang, .tinh mang bi de doa. 

5 = 4,74 + lg nen [Mu6i]/[Acid] = 1,82/1 

10-4'74  x10-5,00   
0,20 = 2,303 C 
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= 2,303 x 0,02625 x 
(4,5 x 10-7  + 4,0 x 10 8 )2  

H,CO, / NaHCO, 
(4,5 x 10-7  ) (4,0 x 10-8  ) 

Chang han, pH dia mau benh nhan tieu &fang bi lion me ha thap den 
6,8. pH dia mau diloc duy tri hang dinh, mac du con ngtthi c6 the sii  
dung nhieu ngu6n dinh &tang pinac tap qua an uSng hang ngay, bai vi 
mau c6 nhting chat goi la chat dem trong huyet toting va trong hang 
eau tao thanh nhung he dem, vi. du H2CO3/(NOHCO3; (Na+)H2PO4-/ 
(NO2HP042-  va cac protein trong huyet tticing; hemoglobin/oxyhemoglobin 
trong te bao hang cdu. 

+ Vi du 9.28: 

a) Tinh t ‘3 s6 [NaHCO3]/[H2CO3] ton tai trong huyet tucing cua mau ngttdi  
binh thttdng. Laic ion dia mau - 0,20. 

b) Tinh dung Wong dem 13 cila he dem H2CO3/NaHCO3. 

c) Biet dung hicing dem dia mau toan phan - 0,039 va cua cac thanh 

	

phan khac trong huyet Wong - 0,004, tinh dung It 	dem cila cac te bao 
hang cdu. 

Gidi 

a) Ap dung ph-acing trinh Henderson (9-78) voi pK (H2co,) - 6,3,  mau 
• 

ngtfdi binh thliang c6 pH = 7,4 va luc ion I 0,20, thi: 

	

7,4 = 6,3 + lg [NaHCO 
3 	0,51 V0,20  

	

[H 2CO3[ 	1,0 + V0,20 

Tim thay: 

	

[NaHCO1 	 [NaHCO .3 ] 
lg 	 1,3 va 	 20/1 

	

[H 2 CO3 ] 	 [H2 CO3 ] 

Rat dung thuc te, vi 	to xac dinh dttoc natri bicarbonat (NaHCO3) 
trong mau la khoang 0,025M va acid carbonic (H2CO3) trong mau (do CO2  hoa 
tan) la khoang 0,00125M. 

b) Tinh dung Wong dem cila. he H2CO3/NaHCO3  6 tren khi cuo-i muc a) da 
biet: 

C = [NaHCO3] + [H2CO3] = 0,025 + 0,00125 = 0,02625M 

va Ka(H2co,) = 4,5 x 10', pH sinh 1ST là 7,4 -Wong iing [H301 = 4,0 x 10-

8M thi plittong trinh (9-81) cho ket qua: 

= 0,005 
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c) Vi biet rang dung Wong dem toan phan bang tang dung Wong dem dia 
cac thanh phan, c6: 

Ptoan phAn cila mau = Phuye't tUdng 	 cAu 

= (i3  H,CO3  /NaHCO3 	131thac) 	Ph6ng cdu 

0,039 = 0,005 + 0,004 + (hong cau 

ket quar3b6ng ,,,u  = 0,03 

Vay, he dem hemoglobin/oxyhemoglobin cila hang cau gift vai tra guy& 
clink tinh dem dm mau toan phan. 

Cac dung dich dem ghi trong Duoc dien duoc dung trong thiic han.h Duoc 
khoa, dac biet là trong tong thiac pha the thuac nhO mat. pH dia nueic 
mat khoang 7,4, thay doi trong khoang 7 - 8 hoac hdi cao hcin. Dich nUoc 
mat c6 dung Wong dem lon, cho phep pha loang 1: 15 voi nude cat trung 
tinh ma diva c6 thay do2i yd pH. He dem gam acid boric, natri borat va 
NaC1 du de tao han hop dang truong, duoc sit dung cho cac dung dich 
thuac tra mat có pH 7 - 9. Noi chung, cac thuac dung ngoai clang tieu 
hoa (nInt de tiem vao mau, tra mat, nhO tai, nhO mai hoac dung cho cac be 
mat trot) c6 pH khac nhau, nhung thuong khong can dem de có the nhanh 
thong dua chung ve khoang pH sinh 1Y. Truang hop do pH dia thuac va 
dich co the khac nhau nhieu ma gay kith iing tai cho thi có the dem nhe 
voi dung Wong dem thap. 

Can biet rang, dang khong dien ly cua mot thudc acid yeit hay base yeic 
thu'eing có hoat tinh dieu tri cao ho'n dang mudi dien ly. Bdi vi, dang khong 
dien ly tan trong lipid va c6 the tham than vao cac mang cUa cd the nhanh 
hon, trong khi dO dang ion dia thuac khong tan trong lipid, kilo tham thau 
qua cac mang de den dich .can tac dung. Chang han, cac alcaloid base ygu lam 
thuac tra mat c6 sit tang dap Ung dieu tri khi pH ciia dung dich tang, vi theo 
do n6ng do dia dang base khong dien ly tang len. 6 pH khoang 4, cac thuac 
nay a dang ion trai hdn, tham thau chain. hoac khong dang ke. Khi nu& mat 
dua thuac vg pH 7,4, thuac ton tai 6 mite clang ke dang base to do, phu thuac 
yap hang s6 dign ly dia no. 

+ Vi du 9.29: Pilocarpin C11H16N202  (thuac co clang tit dung cho mat;  
dieu tri tang n.han ap, glocom grit mei) là mat alcaloid, co pKb  = 7,15 a 
25°C. Tinh % mol cua pilocarpin base tit do c6 trong nude mat 25°C 
va pH = 7,4. 

174 



Gidi 

Khi tra thu6c, trong nu&c mat c6 can bang: 

CI1H16N202 
pilocarpin 
Bang base 

+ H2O 

 

CIII-116N202H+ 	+ OH - 

pilocarrpin 
ion (dang acid, clang mu6i) 

 

Theo phoing trinh Henderson (9-78), to c6: 

	

pK + lg 
[Base] 	 [Base] 

pH 	a   = (14 — pKb) + lg 

	

[Acid] 	 [MuOi] 

7,4 	= 	(14 	7,15) + lg 

[Base] 
lg 

	

	 = 0,55 
[Mu6i] 

[Base]  

[Mu6i] 

% mol base 
[Base]  

[Mu6i] + [Base] 
x 100 

3,55 

1 + 3,55 

Trong thuc t6, a tang dO tan dia mot base alcaloid, ngtiili ta,pha the 
thu6c pH thap (\Tung acid), hodc 	dung dang mu6i de" tan (chang han, 
pilocarpin hydroclorid), vi dang base to do ii pH cao thliong bi ket,tila 	tit 
trong dung dich. Nlyti vdy, dung dich phai duoc dem pH thap de bao quan 
(ngan ngita thu6c bi ket tila do thug tinh tao pH kiem, hodc ch6ng 10 s-ki tang 
do acid do CO2  tit khong khi hod tan). Thu6c &toe dem nhe ((3 nh6) d pH thap 
se dtfOc nuoc mat dieu hod ve pH cao va dang base tti do duoc giai phong nhieu 
bon dap iing cho dieu 

- Dung dial dem duoc dung rOng rai. trong nhieu link 	ciia hod hoc, vi 
du trong pinking phap do mau; trong phan tich dinh tinh, dinh lacing; ddc 
biet la trong tien hanh cdc phan itng len men vi sinh vat, cling nhu trong 
tat ca cdc nghien dill ma can gilt pH khong d6i. 

Co mot dem thuang duoc sii dung trong nghien oat' sinh hoc la Tris - 
(hydroxymethyl) aminomethan (HOCH2)3CNH2  goi tat la dem Tris hay Tham. 

5.2. Chk chi thi acid - base 

Co hai cach thong dung a do pH trong phOng thi nghiem là do bang may 
(pH-meter) va do bang chat chi thi acid-base (con goi là chat chi thi mau). 
Nguyen 1ST do pH bang may se de cap ii chuong 10. 

	x100 = 78% 
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Chtft chi thi acid-base là nhfing thudc the/ deic biet c6 mem sac thay ddoi  
tuj,  theo Wong d6 ion H30' trong dung dich, Wen. tuST theo pH mei truang. NT& 
chung, có the xem chat chi thi mau la mot acid hi u co ygu ma clang acid (kY 
hieu HInd) có mau, goi tat là mau acid, khac voi mau ciia clang base lien hop 
v6i. no (Ind-), goi tat la mau base. Nhu vay, su thay doi mau dm chi thi la do 
std bign dOi eau frac phan tit gilla hai dang acid va base. Trong dung dich, sit 
bign cle■i gii a. hai dang do the hien qua can bang dien ly phu thu§c vao pH: 

HInd + H2O 
acid 1. 	base 2 

mau acid 

 

H30+ 	+ 	Ind - 	(9-83) 
acid 2• 	base 1 

mau base 

 

Hang s6 can bang, cling goi là hang s6 chi thi, theo (9-83) la: 

[H30+ ] [Ind] 
[HInd] 

[Ind-  ] 	K Hind 

[HInd] 	[H30+ ] 

Hoac rat ra: 

KHInd 

Do do, 

(9-84) 

(9-85) 

(9-86) [Ind-  ] 	 [Base] 
pH = p11-HInd lg 	 PKHInd ig 

[HInd] 	 [Acid] 

Pinking trinh nay Wong &icing veil pinking trinh Henderson (9-78), vi can 
bang (9-83) chtoc vigt tthing dieing cho he dem Om 1 acid ygu va mil& (base) 
cila no. 

Theo pinking trinh (9-85), ro rang tST) s6 Oita hai dang base va acid cUa 
mot chat chi thi; not cach khac la tS7' s6 2 mau, ducic quygt dinh bOi. [H30+] cua  
dung dich can tinh pH. Su cam thu mau ciia mat nguai anh hang dgn viec sit 
dung cac chat chi thi. Nguoi lam thuc nghiem se nhin thay mau ciia Ind-  ngu 
ty s6 [Ind-]/HInd la 10/1 hoc loin hdn, va nhin thay mau cua HInd ngu tST so 
[Ind-]/HInd la. 1/10 ho4c nhO hon. Gifia 2 giCsi han nay, cac mau ciia 2 dang 
acid, base tr6n ran nhau tao ra mau trung gian. Mau ciia chi thi, vi vay la mot 
ham dm pH cUa dung dich. 

Dua 2 gia tri gi6i Kan 10 va 0,1 vao pliciong trinh (9-86), to tim thay: 

pH = PKiund ± 1 	 (9-87) 

goi la khoang pH chuygn mau ciia chi thi, nam trong khoang 2 don vi pH. 
Trong yang pH chuyen mau, mau cila. 2 dang acid va base clang trong qua 
trinh chuyen doi nhau: mau cua dang nay dan dan sang mau cUa dang kia, 
hoac ngctoc lai. 

Bang 9.11 cho bigt khoang pH chuye'n mau cua mot so chi thi acid-base 
thitang g4p. 
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Bang 9.11. Mau, khoang pH chuyen mau va picho 
dm mot s6 chi thi acid - base hay gap 

Mau Khoang pH 
,,, 	

mau chuyen mau 
Chgt chi thi  

Base 

Xanh Xanh thymol (yUng acid) dO 	- 	yang 1,2 	- 	2,8 1,5 

Tim methyl xanh - Um 1,5 	- 	3,2 2,1 

Da cam methyl (heliantin) H6ng - yang 3,1 	- 	4,2 3,7 

Luc bromocresol yang - 	xanh 3,8 	- 	5,4 4,7 

DO methyl do 	- yang 4,2 	- 	6,2 5,1 

QuSt dO 	- 	xanh 5,0 	- 	8,0 

Xanh bromothymol yang 	- xanh 6,0 	- 	7,6 7,0 

DO cresol yang - dO 7,2 	- 	8,8 8,3 

Xanh thymol (viang ki6m) yang - xanh 8,0 	- 	9,6 8,9 

Phenolphtalein khOng mau - 	do 8,2 	- 	10,0 9,4 

yang alizarin yang - 	tim 10,0 	- 	12,0 11,0 

Indigo carmin xanh - 	yang 11,6 	- 	14,0 

Ghi 	mat nguai ta có the nhay cam voi mau nay, it nhay cam yeti 
mau kia, nen ta có the nhan biet dtioc khoang pH chuyen mau hep hon, khong 
nhgt thiet phai each nhau 2 don vi pH. Khi do, gia tri pKHind  khong con nam 
chinh gifia khoang pH chuyen mau. 

+ VI du 9.30: 

• De this so ba pH cila mat dung dich, 	ta nhO vai giot chi thi mau, 
chang han phenolphtalein vao dung dich Can thii. Neu dung dich this  
có pH < 8,2 thi se khong mau; lieu pH > 10,0 se có mau dO; Con neu 
dung dich this có pH trong khoang 8,2 - 10,0 thi mail hang canh sen 
xuat hien do sit tran Ian dang khong mau va dang mau dO Gila chat 
chi thi. Mau cila phenolphtalein phu thuac pH mai trang the hien 
qua stl chuyen dich dm can bang sau: 
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OH OH 
	

OH OH 

+ H2O 
C—OH + H30+  
O 

0- 	 Tha 
C O 

 

Bang acid 
	

dang base 
khOng mau 	 mau do 

+ 2H30+  

• De xac dinh gan dung pH cim cac dung dich ng di ta ket hop met s6 chi 
thi mau vdi nhau de tao ra cai goi la chi thi mew van ming. Chang han 
h6n hop cila 5 chi thi mau: methyl da .cam, methyl a bromothymol 
xanh, thymol xanh va phenolphtalein d1dc tam len giay la met trong 
nhang giay chi thi van nang thuang dung. NO bao phi met yang pH tit 
1 den 11. Khi mu'O'n xac dinh pH cita met dung dich, ngdi ta nhimg 
giay nay vao dung dich this r6i so sanh mau xuat hien tren giay vdi met 
thang mau mau (TA.' ghi chit gia tri pH cho moi mau sac). 

Ghi chez: b6i vi ban than cac chat chi thi là cac acid (hay base), su them 
chung vao cac dung dich khong dem de xac dinh pH có the lam thay d6i pH 
cua chin.h dung dich this. Ngoai ra, cac 376u to nhiet do, dung mei, khac nhau 
(anh Intang den sit dien ly cUa chat chi thi), su có mat cita cac ion khac trong 
dung dich (anh huang den laic ion chung va he s6 host do cac chat) cling lam 
mau sac clia chi thi thay d6i. Vi vay, sit dung chat chi thi de tim pH can phai 

den cac dien kien khi do. Sai s6 tot nhat dat &toe trong phep do bang chi 
thi mau là vao khoang ± 0,1 don vi pH. 

6. CAN BANG TRONG DUNG DICH CflA CHAT DIEN LY IT TAN. 
TICH SO TAN 

Khi hoa tan met chat dien ly it tan 	vao nude se tao ra met dung 
dich bao hoa, trong do ton tai can bang di the gifia luOng chat ran con du 
va cac ion dm no trong dung dich: 

MmXn  (r) 	 m Mn+ (aq) 	+ n 	(aq) 	(9-88) 

(ran) 	 (dung dich) 

Dicing MmXn  da tan van dung dich rat it, goi la do tan S, ditOc coi la dien 
ly hoan toan thanh cac ion Mn+ va 	cif) he s6 boat do f = 1. Giong nhit cac he 
can bang khac, doi veil dung dich bao hoa cua chat dang xet ta có bieu thitc tac 
dung khei Wong: 
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K 
[Mrn X n (r)  

NOng do pha ran la hang s6, nen: 
[m.+]  m [Xm-] = K [M,„Xn] (r)  = (9-89) 

Ky hieu sau ding goi la tich s6 tan ciia M„,Xn. Mut vay, tich so n6ng do 
cac ion ciia chat dien ly it tan trong dung dich bao boa, moi n6ng do &toe luy 
thiia tticing itng voi he s6 trong pinking trinh dien ly, la met hang s6 nhiet de 
nhat dinh goi la tich s6 tan, kS7 hieu T. 

Theo (9-88), neu Mi„Xn  có de tan la S (mol/L) thi se tao ra mS (mol/L) ion 
M"-F va nS (mol/L) ion 'X'''. Thay vao (9-89), to có: 

TNAmxu  = [mS]m [nS]" = mm. 	Sm+n (9-90) 

    

va 	S = m+n 	 (mol/L) 	 (9-91) 
. n n  

Chu j,: trong cac s6 tay hod hoc thileng ghi do tan la g/100g dung mei 
(H20). Khi lam cac phep tinh lien quan den T, can d6i don vi do thanh mol/L 
vdi stt gn dung khi xem 100g H2O 100mIL dung dich vi de tan cila chat rat 
nhO. Nh i vay, biet duoc do tan S thi tinh &toe T, ngttoc lai biet T thi tinh dtioc 
do tan S cua met chat. 

+ VI du 9.31: Tinh: 

a) TPbS0  biet do tan cila PbSO4  trong nitric 5 25°C la 4,25 x 10-3  g/100g nitric. 

b) TPbF,  bl6t do tan cila PbF2  trong nitric d 25°C la 0,64 g/L. 

Gidi 

a) Can bang di the va bieu that T cua PbSO4: 

PbSO4  (r) 	Pb 2+  (aq) + S042-  (aq) 	T PbSO4  = [Pb 2+ [s042-] 

Xem 100g nitric 100mL dung dich, de tan S (mol/L) cua PbSO4  

S = 0,00425g PbSO4 x  1000 mL  x  1 mol PbSO4  

100 mL 	1 L 	303,3g PbSO4  

1,40 x 10-4 M PbSO4  

Sit dung pinking trinh (9-90) cho can bang da viet, d6i vei PbSO4  thi m 
n = 1, nen: 
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TPbSO4 	[Pb"] [S042-] = S2  

= (1,40 x 10-4)2  = 1,96 x 10-8  
b) D6i vdi PbF2  ta có: 

Pb 2+  (aq) + 2F - (aq) 	T PbF2 = 
[Pb 21 [F  -] 2 

0,64g PbF2  1 mol PbF2  
= 2,6 x 10-3  S 

	

_ 
	 x 	 M PbF2  

1 L 	245,2g PbF2  

Theo (9-90) dp dung cho can bang cila PbF2  da vie't thi m = 1 va n = 2, nen: 

TPbF2 = [Pb2+] [F-12  = 11  x 22  x S1+2  

= 22  x (2,6 x 10-3)3  = 7,0 x 10-8  

+ VI du 9.32: tinh d6 tan cila Ca(OH)2  trong nttoc, biet Tca(oH),  = 6,5 x 10'. 

Gidi 

Can bang di the va bieu thi T cua Ca(OH)2: 

	

Ca(OH)2 (r) 	Ca 2+ + 20H 	T ca(OH)2 	[Ca 21 [OH 1 2  

Ap dung phuong trinh (9-91) vdi m = 1, n = 2 ta có: 

     

TCa(OH), S = 1+2 	 = 3 

1'x22  

6,5 x10-6  
= 1,2 x 10-2 M 

4 

Cac gia tri cua T cho bie't dO tan tildng deCi cua cac hOp chat ion. Khi 
cac chat dien ly ra cang s6 ion, nghia la m+n nhti nhau, va -tY so 
cation/anion hoac la m/n hay n/m thi T ezia chat tido cang ldn, dO tan 
cita no cang ldn, va ngu'o'c lai [suy tit phildng trinh (9-91)]. Dieu nay 
duoc the hien qua bang 9.12. 

Bang 9.12. Quan he giCia T va c10 tan 6 25°C cela mot s6 hvp chit 

S6 ion Gong thUc Cation/anion T DO tan (M) 

2 MgCO3  1/1 3,5 x 10-5  1,9 x 10-4  

2 PbSO4  1/1 1,9 x 10-5  1,3 x 10-4  

2 BaCrO4  1/1 2,1 x 10-1° 1,4 x 10-5  

3 Ca(OH)2  1/2 6,5 x 10-5  1,2 x 10-2  

3 BaF2  1/2 1,5 x 10-5  7,2 x 10-3  

3 CaF2  1/2 3,2 x 10-11  2,0 x 10' 

3 Ag2CrO4  2/1 2,6 x 10-12  8,7 x 10-5  

PbF2  (r) 
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Met chat se ket tua khi tich so ang do cac ion cUa no trong dung dich 
lon hcin tich se; tan. Nvoc lai, khi tich s6 niing cto cac ion con be hdn tich 
so tan thi chat do chua ket tua, hoac ngu da c6 tua thi tila se tan ra. 

Day chinh la di6u kien de ket tfia hay hoa tan met chat dien ly it tan. 

+ VI du 9.33: Cho bie't ket tUa co hinh thanh hay khong trong cac truang 
hop sau: 

a) Tren in 0,100L Ca(NO3)2  0,30M voi 0,200L NaF 0,060M. 

b) Trong nu6c met dOng song tim thay [Ca2+] = [P043-] = 1,0 x 10-9M. 

Cho bik TGIF  = 3,2 x 10-'1; TCai (PO4  )2  — 

Gicii 

a) Cac ion c6 mat trong h6n hdp la Ca', Na,+ NO3 va F. Chi of) CaF2  la 
c6 the ket tUa theo can bang: 

CaF2  (r) 	Ca 2+  (aq) + 2F - (aq) 

Tinh ang ctsfi mol/L cho cac ion: 

So mol Ca" dtta vao h6n hop = 0,30M Ca' x 0,100L = 0,030 mol Ca' 

0,030 mol 
va 	[Ca'] = 	  = 0,10 M Ca' 

• 0,100 L + 0,200 L 

SO' mol F-  dila vao hem. hop = 0,060M x 0,200L = 0,012 mol F- 

0, 
va 	[F-] = 	

012 mol 	= 0,040M F- 
0,100 L + 0,200 L 

Trongh6n hop, ta c6 tich s6 n6ng do cac ion, liST hieu Q, la: 

Q = [Ca'] [F-]2  = 0,10 x 0,0402  = 1,6 x 10-4  > TCaF, = 3,2 x 1041  

Vay, ket tua CaF2  phai dUdc tao thanh. 

b) Tim Q cua Ca3(PO4)2  theo can bang: 

Ca 

va sit dung cac dU lieu da cho, ta cluoc: 

Q = [Ca213  [P04312  = (1,0 x 10 9)3  (1,0 x 10-9)2  

= 1,0 x 105  < Tca,(po,),  = 1,2 x 10-29. 

Vay, chtia th6 hinh thanh ket tua Ca3(PO4)3  o dong song dang xet. 

1,2 x 10 29. 

3(104)2 (r) 	3 Ca 2+  (aq) + 2 P043-  (aq) 
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- Nhfing ygu to anh hiteing den d6 tan cita chat dien ly it tan: 

* Anh huang clia ion d6ng loai: 

Ski có mat cila mot ion d6ng loai lam giam d6 tan dm chat dien ly. Gia 
sii ta có dung dich bao hoa BaSO4: 

BaSO4  (r) 	Ba 2+  (aq) + 5042-  (aq) 	T Baso4 = 1,1 x 10-1" 

O nhiet d6 xac dinh, T chi phu thu6c vao tich s6 ang d6 cac ion. Neil 
n6ng d6 cUa mot ion nao do tang len thi n6ng d6 cila ion kia phai giam xu6ng 
de giii cho T la mot hang s6. Chang han cho them vao dung dich tren mu6i 
Na2SO4  de tan, n6ng d6 ion d6ng loai S042-  tang manh, mot phan S042-  se ket 
hop voi ion Ba2+ tao tua BaSO4  nhieu han, can bang di the chuye'n dich sang 
trai theo thing nguyen ly Le Chatelier: 

BaSO4  (r) 	Ba 2+  (aq) + 5042-  (aq, cOng them) 

vi the, d6 tan cila BaSO4  giam. 

+ Vi du 9.34: Be lam re net anh chup bang tia X doei voi cac viem loet 
&tang tieu hoa, trUoc khi chup, benh nhan dttoc u6ng BaSO4  (dang 
huye'n phu trong nuoc) lam thu6c can quang. Vi ion Ba2+ tu do rat d6c 
nen nguai ta da cho them Na2SO4  de tan vao thu6c can quang. 

a) Van dung can bang di the va T cua BaSO4  da bi6t i3 tren, tinh d6 tan 
S1  cila BaSO4  trong nUoc nguyen chat. 

b) Tinh d6 tan S2  ciia BaSO4  trong nuoc dal có san Na2SO 4  0,10M. 

c) So sanh S1  va S2 va cho bie't [Ba2-1 tai do da giam bao nhieu lan khi có 
mat Na2SO4  0,10M. 

Giiii 

a) Trong nuoc nguyen chat d6 tan dia BaSO4  tinh theo phtiong trinh 
(9-91) voi m = n = 1 la: 

51 	= 	/1,1 x 10-1° 	= 	1,0 x 10-5 M 

b) Bat S2  la d6 tan cila BaSO4  trong dung dich Na2SO4  0,10M, can cu  
phuong trinh can bang di the, ta có: 

[Ba2+] = S2; 	[50421 = S2 + 0,10 

TBaSO, 
	[Ba21[S042-] = S2  (S2  + 0,10) = 1,1 X 10-10 
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Gia thiet S2 nhO có the bo qua, nen [S042-] 0,10. Vay: 

S2 x  0,10 	= 	1,1 x 10-19  

S2 	= 	1,1 X 10-9  

Gia thiet clang vi thoa man: 

1,1x 10-9 
	x 100 << 5% 

0,10 

c) So sanh: 

Si 	1,0x10-5  M 
9091 lan 

S2 	1,1 x 10-9  M 

nghia la do tan caa BaSO4, theo do la [13a2+] tii do trong dung dich 
Na2SO4  0,10M da giam di chiing ay lan, de an toan sit dung thueic vi the ding 
tang len ding so lan tilting iing. 

* Anh hitang cila pH: 

Ion hydroni H30+ có anh IniOng lon den do tan cila hop chat ion. Neu hop 
chat chlia anion caa met acid yeu, .s4 them H30+ (tit acid manh) lam tang do  
tan dm no. 

+ Vi du 9.35: 

Them H30+ tit acid manh lam cac can bang di the sau chuyen manh sang 
phai, do do lam tang de tan dia cac chat dien ly it tan: 

1/ CaCO3  (r) 	Ca 2+  (aq) + C032  (aq) 
	H30+ 	

HCO3-  

H30+ 
 [H2CO3] 	 CO2  (k) + H2O 

Vi C032-  la anion caa acid y6u H2CO3, nen có cac phan iing tren. 

2/ Cu(OH)2  (r) 	Cu 2+  (aq) + 20H - (aq) 

Vi OH-  la anion cila acid rat yeti H2O, nen có phan 

OW + H30+ 	2 H2O 

3/ FeS (r) 	 Fe 2+  (aq) + HS - (aq) + OH - (aq) 

(Chu bik thifc tich so tan 6 day phai vi6t: TFes = [Fel [SET] [OH-]) 
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VI SW, OH-  la nhang anion dia acid rat y6u I-12S, H2O nen c6 phan 

HS-  + H30+ -> H2S 

OH-  + H30+  —> 2 H2O 

• Nguuc lai, H30+ khong anh huang den cac can bang: 

AgCl(r) 	Ag+  (aq) + Cl (aq) 

PbBr2  (r) 	Pb 2+  (aq) + 2Br (aq) 

vi Cr, Br-  la anion dia cac acid manh nen H30+ khong phan iing voi 

* Anh htaing cUa stt tao phfic: 

MOt ph6i tit lam tang do tan cUa mot chat dien ly It tan n6u no tao cttidc  
ion phlic voi cation cila chat dien ly. 

+ Vi du 9.36: Be hien hinh tren phim den - tang, ngtfai ta loaf be) AgBr 
dtt tren phim sau khi chup bang dung dich natri thiosulfat (Na2S2O3) 
nha all tao thanh ion phfic tan [Ag(S203)213  

	

Tinh di) tan cUa AgBr a) Trong 	va b) Trong dung dich Na2S2O3  
1,0M. Cho bik: TAgBF = 5,0 x 1043  va hang s6 ben (con goi la hang so-  tao phitc) 

Kb = 4,7 x 1013. 

Gidi 

a) Can bang di the va bieu thlic T dia AgBr: 

AgBr (r) 	Ag+  (aq) + Br - (aq) 	(1) 

TAgBr = [Ag+] [Br-] = 5,0 x 10-13  

Bat dO tan dm AgBr trong ntiac la S1. Theo (9-91) voi m = n = 1, ta co: 

S1  = 	V5,0 x 10-13 	= 	7,1 x 10-7  M 

b) Phtiong trinh tao 

	

Ag + (aq) + 2S2032-  (aq) 	Ag(S203)23 	(2) 

Kb = 4,7 x 1013  

COng 2 phtiong trinh (1) va (2) ta &toe pluiong trinh tong: 

AgBr (r) + 2 52032-  (aq) 	Ag(S203)23-  (aq) + Br - (aq) 	(3) 
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[Ag(S2002 3  ][Br- 
Kto'ng 	 TAgBr X Kb 

• [S2  0 32  12  

= (5,0 x 10-1) (4,7 x 1013) = 24 

Dat di) tan cila AgBr trong dung dich Na2S2O3  1,0M la S2. Theo (3) to 
thay d can bang thi: 

S2  = [AgBr]haa tan  = [Ag(S203)23  
[S2031 = (1,0  - 2 S2) 

Thay cac n6ng dO nay vao KttIng, thu &Joe: 

S2 X S2  
Kt eing 	 = 24 

(1,0 - 2S2 )2  

1,0 - 2 S2  

S2  = 0,45 M 

. Do Ag+ tao phfic vdi S2032--  nen dO tan dia. AgBr da tang tii 7,1 x 10-7  M 

(trong milk) len 0,45 M (trong dung dich Na2S203  1,0 M). 

* Anh htidng cua lite ion: 

Khi hie ion dia dung dich > 10-4  (do ket tua có dO tan ion, hoac do sit có 
mat cila chat dien ly khac de, tan) thi mot n6ng dO ion trong bieu fir& tich s6 
tan T phai dtioc nhan vdi he s6 boat dO f, Gila no. Vi < 1, tich s6 n6ng dO cac 
ion bang T/fi  ion len, dO tan S cua k6t tua vi the tang theo. 

+ Vi du 9.37: Tinh dO tan dia chi iodat (Pb(I03)2). 

a) Trong ntioc nguyen chat. 

b) Trong dung dich Mg(NO3)2  0,033 M. Biet Tpboo3  = 1,2 x 10-13. 

Gicii 

Ph-doing trinh can bang di the cilia chi iodat &toe viol: 

Pb(I03)2  (r) 	 Pb 2+  (aq) 	+ 2103-  (aq) 

a) Gia thiet trong nvoc nguyen chat lite ion cilia dung dich Pb(I03)2  bao 
hoa < 	nen he so" hoat do cac ion f, = 1, dO tan di-1h theo (9-91).1a:• 

va 

[Br] 

S2  
= V24 = 4,9 

S = 2 
TPb( 103  )2  

1' X 22 
= 3 

1,2 x10-13  

4 
= 3,1 x 10-5  M 
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[gia thi6t dung, vi laic ion cUa dung dich tinh theo (9-19)] thu dU6c: 

1 
I = 2 —([Pb'] x 22  + [I03-] x 12) 

1 

= 2 
—(3,1 x 10-5  x 22  + 2 x 3,1 x 10-5  x 12) = 9,3 x 10' 

b) Dung dich Mg(NO3)2  0,033M c6 luc ion: 

1 
I = 2 —([Mg2+] x 22  + [NO3-] x 12) 

< 10-4 ). 

= .!(0,033 x 22  + 2 x 0,033 x 12) = 0,099 	0,1 > 10-4  nen 

can phai tinh f, dia cac ion theo phiicing trinh (9-27) iing voi I = 0,1: 

0,51 x12  x V0,1 
lgf1±  = 	 -0,12 	fl±  = 0,76 

1 + V0,1 

0,51 x 22  x V0,1 
lg f2±  = 

	

	 = -0,49 	f2±  = 0,32 
1 + V0,1 

(cling c6 the tra bang 9.3 de tim va cang thu dtt6c cac gia tri 0,76 
va 0,32). 

Do do bieu thfic T 6 day phai vie't theo hoat (16' cac ion: 

Tpb(1o,), 	= apb2c . a210,_ = ([Pb2+] . fpb2.) ([I03 ] ._ )2  

= [Pb2+] . [I0312  . fpb2,. . f120,_ 

[Pb2+] . [I0312  = 	
Tpb(102)2 	= 	1,2 x 10-13  

f 	f 2 
Pb 2+ . io 	0,32 x 0,762  

3   

= '6,5 x 10-13  = TT' 

Xem T' la tich s6 tan ctla chi iodat trong dung dich Mg(NO3)2  0,033M, 
van dung (9-91) to c6: 

S' = 1+2 	 
T' 	6,5x10 3  — 3 	 

	

11  X 2 2 	4 
= 5,5 x 10' M 

Vay so vdi trong rut& nguyen chat, d6 tan ciia Pb(I03)2  trong dung dich 
Mg(NO3)2  c6 luc ion bang 0,1 da tang: 
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(S' - S) 
x100% = (5,5 x 10-5M - 3,1 x10-5M) 

x100% = 77% 
S 	 3,1 x10-5 M 

7. PHAN U'NG TRONG DUNG DICH DIEN LY 

Chat dien ly trong dung dich nttdc tach thanh cac ion. Cdc ion bi hydrat 
hod va thiet lap flirting trang thai can bang 6 digu kien xac dinh. Phan ling 
gitia cac ion trong dung dich dien ly cang tuan ,theo di6u kien nhiet dang, 
nghia la phan zing chi xdy ra khi AGp,< 0, can bang chuyen dich manh sang 
phdi tao ra cac scan phci'm let chat it tan (hod c it tan han), chat it dien ly (hodc 
it dien ly han), chat de bay hcii. Phan a'ng giica cac chat dien ly trong dung 
dich ding xdy ra khi co tao thanh phac chift hod' c co trao ddi electron (phdn 
ang oxy hod khd'). 

Sau day la nhfing vi du minh hoa cho tang ke't visa neu, deing thai cang 
cho bi8t each trinh bay cac phan ling, cac quy tac ve do tan rat can trong thiic 
hanh hod hoc deli voi dung dich cac chat dien ly. 

Chu y cac quy Lidc chung: 

Phricing trinh phan ling chi vik mat miii ten (-->) theo chi6u xay ra phan 
ling. Dg chi si chuye'n dich mat can bang thi them mui ten do, nhung dai 
hdn, len tren kST hieu 	(xem vi du 9.35). 

Chat dien ly manh (xem muc 1.1 6 tren) duct vie't dien ly hoan toan thanh 
cac ion. 

Chat it tan, chat it dien ly, chat de bay hdi 6 di6u kien thuang vie't driOi 
Bang nguyen tit, phan 
Cac chat, cac ion trong dung dich nueic bi hydrat hod thi vik ky hieu (aq) 
kern theo. 

7.1. Phan ling tao thanh chgt it tan (kgt tiia) 

Thi du: 
+ Phan ling gitia bac nitrat va natri cromat ctricic bieu thi bai ph-acing 

trinh phan 
2AgNO3  (aq) + Na2Cr04  (aq) —> Ag2CrO4  (r) + 2NaNO3  (aq) 

Phuong trinh ion day dir: 
2Ag+ (aq) + 2NO3-  (aq) + 2Na+ (aq) + Cr042-  (aq) 

—> Ag2Cr04  (r) + 2Na+ (aq) + 2NO3-  (aq) 

Pinking trinh ion nit gon: 

2Ag+ (aq) + Cr042-  (aq) 	---> Ag2CrO., (r) 
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pinidng trinh sau ding IA phan ling khai quat giita moi chat 
co the tach ra ion Ag+ voi moi chat có the tach ra ion Cr042-. 

+ Phan ling gilia bac sulfat va bari clorid: 

Pinking trinh phan 

Ag2SO4  (r) + BaC12  (aq) —> BaSO4  (r) + 2AgC1 (r) 

	

T = 1,5 x 10-5 	 1,1 x 104° 	1,8 x 1010  

chat it tan 	 chat it tan lion 

Phiidng trinh ion: 

	

2Ag+ (aq) 	5042-  (aq) + Ba2+ (aq) + 2C1-  (aq) 

—> 

 

BaSO4  (r) + 2AgC1 (r) 

O day, pinking trinh ion day d6 ya phtiong trinh ion rut gon IA nhti nhau. 

- Do tan ciia cac chat di."0 ly dtioc danh gia Binh Wong qua tich so tan T va 
danh gia Binh tinh qua cac quy tac hoa tan (bang 9.13). 

Bang 9.13. NhCing quy ta5 c v4 dO tan ceia cac hop chat ion trong nutic 

Cac chgt tan Ngoai 1'0 

1 - Cac hpp chat cCia Na+, K+, NH4 " 

2 - Cac clorid (C11 

-  3 	Cac bromid (Br) 

4 - Cac iodid (I-) 

5 - Cac sulfat (S042  ) 

6 - Cac nitrat (NO3) va nitrit (NO2) 

7 - Cac clorat (CI03-), perclorat 

(CI04-), permanganat (Mn04  ) 	..  

8 - Cac acetat (CH3C00-) 

Hau nhu' khong c6 

KhOng tan: 	AgCI, Hg2C12  

Tan trong nutic nong: 	Pba2  
KhOng tan: 	AgBr, Hg2Br2, PbBr2  

Tan trung binh: 	HgBr2 

KhOng tan: 	iodid cOa nhi6u kim loci Ong 

KhOng tan: 	BaSO4, PbSO4, HgSO4  

Tan trung binh: 	CaSO4, SrSO4, Ag2SO4  

Tan trung binh: 	AgNO2  

Tan trung binh: 	KCIO4  

Tan trung binh: 	AgCH3C00 

Cac chat khong tan Ngoai 16  

1 - Cac sulfid (S2-) 

2 	Cac oxyd (02-), hydroxyd 	(OH-) -  

3 - Cac carbonat (C032-), phosphat 

(P043-), arsenat (As043  ) 

Tan: 	sulfid cCia NH4+, Na+, K+, Mg2+, Ca2+ 

Tan: 	Li2O, LION, Na2O, NaOH, K20, KOH, 
BaO, Ba(OH)2  

Tan: 	cac hop chat vol NH4+, Nat, K+ 
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7.2. Phan Ting tao thanh chk it di'n ly - chi ye-u IA phan iing trung hoa 

- Phan ling gift acid man.h va base manh: 

2HC1 (aq) + Ba(OH)2  (aq) -> BaC12  (aq) + 2H20 (1) 

211+ (aq) + 2C1-  (aq) + 	(aq) + 20H-  (aq) 

-f Ba2+ (aq) + 2C1-  (aq) + 2H20 (1) 

2H+ (aq) + 20H-  (aq) -> 2H20 (1) 

hoc H+ (aq) + OH-  (aq) -> H2O (1) 

Phudng trinh ion rut gon sau ding IA phan ling trung hoa tao ra midc 
dien ly rat ye-u. 

- Phan ling gifia acid ye-u va base manh: 

CH3COOH (aq) + NaOH (aq) -> NaCH3C00 (aq) + H2O (1) 

CH3COOH (aq) + Na+ (aq) + OH-  (aq) 

-> Na+ (aq) + CH3C00-  (aq) + H2O (1) 

CH3COOH (aq) + OH-  (aq) --> CH3C00-  (aq) + H2O (1) 

It dien ly 	 it dien ly hdn nhi6u 

- Phan ling gift base yeu va acid manh: 

NH4OH (aq) + HNO3  (aq) -> NH4NO3  (aq) + 1120 (1) 

N1140H (aq) + II+ (aq) + NO3 (aq) 

-> NH4+  (aq) + NO3 (aq) + H2O (1) 

NH4OH (aq) + H+ (aq) -> NH4+ (aq) + H2O (1) 

it dien ly 	 It di"e'n ly hdn nhi6u 

7.3. Phan ling tao thanh chk 116 bay hdi, chang han 

Na2S03  (aq) + 2HC1 (aq) 	2NaC1 (aq) + SO2  (k) + H2O (1) 

2Na+ (aq) + 5032-  (aq) + 211+ (aq) + 2C1-  (aq) 

-> 2Na+ (aq) + 	(aq) + SO2  (k) + H2O (1) 

S022-  (aq) + 2H+ (aq) -> SO2  (k) + H2O (1) 
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7.4. Phan Ting tao thanh phiic chgt 

ZnSO4  (aq) + 4NH3  (aq) 	[Zn(NH3)4] SO4  (aq) 

Zn(H20)42+ (aq) + S042-  (aq) + 4NH3  (aq) 

—> [Zn(NH3)4]2+ (aq) + S042  (aq) + 4H20 (1) 

7.5. Phan ling trao clEii electron (oxy hoa khit), chAng 

Phticing trinh phan 

2KIVIn04  (aq) + 5CaC204  (aq) + 8H2SO4  (aq) —> 

kali permanganat 	calci oxalat 

2MnSO4  (aq) + K2SO4  (aq) + 5CaSO4  (aq) + 100O2  (k) + 8H20 (1) 

Plitiong trinh ion d'ay 

2K+ (aq) + 2Mn04 (aq) + 5Ca2+ (aq) + 5C2042-  (aq) + 16H+ (aq) + 8S042-  (aq) 

—> 2Mn2+  (aq) + 85042-  (aq) + 2K+ (aq) + 5Ca2+  (aq) + 100O2  (k) + 8H20 (1) 

Plniong trinh ion rut gon: 

2Mn04 (aq) + 5C2042-  (aq) + 16H+ (aq) —> 

2Mn2+  (aq) + 100O2  (k) + 8H20 (1) 
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MVC TIED 

1. Tim du'dc men tru'ang (khocing pH) cho mot phcin zing oxy hod khet nha can being 
phu'Ung trinh theo phuzing phdp 	phdn 

2. Trinh bay each xdc dinh cac the-dien cu'c chudn E; y nghia va van dung crux E. 

3. Thanh lap phudng trinh Nernst, va van dung phu'o'ng trinh do de xdc dinh 
chie'u hu'dng va md'c di) dal phdn ring oxy hod 

4. Gidi thich cd the hoat crOng dia pin ndng di) (di ang dung do pH va gidi thich 
dien the mang to bao); ceia acquy; va aid srrt an mon him loci. 

5. Xcic dinh va tinh dude lacing sdn pham trong pin dien phitn. 

Hieu du'o'c su' hinh theinh the dien hod va nang lu'o'ng lien ket trong te-bao 

Chticing 10 

PHAN AG OXY HOA KFICi VA DONG HIEN 

1. PHAN LANG OXY HOA KIIU'. KHAI QUAT VE PIN HIEN HOA 

1.1. Khai niem chung 

Phan Ung oxy hod khit la phan ttng có su chuy6'n dich electron gifia cac 
chat phan ling, do do lam bie-n do7i s6 oxy hod cua cac nguyen to. 

Chat oxy hod (phan tit, nguyen tit, ion), vie't tat: chdt Ox, la chgt nhan 
electron va giam s6 oxy hod, no la chg bi 

Chat khU' (phan tit, nguyen tit, ion), viet tat: chgt Kh, la chgt cho electron 
va tang s6 oxy hod, no la chdt bi oxy hod. 

Theo do suy ra: su' khei la su nhan electron. Su' oxy hod la sit cho di electron. 

Rdt can 	de khong nhdm ran cac thuat 	ch"dt oxy- hod., sit oxy 
hod, chat khit, su 

Vi du, trong dung dich nude xay ra phan 

Fe(r) + CuNaq) 	FeNaq) + Cu(r) 	 (10-1) 
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Ion Cu' nhan electron (tit Fe) la chat ox, .s6 oxy hod dia no giarn tit +2 
clgn 0, no bi khit va goi la sit khii ion Cu' (bai Fe). 

Sat cho electron nen la chat kh, so oxy hod cUa no tang tit 0 den +2, no bi 
oxy hod va goi la su oxy hod sat (bai ion Cu'). 

- Co the chia phan fing (10-1) thanh 2 nfia phan itng de)  thay ro hdn ch'dt 
nhan electron va chat cho electron: 

Cu" + 2e 	Cu 

Fe 	Fe' + 2e 

Quy luat can bang cac nita phan itng gioeng nhu doi voi cac phan itng  
khac, nghia là s6 nguyen tit cua moi nguyen to va dien tich cua moi vg pinking 
trinh phai nhu nhau. Mac du cac nita phan itng duoc tach rieng, nhting std mat 
electron va nhan electron xay ra d6ng thai. So-  electron mat bdi chdt bi oxy hoci 
luon tWing so-  electron nkin du'oc bdi chdt bi khei. 

Phan itng oxy hod khit (vigt tat: phan itng ox-kh) c6 the nhin nhan tucing 
tit nhtt phan ling acid-base theo khai niem cUa. Bronsted-Lowry, bai vi ca 
2 loci phan itng de'u lien quan dgn slat van chuygn mot hay nhie'u lieu 
phan mang dien tit chat cho den chat nhan: electron trong phan itng ox-
kh va proton trong phan ling trung hoa. Khi mot acid cho di 1 proton, no 
tra thanh 1 base lien hOp va c6 kha nang nhan 1 proton. Toeing tit, khi 
mot chat Kh cho electron, no tra thanh mat chat Ox va co the nhan 
electron ma hinh thfic co the goi la chat Ox lien hop. Tit d6, cac nits phan 
fing khi vigt d6c lap cling goi la cac cap oxy hoci khi' lien hop, chioc ky  
hieu va quy tiOc vigt: cap Ox/Kh. 

Vi du: O phan Ung (10-1) c6 2 cap Ox/Kh la Cu2+/Cu va Fe/Fe. 

Phan itng Ox-Kh la tong dm 2 /lila phan itng, Wong fing vOi 2 cap Ox/Kh 
vigt day 

Oxl  + nle 	Khi  

Kh2 	 Ox2  + n2e 

Va vi so electron cad. chdt Kh cho phai bang so-  electron cila chat Ox 
nhan, nen phuong trinh tong quat cilia phan ling Ox-Kh c6 the vigt: 

n20x1  + n1Kh2 	n2Kh1  + n10x2 	 (10-2) 

Vg mat hod hoc, to ngdm dinh can bang a phuong trinh (10-2) nghieng ve  
ben phai, vi the chat 0)c1  nhan electron tot lion (chat Ox manh hcin) so \Ted 
Ox2, va chat Kh2  cho electron tot bon (chat Kh manh hcin) so voi Khi. 
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1.2. S6 oxy hoa (S.0) 

- S6 oxy hod (con goi IA mite oxy hod, trang thdi oxy hod) IA din tich hinh 
thfic cua nguyen to trong don chat, ion hay hop chat khi quy uric cac cap 
electron dung chungl8ch hoAn than ve nguyen to c6 dO am din lon hon. 

Chit Srrang, S.0 cUa nguyen to c6 gid tri dai so khdc hod tri. S.0 c6 the là 
s6 am, s6 &tong hoac bang khong. Trdi lai, hod tri tinh theo s6 electron tham 
gia lien ke't nen chi c6 gia tri during. 

- S.0 dm mot nguyen to duoc xdc ctinh the() nhfing quy vac' sau: 
Quy tcic chung: 

1/ Nguyen to trong don chat (Na, Cu, 02, N2, S); ,S.0 = 0. 
2/ Nguy8n to trong ion don nguy8n tit: S.0 = di.8ntich ion. 

3/ Tang dai s6 S.0 dia cac nguyen to trong phan tit = 0, con trong ion 
nhi6u nguyen tit = din tich ion. 

Quy tat cu the'cho cac nguyen tit hoac nh6m nguyen to trong Bang tuan hoan: 

1/ Nhom IA: S.0 = +1 trong tat ca cac hop chat. 

2/ Nh6m IIA: S.0 = +2 trong tat ca cac hdp chat. 

3/ Hydro: S.0 = +1 trong cac hdp chat vdi phi kim 

S.0 = -1 trong cac hop chat V6i kim loaf va Bor 

4/ Fluor: S.0 = -1 trong moi hdp chat 

5/ Oxy: S.0 = -1 trong cac hop chat peroxyd 

S.0 = -2 trong tat ca cac hop chat khdc (tru vdi fluor) 

6/ Nhom VIIA: S.0 = -1 trong cac hop chat vdi kim loaf, vol plii kim (trit 
vdi oxy) va vdi cac halogen khdc phia du6i. nhom. 

Lau 31: 

1/ S.0 diking cao nhat cita cac nguy8n to trong cac nh6m chinhA bang s6 
this to cua nhom (trit 0 va F). 

2/ S.0 dm thap nhat cua cac phi kim va mot s6 a kim bang s6 thi tit cita 
nhom frit 8. 

Vi du: ktu huSm.h.;c6 S.0 during cao nhgt là +6 (vi nguyen to S o nhom VI 
A) nhu trong hop chAl SF6  va c6 S.0 am thap nhat = 6 - 8= -2 nhu trong FeS. 

3/ V6 nguyen vac, de xdc dinh so oxy hod can phai bie't cau tao phan tit vA. 
'dO arh, di0 cua cac nguyen to. Di) am din c6 th8)  suy ra gan thing tit vi tri cua  
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nguyen to trong Bang tun hoan. C6n n6u kh8ng biet r5 cgu tao phan tit thi 
S.0 xdc dinh &toe tit cac nguyen tae da neu co the la S.O gia. Chang haa,,dat 
S.0 ciia lUu huynh la x, tim duoc S.0 cua no trong 52082-  qua pinking trinh: 
(x.2) + (-2.8) = -2 	x = +7. Day la s6 oxy hod gia, vi lttu huYnh o nhom VIA, 
S.0 cao nhat cua no chi la +6 plul hop voi cong thlic eau tao: 

hoac 
-o\ -0\ ,0-  

, s, s, 	„ 
O' 0 0  

0\  0 - 0\ / 0- 
/  

z% 0 00 0 

Hon ncia, con gap so oxy hod gia va le, nhti S trong Na2S406 cO S.0 = +2,5. 

Tuy nhien, S.0 that hay gia deu có gia tri nhU nhau trong can bang 
phuong trinh cua phan itng Ox-Kh. 

1.3. Can bang phan itng oxy hoa khif 

Co nhieu phuong phap de can bang phan itng Ox-Kh, nhung thitang 
dtiOc sit dung la phuong phap s6 oxy hod, va quan trong hdn la phtiong phap 
nfia phan fing. 

1.3.1. Phu'o'ng phcip so oxy hod 

Duoc thuc hien theo cac bit& sau: 

1/ Viet cac chat dal' (chat phan Ung) va cac sari pham. Vi du: 

HC103  + P -> HC1 + H3PO4  

(di nhien chat dAu da biet, nhung san pham là gi thi phai dita vao cac 
phep phan tich hod hoc hoac can cit vao quy luat bien dOi cua cac nguyen to va 
hop chat). 

2/ Xac dinh S.0 cua cac nguyen to trade va sau pilau ling. O vi du tren, 
tim thay: 

HC15+03  + P°  ---> HC11-  + H3P5+04  

3/ Tim so electron ma 1 phan tit chat khii cho va s6 electron ma 1 phan 
tit chat oxy hoa nhan, tit do lap phuong trinh trao &di electron de tim he s6 
chinh cua chat khit va chat oxy hod. Ti6p vi du tren, thanh lap: 

61P°  - 5e ---> P5+ 

*15+  + 6e —÷ C11-  

Chu cac he s6 chinh phai có mot boi s6 chung nhO What bieu thi tang 
s6 electron ma -chat khif cho bang tong so electron ma chat oxy hod nhan. 
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4/ Oat he s6 chinh phis hdp vao cac chdt khit va chgt oxy hod ban ddu, 
kiem tra s6 nguyen tit ciia 	nguyen to d 2 ve pinking trinh de can bang 
chting nhung chua can chi]. Y den s6 nguyen tii H va 0 (nefu 2 nguyen 16 nay 
khong truc tiep là chgt khit hay chgt oxy hod). Tiep theo vi du tren, thu duoc: 

5HC103  + 6 P = 51,-1C1 + 6 H3PO4  

5/ Kiem tra s6 nguyen ti H 6 2 ve de tim s6 phan tit int& tham gia hoac 
tao thanh. Vdi vi du dang xet, can 9 phan tit H2O tham gia phan ling. Vay: 

5HC103  + 6P + 9H20 = 5HC1 + 6H3PO4  
6/ Kiem tra lai s6 nguyen tit 0 d 2 v6 va tin rang thuc chgt phuong trinh 

da duoc can bang. 

Vdi 6 buoc tien hanh nhu tren, moi phan ling oxy hod khit viet diidi clang 
pinking trinh phan tii deu có the &toe can bang. Tuy nhien, nhieutrliang hop 
khOng can thiic hien du cac buoc va khi da quen thi chi can nlidm tinh tren 
mot phtiong trinh phan ling. 

1.3.2. Phtto'ng phcip nita phdn zing 

- Pinking phap can bang nay quan trong va có nhieu loi ich, bai vi: 

+ Noi chung, khong yeu cdu viec xac dinh S.0 ciia moi nguyen to. 

+ Tdch qud trinh Ox-Kh thanh 2 niia phan ling se phan dnh ban chdt 
thuc xay rad 2 dien cue trong pin dien hoa (gioi. thieu 6 muc sau) 

+ Lam chO viec can bang cac phan ling Ox-Kh de dang hdn khi chung 
xay ra trong moi truang acid hay base, dieu thuang gap trong cac pin. 

- Cac bade tien hanh 

. Noi chung, to bat ddu vdi "130 khung phan ling ion", trong do chi viet 
dang Ox va dang Kh, chua can chit Sr H2O, H+ hay 0H-- 

1/ Chia 13O khung phan iing thanh 2 rata phan ling (nita nao la Kh, rata 
nao la Ox se ro rang a cac buck tiep theo). 

2/ Can bang cac nguyen tit va dien tich trong moi nita phan ling (electron 
cluoc them vao ben trdi cua niia phan ling Kh va vao ben phai cua nita phan 
ling Ox). 

3/ Nhan moi niia phan ling vdi mot s6 nguyen, neu can thiet, d6 s6 
electron nhan 6 niia phan iing Kh bang s6 electron cho d.niia phan itng Ox. 

4/ COng cac nita phan ling da can bang de thu dtioc phan ling tong (chd 
ghi kern ca trang thai chdt). 

5/ Kiem tra lai s6 nguyen tii va dien tich a phan iing tong. 
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- Can bang phan ling Ox-Kh trong moi trtiong acid: 

H20, 1-1+ va electron se duoc sii dung trong qua trinh can bang. Vi du, c6 
phan ring vdi 136 khung la: 

Cr2072-(aq) + 1-(aq) -> Cr3+(aq) + I2(r) 

1/ Tach thanh 2 niia phan ling: 

Cr2072- 	Cr' 

I- 	--> 	12  
2/ Can bang nguyen tii va dien tich trong moi niia phan ling. Cluj y: sii  

dung H2O de can bang,s6 nguyen 0, dung H+ de can bang s6 nguyen tii  
H, va electron de can bang dien tich: 

Vdi nita phan iing Cr2072-/Cr' thi: 

a) Can bang nguyen tii Cr, du6c: Cr2072-  -> 2Cr" 

b) Can bang 0 phai them 7H20 vao ve phai, 

Cr2072  -> 2Cr' + 7H20 

c) Can bang H phai them 14H+ vao ye trai, duoc: 

Cr2072-  + 14H+ --> 2Cr' + 7H20 

d) Can bang dien tich doing phai them 6e vao v6 trai, dtioc: 

Cr2072-  + 141-14-  + 6e --> 2Cr' + 7H20 

Vay, niia phan iing da dti6c can bang, va day la nita phan iing Kh (qua 
trinh Kh, sti Kh) vi electron da dtioc nhan vao (ben trai). Ta hieu rang Cr2072  
là chat Ox, va Cr' bi khii thanh 

- Vdi nita phan ling 1-/12, toeing ling vdi cac btfoc 	phan ling da xet 
tren, thi: 

a) Thu duck 2L -> 12  

b) Va c) khong can vi khong c6 0 va H 

d) Them 2e yap v6 phai: 21-  --> 12  + 2e 

Vay, nUa phan ling 1-/I2  da &foe can 'bang, va day la nita phan ling Ox 
(qua trinh Ox, su Ox) vi mat electron, I la chat Kh va bi Ox. 

3/ Nhan moi niia phan ung vdi mot s6 nguyen can thiet de s6 e mat trong 
ski Ox bang so/  e nhan trong sti Kh: 

1x1 Cr2072-  + 14H+ + 6e -> 2Cr' + 7H20 

3x1 2L 	---> 	12  + 2e 	61- 	-> 	312  + 6e 
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4/ COng 2 rata phaniing cra can bang, xoa di nhfing chgt xu'at hien a ca 
hai NT6 (a' day chi có 6e) de thu dude phan ang tang (chti y ghi trang thai chgt 
cua cac cgu tii): 

Cr2072-  (aq) + 6I-(aq) + 14H+(aq) -> 2Cr3+ (aq) SI2  (r) -  + 7H20(1) 

5/ Kiem tra s6 nguyen tit va dien tich 2 ye cita phan ling tang: tat ca deu 
dung. Tit do cling cho thgy, phan ling can dadc tien hanh trong moi traang acid. 

Tit phan ang tang cila clang ph-acing trinh ion tren day to có the viet lai  
duoi dang phucing trinh phan tit cho cac chat cu the, neu can thi6t. 

- Can bang phan ling Ox-Kh trong moi truong base: 

Tien hanh cac budc nlya trong moi tritong acid, chi có 1 su thay dai a bade 
4/: thay s6 H+ xugt hien trong phan ang tang bang s6 OH-  vao ca 2 ye va mot 
Ian nila don gian so phan tit H2O a 2 ye cuaptatung trinh. Vi du, natri 
permanganat NaMnO4  phan iing vdi natri oxalat Na2C2O4  trong moi traang 
NaOH tao ra chgt ran Mn02  va carbonat C032-. Bo "khung phan ling ion" la: 

Mn04-(aq) + C2042-(aq) -> Mn02(r) + C032-(aq) 

1/ Tach thanh 2 niia phan ling: 

Mn04  -> Mn02  va C2042 
 -> 0032- 

2/ Can bang nguyen tit va dien tisch a moi n.ita phan ling theo trinh 
(nha vi du moi truang acid), thu &toe ket qua: 

Mn04-  + 4H+ + 3e -> Mn02  + 2H20 (niia phan ling Kb) 

C2042-  + 2H20 -> 2C032  + 4H+ + 2e (nita phan ling Ox) 

3/ Nhan moi nita phan ang vdi mot s6 nguyen de so-  electron nhan bang 
so-  electron cho: nhan 2 va 3 1Am Ludt vao 2 niia phan iing teen, cludc: 

2Mn04-  + 8H+ + 6e -> 2MnO2  + 4H20 

3C2042-  + 6H20 -> 6C032-  + 12H+ + 6e 

4/ COng 2 nita phan ang TA.' can bang, don gian cac cau tit gi6ng nhau a 2 
ye, thu duck phan ling tang: 

2Mn04-  + 3C2042-  + 2H20 -> 2MnO2  + 6C032-  + 4H+ 

Can bang nay cho thgy, phan ling can tien hanh trong moi truang kiem. 

Vay, them 40H-  vao 2 y6 (14 trung hoa 4H+ va mot Lan naa don gian s6 
phan tit H2O a 2 ye: 

2Mn04-  + 3C2042-  + 2H20 + 40H-  -> 2MnO2  + 6C032-  + 4H+ + 40H 

197 



Phan ling tang sau cling la: 

2Mn04 (aq) 3C2042- (aq) + 40H-  (aq) —> 2Mn02  (r) + 6C032-  (aq) + 21120(1) 

5/ Kiem tra nguyen tit va dien tich 2 ye: Tat a deli diing. 

Tra lai thvc to phan ling ban dau la dling cac muol natri trong moi 
truang NaOH thi piniong trinh phan tit se la: 

2NaMnO4(aq)+ 3Na2C204(aq)+4Na0H(aq)—>2Mn02(r)+6Na2CO3(aq)+ 2H20(1) 

Tat nhien, ne-u H+ khong xuat hien khi can bang cac nits phan ling thi 
cling khong có buoc triet tieu no bang OH-  trong moi trUang base, nghia 
la phan ling co the xay ra trong moi truang trung tinh. 

1.4. Khai gnat y6 pin dien hoa 

MOt phan ling Ox-Kh có the xay ra trong dung dich khi trOn ran chat Kh 
phan -tang Ox) va chat Ox 	phan ling Kh) 	nhau. O day, slt trao 

d6i electron la do va cham trite tip gifia chat Ox va chat Kh. Nang hiOng hod 
hoc bign thanh nhiet. 

Neu bang each nao do tach rien.g hoan toan (ve mat vat VT) 2 niia phan 
fing va buOc sit trao d6i electron phai qua mot day dan, ta thu dttoc dung dien. 
o day, nang Wong hoa hoc bign thanh dien nang. 

Mot thigt bi bat kST cho ta thu &toe &mg dien nho mot phan -tang Ox-Kh, 
hoac nha dong dien ma mot phan iing Ox-Kh có the xay ra, dtioc goi la pin 
dien hod. 

Dua tren nhiet d'Ong hod hoc, pin dien hod duoc chia lam 2 loai: 

1/ Pin Galvanic (hoac Voltaic) sit dung nang Wong cila phan iing ti phat 
(AG<O) de phat dien nang. He phan ling tao ding cho moi truang. Tat ca cac 
acquy deu chlia pin Galvanic. 

2/ Pin dien phan sit dung dien nang de thlic hien phan ling khong tit  
phat (AG>0). Dien nang tit ngan ben ngoai cung cap va bign d6i nang Wong 
thap hdn cua cac chgt dau (chgt phan iing) thanh nang Wong cao 118n cua san 
pham. Do do, moi truang tao tong cho he phan iing. Cac thuat ma kim loai, 
dieu chg kim loai va phi kim lien quan den pin dien phan.. 
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Phatra 
4n rang 

Naa phan ang Ox 
A- - A + 

Pin &Yel phan Pin Galvanic 

Anod 
(Sir Ox) 

Nang 
Itrong 

Chat 
din phan 

Catod 
(Sir Kh) 

Naa phan ang 0 x 
X4X++e- 

Nira phan ang Kh 
Y+ 4 Y 

Phan ang tong trong pin 
X+Y± 4 X+ +Y; AG<0 

Nth phan ang Kh 
e-  + B± 4 B 

Phan ang t6ng trong pin 
A-  + B± 4 A + B; AG > 0 

Hinh 10.1. NhCing dac drain dal Wong coa pin Galvanic va pin than phan 
(cho dien tich tu'ong d6i coa 2 dien cut a 2 pin la ngu'dc nhau, 

nhu'ng chiau di chuyen cOa electron tit anod tai catod van khOng thay d6i) 

M6i pin g6m 2 dien cuc la nhfing vat chi thi dOng dien gicia pin va m6i 
trvong xung quanh. Mei dien chic dri6c nhung chim vao mot chat dien phan 
(thriong trong dung dich milk) cila moi niia phan iing. Cac dien civic có the 
tham gia phan iing hoac chi a dan truy6n dien tich. Dien civic anod la dien ctic  
ma 6 do xay ra ski Ox; electron cho di va rai khi dien cuc. Dien civic catod la 
dien clic 6 do xay ra ski Kh; electron vao dien ctic va dvqc nhan 136i chat bi Kh. 

2. PIN GALVANIC 

Day la nhiing pin sii dung cac phan iing tri phat de tao dien nang. 

2.1. Cgu tao, hoat dong va sd do pin Galvanic 

2.1.1. Pin Kern-bong 

- Khi rihring thanh kern vao dung dich chlia ion Cu', mau xanh dm dung 
dich nhat clan vi Cu' chuye'n thanh Cu kim loaf, trong khi thanh Zn mon 
di do tan vao dung dich dried clang ion Zn'. Ta noi, Zn de. bi oxy hod va 
cho di electron, con ion Cu' de bi khil va nhan vao electron. DO la mot 
phan iing ox-kh Om 2 niia phan ling: 
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Von k 

V-
Cu -so -2' 4  Cu?* -SCY4-2' 

1.10 V 

CUu muo' i 

Zn 
(-) 
	

S042  

Cong tac 

Anod 

Cu 

Catod 
(+) 

[Z11-71=110 IC-629-=1-1Cif 

Cu'(aq) + 2e —> Cu(r) 
	

[su khir] 

Zn(r) —> Zn'(aq) + 2e 	[sci oxy hod] 

Phan ling tong: Zn(r) + Cu2+(aq) —> Zn'(aq) + Cu(r) 

- Ne-u tach 2 'lira phan iing tren day vao 2 ngan rieng biet va buOc sit trao 
d'O'i electron a phan ging tong qua mot day clan ngoai, to thu ditOc 1 pin 
(hinh 10.2). 

Hinh 10.2. M6t pin Galvanic dila tren 
phan Ong kem-clong 

(Moi ngan mot naa pin, chtia thanh 
phen ceba m6i nel'a ptign Ong. Anod 
(ctic am) /à dien cuc kern, Om mot 
thanh Zn nhOng chim trong dung dich 
(lien ly Zn' (vi du, dung dich ZnSO4). 
Catod (cut &tong) 16 dien cuc cl5ng, 
g6m mot thanh (long nhung chim trong 
dung dich diet) ly Cu" (vi du, dung 
dich CuSO4). Hai nem pin n6i voi nhau 

mot mach ngoai (kern cOng t6c Ira 
von ke) va mot ceu mu6i long hinh chit  
U ngu'oc)). 

Theo quy trac, clfc xciy ra su' oxy hoci (anod) luon du'dc viet (3' ben trai. 
Trong truang hop dang xet la dien cuc Zn. Kim loai Zn bi oxy hod d anod tao ra 
Zn' va electron. Ion Zn' vao trong dung dich; con electron vao trong day d'an 
va chuyen dOng tit trai qua phai den catod, not ma ion Cu' trong dung dich 
tiep nhdn electron Ira bi Miff thanh Cu kim loai. Cdc electron tip tic ducic tao 
thanh 6 anod va bi tieu thud catod. Do anod luon có mot hung electron mai 
hinh thanh nen am hon so vdi catod. 

Diu Sr chung la, trong pin Galvanic, anod la tilt am va catod la cue diking. 

Cdu muo-i cho pile') 2 dung dich 6 2 nita pin ti6p xac dien nhung khong 
cho phep chung trOn lan vao nhau. O vi du pin kem-d'an.g troll day, cdu mu6i la 
dung dich ion Na+ va S042-  n6ng c16.  cao (trong thach d'ac (agar) 5%). Cac ion 
Na+ va SO42  la nhiing ion khong tham gia vao cdc phan iing trong pin. Khi ion 
Cu' bi khit thanh Cu, de can bang dien tich trong ngan catod, ion am S042-
chuyen tit dung dich vao cdu muoi (va ion &tong Na+ chuyen tit cdu muKi vao 
dung dich). Tucing tit, de can bang dien tich 6 ngan anod khi nguyen Zn 
chuyen thanh ion Zn', ion am S042-  chuyen tit trong cdu mu6i vao dung dich. 
Do do, nhu trong hinh 10.2 chi ra, mach dien duck khep. kin bai electron 
chuyen tit trai sang phai trong day d'an va anion chuyen tit phai sang trai 
trong cdu muoi. Khi pin hoat Ong, dien cue kern mon d'an va [Zn2+] a rifia pin 
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anod tang len. Nguoc lai, ding thai diem do, kh6i Wong then cuc d6ng tang 
len va [Cul nila pin catod giam xu6ng. Ta noi, Cu2+ da "ma" vao dien cute. 

2.1.2. Trong pin Galvanic Kem-Ddng xet tren day, 2 thanh kim loaf Zn, 
Cu dUng lam dien cue cung chinh la nhiing thanh phan cUa cdc nila phan hing  
nen dttoc goi la cdc dien czec hoat d'Ong. Tuy nhien, nhigu phan hing Ox-Kh 
khong có chat tham gia phan ling hay san pliant nao có k,ha nang gill vai tro 
dien chic. Trong truang hop do, dien cvc trd ducic sit dung de dan thing electron 
vao hoac ra ci cdc nila pin nhting khong phai la thanh phan,c-Ua cdc nu a phan 
ling. Dien ale trd tiniang lam bang Pt hay Graphit (C). Chang han trong pin 
Galvanic duia vao phan hing duoi day: 

2I-(aq) --> I2(r) + 2e 	 [anod, oxy hoa] 

Mn04-(aq) + 811±(aq) + 5e -> Mn2+(aq) + 4H20(1) 	[catod, khii] 

Phan ling tong: 

10I-(aq) + 2Mn04-(aq) + 16H+(aq) -> 5I2(r) + 2Mn2+(aq) + 8H20(1) 

Dien tilt trd hide sit dung trong pin nay 1a graphit, bai vi khong có phan 
til nao trong 2 nila phan hing CO the gill vai trO lam dien chic hoat 

2.1.3. Di mieu td nhanh mot pin Galvanic, nguai to vie/t so dd pin. Vi du, 
sd d6 pin kem-deing d hinh 10.2 duoc 

Zn(r) I ZnNaq, 1M) II CuNaq, 1M) I Cu(r) 

- Nhang chat ben anod (nila pin có stl oxy boa) duoc vie't ben tral, con ben 
catod (nila ben có &LI khii) vie't ben phai. N6ng do, dp suat hodc pha cita 
cdc chat dtioc ghi trong dau ngoac ddn. 

- Hai gach thang thing ngan each 2 nila pin tuong truing cho day dan va 
cau mu6i. 

- Met gach tin a ini5i raia pin de' chi ranh gied gifia cdc pha. Vi du, Zn(r) I 
ZnNaq) the hien Zn ran khac pha so vai Zn' trong dung dich. 

Sii dung met dau phay giffa cdc chat trong met nila pin de' the hien 
chting ding pha. Vi du, pin T - Mn04-  da noi d tren dive vi6t: 

Graphit I-(aq) I I2(r) ir(aq), Mn04-(aq), Mn24-(aq) I Graphit 

- Cac dien cue ghi d tan cling ben trai hoac ben phai. Nhd rang, dien cult 
hoat tong la thanh phan (chat) c.fla nifa phan -tang nen can dinh vi thing a 
nila pin Wong ling. 

Chia khod de vik dung met so do pin Galvanic la sil dung phan ling tu 
phat de xac dinh cac nila -phan ling xay ra sit oxy hod (anod) va stf-  khii (catod). 
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Vi du: trong mot ngan cila pin Galvanic, mot thanh graphit 
chim trong dung dich acid caa K2Cr2O7  va Cr(NO3)3; con trong ngan kia la 
thanh thigc (Sn) trong dung dich Sn(NO3)2. Wit cau mu6i KNO3  n6i lign 2 
ngan. Sy do dac cho bigt cVc Sn am hdn chic graphit. Hay vi6t: 

a) Cdc niia phan ling (sau khi da can bang) la: 

Sn(r) —> Sn2+ + 2e 	 [anod; xay ra sV oxy hod] 

Cr2072-(aq) + 14H+(aq) + 6e -+ 2Cr3+(aq) + 7H20(1) [catod, xay ra sV Ulla] 

Phan ling tong (nhan 3 cho niia phan ling oxy hod. -yd. 1 cho nita phan ling  
khit dg tang electron cho va nhan bang nhau, sau do Ong 2 niia phan ling) thu 
dvoc: 

3Sn(r) + Cr2072-(aq) + 14H+(aq) --> 3Sn2+(aq) + 2Cr3+(aq) + 7H20(1) 

b) So d6 pin (clang 

Sn(r) I Sn2±(aq) II H+(aq), Cr2072-(aq), CrNag) I  Graphit 

2.2. Dien the: sari phan ceta pin Galvanic 

2.2.1. Dien the ciia dien cite: Tra lai pin kem-dgng (hinh 10.2), khi tong tac 
and (mach ha), pin khong phat dien va cang khong co phan ling nao xay ra 
trong 2 niia pin. 	dien cvc kim loci xem nhv ton tai mot trang thdi can 
bang giiia cdc ion trong dung dich va cac electron cv tru trong kim loaf. Dien  
the hinh thanh tai be mat tidp xi-cc cita meri dien ctic vai dung dich bao quanh 
no goi la dien the dm di-en cuc (Edo. Hinh dung rang, do Zn de mat electron 
hdn Cu nen trong dien chic Zn luon có mot ap lvc electron lon hdn trong dien 
cvc Cu, tao ra 1 dien the manh, san sang day e rai khi anod. 

Khi clung ding tac (n6i mach), electron chuygn tii Zn sang Cudg can bang 
ap hic electron (can bang si chenh lech dien the). Wing nang ciia electron 
chuygn thanh dien nang. Pin thing phdt dien khi khong con chenh Lech ve dien 
thg gifia 2 dien cVc. 

2.2.2. Dien the caa pin (Epid la s6 do sit khdc nhau v6 dien.thg gala 2 dien 
cvc (=Ecatod — Emu). DO la gia tri do duoc a von kg. Epin  con goi là sac dien d"Ong 
dia pin. Epin  i!J hinh 10.2 (bang 1,10V) la thVoc do xu hvong cua phan 

Cu2+(aq) + Zn(r) Cu(r) + ZnNaq) 

tign trign tit trang thdi killing can bang dgn digu kien trong trang thai can bang. 

Dien thg cila pin Galvanic (Epin) phan dnh ski bign dui nang 1VOng tv do 
Gibbs cila phan ling tV phat thanh dUng nang cua cdc electron chuy8n dung s 
mach ngoai (dien nang). Dien nang nay có the sinh tong va dvoc do chinh xac 
qua von kg. 
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Trong he SI, don vi cua dien the la von (V) ya don vi cua cua dien tich la 
culong(C). MOt electron co dien tich 1,602.10-1°C, nen 1C la dien tich cua  
6,242.1018  electron. Theo do 	dinh nghia: khi 2 dien ctIc có dien the chenh 
nhau 1 von, 1 jun (J) dtioc giai phong (do la 1J có the sinh tong) do dien tich 
1C chuyen dOng gicia 2 dien 

1V = 1J/C 	 (10-3) 

Nhti se thao ludn ci phan sau, mot phan ling tt phat (AG<0) lien quan 
den 1 dien the diking dia. pin: AG<0, Epin  >0 cho qua trinh ti phat. Epin  tang 
dtiong, AG tang am, chieu cua phan ling tong trong pin tang nghieng sang 
phai (ngtioc lai, mot Epi„ am, phan ling tong trong pin la khong phat, AG>0). 
Thong ttl nhti mot phan ling lien hanh tit Oat cho den khi dat trang thai can 
bang, pin Galvanic san xuat dien nang cho den khi no'ng do cac chgt phan 'tang 
va san pham dat gia tri can bang. Tai thai diem nay, pin diing lam viec bai he 
thong khong con nang Wong tt3 do de tao dien nang (AG = 0). 

2.2.3. Dien the chuan cua pin E°pin  

Khi do Epin  (slic dien Ong cila pin) bang von ke, ta da b'O qua std thay d6i 
v6 trang thai tap hop cua cac chat (có the hieu la ni3ng do cac chA) va phdn 
nang Wong mat di do tiia nhiet trong pin va mach ngoai. Do do, de so sanh 
kha nang hoat &Ong ciia pin eh-ling ta can có mot dien the pin tieu chudn (E°0„) 
- dien the dtioc do 6 nhiet dO cu. the (thtiang 6 T = 298K), khong có dong dien 
tich hay ion chuyen dai (pin lam viec 6 trang thai thuan nghich) va tat ca cac 
chgt deu 6 trang thai 	latm cho chat kill; 1M cho moi dung dich; cac 
dien c-kic lam bang chgt ran nguyen chat. CS hinh 10.2, khi [Znl = [Cul = 1M, 
pin dat dieu kien chudn va tao 1,10 V 6 298K: 

Zn(r) + Cu2+(aq) —> Zn2+(aq) + Cu(r) 	E°inn  = 1,10V 

2.2.4. Dien the chuein caa dien cifc (con goi tat: the dien 	chulin)Vde  

phan tang dong vai trO la mot phdn trong toan bo phan ling, dien 
the cila moi dien tilt là mot phAn trong toan bo dien the dm pin. Dien the 
chua'n cua dien tilt (E°dc) la dien the cho bdi nua phan ling khi cac chat trong 
aid. pin deu .6 trang thai chudn. Quy tioc Qu6c t6 la, dien the chuan cad dien 
qic luon luon 	tinh theo neta phdn ang the' hien su' khet: 

Chat Ox + ne -+ Chgt Kh 	Vde 
Vi phan tang Ox-Kh là tang cila 2 niia phan ling, do do niia phan -tang con 

lai dtioc viet do% dang the hien stl oxy hoa, nhting khong &foe quell ddc diem 
cua cac dai Wong nhiet &Ong: d6i chieu nua phan ling thi do2i dan dien the: 

Chat Kb --> Chgt Ox + ne 	-E°dc 
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VI du, the dien cuc chuan cho niia phan iing Zn'/Zn 6 anod vb. Cu'/Cu 
catod deu dii6c ghi theo phan fang 

Zn"(aq) + 2e —> Zn(r) ki Miff) E°dc(Zn) =E°anod 	(s  

CuNag) + 2e —> Cu(r) 	E°&(cu) =E°catod 	(ski 

O phan iing tong trong pin, xay ra ski oxy hoa Zn d anod 	khOng 
phai ski khii Zn') nen phai d6i chieu niia phan ling nay va d6i dal" the dien 
ckic Gila no: 

Zn(r) —> Zn'(aq) + 2e 	-E°d 	- 

	

c(Zn) = 	anod 	 (su oxy hob.) 

Cu'(aq) + 2e -+ Cu(r) 	()dc(Cu) =E°catod 	 (ski Mali) 

Toan 130 phan fing Ox-Kh trong pin la tang cac nfia phan ling vita viet va 
E°pin  la tang ciia 2 the dien cuc chuan cua cac dien cuc: 

Zn(r) + Cu'(aq) Zn2+(aq) + Cu(r) 

EC)pin = E0dc(Cu) 	(-E0dc(Zn)) = E° 	E°  E0dc(Zn) 

M6 Ong kat qua nay cho cac pin Galvanic, ta c6: 
EC) = E0 =  

pin 	catod 	anod 	ph at 	trai (10-4) 

2.2.5. Xecc dinh ede veii diOt eye hydro chudn deki chi& 

Mac du c6 the do de" dang dien the Wong d6i gifia cac nita phan lang (Eon) 
nhting khong the xac dinh diidc dien the tuyet d6i cua mot dien cuc, b6i 
vi cac thiet bi do chi do dude ski khac nhau ve the (Wong tki nhki viec do 
dtioc hieu dien the giiia 2 diem tren day clan nhting khong do &toe dien 
the tai mot diem). 

Su bat luc trong viec do the dien cue tuyet d6i ciing khong c6 tra ngai gi 
bai the dien cue tVc3ng deci van rat c6 ich, mien la tat ca chUng deu dit6c 
do so sanh vdi cung 1 dien clic d6i chieu chuan va quy ii6c the dien cue 
chuan cua no bang 0 (E°d6i chieu = 0). 

MOt dien cue nhti vay dii6c Qu6c t6 thfia nhan la dien cue hydro chuan, 
no g6m 1 dien cue trd bang platin diloc the tao dac biet nhting chim trong 
dung dich nude cua mot acid manh, 11+(aq), c6 niSng dO 1M va dude bao hoa 
hydro bang each th6i khi hydro d ap suat khong d6i latm len bg mat dien cue. 
Nhki vay, nita phan iing cUa dien clic d6i chieu chuan là: 

211±(aq, 1M) 2e H2(k, latm) 	E°  = 0,00V 

Den day chung ta c6 the xay dung 1 pin Galvanic bao g6m 1 dien cue 
hydro chuan va 1 dien cuc khac chiia biet dien th6. Khi H2 bi oxy hob., 
dien cue hydro chuan d6i chieu la anod: 
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Vpin Vcatod E'0 
 anodECichaa biet E0d6i chigu 
0,00 V = E'0 

 chuabigt = E°chna biet 
Khi 	bi khit, dien cue Hydro chuan dei chigu la catod: 

E0 = E0 
pin 	catod 	anod 	chieh 	chua biet 

= 0,00 - Vdnia bigt  = - E — °chtia biet. 
Bang each nay, moi E°  cua cac dien cue dthic xac dinh nh6 do Vpin  khi doi  

chigu vdi dien cue hydro chuan hoac voi met dien cue khac ma E°  cua no da 
bigt (do truck do dal so sanh voi dien cue chuan hydro). 

Chang han, de xac dinh E°zn  ta lap 1 pin theo so do sau va do E°pin: 

Zn(r) I Zn'(aq, 1M) I I 	(aq, 1M) I Pt H2(k, latm) 	co E°pi„ = 0,76 V 

Dien elle kern la am so voi , dien cyc hydro vi Zn bi oxy 	no duoc dat 
ben trai lam anod. Cac 	phanifing trong pin: 

2H+(aq) + 2e --> H2  (k) 

Zn(r) —> Zn'(aq) + 2e 

Val align = 0,00 V 	[catod] 

-Ezn = ? V 	[anod] 

Phan ling tang: 

2H+(aq) + Zn(r) —> Zn'(aq) + H2(k) 	E°pin  = 0,76 V 

E°  • = E° 	— E° 	— E°  , • - - E°  pin 	catod 	anoddoi chieu 	Zn 

E°Z0 = E°catod Vpin = 0,00 V— 0,76 V = - 0,76 V 

Vay, the dien cue chuan dia kern la - 0,76 V, nghia la: 

Zn'(aq) + 2e —> Zn(r) 	 E°Zn 	0,76 V 	[ski 

Va Zn(r) --> Zn2+(aq) + 2e 	- E'zn  = + 0,76 V 	[ski oxy Ma] 

Bay sgia ta tra lai v6i pin kern - clang d hinh 10.2 va sii dung kgt qua da do 
E°  • = 1,10 V de tinh E°  • cu• 

E0  =E0E0catod Vanod =E° 	E°  E°Zn 

E°Cu E0pin E0Zn 

o day, xem E°zn  da bigt la E°deci chign. 

Vay, thg dien cue chuan cila Cu la 0,34 V: 

Cu'(aq) + 2e --> Cu(r) 	E°cu = 0,34 V 

Cif tigp tuc qua trinh xay dung pin vei met ben da bigt dien the va met ben 
ben chua bigt, clung ta có the tim duic dien thg eita cac dien cue chuan khac. 

Vi ,du, met pin Galvanic có phan ling tang: 
Br2(aq) + Zn(r) —> Zn'(aq) + 2Br-(aq? 	Vpin  = 1,83 V 

Bigt E°zn  = - 0,76 V, xac dinh E°B,,  ? 

1,10 V + (- 0,76 V) = 0,34 V 
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Gicii: 

Vpin  > 0, phan ling da viet la tit phat (ditoc viet theo chieu t 1 phat). Chia 
phan ling tang thanh 2 'lila. phan 

Br2(aq) + 2e -> 2Br-(aq) 	Wawa bie-t = E Br2  = ? V  

Zn(r) -> Zn'(aq) + 2e '' 

V = E° 	E°  = E°  E°  pin 	catod anod 	Br, - 	Zn 2 

- Wzn = 0, 76 V 

r2 	pin E°B = E°  • + Wzn = 1,83 V + (- 0,76 V) = 1,07 V 

(Vzn  der biet &foe xem la E°dolchie-u) 

Nhac lai rang, E°,11„,,n  quy vac la tinh theo rata phan Ung the hien sti khit. 
Neu dai chieu phan ifng thi phai doi dau E°. Nhu vi du tren, E°  cho sit oxy h6a 
2Br-(aq) thanh Br2(aq) se la: 

2Br-(aq) -> Br2(aq) + 2e 	- E°B,2  = - 1,07 V 

2.2.6. Bcing the'diOt cite chutin 	chieu phat ctict phcin zing Ox-Kh 

Tit 3 tac nhan oxy h6a der trinh bay phia tren, ta c6 the sap xep kha nang 
oxy hoa cUa chfing bang each viet cac nafa phan itng ci dang nhan e (s-ki khU) 
vdi the dien cue chuan ttidng ifng dia. elating: 

Cu"(aq) + 2e ----> Cu(r) 	E°  = + 0,34 V 

211+(aq) + 2e --> H2(k) 	E°  = 0,00 V 

Zn"(aq) + 2e -77 Zn(r) 	E°  = - 0,76 V 

Gia tri E°  cang &tong, chieu phan itng dude viet cang de xay ra tit phat, 
do do Cu' nhan 2e de hon H+ va H+ nhan e de hdn Zn'. Trong bang sap xep 
kha nang oxy hoa la Cu' > H+ > Zn2+. M4t khac, dai chieu phan iing cran den 
dai dau E°, nen thii tit vita neu cling sap xep kha nang khif cua cac tac nhan 

Zn > H > Cu. Kha nang cua cac tac nhan oxy boa (chat tham gia phan 
ling, chat dau) giam va kha nang khif 	san pham) tang, len tit dau den 
cal Cu' (dau tien, ben trai) la chat  Ox manh nhat, Zn (cuai cling, ben phai) 
la chat Kh manh nhat. 

Bang each not cac dien cue khac nhau thanh pin Galyanic, ta c6 the tao 
nen mat danh muc cac nUa phan ung the hien si khif va sap xep clayung  
theo the dien cue chuan E°  tit (+) nhat den (-) nhat. Danh muc ay dude 
goi la bang the dien etle chuan (bang 10.1) - thuc chat la sift dien clang 
chuan ciia. 1 pin, trong do 1 dien cue la dien cue hydro' chuan duoc quy 
uoc c6 the bang 0 von. 

Can nhd nhiing diem cat loi khi serf dung bang (10.1): 
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F2(k) + 2e 	2F-(aq) 	  
03(k) +2W(aq) + 2e 	02(k) + H20(1) 	  
Co3+(aq) + e 	Co2*(aq) 	  
H202(aq) + 2W(aq) + 2e 	2H20(1) 	  
Pb02(r) + 4W (aq) + S042  (aq) +2e PbSO4(r) + 2H20(1) 	  
Ce4.(aq) +e Celaq) 	  
Mn04-(aq) +8W(aq) + 5e - -----'Mn2+(aq) + 4H20(1) 	  
AuNaq) + 3e Au(r) 	  
Cl2(k) + 2e- -,7-= 2CI-(aq) 	  
Cr2072-(aq) + 14W(aq) + 6e-,= 2Criaq) + 7H20(1) 	  
Mn02(r) + 4W(aq) + 2e 	Mn2+(aq) + 2H20(I) 	  
02(k) +4W(aq) + 	21-120(1) 	  
Br2(I) +2e- 	2Br(aq) 	  
NO3-(aq) + 4W(aq) + 3e 	NO(k) + 2H20(1) 	  
2Hg2+(aq) + 2e ,= Hg22+(aq) 	  
Hg22'(aq) + 2e- 	2Hg(I) 	  
Ag.(aq) + e 	Ag(r) 	  

laq) 	  
02(k) +2H+(aq) + 2e- 	H202(aq) 	  
Mn04(aq) + 2H20(1) + 	Mn02(r) + 40H -(aq) 	  
I2(r) + 2e 	2I-(aq) 	  
02(k) + 2H20(1) + 4e 	40H (aq) 	  
Cu2+(aq) + 	Cu(r) 	  
AgCI(r) + 	Ag(r + C1(aq) 	  
S042-(aq) + 4H+(aq) + 2e ,=-= SO2(k) + 2H20(1) 	  
Cu2+(aq) + e 	Culaq) 	  
Snlaq) + 2e- 	Sn2.(aq) 	  
21-1*(aq) + 2e 	H2(k) 	  

Pb2+(aq) + 2e 	Pb(r) 	  
Sn2+(aq) + 2e 	Sn(r) 	  
N2(k) + 5W(aq) + 4e- 	N2H5laq) 	  
Ni2+(aq) + 2e- 	Ni(r) 	  
Ce(aq) + 2e 

- 

Co(r) 	  
PbSO4(r) + 2e Pb(r) + S042  (aq) 	  
Cd2*(aq) + 2e 	Cd(r) 	  
Fe2+(aq) + 2e 	Fe(r) 	  
Criaq) + 3e- 	Cr(r) 	  
Zn2+(aq) + 2e 	Zn(r) 	  
2H20(1) + 2e 	H2(k) + 201-I(aq) 	  
Mn2+(aq) + 2e- 

 - 

Mn(r) 	  
Al3+(aq) + 3e- 	Al(r) 	  
Mg2+(aq) + 2e 	Mg(r) 	  
Na+(aq) + 	Na(r) 	  
Ca2+(aq) + 2e 	Ca(r) 	  
Sr*(aq) + 2e- 	Sr(r) 	  
Ba2+(aq) + 2e- 	Ba(r) 	  
K+(aq) + e 	K(r) 	  
Lr(aq) + e- 	Li(r) 	  

+2,87 
+2,07 
+1,82 
+1,77 
+1,70 
+1,61 
+1,51 
+1,50 
+1,36 
+1,33 
+1,23 

e 	 +1,23 
+1,07 
+0,96 

	 +0,92 
+0,85 
+0,80 
+0,77 
+0,68 
	+0,59 

+0,53 
+0,40 
+0,34 
+0,22 
+0,20 
+0,15 
+0,13 
0,00 

-0,13 
-0,14 
-0,23 

-0,25 
-0,28 

	 -0,31 
-0,40 
-0,44 
-0,74 
-0,76 
-0,83 
-1,18 
-1,66 
-2,37 
-2,71 
-2,87 
-2,89 
-2,90 
-2,93 
-3,05 

Nita phan ang 	 E°(v) 

Fe3+(aq) + e- 	Fe 

Bang 10.1. Thg diOn cut chugn E°  trong dung dich ncidc a 25°C (298K) 

(Bang nay chi ghi den 3 chit so có nghia did gia tri E°) 
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a) Tgt ca cac gia tri d'eu &toe tInh theo then clic hydro tieu chudn: 

2H+(aq, 1M) + 2e H2(k, latm) 	E°  = 0,00 V 

b) Do quy uoc, cac nfia phan ling ctiidc viet 6 dang 	0.1  ca chat dau là 
chat Ox, - tat ca san phdm la chat Kh. 

c) Gia tri E°  the hien theo chWu phan iing dUcic viet. E° cang 
chieu phan ling thioc viet cang de xay ra. 

d) Cdc niia phan ling duOc can bang bei mill ten 2 chieu thuan. nghich de  
cho biet: niia phan ling c6 the xay ra ski khli nhh chi6u viet trong bang hoac su 
oxy hod theo chieu nguoc lai. Nhu vay, In& niia phan ling se thicio viet dung 
chieu khi dat 6 catod (neu E°  cua no doing hdn) hoac 6 anod (neu E°  cua no 
am lion), dieu do phu thuec vao dieu kien va 	niia phan ling kia. 

e) Nhu bang 10.1 da sap xep, kha nang oxy hod cila cac chat dau tang tii 
&Mi len tren, kha nang khii cua cac san phdm tang tii tren xuang dtidi. Do 
F2(k) la tac nhan Ox manh nhat (c6 E°  &Ring len nhat) nen F-(aq) la taclithan 
Kh you nhat. Nguoc lai, Li+(aq) la tac nhari' Ox you nhat (E°  am nhat), nen 
Li(r) la tac nhan Kh manh nhat. O day c6 su Wong to nhti trong cap acid-base 
lien hop: 1 acid manh tao 1 base you, va nguoc lai; 1 chat Ox manh tao 1 chat 
Kh you va nguoc lai [neu khong nhe this tai trong bang 10.1, to van c6 the suy 
ra nhe hieu bie't ve hoa hoc cac nguyeri to: F2  la phi kim dien hinh, c6 do am 
dien 16n nhat, dang ton tai dien hinh cua no la 	do do no ,d6 bi khii (nhan 
electron) nen la chat Ox manh (E°  doing 16n). Thong tii, Li co nang hiong ion 
hod alai) nhat, dang ton tai dien hinh dad no la Lit, do do no de bi oxy hod 
(mat electron) va la chat Kh manh (E°  rat am)]. 

2.2.7.17  nghia vet van dung Bang the dien cuc chuCin 

- Bang 10.1 có the' hu'ang dcin ccich viet phcin zing Ox - Kh theo chdu 
phat. M6i phan ling Ox - Kh la su tang hop 2 niia phan 	c6 chat Ox 
va chat Kh m6i ben [phtfong trinh (10-2)]. 

Can nho met quy tac quan trong xuyen suit: phan ling Ox - K chi t ay 
ra tai phat (E,1„ > 0) khi chat Ox cua niia phan ling Mali co the dien civic (Ed„) 
cao bon (nghia la chat Ox manh hdn) tac dung vei chat Kh ca.a niia phan Bing 
khii c6 Ede  thap hdn (nghia la chat Kh manh hdn). Bei vi, chi c6 ski chenh loch 
dien the mei tao ra dung dien - dung electron chuyen dich gifia cac niia phan 
ling trong phan ding Ox -.Kh tang tong. 

O dieu kien khong chudri, Ede  phu tonic met s6 you t6 khi tinh gia tri cua  
no (se de cap ei cac phan tiep theo). 
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O di8u ki8n chudn, Ede  chinh la E°, khi do phan iIng Ox - Kh chi xay ra tit  
phat (E°pir, > 0) khi chat Ox cua nita phan itng co E°  16n hdn (phia tren, ben 
trai bang 10.1) tac dung vdi chat Kh cua nifa phan fing co E°  thap hdn (phia 
du6i, ben phai bang 10.1). Nhu vay, cac chat tham gia phdn ang to phcit phdi 
la chat Ox manh Mn va chat Kh manh Mn [giang nhu phan itng trung hoa chi 
xay ra tit phat khi acid manh hdn tac dung 'yeti vdi base manh bon d8 tao acid, 
base li8n hOp ye-u hdn. Acid có proton va cho proton tuong tit nhtt chat Kh có 
electron va cho electron; base nhan proton Wong tu nhu chat Ox nhdn 
electron; so sank d6 manh ciia acid, base bang gia tri cua Ka, Kb  WC:41g ttt nhu 
so sanh d6 manh cila chat Ox, chat Kh bang gia tri 

D8 minh hoa quy tac tren, ta xet mot so vi du sau. 

+ Chon 2 niia phan itng bat kY (nila phan Ung phia tren va nita phan 
ling phia duesi bang 10.1) chang han: 

(1) Ag+(aq) + e --> Ag(r) 	E°1  = 0,80V 

(2) Sn'(aq) + 2e —> Sn(r) 	E°2  = -0,14V 

Hay vie't phan ling tit phat d di6u ki8n chudn va tim E°pin  khi not 2 niia 
phan ling? 

Gicii 

O day, chat Ox manh hdn la Ag+(aq) [so vdi Sn'(aq)] va chat Kh manh 
hcin la Sn(r) [so vdi Ag(r)], vi vay phai dai chi6u phan ling (2) de thu chtoc phan 
1mg tang Ong gam cac chat Ox va Kh manh hdn tuong tac vdi nhau, d6ng thoi 
phai 	Y 2 vi8c: khi dai chi& phan Ung có E°  thap hdn thi phai clai dau E°, 
va d8 so election cho bang so electron nhan can phai nhan nUa phan Ung (1) 
v6i. 2. Sau khi thuc hi8n dUng cac buck vita neu, thu cluoc: 

2Ag+(aq) + 2e —> 2Ag(r) 
	

E°1  = 0,80V 

Sn(r) -p Sn2+(aq) + 2e 	- E°2  = 0,14V 

Phan ling tang: 2Ag+(aq) + Sn(r) --> 2Ag(r) + Sn2+(aq) 	= 0;94V 

RO rang, Vpin  > 0, phan 1mg la tit phat theochi6u 	Chu ST • quan trong: 
phan Ung (1) duoc nhan len 2 ldn nhung E°1  van la 0,80V. Vdy, thay dal 

he so cua phdn zing khong lam thay c of gici tri 	vi,di8n the la ty le gifia 
nang Wong va di8n tich (xem 10-3). Khi chung ta thay de>i. 118 so, so Wong cac 
chgt c6 mat tang len, nang Wong va dien tich tang len theo tong met 67-' 18 nen 
tY le gitia chung la khong doi (them rang, E°  la dai Wong ctiong de khong phu 
thuec vao hicing chgt). 
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+ Vi du khac cho cac Mia phan ling phiic tap hon, chang han: Viet phan 

	

ling Ox - Kh theo chieu tai phat va xac ctinh 	khi not ghep 2 rifia 

phan ling sau: 

(1) NO3(aq) + 4H+(aq) + 3e -> NO(k) + 2H20(1) E°, = 0,96V 

(2) N2(k) + 5H+(aq) + 4e -> N2H5+ (aq) 	 E°2  = - 0,23V 

Gicii 

Phai doi chieu niia phan ling (2); nhan niia phan ling (1) voi 4 va nfia 
phan ling (2) voi 3 de s6 electron cho va nhan bang nhau; xoa 136 bot cac eau di 
giong nhau (W, e) xuat hien es ca 2 vg, thu duoc: 

	

4NO3-(aq) + 16H+(aq) + 12e --> 4NO(k) + 8H20(1) 	E°1  = 0,96V 

3N2H5+(aq) -> 3N2(k) + 15H+(aq) + 12e -E°2= 0,23V 

Phan ling tang: 

4NO3(aq) + 3N2H5+(aq) + W(aq) -> 3N2(k) + 4NO(k) + 8H20(1) E°1  = 1,19V 

Re rang, Vpin  > 0 nen phan iing viet la dung theo chieu tai phat, kha 
nang oxy boa cila NO3-  > N2 va kha nang khii cua N2H5+ > NO. 

- Bang 10.1 cling cho biet si sap xep day hoat &Ong kim loaf. Voi vai tro 
chat Kh (nam ben phai cac niia phan ling), cac kim loaf co tinh hoat thing 
manh dan (kha nang de mat electron tang ddn) tii tren xueing &ICA. bang. 

+ Nhfing kim loai phia tren niia phan ling hydro chuan 

(1) 2H+(aq) + 2e --> H2(k) 	E°1 = 0,00V 

khong the khii H+  tii acid vi E°0„ < 0. Day la nhom cac kim loaf qu3"7 Cu, 
Ag, Au..., chang han nhu: 

(2) 2Ag(r) --> 2Ag+(aq) + 2e 	-E°2  = -0,80V 

Lay phan ling tong (1) + (2), thu dLioc: 

2Ag(r) + 2H+(aq) -> 2Ag+(aq) + H2(k) 	E°pin  = -0,80V 

E'pin  < 0, phan ling khong xay ra. 

+ Nhfing kim loai tang nam th'ap hon nita phan ling hydro chuan se cho 
Vpin  tang duong va duoc goi la cac kim loai hoat dong hdn (khil &foe 
H+ dm acid, cling thtiang goi la "day" dtioc H2  di acid). Vi du: 

(3) 	Fe(r) -> Fe2+(aq) + 2e 	-E°3  = 0,44V 

Lay phan ifng tang (1) + (3) se cho phan 'tang tai phat: 

Fe(r) + 2H+(aq) --> H2(k) + Fe2+(aq) 
	

0,44V 
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+ Cac kim loai hoat Ong du de day H2  tit H2O phai nam duoi rata phan 
ling clia H20, vi du nhu voi kim loai Na: 

(4) 2H20(1) + 2e --> H2(k) + 201-1-(aq) 	E°4  = -0,83V 

(5) 2Na(r) —> 2Na+(aq) + 2e 	 -E°5  = 2,71V 

Phan ling tang (4) + (5) se la. Olin itng tu phat manh, vi EC)pin  rat diking: 

2Na(r) + 2H20(1) —> 2Na+(aq) + 201-1-(aq) + H2(k) 	E°,,„ = 1,88V 

+ Van tit quy tac chung ma suy ra, kim loai nam thap hon phia duOi 
bang se khit du oc ion cila kim loai nam cao hon phia tren bang 
(thuang goi la kha nang day kim load tit dung dich). Vi du: 

Fe2+(aq) + 2e -> Fe(r) 
	

E°  = -0,44V 

Zn(r) --> Zn'(aq) + 2e 	-E°  = 0,76V 

Phan itng tong se là tu phat: 

Fe"(aq) + Zn(r) --> Fe(r) + Zn2+(aq) 
	

E°pin = 0,32V 

* Tom tat muc 10.2. MOt pin Galvanic bao g6m niia phan ling oxy 11.6a 
(anod) va khit (catod) not v6i nhau bOi mot day dan de)  tao Ong electron va 
mot cau mu6i cung cap ion de tiling h6a dien tich trong pin. Cac electron 
chuyen tit anod (trai) ted catod (phai), trong khi cac anion chuye'n theo chie'u 
khac qua cAu mu6i. Khi tat ca cac chat trang thai chuan, pin Galvanic dat 
dude dien the pin chuan (E°pin). die'u kien chuan, phan ling to phat c6 E°0„ > 
0. Theo quy tick, the dien cuc chuan tinh theo nita phan ling khli. D(Si chi6u 
sang niia pilaf' 1mg oxy hoa phai d6i dau E°  dien cuc. 

E°pin = E°catod E°anod' Sit  dung dien cue hydro chuan (dien cue d6i chieu 
chuan) duoc xem c6 dien the bang 0 de xac dinh E°  cua cac dien cuc khac. Cac 
E°  duoc sap xe-p thanh bang tit gia tri duong nhat (phia tren) Mil am nhat 
(phia duoi). Phan ling Ox - Kh la tu phat khi chat Ox manh hdn tac dung voi 
chat Kh manh hon. Mot kim loai có the khli cac cau tit khac (H+, H2O hay ion 
kim loai khac) neu E0pi„ > 0. Dua vao kha nang khit cua chting, cac kim loai có 
the &foe sap xep thanh day hoat Ong kim 

3. NANG LU'ONG TI! DO GIBBS VA CONG DI '01 

3.1. Diri the pin chuA:n va hang so-  can bang 

Nhu da bie't trong Nhiet Ong hoa hoc, phan ling tut Oat thi bie'n thien 
nang tong tu do Gibbs mang d'au am (AG < 0). Lai nini .vita trinh bay 
phia tren, phan ling tu phat trong pin c6 dien the pin &icing (Epin  > 0). 
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Vay, 2 dai Wong ngiioc clau nay dooi vdi phan *rig ttt phat phai co m6i 
quan he toan hoc: AG - Epin. Vgn de dat ra la phai tim diioc he so -Lacing 
quan Oita cluing. 

Dien the pin (Epin, tinh theo s6 von) la cong (A, di-1h theo s6 jun) th4c 
hien bai he thong ddn vi dien tich (tinh theo s6 culong). Ngu do Epin  khi pin 
lam viec d trang thai thuan nghich thi do la dien the to cong kin nhgt (A nn.) 
ma pin do the thiic hien. Do cong thiic hien ra moi trtfang ngoai nen no mang 
clau am: 

— Amax  E pin = 
D ientich 

ho4c Amax  = - Dien tich x Epin 	 (10-5) 

Dien tich "chay" trong pin khi no boat d6ng bang s6 mol electron (n) trao 
d6i trong pinking trinh phan itng Ox - Kh daH &top can bang nhan vdi dien tich 
cila 1 mol electron (kS7hieu la F): 

Dien tich = S6 mol e x D i •rentich 	 (10-6) 
1 mol e 

hoac 	Dien tich = nF 	 (10-7) 

Dien tich cim 1 mol electron dtioc goi la 1 Faraday (F) [Michael Faraday, 
nha vat 1ST hoc ngtiai Anh, 1791-1867]: 

1F = 96485 C/mol e 

vi 1V = 1 J/C, nen 1C = 1J/V, vay: 

1F = 9,65.104  J/V.mol e 	 (10-8) 

(F thliang 1.6y 3 chit s6 có nghia trong cac phep tinh thiic te) 

Ke't hop phuong trinh (10-8) vdi (10-7) reii thay vao (10-5) thu ditOc: 

Amax = -II•F•Epin 	 (10-9) 

Bien thien nang lacing tit do Gibbs la ding cvc dai ma qua trinh ttt phat 
có the dat dLioc [phLiong trinh (6-56), chuong 6]: AG = Amax, va ke't not vdi (10-
9) thu dttoc: 

AG = - n.F.Epia 	 (10-10) 

Khi tat ca cac chat d trang thai chan, to co: 

AG°,,„ = - n.F.E°0a  

Ke't hop (10-11) \Ted phiiong trinh [(6-98), cinidng 6]: AG°  = - RT1nK, thu &foe: 

o 
n  Ri n.F.E°0a  = -RT1nK hay 	E p  = 	lnK 

nF
T  

(10-12) 
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- NhO cac phuong trinh (6-98), (10-11) va (10-12) ma khi bie't 1 trong 3 dai 
Wong AG°J,„ , E°o„ hoac K ta có the xac dinh &foe 2 dai luong kia. M6i 
quan he gifia chUng dozi vdi phan ling a di6u kien chuAn dtioc torn tat 
trong bang 10.2. 

Bang 10.2. Cac gia tri coa 	, E°p1,, 
va K bi6u thi chi& cua phan Ong 6 diasu kien chug!? 

AWN, K E°pin Phan ang 6 di6u kien chuSn 

< 0 > 1 > 0 Ty' phat 

0 1 0 cts can bng 

> 0 < 1 < 0 Kh6ng tai ghat 

Neu thay gia tri cii?  a cac hang s6 R = 8,314J/mo1.K, F = 96485 J/V.mol e 
va T = 298K ca 25°C) vao phtiong trinh (10-12), deing thai nhan voi 2,303 de 
chuyen In thanh lg (vi In = 2,3031g), thu &foie: 

E° 
	0,0592 

IgK In, 	In
n 

 va 
nE0  

lgK = 	Pin  
0,0592 

(10-13) 

O day, n la s6 mol electron trao d6i trong moi mol phan ling (thtiang goi 
tat la s6 electron trao deli gifia chAt Kh va chAt Ox trong phan ling). 

- Vi du van dung: Chi hoat &Ong hdn bac nen no có the "dAy" duoc bac khOi 
dung dich. Theo do, Ag duoc xem la sari phAni phu, nhiing rat co gia tri, 
trong qua trinh tach Pb khO'i quang dia no. Hay tinh K va AG°p,, 6 25°C 
cho phan ling vita m5 ta. 

Gicii 

Tra bang 10.1 de tim cac nita phan ling: 

(1) Ag+(aq) + e -> Ag(r) 
	

E°1  = 0,80V 

(2) P132+(aq) + 2e --> Pb(r) 
	

E°2  = - 0,13V 

Phai d6i chieu nita phan ling (2) de phan ling tang la tit phat, d6ng thai nhan 
2 vao phan ling (1) a can bang s6 electron cho va nhAn, theo do thu dtioc: 

2Ag+(a.q) + 2e --> 2Ag(r) 
	

E°1  = 0,80V 

Pb(r) --> Pb2(aq) + 2e 	-E°2  = 0,13V 

Phan ling tang: Pb(r) + 2Ag+(aq) -> 2Ag(r) + Pb'(aq) 	E°pin= 0,93V 

Sau khi chinh lai cac nita phan ling, ro rang s6 electron trao d6i 6 m(Si 
phan ling tang IA 2, nen n = 2. 
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Ap dung plitiong trinh (10-13), ta co: 

0,93Vx2 K = 2,6.103' = [Pb2+  ] 31,42 lgK = 	= 
0,0592 [Ag+  ]2  

Tinh AG°p„ theo pinking trinh (10-11): 

= -2mol e x 96,5 kJ/V.mol e x 0,93 V = -1,8.102  kJ 

3.2. Anh hitting cua nOng do dgn dien thg eita pin. Phticing trinh Nernst 

Tren day ta da xem xet pin hoat dOng voi cac chat a neng de chuan va 
xac dinh Eelpin  tit E°  cac dien cuc. Tuy nhien, n6ng d6 chuan cua cac chat 
se thay doi ngay sau khi pin hoat deng. Hon nila, tat ea pin Galvanic 
trong thilc t6 deu chila cac chat c3 n6ng do khong chuan. Ro rang, can 
phai xac dinh Eon  trong cac dieu kien khong chuan. 

- Tit Nhiet deng Ma hoc (chtiong 6) cluing ta da thu &toe phildng trinh 
(6-99): 

AG = AG°  + RT1nQ 

Nhd rang Q là bieu thitc tac dung kheci. Wong cua phan ling, hoac goi tat 
la thttdng s6 n6ng d6, thai diem bat ky. Vi du, có phan itng Ox - Kh khai 
quat: 

aA + bB + + ne eE + fF + 	 (10-14) 

Thi Q=
ECT ID ]d  voi ming de cac chat a thai diem bat kyr cua phan 
[A]a[B]b ... 

AG lien he voi Epin  [pinking trinh (10-10)], con AG°  lien he veil E°1  
[piniong trinh (10-11)], vay phacing trinh (6-99) neu tren tra thanh: 

-nFEon  = -nFVon  + RT1nQ 

Chia 2 ye cho -nF, ta diidc phvong trinh Nernst (Walther Hermann 
Nernst, nha Ma hoc Ira vat lY hoc ngliai Dec, 1864-1941): 

- RT In Q E pill E° pin nF 
(10-15) 

Phildng trinh Nernst chi ra rang, dien the cila pin a diet' kien nao thi 
cling phu thu6c \Tao dien the i n6ng de chuan va phan dien the a n6ng de 
khong chuan khi T = const. 

- Tit phticing trrinh (10-15), cho thay: 

+ Khi Q < 1, do do [cac chat dau] > [cac san pham], Epin.> Vpin  

+ Khi Q = 1, do do [cac chat dau] = [cac san pham], Epin  = E'inn  

n 
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+ Khi Q> 1, do do [cac chat dau] < [cac san pha.m], Epin  < E°Inn  

Nhti da lam do-i vdi Winn, thay cac gia tri dal biet cua R, F va cho pin hoat 
clang 6 25°C, dang thai chuyen In lg, phliang trinh (10-15) trd thanh: 

E = E° 
0,0592V 

 lgQ pm 	pm n 
(10-16) 

Chit Q chi chlia cac phan to ma n6ng d6 M (mol/L) hay hp suat rieng 
phan (tinh bang atm) clia no có the thay d6i [trong nhang phep Urh nghiem 

	

ngat thi Q phai chiia cac hoat do, nIning trong hau het cac tinh toan 	te, 
chting to thay the bang n6ng d6 mol]. Chat ran, chgt 16ng tinh khiet hay dung 
mai khong xuat hien trong bieu thlic Q vi xem chung la hang so, khong thay 
doq trong qua trinh phan 

CO the thay su van dung phuang trinh Nernst trong nhang trtiang /Kip cu the 
qua cac vi du sau. Chu Y: dUdi day co khi chi viet E, .E°  thay cho Epn„ E°pin. 

+ Vi du 1: Viet phuang trinh Nernst cho the dien cue cfra cac niia phan ling. 

(1) Zn2+(aq) + 2e 	Zn(r) 	 = -0,76V 

E = -0,76 0,0592 
 lg  12  

2 	[Zn +] 

Khong có s6 hang kern nguyen to, vi no la chat ran tinh khiet. 

(2) Fe'(aq) + e <-7= Fe2+(aq) 	 = + 0,77V 

E = +0,77 
0 0592 

 lg 
 [Fe2± ] 

1 	[Fe' ] 

Dien the cira dien clic nay dude do nha 1 dien cue trd bang kim loci 
nhung chim trong dung dich chlia ca 2 ion. 

Chit 35: gia tri E°  khong phu thuOc so mol chat dau hay san pham, nining 
phiicing trinh Nernst phai tticing thich vdi phan iing da viet. Chang han, phan 
ling tren có the viet: 

5Fe3+(aq) + 5e 5Fe2+(aq) 	 E°  = + 0,77V 

E = +0,77 
0'0592 lg 

 [Fe 2+ ] 5 = +0,77 0,0592  [Fe2+ ] 
lg 	 

5 	[Fe315 	I 	[Fe] 

(3) 2H+(aq) + 2e H2(k) 	 = 0,00V 

E = 0,00 0,0592  lg  P 
H2  

2 	[H12  

va 
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PH,  la ap su'at rieng phan cila hydro (tinh bang atm) tren be mat dien 

thong thuang bang dp suat khi quye'n. 

(4) 	MnO-4(aq) + 811÷(aq) + 5e Mn2+(aq) + 4H20(1) 	E°=+ 1,51V 

E = +1,51 
0,0592

1g 	
[Mn21  

5 [Mn0AH18  

O day, th6 dien chic khong chi phu thuOc vao cac ion cila mangan ma con 
phu thus c vao pH cila dung dich. Khong có so'hang H2O trong pinking trinh, vi 
no la dung mei. 

(5) 	AgCl(r) + e Ag(r) + C1(aq) 	E°  = +0,22V 

E = +0,22 
"592 

 lg[C1-] 
1 

Nita phan ling nay mo to hoat dOng ciia 1 dien cvc bac nhiing chim trong 
dung dich bao hoa AgCl. The dien chic khong phu thutic khoi Biting AgC1 mien 
la luon có mot it AgClr.An de gifi cho dung dich bao hoa. 

+ Vi du 2: Tim E°  cua he kgt dia hay tao phfic. 

a) Ag+(aq) + e Ag(r) 	 E°Ag  = + 0,80V 

b) AgC1(r) + e Ag(r) + C1-(aq) 	E°AgC1 = ? 

c) Ag(S203)23  + e Ag(r) + 2S2032 	E° 	3 =9  
g(S203  ) - 	• 

Cho biet: TAgm  = 1,82.10-10  va hang so tao phlic tong cua Ag(S203)23-  la 132  
= k1.k2  = (3,8.108).(1,2.102) = 4,6.1010  

Gidi 

voi a) thi E =E% 0,0592 1g  1  
1 	[Agl 

1\16u trong he chlia AgC1 thi [Ag+] = TAga/[C1-], nen 

0,0592 [C1-] 0 E = E°A 	lg 	= EA, + 0,05921g TAga  — 0,05921g[C1i 
1 	TAga  

Theo dinh nghia, the dien cue chuan b) la the khi [C11 = 1,00M, khi do E 

AgCl; va khi thay cac gia tri da bigt vao pinking trinh tren, thu ducic: 

E°Ago  = 0,80 + 0,05921g(1,82.10-10) — 0,05921g1,00 

= 0,80 + (- 0,58) — 0,00 = + 0,22V 
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\Tay là, neu trong he a) có them Cl-  de tao tua AgC1 
va ta có the tinh duoc E°Agcl  cua b) khi biet TAgcp 

Thay vi C1-, neu trong a) lai có mat S2032-  de tao 

Wong tu, ta có the tinh duoc E°Ag(s203);_ cila he c) khi biet 13 

bieu thiic va ket qua sau ding thu dude la: 

thi hinh thanh he b) 

phfic, thi bang each 
2 	[Ag(S203 )321  

[Agl[S,03212 vdi 

E°A 	=E° 	-0,05921g[32 

	

- 	g 

	

g(S203 )2 	A 

= 0,80 - 0,05921g(4,6.1010) = + 0,17V 

+ Vi du 3: E°  gia dinh. 

Br2(aq) + 2e 	2Br-(aq) E°1 = +1,09V 

Br2(1) + 2e ,='• 2Br-(aq) E°2  = +1,07V 

Vi sao Br2  lai có 2 the dien ci./c chuan? 

The dien cifc chuan E°2  dp dung cho dung dich bao hoa Br2  trong /woe, 
khong dp dung duoc cho dung dich chua bao hoa. Gia tri 1,07V chi sit dung de 
tirih E, chA.'ng han dung dich KBr 0,0100M ditoc bao hOa. Br2  va tiep )(tic voi 
met luting du nguyen to long thi then the cila dung dich la: 

E = 1,07 
0
'
05
2 

92 
 lg[B(1 	

2
2  = 1,07 

0'0592 
 lg(0,0100)2  = 1,19V 

The dien chic chuan E°1  doi vdi Br2  tan trong nuoc la met the dien dic 
chuan gia dinh, vi do tan dia Bre a 25°C chi la 0,18M (trong khi dieu kien 
chuan doi hOi [Br2] = 1M la khong the dat dude bang thiic nghiem). Do vay, 
niSng do bao.hoa (0,18M) dtioc "gia dinh" là neng do chuan (1,00M). Du vay, 
E°1  gia dinh van cho phep thong ta tinh the dien clic cO.a dung dich Br2  cluia 
bao hoh. ChAng han, tinh the dien clic cila dung dich gem KBr 0,0100M va Br2  
0,0010M thi: 

E =1,09 
0,0592 

 lg 
 [Bri2  =1,09  0,05921g   (0,0100)2  =1,12V 

2 	[Br, (aq)] 	2 	0,0010 

- V4n dung phuong trinh Nernst de tinh Eon. 

+ Vi du 4: Xac dinh Epin  va viet so de cila pin gem dien elle bac nhung 
chim trong dung dich HC1 0,0200M có ket tua AgC1 va dien cue hydro 
vdi ap suat khi rieng phan 0,800 atm nhting chim trong dung dich HC1 
0,0200M. 

217 



Gidi 

Cac nita phan fing cUa pin a di6u kien chuan có (tra bang 10.1) nlm sau: 

AgC1 (r) + e Ag(r) + C1-(aq) 
	

E°Agc, = 0,22V 

2H+(aq) + 2e ,== H2(k) 
	

E°H,  = 0,00V 

Cac nita phan Ting ciia pin a di6u kien thiic t6 da cho (khong chuan) có 
the dien cuc : 

E Ago 
 E Ago 0,0592 

lg[C1-]= 0,22 0,0592 18  0,0200 = 0,32V 
1 	 1 

0,0592 ig 
[H  

PH2 	0,0592 	0,800 
EH 

2 
= 0,00 	

2 	
0,10V 

12 	2 

1g 

 (0,0200)2  

Viet phan itng theo chi'eu tii phat sau khi can bang s6 electron cho va nhan: 

2AgC1 (r) + 2e 2Ag(r) + 2C1-(aq) 
	

EAgcl = + 0,32V 

H2(k) 2H+(aq) + 2e 	 - E H,  = + 0,10V 

Phan ling tang: 

2AgC1 (r) + H2(k) 2Ag(r) + 2C1-(aq) + 2H+(aq) Eon  = + 0,42V 

Sd do pin vie't theo quy dinh: 

Pt H2(k,0,800atm) HC1 (0,0200M) I I HC1 (0,0200M) I AgC1 (ddbh) I Ag(r) 

anod 	 catod 

Liiu Y rang, trong thuc t6 nguai to b46 tri pin nay killing can 2 ngan 
(khOng can cdu mu6i) vi H2  phan tii hau nhii khong phan Ting truc ti6p vdi Ag+ 

neing d6 rat nhO trong dung dich dien ly va n'<ing d6 HC1 d'eu bang 0,0200 M. 

+ Vi du 5: Tinh Eon  va vie't cac nita phan Img Ox-Kh ciia pin sau: 

Pt I U022+(0,0150M), U4÷(0,200M), fr(0,0300M) I I 

Fe'(0,0100M), Fe3+(0,0250M) I Pt 

Gidi 

Cac nita phan Mag la: 

Fe3+(aq) + le 	Fe(aq) 
	

E°  = + 0,77V 

U022+(aq) + 4H+(aq) + 2e U4+(aq) + 2H20(1) 
	

= + 0,33V 
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Cac the dien eve la.: 

Ecatod = 0,77 
0,0592

1g  [Fe" ] 
 - 0,77 	0,0100  0,05921g 	= 0,79V 

1 	[Fe' ] 	 0,0250 

0,200 Ea./  = 0,33 
0,0592 

 lg 	[v4+ 	
4  0,33 0,0592

1g( 	 ) = 0,12V 
2 	[U0;-+ ][H 	 2 	0,01'50x0,03004  

va Ep,„ = 0,79 - 0,12 = 0,67V 

Phan ling Ox-Kh theo chigu tti phut &foe viet: 

2Fe3+(aq) + U"(aq) + 2H20(1) -> 2Fe2+(aq) + U022+(aq) + 41-1+(aq) 

3.3. Dien thg cila pin va moi quan he giiia Q va K 

Ket hop the pinking trinh (10-12) NT& (10-15) va (10-13) voi (10-16), thu dive: 

Eon  = RT  In K RT In Q 
nF 	nF 

E = 0,0592V 
lg K 

0,0592V 	
n 1 Q pin 	ng 

\Tay, o thai diem nao thi Epin  ccing phu thqc vao gia tri cua Q va K, not 
each khac la vao tY le Q/K. 

- Khi Q/K < 1 = Eon  > 0; f37 le cang nho, Epin  cang Ion, cang nhigu cling 
dien ma pin c6 the thiic hien. 

- Khi Q/K = 1 = Epin  = 0; pin, hoac not each khac la phan -tang Ox-Kh trong 
pin, dat trang thai can bang, khong c6 nang Wong t1.1 do nab giai ph6ng, 

• pin khong con dien the, ta not no "chef'. Co the viet phiiong trinh (10-16) 
cho trtiang hop nay 	sau: 

0,059210( Eo  0,0592 
0 = Con 	 lgK , day chinh la pinking trinh 

n pin n 
(10-13) ma ta da rut ra tii AG°. 

Neu Q/K > 1 = Enn, < 0, pin se hoat dOng theo chigu ngtioc lai, tfic chigu 
ngtioc cua phan 	Ox-Kh cho den khi Q/K = 1 tai trang thai can bang. 

De minh hoa nhfing digu tren, ta quay lai pin kem-do'ng: 

Zn(r) + Cu2+(aq) 	
[Zn 2+ ] 

Zn2+(aq) + Cu(r) 	Q = 
[cu2+] 

Gia sii ta bait dau cho pin hoat d'On.g o [Zn2+] = 1,0.10-4M va [Cul = 1M, 
nen Q < 1 va: 
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0,90 
10-4  10-3  10-2  10-' 1 	10 102  

[Zn2+ ]  
Q = 2+ 111 	[Cu 

2+] 

E°. 	0,05921g 
[Ze ]  =1,10  0,05921g  1,0.10-4  -1,22V > 0 E pn, = Epil, 

2 	[Cu2+] 	2 	1,0 

nen Q/K < 1. 

Khi pin hoat Ong, [Znl tang len (dien civic Zn tan ra) va. [Cul giam 
xu6ng (Cu Lang Bong len dien clic), dan den Q lon dan, Epin  nhO dan. Vao thai 
diem [ZnI = [Cul, Q = 1, dram dgn Eon  = Vpin  = 1,10V, luc nay pin a digu kien 
chuan. 

Do tSr le [Znl/[Cul tigp tuc tang, Epin  ti.gp tuc giam. Cu6i cung Epin  = 0, 
Q/K = 1, pin a trang thai can bang. 

Hinh 10.3 chi ra moi quan he gifia Epin  va Q nhii vita mo ta. 

Hinh 10.3. Quan he 
giCia Eon  va Q a pin 
Kern -flung [(gia tri 
ellen thg tinh theo 

phu'ong trinh Nernst 
(10-16)] 

3.4. Pin n6ng do va do ming do 

MOt dung dich d nOng dO ldn ciing ttidng til nh.ti mot khi d ap suat cao khi 
vOi mot dung dich a n8ng d8 nhO hay mot khi d ap suat thgp, theo quy 

luat tang Entropy, cluing se hoa trOn to phat vao nhau cho cle'n khi ang cl8 va 
ap suat dttoc san bang. Pin nong cl8 sii dung su bign dui tit phat nay de tao ra 
dien nang. 

Gia thigt ca 2 phan dia pin dgu chiia cung 1 nita phan Ting Cu2+/Cu. 
Phan ring trong pin la tang cila. 2 nita phan iing dtiOc vigt ii chigu trai ngticic  
nhau, nen thg dien cue chuan cua cac dien civic trong truing hop nay la Vcu= 
+ 0,34V va -Eipcn  =- 0,34V, dan dgn Epin  = 0. Digu nay xay ra khi pin a digu 
kien chuan vOi ang dO bang 1M cho m6i ben (hen cuc. Tuy nhien, trong pin 
ang do, cac nifa phan -tang gi6ng nhau nhting n6ng cl8 khac nhau. Theo do, db. 
Epin = 0, nhung Epin  o digu kien khong chuan se khac 0 vi con phu thuec vao tST 
le n6ng do cac ion trong dung dich. Chang han, 1 pin có sd cl8: 

Cu(r) I Cu2+(aq; 0,10M) I I Cu2+(aq; 1,00M) I Cu(r) 
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Phan ling a dien cuc la: 

Cu(r) 	Cu2+(aq; 0,10M) + 2e -E° = -0,34V 	[anod] 
Cu2+(aq; 1,00M) + 2e --> Cu(r) 	E°  = 0,34V 	[catod] 

Phan ling tang: Cu2+(aq; 1,00M) --> Cu2+(aq; 0,10M) E°1„;„ = 0 . 	E = pin   ? 

Eon  = 	0,0592
1g [Cu21,„an

g = 0 
0,0592

1g 	0,10 
= +0,0296V 

2 	[Cu ]dac 	2 	1,00 

Nhu thay o tren, Epin  cila pin n6ng dO phu thuOc hoan than vao so/  hang 

[
RT  
I n Q] tai dieu kien khong chuan, b6i E°pi  • n  = 0 

n 	
0. 

ei then clic voi dung dich loang [anod] ma so de; tren da dat dung vi tri 
[ben trai], Cu(r) cho electron va mon di do tao ra ion Cu' lam dung dich dam 
dac hon. Nguoc lai, nhUng electron giai phong d anod se toi ngan chlia catod, 
tai day cac ion Cu2+ ciia dung dich dam dac se nhan e va tao ra Cu nguyen tii  
bam vao dien clic lam cho n6ng dO dia dung dich loang di. Pin se hoat Ong 
chb den khi dat trang thai can bang - digu nay xay ra khi nOng dO Cu2+ 6 2 
dien cuc bang nhau. 

Tit co che- hoat do, ng nhii vay nen lam nh6 rang, dung dich n6ng d6 loang 
se xay ra su oxy hoa va la anod (ben trai); con CI dung dich dam dac xay ra ski  
khif va la catod (ben phai). • 

- Pin nOng dO trong t6 bao than kinh 

Cac t6 bao thin kinh di:6u -661 moi suy nghi va boat dOng theo nguyen 
lY Gila pin n6ng dO. Mang sinh chat cila t6 bao than kinh c6 nhieu protein dac 
hieu la nhfing "kenh" va "born" a van chuye'n tich clic vat chat qua mang. 
Dich ngoai mang t6 bao có [Nal cao va [Kt] thap; con dich ben trong t6 bao thi 
ngtioc lai, [Nat] thap va [Kt] cao. Mot cap pin n6ng do) caa 2 ion nay duoc tao 
thanh .do su chenh lech n6ng d6 cua chting d 2 ben mang to bao. O trang thai 
tinh, do sli khac nhau vg dien the dia 2 pin n6ng 4 ma mat trong mang t6 
bao luon c6 dien the am so voi mat ngoai. Khi to bao i3 trang thai hung phan, 
tinh tham dia mang dOi voi Nat tang len, dOng ion Nat tii ngoai di vao trong 
t6 bao ldn hon thing cac ion Kt tif to bao di ra, din de-n mat trong mang lai tra 
nen during hOn so \Ted ngoai. Khi tinh tham cua K+  ra ngoai tang len thi dien 
the ngoai mang lai during ve trang thai tinh ban dau. Cif the, su thay dOi tua'n 
hoan then the mang lam cho song hung phan duoc lan truygn .doc theo sOi 
thin kinh. 
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Ong dung quan trong hang Tau ciia pin n6ng de la de do n6ng do chiia 
biet, chang han tim [H+] (hoac pH). Gia sii ta tao ra 1 pin neng do di a 
tren niia phan ling H2/H+, trong do catod la dien ckic hydro chud.n va anod 
la niia pin Wong tki tri [H+] chiia biet trong dung dich. Cac niia phan 
ling va phan ling tOng la: 

H2(k; latm) --> 2H+(aq, chiia biet) + 2e 	[anod] 

2H+(aq, 1M) + 2e -> H2(k, latm) 	 [catod] 

2H+(aq, 1M) --> 2H+(aq; chiia biet) E°01, = 0 

E = pin 	• 

Ap dung pinking trinh Nernst ta c6: 

E pn = E°i.n
0,0592

1g 	[H+ ]21nrabi6  

	

' 	- 0 
0,0592  lg[H+  1 2htabia 

2 	[H]2n.A.(=-1M) 	2 

= -0,05921g[H+1 -chisabia 

Vi pH = -1g[H±], nen Epin = 0,0592pH 

Vay, do Eon, tim dtioc pH. 

Trong phep do pH thong thang, -met pin n6ng dO gem 2 dien clic hydro 
la qua tong kenh va kho bap quail duy tri. Thay va.o d6, vie-d do pH chicle thkic 
hien 136i may do pH van hanh ttiong to nhii met may do the. Hai dien ckic 
may do.pH duoc nhung chim trong dung dich kiem nghiem. Met dien clic vdi 
vai trO chi thi c6 ten la dien clic mang thiry tinh duoc sii dung reng rai nhat 
hien nay; no chiia ram phan Ting Ag/AgCl ngam trong dung dich HC1 en Binh 
(thang c6 n6ng do 1,000M) va Wan kern 1 mang m6ng bang thiry tinh dac biet 
c6 tra khang cao, nhay cam vdi ski c6 mat cila ion 11+(aq). Dien ckic con 'al vdi 
vai tro dei chieu co ten la dien cue calomel g6m mot day Pt nIning chim trong 
Hg2C12  (calomel), Hg(1) va dung dich KC1 bao hOa. Met pin v6i. 2 dien ckic nhu 
vay c6 the mo ta theo so de: 

Ag(r) I AgCl(r), HC1 (aq; 1,000M) I Mang thily tinh I Dung dich [W] = ? I I 

KC1 (bao Ilea) I Hg2C12(r) I Hg(1) I Pt 

Dien cue mang thily tinh se chi thi [W] trong dung dich kiem nghiem do 
lien he vdi [H4] co dinh ben trong (xem nini 2 dien cuc hydro tao nen met dien 
the) va may se quy dei sii chenh lech v6 dien the giila 2 dien cuc trong pin ve 
pH r6i chi ra gia tri cu the tren thang do pH ciia may). 
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[Dien cult thay tinh dung do pH chi la mot dang cua dien clic ion dac hieu 
(hay ion chon loc). Khi sit dung cac loai thy tinh có thanh phdn dac biet va 
cac vat lieu tao mang xac dinh, nguOi ta da tao ra nhiing dien cuc chon loc de  
do ang dO mot ion cu the rat dac hieu. Chang han, da có cac dien clic do dac 
hieu cac ion: NH3/NH4+; CO2/HCO3-; F-; Br-; I-; NO3-; K+... 

Mat khac, de thuc hien cac sieu vi phan tich, nguai ta da the tao cac vi 
dien cult voi kith tint& het sic nhO (thiOng kinh tit 0,1 den 0,5um) có the choc 
qua mang mot to bao de do dien the mang hoac do nOng do cac ion]. 

* T6m tett muc 10.3: 

Hai tieu chi cila su tit phat AG < 0 va Epin  > 0 có quan he AG = -nFEpin. 
AG ciia phan lung trong pin dai dien cho tong dien lon nhat ma pin có the lam 
ditOc. Bien thien nang Wong Gibbs chuan AG°  có quan he voi E'pin  va K nen có 
the dung E°pin  de xac dinh K. O dieu kien khong chuan, Epin  phu thuOc vao Vpin  
va vao s6 hang chila Q. Epin  cao khi Q nhO ([CD] lon) va giam khi pin hoat 
Ong. CS trang thai can bang, Q = K, vi the ca AG va Eon  = 0. 

Pin ang dO chi sii dung 1 niia phan Ting xac dinh nhung dung dich a 2 
niia pin có ang dO khac nhau. Pin ang dO là nguyen 151 hoat dOng dien cua to 
bao. Dien clic ion dac hieu, nhu dien clic do pH chang han, là dung cu hohn 
hd.o de xac dinh cac eau tit 

4. PIN GALVANIC VA VAN DUNG THUG lig 

4.1. Acquy 

- Acquy la mot tap hop pin Galvanic hoan chinh, theo day [(+)-(+)-(+)-
(+)...]. Tuy nhien, thong thttang có the sii dung 1 pin galvanic rieng le. 
Acquy la mot sang the tai tinh: dung dich trong pin duoc thay bang chat 
ran nhao, ho bOt hay bun dac cua cac chat. Do n"Ong do cua chUng -Lacing 
dos'i on dinh gi6ng nint cac chat ran, nen dien the khong giarn nhanh khi 
pin hoat dOng ma duy tri trong thai gian kha dai. 

Co vai loa.i. acquy. Acquy sd cap la loai khong the nap dien lai, no bi thai 
loai khi "chet" - do là lac cac chat thanh phdn dat toi trang thai can bang v6 
ang do. Acquy chuyin hoa là loai có the nap them dien nang de dao ngucic 
phan Ting trong pin, tai tao lai cac chat ddu. Noi cach khac, voi loai acquy nay, 
pin Galvanic có the chuyen thanh pin dien phan. 

Pin nhien lieu hay acquy king sit dung phan itng chay de sdn xuat d*/ 
nang, nhitng khong du till dlioc dien nang. Sau day la chi vai vi du v6 cac loai 
acquy. 
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- Acquy sd cap: 

+ Pin kit& con goi la pin Leclanche. Anod Zn có clang mat binh chaa hon  
hop Mn02  va ha chat muoi acid (g6m NH4C1, ZnC12, H2O va tinh bat). 
Catod la 1 thOi graphit dat vao ha han hop. Cac phan itng trong pin: 

Anod (oxy boa): Zn(r) --> Zn2+ (aq) + 2e 

Catod 

	

	2MnO2(r) + 2NH4+(aq) + 2e-*Mn203(r) + 2NH3(aq) + H20(1) 

Zn2+(aq) + 2NH3(aq) + 2C1-(aq) —> Zn(NH3)2C12(r) 

Phan ling tang: 

2Mn02(r) + 2NH4C1(aq) + Zn(r)-+Zn(NH3)2C12(r) + Mn203(r) + H2O Epin=1,5V 

Pin kho la vat dung quen thuac dung cho dai, den pin, do choi... Thuan 
loi vi an toan, nhieu kich ca, re. Bat loi do tuai tho thap (vi Zn phan itng vdi 
NH4+), khi not tiep pin de sit dung clang dien cao thi NH3(k) tang len, lam giam 
dien 

+ Pin ki6n, là pin kilo difoc cai tien, "dung dich" dien phan la h6 KOH, 
khong có khi tao thanh nen gift duoc then dp hang .dinh. Cac phan -tang 
trong pin: 

Anod (oxy hoa): Zn(r) + 2014-(aq) —> ZnO(r) + H20(1) + 2e 

Catod 	Mn02(r) + 2H20(1) + 2e --> Mn(OH)2(r) + 201-1-(aq) 

Phan iing tang: 

Zn(r) + Mn02(r) + H20(1) —> ZnO(r) + Mn(OH)2(r) 	Epin=1,5V 

Nhuoc diem chinh cila pin nay la dat. 

+ Pin bac va pin thety ngan: 2 pin nay giang pin kho - kiern, deu dung Zn 
lam anod; mat chlia HgO, that chlia Ag20 trong vat thing bang thep 
lam catod. Chat phan ling ran ep vao KOH va giay am dtioc dung nhu 
cau muai. 

Pin Hg dung van hanh clang h6, may tinh. 

Pin Ag dung cho may trd tim, may quay, may thu phat tin hieu cap citu. 

Ca 2 có uu diem la nh6, nhieu dang hinh (m'Ong, trop, khuy ao...), dien 
the pin lon; pin Ag on dinh va khang dac hai nhiing dat. Pin Hg sau sit dung 
có the giai phong Hg rat dac. 
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Cac phan ling trong pin nln.i sau: 

Anod (oxy boa): Zn(r) + 2011-(aq) --> ZnO(r) + H20(1) + 2e 

Catod (Hg,khii): Hg0(r) + H20(1) + 2e --> Hg(1) + 2011-(aq) 

Catod (Ag,khii): Ag20(r) + H20(1) + 2e ---> 2Ag(r) + 2011-(aq) 

Phan ling tong trong: 

Pin (Hg): Zn(r) + Hg0(r) ---> ZnO(r) + Hg(1) 	 Epin=1,3V 
Pin (Ag): Zn(r) + Ag20(r) -+ ZnO(r) + 2Ag(r) 	 Epin=1,6V 

- Acquy chuyen hoa  

+ Acquy chi acid 12V g6m 6 pin ket not thanh day, m8i pin 2V. M6i pin 
chila 2 hioi chi boc voi vat lieu dien chic va nInIng trong dung dich dien 
phan H2SO4  4,5M. Cac mieng chat deo gifia cac 	ngan de ngat 
mach gifia cac pin. Pin phat dien nang voi vai trO pin Galvanic theo 
cac phan ling: 

Anod (Ox): Pb(r) + S042-(aq) ---> PbSO4(r) + 2e 

Catod (Kh): Pb02(r) + 411+(aq) + S042-(aq) +2e --> PbSO4(r) + 2H20(1) 

Phan ling tong: Pb(r) + Pb02(r) + 2H2SO4(aq) -p 2PbSO4(r) + 2H20(1) 
Epi„ = 2V 

Khi pin Wan het nang Wong tai do Gibbs (het dien nang), no có the nhan 
nang hiOng dien tii ben ngoai (nap dien) de cac niia pin va phan ling trong pin 
dao ngtioc: 

2PbSO4(r) + 2H20(1) —> Pb(r) + Pb02(r) + 2H2SO4(aq) 

Acquy chi cung cap Wong dien ion khi d6n.g cac dOng cd (oto), on dinh, 
tu6i tho cao. Tuy nhien, khong the nap dien lai (sac) dtioc nhieu lan (do PbSO4  
bi giam) va có nguy cd ve sv an toan (khi sac dien^phai d6 them milk va ntioc 
de bi dien phan tao 02  va H2. Luc dung lai de khi Ong may moc, kill no va 
ban H2SO4  tung toe). Mat khac, khi acquy bi thai loci se thia vac) moi trithng 
mot luting lon chi gay d6c, neu khong có cong nghe thu h6i sach. 

+ Acquy Ni-Cd: dung dich dien phan la KOH hoac NaOH, ydi cac phan 
ling: 

Anod (Ox): Cd(r) + 2011-(aq) —> Cd(OH)2(r) + 2e 

Catod (Kh): 2NiO(OH) (r) + 2H20(1) + 2e -+ 2Ni(OH)2(r) + 2011-(aq) 

Phan ling tang trong pin: 

Cd(r) + 2NiO(OH) (r) + 2H20(1) —> 2Ni(OH)2  (r) + Cd(OH)2  (r) Eon  = 1,4V 
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Phan ling t6ng se d6i chieu khi nap dien. 
Acquy Ni-Cd dinag cho den flash, may anh, cac may nhO cam tay. Tien loi 

vi rat gon nhe, nhting khi Cd bi thai ra la rat dec hai. 

- Acquy 16ng (pin nhien lieu) cang nhti nhang acquy khac, chat phan ling 
(nhien lieu) trai qua cac ban phan ling tach biet (nhting khong chay 
thanh ngon 	va electron dtioc chuyen qua mach ngoai. Chang han, 
met pin nhien lieu oxy hoa H2  c6 dien ctic bang carbon voi xuc tac kim 
loai va dung dich dien phan la Na2CO3: 
Anod (Ox): H2(k) + C032-(1) --> H20(1) + CO2(k) + 2e 
Catod (Kh): 1/202(k) + CO2(k) + 2e --> C032-(1) 

Phan ling t6ng trong pin: 
H2(k) + 1/202(k) —> H20(k) 	 Bo, = 1,2V 
Pin hydro lOng nay diing cung cap dien va ntioc sach trong cac chuyen 

bay vu tru. 
Pin nhien lieu con sii dung cac phan ling khac, nhti: 

2NH3(k) + 3/202(k) --> N2(k) + 3H20(1) 
N2H4(k) + 1/2O2(k) —> N2(k) + 2H20(1) 
CH4(k) + 202(k) —> CO2(k) + 2H20(1) 

Pin nhien lieu /It hieu qua, no chuyen khoang 75% nang ltiOng li8n ket 
trong nhien lieu thanh dien (met -Ong cd otos chi chuyen h6a dtioc khoang 25% 
nang Wong lien ket trong xang de lam xe chuyen deng):  Mat khac, pin nhien 
lieu là sach vi no thai ra cac chat khong dec. NInioc diem dia pin la vat lieu 
lam dien ctic rat dat. Ngoai ra, no khong the du trU nang Wong va chi van 
hanh vcii sti hiu thong lien tuc cira chat phan ling. 

4.2. Su an mon kim loai: van c16 m8i trtidng cua dilen hoa 

- Khong phai phan ling Ox-Kh tii phat Won c6 loi. N6 con la nguyen nhan 
cua sub an mon, hien cac kim loai thanh oxyd va sulfid. Ditoi day chi neu 
su an mon Fe, nhting nhi8u kim loai khac nhii Cu, Ag... cling bi an mon. 
Gi sat khong phai la san pham true tiep cua phan ling gifia Fe va 02, ma 

hinh thanh qua met qua trinh dien hoa phuic tap. Bang chi:mg la: Fe khong bi 
gi d nth khong khi kho (vay can c6 ntioc); Fe khong gi trong ntiac sach khong c6 
khong khi hoa tan (v43T can co 02); Fe gi nhanh trong dung dich dien ly va nth 
c6 pH thap ([H+] cao); sti mat Fe Ira hinh thanh gi thtiong xuat hien a nhting vi 
tri khac nhau tren cling met vat; va Fe gi nhanh hon khi tiep xiic voi kim loai 
kern hoat &Ong hon (nhii Cu), gi cham hon khi tip xuc voi kim loai hoat deng 
hon 	Zn). Nhiing diet' visa ke ro rang lien quan den nhting dac diem dia 
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0 

2Zn 
[anod] 

Fe 
[catod] 

pin Galvanic. CO the viet cac phan iing tao gi sat nhti sau: not Fe tiep roc vOi 
giot nude, electron bi tach ra: 

(a) Fe(r) —> Fe"(aq) + 2e Ming anod / qua trinh Ox / Fe bi an mon] 

Electron di chuyen trong mieng sat toi gin be mat xung quanh giot nu& 
co dong dO 02  cao, xay ra phan 

(b) 02(k) + 4H+(aq) + 4e --> 2H20(1) 	[virn.g catod-/ qua trinh Kh] 

Ion Fe" 6 (a) trong giot nu& ciing tiep xtic voi 02  cho phan ifng: 

(c) 2Fe2+(aq) + 1/202(k) + (2+n)H20(1) —> Fe203.nH2O (r) + 4H+(aq) 

Phan Ung tong: sau khi nhan 2 vao (a) va lay (a) + (b) + (c) tao gi sit: 

(d) 2Fe(r) + 3/202(k) + nH20(1) + H+(aq) -*Fe203.nH2O (r) + 4H+(aq).  

Vdn viet H+ 6 hai v6 phuon.g trinh r6i lai xoa di là ngu ST H4  dung vai trO 
)(tic tac va giai thIch tai sao gi phat trier' nhanh hon a moi trUang pH thap. 
Dung dich dien ly (chang han flint rid& bier') ding tang cuing tao gi vi tang d6 
din dien glib. 2 \Tung anod-catod. 

Trang hop c6 cac kim loai yeu-manh khac nhau tiep xuc vOi Fe thi su an  
mon do the gia tang hoac bi ngan than (hinh 10.4). 

A 
Hinh 10.4. Tac dung caa Cu va Zn den stf an man Fe 

A. Sat tiep XCIC vai kim loaf kern hoat Ong hon (vi du nhti Cu), vai trO anod clia Fe 
du'dc tang curing (do tao pin Galvanic Fe-Cu), theo dO sat Pi an mon nhanh han. 

B. Sat tiep X(JC vai kim loaf haat ddng hon (vi du nhu' Zn), vai tit anod le cua Zn, theo 
dO Zn bi an mon; ngu'dc laf, sat con nguyen yen (cludc Pao ye) 

Kh6ng khi am luon lam cho be mat cac vat the kim loai ton tai mit lop 
nu& mOng. Lop milk nay hOa tan cac klif..0O2, C12, HC1, NO2, S02... có trong 
khi quyen va tra thanh dung dich dien ly. Be mat kh6i sat thtiOng chfia cac 
tap chat la nhiing kim loai kern hoat d6ng lion (Cu, Pb, Sn,...) va "ngam" dudi 
lop mOng dung dich dien ly se tao nen vo s6 cac vi pin Galvanic ma Fe la anod, 
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Cu 

0.48 V 

d'an den an mon va pha hay kim loai (hinh 10.4A). De bao ve cac cgu true Fe, 
ngiidi ta boc, lot, ma hoac gan them vao chung nhcing kim loai hoat Tang hdn 
(Zn, Mg, Al) lam "vat by sinh" theo cd the a hinh 10.4B. Mg va Al hay thicic 
dung vi cluing con hinh thanh mot 16p v`O oxyd lam ch'am qua trinh an mon 
chinh 

Con co cac bin phap khac de phong va - ch6rig an mon cac kim loai voi 
nguyen tic chung la each ly chung khOi mai truing xung quanh (bed dau ma, 
scn, ma, trang men...) hoac tao ra cac hop kim ch6ng gi. 

5. PINN PHAN: STY DUNG NANG LUNG DIEN DE DIEDKHIEN 
PHAN DUNG KHONG Tip PHAT 

5.1. Nguyen 1ST va hoat dOng cua mot pin dien phan 

6 nhiing phLi tren .chUng ta not ve pin Galvanic, trong do phan Ting tti  
phat tao ra nang Wong dien. Nguyen ly dia pin dien phan thi ngLioc lai: nang 
lddng dien tii mot ngu6n ben ngoai dieu khien mot phan -tang khong tti phat. 
Hinh 10.5 minh hoa cu the boat do, ng dm 2 loai pin qua cac nfia phan 
Sn va Cu. 

Von ke 

B 
Niect phdn zing Ox: 

Cu(r) Cu2+(aq) + 2e 
Nita phdn zing Kh: 
Sn+(aq) + 2e Sn(r) 

Phdn zing tong:- 

Sn(r) + Cu2+(aq) Sn2+(aq) + Cu(r) 
E°pi„ = 0,48V va LIG°  = -93 kJ 

Hinh 10.5. Phan zing Thie'c-D6ng dva tren cd sC) c5a pin Galvanic (A) 
Ira pin c1iOn phan (B) 

A 

Nit'a phdn zing Ox: 

Sn(r) Sn'(aq) + 2e 

Ntl'a phcin zing Kh: 

Cu'(aq) + 2e - Cu(r) 
Phdn ang tong: 

Cu(r) + Sn2+(aq) ---)Cu"(aq) + Sn(r) 
E° i„ - 0,48V va 4G°  = +93 kJ 
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Chu ST rang, trong pin dien phan ciing nhti trong pin Galvanic, s1.1 oxy h6a 
van xay ra c3 cuc anod va ski WI d cue catod, nhting da./u cua cac dien cue ngtioc 
nhau. O pin Galvanic, cac electron "san c6" d anod Sn nen no am. Tron*  g pin 
dien phan, electron. den tit nguen ngoAi nen Sn dong vai tro catod (nhan 
electron) va IA cue am. Bang 10.3 tang ket.lai cac qua trinh \TA. &Au trong hai 
loai pin dien boa. 

Bing 10.3. So sanh pin Galvanic va pin diOn phan 

Loai pin AG Epin 

Dien cktc 

Ten Qua trinh Dau 

Galvanic < 0 > 0 Anod Oxy hoa - 

Galvanic < 0 > 0 Catod Kher + 

Dien phan > 0 < 0 Anod Oxy hoa + 

Dien phan > 0 < 0 Catod  Khir - 

5.2. Xac Binh san phAin cua phan iing di'01 phan 

Dien phan thtiOng chioc sii dung de phan tich mot hop chat ve dang cac 
nguyen to, 1A. chia khoa trong tong nghiep san xual nhfing nguyen to quan 
trong nh'At (Al, Cu, C12...). Dung dich dien ly trong pin dien phan c6 then. hop 
chat tinh khiet (nhi.i H2O hay 1 muol nong chay), met 11.en hop cac muo'i nong 
chay hay 1 dung dich nttoc. 

- Dien phan ate muoi ruing chay. Dti doan san pham 6 mOi dien chic 1a 
don gian theo mot quy luAt phe bign: phan tii de bi oxy hoa (tac nhan 
khii manh), phan 	anod &tong (cho electron); phan tii de bi khif (tac 
nhan oxy hoa manh) phan iing d catod am (nhan electron). Chil ST dieu 
quan trong: chung ta khong the sit dung bang E°  de not ve do manh cua  
cac tac nhan Miff va oxy hoa trong dien phan 11.8n hop cac muo'i nong 
chay. Bai vi, cac gia tri 	tinh cho sU thay doi tii cac ion trong rufac ve  
nguyen to (chang han vdi kim loai 1A. M"(aq) + ne ----> M(r) ), nhling a day 
khong c6 intik trong muol nong chay. Thay \TA° do, chUng ta phai dip vho 
hieu biet v6 vi tri cac nguyen to trong Bang tuan hoAn de du bao cac san 
phArn dien phan. 

+ Neu dien phan chi 1 mueii nong chay, ch`Ang han CaC12.(diem nong 
chay = 782°C), cac phan iing là: 

2C1-(1) 	C12(k) + 2e 	 [anod, oxy hoa] 

Ca2+(1) + 2e ----> Ca(r) 	 [catod, khii] 

Phan ling tang trong pin dien phan: 
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Ca'(1) + 2C1-(1) -> Ca(r) + C12(k) 

Theo each Wong tu, nguai to chg tao cac kim loaf hoat clang nhu Na, Mg, 
Al va. cac Halogen C12, Bre. 

+ Neu dung dich dien phan la han hop muai nong chay, chang han NaBr 
va MgC12, can xem xet theo trinh tai: 

Cac tac nhan oxy hoa: Na+, Mg" 

Cac tac nhan 

Mg nam ben phai Na d chu l(ST 3 nen có nang luting ion hoa I cao hdn Na, 
theo do Mg" hap clan electron manh hdn va de bi kht hdn: 

Mg2+(1) + 2e -> Mg(r) 	 [catod, khil] 

Br nam &tali Cl 6 nhom VIIA nen Ai lite electron E nhO hdn, vi vay Br-  de 
bi oxy hoa: 

2Br-(1) -> Br2(k) + 2e 	 [anod, oxy boa] 

Phan ling tang trong pin dien phan se la: 

Mg2+(1) + 2Br-(1) ---> Mg(r) + Br2(k) 

- Dien phan H2O va dien the khong chuan cua cac nita phan itng  

Niidc sieu tinh khigt rat kilo dien phan vi có rat it ion hien dien de d'an 
truygn dien tich. Ngu có mat Wong nhO muai tro (vi du Na2SO4) dude them vao 
thi qua trinh dien phan dien ra nhanh thong. Binh dien phan can dat mat 
mang ngan khi de H2 va 02  khong tran lan vao nhau. Phan ling 6 cac dien cue 
nhii sau: 

2H20(1) -> 02(k) + 4H+(aq) + 4e 	[anod, oxy hoa] 	-E = -0,82V 

2H20(1) + 2e -> H2(k) + 20H-(aq) 
	

[catod, Miff] 
	

E = -0,42V 

Sau khi nhan doi nita phan ling this 2, va lay phan iing tang, dtiOc: 

2H20(1) -->2H2(k) + 02(k) 	 Epin (dien phan) — -1,24V 

day, cac the dien chic E khong vik chi s6 "0" vi chting khong phai la the 
dien chic chuan, [H+] va [OH-] = 10-7M chit khong phai gia tri 6 digu kien chuan 
la 1M. Muan tinh gia tri cua E, can ap dung phudng trinh Nernst. Chang han, 
the dien cuc 6 anod (voi n = 4) duos tinh: 

Eanod  = E°  anod 
0,0592 

 lg(130.[H14) 
4 

Tra bang 10-1 tim thay the oxy boa chuan cua nuoc la -1,23V, bigt 
[W]=10-7M va xem P.2  latm, thu duoc: 
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Eanod  = -1,23 
0,0592 

4 	
lg[1.(1 0 7 )4 ] =-- -0,82V 

Dung dich cac ion trong nudc chiia [W] va [OH] gdn bang 10-7M. Do \Tay, 
to dung cac gia tri E khong chuan de du doan san pham d dien clic. 

• - Dien phan dung dich nuac va hien Wong qua the 

Dung dich cac mutii trong nude la h8n hop cac ion trong niidc. Can phai 
so sanh the dien cuc cua cac nitaphan ling de xem nUa phan ling nao có the 
xay ra, to do du doan san pham d dien cuc. ChA.ng  han, khi dien phan dung 
dich KI thi dieu gi se xay ra ngay tic th6i? Xet tac nhan oxy boa có the la: 

K+(aq) + e —> K(r) 	 E°  = -2,93V 

2H20(1) + 2e —> H2(k) + 20H-(aq) E = -0,42V 

The dm H2O it am lion, no se bi khi (chit khong phai 	tao ra H2  d catod. 

Xet tac nhan 

2I-(aq) 	12(r) + 2e 	 -E°  = -0,53V 

2H20(1) —> 02(k) + 411+(aq) + 4e 	-E = -0,82V 

The cila I-  it am lion, no se bi oxy hoa. (chit khong phai H2O) tao ra I2  a anod. 

Tuy nhien, do hien tuang qua the, san pham di doan bang cach so sanh 
the dien cuc kik nay khong phai luon luon la san pham thuc to"; Ski hinh 
thanh cac khi nhui H2  va 02  d dien chic tro dOi hOi mot cti'On the gia tang (qua 
the) khodng tit' 0,4 den, 0,6 V them veto the dien cu'c doi h6i. Qua the la ket 
qua cUa nhieu yeu to dOng hoc, vi du de tao thanh khi d dien clic can mot 
nang luting hoat hoa ldn, hoac .xuat hien mot pin dien hoa nguoc chigu vdi 
dOng dien ngoai. 

Qua the coy nghia ling dung ldn. Chang han, có the san xuat C12  tif dung 
dich NaC1 dam dac nha hien tuong qua the - 0,6V: 

Na+(aq) + e Na(r) 	 E°  = -2,71V 

H20(1) + 2e —> H2(k) + 2011-(aq) E = -0,42V -1V ngu anhca qua the) 

Vay, ke ca qua the thi H2O van bi khi va tao ra H2  o catod. Con a anod thi: 

2H20(1) —> 02(k) + 4H+(aq) + 4e 

-E = -0,82V (c,' -1,42V nett tinh ca qua the (0,6V) 

2C1-(aq) —> C12(k) + 2e 	 -E°  = -1,36V 
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Do qua thg 0,6V nen the can thik de tao ra 02  am hOn mot chit so vdi 

C12, vi vay C12  dude giai phong (chic khong phai 02). 

Cul tie-p tue each xem xet nhti tren, ngt.tai ta nit ra mot so ke't 1u4n hau 
ich khi dien phan cac muol trong dung dich 

1/ Cation ciia kim loai kem boat &Ong bi khii thanh kim loci, bao g6m Au, 
Ag, Cu, Pt va Cd. 

2/ Cation ciia cac kim loai rat hoat Ong khong bi khii, bao gom cac 
nguyen to IA, IIA va Al. Thay vao do, nuoc bi khii thanh H2  va OH-. 

3/ Cac anion bi oxy boa, do qua the ma khong tao ra 02, bao g'6m cac 
halogenid ([Cl-] phai cao), trif F-. 

4/ Cac anion khong bi oxy boa Om F-  va cac anion phlic tap S042-, C032-, 
NO3-  va P043-  vi cac oxoanion nay chfia phi kim d trang thai oxy hoa cao nhat. 
Thay vao do, ntioc bi oxy hoa thanh 02  va H. 

5.3. Quan he dinh hicing gifta dien tich va san ph'Arn. Dinh lulat Faraday 

D*-1 tich quay \Tong trong binh dien phan tao ra san pham d cac dien 
Khi dien phan NaC1 nong chay, ngu6n dien cung cap electron cho catod. 0 

de), Na+ nhan e va tra thanh Na kim loci. Cung inc do, e bi keo ra khOi Cl va - 
tra thanh khi C12. Ro rang, cang nhieu e ma Na+ nhan va Cl cho thi kho'i 
Wong Na va C12  tao thanh cang lon. Quan he nay Ian dau tien di.toc Faraday 
xac dinh qua thtic nghiem va dtioc goi la dinh luat Faraday: Lacing chat min 
xuat d moi dien cite ty le thutin vdi dieter, tich chg.),  qua binh dien phan. 

phan iing da can bang chi ro so mol cila chat phan iing, .s6 mol 
electron va so mol cua san pham trong sti chuyen Ma., do do no mang nhfing 
thong tin can thie't de gidi dap cac cau hoi "bao nhieu san pham vat chat ditoc 
tao ra vdi mOt tong then tich nhat dinh", hoac ngitoc lai "can bao nhieu dien . 
tich san xu'at mot Wong vat chat an dinh tnioc". 

De ap dung dinh luat Faraday, ngliai ta tign hanh cac bride tinh toan: 
Tim s6 mol electron can cho moi mol san pham; diing s6 Faraday IF = 
9,65.104C/mol e de tim dien tich -Wong ling (C) va khea Wong mol de tim dien 
tich oan cho mot kho'i Wong san pham cho truck. Chting ta khong the do dien 
Wong trvc tie'p ma do coring dO dung dien: dien long (Wong dien tich chuyen 
qua trong 1 don vi thai gian. Don vi SI ciia Wang dO dung dien la Ampe (A) 
&toe dinh nghia la 1C chuyen qua 1 tigt dien trong ls: 

lA =1— 
s 

Do do, curing dO dong nhan vdi thoi gian cho di.01 Wong: 
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A.s =- —.s -= C 

Vay, mu6n biet dien Wong thi do cuOng d6 dung cling vdi thai gian ma 
dung dien chay qua. Ngu6c lai, dien l-ong lai lien quan den s6 mol va kh6i 
long san pham tao thanh. 

T6m lai, cac bai toan tren dinh luat Faraday thttong hdi each tinh cliang 
d6 dOng, khol luting vat chat hoac thoi gian. Lai gidi railm ngay d neta phcin 
ling. VI du, can bao nhieu dien tich de tao ra 4,0g C12  (k) to phan Ting dien 
phan dung dich NaCl? Giai bang each viet nita phan Ung: .- 

2C1-(aq) ----> C12(k) + 2e 

Mat 2mol e de tao 1 mol C12  (k), nen dien tich can la: 

lmo/C/ 2 	2mol e 9,65.104 C Dien tich (C) = 4,0gCI,x  	x 	=1,1.104  C 
70,79gCl, lmoICI, lmole 

Xa hdn, c6 the hOi tiep: mat bao nhieu lau de tao ra Wong C12  nay neu 
ngu6n ngoai cung cap dong dien 12A. Giai ngay bang pile') tinh sau: 

ntich(C)  Thai gian (s) = 	
di •e 	

=1,1.10 	
is 

Cx 	=9,2.102 s 
dong(AhayC/s) 	12C 

15 phut 

* Tom kit muc 10.5. 

Pin dien phan dung nang king dien de tien hanh cac phan -tang khong tai  
Oat. Sti oxy hoa van xay rad anod va su khii van xay rad catod, nhung dien 
tich tren cac dien cue la trai dau vdi pin Galvanic. Khi 2 san pham c6 the tao 
ra 6 m6i dien cue, chat nao de oxy hoa hdn se phan -Cing d anod va de Mail lion 
se phan ling 6 catod-dieu nay c6 nghia la naa phan tiing nao c6 E°  It am hdn 
(nhieu duong lion) se xay ra. Su kfai hoac sill oxy hoa nu& xay rad dieu kien 
khong chuan. Qua the gay ra dien the thuc to cao hdn mong mu6n va có the 
anh huOng toi san pham tao rad dien ctic. Ltfong san pham tao ra phu thu6c 
vao luong dien tich chuyen qua binh dien phan, no lien quan den d6 lon cua  
atOng d6 dOng va thai gian chuyen. 

Cac he th6ng Ox-Kh trong t6 bao sinh vat vdi su ket not gifia pin n6ng 
d6 Galvanic va pin dien phan c6 vai tro chuyen nang 'Along lien ket trong 
Ur& an thanh dien nang va sau thanh nang 'Along lien ket trong ATP (xem 
tiep muc sau). 
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6. NANG LONG TRONG HOA SINH 

Trong hdu het cac to bao song, nhitng nguyen 1ST cila pin dien hoa duoc sit 
dung de san xuat nang luting. Nang Wong lien ke't trong thiic an duoc 
dung de sinh ra the dien boa, sau d6 the nay lai ditoc dung de tao ra 
nang Wong lien ket-  trong phan tit giau nang Wong ATP. Cac phan tii Ox-
Kh hoan thanh cac took nay tao nen chit& van chuyen electron (CVCE) 
nam tren mang trong cua ty the - mot cau true vi the san xugt nang 
Wong cho to bao. CVCE là mot chu8i cac phan tit lon (hau het la protein), 
in& Phan tit chila 1 cap Ox-Kh, nhu Fe2+/Fe3+ chuyen electron theo 
Tai 3 diem doe theo chuoi, sii chenh lech dien the duoc sit dung a bien 
de4 ADP thanh ATP. 

Nang Wong lien ket thanh the dien hoa 

Cac to bao dung nang Wong trong thiic an bang each giai pilling no tit/1g 
buck duoc kiem soat chit khong phai tat ca ding mot 

Thay cho H2 khi khong ton tai trong co the, hydro .chuyen thanh 2H+  va 
2e. Wit tac nhan oxy h6a sinh hoc c6 ten la NAD+ (nicotinamid adenin 
dinucleotid) tiep nhan chUng trong qua trinh oxy h6a cac phan tii thiic an. 
Nita phan "tang la: - 

.NAD+(aq) + 2H+(aq) + 2e NADH(aq) + 11+(aq) 

Tai mang trong ty the, NADH va 	chuyen 2e toi cap Ox-Kh dau tien 
cua CVCE va tach ra 2 proton. Tit day, cac electron duoc van chuyen theo 
chu6si cac cap Ox-Kh, cuo'i cung chUng khit 02  toi H2O. Toan IDO qua trinh nay 
vdi cac the dien Ctic chuan la: 

NADH(aq) + fr(aq) —> NAD+(aq) + 2H+(aq) + 2e 	-E°' = 0,32V 

1/202(aq) + 2e + 2H+(aq) --> H20(1) 	 E' = 0,82V 

Phan ling tang: 

NADH(aq) + H+(aq) + 1/202(aq) ---> NAD+(aq) + H20(1) E'toan bo  = 1,14V 

(1ky hieu 	la dung cho cac he thong sinh hoc vi cac trang thai chuan c6 
tinh den pH = 7, [W] = 1.10'). 

Vi vdy, khi 1 mol NADH di vao CVCE, nang Wong to do Gibbs Wong ling 
vOi 1,14V c6 gia tri tinh theo phuong trinh (10-11) la: 

AG°' = -nFE" 

= -2mol e x 96,5 kJ/V.mol e x 1,14 V 

= -220 kJ/mol NADH 
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Chitc  nang cila qua trinh nay ttiOng to 1 pin Galvanic. Met phan iing to 
phat (khil 02  toi H2O) duoc .sit dung de sinh ra dien the. Khac voi pin Galvanic 
trong phong thi nghiem, ca .qua trinh chi xay ra trong 1 buoc, qua trinh do 
trong t6 bao xay ra trong nhigu buck nhO. Hinh 10.6 la so d6 don gian cUa. 3 
budc chi ch6t trong CVCE san sinh ra dien the cao cho san xuat ATP [trong to  
bao, moi bulk nhu d so d6 có vai chat vOi tang kho'i luong phan tit khoang 
1,5.106  dv12 C]. 'Tau het cac chat thanh phdn trong CVCE là protein chiia sat 
va phan iing Ox-Kh thuc su diAn ra nhO su chuyen doi gifia Fe' va Fe'. 

Cac chat van chuyen electron trong CVCE trai qua su oxy hoa va su khii  
khi cluing chuyen electron doc theo chai. Tai 3 diem cho thay su chenh lech 
vg the 0' va AG' la dU lon dung cho san xuat ATP. (Q = phan tit huu co 18n; 
Cyt = cytochrom, nhung protein chlia met cap Ox-Kh ion kim loci, nhu 
Fe'/Fe3+ de chuyen tai electron) 

Deng electron 

Hinh 10.6. NhCing chat chO ye.0 trong chuoi van chuydn electron (CVCE) 

- The dien hoa thanh nang luring lien ke't 

Tai 3 diem chi ra tren hinh 10.6, su chenh lech the dude sit dung de digu 
khien phan itng tao thanh ATP khong to phat: 

AD133-(aq) + HP042-(aq) + H+(aq) —> ATP4-(aq) + H20(1) AG" = + 30,5 kJ/mol 

Chu Y rang, gia tri AG' a 3 diem de san xuat ATP la vtfOt qua nang ltiOng 
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Nqi ty the 

[Hi thgp 

NADH NAD+  ADP + P 	ATP 

Ngoai ty the 

Mang ngodi 

Viing mang giCra 
ang trong 

[14-1  cao 
++ +  

IT+  

ttt do can thiet. 
Den day, cluing to da theo clOi qua trinh chuyen electron qua cac thanh 

phan cua CVCE, nhting con cac proton &toe giai phong di dau? Cau tra lOi se  
la diem mau ch6t cua viec dien nang chuyen thanh nang hiong lien ket nInt 
the nao. Khi e chay qua va cac cap Ox-Kh thay doi s6 oxy hoa, nang ltiOng tit  
do giai phong a 3 blioc chi ch6t daoc clang de day cac ion FT+ ra yang mang 
gifta ty the, lam cho vi ng nay [H+] cao hon yang not ty the, theo do 1 pin niing 
do hinh thanh 2 ben mang. Khi su chenh lech [EP] dat khoang 2,5 lan, mang 
tit &Ong ma kenh cho cac ion H+  trail lai not 'ty the. Nang Wong tki do giai 
phong trong qua trinh tu phat nay se dieu khien sit tao thanh ATP khong tit 
phat (nhtt phan ang da viet tren). Vay la, ty the da sit dung "laic chuyen- &Ong 
electron" caa cac cap Ox-Kh teen mang de tao ra "lilt chuyen Ong proton" qua 
mang, chuyen sti chenh lech dien the a pin n6ng do thanh nang Wong lien ket. 
Qua trinh mo to teen chtoc minh hoa a hinh 10.7. 

Hinh 10.7. Sy' ket not van chuygn electron Ira van chuydn proton de tong hop ATP 

Muc tieu cita CVCE la bien dOi nang Wong tit do giai .phong tit cac phan 
tit thitc an thanh nang ltiOng tti do tich trti trong ATP. Dieu do dtiOc hoan 
thanh bang su van chuyen electron theo chuoi, trong khi cac proton clitOc born 
ra ngoai not ty the. Qua trinh bom nay tao ra mot ski chenh lech [H+] va sinh 
ra mot dien the qua mang (pin n6ng do). Khi the nay dat dtioc gia tri kith 
&Ong, H+ chay ngtioc vao nOi ty the, va nang ltiong tit do giai phong se dieu 
khien tao thanh ATP. 
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MUC TIEU 

1. Viet du'gc eau hinh electron ceca ccic logi nguyen 
2. Giai thich nguyen nhan su kluic nhau ye tinh chdt ceza cac loaf nguyen to's, p, 

PHAN II 

HOA HOC VO C1 

Chi sing 11 

PHAN LOAI VA TINH CHAT CHUNG 
CCM CAC NGUYEN TO 

1. PHAN LOAI CAC NGUYEN TO THEO CAU HINH ELECTRON oa'i 
TRANG THAI CO BAN • 

MOt trong nhiing thanh tutu vi dai cUa khoa hoc la thuyet Wong cUa 
the kY XX da dila ra 	cd sa J.S7 thuyet cho viec sap xgp Bang tun hoan 
cua cac nguyen to hod hoc theo cdu hinh electron d trang thai cd ban (bang 
11.1). D6 chinh la min lien quan giita trinh tit dign electron vao cac phan lap 
orbital va su hinh thanh cac chu kSr, cac loai nguyen to s, p, d, f (bang 11.2). 

Be hieu cdch mo to va phan loai cac nguyen to, can nhac lai mot so khdi 
niem va dinh nghia. 

1.1. Ca-u hinh electron 

— Cdu hinh electron nguyen tip caa cac nguyen to d trang thdi cd ban c6 
the viet ducc bang each dien dan electron vao cac phan lop orbital cUa 
day nang Wong tang dan (xem bang 11.2B) vai s6 electron toi da duoc 
phep tren moi phan lap là s2, 

p6,  d107  f14 .  

- Cau hinh electron day clic dia mot nguyen to la cau hinh chi ra tat ca 
cac phan lap c6 electron trong nguyen tit cUa nguyen to dos trang thai 
co ban. 
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— Cdu hinh electron rat gon cua mot nguyen to chi vie-t cac phan lop 
orbital c6 electron sau khi trd li6n truck d6. 

+ Vi du: 

S6 hVeu 
nguyen ti! (Z) 

Nguyen to 
Cgu hinh electron 

clgy du 
Cgu hinh electron 

rut gon 

13  Al [1 s22s2203s23p1  [Ne]3s23p1  

26 Fe [1s22s22p63s23p6]3d64s2 [Ar]3d64s2 

34 Se [1s22s22p63s23p6]3d164s24p4  [Ar]3d104s24p4  

Neu trong s6 cac phan lop sau khi tro c6 phan lop lop trong da bao hoa 
thi c6 .the khong viet va cau hinh electron rut gon duoc vik ddn gian hdn. 
Chang han, cau hinh electron cUa Se (Z = 34) chi vik 4s24p4  (xem bang 11.1). 

Cdu hinh electron bao hod phan lap la eau hinh cua phan lop chlia s6 
electron toi da. Chang han, Cu (Z = 29) [Ar]3d164s1  thi phan lop 3d c6 
eau hinh electron bao hoa vi chila so electron toi da (3d10). Cac cau hinh 
cua phan lOp s2, p6, fl4  cling la cau hinh electron bao hoa. 

Cdu hinh electron neta bao hod phan lap là eau hinh cua phan 16p moi 
chlia 1/2 s6 electron tea da. Chang han, Mn (Z = 25) [Ar]3d54s2 thi phan 
ldp 3d cc!) Can hinh electron niia bao hoa vi mdi có 5 electron, trong khi 
toi da dtidc pile') la 10. Cac cau hinh sl, p3, f7  cling la cau hinh nifa bao 
hoa vi mdi chlia 1/2 s6 electron toi da dtioc phep d cac phan lop ay. 

Chi ST rang, cac cdu hinh electron bao hod va neict bcio hod phan lap la  
nhicng cdu hinh ben, thuong dudc van dung d4 giai thich tinh chgt cila mot so 
nguyen to. 
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1.2. Cac loci nguyen to 

- Khi vigt cau hinh electron nguyen tii cua cac nguyen to theo chigu tang 
dan cua tri so di8n tich hat nhan (Z) thi cau hinh lop electron' ngoai 
ding (n) lap di lap lai mot each tun hoan tit nsl  dgn ns2np6  (bang 11.1). 
Vay: 

. Chu kST 1a day nguyen to xgp theo chigu din tich hat nhan tang dan, c6 
ding s6 lop electron n, bat dau la nguyen to c6 mot electron lop ngoai ding 
(nsi) va kgt thlic la nguyen to c6 8 electron lOp ngoai cling (ns2np6), trit chu kY 
1 kgt thilc voi 2 electron (6 He 1s2). Su hinh thanh mot chu ky moi là su hinh 
thanh mot lop electron n. S6 this MI cua chu ky = s6 lop electron trong nguyen 
tii cila cac nguyen to = s6 Wong tit chinh n. 
• Dgn nay, h8 thong tudn hoan cac nguyen to go'm 7 chu ky day du voi 118 

nguy8n to [theo congb6 riled nhat, nguyen to co Z = 118 la nguyen to cuoi ding 
cua chu ky 7 da duoc digu dig]. Tuy nhien, chi c6 92 nguyen to, den U (Z = 92) 
ton tai trong to nhien, s6 con lai la nhan tao va khong bgn. 

- Can cut vao eau hinh electron tom tat (bang 11.1), cac nguyen to dildc 
chia thanh 2 loci lon. 

1.2.1. Nguyen to chinh la nhfing nguyen to thuOc cac nhom A, c6 ldp vO 
electron ngoai cling dang du'o'c xay dung tren phan ldp s (goi la cac nguyen to 
s) hay tren phan lap p (goi la cac nguyen to p). Vi lOp ngoai ding chi chita t6i 
da 8 electron, ling voi cau hinh bao hoa ns2np6, dan dgn sit hinh thanh 8 nhom 
nguy8n to A tit IA dgn VIIIA. Cac nguyen to trong cung mot nhom c6 s6 
elcetron lop ngoai ding giong nhau va bang s6 that tut cua nhom. 

Cau hinh electron nit gon cua nguyen to s la ns'. 

Cau hinh electron rut gon cua nguyen top la ns2np'. 
Nhit vay, moi chu kk chi c6 tea da 2 nguyen to s va 6 nguyen to p. Cac 

nguyen to nay con &toe goi la cac nguyen to khong chuyen tiep, nguyen to chinh. 

1.2.2. Nguyen to chuye9n tap la nhang nguyen to thuOc cac nhom B, 
gdm 2 loaf: 

+ Nguyen to chuygn tigp ngoai hay cac nguyen to d là nhcing nguyen to 
ma nguyen di dia chiing dang xay dung lop v.6 electron tren phan lop 
d dia lap thus hai ke tii ngoai vao. 

Cau hinh electron rut gon dia cac nguyen to d la 	ns2. Vay, c6 
10 nguyen to d cho moi chu kST, bat dau tit chu kk 4. HiOn c6 4 day chuygn tigp 
ngoai da hohn chinh d cac chu liST 4, 5, 6 va 7. 

+ Nguyen to chuygn tie'p trong hay cac nguyen to f la nhung nguyen to 
ma nguyen tit cua chung dang xay ditng lop va electron tren phan lop f 
cua lOp thus ba kg tit ngoai vao. 
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2)f - Cgu hinh electron rut gon 	cac nguyenguynguyent6f la. (n- 1 414 (n- 1)d°(1)  ns2. 

yay,,có 14 nguyen to f cho m8i chu kY, bat ddu tit chu ky 6. Hien có 2 day 
chuyen tiep trong da hoar]. chinh 6 cac chu ky 6 va 7. Do la cac lanthanid va actin. 

- Tom lai, cac nguyen to dtioc chia thanh 2 loai lon: 
+ Nguyen to chinh (cac nhom A) go'm cac nguyen to s va cac nguyen to p. 

+ Nguyen to chuyen tiep (cac nhom B) go'm cac nguyen to d ya cac 
ngUyen to f. 

Cha 

• Cgu hinh electron rut gon cua cac nguyen t6 d va f c3 mot vai nguyen 
to cu the có the thay d6i de schn dat duoc cgu hinh electron bao hoa 
hoac nita bao hoa ben hdn (xem vi du (3 cac nhom nguyen to tiep sau). 

• Theo day nang ltiOng tang ddn (bang 11.2B), phan lop 4s thgp hdn 3d 
(do cac orbital s c6 kha nang xam nhap sau vao cac lop ben trong) nen 
electron phai dign vao 4s trttdc, sau do moi den 3d. 

Tuy nhien, khi phan lop 3d co electron, no se gay hieu itng chan lon doi  
vOi 4s, Can den nang Wong cua phan lop 4s tit do cao hdn 3d. Hien Wong 
tucing to cling xdy ra doi vdi cac ns khac cila day chuyen tiep ngoai (cac 
nguyen to d) do hieu itng chan cua (n-1)d va cling ca d6i voi cac ns cua day 
chuyen tiep trong (cac nguyen to f) do hieu Ung chin dm cac orbital (n-1)d, (n-
2)f. Theo do, cdu hinh electron rut gon cua cac nguyen to chuyen tiep can viet 
thing theo trinh tki cac phan lop nhii da viet it tren va a bang 11.1. 

Goi cac nguyen to d va f là cac nguyen to "chuyen tiep" vi chUng nam 
giaa cac chu kY, c6 tinh "chuyen tiep" tii cac nguyen to s sang cac nguyen to p 
thuQc cac nguyen to cac nh6m chinh A (bang 11.2A). 

Goi nguyen t6chuyen tiep "ngoai" vi cac electron dang lgp ddy phan lop d 
ciia lop sat ngoai (n-1) ya nguyen to chuyen tiep "trong" vi cac electron dang 
lgp ddy phan lop f 	lop sau phia "trong" niia (lop this 3 kg tit ngoai vao). 

- Co nhieu cach sap xep cac loai nguyen to nInt da kg tren thanh Bang 
tun hoan. 
Thing tudn hoan clang ngcin chia thanh 8 cot china 8 nhom nguyen to 
duoc ghi theo s6 La Ma tit nhom I den nhom VIII. 8 nguyen to chinh (2 
nguyen to s va. 6 nguyen to p) cua moi chu ky duoc chia vita du vao 8 
cot va có ten la nguyen to nhom IA, HA._ den VIIIA. Nhd la, He chi có 
2 electron nIning van dttoc xep vao nhom VIIIA la nhom cua cac khi 
trd có 8 electron leip ngoai cling. 

10 nguyen to chuygn tiep ngoai (nguyen to d) xugt hien tit chu kY 4 va 
sau 2 nguyen to s 6 m8i chu ky Wang ling, &foe xep bat dau tit cot III va Mn 
ltidt mang ten la nguyen to nhom IIIB, IVB... den IB, IIB. 

Hai day nguyen t6chuye'n tiep trong (nguyen to f) xugt hien 6 chu kY 6, 7 va 
sau cac nguyen to La (kiwi mao (6d1) cho day nguyen to d chu kST 6) va Ac (kiwi 
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mao (7d1) cho day nguyen to d chu ky 7) dtioc x6p ra ngoai bang 8 cot. D6 la 14 
nguyen t6 ho lanthanid (co ten nay vi chung dfing ngay sau nguyen to lantan va c6 
nhigu tinh chat gi6ng lantan) va 14 nguyen to ho actinid (co ten nay vi chUng dUng 
ngay sau nguyen to actini va c6 nhigu tinh chat Wang tit actini). 

7 chu ky nguyen to trong Bang tuan hoan dang ngan nam tren cac hang 
ngang va CO so thus ti di 1 den 7: 

• Chu kY 1: chu ky dac biet, chi ggm 2 nguyen to s. 
• Chu kY 2, 3: In& chu ky c6 8 nguyen to (2 nguyen to s, 6 nguyen to p). 
• Chu kY 4,5: m6i chu kyr co 18 nguyen to (2 nguyen to s, 6 nguyen to p, 

10 nguyen to d). 
• Chu kY 6,7: ing'i chu ky c6 32 nguyen to (2 nguyen to s, 6 nguyen to p, 

10 nguyen to d va 14 nguyen to 
Tit chu kY 4 den chu ky 7 duct goi là cac chu ky 16n, vi m6i chu ky chigm 2 

hang ngang. Ngoai viec c6 2 hang ngang trong khung Bang tuan hoan 8 cot, chu 
kY 6 con ggm ca day lanthanid va chu kY 7 ggm ca day actinid x6p ngoai bang. 

+ Thing tuan hoan clang dai hoan chinh thg hien m6'i chu kY nguyen to 
chi bang mgt hang ngang nintO bang 11.2A. 

+ Bang twin hoan clang dai khong hoan chinh ghi mgi chu ky nguyen to 
cling bang mgt hang ngang,.nhung van x6p cac lanthanid va actinid ra 
ngoai khung chung dg bang dtioc gon hon (bang 11.1). 

Thiic ra, cac Bang tuan hoan clang dai duoc xem la sit gian ra cua Bang 
tuan hohn clang ngan. Vi the, s6 hieu cac nhom nguyen to A, B a bang dai van 
duoc ghi theo s6 hieu cila bang ngdn Om 8 cot chinh. 

2. TINH CHAT CHUNG CIJA CAC NGUYEN TO NHOM CHINH (A) 

Truoc.khi xem xet chi tigt tinh chat va ling dung cila m6i nguyen to trong 
cac nhom theo chigu doc, chUng ta khao sat su bign de;i chung theo chigu 
ngang qua Bang tuan hoan cUa chu kY, Ta chon chu kY 2 lam vi du cu thg. 

Tinh chat cila cac nguyen to chu ky 2 tit Li den Ne bign crdi dung nhu ta 
c6 thg suy ra tit can tao nguyen tii cua chUng. Bang 3 bieu thi xu hitting cua  
cac tinh chat nguyen tit, vat ly, hod hoc quan trong nhat cua cac nguyen to 
chu kY 2. Nhin chung, nhfing xu hudng nay cila cac tinh chat cling dp dung 
duoc cho cac chu kY khdc. Can luu y nhung digm chinh sau: 

- Cac electron lam day 1 orbital ns va 3 orbital np theo nguyen ly loai trfi 
Pauli va quy tac Hund. 

- Kich thuoc nguyen tit nhin chung giarn, trong khi nang Wong ion hod 
thu nhat va dg am dien nhin chung tang, la 'ket qua cim si.1 tang dien 
tich hat nhan Z va s6 electron duoc dign them vao cling mgt mac nang 
Wong (nen Z' tang dgu clan). 
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Tinh kim loai gfam, cac nguyen t6bie'n d6i tit kim loai den a kim va phi kim. 
Hoat tinh hod hoc manh nhat d cac nguyen to d'au ben trai va d'au b8n 
phai cua chu kST, trif nguyen to khi hi6m. 
Lien ke't glita cac nguyen tit cUa cang nguyen to (don chat) bign d6i tit lien  
k6t kim loai den mang deing hod tri, r6i den phan tit rieng va nguyen tit  
rieng. Tinh chat vat lS7phan 6.nh digu nay. Co mot su bie'n doi d6t ng6t 
ranh gic3i mang 	phan tit gifia carbon (ra.'n) va nito 	trong chu kST 2. 

Lien ke't cUa cac nguyen to voi mot phi kim boat -hi/1h manh bie/n doi tit  
ion dgn tong hod tri phan ale nhigu, r6i dgn Ong hod tri phan c~tc it  
hoac khong phan elle. • 
Lien ke't cua cac nguyen to vOi mot kim loai manh bign d6i tit lien ke't 
kim loai den d6ng hod tri phan cuc, r6i d6n ion. 
Tinh acid - base cilia cac oxyd thong dung trong nuoc thay d6i tit base 
den hieing tinh roi den acid khi lien ke't gifta nguyen to v6i oxy tra nen 
d6ng hoa tri hon. 
Tinh khit cua kim loai giam, tinh oxy hoa cua cac phi kim tang. Trong 
chu kST 2, s6 oxy hoa ph6 bign bang s6 this to nhom A d6i. v6i Li va Be va 
bang so- this tit nh6m A trii di 8 do'i voi 0 va F. Bo c6 vai so oxy hod, Ne 
khong c6, con C va N c6 tat ca cac s6 oxy hod theo each tinh tren. 

Luon ghi nho digu ktu y sau: do kith tit& nh6 va s6 orbital han ch6, 
nhfing nguyen to chu kj, 2 co, mot so tinh chat khong dcti din cho nhfing 
nguyen to khdc clung nh6m d cac chu lqrsau. 

3. TINH CHAT CHUNG CUA CAC NGUYEN TO CHUYEN TIEP (B) 

3.1. Dac tinh chung 

Nguyen to chuygn tie'p chigm gift cac nhOm B trong Bang tun hoan, la 
cac nguyen to d va cac nguyen to f (bang 11.1 va bang 11.2A). 

Cdc nguyen to chuyen ti6p c6 nhigu tinh chat lS7 hod khdc biet voi cac 
nguyen to chinh. Tinh chat dm cluing it bie'n d6i hon: chang han, trong khi cac 
nguyen to chinh trong moi chu kST bign d6i tit kim loai sang phi kim, thi tea cd 
cac nguyen to chuyen tie' de'u let kim loaf. Hon nfia cluing c6 nhigu bign d'6i da 
dang va that thuong: trong khi phan lon cac kim loai nhom A dgu khong c6 
mau va nghich tit, thi nhieu kim loci chuye'n tie'p vet Op chat cica chting the 
hien meat vet thu4n tut. Nguyen nhan cua nhfing khac nhau ay chinh là sit 
khdc nhau vg cau hinh electron gifia hai loai nguyen to. 

3.2. CSu hinh electron 

- Phia tren, c3 muc 1.2, ta da bi6t nhiing dac diem cau hinh electron ciia 
nguyen to d va nguyen to f. 6 day, qua bang 11.4 ta thay ro rang lion 
cau hinh electron cila cac nguyen to d, lgy chu liST 4 lam vf. du. 
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trforg.w7ffrwill 

Bang 11.4. C6u hinh electron ctia cac kim foal chuyen ti6p chu kk 4 

Nguyen to 
So d6 6 !Yong tit Kit gon 

3d 	4s 
Ciu hinh electron 

rut gon 
S6 electron 

d6c thIn 

21Sc [Ar] 3d1  4s2  1 [Ar] It 	1 	 Ti, 

221i [Ar] 3d2  4s2  2 [Ar] T 	t 	 N 

23V [Ar] 3d3  4s2  3 [Ar] 	t 	t 	t 	 T I,  

24Cr [Ar] 3d5  4s1  6 [Al]t 	t 	t 	t 	t 	t 

25Mn [Ar] 3d5  4s2  5 [Ar] 	T 	T 	T 	T 	T 	TJ, 

26Fe [Ar] 3d6  4s2  4 [Ar] 	T1TTTT 	T1,  

27Co [Ar] 3d7  4s2  3 [Ar] 	% T. 	T 	T 	T 	T1,  

28Ni [Ar] 3d8  4s2  2 [Ar] 	% tl t.i,  t 	t 	¶,1,  

29Cu [Ar] 3d1°  4s' 1 [Ar] 	T1, 	T,1, 	T,1, 	% 	T,I, 	ET 
--- 

3oZn [Ar] 3c11°  4s2  0 [Ar] % Ti,  T1 T,1, % 	% 

Day nguyen to d dau tien nay bat dau tii scandi vdi phan lop &P. Gang 
voi sti dian them electron (Wong ling v6i su tang dan caa lien tich hat nhan 
Z), phan lop 3d dan có cau hinh nUa bao hoa, r6i bao hoa 6 kern. Da sOm dat 
dudc cau hinh ban nUa bao hoa (d5) va bao hoa (e), met electron 6 phan ldp 
4s2  thuec ldp ngoai cling (nang Wong cao hdn) da chuyan vao 3d (nang Wong 
th'ap hdn), nen Cr voi eau hinh [Ar] 3d54s1  va Cu voi cau hinh [Ar] 3e4s1  la  
nhung ngoai le. Nhang ngoai le ttiOng t1.1 con g4p 6 cac day chuyan ti6p khac, 
chIng han molypden [Kr] 4d55s1; bac [Kr] 4d1°5s1; yang [Xe] 5e6s1. Dac Wet 6 
paladi (Pd, Z = 46), ca 2 electron 6 5s2  dau chuyen "vei va" vao 4d, nen cau 
hinh electron cUa no la [Kr] 4d1°5s°. 

- Cau hinh electron rut gon cua cac nguyen to f dUdc viat (n-2)f1'14  
(n-1)d°(1)ns2, bai vi de dat cau hinh ban nUa bao hoa (r) hoac bao hoa (f14) 
thi electron 6 (n-1)& thuong chuyan vao (n-2)f. Do do, 6 mot seilanthanid, 
actinid phan lop (n-1)d khong con electrcin (chuyan thanh 
(n-1)&) nen khong duoc viet trong eau hinh electron rut .gon nib. (bang 
11.1). 
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- Chu ST rang, cac ion kim loci chuydn tie'p ditOc tao thanh bang cdch mat 
di cac electron tren phan lop ns trit6c cac electron tren phan 16p (n-1)d. 
Vi vay, cdu hinh electron cila ion Ti2+ la [Ar] 3d2  chit khong phai la [Ar] 
4s2. Thong tit, cdu hinh electron cim Fe2+ phai la [Ar] 3d6, cua Mn2+ la 
[Ar] 3d5, cila Fe' la [Ar] 3d5... 

3.3. Kich thtidc nguyen tit va tinh chat vat 1ST 

- Khi ngang qua mot chu ky tit tral sang phai, trong khi ban kinh nguyen 
tit cua cac nguyen to nhom A giam deu (tan (bang 11.3) vi Z tang 
nhanh hdn 110 so-  chAn, thl ngitoc lai, ban kinh nguyen tit cua cac 
nguyen to chuy0n ti6p chi giam d nhfing nguyen to d'au day, con sau 
d6 h'au nhu khong thay dOi (hinh 11.1A va hinh 11.2A). Nguyen nhan 

• 6 ch6, cac electron din day tren cac orbital d phia trong va co lai (do 
chnng chAn ran nhau rat it nen bi hat nhan but manh) da chAn manh 
cac electron ns 16p ngoai, lam giam din tich hi0u dung (Z') khi din 
tich hat nhan tang. 

6 cac lanthanid va actinid con c6 sit co f manh hdn ncia, nen kich thu6c 
nguyen tit dia cac nguyen to nay gan giong nhau. 

Khi di tit teen xu6ng trong cac nh6m B, ban kinh nguyen tit Ira ion ding 
Bang tang nhung chdm tit nguyen to chu kYr 4 d0n nguyen to chu ky 5, nhUng 
hau nhU khong tang tit nguyen to 	kY 5 sang nguyen to' chu kY 6 (hinh 
11.2A). LY do la cac nguyen chuyk tie-p chu kY 6 chiu anh hitting sau sit co f 
(n116 rang, tit tren xu'O'ng trong cac nhom A, ban kinh nguyen tit cua cac 
nguyen to tang rat 16n vi .anh hitting cua sit tang so lop n manh hOn anh hitting 
cila sit tang din tich hat nhan). 

- Tit trai sang phai cua chu ky, the ion hod this nhdt cua cac nguyen to 
chuy0n tie-p chi tang killing dang k0 (hinh 11.1B va hinh 11.2B), vi sit co 
d da lam cho site hilt dia hat nhan din voi electron ns gdn nhit la hang 
s6. Xu hitting nay ngtioc hAn v6i cac nguyen. to nhom A (chAng Ilan tit Li 
den F, nang ltiOng ion hoa this nhdt tang hdn 3 Lan (bang 11.3) vi Z' 
tang dk dan). 

Tit tren xu6ng trong mot nhom nguyen to B, trong khi ban kinh nguyen 
-CU tang khong dang ke thi dien tich hat nhan lai tang len rat nhieu, vi vay not 
chung nang lifting ion hod this nhdt tang (hinh 11.2B). Xu hitting nay cang tral 
ngitoc v6i cac nguyen to nhom A dk c6 th0 ion hod thit nhdt giam khi di tit 
teen xu6ng do bdn kinh nguyen tit tang manh (xem cac nhom A phia sau). 

- Do kich thu6c nguyeri tit thay &Si nhO trong mot chu ky, theo do dQ am 
din cua cac nguyen to chuy0n tie-p cang khong khdc nhau nhigu (hinh 
11.1C). Xu 'Wong nay cling khdc xa cac nguyen to nhom A c6 dO am 
din tang ri5 ret khi ngang qua m6i chu kST, vi du ti chu kY 2 (bang 11.1). 
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— Bai kich thuoc nguyen tit thay d6i it, trong khi khea Wong nguyen tit  
tang deu deu ngang qua m8i chu 14, nen nhin chung kh6i luting rieng 
dia cac nguyen to chuyen tiep tang ding chieu \Ted su tang kh6i Wong 
nguyen tit. Ket qua la, cac nguyen to chuyen tiep d chu kS7 6 nhu 
wonfram, rheni, osmi, iridi, platin va yang c6 kh6i litong rieng lon hdn  
khoang 20 so voi int& va khoang him 2 Pan so yoi chi. 
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Hinh 11.2. Su' bier) ci6i ban kinh nguyen tO (A) va nang lu'dng ion hoa thu nhal (B) 
cOa cac nguyen t6 chuyen tiep ngoai - nguyen to d c5a cac chu kk 4, 5, 6 

3.4. Tinh chdt hod hoc 

3.4.1. Nguyen to chuyin tiep ngodi (nguyen to cl) 

— Ccic trong thcii oxy hoci 

1\46t trong nhang tinh chat hod hoc dac truing dia cac kim loai chuyen 
tiep la c6 nhieu s6 oxy hod. Vi cac electron ns va (n-1)d c6 nang Wong rat gdn 
nhau, cac nguyen to chuyen tiep c6 the dtioc kich thich de mot phan, phan 16n 
hay tat ca electron tren cac phan 16p ay tham gia lien 1CA. Day la diem khac 
biet ro rang y6i cac kim loai d cac nhom A, nhiing nguyen to chi the hien mot 
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hoac hai so oxy hod trong cac hop ch&t. Bang 11.5 cho th"ay so oxy hod en' a cac 
kim loai chuyen tiep chu kY 4. 

Bang 11.5. Cac trang thai oxy hoa va sir chi6m cCi orbital d caa electron 
a cac kim loai chuy6n ti6p chu kY 4 

Trang 
thai oxy 

hod 

III B 

Sc 

IV B 

Ti 

V B 

V 

VI B 

Cr 

VII B 

Mn Fe 

VIII B 

Co Ni 

I B 

Cu 

II B 

Zn 

0 0 0 0 0 0 0 0 0 0 
0 

(d1) 
(d2) (d3) (d5) (d5) (d6) (d7) (d8) On (dui) 

+1 +1 +1 +1 +1 +1 
+1 

(d3) (d5) (d5) (di)  (d8) (e) 

+2 +2 +2 +2 +2 +2 +2 +2 +2 
+2 

(d2) (d3) (d4) (d5) (d6) (d7) (d8) (d9) (d19) 

+3 +3 +3 +3 +3 +3 +3 +3 +3 
+3 

(d°) (0 (d2) (d3) (d4) (d5) (d6) (d7) (d8) 

+4 +4 +4 +4 +4 +4 +4 
+4 

(d°) (d1) (d2) (d3) (d4) (d5) (d6) 

+5 +5 +5 +5 
+5 

(d°) (d1) (d2) (d4) 

+6 +6 +6 
+6 

(d°) (d1) (d2) 

+7 
+7 

(d°) 

S6 oxy hod Ion nhat dia cac nguyen to trong nhom tit IIIB den VIIB bang 
chInh s6 this tit cua nhom. Nhang s6 oxy hod nay the hien khi,nguyen to ket 
hop voi cac phi kim c6 do am Bien 16n nhu oxy hay flo.. Chang han cJ cac 
oxoanion nhu vanadat (V043), dicromat (Cr2072), permanganat (Mn04). 

Cdc .nguyen to trong nh6m VIIIB the hien it mac oxy hod hen, s6 oxy hod 
cao it phO bie‘n va khong bao gia_bang so 	tu 	nhom. Ding là to khong 
the tim duoc so oxy hod +8 cila sat, rat hiem gap se-oxy hod +6. Nhung +2, +3 
la nhang so oxy hod pho2 bie-n cua sat, cobalt; +2 là pho2  bie-n nhal dia nickel, 
cliSng, kern. 
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' Chez s6 oxy hod. +2 ph6 bidn nhgt cho h&u hdt nguyen to chuyen tiep d 
vi cac electron ns2 rgt de tach ra. 

D6ng, bac, yang a nhom IB co It nhidu dac biet. Mac du +1 la s6 oxy hod 
chuan cira d6rig theo au hinh electron [Ail 3d104s1 nhung s6 oxy hod ph6 hien 
nhgt cira no lai la +2. 

S6 oxy hoa cila bac là +1, dung nhtt au hinh electron cila no. Con yang 
thi s6 oxy hod d4c tning va ph6 bidn la +3, kern th6ng dung hdn La +1. 

— Tinh kim 	Nhu . da bidt, tat ca cac nguyen to chuyen tiep ddu la kim 
loai vi ddu có 2 electron, hoac hidm hon có 1 electron a lop ngoai ding. Mai 
chuyen thanh trang thai oxy hod thgp, chang han +2, cac nguyen to 
chuydn tiep the hien tinh kim loai g6.n nlitt cac kim loai trong nhom IIIA, 
IVA, VA, trit cac nguyen to nhom IB \Ta mot se; nguyen to phla duesi cua  
nhom IIB, VIIB, VIIIB. Bang 11.6 la vi du minh boa cho tinh chgt vita neu 
qua the dien cuc chuan cila day nguyen to chuyen tiep chu kST 4. 

Bang 11.6. The cliOn cUc chuan cua cac ion kim foal chuydn tiep thuiic chu Ick 4 

Nira ph6n ang E°  (V) 

Sc3+  (aq) + 3e Sc (r) -2,01 

Ti 2+  (aq) + Ti (r) -1,63 2e 

V2+  (aq) + -1,19 2e V (r) 

Cr 2+  (aq) + Cr (r) -0,91 2e 

Mn 2+  (aq) + Mn (r) -1,18 2e 

Fe 2+  (aq) + 2e Fe (r) -0,44 

Co 2+  (aq) + 2e Co (r) -0,28 

Ni 2+  (aq) + Ni (r) -0,25 2e 

Cu 2+  (aq) + Cu (r) +0,34 2e — 

Zn 2+  (aq) + 2e Zn (r) -0,76 
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Qua bang 11.6 cat the thay khi ngang qua chu kST, do hoat dOng cua cac 
kim loai giam 	Mn, Zn) vi E°  tang clan, nhung chung deu c6 the giai ph6ng 
hydro ra kh6i acid va nude (trii Cu). Tuy nhien, cac kim loaf nay chi phan itng  
vdi nude ming hoac vdi hoi nude, khac vdi cac kim loai nhom IA, IIA phan itng  
vdi nude ngay o nhiet 4 phong. 

Ta bik rang, lien kk ion thuang xay ra \Tad cac s6 oxy hod thap, lien kk 
Ong hod tri thaang ton tai ci cac s6 oxy hod cao hdn +3. BOi vi, d s6 oxy -hoa cao 
cac nguyen tit cal mat do dien tich rat ldn, chting hilt manh cac nguyen tit phi 
kim va lien kk bi phan cult manh ft:6 nen arcing hoa tri. Vi du, d nhiet do  
phOng, TiC12  la hop chat ion ran, trai lai TiC14  la mot chat lOng phan tit. Cling 
VI. 1ST do Wong tut, cac oxyd cat tinh base giam khi s6 oxy hoa tang: TiO la mot 
base trong nat3c, trong khi TiO2  la luring tinh (phan.ang ca \rai acid va kiem). 

- Maw sac vet tet tinh 

+ Hau 11.61 cac hop chat ion ciia kim loai nhom chinh A khong c6 mau vi 
cac ion c6 lop ngoai ding da bao hoa cac phan lop (cat' hinh electron 
cua khi hie-m). Chi •co nhting Wong tit nang lacing rat ldn mad kich 
thich va chuyen &foe electron len cac orbital nang Wong cao, do do ion 
khong hap thu anh sang nhin thay cal nang Wong thap. Nguoc lai, cac 
electron chua lap day phan lop d trong cac ion aim kim loai chuyen 
tiep c6 the hap thu anh sang nhin thay de chuyen tit cac orbital d thap 
len cac orbital d cao hdn mot chat, vi du ; t2g. len eg  trong truang tinh 
the bat dien (xem chuidng 4 - Phae chat va chuong 5 - Cau tao vat the -
Phan clic ion). Day la 1ST do chinh cila hien Wong cac hop chat cua kim 
loai chuyen tiep thu.thng c6 mau sac not bat. Nilo do chiing to de" clang 
hieu daoc cac hop chat cilia Se+, Ti', Zn2+ khong mau vi ion cac kim 
loai nay hoac . khong con orbital d trong nha Zn2+ ([Ar] d10) hoac chi 
town orbital d trong nha Sc3+, Ti4+ (chung cau hinh electron [Ar] d°). 

+ Ti tinh cling pha thuicie vao sit phan 136 electron tren cac orbital. Chat 
thuan tit c6 nguyen tit hoac ion chaa electron ctOc than, bi tit traang 
ngoai hilt. Chat nghich tit chi c6 cac electron da ghop doi, khong quay 
theo tit traang ngoai. 

Phan lon cac ion kim loai nhom A nghich tit bdi clung mot 1ST do nhui tinh 
khong mau: cac electron trorig chung d6u da ghep doi. Trai lai, rat nhieu hop 
chat cua kim loai chuyen tiep thuan tit vi cal electron d dOc than. Chang han, 
MnSO4  la chat thuan tit, nhung CaSO4  lai nghich tit 136i vi, Ca2+ cal cau hinh 
electron cilia argon, trong khi Mn2+ cat cau hinh d5. 

Cac ion co cau hinh electron d°  hoac d°  tat nhien khong hap thu anh 
sang nhin thay nen khong mau, dOng thoi nghich tit. 

- Tao phi& chat. Ion trung tam hay chat tao phuic thuong la cac kim loai 
chuyen tiep, -vi phac chat la loai hop chat dac truing cua chung. Cac 
nguyen tit d va dac biet la cac ion kim loai d c6 dien tich thap de tao 
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thanh phlic chat, vi cac electron hod tri d rat thudn loi cho viec hinh 
thanh lien ke't trong phiic chat. 

Cdc ion kim loai chuyezi tie-p thuOc chu ky 5 va 6 thitang tao pluitc spin 
thap va bgn hcin so yen phlic cua kim loai chuy6n tie-p chu kST 4. BCii vi, cac 
orbital hod tri 4d va 5d c6 khong gian lon hdn 3d, nen cac cap electron tren cac 

	

orbital ay ddy nhau it hdn, nang 	ha thap hdn so vOi tren orbital 3d. 
Theo d6, thong so tach 40 16n hdn, phitc c6 spin thap. Vi du; Co', Rh', Ir' la 3 
ion cira 3 nguyen to ding mot cot tit tren xuo'ng thuOc nh6m VIIIB tao ra 3 ion 
phlic cling loai cau trtic nhung c6 A. lon clan: 

	

[Co(NH3)6]3+ 	[Rh(NH3)6]3' 

(kJ/mol) 	 273,9 394,7 	 490,1 

- Bien d i tinh chdt hoci hoc tit tren xudng trong mot nhom B. Tinh kim 
loai (xu hutting mat electron) tang ddn tit tren xtang trong mot nhom 
A khong diicic suy ra Wong tit cho cac nguyen to' trong mot nh6m B. 
Co the coi nhom VIB la tieu bieu d8 minh hoa tinh chat cho cac nhom 
B (bang 11.7). 

Bang 11.7. Vat tinh chat coa cac nguyen to nhOm VIB 

Nguyen to 
Ban kinh 

nguyen tit (A°) 
E° (V) 

cho M3+ (aq)/M (r) 
The ion hoa 

thir nhit (kJ/mol) 

Cr 1,28 -0,74.  653 

Mo 1,39 -0,20 685 

W 1,39 -0,11 770 

Bang tren cho thay, tit tren xu6ng, hoat tinh hod hoc cua kim loai chuy'en 
ti8p, giarn dan, nguyen to nang hdn kern hoat dOng hon. Si Wong ti v6 kith 
tint& nguyen tit khong nhang gay ra sit gdn nhau trong tinh chat hod hoc, ma 
con the hi8n mot thuc t6: cac nguyen to nay thttang ton tai cling nhau trong tit 
nhien, rat kilo khan a tach bit 

3.4.2. Nguyen to chuye9n tiep trong (nguyen to f) 

- Day lanthanid. Mu6i. bon nguyen to ho lanthan tit ceri (Ce; Z = 58) den 
luteti (Lu; Z = 71) thuOc chu liST 6, nam Oita lanthan (La; Z = 57) va 
hafni (Hf; Z = 72). 

Cdc lanthanid con &toe goi la cac nguyen to dat hiem, nfrung thuc t6 
khong phai tat ca dgu hie'm [ceri la nguyen to c6 ham Wong nhigu this 26 va 
gap 5 Ian so voi chi trong vo trai da]. Chang dgu la nhiing kim loai mau sang 
bac, co nhi8t dO nong chay cao (tit 800°C Mr' 1600°C). Tinh chat hod hoc cfra 
chung khong khac nhau nhigu non rat khO tach West cac hOp chat. 

[Ir(NH3)6]3+  
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Trong 4.1 nhien, cdc nguyen to lanthanid the hien s6 oxy hod +3, rat 
gieing lanthan. Cdc lanthanid có cat' hinh electron [Xe] 4f1'5d°6s2, frit 3 
ngoal le la Ce, Gd, Lu co cdu hinh 5d1  de khi chuyen thanh cdc ion bgn Ce4+ có 
cau hinh trong (f°), Ge có eau hinh nita bao hoa (f) Ira Lu' có cau hinh bao 
hoa (f14). 

[Cd.c nguyen to lanthanid va cdc hdp chat aa chung có rat nhigu ling 
dung quan trong: lam kinh phan quang; chat gift mau trong Ong truygn quang 
cua TV; camera khlic x4 dnh sang manh; lam chat nhiem tit (hop kim SmCo5). 
Hai nganh cong nghiep sit dung toi 60% Wong ddt hiem khai that &toe la 
nganh ddu khi (lam 	tdc cracking cdc hydrocarbon) va nganh cong nghiep 
luyen the') (de tach carbon khOi sat, the') nong chdy)]. 

Day actinid. 14 nguyen to phong xa ho actini tit thori (Th; Z = 90) den 
lawrenci (Lr; Z = 103) thue'c chu kST 7, nam gifia actini (Ac; Z = 89) va 
rutherford (Rf; Z = 104). Chi 2 nguyen to ddu day la thori va uran ton  
tai trong tlt nhien, nhiing nguyen to cif) Z lon hdn 92 dgu ditoc tang 
hdp nhan tao. Cdc nguyen to dgu có mau sang bac; cdc hdp chat có 

5f1-146do(1)-s2 mau sac dep. Cu hinh electron [Rn] 	 có nhigu ngoai le 
hdn so vdi cac lanthanid. S6 oxy hod ph6 bign van la +3, rieng uran 
có s6 oxy hod +6 bgn hdn +3, bed vay UO3  la oxyd 016 bien nhat cua  
uran trong thien nhien. 

[Cdc actinid ditoc ling dung trong ky thuat hat nhan. Mu6i cita acid 
uranic H2U04  va diuranic H2U207  &toe sit dung trong the tao thug tinh phat 
huSTrih quang mau yang luc, lam thu6c this dinh tinh ion Na]. 
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MUC TIEU 

Tit ddc tinh nguyen 	t 
hod clic" nguyen to H. 

Chticing 12 

HYDROGEN 

1. DAC TINH NGUYEN It VA VAT LY 

Hydrogen, cung goi hydro, la nguyen to don gian nhat. MOt nguyen tii  
hydro g6m 1 hat nhan tich dien diking dtfoc bao quanh bai 1 electron 
duy nhat. Chinh vi c6 cau true don gian nhti vay ma hydro tra thanh 
nguyen to nhigu nhat trong vu tru (- 90% CI clang nguyen tii H). Trong 
mat troi, cac hat nhan. H ket hop vol. nhau tao thanh hat nhan He va 
giai phong nang hiring cung cap cho Trai dat. MOt Wong nhO hydro ton 
tai tu do (H2) trong tu nhien teen trai dat, con hat' het ket hop vol. oxy 
tao thanh nuoc. Hydro c6 3 dOng vi va tY)  le khei Wong nhti sau: 

H hay P (proti) bgn 21 H hay D (deutri) bgn 	31 H hay T (triti) phong x4 

(P = 1,00785) 	(D = 2,0142) 	 (T = 3,0162) 

P : D : T = 99,984% : 0,016% : -10-7% 

- O digu kien thUang, hydro (H2) la chat khi khong mau, khong 
khong vi, nhe nhat so veil moi khi khac nen khuech tan nhanh nhat (co 
the khuech tan qua kim loai) va da'n nhiet tot. 

Hydro rat it tan trong nit& va trong cac dung mei hi u cd. 1 lit nil& chi hoa 
tan &toe 19mL khi H2 6 15°C va 1 atm. Trai lai, hydro tan tot trong mot se kim 
loai. Chang han, mot the tich Pd hoa tan 1000 the tich H2 6 digu kien thtiong. 

- Nhung dac tinh nguyen tii va vat ly quan trong nhat cua nguyen to 
hydro ghi 6 bang 13.2. 

2. TINH CHAT HOA HOC 

Hydro khong c6 vi tri hoan than phii hop trong Bang tun hoan. 
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+ N6 c6 thg d nhom IA vi co 1 electron hod tri va d trang thai oxy hod +1. 
Tuy nhien, khong giOng nhu kim loci kigm, hydro c6 thg de Chia se 
electron dia no hon la cho di. Phil hop vOi dac tinh do, hydro c6 nang 
Wong ion hod cao hon nhigu, gap -2,5 lan so voi lithi la kim loai c6 
nang Wong ion hod cao nhat trong nhom IA, va no cling c6 dO am lien 
cao hdn (XH  = 2,1 ; XL, = 0,98). 

+ Hydro cling c6 thg phil hop 6 nhom VIIA vi giOng nhu cdc halogen, no 
la chat khi phan tii.gOm 2 nguyen 	la phi kim; lam day lop electron 
ngoal bang cach dung chung hay thu nhan them 1 electron tif kim loai 
de tao thanh anion dan nguyen tic' goi la ion hydrid (TT). Tuy nhien, 
hydro c6 dO am dign thap hon bat kST halogen nao va thigu 3 cap 
electron hod tri. Mat khdc, ion 11-  higm gap va c6 boat tinh khong 
giOng cdc ion halogenid (cling goi la halid : F-, 	Br-, I-) phO bign va 
on dinh. 

• Dac diem duy nhat dia hydro la kith thttoc be nhO cila no. Electron hod 
tri rat gan hat nhan ma khong c6 lop electron trong than siic but cua din tich 
duong, do do nang Wong ion hod rat cao va dO am din lai thap so voi cdc phi 
kim vi chi co 1 proton dg hap dan (hut) electron gan them vao. 

Trong chtiong 5, to da xet dgn lien kgt hydro va vai tro rat quan trong 
cila no. g day dg cap dgn cdc tinh chat va hop chat hod hoc khac cila hydro. 

2.1. Nang liking lien kgt the hien qua phan ling phan huY 

H2  (k) -> 2H (k) a = 432 kJ/mol 

O 1 atm va 2000K ski phan huY' dat 0,1%, con 6 5000K dat 95%. Do tinh 
bgn voi nhigt nen hydro it hoat dOng 6 nhigt dO thuang, trii khi c6 xuc tdc. 

2.2. Tinh khii the hien qua cac phan iYng 

- 6 nhigt dO cao, hydro chigm oxy cua nhigu hop chat: 

H2  (k) + CuO (r) -> H2O (k) + Cu (r) 

[Van dung a ch6 t40 mot sec kim loai Cu, Mo, W...] 

2H2 (k).  + 02  (k) -> 2H20 (k) 

[Van dung de lam den ban 2600°C] 

- Voi cdc phi kim: 

H2  (k) + C12  (k) -> 2HC1 (k) 

[Van dung digu chg acid hydrocloric] 

3H2  (k) + N2  (k) -> 2NH3  

[V4n dung trong tong hop amoniac] 
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- Hydro mai sinh là chat khi manh: 

Zn + H2SO4  -> 2H + ZnSO4 	(trong dung dich) 
5H + 3H+ + Mn04 -> Mn2+ + 4H20 (trong dung dich) 

H mai sinh con khit duoc SO2  -> H2S (trong moi trang acid); NO2-, NO3-
-> NH3  (trong m6i trang kigm). Cac phan ling nay khong thuc hien duoc \Ted 
hydro phan tit (H2) vi lien kgt H-H bgn. 

2.3. Tinh oxy hoa the hilen qua s4 tao thanh cac hydrid 

- V6i nhcing kim loaf rat hot ctQng d nhom IA, IIA thi hydrid la nhii'ng 
hyp chat ion, giong mu6i. Vi du: 

2Li (r) + H2  (k) 	2LiH (r) 

lithi hydrid 

Ca (r) + H2  (k) -> CaH2  (r) 

calci hydrid 

Trong mkt, H la mot base manh phan Ung v6i H +  ciia H2O tao ra H2  va OH : 

NaH (r) + H2O (1) -> Na+ (aq) + OH-  (aq) + H2  (k) 

Ion hydrid H la chat khit manh: 

TiC14  (1) + 4LiH (r) -> Ti (r) + 4LiC1 (r) + 2H2  (k) 

- V6i cac phi kim, hydrid tao thanh let nhi-ing hop chilt ddng hoci tri, nhu 
CH4, H3N, H2O, HF, do la nhung chat kill, phan tit nhO. Nhting hydrid 
cua bor va carbon la long hay ran Om cac phan tit 16n. 

Trong hau h.& cac hydrid dgng hod tri, hydro có so oxy hod +1 vi cac phi 
kim thtiang có d6 am dien len han, ltIc nay ten goi hydrid khong con dung nib.. 

- Hydrid kim loai (hop chat din ke) tao thanh khi hydro xam nhap vao 
cac 16 h6ng trong cau trtic tinh the kim loai cUa nhigu nguyen to chuyen 
tigp d hay f. Cac hydrid nay khong có cong thitc hop thitc vi kim loaf có 
the kgt hop \Ted nhfing kho'i Wong hydro khac nhau. Chang han, TiH 1 _7  . 
Trong thuc t6, hydrid kim loai chicle xem nhit cac dung dich ran. 

3. "ONG DUNG 

Trong cong nghiep, hydro thioc dung de tong hOp amoniac. Ngoai ra, no 
con thioc dung trong chg hod dau mO (chuyen lttu huSinh trong cac hop chat 
hiiu co thanh H2S); trong tong hop metanol, aldehyd, aceton tit olefin; hydro 
hoa cac chat htiu co chua no; digu chg H202  theo phitong phap antraquinon; 
dieu chg kim loai tit cac oxyd; lam den xi nhiet do cao; lam nhien 
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go nguyen tz9/ vet tinh chat dm ego nguyen to 1. Trinh bay su' lien quan gia'a au 
IA, IB. 

2. Ke' ra nhiing ii'ng dung chInh dux ccic hop chat ezict Li, Na, K, Cu vet Ag trong 
Y - Thick. 

Chtidng 13 

NGUYEN TO NHOM I 

1. NHOM IA (KIM LORI KIEM): Li - Na - K - Rb - Cs - Fr 

Day là nhom nguyen to dau tien cila Bang tuan hohn duoc dat ten theo 
tinh chat kim cUa cac oxyd khi tac dung veil nude. Nhom IA, khong ke 
hydro, la vi du hoax]. hao 176 mot xu huOn.g bign d6i tinh chat dgu dan, khong 
c6 ngoai 

1.1. Trang thai thien nhien. Che tao va ung dung cua dun chA 

Do hoat &Ong hoa hoc manh nen cac kim loaf kigm trong thien nhien chi 
gap d dang hop chat. 

Bang 13.1. Nguon thien nhiOn, ch6 tao va Ong dung cOa kim loci nhOm IA 

Nguyen 
to 

Ngu6n thien nhien chi y'eu Ch6tao nguyen t6 (frig dung ciaa don 
chgt 

Lithi 

Natri 

Kali 	. 

Rubidi 

Cesi 

Franci 

Khoang alumino silicat, nhit spodumen 
[LiAI(Si206)] 

NaCI trong nu'Oc bin (3%); mu6i mO 
(NaCI); Salpet (NaNO3) 

KCI trong nu6c bign, trong quang , 
cacnalit KCI.MgCl2.6H20); mu6i mo 
(KCI)  

Lu'ong nh6 trong qu5ng caa lithi 

Lu'ong nh6 trong quang lithi; 
Cs4A14S19026.H20 

Vet trong chu6i ph6n (mg phong xa 235U 

Luyen the va dien 
ph5n LiCI nong chAy 

Dien ph5n NaCI 
nong chAy 

Dung Na khd KCI 
ch6y !Ong 6 850°C 

Dung Ca khir RbCI
chAy long  

DOng Ca khif CsCI 
chay long 

Hop kim yell Mg, Al . 
cho cac tau khong 
gian; acqui xe Ord 

Tac nh5n khd the 
tao Ti, Zr... 

Tac nhan khi; the 
tao K02  

Tac nhan khi( 

Tac nh5n khd 
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Chu 51: Can bang Na (1) + K+ (1)*-7. Na+ (1) + K (k) 850°C (cao hon nhit 
d6 soi dia kali) chuyL manh sang phai. Do do Na khit colic K+. Cc ch6 tiidng 
tt cang giai thich cho phan -tang khi'l dia Ca d6i voi Rb+ va Cs+. 

1.2. Nhfing dac tinh nguyen tip va vat 1Y chi]. ygu 

Bang 13.2. NhCMg ciac tinh nguyen tU va vet ly cho ye.0 
ctia nguyen to nhOm IA: cac kim loci kgm 

Nhorn IA ng
T
u
6
y
n
en 

to 

Ban 
kinh 

nguyen 
tu (A°) 

Ban 
kinh 
ion 
(A°) 

Nang 
lacing 

ion hod 
tha 

nhat 
(eV) 

D6 am 
dien 

(thang 
Pauling) 

Kh6i 
loping 
Hong 

(g/cm3) 
(°C)  

Nhiet 
do 

ming 
chay 

Nhret 
d6 sal 

(°C) 

% trong 
vo qua 

&it 

1 
H Nhe hon 

1,008 
1s1 

Hydro 0,37 1
'
36 

(-1) 13,527 2,1 khong khi 
-14,5 In 

-259 -253 0,127 

(-1,+1) 	 
3 

Li ,60 
6,941 Lithi 1,52 

(+1) 
5,39 0,98 0,53 181 1347 6,5.10-s  

2s1  
(+1)  

11 

Na ,95 
22,99 Natri 1,86 

(+1) 
5,14 0,93 0,96 98 881 2,8 

3s1  
(+1)  
19 

K 1,33 
39,10 Kali 2,31 

(+1) 
4,34 0,82 0,85 83 766 2,6 

4s' 
(+1)  F 	  

37 

Rb 1,48 
85,47 Rubidi 2,44 

(+1) 
4,18 0,79  1,53 39 688 3,1.10-2  

5s1  
(+1)  
55 

CS 1,69 - 
132,91 

6s1  

Cesi 2,62 
() 

3,89 0,70 1,90 28 705 7,0.10-4  

(±1) 	 
87 i (0 

Fr 1,76 
223 Franci - 

(+1) - - - - - 
7s' 

(+1) 
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Chi dan: 
KS/ hieu 
nguyen tir 

3 

Li 
6,941 

2s' 	 
(+1) 	 

S6 hieu nguyen tit (Z) 

Kh6i luong nguyen tir 
Cau hinh electron hod tri 
S6 oxy hod ph6 bien 

1.3. Cac phan itng chinh ygu. MOt s6 hcip chgt thong clung 

— Tinh khit cua kim loci kim (E) the hien trong cac phan iing tit 1/ den 
4/. Nhiing phan ling thttang gap trong iing dung cac hOp chat cita 
nguyen to IA dtioc chi ra tit 5/ den 7/ va ii 8/ la vai phan itng Binh tinh 
thttan.g gap. 

// Kl-tet H trong nit& tit +1 vg 0: 

2E (r) + 2H20 (1) —> 2E+ (aq) + 20H-  (aq) + H2 (k) 

Phan iing manh hcin d6i vdi kim loci tang d phia dudi cita nhom, vi nhu 
doi vOi. Rb va Cs la phan iing no. 

21 Khet Oxy tao ra cac loci oxyd: 

4Li (r) + 02  (k) —> 2Li20 (r) 

Lithi oxyd 

2Na (r) + 02  (k) —> Na202  (r) 

Natri peroxyd 

K (r) + 02  (k) —> 	KO2  (r) 	(Mang tit cho Rb, Cs) 

Kali superoxyd 

[Trong cac he th6ng kin (thigt bi Ian, tau ngdm), KO2  chicle sit dung de)  
hilt CO2  do nguai. the; ra va gidi phong oxy cung cap cho ho hap: 

4K02  (r) + 2CO2  (k) ----> 2K2CO3  (r) + 302  (k) 

31 Khei hydro tao ra cac muol hydrid la cac hop chat ion: 

2E (r) + H2  (k) —› 2EH (r) 

[NaH la nguyen lieu tong nghiep va la tac nhan khit de the tao cac chat 
khit khac, vi du NaBH4] • 	 4,4 

4/ Khet cac halogen tao ra cac muoi halogenid (haSi balid) la cac hop chat 
ion: 

2E (r) + X2 	2EX (r) 	(X = F-, C1-, Br-, n 
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5/ Natri clorid (NaC1) la nguyen lieu quan trong nhat cho: 

a/ San xuat natri kim loai nh6 dien phan NaC1 ming chay: 

dien phan 
2NaC1 (1) 	> 	2Na (1) + C12  (k) 

b/ San xuat )(lit nho dien phan dung dich NaCl: 

2NaC1 (aq) + 2H20 (1) —> 2NaOH (aq) + H2 (k) + C12  (k) 

c/ San xuat 2 san pham thong dung la HC1 va Na2SO4  nh6 phan ling voi 
acid sulfuric: 

2NaC1 (r) + H2SO4  (aq) —> Na2SO4  (aq) + HC1 (k) 

[Na2SO 4  dung cho ding nghiep giay; HC1 dung trong san xuat thep, 
hang det va thiic pham]. 

6/Natri hydroxyd dung the tao cac dung dich t63T trang, vi du milk Javen: 

2NaOH (aq) + C12  (k) --> NaC1O (aq) + NaC1 (aq) + H2O (1) 

Na hypoclorit 

7/ Ion Na + trong nhu'a cationit (Na2Z) trao doi voi cac ion dm rni6c cling 
trong qua trinh lam mem nuoc: 

M2+ (aq) + Na2Z (r) —> MZ (r) + 2Na+ (aq) 

(M2+ = Mg2+, Ca2+ ; Z = nhiia) 

8/ De' nhcin biet cac cation kim loci kie'm (E+) ngiidi to thuang tien hanh: 

at Ket hop E+ vdi mot anion ldn de tao ra muoi hoac muoi kep ket dm. Cac 
anion lOn thuong la perclorat C104; kern uranyl acetat Zn(UO2)3(CH3C00)9; 
hexanitrito cobaltat (III) [Co(NO2)8]3-. VI du, 

Dinh tinh Na+: 

Na+ (aq) + Zn(UO2)3(CH3C00)8  (aq) + CH3COOH (aq) —> 

NaZn(UO2)3(CH3C00)9  (r) + H+ (aq) 

Tua tinh the mau yang luc (hinh nhan) 

Dinh tinh K ±  : 

2K+ (aq) + Na3[Co(NO2)6] (aq) —> K2Na[Co(NO2)6] (r) +- 2NaC1 (aq) 

TUa mau yang 

b/ Do khoang cach cac lop nang Wong la khac nhau doi voi moi kim loai kiem 
nen nguyen to hay muoi cua chting c6 nhang mau dac trting trong ngon 

Lithi (mau d6); natri (mau yang); kali (mau Um); rubidi (Um hang); cesi 
(xanh da trai). 
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- Nhcing hop chat thong dung: 

1/ Lithi clorid (LiC1) va lithi bromid (LiBr). Vi ion Li +  nh6, cac mu6i nay 
co ai lttc manh veil H2O va AHhoa tan > 0 nen chUng ditoc dUng trong cac may but 
am va may lam lanh khong khi. 

2/ Natri clorid (NaC1). Nhieu trieu tan fittoc sit dung hang nam de san. 
xu'at Na; NaOH; Na2CO3  (soda); NaHCO3; Na2SO4; HCl va mu6i an tinh khiet. 

3/ Natri carbonat (Na2CO3) va natri bicarbonat (NaHCO3). 

Carbonat dung cho cong nghiep thug tinh. Bicarbonat de tach CO2  6 
nhiet do thap (50 den 100°C) dung lam bet nO hoac thiet bi ch6ng chay. 

4/ Natri hydroxyd (NaOH). Nguyen lieu quan trong nhat de the tao cac 
chat tay riia, cac mu6i natri phosphat va cac alcol. 

5/ Kali nitrat (KNO3). Tac nhan oxy hod manh duoc dung lam thu6c no, 
phao hoa. 

1.4. Lien quan giiia cgu tao va tinh chgt 

Muc 1.2 va. 1.3 data ra mot tang quan vg tinh chat cila met nhom nguyen 
to chinh dien hinh.- nhom IA. Viec liet ke nhu vay gidp minh hoa cho nhung 
nhan xet chung va thao luan ditch day. 

- Tai sao kim loai kiem mem, do chay thap va nhe? 

Khong giOng cac kim loai khac, kim loaf kiem kha mem (Na nhu mi6ng 
bo lanh; K co the vat nhit slat set). Nhu thay a bang 9, kim loaf kiem c6 
nhiet de nong chay, nhiet do soi thap hdn so vdi bat kST nhom kim loci nao 
khac. Ngoai frit Li, chting deu c6 nhiet do nong chay thap hcin diem soi cua  
intoc. Cs nong chay 6 nhiet de chi cao hcin nhiet de phong vai de. Chung c6 
kh6i luting rieng nhO hcin hau het cac kim loai khac, c6 the not tren mat 
nude (frit Cs, Rb). 

Nhung tinh chat vat 1ST khong binh thuOng nay la do cau hinh electron 
nsl . Chi c6 1 electron danh cho lien ket kim loai, dam may electron khong 
dinh xii va phan loi nguyen tit c6 luc hap dki yeu. Dieu do c6 nghia la cdu 
trite tinh the kim loai kiem de clang bi phci vd, tao ra the' chat mem va die'm 
nong chay thap. 

Cac nguyen to nay cling c45 kh6i luting mol thap va ban kinh lai 16n nhat 
trong chu kST china chUng nen khol luting rieng vi the nh6. 

- Tai sao kim loai kiem rat hoat deng? 

Kim loai kiem cue kST hoat deng (nhiing chat khit manh) nen he qua la 
trong tai nhien chi tim thay  chung duoi clang cation +1. Nhii da neu phia tren, 
chung phan uing manh v6i nude, tharn chi no. Khi tiep xtic vdi oxy khong khi, 

262 



chUng bi and di nhanh thong. VI nhang le d6, trong phong thi nghiem, Na va K 
duoc gift trong dau khoang (chat long tro); Rb va Cs bao quan trong bao khi 
tro argon. Chung ket hdp veil halogen, giai phong nhi6u nhiet va tao ra chat 
ran ion. 

Cau hinh nsl  chAng nhung la co so giai thich cho cac tinh chat vat 1ST ma 
con la nguyen nhan cua cac tinh chat hod hoc: 

11 Nhiet nguyen tit hod AH a  (nang Wong can thiet de chuyen 1 mol chat 
ran thanh nguyen tit clang khi) thdp, plra hop voi diem nong chay va diem sOi 
thap, vi lien ket kim loci yeu. 

2/ Nang lu'o'ng ion hod I nh6 va mat d6 dien tich cda ion cao. I nh6 la 
di:6u de hi4u, vi mot electron duy nhat lop ngoai ding xa hat nhan c1.6 tdch ra 
de fret ve lop loi giong khi tro. Dang chu Sr la khi bi Mat electron, kith thuOc 
nguyentif giam manh: the tich ion Li + chi con bang 13% the tich nguyen tit Li. 
VI vay, cac ion AP c6 khong gian nhO va mat do dien tich ldn. 

. 31 Nang lu'o'ng mang tinh the' cao, vi cac cation nh6 E do the tOi gan  
anion va giai phong Wong lOn nang Wong khi tao thanh tinh the voi cau true 
chat ch.& (Chu ST la nang hldng mang tinh the se giam khi cation lOn len). 

4/ Mac dU nal* hldng lien ket ion trong chat ran lon, heiu nhu tat ca cac 
mudi cda nguyen to IA deu tan trong nu'ac.1\11# d6 Chen tich cao cua E but 
manh cac phan 	dan den nhiet hydrat hod (AHhydrat) giai phong lon 
dung cho phd vd mang tinh the, va ding voi xu hang tang entropy, qud trinh 
hoa tan xay ra thuan loi. He qua clang clul ST la, nhieng ion nh6 ho'n tao thanh 
nhiing ion hydrat 16'n ho'n. Vi vay, Li+ (aq) > Cs+ (aq). Kich tint& cac ion hydrat 
c6 anh IniOng dac biet den chile nang than kinh, than va tat ca cac mang to bao, 
bai vi d6 lOn cUa Na+ (aq) va 	(aq), nhang cation phO Wen nhat trong dich co 
the, anh huOng den sit di chuyen cua chUng trong va ngoai t6 bao: Na+ (aq) 16n 
hon 6 dich 'ngoai to bhp, trong khi 	(aq) nh6 hon dich not bao. 

— Vi sao hau het cac muoi don gian cUa kim loci kim khong. mau? Cdc 
ion kim loci kim mang 16i nguyen tit caa khi tro c6 8 electron lop ngoai 
kho bi phan cite nen ban than cac ion d6 khong mau. Chung cling gay 
phan cite rat kern len cac anion nen cac hop chat don gian cua chUng 
kh6ng the phdt sinh mau 	cac hop chat phlic tap, neu c6 mau thi 
d6 la mau rieng cila anion dem va.o hdp chat (xem chtiong 5). 

— Tinh chat bat thuOng cua lithi 

Nhu da luu y khi xet bang 3, nguyen to chu kY 2 khong hohn toan dai 
dien cho nh6m cua no. Vi the Li co mot so tinh chat hod hoc va d6 tan khong 
dien hinh theo nhom IA. NO la nguyen to duy nhat tao oxyd va nitrid don gian 
(Li20 va Li3N) khi phan -Cing vdi 02  va N2 trong khong khi. Chi c.6 Li tao thanh 
hop chat &Ong hod tri voi hydrocarbon khi phan itng ye:1i cac halogenid hifu co: 
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2Li (r) + CH3CH2C1 (k) —> CH3CH2Li (r) + LiC1 (r) 

Cac hop chat lithi lifiu co la nhiing chat ran c6 dO no/1g chay thap hay 
nhiing chat lOng hoa tan trong dung moi khong phan cuc vi lien ket C8(-) —Li8(+)  
chi la d8ng hod tri phan cuc. Chung la nhung chat quan trong de tang hop cac 
hop chat hilu co. 

Nhieu mu6i cila Li c6 lien ket d8ng hod tri trong phan tii vi Li+  c6 mat dO 
dien tich cao lam bien dang cac dam may electron a ga.n. Vi the, LiC1, LiBr, LiI 
tan rat nhieu trong dung moi him co  (rani ethanol, aceton) hon la cac 
halogenid cua Na va K. 

Gang vi mat dO dien tich cao caa Li+ nen cac hop chat ion cila no c6 nang 
Wong mang tinh the 16n, dan den cac fluorid, carbonat, hydroxyd va phosphat 
cila Li tan trong ntidc kem hon nhieu so voi cac mu6i nay cua Na va K. 

Vdi nhfing tinh chat ngoai le tren, Li giong Mg va mot phan gi6n.g Ca hon 
la Na (quy luat gieing nhau theo duang cheo trong Bang tuan hoan). 

1.5. Vai tro va itng dung trong Y - Dtidc. Doc tinh 

Lithi carbonat, Li2CO3  = 73,89, dung lam thu6c ch6ng loan tam than. 
Dieu tri va phong benh hung cam - tram cam. Trong dieu tri, phai giam 
sat chat the niing do) Li trong mau vi cation Li+ c6 dOc tinh. 

Lithi citrat cling da du'o'c ghi trong Du'o'c dien My. 

Natri clorid, NaCl = 58,44, lam thu6c cung cap chat dien giai. Dung 
dich NaC1 gan gigng dich ngoai bao cua co the hon là dung dich cac 
mu6i khac, vi hon 90% cation dich ngoai bao la Na+ (aq) va hon 60% 
anion dich ngoai bao la Cl (aq). SU dung dung dich NaC1 0,9% dang 
trucing vdi dich dia co the de tiem truye'n tinh mach, cung cap 136 sung 
nudc va chat dien giai trong cac fro:mg hop is chay, sot cao, sau pilau 
thuat, mat mau va cac truang hop mat nuoc khdc. Dung dich NaC1 0,9% 
con clang ngoai de tuoi, rita, thut cac mo bi ton thifong. 

Na+ thtiOng là cation &foe 	chon de toi Liu hod tac dung duoc hoc cila 
cac thu6c hitu co, nhu Na-phenobarbital (thu6c an than, gay ngU, gian co); Na-
sulfamid (thu6c khang khuan). 

Tuy nhien, do khuynh huong giii nu6c trong mo gay phu nen cac mu6i 
Na÷ can duoc sii dung than trong trong dieu tri cac benh tim mach va than. 

Kali clorid, KC1 = 74,6, chat dien giai dung dieu tri giam kali mau. K+ 
chu yeu t3 trong -t6 bao de duy tri ang dO clang trtiong va tham gia he  
thong dem dieu hoa pH ben trong -C6 bao. Su chenh le, ch n8ng dO K.+  
trong va ngoai to bao khi d6i ch8 cho Na+ qua cac kenh ion tao ra dan 
truye'n xung dOng than kinh 6 cac mo tim, n.do, co xticing. Khi kali mau 
giam, xuat hien trieu chi:mg met moi, yeu hoac liet co, r6i loan co b6p 
tim... Tuy nhien, n6u thila kali lai c6 the gay bien loan cii Ong, me 
man, thay d6i nhip tim, ngUng tim. 
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Rubidi va cesi cho den nay chtia c6 ling dung trong Y -6c, mac du 
cation Rb+ có tinh chgt rat giong 

2. NHOM IB: Cu - Ag - Au 

2.1. Trang thai thien nhien 

Do'ng trong thien nhien pho bie'n him bac va yang. 'No ton tai chit yeu 
da6i dang sulfid: Cu2S, CuS, CuFeS2; it hdn la clang oxyd ho4c carbonat: Cu20, 
CuCO3, Cu(OH)2  hoac tti do (Cu). 

Bac thaang 6 dang sulfid Ag2S ho4c tti do (Ag). 

Vang ton tai chit ye'u dtioi dang tti do (Au) thanh nhung hat Ian trong da 
thach anh, cat hoac Ian vdi qu4ng demg, bac. 

Cac nguyen to IB dtidc bie't tii thai Co dai vi chang ton tai tti do, d6 thu 
&foe ti qu4ng. 

2.2. Nhiing dac tinh nguyen tit va vat ly chit ye'u 

Bing 13.3 Nhiing dac tinh nguyen tit va vat It' ciaa nguyen t6 nhom IB 

• 

NhOrn 
IB 

Ten 
nguyen to 

Ban 
kinh 

nguyen 
tit (A°) 

Ban 
kinh 
ion 
(A°) 

Nang 
luc;ing ion 
hoa tha 

nha't (eV) 

D6 am 
dien 

(thang 
Pauling) 

Kh6i 
luting 
Hong 

(g/cm3) 

Nhiet 
 

d6 
nong 
chili 
(°C) 

Nhiet 
d6 ski' 

(°C) 

% 
trong 

v6 
qua 
dit 

29 

Cu 
63,54 

3d1°4s1 

(+1,+2) 

47 

Ag 
107,87 

4d1°5s1 

(+1, +2) 

79 

Au 
196,97 

5d1°6s1 

(+1, +3) 

D eing 

(cuprum) 

Bac 

(argentum) 

yang 

(aurum) 

1,28 

1,44 

1,44 

0,96 

(+1)  

0,72 

(+2)  

1,26 

(+1)  

0,89 

(+2)  

1,37 

(+1) 

0,99 

(+3)  

7,724 

7,574 

9,223 

1,90 

1,93 

2,54 

8,96 

10,50 

19,32 

1083 

960,5 

1063,4 

2567 

2167 

2880 

10-4  

10-9  

10-9  

265 



Nhang dac diem call tao va tinh chat: 

1/ Cac nguyen to nhom IB deu c6 hien tliOng vOi bdo hod phan ldp d phia 
trong theznh (n-1)cl10  nen 16p ngoai ding con ns1  gieing cac kim loai kiem. 
Chung deu c6 chung cau hinh (n-1)ensi. 

2/ Tuy nhien, tinh chat cila deng, bac, yang khac xa so v6i kim loai kiem 
vi ban.kinh nguyen tii cua chung nhO hdn nhieu. Theo do, tinh chat kim loai 
did nguyen to IB rat yeu so \Ted nguyen to IA, Can den tinh ion trong lien /Mt 
clict cac hop chat ddng, bac, yang nh6 ho'n 

3/ Cac nguyen tii kim loai kiem khi mat electron ns' ngoai ding thi con 
lai vO nguyen tit kill hiem rat ben, nen chting killing the c6 so oxy hod 16n hdn 
+1. Ngitoc lai, 6 ion' cilia cac kim loai IB c6 phan 16p (n-1)d1°  It ben hdn nen 
chung c6 the c6 se oxy hoa cao hdn +1 nhit +2, +3. Nint vdy, ding voi by 
lanthan va ho actini d nhom IIIB, cac nguyen to IB c6 so-  oxy hoa cao nhat 16n 
hdn se; this tai cua nhom. Thrqc to so oxy hod ben nhat dia. bac let +1, cila ddng 
let +2 va ciia yang la +3. 

Chu 51: vi tinh kim loai yeu nen tat ca trang thai oxy hod ditOng deu 
khong ben, de chuyen ve trang thai oxy hoa khong (Cu°, Ag°, Au°). 

4/ Cac kim loai IB c6 mau rieng: Ag (mau trang), Cu (mau dO) va Au 
(mau yang choi). Cac hdp chat, nhat la a so oxy hoa cao deu c6 mau. Ski phat 
sinh mau sac lien quan den phan 16p electron d con orbital chtia lap day ma 
cac nguyen to nay hoac ion cilia chung c6. 

5/ DOng, bac, yang có the tao nhieu phut chat voi vai tro la ion trung tam. 

2.3. Nhang phan ifng va hdp chat thiiCing gap 

1/ Ddng có oxy hoci +2 ddc tru'ng hdn +1 

- Oxyd: 

4CuO (r) -> 2Cu2O (r) + 02  (k) 

Deng (II) oxyd acing (I) oxyd 

den 	 de) 

CuO (r) + 2HC1 (aq) --> CuC12  (aq) + H2O 

CuO (r) + 4NH3  (aq) + H2O -> [Cu(NH3)4] (OH)2  (aq) 

DOng (II) tetraamino hydroxyd, xanh chain 

3CuO (r) + 2FeC12  (aq) -> 2CuCl (r) + CuC12  (aq) + Fe203  (r) 
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Hydroxyd: dOng (II) hydroxyd mau xanh, khong tan trong nctctc, nhung 
de tan trong acid, trong kiern ddc va trong dung dich amoniac: 

	

Cu(OH)2  (r) 	142SO4  (aq) -> CuSO4  (aq) + 2H20 

Cu(OH)2  (r) + 2NaOH (aq) --> Na2[Cu(OH)4] (aq) 

Cu(OH)2  (r) + 4NH3  (aq) -> [Cu(NH3)4](OH)2  (aq) 

- Muoi, plific chat: 

Ion Cu' trong dung dich nuoc có mau xanh lam ddc trung cila ion hydrat 
[Cu(H20)4]2+. Ion nay van ton tai trong mu6i ke't tinh, thong dung nhat la 
CuSO4.5H20 = [Cu(H20)4] [SO4.H20] mau xanh. 

Noi chung, cac mu6i dOng (II) ngdm Int& có mau xanh; khi nung nong de  
loai het ntioc ke't tinh muoi tra nen khong mau, vi du CuSO4  khan mau trAng. 

Ion Cu 2+  có tinh oxy hod, có the bi khi den Cu+, Cu': 

Cu' (aq) + Fe (r) -p Cu (r) + Fe' (aq) 

2Cu' (aq) + 	(aq) -> 2CuI (r) + 12  (aq) 

Xanh 	Khong mau 	Trdng 	Vang 

2Cu' (aq) + 4CN-  (aq) -> 2CuCN (r) + (CN)2  (k) 

Trang 

Ion Cu2+ la chat tao phiic manh. Do hieu tiing Jahn-Teller (xem cluidng 
4), trong dung dich int& ion Cu' tao ra cdc phiic có s6 ph6i tri 4 nhii 
[Cu(H20)4]2+  xanh lam, [Cu(NH3)4]2+  xanh cham, [Cu(etylendiamin)2]2+ xanh 
cham dam. 

21 Bac c6 so oxy hod dd c tru'ng +1 

- Oxyd: 

t" cao 

	

2Ag20 	 4Ag + 02  

mau nau den 

- Hydroxyd: AgOH khong tach ra dtioc d dang tu do vi ngay khi hinh 
thanh da phan huY: 

2Ag+ (aq) + 2011-  (aq) -> 2AgOH (r) -> Ag20 (r) + H2O 

Ag20 tan It nhung tdc dung mot phAn vdi nuoc tao dung dich có tinh kiem: 

Ag20 (r) + H2O 42-• 2AgOH -> 2Ag+ (aq) + 201-1-  (aq) 
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- Mu6i, phiic chdt: 

+ Mu6i thong dung va quan trong nlidt la bac nitrat (AgNO3); tinh the 
khong mau; de tan trong nude, ruou metylic, rUdu etylic, ete, aceton, 
pyridin. Hdu het cdc mu6i. cua Ag+ khong tan trong 	(frit AgNO3, 
AgC103, AgF). 

• Cdc mu6i Ag+ có tinh oxy hod, nhdn electron chuyen ve Ag°: 

2AgBr 
	hv 	

2Ag + Br2  

(Do bi phan huY bOi anh sang, trii anh sang 61, nen bac bromid chtoc 
clang trong nhiep anh). 

2AgNO3 
	300°C 	

2Ag + 2NO2  + 02  

Phan ling ngay ca voi cac chdt khif ygu hi u cd nInt aldehyd, glucose: 

2 [Ag(NH3)2]0H + `R.-Ceti 	2Ag + 	-0H + 4NH3  + H2O 
° 

(Phan ling nay trong cong nghiap thuOng dfing glucose de trd.n.g bac lam 
gLidng phich nuoc, binh Dewar cach nhiat). 

• Ion Ag+ de tao phiic vdi nhigu ph6i tit nen cdc mu6i kilo tan có the 
chuyan thanh phlic ban de tan: 

AgX (r) + 2NH3  (aq) -> [Ag(NH3)2]+  (aq) + X-  (aq) 

(X = Cl, Br, I) 

AgBr (r) + 2Na2S203  (aq) -> Na3[Ag(S203)2] (aq) + NaBr (aq) 

natri thiosulfat 	natri dithiosulfatoargentat (I) 

(Phan ling nay dung hoa tan AgBr du tren phim, gidy anh de dinh hinh 
anh chup). 

3 / Wing có so-  oxy hod da'c tru'ng +3: 

- Oxyd (Au203) mau nau, de bi phan huS'T: 

2Au203 

 

160°C 	
4Au 	3 02  

(hoac hv) 

- Hydroxyd (Au(OH)3) là bOt mau nau dO, khong tan trong ratoc, kern 
ban, c6 tinh Wong tinh nen tan trong ca acid va kiam: 

268 



Au(OH)3  (r) + 4HC1 (aq) —> H[AuC14] (aq) + 3H20 

acid tetracloroauric 

Au(OH)3  (r) + NaOH (aq) 	Na[Au(OH)4] 

natri tetrahydroxoaurat (III) 

— Muoi, plific chat. Muoi don gian va thong dung la yang (III) clorid 
(AuC13). N6 c6 tinh oxy hod manh, de bi kliff hon Ag*: 

2AuC13  + 3H202 —> 

AuC13  + 3FeSO4  —> 

2Au + 302  + 6HC1 

Au + Fe2(SO4)3  + FeC13  

Cac phiic cila Au' c6 cau hinh yang phang dac trung cUa eau hinh 
electron cr (nhii Ni', Pd', Pt"), vi du [AuC14] [Au(011)4]-. Ion Au+ ding tao 
plific ben quen thu8c la natri dithiosulfatoaurat (I) Na3[Au(S2O3)2]• 

4/ Ddn chat. Cac kim loai Cu, Ag, Au hoat dOng hoa hoc 376u va giam 
nhanh to teen xu6ng trong nh6m. 

+ Vol oxy khong khi: Ag, Au khong tac dung. Chi Cu hien doi trong 
kh8ng khi am nhanh carbonat base mau xanh xam: 

2Cu + 02  + H2O + CO2 	(CuOH)2CO3  

+ VOi H2, N2, C: d8ng, bac, yang deu kh6ng tac dung ngay cad nhiet d8 cao. 

+ VOi lieu huSrnh: chi c6 Cu va Ag phan iing [chn Sr: tuy Ag khong tac 
dung voi oxy trong khong khi, nhung cac d8 dung va vat lieu bang bac 
van hod den do tac dung yoi cac hop chat lieu huSrnh c6 trong khong 
khi, nhii H2S, tao ra lop Ag2S den teen be mat: 

2Ag + 1/202  + H2S —> Ag2S + H2O 

Muo'n t6'37 6 ma khong bi mat bac va giii nguyen cltioc hinh dang ban 
dau dia vat dung thi ngam vat vao dung dich loang cua muoi an hoac soda 
(NaHCO3) ding trong mot chau nhom. Nhom hoat Ong lion se day Ag+ 
thanh Ag: 

2A1 (r) + 3Ag2S (r) + 6H20 —> 2A1(OH)3  (r) + 6Ag (r) + 3H2S (k)] 

+ VOi halogen: ca 3 kim loai deu bi oxy hod va to-c d8 phan iing se tang 
nhanh khi co hoi am, nhiet d8 va anh sang. 

+ Vi Cu, Ag, Au deu c6 dien the chuan E° > 0 nen cluing khong tac dung 
voi cac acid de giai phong hydro. Doi voi acid c6 anion oxy hod manh 
thi Cu va Ag c6 phan iing, thi du: 

Cu (r) + 2H2SO4  (aq, dac, nong) —> CuSO4  (aq) + SO2  (k) + 2H20 

Ag (r) + 2HNO3  (aq, dac) —> AgNO3  (aq) + NO2  (k) + H2O 
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Vang chi hoa tan trong acid có tinh oxy hod dac biet manh nini acid selenic: 

2Au + 6H2Se04  (khan, 'long) --> AU2(Se04)3 	3Se02 	6H20 

yang (III) selenat 

hoac trong dung dich Wang toan (h-an hop HNO3  dac va HC1 dac): 

Au + HNO3  + 4HC1 --> H[AuC14] + NO + 2H20 

hay trong dung dich HC1 bao hoa khi C12: 

2Au + 2HC1 + 3C12  -f 2H[AuC14] 

Tinh klair cila Au tang len vi tao ra phi c manh [AuC14]-. Khi ph6i tif la 

CN-, yang con bi oxy boa manh hdn nira ngay cr nhiet do thtrang va voi oxy 
trong khong khi: 

4Au (r) + 8KCN (aq) + 02  (k) + 2H20 —> 4K[Au(CN)2] (aq) + 4KOH 

[Nguai ta khai thac yang sa khoang trong tii nhien bang phan iing tao 
phac nhlr vay, mac dpi cyanid (CN-) rat dac. Mu6n lay yang ra khi anion 
[Au(CN)2]-  nguai ta dung kem de day: 

Zn + 2[Au(CN)2] (aq) —> [Zn(CN)4]2-  + 2Au 

va kern du ctuoc tach khOi yang bang cdch the hod voi acid sulfuric loang]. 

2.4. Vai tiro va 	dung trong Y - Dudc. Doc tinh 

2.4.1. Ddng 

La nguyen to vi luting thiet yeu, nguai lon can 1,5 2 mg/ngay. Tang 
piing clang trong co the —100 mg tich luy chi yeu o gan va nao. 60% 
Wong clang trong mau lien ket ben yang vdi ceruloplasmin - mat protein 
van chuyen dang; Wong dang con lai lien ket king voi albumin hoac tao 
phlic voi histidin. 

Dang thdc day sti tao mau, lam cho hang eau non mau trttang thanh, 
tang Wang tac dung sinh ly dia Fe. Dang có mat trong sac to ho hap, trong 
nhieu enzym va phan b6 rang rai trong cd the de dieu chinh chuyen hoa 
protid, lipid, glucid. Dang ciing diet' chinh su hap thu va phan b6 cac vitamin 
C, A, E, P, do do tang slic de khang ciia co the chang nhiez rn dac, nhi6m trung... 
[Wilson la mat benh di truyen hiem gap, tS7 le mac phai -4/30.000, co cd the  
benh sinh la: do killing da6 thai duac dang qua mat nen clang tich to lai trong 
gan va nao gay nga dac, phat sinh cac benh gan, than kinh, tam than va d'an 
den tip vong]. 
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Hop chat cila deng c6 nhieu ling dung trong y hoc. Thing gluconat, 
CuC12.2H20 va CuSO4.5H20 dtioc ghi chinh thfic trong cac chuyen luan 
ve thu6c. 

Deng vi phong xa. "Cu dung trong nghien citu chuyen hod chat khoang. 

Cac hdp chat cila den.g con dung lam thu6c diet nam, con trung, va da."c 
biet tot trong diet tao. 

- De dinh Wong glucose trong nii6c tieu cua nhang nguoi mac benh dai 
thao &tang, ngtiOi ta dung thu6c thit Fehling go'm deng sulfat va 
mu6i kali natri tartrat (KNaC4H4O6) trong NaOH 10% de tao thanh 
dung dich ion plific [Cu(C4H406)212-  mau cham dam. thiOng glucose 
trong raidic tieu se Mai Cu2+ trong ion ph& mau cham thanh Cu2O 
tua mau d6 khi dun ming: 

2Na2[Cu(C411406)2] 	(C5111105)CHO + NaOH + H2O —> 

Cu2O (r) + (C5111105)COONa + 2H2C4H406 	2Na2C4H4O6  

2.4.2. Bac 

Ion Ag+ c6 tac dung tiet trung ngay cs n.Ong d6 rat nhO, chi khoang 10-
10M. Neng d6 nay c6 the dat dtioc bang each de kim loci bac ti.6p xac vdi  
nude sau met thai gian. 

- Do c6 the ket tila protein va clorid trong m6 bi ton thUcing, clang vdi 
tinh oxy hod cUa Ag+, cac hop chdt cua bac, vi du nhu AgNO3, c6 tac 
dung diet mam benh tai ch6 (chang han, dung AgNO3  d6t cac o nhiem 
khuan trong viem hong hat). 

De lam thu6c diet khuan dung ngoai, nvoi ta tao ra cac che'phA.'m Chita 
bac hoac hdp chat cila no c6 tac dung keo dai. Vi du: 

+ Bac sulfadiazin (C10H9AgN402S = 357,13) dung phong va Chita nhiem 
khuan cac vet thtiong, vet bOng. Bac trong ch6 phdm citioc giai phong 
tit to va sat khuan trong thai gian dai. 

+' Bac vitelinat hay argyrol la hdp chat dia bac vdi vitelin (phosphoprotein) 
Chita it nhat 20,0% Ag, dung lam thu6c nhii mat. 

+ Cac the pham Chita Ag+ con dung lam cac loaf bang dinh cam 
thong nhi6m trung. 

Cdc ch6 phdm dude dung cila bac nhay cam vdi anh sang, de chuyen ion 
Ag+ thanh Ag mau den nen gay ra cac van de v6 thSrn my trong sit dung, hoac 
phai bao quail thu6c trong bao bi tranh anh sang. 
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2.4.3. Wing 

- Hign nay cac hop chgt cua yang duoc dung trong digu tri viem khop 
Bang thaTp va luput ban dO, vi du cac thu6c sau: 

+ Auranofin, C20H34AuO9PS = 678,48, dung dtiang u6ng. 

+ Aurothioglucose, C61-111Au05S = 392,18, dung clang tiem. 

+ Gold sodium thiomalat, C4H3AuNa2O4S = 368,09, dung &fang u6ng. 

- lAng vi yang phong x4 198Au dung trong. digu tri mot s6 bgnh ac tinh. 
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MUC TIEU 

I. Ta' cdu hinh electron ciia 	IIB, chi ra nhang tinh chat &in hinh czict 
thin chat vet hop chat thuOc hai phan nhom do. 

2. Trinh bay vai tra, zing dung va dc5c tinh dia Mg, Ca, Zn, Cd va Hg. 

Chudng 14 

NGUYEN TO NHOM II 

1. NHOM IIA (KIM LOAI KIEM THO): Be - Mg - Ca - Sr - Ba - Ra 

Nguyen to nhom IIA dtioc goi la kim loai kiem th6 vi cac oxyd cua cluing 
tan trong nrioc tao ra dung dich kiern, nong chay d nhiet d6 rat cao va ran lai 
nInt "dat" trong ngon lila cua cac nha Gia kim thuat. 

1.1. Trang thai thien nhien. Ch'e-  tao va iing dung cita ddn chgt 

Bang 14.1. Ngu6n thien nhien, che tao va Ctng dung cOa kim lc* IIA 

Nguyen 
to 

NguOn thien nhien 
chu yeu 

Ch6tao nguyen to 
eng dung cUa dcin 
chat 

Beryli 

Magnesi 

Calci 

Stronti 

Bari

Radi 

Quang beryl (Be3Al2S16018) 

Da magnesit (MgCO3); 
dolomit (MgCO3.CaCO3) va 
trong nu& bien 

Da voi CaCO3; thach cao 

(Calo(PO4)6X2  voi X = F-, 
Cl-, OH-) 

Da SrCO3; SrSO4 

Quang barit (BaSO4); 
	 BaCO,  

Vet trong quang uran 

	  dung Al kha SrO 

( CaSO4.2H20); apatit 

Dien phan BeCl2  nong 
ch6y; Kha BeF2  bang Mg 

Dien phan MgC12  nong
chay; hoac phan ang 
2(MgO.CaO) + FeSi --> 
2Mg+Ca2SiO4+ Fe  

Dien phan CaCl2 nong 
chay tao ra tit HCI + 
CaCO3 

Phan huct nhiet, sau do 

Dung Al kW' BaOB0 

Dien phan RaCl2  ming chay 

	  so cac buong tia X  

	  thep  

Hop kim voi Cu, Ni lam 
vat lieu tau khOng gian. 
Lam cac thret b1 dieu 
chink  
neutron  trong 

 electron i  va 
phan 

au hat nhan; lam caa 

Lam cac hop kim nhe 
va b6n 

Lam hop kim ben vdi 
Al; tac nhan kha de the 
tao Cr)  Zr,'U; don sach 
cac vet 02, P, S trong 

Don sach 02, N2 trong 
cac thiet bi  

on sach 02, N2 trong 
cac thiet bi  
Track day clang dieu trI 
ung tha 
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Thong tti nhOm IA, do hoat deng hoa hoc manh nen cac kim loci kiem the'.  
trong thien nhien chi gap d clang hop chat. 

Cac kim loci kiem th6 thueng ditoc the tao tii cac loci da carbonat va 
sulfat, trif Mg dlidc tach ra tii nttcc bien. Kim loci IIA la nhcing chat khii 
manh nen thtieng dung phuong phap dien phan mu6i clorid nong chay hoac 
khii cac oxyd cua chung bang kim loaf manh hon. . 

1.2. Nhang dac tinh nguyen tii va vat 1S7 chit ye-u 

Bang 14.2. NhOng da:c tinh nguyen tO va vat ly cua nguyen to nh6m IIA: 
cac kim lc* kgm th6 

Nhom 
IIA 

Ten 
nguyen 

t6 

Ban 
kinh 

nguyen 
tir(A°) 

Ban 
kinh 
ion 
(A°) 

Nang 
lu'ong 

ion hoa 
(eV) 

DO am 
dien 

(thang 
Pauling) 

Kh6i 
luvng 
Nang 

(g/cm3) 

e t Nhi
... 

do 
ming 
dial/ 
(°C) 

Nhret 
d6 soi 

(°C) 

% trong 
vii qua 

Tit 

4 

Be 
9,012 

2s2 
(+2)  

12 

Mg 
24,31 

3s2 

(+2)  

20 

Ca 
40,08 

4s2 

(+2)  

38 

Sr 
87,62 

5s2 

(+2)  

56 

Ba 
137,33 

6s2  
(+2)  
88 

Ra 
(226) 

7s2  
(+2) 

Beryli 

Magnesi 

Calci 

Stronti 

Ban 

Radi 

0,90 

1,60 

1,74

1,92

1,98 

2,20 
, 

 

0,31 
, 	,,, 

-F )̀  

0,65 

(+2)  

0,99 

(+2)  

1,13 

(+2)  

1,35 
(+2) 

1,48 
 (+2) 

9,3 

(11)  

18,2 

(12)  

7,6 

(11)  

15,0 

(12)  

6,1 

(11)  

11,9 

(12)  

5,7 

(11)  

11,0 

(12)  

5,2 

(11)  

9,95  

(12)  

5,0 

(11)  

 9  8 

(12)  

1,57 

1,31 

1,00 

0,95 

0,89 

0.90 

1,287 

1,738 

1,55 

2,63 

3,62 

5,5 

1287 

738 

839 

768 

727 

700 

-2500 

1450 

1494 

1381 

1850 

1700 

6.10-4  

2,1 

3,6 

0,03 

0,025 

1,3.10-1°  
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1.3. Cac phan fing chinh ye-u. MOt so hdp chgt thong dung 

- TInh khit cua kim loai kim th6 (E) the hien trong cac phan itng tit 1/ 
den 5/. Cac phan ling con lai chi ra tinh base ciia cac oxyd, phan huSr 
nhiet cua carbonat va dinh tinh ion 

1/ Vdi 02: 

2E (r) + 02  (k) -> 2E0 (r) 

Chu Ba tao thanh bari peroxyd Ba02. 
2/ Vdi H20: 

E (r) + 2H20 (1) -> E2+ (aq) + 20W (aq) + H2  (k) 
(E = Ca, Sr, Ba) 

Be, Mg tao thanh lop vO oxyd dinh chat nen phan -Cing rat cham va 
diing lai. 

3/ Vdi halogen X2: 

E (r) + X2 	----> 	EX2  (r) 	(X = F, Cl, Br, I) 

4/ Khil hydro tao thanh cac hydrid ion: 

E (r) + H2  (k) --> EH2  (r) 	(E = tat ca, trii Be) 

5/ KhU nitrogen tao thanh cac nitrid ion: 

3E (r) + N2  (k) -> E3N2  (r) 	(E = tat ca, trif Be) 

6/ Trif Be0 lang tinh, con lai la cac oxyd base: 

E0 (r) + H2O (1) --> E2+ (aq) + 201-1-  (aq) 

Ca(OH)2  la thanh phdn cila xi mang va vita xay. 

7/ Tat ca carbonat bi nhiet phan huY' thanh oxyd: 

AH 
ECO3 	 E0 (r) + CO2  (k) 

Ca0 (voi song) dilOc san xuattii da voi thien nhien CaCO3. 

8/ Cac nguyen tit kim loai kim th6 tit do va cac hop chat de" bay hdi cua  
chnng trong ngon lira khong mau se cho cac mau d4c trang: calci (mau d6 
cam); stronti (mau d6 son) va bari (mau luc hdi yang); beryli -va magnesi 
(khong mau). 

- Nhang hop chat thong dung: 

+ Beryl (Be3Al2Si6018) la khoang vat dang tinh the Fang tru sau canh 
trong sueit c6 mau luc tuoi hoac xanh lam ne-u c6 fan vet Cr',la nhiing 
da quy (ngoc bich). 
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+ Mg0 c6 diem nong chay cao (2852°C) nen dude dung lam gach chiu 

+ Cac hop chat cd kim RMgX (R = hydrocarbon, X = halogen) c6 ten la 
thu6c thit Grignard, duoc sit dung tang hop nhieu chat hfiu co. Thu6c 
diet nam cd kim cUa thiec dung trong nong nghiep duoc the tao theo 
phan ling: 

3RMgC1 + SnC14  —> 3MgC12  + R3SnC1 

+ CaCO3, Ca(OH)2, Ca0 la nhang nguyen lieu het siic thong dung trong 
nganh xay dUng. 

1.4. Lien quan giiia cgu tao va tinh chgt 

1/ Nhin chung, cac kim loaf IIA va IA c6 U./1h chat gam gill Si khac nhau 
gifia 2 nh6m nay lad mile dO, chit khong phai ve the loai va la do su thay doi  
eau hinh electron ns2  so vol nsi. Vol 2 electron dude dung cho lien ket kim loai 
va mot dien tich &king dude Ong them vao hat nhan, //.te hdp dein giva cac 
electron khOng dinh xzi va loi nguyen tee lo'n hdn. Ke't qua la diem nong chay, 
diem soi cao hdn nhieu so v6i kim loai IA Wang ling hang ngang. ThAlc to diem 
nong chay cUa IIA gan voi diem soi cUa IA. 

So v6i cac kim loai chuyen tiep nhu Fe, Cr thi nguyen to IIA mem va nhe 
hon, nhiing cling va dac hdn cac kim loai kiem. Day van la he qua cila eau 
hinh ns2  da noi. tren. 

2/ He s6 chan gilia 2 electron hoa tri nh6 va nhu nhau, dien tich &tong 
hat nhan them vao la rat him hieu. VI vay, nguyen to IIA c6 ban kinh nguyen 
tee nhi3 hon va nang lu'dng ion hoci ldn hdn nguyen to IA. 

3/ Tr-if Be ra, cac kim loai kiem the; tao thanh hdp chat ion. Nguyen tit Be 
nh6 be nen can rat nhieu nang luring de dich chuyen 2 electron ra xa hat 
nhan, khien cho no khong bao gio tao thanh ion Be2+  rieng re, cac hop chat dm 
no deu la &Ong hoa tri phan cuc. 

4/ Kim loai IIA co tinh khee manh, là nhung kim loai rat hoat &Ong, vi 
nang lu'dng mang tinh the cac hdp chat caa chang rat cao da bu cho nang 
luong ion hod can tieu toil de tao cation E'. Mu6i cua IIA c6 nang Wong 
mang tinh the cao hon nhieu so v6i muoi IA vi cation E2+ nh6 hon va dien 
tich gap doi. 

5/ MOt trong nhiing khac nhau ro ret v6i nhom IA la muoi caa nhom IIA 
tan kern hdn trong nitric do nang Wong mang tinh the tang hdn nhieu. Vi vay, 
cac muoi F-, C032-, P043-, SO4' cila IIA It tan hdn so veil cac hop chat Wang 
ling cila. IA. 

- Nhung muoi tan dude cUa. IIA, do luc lien ket ion - Wong cuc cua ion2+ voi 
nitric rat ldn, den mite chang 	ket tinh du'di clang hydrat, vi du: 
MgSO4.7H20, thach cao CaSO4.2H20, MgC12.6H20, cacnalit MgC12. 
KC1.6H20. 
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6/ Ban kinh ion E" tang deu tit Be' den Ba", mat de dien tich ion giarn, 
tac dung gay phan clic ygu clan nen tinh base caa E(OH)2  tang len: Be(OH)2  la 
Wang tinh; Mg(OH)2  la base trung binh; Ca(OH)2, Sr(OH)2  là base march; con 
Ba(OH)2  gam nhu met chat kiem thuc thu. E(OH)2  it tan hdn hydroxyd IA, de 
tan tang clan to Be(OH)2  den Ba(OH)2. 

7/ Tinh chat bat thtiOng cila Be: la nguyen to cira chu kST 2, Be c6 nhieu 
ngoai le hdn Li 6 nhom IA. Mat do dien tich cao cUa. Be' gay phan cue manh 
cdc may electron den gdn, vi vay tat ca cac hdp chat cac . Be cle'u có 	et k 
cl-dng hoci 	Ngay BeF2, hdp chat ion nhat, cling c6 diem ming chay thap 
va khi nong chay c6 do Can dien. kern. 

Vi chi c6 2 electron hod tri, Be khong dat &toe 8 electron caa v6 khi higm 
trong cdc hdp chat khi don gian, chang han, C1-Be-C1 la phan tit thang hang, 
4 electron quanh Be lai sp. Khi lam lanh, cdc phan tit BeC12  hod ran thanh 
chu6i, m'cii Be lai hod spa, cuoi ding dat &toe be 8 electron cira khi higm nho 
moi Cl bac cdu qua 2 nguyen. to Be: 

\ /C1 \ /C1 \  / 
Be Be Be 

\ d/ \ a/  \ 

Khi Be lien kk voi H, ma H thi c6 cap electron tai do, Be se dat tdi be tam 
nho met loai lien ket ct6ng hod tri khong truye'n thong qua cau hydrid (de cap 
a nguyen to Bo phia sau). 

8/ Quan he cheo Li va Mg. Ban kinh nguyen tit giam khi ngang qua phia 
phai met chu kST va tang len khi tit tren xu6ng trong met nhorn, clan den slit 
xuat hien nhfing cap nguyen to co bdn kinh nguyen tit gdn nhau, vi du cdc cap 
Li - Mg, Be - Al, B - Si, theo do nhieu tinh chat trong m6i cap giong nhau. 
Ch`dng han, xet cap clau tien to thay, ban kinh cira Li la 1,52A° con Mg la 
1,60A°; 	la 0,60A° con Mg2+ la 0,65A°. Kich thuoc Wong tti nhau clan den 
nhieu tinh chat hoa hoc tlidng thing re ret: ca 2 nguyen to deu tao thanh nitrid 
khi tac dung voi N2; hydroxyd va carbonat cfra chUng bi phan 114 bdi nhiet; 
deu tao thanh cdc hop chat cd kim c6 lien kgt thing hod tri va cdc muoi co do  
tan tticing tut nhau. 

1.5. Vai tro va iing dung trong Y - Dutqc. Doc tinh 

1.5.1. Beryli 

Cdc hop chat c'Ua. Be deu rat dee khi an phai, hit phai hoac tigp )(Ile qua 
da. Khong c6 hop chat nao dude dung trong dieu tri. 
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1.5.2. Magnesi 

Mg là nguyen to sinh hoc. N6 c6 trong chat diep luc (chlorophyll) cita 
cay xanh. Trong co the ngit6i, x6p theo vai tro quan trong cua cdc chat 
khodng, Magnesi thang hang this 3 chi sau Fe vb. Ca. Vai tro dac biet 
quan trong cita. ion Mg' trong sinh hod. a con n.git6i ngay tang ditoc 
nhdn biet nhieu hOn. Co khoang 20-25g trong co the, magnesi chit y6u 
chita xuong (tao )(tiling) va trong to bao. La cation ph6 Wen this 2 a 
not bao, magnesi kiem soat ltictng calci tham nhap vao to bao qua 
kenh calci. Vi \Tay, ion Mg' la chat chen kenh calci tit nhien, tit do no 
c6 vai tro quan trong trong nhieu benh tim mach va trong viec gilt cho 
he than kinh - co khong hoat thing qud than. Thieu Mg', cdc ion Ca' 
vao to bao qud mite can thiet gay ra hien toting co co, dau nit thit net 
cd.c co quan chila co tron (ru8t, tin mat, tit cung, thing mach...), tang 
nhip tim, tang huyet ap, ke ca nh6i mdu co tim. 

Magnesi la chk hoat hoa cho khoang 300 enzym, chi y6u la nhiing 
enzym van chuyen phosphat trong cac chu trinh san xuat nang hiong t6 bao, 
tao cdc phan tit ATP. 

Ion Mg' con tham gia vao cdc co ch6 on dinh Tieing do Na t" va 	6 2 ben 
mang to bao; ding vitamin C khang histamin (ch6ng di ling); han 016 tdc hai 
cita g6c tit do trong ch6ng lao hod. 

— Cac hop chat cua magnesi &toe dung trong dieu tri va san xugt &toe 
pham vai nhieu muc dich: 

+ Nhieu hop chat khong tan ditoc sit dung lam thugc khang acid 
(antacid) trong dieu tri viem loet da day - td. trong. Vi du: magnesi 
hydroxyd Mg(OH)2  = 58,32; magnesi oxyd MgO = 40,30; magnesi 
trisilicat 2MgO.3SiO2.xH2O phai chila khong dudi 29,0% MgO va 
khong dad 65,0% Si02; magnesi carbonat base 3MgCO3.Mg(OH)2 . 

3H20 hodc 4MgCO3.Mg(OH)2.4H20. 

• Thu6c nhudn trong, tdy. Vi du: magnesi sulfat MgSO4.7H20 = 246,47. 

• Thu6c ch6ng co gidt ngoai dit6ng tieu hod.. Vi du: dung dich magnesi 
sulfat 12%, tiem bdp hoac dit6i da. 

• Chat lam tron trong san xu'at thu6c vien (ta. &toe tron) nhtt magnesi 
stearat (C171135C00)2Mg = 591,3; talc (magnesi silicat) 4SiO2. 
3MgO.H20. 

1.5.3. Calci 

Calci la chat kh6ng the thieu cho si song. Ca, va Mg vai mite do thap 
hon, cling phosphor tao xthing, rang (chu ST la, calci ldng dong &toe vao 
xtidng la nh6 vitamin D). Ca' c6 vai tro thiet yeu trong nhieu qua trinh 
sinh 1ST: tham gia qud trinh thing mdu 	protrombin thanh trombin); 
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digu hoa earl truygn than kinh (giam kith thich. Neu Ca' trong mau 
giam, co the de" bi co giat, khi ay can phai tiem Ca' vao mau); tham gia 
digu hoa chuyen hod trong co the (Ca' auk day hoat &Ong cUanhigu 
enzym, ciing kim ham nhigu enzym khac). 

- Phan loaf theo digu tri, cac hop chat cUa calci gem 2 nhom chinh: 

+ Thu6c khang acid dung hoac dung ph6i hop vdi thu6c khac trong 
digu tri viem loet, r6i. loan &fang tieu hod. VI du: calci carbonat 
CaCO3  = 100,09. 

+ Thu6c b6 sung calci (trong cac trilang hop co giat do calci huyet ha; the 
d6 an thieu calci gay cOi xuong, loang 'along). Vi du: calci clorid (pha 
tiern) CaC12.2H20 = 147,02 hoac CaC12.6H20 = 219,03; Calci gluconat 
C12 H22Ca044  = 430,38; calci glycero phosphat C3H7CaO6P = 210,15; 
Calci citrat C12 H10Ca3014.4H20 = 570,50; calci hydroxy phosphat 
Ca5(OH)(PO4)3  = 502,32 (che tit 'along dong vat, con goi hydroxy 
apatit) va nhigu the pham khac. 

Ca' la cation tIniOng &toe lila chon de mang cac anion có tac dung digu 
tri, nhul calci aminosalicylat (tri lao); calci cyclobarbital (an thin, gay 

calci ascorbat (vitamin C). Ca" duoc lila chon vi tranh data them 
Na+ vao co the, hoac tan dung ca tac dung ciia calci. 

Eking vi phong x4 45Ca (fang trong nghien cliu lien quan den chuyen hod 
chat khoang. 

Trong thuc hanh duoc khoa can lulu gi6ng nhu Mg", cation Ca' cif) can 
hinh electron on dinh dila den tinh chat on dinh cUa no trong cac hop chat 
sinh hoc. Tuy nhien, mu6i tan ciia calci có phan 1mg trao d6i voi cac anion 
borat, carbonat, citrat, oxalat, phosphat, sulfat, tartrat tan thanh nhiing hop 
chat khong hoa tan. Cac phan ling nay thuOng dan den Wong ky trong dude 
khoa, hoac, Lang dong soi a than, mat, khdp trong co the khi chuyen hoa. 

1.5.4. Stronti 

Hien nay - nhung nam dau cila the V XXI, viec dung stronti (vi du mu6i 
stronti ranelat) trong digu tri bang xuldng cho phu nil sau man kinh clang la 
van dg Ion. 

1.5.5. Bari 

Tat ca cac hop chat tan Gila bari trong nuoc hoac acid bang dgu d'Oc 
(thu6c giai d'Oc la mu6i Epsom = MgSO4.7H20). 

Chi rieng bari sulfat BaSO4  = 233,39 it tan, duoc dung lam thu6c clang 
u6ng (huygn phu trong nu6c); cif) tinh can quang nen lam rO net anh chup bang 
tia X trong than doan viern loft dtiang tieu hod. 
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2. NHOM JIB: Zn - Cd - Hg 

2.1. Trang thai thien nhien 

Trong thien nhien, kern On tai chu yeu dtidi dang qudng sulfid (ZnS), 
carbonat (ZnCO3). 

Cadmi ton tai dildi dang CdS, thvang ldn vdi qudng kern. 

Thu' ngan trong thien nhien citing 6 dang sulfid (HgS). Quang HgS 
clang trong DOng y có ten la Thdn sa, Chu sa. Thu' ngan con ton tai 
trang thai tv do, tiing giot nhO ldn trong ddt dd. 

2.2. Nhang dac tinh nguyen tip va vat 1' chU ygu 

Bang 14.3. NhCing clOc tinh nguyen tit va vat ly cija nguyen to nhOm 11E3 

Nhorn 
IIB 

Ten nguyen 
to 

Ban 
kinh 

nguyen 
tit (A°) 

Ban 
kInh 
ion 
(Al 

Nang 
lacmg 

ion hoa 
thin 
nhat 
(eV) 

D6 am 
dien 

(thang 
Pauling) 

Kh6i 
lucing 
Hong

(g/cm3) 

Nhiet 
do 

ming 
chay c c)  

Nhiet 
do soi 

°  (C) 

01°  
trong 

vo qua 
dat 

30 

Zn 
Kern 0,88 

65,38 
(zincum) 

1,40 
(+2) 

9,39 1,65 7,13 420 907 1,3.102  

3d1°4s2  

(+2) 

48 

Cd 
1,09 

112,41 Cadmi 1,60 8,99 1,69 8,63 321 767 1,510-5  
(+2) 

4d1°5s2  

(+2) 

80 1,27 

Hg ( +1) 
Thu 	ngan 

200,59 1,50 10,42 2,00 13,55 -38,86 355,66 -10-6  
(hydragyrum) 

5e6s2 1,16 

(+1, +2) (+2) 
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2.3: Lien quan gifita cgu tao va tinh chat 

1/ Kern, cadmi va thq ngan có chung eau hinh electron rut gon (n-
1)ens2. Phan 16p (n-1)d1°  bac) hoa va ben, nen s6 oxy hod .16n nhat cua cac 
nguyen to la +2. Rieng thug ngan có kha nang tao thanh cac hop chat v6i s6 
oxy hoa +1, nhii cac dimer Hg2(NO3)2, Hg2C12. Trong nu& ton tai ion Hg22+ v6i 
lien ket d8ng hoa tri kim loai - kim loai (-Hg-Hg-), khongt8n tai ion don Hg+. 

2/ Vi cac electron (n-1)c11°  ben khong tham gia lien ket kim loai, ban kinh 
nguyen tit tit tren xu6ng trong nhom lai tang kh6ng dang ke, tham chi giam tit  
Cd dgn Hg (do sti co kith thu6c nguyen tit sau day d ho4c 1), dan den cap 
electron hoa tri ns2  kern hoat d8ng (tro) so voi kim loai IA, IIA. Ket qua la 
Wong tac gifia cac nguyen tit trong kim loai yeu, nang Wong lien ket trong 
kim loai giam. Vi vay, Zn, Cd va Hg la nhfing kim loai mem, de bay hoi, nhiet 
d8 ming chay va soi thap hcin nhieu so voi cac kim loai nhom IA, IIA ding chu 
kY. Thuc te, thq ngan la kim loai duy nhat a the long trong dieu kien thuang 
(ten hydragyrum, thanh kSr hieu Hg, có nghia la nu6c bac). 

3/ Cung do tinh tro dm cap electron hoa tri tang dan va dien hinh a thug 
ngan ma tinh khit (tinh kim loai) cua cac don chat va do ben dia s6 oxy hod +2 
giam dan. Thiic te, the dien cue chu'an cua Hg có gia tri diking; cac hop chat 
Zn', Cd2+, Hg2+ có tinh oxy hoa tang dan. Vi khong de mat electron hoa tri nen 
lien ket tang tinh Ong hod tri. 

2.4. Nhang phan Ting, hdp chgt thtidng gap va itng dung  

2.4.1. Dorn chat 

Do lien ket kim loai yeu nen kim loai IIB boat d8ng hoa hoc manh hon 
kim loaf IB. 

- Trong kh8ng khi am, Zn, Cd va Hg bi oxy hoa tao thanh 16p oxyd EO 
bao phu lam chUng mat ye anh kim. 

Ba kim loai phan itng duoc v6i btu huSmh, halogen nhung can dun nOng; 
khong phan itng v6i N2, H2, C. 

- Hg khong day chic hydro tit cac ion 11+  cila acid vi E° > 0, con Zn va Cd 
tae dung v6i HC1 va H2SO4  loang giai phong H2: 

E (r) + 2H+ (aq) -> E2+ (aq) + H2 (k) 

- H2SO4  dac nong va dac Met la HNO3  hoa tan ca ba kim loai do tinh oxy 
hod manh cila anion acid: 
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E + 2H2SO4  --> ESO4  + S02T + 2H20 

E (r) + 8HNO3  (bang) —> 3E(NO3)2  (aq) + 2N0 (k) + 4H20 

Chit Y: 

• Zn tac dung voi HNO3  bang c6 the to ra N20, N2  va NH4+. 

• Voi. HNO3  dac, khi thoat ra la NO2  (mau yang nau). 

• V6i Hg du, tao ra thus' ngan (I) nitrat khi tac dung veil acid nitric, do 
co phan ling: 

Hg (r) + Hg(NO3)2  (aq) —> Hg2(NO3)2  (aq) 

Chi có Zn tan trong kim ya giai phong hydro: 

Zn (r) + 2NaOH (aq) + 2H20 —> Na2[Zn(OH)4] (aq) + H2  (k) 

Cac kim loaf IIB de tao hop kim vclf nhau ya vOi cac kim loai khac. 
Thus' ngan la dung moi tot hoa tan nhiau kim loai tao ra cac hop kim 
khac nhau goi la lion h6ng (amalgam). H6n hong có the 'Ong hoac ran 
tuST thu6c ham luting cua kim loai hoa tan. Thiic t6 thvang sit dung cac 
hi3n being: Na/(Hg); K/(Hg); Ag/(Hg); Au/(Hg); Zn/(Hg). 

2.4.2. Oxyd 

ZnO mau trang, khi &it nong c6 mau yang, de ngu6i lai tra vg mau trang. 

Cd0 mau nau. 

Hg0 mau yang, khi d6t nong chuyan sang Wan the mau c16. 

Cac EO dau khong tan trong nuoc, de tan trong cac acid. 

Rieng ZnO lang tinh nen tan trong acid vb. ki6m: 

ZnO (r) + 2HC1 (aq) —> ZnC12  (aq) + H2O 

ZnO (r) + 2NaOH (aq) + H2O -> Na2[Zn(OH)4] (aq) 

2.4.3. Hydroxyd 

Zn(OH)2, Cd(OH)2  la nhiing kat tila trang x6p trong infoc, tao thanh do 
phan itng trao 

E2+ (aq) + 2011-  (aq) --> E(OH)2  (r) 

Hg(OH)2  khong ban, phan huY cho Hg0 mau yang kat tim: 

+ 20H-  —> Hg0 (r, yang) + H2O 
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2.4.4. Mudi, phiic chat 

- MuOi cua E2+ vdi NO3-, S043-, F-  de tan trong midc. Cac muOi S2-, C1-, 
Br-, I-  kilo tan clan tif 2n2+ den Hg2+. 

Muoi HgF2  IA hop ch"At ion, nhiet d6 nong chay va soi cao. HgC12, HgBr2, 
HgI2  IA hop chd-t phan tii, the hien r6 dac tinh Ong hod tri: dien ly kem; 
nhiet d6 'long chay va soi tha'p; tan trong dung moi htiu cd nhieu hdn 
trong nU6c; mang tinh the phan 

Dac biet, muoi Hg(CN)2  co tinh ion ygu dgn mlic dung dich ciia no gAn 
nhii khong &an dien. 

- Cdc ion Zn2±, Cd2+, Hg2+ de tao phiic vdi cdc pho-i tii CN-, NH3, amin him 
cd, halogenid, SCN-. Vi vay, cdc hydroxyd cua chUng a tan trong dung 
dich amoniac do tao thanh ion phiic [Zn(NH3)4]2+, [Cd(NH3)4]2+. Rieng 
[Hg(NH3)4]2+ chi -On tai khi có mat NH4' yd. dpi nhieu NH3, n6u khong no 
se bi phan hug. Chang Ilan: 

[Hg(NH3)4] C12  (aq) 	[Hg(NH3)2]C12(r) + 2 NH3  (k) 

[Hg(NH3)2]C12  (r) 	HgNH2C1(r, trang) + NH4C1 (aq) 

Muoi HgI2  trong niidc là mot tia a mau do, no se-  tan khi cho tdc dung vdi 
KI do tao thAnh phiic ch'At khong mau: 

HgI2  (r, dO) + 2KI (aq) -> K2[HgI4] (aq, khong mau) 

Dung dich phiic K2[Hg14] trong KOH là thuOc this Nessler de phat hien 
vet NH3  hoac NH4+ rat nhay: 

2[HgI4]2-  (aq) + NH3  (aq) + 30H-  (aq) -> 

Hg2NI.H20 (r, nau) + 71-  (aq) + 2H20 

2.4.5. Hop chat thuj? ngetn (D, Hg22+ 

- Mu6i Hg2(NO3)2  d8 tan trong nu6c, nen thuang throe sii dung dg digu 
the cdc hop chat khdc. Vi du: 

Hg2(NO3)2  (aq) + 2NaC1 (aq) -> Hg2C12  (r, trang) + 2NaNO3  (aq) 

ThuY' ngan (I) clorid con duoc the to bang phuong phdp thOng hoa: 

Hg2SO4  (r, ben nhiet) + 2NaC1 (r) -> Hg2C12  (hoi, thang hoa) + Na2SO4  (r) 
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Lam lanh hdi Hg2C12  thu &foe chat bOt mau trdng, hat filo, khong tan goi 
la calomel de lam dien chic, tnioc day con clang lam thu6c tdy vi khong bi hap 
thu qua dtiang runt. 

- Ion Hg22+ the hien visa tinh oxy hod, vita tinh khit va ti oxy hod khii: 

Hg22+ + Sn2+ -> 2Hg + Sn4+ 

Hg22+ + 2C12  -> 2HgC12  

anh sang 
Hg22+ 	 Hg + Hg2+  

Hg 2+ 
Vi can bang Hg22+ 	Hg" + Hg có K = 	 6, = 	< 1 

[Hg2'± ] 
We la 6 digu kien chudn phan ling xdy ra theo chigu nghich, vi the khi dti Hg 
to digu dig duoc Hg22+. Tuy nhien, khong the thu &foe Hg2(OH)2, Hg2S, 
Hg2(CN)2  bang cac phan ling trao doi gifia Hg2' voi 01I-, S2-, CN-. Cdc hOp 
chat visa ke chuyen ngay sang cac hdp chat Hg2+: 

Hg2(OH)2  
- H20 

Hg20 	HgO (r, yang) + Hg 

 

Hg2S -> HgS (r, den) + Hg 

Hg2(CN)2  -> Hg(CN)2  + Hg 

Nguyen nhan la, Hg0 vb. HgS rat It tan, con Hg(CN)2  dien ly rat yeu, 
nen can bang not tren chuyen manh sang phai. 

Tinh chat dia cac hop chat Hg22+ can dtioc hiu y trong b6.o quan va sii 
dung chUng. 

2.4.6. eng dung 

- Don ch'dt 

+ Kern dung de ma tao lop bao ve ben ngoai chOng H cho cac kim loai 
(ton la tam sat duoc ma kern); lam cac hdp kim voi Al, Cu, Mg (thau la  
hdp kim Zn va Cu, mau yang); the tao pin. 

+ Cadmi hap thu manh neutron cham nen dtiOc dfing digu chinh to-c 
cua phan ling day chuygn trong lo phan ling hat nhan. Cd chick sit 
dung lam acquy kigm; chg tao cac hop kim lam day dan, 6 trvc; de ma 
bgn va dep lion ma kern. 
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+ Thu ngan dung lam catod trong san xuat NaOH va C12  bang dien 
phan; lam xac tac dieu the nhieu hop chat hilu co; the tan cac hon 
116ng; lam den cao ap.anh sang ban ngay, ap ke, nhiet ke. 

- Hop chat 

+ Cac hop chat co kim RZnX, R2Cd, RHgX chi:fa lien ket tong hoa tri tan 
trong dung moi htiu co nhieu hon trong nuoc, la thu6c this Grignard 
dung trong tang hop hilu co, the tao nhieu hop chat dOc ciao, thu6c trif 
sau... 

+ K2[HgI4] trong dung dich KOH lam thu6c thif Nessler phat hien vet 
NH4+, NH3. 

+ ZnC12  dung danh sach sat the') khi han, tam g6 ch6ng min mot, in hoa 
tren vai. 

+ ZnO, CdO, Hg0 the son. 

+ ZnO, ZnS the tao chat phat huSrnh quang. 

+ Hg2C12  lam dien cuc calomel. 

2.5. Vai tro va ling dung trong Y - Ddqc. Doe tinh 

2.5.1. Kern 

Kern là nguyen to thiet yeu ciia co th4. Toan co the chlia khoang 2-2,5g 
kem, gAn bang luring sat, gap hon 20 lan Wong deMg. Kern la thanh phan cat' 
tao trong yeti cila hang tram metalloenzym, vi du: carbonic anhydrase (CA, 
tao HCO3-), superoxid dismustase (SOD, chila ca Zn va Cu, loai b .6 g6c tit do 
0.7), alcohol dehydrogenase (van chuyen hydro), carboxypeptidase (phan giai 
acid amin), DNA va RNA-polymerase (tang hop, sao chop DNA va RNA)... [Vdi 
eau hinh electron d'°, Zn2+ trong enzym tao cau trot phIlc tii dien dien hinh vai 
3 nguyen tit N dia. 3 nhorn amino acid, con vi tri. this 4 tit do de ttidng tac vdi 
phan tit chat phan ling can hoat hoa. Chang han, enzym CA xlic tac cho phan 
itng sau trong qua trinh ho hap: 

CO2  (k) + H2O (1) 	
CA

H+  (aq) + HCO3-  (aq) 

Ion Zn2+ 6 vi tri hoat &Ong gan vdi phan tit H2O la chat phan 1mg vao vi 
tri this 4. Tac &Ong nhu met acid Lewis, Zn.2+ keo mat do electron tit lien ket 
O-H, lam cho H2O al acid de mat di 1 proton. Ion OH-  tao thanh gan vao 
phan &tong C cUa. CO2  manh hon nhigu so voi nuoc tit do, vi the t6c do phan 
Ung tao H+ va HCO3-  rat lon]. 
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Kem rat can thiet cho ski hinh thanh va hoat Ong dia hormon sinh duc 
nam (testosteron), hormon tang trang cua tuyen yen, insulin (chfia 0,36% Zn) 
cua tuyen tuy. 

Kem kich thich tao hang cau va hemoglobin; kich thich tuyen rat& bot. 

Ngtidi truang thanh can hap thu 15-20mg kern m6'i. ngay. Tuy chi la vi 

ltfOng,- 'nhung neu thieu se phat sinh hang boat trieu thing va benh 	chair 
an, thay dOi vi giac, cham sinh truang, hit hai do ngheo khodng d racing, tang 
keratin hod (sung hod) cdc to chic, thieu nang hoac mat kha nang sinh due 
nam, giam sinh sari a ca hai giong duc va cai, di dang bao thai, suy giam mien 
dich, de viem loet va cham lanh vet thuong, ton thuong a mat, tieu chay, r6i 
loan chuyen hod glucid, protid, he than kinh suy nhuoc. 

Che phdm &toe dung: 

+ Vi thieu kern hay gap trong the do dinh &tang nen ngtidi to lam 
nhang vien thulic be; sung cdc vi luong dang u6ng, trong do c6 chila 
nhang hop chat cua Zn 2+  . 

+ Kern oxyd, ZnO = 81,4. Dang thu6c ma, ha boi, bat rac dung digu tri 
nhiem khudn da, vet bang nong, da kho. 1176 trd cli6u tri cdc benh tren 
da (eczema, ban dO...). 

+ Kern sulfat, ZnSO4.7H20 = 287,5 dung pha thu6c nhO mat sat trimg, 
lam thu6c non. 

+ Kern. 

	

	peroxyd, ZnO2  = 97,4, dung bang •b6 vet thtiOng nhigm trUng, vet 
bOng. 

Dicing kern cao lam giam -ct6ng trong co the. Vi vay, chi b6 sung kem khi 
da du clang, hoac dung kern lieu cao dieu tri benh Wilson (tich to ctiMg 
trong co the) rat c6 hieu qua. 

Kern it gay nga dac, tru khi tieing phai Wong lon mu6i kern vo co. Thu6c 
giai c16c pho" bien la NaHCO3. 

2.5.2. Cadmi 

Hien nay, cadmi duoc xem la dac gap nhieu Ian chi. Benh r6i loan chic 
nang than va nhfin xtiong gay dau don dac trong a NI* goi la benh Itai - Itai 
do u6ng nuOc c6 Cd'. Cadmi dac vi tranh chap vi tri \Ted kern trong cac enzym. 
Cdc hop chat cua cadmi khOng ditoc dung lam thuOc. Nguoc lai, cluing gay 
nhiem mai truang do duoc ling dung trong nhieu nganh ky thuat. 

286 



2.5.3. Thuy ngan 

Thug ngan kim loaf va cac hop chat cita no cve kST dOc. Co diem nOng 
chay thap nen 6 nhiet cto phong thug ngan kim loci da bay hoi dang ke. 
BOi hau het cac hop chat dia. He rat it tan trong nuoc, ngvai to da  
tiing nghi rang eh-Ling khong gay hai cho moi truang, nhung gia day da 
thay ra digu ngvoc lai. Nhu da biet, thug ngan de" tao hop chat chita lien  
ket dting hod tri cac co kim. Cdc vi sinh vat trong ceing ngam ho4c 
trong tram tich cita cac clang song tang hop cac ion thug ngan methyl 
CH3-Hg+, r6i sau do thanh thug nganTiu co, vf. du CH3-Hg-CH3. Cdc 
chat nay khong phan cue va giong nhu hydrocarbon gan clor, chiing 
chuyen tit vi sinh vat r6i tap trung vao mo va cac lop and cila ca, chim 
hay cac dQng vat có vu khac. Ca song trong moi trvang nhiem dQc thug 
ngan có the mang Wong Hg cao gap hang nghin Lan so voi nhcing not 
khac. Ngu6n thvc pham nhu vay dila thug ngan hiiu co vao co the 
ngithi. No di chuyen manh trong cac mo ma, ket hop voi nhom -SH cua  
amino acid sau do phd 	true va chiic nang dia. protein. Thug 
ngan ding voi chi, cadmi nhigu trong nao clan den r6i loan he than kinh 
va cac benh tam than - chua ke cac trvang hop ngQ d'ec cap tinh gay tit 
vong nhanh. 

O nhi6m moi trvang do thug ngan la van de thai sit, bai vi thug ngan va 
cac hop chat cita no van dang duoc sit dung ph.6 Wen trong nhigu linh \Ric ky 
thu4t. 

Do dQc tinh cao, nhigu hop chat thug ngan dung lam thu6c dan dvoc 
thay the bang thu6c khdc it dQc hon. Tuy nhien, do có hieu laic tot trong 
digu tri va da biet•ro tinh chat, nhigu thu6c van dvoc ghi trong cac tai 
lieu sit dung hoac thicic die7n. 

+ Hop chat vo co: 

ThuS7ngan (II) clorid, HgC12 = 271,50, pha dung dich 1/1000, 1/4000 dUng 
sat trung ngoai da va dung cu phau thuat. 

Thug ngan (I) clorid (calomel) Hg2C12  = 472,0, dung lam thu6c tay manh. 

Thug ngan (II) oxyd yang, HgO = 216,59, lam thu6c mc3 digu tri viem mf 
mat, benh ngoai da. 

[HgSO4.2H20; HgS dung tri benh ngoai da (eczema, lang ben, hoi, IcS7 
sinh trung chay ran). 
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Hg(CN)2, K2[HgI4] da ding dung die'u tri giang mai, bOh hoa lieu d ca dang 

tiem va ma boi ngoai da; hoac u6ng dung dich K2[HgI4] chioi dang sir6 Gibert]. 

+ Hop chat hall co: 

Mercurochrom (thu6c di), C19H906Br2HgNa2 = 726,1 

Br 

Hg—OH 
0,  0 ONa 

1110 

Gi6ng nh-Li cac pham nhuam boa hoc khac 
xanh methylen, Um gentian..., thu6c d6 c6 tac 
dung Mail trung mann cac vet thtiong nh6 va 
nong. 

Br 
COONa 

Thiomersal (thimerosal), C9H1002HgS = 382,66, dang mu6i: C9H9O2HgSNa 

COONa 	Thu6c di4 khuan ngoal da, kim ngm. Dung 
S—Hg—C2H5 dttoi dang phun hoac nh6 mat. = 404,66, 
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Chtfcing 15 

NGUYEN TO NHOM Iv 

MIX TiEU 

1. Tic cci-u tao nguyen tii, gidi thicirnguyen nhan kern thudn nhdt ve tinh chat giiia 
cac nguyen to  IIIA. 

2. Ve tong thu'c cdu tao, met cac phoin (trig Minh yeit ceza cac hop chdt cita B, Al. 

Nh6m III &foe xem la dac biet vi no chlia khoang 1/3 s6 nguyen to trong 
Bang tuan hoan hien dai, bao g6m: 

Nhom IIIA: 	B - Al - Ga - In - Ti 	5 nguyen to 

Nhom IIIB: Sc - Y - La - Ac 	4 nguyen to 

Ho lanthan: Tit 58Ce den ilLu 	14 nguyen to 

Ho actini: 	III 90Th den 103Lr 	14 nguyen to 

COng: 37 nguyen to 

1. NHOM IIIA: B - Al - Ga - In - T1. 

Day la nhom this ba dia nguyen to chinh, bat dau cac nguyen to p ma 
gifia cluing c6 nhang diem di thang. Bor dung dau nh6m nhting tinh chat cila 
no khong dai dien cho cac nguyen to khac trong nh6m. Nhom c6 cac tinh chat 
dien hinh dia nhom hen, nhung mitt 4 ph6 bie-n va tam quan trong cita no 
ttiong phan vdi ski hiern hoi dia cac nguyen to Ga, In, Tl. 

1.1. Trang that thien nhien. Chg tao va ring dung cita ddn chart 

Bang 15.1. Nguon thien nhien, ch6 tao va ang dung dia nguyen to nhOm IIIA 

Nguyen 
to 

Ngu6n thien nhien 
chU yeu 

Cho' tao nguyen to Ling dung cua don chgt 

Bor 

Nhom 

Borax 
Na2[B405(OH)4].8H20 

Bauxit (A1203) 

Mg khif B203; dien phan 
KBF4  
Dien 	phan 	A1203 	trong 
Na3AIF6  nong chay 

Hop kim MxBy lam tuabin, vó 
ten Ith, tau kh6ng gian 

Lam nhiau hop kim; day dan 
dien 
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Gali 	Vgt trong bauxit Thu du'dc trong tinh chg Lam chgt ban dan tOc do cao; 
Al 	 tam pin mat trci  

Indi Vgt trong quOng sulfid 
caa Zn/Pb 

Thu hOi of miOg 6ng 
khOi là dot sulfid 

Lam chgt ban an vdi P, Sb; 
lam hap kim d8 nong ch6y 
trong thiOt bi phun nti6c 
thing cau ho sO 

Thali Vgt trong quOng sulfid 
cCia Zn/Pb 

Thu hOi tit miOng ong 
khoi là dOt sulfid Rgt d0c, It sit dung 

1.2. Nh1?ng dac tinh nguyen tip va vat 17 chu ygu 

Bang 15.2. NhCi'ng cfac tinh nguyen tit va vat Ijr ciaa nguyen to nhOm IIIA 

Nhom 
IIIA 

Ten 
nguyen 

t6 

Ban 
kinh 

nguyen 
tit (A°) 

Ban 
kirnh 
ion 
(A°) 

Nang 
luvng 

ion hod 
thin 
nha-t 
(eV) 

DO am 
dien 

(thang 
Pauling) 

Kh6i 
lacing 
riang 

(g/cm3) 
(°C) 

 

Nhiat 
do 

nong 
chay 

Nhiet 
d6 sal 

(°C) 

% trong 
vii qua 

dgt 

5 
B 

10,81 
2s22p1  

(+3)  
13 

Al 
26 ,98 

3s23p1 
(+3)  
31 

Ga 
69,72 

4s24p1  
(+3, +1)  

49 

In 
114,80 

5s25p1  
(+3, +1)  

81 

204,40  T204,40 
6s26p1  

(+1) 

Bor 

Nh6m 
(alumini 

urn) 

Gali 

lndi 

Thali  Thali 

0,82 

1,25 

1,16 

1,44 

1,70 

- 

0,54 
(  +3) 

0,62 
(+3) 

+ 
0,80 
( 	3) 

(+1) 

8,3 

5,95 

6,0 

5,8 

6,1 

2,04 

1,61 

1,81 

1,78 

1,62 

2,35 

2,70 

5,90 

7,31 

11,85 

2180 

660 

29,8 

157 

304 

3650 

2467 

2467 

2080 

1457 

3.104  

8,13 

1,5.10-3  

10-5  

-10-4  

1.3. Lien quan gifia cgu tao \Ta tinh chat 

1.3.1. Nguyen tit clia cac nguyen to IIIA deu có chung lo'p electron hoci tri 
ns2np 1  Tii bang 15.2 cho thay, B va Al clung ngay sau kim loaf kim th6 nen 
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lop sat ngoai c6 8 electron tuong ling v6i v6 bgn cua khi higm. Con Ga, In va Tl 
&nig ngay sau cac day chuyen tigp ngoai d, rieng Ti sau ca day chuydn tigp 
trong f, nen lop electron sat ngoai khong phai la 8 ma là 18 electron. Do cau 
hinh electron nhii vay, cac nguyen t6IIIA c6 tinh chat kem thuan nhat*  so vOi 
nguyen to IA, IIA. Nhin tit tren xu6ng trong nhom, B la a kim dau tien trong 
so cac nguyen to da xet dgn bay gi6 va cang la duy nhat trong nhom. N6 it 
hoat dOng, rat kh6 tao thanh ion B3+, de tao lien kgt d6ng hod tri. Al la mot 
kim loai hoat &Ong, mac du oxyd cua no hiring tinh va c6 lien kgt d6ng hod tri 
trong hdp chat dimer caa cac halogenid. Tuy nhien, tinh kim loai khong tang 
dan 6 cac nguyen to phia duoi tigp theo la Ga, In, T1, tha.m chi lai giam xuting 
6 T1, vi cac nguyen to nay chiu anh huang truc tigp ciia. hien Wong co 
lanthanid giong nhii cac nhom chuygn tigp B. 

1.3.2. 11du het cac ho'p chat IHA la hdp cheit ion nhu'ng c6 tinh cMng hoci tri 
nhdu hdn hdp chat IIA Wong tit, vi ion MA kith tint& nhO hcin va dien tich 
loin hdn. 

1.3.3. Do hi'Ou zing cap electron tra ns2  nen tuy tat ca cac nguyen to c6 
trang thai oxy hoa +3, nhUng trang thai +1 tang dan dO pho bign 6 cac nguyen 
to n4ng, rE1si phO)  bign nh'at 6 Ti (nguyen tit Ti cid mat electron npi, kilo mat 
electron ns2). Bat dau tit nh6m nay, c6 the rut ra quy tac chung: Khi mot nhOm,  
c6 nhdu hdn mot trang thai oxy hoa,. thi trang thai oxy hoathdp hdn se pho 
bier' va quan trong ho'nkhi di tit' tren xudrtg du'di cua nh6m. 

Tit quy tac nay lai c6 he qua: Mot nguyen to c6 nhigu hdn mot trang thai 
oxy hod, thi trang thai oxy hod thap hdn mang tinh base hdn (hay tinh kim 
loai hdn) so v6i trang thai oxy hod cao hdn. Vi du, In20 co tinh base hcin In203, 
hoac T120 tao T1OH la mot base manh nhu cac kigm. S6 di nhii vay vi E'+ dien 
tich tha./p gay phan clic 	khong nhidu nhii E3+, khign lien ke't E-0 trong E20 
mang tinh ion nhigu hdn trong E203, dua dgn 02-  tit do hdn de tac dung nhii 
mot base, nghia la de nhan proton H+ tao ion OH-. 

1.3.4. Nhiing cicic bift ye-  hat hoc cua Bor 

Bor c6 tinh chat hoa hoc dac biet khac v6i cac nguyen to con lai trong nhom. 

Mau da neu tren, tat ca cac hop chat cua B dgu d6ng hod tri clang mang 
hoac dang cac phan tit lon voi kim loai, H, 0, N va C. 

Dac didm chung cua cac hdp chat don gian cua B la he thigu electron, 
nIntng B c6 2 each de lam day lop ngoai cua no: nhan mot cap electron tit do tit 
nguyen tit giau electron, hoac tao lien ke't cau v6i nguyen tit ngheo electron. 
Cdc vi du sau minh hoa cho sit hinh thanh 2 kik lien kgt vita neu. 

Tao lien kgt v6i nguyen tit gidu electron. VI du: 

BF3  (k) + :NH3  (k) 	 F3B—NH3  (k) 

Day chinh la phan ling acid-base Lewis. B thigu electron (chi c6 6 electron 
16p ngoai trong BF3) ditoc lam day bang each nhan 1 cap electron til do cua N 
trong NH3. 
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D 	Borazon 	4111f4 GB 

H 

H 
C—C

IH  
\H 

Ethan 1C2H6) 
H 

Benzen 1,C6H61 

CAC HOP CHAT 
CARBON 

Graohil  

CAC HOP CHAT BN 

H H 
B — 

\
H 

H 

II 
B, 

N BAN 

A Amin boran (BNHd 	B Borazin (B3N3H6) 

Acid boric trong midc: 

B(OH)3  (r) + 2 H2O (1) 	B(OH)zi (aq) + H30+  (aq) 

B trong B(OH)3  thieu- electron da nhdn cap 
electron to 0 trong H2O tao lien kk thii tu va 
giai phong ion H. Trong cac mu6i borat, v6 
ngoal. cua B duoc lam ddy bang nhiki each, nlati 
tao cac polymer mach thang, mach vemg. Cac 
ma:a do khong con iing v6i mot acid boric nhat 
dinh nao niia. Chang han, natri tetraborat rat 

OH 
B

I 
0\  

B— HO—O— B—OH 
\c) 	cl• 
'B'

OH 

thong dung trong ky thudt va dai song có tong thdc Na2[B405(OH)4].8H20, 
cang dude vik là Na2B407.10H20, thi anion [B405(OH)4]2-  c6 cau tao: 

Bor ding slat dtidc bO 8 electron 16p ngoai trong nhfing hOp chat v6i 
nitrogen va c6 eau tao rat tticing tt1 vdi cac hop chat dm carbon. St1 Wong tU 
nay la do kith thole, nang Wong ion hoa cua C nam gifia B va N. Hon ntia, C 
c6 4 electron hod tri, trong khi B co 3 va N có 5, vi the lien kit C—C va B—N c6 
cfmg se; electron hoa tri. Hinh 15.1 cho th'ay sLi giing nhau cUa 2 loai hOp chat. 

Hinh 15.1. St; gi6ng nhau giCia cac chit china cac lien kit C-C 
va cac chit chCia cac lien kit B-N 

A. Ethan va amin boran. C, B va N deu a trang thai lai hoa sp3. 

B. Benzen va borazin (benzen vo co). C, B va N dgu a trang thai lai hoe sp 2. 

C. Graphit va bor nitrid. C, B va N d6u a trang thai lai hoa sp2. Graphit clang phiin, mau 
den, dan diOn do electron ,r khOng Binh xtZ Bor nitrid clang phiin, mau trang, kheing den 
cliOn vi electron 71- clinh cu. 

D. Kim cucng va borazon co using ciu true tinh the. C, B va N d6u a trang thai lai hoa sp3. 
Borazon cut kk ciing, la chit mai mem rat tät. 
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H 

Uen ket 
binh ;hang 

Lien k6t 
binh ;hoeing 

A Lief,  ket cab 
8 C 

- Tao lien ket voi nguyen tii ngheo electron. Trong cac boran (hop chdt B 
voi H), hay c3 dang B ddn chdt, hoac trong clang trung gian giiia 2 loaf, 
khong c6 nguyen ti giau electron de cung cap electron cho B. Tuy 
nhien, B van dat tai bO 8 nho ski kOt hop cac lien ket binh thitang va cac 
lien ket cdu bdt tlniong. Hinh 15.2 cho thdy lien ket cdu d vai hop chdt. 

Hinh 15.2. Lien ket cgu trong cac Op chat va don chat cua bor 

A. Diboran. 2 nguyen ti? B dgu lai hoa sp3. 4 lion ket B-H la binh thuOng do xen phi) orbital sp3  
cua B va orbital is cua H. Lien kgt cgu hydro B-H-B la lien kgt 2 electron and rang cho 3 
nguyen tir (3 tam), d d6 2 orbital sp3  cua 2B xen pho vdi 1 orbital is cua hydro. 2 lien ket binh 
thiking cung 2 lien kgt cgu cla lam cho mai B du'oc bao quanh b6i 8 electron. 

B. Bor don chat veil don vi cgu trac B12. d day, mai B tao thanh cgu cho 28 khac trong 
mot lien kgt 2 electron 3 tam B-B-B. Mai B cuOi cung co vo 8 electron. 
C. Boran Idn B,H, co ca lien kgt cgu hydro B-H-B va cgu bor B-B-B. Mai B duoc Igp dgy 
bai 8 electron Idp ngoai. 

1.3.5. Quan he cheo Be va Al 

Day la cap tie-p theo cua cac nguyen to lien quan cheo. Ca 2 nguyen to 
nay tao oxoanion trong base manh: berylat Be(OH)42-  va aluminat A1(01-1)4  • 
Ca 2 cle'u co lien ket c'au trong cac hdp chdt voi hydro (chdt ran BeH2  chila 
nhiing chuoi dai nhi6u don vi phan tii not qua lien ket cau Be-H-Be; con AlH3  
c6 lien ket cau nhii d B) va vdi clorid (nluf 

* CI. O 	Cl 
/ 

Be Be Be va 	Al \  Al\  
Cl /  \ Cl/  \ 	Cl/ Cl/  Cl 

Ca 2 d6u tao lop v6 do oxyd ngan phan tang vdi midc, oxyd cua cluing d6u 
luring tInh va dac bi4 cung, nhiet do nong ch.y cao. Cac ion Be' va Al' nh6, 
diOn tich lOn gay phdn ctic manh may electron den gin. Vi viy, mot so hop 
chdt cua Al va tat ca cac hdp chdt ci_ia Be c6 tinh dOng hod tri dang ke trong 
pha khi. 

1.4. Cac phan ling chinh ygu. M'qt so hdp chat thu'ang gap va fing dung 

1.4.1. Cac pliiin zing 

1/ 	2Ga (r) + 6H20 (ming) -> 2Ga" (aq) + 60H-  (aq) + 3H2  (k) 

2T1 (r) + 2H20 (hdi) -> 2T1+  (aq) + 20H-  (aq) + H2 (k) 
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Al tao vO' do A1203  bao ye, khong phan 

2/ 	4E (r) + 302  (k) —> 2E203  (r) 	(E = B, Al, Ga, In) 

4T1 (r) + 02  (k) 	--> T120 (r) 

TInh base ciia oxyd tang dan xu6ng dtioi nhom: 

B203  (acid yeu) < A1203  Gang tinh) < Ga203  < In203  < T120 (base rat manh) 

3/ 	2E (r) + 3X2  --> 2EX3 	(E = B, Al, Ga, In va X2 = Halogen) 

2T1 (r) + X2  --> 2T1X (r) 

BX3  1a nhung phan tip c,:ng hod tri de" bay hoi. Trihalogenid cita. Al, Ga va 
In hdu het la chat ran ion, nhung o the khi ton tai cdc dimer de m 76i nguyen tii  
duoc lap day lop vO ngoai. 8 electron. 

4/ Bor oxyd tan trong nude tao ra acid orthoboric, clang goi la acid boric: 

B203  (r) + 3H20 —> 2H3B03  (r) 

Acid boric là acid don chic, yeu hcin acid carbonic: 

H3B03  + 2 H2O 

 

B(OH)4 + H30+ 	Ka = 5,6.10-10  

 

5/ Cite tao acid boric tii borax (natri tetraborat): 

Na2B407  (aq) + 2HC1 (aq) + 5 H2O 
	

4H3B03  (r) + 2NaC1 (aq) 

B4072-  (aq) + 2H+  + 5 1120 	 4 H3B03  (r) 

Acid boric It tan trong nuoc lanh nen duoc tdch ra de dang. Phan ing 
tren la thudn nghich nen khi them kiem vao dung dich, can bang chuyen sang 
trdi, borax lai duoc tao thanh (chti y: trong dung dich, khong tao thanh mu6i 
dia acid orthoboric Na3B03). 

6/ Acid boric de" tan trong dung moi hi u cd chia nhieu nhom hydroxyl 
(nhii glycerin) do tao phfic; hoac trong alcol (nhu rUdu methylic, rtiou ethylic) 
do tao este, vi du: 

H3B03  + 3CH3CH2OH --> B(OCH2CH3)3  + 3H20 

triethyl borat 

Este de bay hoi, khi chay cho mau xanh luc dam dac trung, nen tao mau 
ngon liia duoc dimg trong phan tich dinh tinh de nhan biet cdc mu6i borat va 
acid boric. 

7/ Nhom phan ing Arai dung dich kiem: 

2A1 (r) + 2NaOH (aq) + 101-120 (1) —> 2Na[Al(H20)2(OH)4] (aq)  + 3H2  (k) 
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8/ Sii lang tinh cila nhom hydroxyd, tan ca trong acid va kiem: 

Al[(1120)3(OH)3] (r) 
3 H30+ 	 OH- 

	

3 H2O (1) + A4(1120)613+  (aq) 	[Al(H20)2(OH)4]-  (aq) + H2O (1) 

Ion AP+ trong ntidc [Al(H20)6]3+  thuang viet rut gon la Al3+ (aq). 

Ion [Al(H20)2(OH)41-  cling hay dUoc viet rut gon thanh [Al(OH)4]--, no có 
the ket hop them OH-  tao Al(OH)5.2-, Al(OH)63--, bode khi mgt ntidc (dang khan) 
tao A102 goi la metaaluminat, chang han nhu muel NaA102- 

1.4.2. Nhang kip chat thong dung: 

+ Bor oxyd, B203. Dung the tao thug tinh chiu nhiet borosilicat. 

+ Borax, natri tetraborat, Na2[B405(OH)4].8H20 hay Na2B407.10H20, 
ngu6n thien nhien chinh de the tao cac hdp chdt cua Bor, B203  va che-
tao thug tinh borosilicat. 

o nhiet do cao, borax thanh mu6i khan (mu6i ciia acid metaboric HB02), 
r6i Deng chay dang thug tinh trong su6t va hob, tan nhieu oxyd kim loai cho 
cac mau ddc thing, chang han: 

Na2B4O7  + COO ---> 2NaB02. Co (B02)2 
Mau xanh chain, trong sue't (ngoc borat) 

Do do, borax cluoc dung the cac loai men sii, lam sach cac oxyd kim loaf 6 
ch6 han, san xugt vat lieu cdch nhiet. 

HO 0-0 OH] 
+ Natri peroxyborat , 	Na2[ 	 chat oxy hod manh, 

HO 0-0-  OH 

tdc dung vdi nti6c giai phong 11202, nen cluoc dung lam chdt tdy trong trong 
bet gidt, men sit 

+ Hydrid cila Li va nhom, LiH.A1H3  = Li[A1H4], có ten lithi- 
tetrahydroaluminat, chdt khii manh vi 	de clang tach ra electron, 
rat duoc dung trong tang hop hilu co va vo co. 

+ Nhom clorid khan, A1C13  la acid Lewis vi thieu cap electron nen de ket 
hop voi NH3, H20, PC15, POC13  ya met s6 hop chdt hilu co. Vi vdy no 
dticic dung lam rac tdc trong phan Ting tong hdp quan trong mang ten 
Friedel - Graft. 

+ NhOm oxyd y, A1203-y, tinh the lkp pinking rat nhO nen hdp phu manh, 
but dm, hoat deng hod hoc cao, mau trong; khong có trong thien 
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nhien; nhan tao bang cach nhiet phan Al(OH)3.3H20 a 500-600°C; 
dude sit dung lam chat hap phu trong sac kST, chat xiic tac va gia mang 
chat )(tic tac. 

+ Nhom oxyd a, A1203-a, tinh thg luc phttdng, kh8ng mau, rat ben va trd 
v6 hod hoc; nhan tao bang each nung Al(OH)3  tren 1000°C; ton tai  
trong thien nhien (goi la corandum) rat cling; n6ng chay a 2070°C; 
dung lam da mai, bOt mai, vat liku chiu lira, dg san xuat nhom. 
Corandum tinh khigt fan vet Fe', Ti4+ CO mau lam la da quST xaphia; 
fan vet Cr' c6 mau d6 la da quS7 ruby. 

+ Cac mu6i kap hay phan. C'Ong thitc thong dung ciia phan la 
M2+M23+(SO4)4.24H20, trong do W = Nat, K+, Rb+, NH4+, T1+  va 	= 
Al', Cr', Fe', T13+. Mau g6c cho cac phan la K2Al2(SO4)4.24H20 = 
K2SO4.Al2(SO4)3.24H20 (phan chua), dung trong san xuat giay, nhu8m, 
thuOc da, danh trong nttoc, vi thug phan tao nhom hydroxyd dttoc hap 
phu tren vai, soi, da, giay c6 tac dung c6 dinh cac chat mau va kat  
dinh cac the sdi voi nhau, hoac hap phu cac chat ld liing trong nit& roll 
keo chong lang xu6ng. 

1.5. Vai tro va iing dung trong Y - 	D'Oc tinh 

1.5.1. Bor 

- B va cac hop chat ciia no c6 dOc tinh 6 Wong lon, ca khi nu6t phai hoac 
hap thu thitang xuyen qua \rang da bi ton finking hoac vi8m, dac bit 
tre nh6. Tuy vay, bor va silic &toe coi là c6 lien quan dgn chuyen hoa va 
on dinh cua xlidng va rang. 

- Acid boric va borat khOng c6 tinh sat trUng, chi c6 tirih kim khuan ygu, 
dtioc clang lam chat cheing nhien khuan ngoai da. 

+ Acid boric, H3B03  = 61,84, bOt trang hay vay, gifia cac phan tit c6 lien 
kgt hydro; dung pha dung dich rila mat 3% hoac pha trong glycerin d8 
boi hong. 

+ Natri tetraborat, 
co

a2B407.7H20 = 381,37; lam thu6c kim khuan nhe, 
stic mieng, b8i o hong, rita mit, trong cream boi ngoai da; chg cac 
dung dich dkm cho thu6c nhO 

+ Natri perborat (hay peroxyborat),Na2[B204(OH)4] = 199,62; lam thu6c 
ch6ng nhigm trizng tai chO' thu(ic loai oxy hod (vi giai phong H202). 

1.5.2. Nhom 

- Khong c6 vai tro sinh hoc. Ngtioc lai, da thay d8c tinii man cim nhom 
anh hung den n5.o bi8u hikn ra a ngtiai cao tuo2i. 
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— Nhigu hop chat cila nhom khong tan duoc diing lam thu8c khang acid 
(antacid) da day. 

+ Nhom hydroxyd, Al(OH)3  = 78,00; lam dung dich keo dong (gel) &mg 
trung hoa HC1 cua dich vi trong truang hop tang acid d benh loet da 
day. 

+ Kaolin là nhom silicat hydrat hoa (ngam nuoc), ton tai trong thien 
nhien, thanh phan khong on dinh, cong thitc hoa: hoc chu yeu c6 the 
viet la A1203.2Si02.2H20, 138t mau trung hoac nga, trcin, khong tan 
trong nuoc. Co kha nang but than' nen clang lam Nit rAc hoac bit  
nhao chfia. benh ngoai da, loet, bong; cling u6ng . bao ve niem mac 
da. day. Cac the pham duoc dung c6 the chi dung rieng kaolin hoac 
dung hein hop kaolin va pectin (chat keo but nuoc, chu ygu la cac acid 
polygalacturonic bi metoxyl khong day du, thuang gap trong hoa qua 
chin va mit s6 b8 phan cua cay). 

• Bentonit là nhom silicat hydrat hoa, clang keo tit nhien, tong thlic 
hoa hoc: A1203.4Si02.H20 (co the fan mit Wong khoang tap khac); 
khong tan trong nuoc va acid nhung but nuoc manh va triiong na gap 
—12 Ian the tich ban dau. D4c tinh tao gel cila bentonit dtfoc 4n 
dung nhigu trong that hanh dtioc khoa, lam chat bao ve va on dinh 
cac clang thu6c huygn phis hoac cac dich treo. 

1.5.3. Gali - indi - tali 

Khong c6 ling dung trong duoc, frit cac d6ng vi phong xa 67Ga, "'In, 'In 
va 2°1T1 duoc sit dung trong nghien ciiu than doan. 

Ga3+  c6 tinh chat rat gi6ng Fe3+. N6 gan voi transferin (m8t protein van 
chuyen sat) va to ra hal ich trong digu tri chling tang calci huyet c6 
lien quan den ung 

Tali la mot trong nhiing chgt d'Oc nhat va &toe hap thu qua ru'Ot, qua da 
Wong tut arsenic. Tr-  Wong tai K+ cJ ch8 T1OH la mit base manh va mu6i 
cila cluing la d6ng hinh. Tinh d8c a.a tali duoc sit dung lam chat diet 
con trung,kien d8c; bi lam dung lam my pham (thu6c ma, cream boi . 
ngoai da lam rung long t6c) c6 the gay chet 

2. NHOM IIIB (CAC NGUYEN TO D): Sc - Y - La - Ac 

2.1. Trang thai thien nhien 

Scandi, ytri, lanthan va actini la nhang nguyen to rat phan tan trong 
tai nhien, khong c6 khoang vat dac trung. Chung thuang fan trong quang da 
kim lo4f lanthanid va thori. Actini la nguyen to phong x4 thien nhien, Wong 
rat nho trong quang uran. 
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2.2. Nhilng clac tinh nguyen tit va vat 1ST' chu ye.0 

Bang 15.3. NhCing cl'Oc tinh nguyen to va 41- 	nguyOn to Illa Cac nguyen to d 

Nhorn 
IIIB 

(nguyen 
to d) 

Ten 
nguyen 

:- 
t 

 ° 

Ban 
kink 

nguyen 
tit (A°) 

Ban 
kink 
ion 
(A°) 

Nang 
Iirpng 

ion hoa 
thU 

nha-t 
(eV) 

06 am 
di"en 

(thang 
Pauling) 

Kh6i 
lu'ong 
riing 

(g/crn3) 

(°C)  

Nhiet 
do 

ruing 
chay 

Nhret 
di) soi 

(°C) 

% trong 
vii qua 

dat 

21 

SC 
0,81 

49,95591 Scandi 1,51 6,7 1,54 2,99 1541 2831 0,44 

3d14s2  
(+3) 

(+3)  

39 

Y 
0,93 

88,9059 Ytri 1,80 
(+3)  

6,5 1,53 4,47 1530 3340 0,022 

4d15s2  

(+3)  

57 

La 
1,15 

138,9055 Lanthan 1,87 
(+3)  

5,6 1,3 6,19 920 3470 4,5.10-4  

5d16s2  

(+3)  

89 

Ac 
1,20 

(227) Actini 2,03 
(+3)  

5,1 1,25 10,1 1050 3300 -10-12  

6d17s2  

(+3) 

2.3. Lien quan giiia cgu tao va tinh chk 

1/ Day la 4 nguyen to dau cac day chuyen tiep ngoai - nhting nguyen to d. 
Chung dgu có 3 electron hod tri (n-1)dins2 va s6 oxy hoa dgu la +3. 

2/ Sc, Y, La, Ac la nhung kim loai hdi mem; mau tra'ng bac; nhigt do 'long 
chd.y va soi cao; boat Ong hoa hoc khd. manh (chi 10in kim loai kim va kim 
th6) va tang dan ti f tren xueing dttoi nhom (khac \Ted cac nhom B khac, vi chtfa 
chiu anh Inaing dia sii co lanthanid, co actinid va chtta có higu ling cap tro ns2  
nen ca 3 electron hoa tri dgu de tach ra tao s6 oxy hoa +3). 
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3/ The dien cue chudn cua ca 4 kim loai de'u am, vi vdy cluing deu tic 
dung voi acid loang (H2SO4, HC1) giai phong hydro va tao cdc muoi E' hoac 
tic dung voi nuoc giai phong hydro va tao ra cdc base E(OH)3  c6 tinh base 
manh din tii Sc(OH)3  sten Ac(OH)3. 

4/ Cdc mutii chi E" thong dung tan trong nuoc la nitrat, clorid, acetat. 
COn cdc muooi fluorid, carbonat, phosphat va oxalat cua E3+ rat it tan. 

5/ ca 4 kim loai trong nh6m khong c6 tong dung quan trong. La tao hop 
kim vdi cdc lanthanid de lam dd liia, pha them vao cdc hop kim khdc ct chong 
gi, tang chiu nhiet. 

Sc kim loai dung trong ky thudt dien chin khong vi kith kill tot. Nhiing  
ferit chlia Wong nhO' Sc203, Y203  dUoc dung trong 138 nho cua thiet bi giai -
tinh nhanh. 

3. NHOM IIIB (CAC NGUYEN TO F): LANTHANID VA ACTINID 

Dac tinh nguyen tii va vat 1Y, ngueln thien nhien, mot s6 tinh chdt hod 
hoc va ling dung trong ky thudt da dude trinh bay tom tat trong bang 11.1, 
bang 11.2 vb. muc 3, chi tie't d muc 3.4.2 (chudng 11). 

4. NHOM IIIB: VAI TRO VA 1..iNG DUNG TRONG Y - DINC 

Cac nguyen to IIIB it coy nghia, vai tro ya ling dung trong Y - Dtioc hoc. 

9.1(,) Y la chit phong xa p, co thOi gian ban hu'Y 65h. Dung dich ytri clorid tao 
dung dich keo phong xa pH = 7;0-7,8 duct dung trong dieu tri benh mdu dc tinh. 

Mot s6 hop chit dm lanthan (La), neodymi (Nd) va praseodymi (Pr) co tic 
dung keo dai thOi gian &Ong mdu nen da co van dung lam thueic cho'ng &mg. 

Phiic oxalat cua Ce3+ da Bing lam thutic cho-ng non keo dai. 
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MYC TIEU- 

1. Du'a veto celu tao nguyen tee,  gidi thich nguyen nhan su' cta clang ceta cdc thin 
chat va hop chat c eta C, Si. 

2. Chi, ra cac lien ket trong cdc loaf khocing silicat vet ang dung clict silicat trong 
Y - Duck. 

3. Ke ra, nhiing chat có dOc tinh cao ceta C, Pb va gidi thich cd thegay ck5c dux chzing. 

Chddng 16 

NGUYEN TO NHOM IV 

1. NHOM IVA: C - Si - Ge - Sn - Pb 

1.1. Trang thai thien nhien. Ch6 tao va iing dung ena ddn ch'St 

Bing 16.1. Nguon thien nhien, che'tao va Cing dung coa nguyen to nhOm IVA 

Nguyen 
to 

Ngu6n thien nhien 
chii e-u y 

Che- tao nguyen t6 Cing dung cila don chgt 

Carbon 

Silic 

Germani 

Thigc 

Chi 

Graphit; 	kim 	cuang; 
than 	ma 	(hoa 	thach 
ygm khi thu'c vat); dau 
ma (san 	phgm phan 
huY ye'm khi clang vat); 
carbonat; CO2  

Thach anh (Si02); cac 
khoang silicat 

Germanit (Ge022-, h6n 
hgp vgi sulfid &la Cu, 
Fe, Ge)  

Cassiterit (Sn02) 

Galen (PbS) 

.T6n 	tai 	tu' 	do; 	hoac 
nung nong thigu kh6ng 
khi cac loai dau mO va 
than 

KO 	K2SiF6 	bang 	Al, 
hoac 	khi' 	SiO 	6

,, 

	

2 	ang 
Mg, sau do tinh the  

06t 	qu'Ong 	trong 	02, 
sau knit Ge02  bang H2 

va tinh chg  

Khit Sn02bang C a 
nhiat do cao 

, 	  
Dot quang trong oxy VA 
PbO, sau khi' bang C 
va tinh chg dian phan 

- Graphit: 	lam composit, than 
cJc, phy gia dau b6i tron, dung 
cu nung nhiat do cao 

- Kim cu'ong: trang sac, mai khoan 

- Cac loai than: lam chat khif 
trong luyen kim, chat hap phu, 
tgy trang duang, chat On cao 
su lop xe  

, Lam chat ban clan, thug tinh, 
..- 	- gom sif 

Lam chat loan dan, ciia s6 may 
hong ngoai va cac trial.' kink 

Chong an men cac binh thgp, 
lam que han, tao hap kim (Jong 
da va thigc - Chi  

Chg acquy, lam que han, dan 
sung, cac thigt bi than phong 
xa 

300 



- 	*-wmoRIMPrnIner- 

• Carbon phO bign trong vu tru hdn tren Trai ddt. NgLicic lai, silic la  
nguyen to pith bie-n this ba trong vO qua ddt, sau oxy \TA hydro [15 nguyen to 
pho Men nhdt tren Trai ddt, chiem toi 96,4% nguyen 	xep theo this to giam 
ddn là: 

0 H Si Al Na Fe Ca Mg K Ti C P Mn N S 
Neu tinh theo % khoi Wong thi Si doing this 2 sau oxy, con C thing this 14 

trong 9517 nguyen to co khoi Wong nhi6u nhdt xe'p theo thif tii giam dan nhii sau: 
0 Si Al Fe Ca Na K Mg H Ti Cl P Mn C S Ni Co] 

Chi lA san phdm cuooi ding cua hdu 11'61 cac qua trinh phan huY)  phong xa 
\TA IA mot trong \rai ba kim loaf nAng phO bi'en nhdt tren Trdi ddt. 

1.2. Nhi?ng cl:ac tinh nguyen tit ya vat 1S7 chit ye.0 

Bang 16.2. NhCing clOc tinh nguyen ttY va vat 13"/ cua nguyOn to nhOrn IVA 

Nh6m IVA 
Ten 

nguyen 
to 

Ban 
kinh 
g..- 	n 	uyen 

to (Ao) 

Ban 
kinh 
ion 
(Ao) 

Nang 
lacing ion 
hoa tha 

nha-t (eV) 

D6 am 
dren 

(thang 
Pauling) 

Kh6i 
lu'Ong 

.: 
rieng 

(g/cm3) 

Nhiet
.. 

do 
, 	• 

nong 
chay 
(oC) 

Nhiet 
_ 	,. 

do soi 
(oC) 

% trong 
, 	, 

vo qua 
cat 

6 

C 
12,011 Carbon 0,77 

2,60 
(-4) 

11,264 2,5 2,27 4100 
KhOng 
 . 2,7.10-2 

2s22p2 0,30 
on dph 

(-4 cl6n (+4) 
+4) 
14 

Si 
2,71 
(-4) 

28,0855 Silic 1,17 8,149 1,8 2,34 1420 -3280 27,7 
3s23p2 0,54 

(-4 ci6n (+4) 
+4) 

32 0,87 

Ge (+2) 

72,61 Germani 1,22 8,09 1,8 5,32 945 2850 7.10-4 

4s24p2 0,67 

(+2, +4) (+4) 

50 
0 ,93 Sn 

Thi6c 
1,41  

(+2) 
7,30 1,8 7,26 232 2623 6.10-4 

118,710 (stanium) 
0,83 

5s25p2 (+4) 
(+2, +4) 

82 1,20 
Pb Chi 

(+2) 

207,2 (plumbum) 
1,54 7,38 1,9 11,34 327 1751 1.10-3 

6s26p2 0,91 

(+2, +4) (+4) 
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1.3. Cdc phan ling chung 

Tdt ca cac tinh chdt hoa hoc cita nguyen to deu the hien trong nhOm IVA: 
C la phi kim; Si - Ge la a kim; con Sn va Pb la nhiing kim loci. Chi rieng thong 
tin vg cac hop chdt cita C va Si du chlia ddy ca mot tint vien: hod halt cO va 
sinh hoa 	tren carbon, con dia hod hoc, cong nghe dien tit va mot plidn hoa 
hoc polymer Oa tren silic. 

Dudi day la mot s6 phan ling dien hinh cua nhom IVA. Nhieu phan fang 
cu the cho .m8i nguyen to va cd the chung cua.chung chide trinh bay d nhiing 
phdn tiep theo. 

1/ Cac nguyen to bi oxy hoa bai halogen (X2): 

E (r) + 2X2  -> EX, 	(E = C, Si, Ge) 

Doi vdi Sn yd. Pb thi tao SnX2, PbX2  ben hon. 

2/ Cac nguyen to- bi oxy hoa bai oxy: 

E (r) + 02  (k) -> E02 	(E = C, Si, Ge, Sn) 

Con Pb tao ra PbO. 

Cac oxyd trei nen base hon khi xu6n.g duoi nhom. Phan ling ciia CO2  vdi 
nude tao nen dO acid 3/61.1 cita nudc sach thien nhien: 

CO2  (k) + H2O (1) 	[H2CO3  (aq)] 	(aq) + HCO3-  (aq) 

3/ Khong khi va hoi nudc Can qua than c6c nOng dO tao ra h8n hop nhien 
lieu khi: 

2C (r) + Khong khi + H2O (k) -+ CO (k) + CO2  (k) + N2 (k) + H2 (k) 

(N2  + 02) 

4/ Hydrocarbon chay vdi oxy tao CO2  va H2O. Vi du, phan (nig cna 
methan dung san xudt nhiet va dien: 

CH4  (k) + 202  (k) -> CO2  (k) + 2H20 (1) 

5/ Carbid kim loci phan ling vdi nuoc cho acetylen: 

CaC2  (r) + 2H20 (1) --> Ca(OH)2  (aq) + C2H2  (k) 

Khi dude sit dung de dieu the cac hop chdt him cd hoc lath nhien lieu han. 

6/ Phan ling ch6 tao freon: 

CC14  (1) + HF (k) 	CFC13  (k) + HC1 (k) 

Triclorofluoromethan goi IA freon-11, chk lam lanh 1ST -Wang trong cac 
thiet bi lam mat, to lanh... da dude sit dung teen toan the gioi, nhiing dang 
gop phdn lam 'long trai ddt va pha hug' tang ozon. 
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• 7/ Cac halogenid 	Pb2+de tao phitc: 

SnC14  (aq) + 2HC1 (aq) --> H2[SnC16] (aq) 
PbI2  (r, yang) +' 2KI (aq) -> K2[Pb14] (aq, khong mau) 

8/ Ge", Sn2+ co tinh khit manh: 

+ 9Fe" -> Sn4+ + Fe" 

SnC12  (aq) + 2HgC12  (aq) -+ SnC14  (aq) + Hg2C12  (r, trang) 

SnC12  (aq, du) + Hg2C12  (r, trang) -->SnC14  (aq) + 2Hg (r,den) 

Trong mei trtiOng kiern, Sn' chuyen thanh stanit [Sn(OH)4]2-  c6 the khit 
Bi' den kim loai: 

3Na2[Sn(OH)4] (aq) + 2Bi(NO3)3  (aq) + 6NaOH (aq) -> 

3Na2[Sn(OH)6] (aq) + 6NaN0,3  (aq) + 2Bi (r, den) 

Tinh oxy hod manh cita Pb4+: 

5PbO2  (r) + 2Mn" (aq) + 41I+ (aq) -> 

5Pb' (aq) ± 2Mn04-  (aq, Um) + 2H20 

1.4. Lien quan gifia cau tao va tinh chk 

1.4.1. Nguyen 	ceza cac nguyen to nhom IVA c6 4 electron hod tri. Cau  
hinh electron a trang thai co ban ns2np2  (met cap electron va hai electron dec 
than) dg tao ra 4 electron dec than nsinp3  khi nhan nang Wong kich thich. 
Nang Wong tieu ton de chuyen electron tit ns2 ->np de dang ditoc bit lai bell  
nang Wong giai ph6ng khi tao lien ket hod hoc. Cho nen hau het cac hop chat 
cUa C va Si c6 hod tri ben. S6 oxy hod ciia cac nguyen to nhom nay thap nhat 
la -4 va cao nhat la +4. Do hieu ling cap trd, s6 oxy hod +2 ben clan del v6i cac 
nguyen to nang hon trong nhom. 

1.4.2. Carbon khong có orbital hoci tri d nen s6 ph6i tri lan nhat cua no la 
4. Cdc nguyen to con lai có th6 tao chide cac hop chat c6 s6 ph6i tri lon hon. VI 
du: CF4, 	SnF84-  va a nhigu phitc chat khac. 

1.4.3. Logi lien het giva cac nguyen tzi dnh hu'ong den tinh chat ciia 
don chat 

- Bang 16.3 cho thay nhiet do nong chay va nhiet hod hoi phu thuec vao 
loai lien kgt trong met nguyen to. De nhin reng hdn sit phu thuec do, 

11,4 cac nhom IIIA, IVA va VA ding throe so sanh. 

1303 



36.8 

232 	7.1 

4,8 

Nhom IVA 

(kJ/mol) 
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Sb AVA 631 20.0 
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Nguyen Loai 
t6 	lien ket 	(°C) 

C /LTA VAT 4100 

Bang 16.3. Loai lien ke't va nhiet c10 n6ng ch5y (r„), nhiet boa hoi (dE6) 

cu a cac nguyen to nhOrn IIIA, IVA, VA 

Nhom IIIA 

Nguyen 
t6 

Loai 
lien MI 

en. 
(cC) 

Atin, 
(kJfmol) 

El 4)  2180 23.6 

Al in 660 10.5 

Ga al 30 5,6 

In 157 3.3 

71 NI ww 
304 4.3 

en ket kim loai AT
AT
A  

V Mang lien kift Ong hoe tri 	CO Phitn tit Ong hoe tri 

Si giam manh tone  gifia cac mang cong hod tri cua C va Si la do lien kgt 
dai hdn va ygu hdn trong cgu true ciia. Si. 

Si thay dOi tit mang cong hod tri sang lien ke't kim loai dan den rhe  earn dOt 
net tit Ge dgn Sn va Pb. Xu Inteing nay cung xay ra trong cac nhom IIIA, VA. 

Theo chigu ngang cua chu ky, t'hc  va AHhh  tang manh khi chuyen tit lien 
kgt kim loai sang mang lttdi cong hod tri va giam rat dOt net sang phan tit 
Ong hod tri. 

- Loai lien kgt giiia cac nguyen tit tao ra cac the thin hinh, clang kgt tinh 
hay dang phan tit khdc nhau cua ding mot dein chgt. 

Carbon cung cap nhfing vi du din hinh ve hiQn Wong thu hinh. Graphit 
(than chi) va kim aidng cgu tao tit mot loai nguyen to là carbon, nhung tinh 
chgt ciia 2 the thu hinh ay lai khdc nhau dgn kho hinh dung: mot chgt den, 
mem, dan diQn, con chgt kia trong su6t, cite ky ran, khong d'an diQn. Nguyen 
nhan chi vi lien kgt C-C trong 2 the thu hinh la khac nhau (xem Hod dai 
cuong). [can bang gicia kim cuong va graphit: 

CKim curing 454 	Graphit 

voi AHt = -1,896 kJ/mol ; AS = 3,247 J/mol.K va AGt = -2,866 kJ/mol. 

NInt vay, a digu kiQn thliang, sit  
chuygn kim cVdng thanh than chi là qua 
trinh to di6n bign, tuy nhien ttic dQ clic ky 
them. Than chi bgn, 6n Binh hon kim 

vi thg dude chon lam trang thai 
chuan cila carbon]. Nam. 1990, nguOi to 
phat hiQn va digu chg duoc mot dang thu  
hinh moi dm carbon g6m cac phan tit C„, 
goi Chung la fialeren c6 dang hinh nInt 
qua b6ng dd (hinh 16.1). 

Hinh 16.1. Calf frac cua fulleren 
Om 60 nguyen to carbon (C50) 
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Hai clang tinh the tinu hinh cua thigc c6 can bang: 

13°C  
Sn - a 	 Sn - p 

thigc xam 	 thigc trang (thi'gc thLtang climg) 
tinh thg kik kim ctidng 	tinh the kieu kim loci clac klift 

a nh* dO < 13°C, thigc trang p kik tinh the dac khit chuyk thanh 
Bang thi6c xam a kik tinh the "rang" hdn &A lam cho no vO ra thanh .manh 
vun. Cac dung cu, mai han duoc lam tit thigc trang gap nhigt do thap c6 the bi 
va vun va hang, goi la "bkh thigc". 

1.4.4. Loai lien Vet lam thay doa tinh chat cac hop chat 

- Vdi 4 trong so-  8 electron hod tri co the c6, cling vdi cac gia tri nang 
lacing ion hod va dO am din i3 khoang trung gian, cac nguyen to nhom 
IVA c6 mot pham vi Ong v6 cac tinh chat hod hoc: tit cac hop chat dOng 
hod tri din hinh va phong phi" dia carbon den cac hop chat ion dm chi. 

- IN am dign trung gian cua C la 2,5 dam bao rang no luon luon tao 
thanh lien kgt &Ong hoa tri, nhung cac thanh vien lon hdn cila IVA tao 
thanh cac lien kgt c6 tinh ion tang dan. Si va Ge tao thanh cac lien kgt 
&Ong hod tri phan cuc manh vdi cac phi kim, vi du lien kgt Si-0 rat bgn 
(Elk = 368 kJ/mol). Lien kgt nay c6 vai trO trong sii on dinh ve vat 1ST va 
hoa hoc cila bg mat ran Trai dat. Lien kgt cUa. Sn vb. Pb vdi cac phi kim 
mang tinh ion nhigu hon. 

- Sau silic c6 akt chuygn sang trang thai oxy hoa th'ap hdn, on dinh va ph6 
Bien han, nhu quy tac chung da rut ra c3 nhom IIIA phla tru6c. Chang 
han, d silic c6 trang thai oxy hod +4 on dinh va ph6 bign han trang thai 
+2, trong khi cac hop chat dm thigc va chid trang thai +2 10 on dinh han 
+4. Cu. the la, SnCl4  va PbC14  la nhung chat fang, c6 the tan trong dung 
mai hfiu cd, kem bgn vdi nhigt. Con SnC12  va PbC12  la nhfing chat ran, 
tan trong mt6c, nhigt do nong chay kha cao. SnO va Pb0 on dinh hdn 
Sn02  va Pb02, vi ion Sn2+, Pb' gay phan cue 02-  kem han, nen lien ket 
Sn-O va. P13-0 mang it tinh ion han va on dinh hon. 

1.4.5. Nhfing die'm nal bat ves  hod hoc ceta carbon 

- Giong nhu cac nguyen to chu kY 2, carbon là nguyen to bat a-Wang 
trong nh6m. Thiic ra, khong mot nguyen to new trong Thing tudn hodn có 
tinh chdt trung tu' carbon. 

C tao thanh cac lien ket vdi cac kimloai IA, IIA, vdi nhigu kim loaf 
chuygn tigp, v6i cac halogen va vdi nguyen to cac nhom lan can: B, Si, N, 0, P 
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va S. Trong cac hOp chat, carbon bieu thi tat ca moi trang thai boa tri cita. 
nhom, tii +4 trong CC14, CO2  den -4 trong CH4. 

- Hai dac diem n6i bat 176 hod hoc cua C la kha ruing ta' lien ket voi chinh 

minh (stf hinh thanh chai) va khd nang tao lien ket b6i. Do kich tint& 
nhO va kha nang có 4 lien ket, C có the tao thanh chuoi, nhanh, vOng 
dan den cau trot v8 s6. COn.g them vo s6 nguyen tii H,m8t s6 0 va N, 
ding mot it S, P va halogen, to thay ca mot the gioi. hi u cd. Hinh 16.2 la 
3 trong s6 vai trieu chat hfiu cd da. biet. 

Lien 1(61 b8i ph6 bien trong cac hop chat cila carbon, bOi vi lien ket C-C 
diz ngan (kich thuOc nguyen tii C nhO) de cho ski xen phii cac orbital 2p moi 
duoc lam day mot nifa (clui ST rang, cac nguyen to khdc cila IVA lon hdn, nen. 
lien ket E-E trei nen dai hdn va yeu hdn tii tren xu6ng duoi - nhom. Vi le do, 
chai Si dai nhat chi có 8 nguyen tii, chai Ge chi có 5. Nhiing lien ket dai hdn 
nay ngan can si xen phu can thiet din v6i cac lien ket lip_ p. Hon nUa, orbital d 
trong cua cac nguyen tii nay lam cho chu6i nhay cam hon truoc st! tan tong 
hod hoc nen thieu on dinh hdn chai C). 

1 
• • 

I 	 \ 
H c 	c 

;I 	II 
H C H 

H 

A. Aspirin 

	

1- 	7 H 	/4  
H H H H H H I: c_c \ 1 \c'_c _V___.c,\C\--C•"--.p.(f4  

	

:CI—C 	• C—C.. 	,:C—.I: 	H—N---  
. 	/ \ 	/ \ :N—H 

HHH1-11 \'4.7.:4;/ 	/ .;;C\. 
Al \ H 	0: 	 H 

	

:w 	H 

C. Lysin 
B. PCB 

Hinh 16.2. Ba hOp chat hal cd 

A. Aspirin (acid acetylsalicilic). 

B. Mot trong s6 cac PCB (polyclorinat biphenyl). 

C. Lysin (m6t amino acid). 

- Nguoc voi cac hop chat hilu cd, cac hap chat vo co cda C deu dun gidn. 
Cac carbonat kim loai la clang khoang chinh. Da voi, da hoa etidng, san 
ho va vai loai khac dtioc tim thay trong cac lop tram tich kh6ng 16 khap 
noi tren the gidi [thong bac ve cac mat nude truoc su pha huST caa cac 
con mita acid, do phan 

CaCO3  (r) + 2H+  (aq) 	Ca2+ (aq) + CO2  (k) + H2O (1)] 

1.4.6. Nhung diem not beit ye hod hoc cda silic 

- Khac voi C, "6 Si c6 orbital d trong danh cho cac phan ang hod hoc, tao 
ra kie'u lien ket 71-p_d  c6 tinh chat lien ket doi. Dieu nay cho phep hieu 
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cluoc vi sao halogenid ciia Si mac du c6 do dai lien kgt Si-X dai hon lien 
lc& C-X Wong ling nhung van c6 nang Wong lien kgt lon hcin (bang 6-6, 
chtiong 6). Ly do la, lien ket Si-X c6 tinh chat lien kgt doi: ngcrai lien 
kgt a, con c6 lien kgt Tcp_d  do au xen phi.' orbital p cila halogen va orbital 
d cila Si. Cung do stt hinh thanh lien kgt rcp_d  nen phan tit 
trimethylamin c6 dang hinh thdp nhu NH3, con phan tit trisilylamin lai 
c6 dang phang nInt BF3  (hinh 16.3). 

 

A B 

Hinh 16.3. Anh hufing coa lien ke't rcp _d  den cgu trac cua trisilylamin 

A. Cab hinh phan tit cua trimethylamin clang thap tudng to NH3. 

B. Clu hinh Oen ter cua trisilylamin dang phgng cua khung N va 

C. Cap electron tit do Van orbital 2p cua N xen phi) vdi orbital 3d trong cua Si tao lien ke't Trp,. 

- Hod hoc dia Si là hoci hoc ceta lien ket Si- 0. Cung nhu carbon tao 
thanh chai C-C vo cung, nhom -Si-O- lap lai vo tan tao ra hang loat 
cac silicat - nhfing chat khoang quan trong nhat tren Tral fiat va ciing 
voi cac polymer tang hop chila Si chting c6 rat nhieu iing dung, 

Tit cat dgn dat set thttang cho den thach anh va da quY, cac hop chat 
silicat chigm dang not trOi cila vat chat trong the gi6i VO co. Oxy - nguyen to 
phO bign nhat tren Trai dat ding NT& silic - nguyen to pho bign kg ti6p, cid tao 
nen cac chat khodng nay va vi vay chting g6p vao 4/5 s6 nguyen tit tren bg mat 
Hanh tinh. 

Silicat tao nen b6i nhcing clan vi goi la nhom orthosilicat, -SiO4-, voi 4 
nguyen tit 0 sap x6p hinh tit dign quanh mot nguyen di Si o trung tam. Cdc 
don vi ay not v6i nhau qua nhfing goc not 0 bang nhieu each, tao ra rat nhigu 
cau trtic khoang cua va Tral dat (nhcing vi du chtoc lieu a phan sau). 

1.4.7. M67 quan he gang nhau theo 	cheo cuoi cang duce xet cle-n 
la cap B - Si 

Ca hai dgu la phi kim; c6 tinh ban clan dign; dgu tao cac oxoanion (cac borat 
va silicat); c6 mang clOng hod tri rang rai; tao lien ligt hydro theo 16p (6 acid boric 
va acid silicic); tao ra cac hop chat de chay, tinh Miff manh va nhigt cto nong chay 
thap voi hydro (cac boran B„H2,1,2 va cac silan Si„H2n+2  machngan). 
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1.4.8. Trong moi lien quan gifia au tao vet tinh chat, tit nhOm IVA ta 
hay nhin lai nhom IIIA va nhin tai nhom VA. O IIIA c6 stt chuyen ti6p tit  
nguyen to s la nhcing kim loai sang cac nguyen to p ma hau het la cac a kim 
va phi kim. Khi nhin ngang va nhin cheo tit trdi sang phai qua 3 nhom (bang 
16.3), ta thay nhUng thay dOi chu yell ve tinh chat vat 1Y di kem vai st1 thay 
doi tit kim loai den mang deng hod tri va v6 tinh chat hod hoc tit cation den tit 
dien delng hod tri. O nhom VA, khi dO am dien tang len va lap \TO electron hod 
tri and rOng, thi lien ket deng hod tri xuat hien thaang xuyen hcin, cling nhii 
ran dau xuat hien phan tit Ong hod tri ben viing va cac anion ddn nguyen 

1.5. 1■11iffng ddn chgt va hqp chgt tieu bigu 

1.5.1. Carbon 

- Don chat: 

+ Cdc ngan chinh ciia carbon trong thien nhien ghi tam tat a bang 16.4. 
Moi ngu6n carbon deu la h8n hop cUa 2 deng vi ben: 12c (98,89%) va 
13C (1,11%). '2C = 12,0000 la co sa cua thiidc do khei tong nguyen 
Ngoai ra, carbon con mot del-1g vi phong x4 14C vdi chu ky ban ra 5730 
nam, c6 tY' le rat nha, luon c6 mat trong khi quyen d clang CO2. Sau 
khi chet, sinh vat ngiing &Ong hod. nhiing Wong mai cua 14C va Wong 
'4C trong xdc giam xueng theo thai gian do su phan huY)  phOng x4. 
Theo d6, ngtfai ta co the xdc dinh dude thoi diem ma sinh vat da chet. 

+ Carbon tinh the: trong thien nhien co 2 clang thu hinh quen thuOc la 
Kim cdo'ng (thuOc he lap phaong tam mat, m■Si nguyen tii carbon 
trang thai lai hod spa) va graphit (thuOc he luc phuong hoac thoi 
thang, m6i nguyen tit carbon lai hod sp2). 

+ Carbon vo dinh hinh: có the xem cac loai than gj (tao thanh khi clot 
chay go trong dieu kien thieu khong khi); than cdc (tao thanh khi 
chung cat than da); than hoat (la than g8 daoc the tao theo nhung 
phaong pith') dac biet); than mui)i (tao thanh khi phan huST chat huu 
co pha khi hoac dot chdy khong hoan toan cac loaf dau xau); than 
xu'dng (a:6 tao bang each clot xacing) la carbon v8 dinh hinh. Su that, 
cac loai than deu la nhfing clang vi tinh the clia than chi (graphit), 
nhiet dO cao cluing deu chuyen thanh than chi. 

Cac loci than c6 nhigu ling dung thuc te: than cOc trong luyen kim; than 
g8 trong luyen kim mau; than boat, than )(wing lam chat hap phu chat kill, 
chat dOc, chat mau; than muOi rat min duoc dung lam chat khi trong hoa hoc, 
lam muc in, muc tau, giay than, chat dOn tao mau va lam ben cho cao su the 
cac loai 16p xe. 
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— Hop chat: 

+ Carbon monooxyd, CO. Chat Ulf khong mau, khong mui, nhe hcin 
khong khi, kho hod long (t°s  = -192°C), kh6 hod ran (enc  = -204°C), it 
tan trong nttdc. Tao thanh khi carbon va cdc hop chat dm no chdy 
thieu kh8ng kill [nen cling hinh thanh trong khi xa cua cdc &Ong co]: 

2C (r) + 02  (k) —> 2C0 (k) 	AH' = -231 kJ 

6 700°C, CO chay trong khong 

2C0 (k) + 02  (k) —> 2CO2  (k)AH (p), = -594,8 kJ 

Do nhung phan itng d6 ma CO dnoc dUng lam chat khit oxyd kim loci 
trong lo cao, lam nhien lieu giting nhn he chat hnu co 1C. CO cling dqdc sit 
dung rOng rai trong san xuat methanol, formaldehyd va cdc hop chat ding 
nghiep quan trong khdc. 

CO c6 cau tao: CO:L-7 gio-ng N2: Na-N: nen rat ben. Tuy nhien, CO c6 
momen tang cnc khdc 0 va giting ion cyanid [:Ca-N:] ca ve s6 electron hod tri, 
nen cA. CO va CN-  deu rat d8c. Khi chling vao mau se gan chat voi Fe' trong 
hemoglobin va cac protein chita sat.khdc dtioi dang nhfing phitc ben, khien cho 
hting cau khong con van chuyen &toe oxy den cdc t6 ban. 

Khi c6 dnh sang va than hoat xuc tac, CO tdc dung veil C12  tao thanh 
phosgen la chat cnc kST dOc (chat dOc chitin tranh): 

CO (k) + C12  (k) —> COC12  (k) 

Carbon morioxyd la chat khi gay o nhie'm mei trnang, dac biet trong khu 
vile san xuat. 

De phat hien vet CO trong khong khi, ngctcli ta sit dung phan itng kiln 
ciza no do'i voi cdc kim loaf quST nhn paladi, yang, platin. Chang han, phan ting  
thitang dung la: 

PdC12  (aq) + H2O (1) + CO (k) —> Pd (r) + 2HC1 (aq) + CO2  (k) 

Paladi ran tach ra lam cho mau dO cna dung dich PdC12  tr6 nen dam hon. 

De dinh Wong CO, ngtiai ta dung phan i ng khi cila no doi voi iod pentaoxyd: 

1205  (r, khong mau) + 5C0 (k) --> 12  (r, nau dO) + 5CO2  (k) 

+ Carbon dioxyd, CO2. Phan tit c6 cau true thang 0=C=0; la chat kill 
khong mau, c6 mui, vi hoi chua, nang hdn khOng kill; a hod king, de - 
hod ran (t° ,1°  = -57°C cJ 5atm); do tan d 25°C la 1,7 L (CO2)/1 L (nitric) 
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tao ra dung dich ciia acid carbonic H9CO3  (nen CO, con dticic goi la 
anhydrid carbonic hay kill carbonic). CO2  la met thanh phan 
quyen, cac ngan 	sach thien nhien có pH acid nhe la do CO, hoa 
tan. Cay xanh hap thu CO, trong khi quye'n va tien hanh phan ling 
quang hop tao ra carbonhydrat va giai phong 02: 

6 CO, + 6 H2O 
	hv 	

C6H1206  + 3 02  

CO, gill vai trO chi yeu trong chu trinh tu nhien ciia carbon (hinh 8). 

Hinh 16.4. Chu trinh carbon: cac nguon va nhang chuyen hoa chO yeu dm Carbon trong 
to nhien. Chu jf rang, kill quygn la "duting ngam" luan chuyen coa carbon giCta dit va 

bign; CO2  duvic hang dinh bat hoat de)ng cita cac sinh vet. 

(Chu 3i: con s6 trong khung chi d6 Ion cOa ngu6n; con s6 doc theo cac mOi ten chi sti chuyen 
hoa hang nam cOa nguyen to. Gia tri caa cac s6 trong hinh la x 109  tar?). 

Khi carbonic la sari pham oxy hod cu6i tong cua tat ca cac nhien lieu 
chiia carbon. Trong tong nghiep, CO, duoc sib dung la chat lam lanh; dap tat 

tao gas cho cac dO uOng; san xuat ure 0=C(NE12)2  (khiket hop CO, voi 
NH3) dung lam phan bon, d6 nhua. 
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CO2  khong dQc, nhting lam ngat this ngu nang dQ lon. No khong phai la 
chat gay (3 nhiem moi trItang, nhting sv tang len cila no trong khi quyen d'an 
dgn lam ming Hanh tinh do hiQu iing nha lamb [CO2  va hoi H2O trong khi  
quyen khOng hap thu, do do cang khong ngan can anh sang \rang kha kign tit  
mat trai chigu len be mat Trai dat. Tuy nhien, ca CO2  va hoi H2O hap thu 
manh mot bQ phan bite xa nhigt (\Tung hang ngoai có 2. > 140000A°) thoat ra tit  
mat dat, flint the cluing la kinh hay nhva cira cac nha trong cay (nen goi la 
higu itng nha kinh), clan dgn sv gm len cira bdu khi quyen. Ngu lung CO2 
tang len gap•doi so veil hien tai thi nhiQt dQ cira mat dat tang them 4°C]. 

+ Carbonat. Acid carbonic ,tao thanh 2 loai mu6i: carbonat C032-  va 
hydrocarbonat (con goi la bicarbonat) HCO3-. 

MQt s6 carbonat cua kim loai kim va amoni, flint Na2CO3, K2CO3, 
(NH4)2CO3  de tan trong nutdc; con da s6 It tan. 

Trai lai, hdu hgt cac mu6i hydrocarbonat nhut Mg(HCO3)2, Ca(HCO3)2, 
Fe(HCO3)2  dgu a tan trong nutoc, frit NaHCO3  chi tan vita phai. 

Tat ca carbonat va hydrocarbonat tac dung voi acid dgu giai placing CO2, 
vi chting la mu6i cila acid ygu va kern bgn. Cac mu6i hydrocarbonat de bi 
nhiQt phan hq, con mu6i carbonat phan huY' a nhigt do cao hon (do quy lugt 
cua phan atc ion - xem chutong 5). Vi du: 

Ca(HCO3)2  (r) 

 

100°C 
	CaCO3  (r) + CO2  (k) + H2O (k) 

—  
CaCO3  (r) 	

900°C 
). CaO (r) + CO2  (k) 

200°C  
2NaHCO3  (r) 	 ) Na2CO3  (r) + CO2  (k) + H2O (k) 

Na2CO3  (r) 	
— 1000(C> Na20 (r) + CO2 (k) 

Natri carbonat duloc sit dung de san xuat thug tinh, lam mem nude, chat 
tdy rita, chg tao cac loai mu6i khac, trong san xugt gigy, hap thu Mai o nhiem 
SO2, loai 	huSrnh khOi cac hop kim, pha cac dung dich trong phan tich kiem 
nghigm. 

Trong thien nhien, carbonat nam trong hai khoang vat có ktong khong to 
la calcit (CaCO3, da voi) va dolomit (CaCO3.MgCO3). 

+ Carbon disulfid, CS2. 

Cac hop chat CS, CS2  Wong ti CO, CO2. Thuang dutoc sit dung la CS2. 

Carbon disulfid có eau tao &tang thang nhtt CO2: S=C=S. 

O digu kiQn thuang, CS2  tinh khigt la chat 'Ong khong mau; de bay hoi; 
mai thorn; khong tan trong nut& va nal-1g hon pat& (tY' khoi d = 1,26); rat de  
chay cho nhon lira mau xanh: 

CS2 + 302  —> CO2  + 2S02  
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Gieng nhit CO2  de chuye'n thanh C032-, carbon disulfid de chuygn thanh 
trithiocarbonat: 

K2S + CS2  -> K2CS3  

CS2  la dung mai rat tot d6 hoa tan Br2, 12, S, P, cac chat beo, sap, cao su, 
nhita va nhigu chat him co khac. Luong lon CS2  dung cho sari xu6t soi nhan. 
tao. CS2  rat dOc nen cling duoc clang lam thu6c trif sau. 

+ Khi cyan (hay cyanogen, dicyan) la nhcing phan tit (CN)2  c6 cau tao 
thang :N=C-C=N: ; khong mau; mai s6c; de hoa Fang, hod ran; tan 
trong nu& cho can bang: 

(CN)2 + H2O 

 

HCN + HOCN 
acid hydrocyanic 	acid cyanic 

 

Tan trong kigm theo phan 

(CN)2  + 2NaOH ----> NaCN + NaOCN + H2O 

muoi cyanid mu6i cyanat 

Khi (CN)2  dude coi la gia halogen, gan gieng Br2  va 12. Cyan là met khi 
rat dOc. 

+ Hydro cyanid, HCN. Phan tit c6 c'au tao &tang thong 	va co 
Bang deng phan là hydro isocyanid 

HCN la chat 1.6ng kh6ng mau; mui hac;  de bay hdi; tan vo han trong 
rnioc, ruou, ete do tao ditoc lien ket hydro chat tan - dung m6i. 

Hydro cyanid la dung mei c6 hang s6 dien mei c lon hon nuoc (-120 so voi 
-80) va gicia cac phan tit c6 lien ke't hydro: 

• • • H-C=N: • • • H-C=N: • • • 

HCN la chat-  cifc kjr 

Trong nuoc, HCN la acid hydrocyanic, met acid rat ygu: 

HCN + H2O 	 H30-' + CN- 

vi the cac mu6i cyanid trong nu& tao ra moi tniCing ki6m: 

CN + H2O 
	

HCN + OH- 

Chi c6 mu6i cyanid ciia kim loai kim va kigm the, nhui KCN, NaCN, 
Ca(CN)2, Ba(CN)2  tan nhigu trong nuoc. Con lai cac muoi cyanid dgu rat it 
tan. IN.c biet, Hg(CN)2  de" tan trong nuoc, nhung hau nhu khong dien ly. 
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Cyanid tao phitc tan vdi nhieu ion kimloai chuyen tiep, vi du: 
[Ag(CN)2] [Au(CN)2] [Mn(CN)6]4  , [Fe(CN)6]3-... Giong nhu HCN, cac muoi 
cyanid reit dOc. 

zN=C=O 
+ Acid hydrothiocyanic. Khi thay the oxy trong acid cyanic H 

bang Mu huSrnh, thu dttoc acid hydrothiocyaniczN=C7=S,, g6c HNC = 128° 
H 

6 dieu kien thuOng, acid hydrothiocyanic la chat khi khong malt, kern 
ben, chi ten tai trong dung dich loang (-5%) va a nhiet do thap. 

Trong ntioc, HSCN la acid manh va tao ra nhieu muoi de tan, frit muoi 
Ag+, He+, Cu2+, Fe' khong tan. Thiocyanat SCN-  la ph6i tit de tao cac phitc 
tan, nen cac muoi don gian kh6 tan se tan trong dung dich chi SCN-, vi du: 

Fe' (aq) + 3SCN-  (aq) -> Fe(SCN)3  (r, mau d6 matt) 

Fe(SCN)3  (r) + 3SCN-  (aq) -> [Fe(SCN)6]3  (aq, mau dO) 

Cac phan ling nay (thilc ra con tao nhieu da.ng phitc trung gian khac) 
dtiOc dung de phat hien Fe' va ngttoc 14i ciing de' phat hien SCN-  trong 
dung dich. 

Cac muoi thiocyanat khong d'Oc vdi 

+ Carbon tetrahalogenid, CX4  (X = F, Cl, Br, I) la nhung phan tit c6 cat' 
tao tit dien vei C d tam va 4 nguyen tit X a cac dinh. Tat ca cac CX4  
deu khong tan trong nu6c va dung moi phan cue, nhung de tan trong 
dung mei khong phan cttc. 

Trong thuc te, ngitai to thttOng sit dung carbon tetraclorid CC14  lam dung 
mei. kitting chay de hoa tan cac chat beo va lam chat de dap tat 

1.5.2. Silic 

- Acid silicic 

Silic (IV) hydroxyd iing vdi ding thitc Si(OH)4  hay H4SiO4  dtiOc goi la acid 
orthosilicic. Co the coi, khi H4SiO4  bi loai b6t met phan tit H2O thi tao ra acid 
metasilicic H2SiO3. Ca hai acid vita ke c6 ten chung la acid silicic, to ra cac muoi 
la silicat. H4SiO4  c6 the Van tai clang don phan tit trong dung dich, nhiing de 
ngUng to vdi nhau thanh nhcing hat keo 16n- (sol), tach ra &AK clang gel chita day 
ntioc vdi thanh phan khong )(de dinh xSiO2.yH2O. Neu say kite se duoc met khei 
ran, nhieu to nhO, c6 tinh hap phu va but am tot, goi la silicagel. 

- Silic dioxyd, Si02. 

313 



S i044-  

0 

O — 

A Ion Silicat 	 B Ion Silicat 
trong Zircon 	 trong Hemimorphil 

si60,812-  

0 	o- 

-0 — Si -- 0 Si 

si2o76-  

Mac du cong thfic gi6ng carbon dioxyd (CO2) nhung Si02  khong ton tai 
Bang titng phan tit rieng biet mad clang tinh th6, xem nhtt mot phan ti khong 
16. SiO2  la mot chA ran, ton tai trong thien nhien dtidi clang tinh khi6t mau 
trang goi la thach anh, neu fan nhi6u tap chA va có mau la cat. 

Silic dioxyd khong tan trong nude; /long clay d-1700°C thanh chit lOng 
khong mau, khi lam lanh thu &toe mot kh6i ran vo dinh hinh trong suek Wong 

thug tinh. 

Si02  khong tac dung vdi cac acid, chi phan itng vdi acid hydrofluoric: 

Si02  + 4HF --> 2H20 + SiF4  (silic tetrafluorid) 

va SiF4  + 2HF 	—> H2[SiF6] (acid hexafluorosilicic) 

Si02  tan trong kim hoac carbonat kim loaf kim ming chay: 

Si02  + 2NaOH —> H2O + Na2SiO3  (natri silicat) 

SiO2 	Na2CO3 -> CO2 + Na2SiO3 

Natri silicat, Na2SiO3, trong giong thug tinh va tan &toe trong nttdc cltfoc 
goi là thug tinh tan hay thug tinh Mng. 

- Cac chgt khoang silicat 

Mid da neu phia tren, silicat dace tao thanh bai nhang dun vi SiO4  có 
cdu tao ta' dien. 

Mi)t s6 chgt khoang not ti6ng chila ion Si044-  hoac vai ddn vi nhtt vay not  
vdi nhau. Vi du, da quY zircon ZrSiO4  chila 1 ddn vi; hemimorphit 
Zn4(OH)2Si207.H20 cll.-Cm 2 don vi n6i vdi nhau qua goc n6i 0; beryl 
Be3Al2Si6048 chiia 6 don vi tao thanh mot ion vong (hinh 16.5). 

3 

C on Silicat 
trong Beryl 

Hinh 16.5. Ca'"u frac cac anion silicat trong mot s6 chat khoang 
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Ngoai cac ion rieng re nay, cac don vi SiO4  not voi nhau mot each rOng rai 
va tao nen 3 100 cau trice: chuoi, phien va mang 

+ Silicat chu8i: Logi eau true don gian nhat la khi meSi ddn vi SiO4  chia 
se 2 goc 0 va n6i thanh mot chu8i. Hai chu8i có the n6i yen nhau ve  
mot phla tao thanh dai xoan.. Loai thong thuOng nhat gem cac ddn vi 
Si40116-  lap lai (hinh 16.6). Cac ion kim loai thuang la I-Cf valhoac Ca', 
Mg' gan vao cac dai polyanion de tao ra tinh trung hoa ve dien. Luc 
tinh dien yeu nay gifia cac dai lam cho chting de bi xe ra thanh soi, 
dien hinh nhii cau true soi cua amian serpentin (HO)2Mg6(Si4011).H20. 
Cac chu8i amian nay hau ich nhti nhang mang loc va chat ngan each 
nhiet, dien (Wu benh bui amian là mot benh ph6i gieng nhii benh 
ph6i silic). 

Attapulgite Mg5(Si8020)(OH)2.8H20 có cau true soi kep vol khong gian and  
Ong gifia cac chu8i. Khoang khong gian nay bi xam nhap b8i cac phan tii nide la 
chat cung cap lien ket hydro de gifi cac chu8i lai v6i. nhau. NO co tinh hap phu 
Wong tu kaolin, duoc dling lam thu6c (xem muc sau). 

+ Silicat phien 	loai cau true nay bat ngan tii m8i don vi SiO4  chia 
se 3 trong 4 oxy cua no de tao thanh mot phien. Phien dtioc nhan doi 
khi nguyen tif 0 this tu dung chung gifia 2 phien. Vi du, Talc, 
Mg3(OH)2Si4O10, la chat khoang mem nhat &toe biet. Cac phien trong 
Talc lien ket voi nhau bang 111c Van der Waals yeu, nen cung de bi 
truot, xe. Vi the Talc cho cam gide tron, min ct4c 

Don vi Si40116-  

AL k AL 
\vr 8,1  

Hinh 16.6. MOt 'loan chu6i silicat 

-SiO4 

K+ 
-SiO4 
OH-
Al3+ 
OH-
-SiO4 

K+ 
-SiO4 

Hinh 16.7 Cau tao phien caa mot loai 
alumino silicat (mica): cac ion norm 

giCia cac lap alumino silicat kap 

Neu Al thay the mot s6 nguyen di Si, hoac net' lop Al(OH)3  xen vao cac 
phien silicat, thi tao ra alumino silicat, chang han nhii mica, ho4c 3 loai delt 
set: bentonit, kaolinit va illit. Trong mica, cac lop aluminosilicat tich dien am 
&toe not lai bai mot s6 cation (hinh 16.7). Vi \Tay, mica d8 torch thanh lop vi laic 
tinh dien yeti hon laic lien ket d'Ong hod tri trong -lop silicat. 
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Hinh 16.8. M'Ot clang silicat mang lu'di 
coa SiO2  

A. Tinh the thach anh a. 

B. Don vi au trUc Om 12 Si. 

+ Silicat mang lu'di: lc* call frac cueci ding nay thioc tao ra khi cac don 
vi SiO4  chia se ca 4 0 de tao thanh mang silicat 3 chieu trong khOng 
gian, vi du nhit d cau true tinh the clang thach anh a (a-quartz) cila 
SiO4  [chu y la Si02  ton tai a 3 clang tinh the chil yeti la thach anh a va 
13; tridimit a va 13; cristobalit a va 13. Dang a ben a nhiet dO thap, clang 
13 ben a nhiet dOcao. Ngoai 3 clang vita ke, Si02  con ton tai dang tinh 
the ma new, rat ding, trong su6t, c6 nhcing viing mau khac nhau]. 
Hinh 16.8 la tinh the mang Midi cua Si02  (thach anh a) voi don vi cau 
tao Om 12 Si, mot loai da quST có gia tri trung binh. 

Khi mot s6 nguyen tit Si trong (SiO2) 
&toe thay the bai Al thi tao thanh 
aluminosilicat mang litoi (khac v6i 
aluminosilicat dang phien). Fenspat (tru'a'ng 
thach), KA1Si308  hay NaA1Si308, chiem 60% 
v6 ding Trai d'at. Cac cation lon 	Na+ 
nam trong hang cila tinh the mang hi& 
Zeolit, CaAl2Si4012.6H20, c6 mang ktoi da 
dien ma Ong, cac hang c6 nhfing phan not  
vOi nhau tao thanh nhang &tang 6ng nh6 va 
thong v6i ben ngoai. Vi vay, cac cation va 
phan tit nitric trong cac hang ti do chuyen 
&Ong trong tinh the va c6 the &toe thay the 
bai cac cation ben ngoai. Nh6 do, zeolit tki 
nhien hay nhan tao c6 gia tri nhui nhiing 
chat trao d6i ion, but am, xiic tac, tach cac 
h8n hop khi (nInt mot loai ray phan tit do 
cac 16 h6ng c6 kich ca khac nhau). 

Lu'u y quan trong: the gioi silicat rat phong pfru va phiic tap. Ba kieu cau  
true cua silicat tom tat tren day la rat co ban de hien ditOc the gi6i vo cd tao 
nen tit` aguyen to Si. Cac nha nghien citu tritoc day khong lam sang to ditOc 
cau true cua silicat vi kh8ng nhan ra rang, cac ion cila cau true lST tang c6 the 
bi thay the a mac dO nap do bai nhfing ion khac c6 ding ban kinh, nining bat 
ke ve dien tich. Hien tlidng nay goi la ski thay the dOng hinh rat ph6 hien 
trong cac silicat. Do do, cong thiic thiic nghiem dna tren s6 lieu phan tich it c6 

nghia hop thlic chat che. Nhiing cong thitc dna ra minh hoa trong trinh bay 
&toe coi la cong thiic lST Wang. Do ski thay the dOng hinh nen cong thiic thtic 
cua mot silicat da biet c6 the khac v.& cong thiic 1ST Wang. 

— Cac polymer silicon. Khong giong nhfing silicat trong tu nhien, polymer 
silicon tang hop Om nhang nguyen tit Si vb. 0 Juan phien vOi 2 nhom 
hfiu co gan vao nguyen tit Si. Nguyen lieu quan trong dau lien ditOc che  
tao tit phan itng c-6.a Si vOi methyl clorid: 
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Si (T) 	+ 	2 CH3C1 (k) 
Xt. Cu 

(CH3)2SiC12  (k) 
300°C 

Mac dU hop chat Wong ling cua C la (CH3)2CC12  trd vdi nude, nhung hop 
chat cila Si thi khong, bdi vi orbital d trong cila Si lam cho hop chat nay boat 
&Ong: 

(CH3)2SiC12  (1) + H2O (1) ---> (CH3)2Si(OH)2 (1) + 2HC1 (k) 

San pham tao thanh tit phan itng vdi no to ra H2O va mot phan tit chu8i 
silicon goi la polydimethylsiloxan: 

n (CH3)2Si(OH)2  

CH3 

—0—Si 

CH3 n 

n H2O 

  

  

Silicon ca tinh chat cUa ca chat deo va khoang vat. Cac nhom hilu co cho 
silicon d8 linh boat va 1-kic not phan tit thap, trong khi nhom 0-Si-0 ca tinh 
136n vdi nhiet va kh8ng chay oda mot chat khoang. 

"\76 eau trUc, silicon ttidng d8ng 
vdi silicat. VI du: 

+ Silicon chuiii (là nhfing chat 
dau va md). 1)6 la chutii poly-
siloxan, trong do moi dein vi 
(CH3)2Si(OH)2  sii dung ca hai 
nhom OH n6i vdi 2 don vi 
ben canh. M8t hop chat de) 	 Ddn vi kgt thik 
ket fink chai vdi mot nh6m 	 chu6i 

hau cd thii 3 gan vao Si, nhu 

chai (hinh 16.9). 

(CH3)3SiOH, &toe them vao 
de kiem soot chieu dai cua poly-siloxan (dan vi cas.0 trOc: polydimethyl- 

Hinh 16.9. Silicon chu6i 

siloxan) 

Cac silicon chu'di duoc sit dung lam chat tran, chat ch6ng tao bot, thanh 
phan cua dau ch6ng nang, chat danh bong xe, chat lam de tieu hoa va my  
pham. 

+ Silicon phien (la cac chat dan h8i). Trong loai nay, nhom OH this 3 
duos gan vao Si de tao dan vi cau true, chang han nhu CH3Si(OH)3, 
lam cho chai phat tri6n ve mot phia thanh nhfing phien dinh. 

Silicon phien la nhfing chat danh8i va on dinh tit -100°C den 250°C, dttac 
dung de the tao dem, con lan, chat each dien cila day cap, quan ao cho cac nha 
du hanh vu tru, rang gia. 

Ddn vi lap I i  
cua chu6i 
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+ Silicon mang kith (la cac chat nhiia). Trong loai nay, nhom CH3  trong 
don vi dm silicon phi6n duoc thay th6 bOi cac nhorn hciu co kin lion d6 
n6i li6n cac phi6n lai, tao ra chat nhua b6n, on dinh vii nhi8t. Nhang 
nhua nay dUdc sit dung lam tam mOng cach di'en, lop bao ch6ng dinh 
trong dung cu nau b6p. 

Cac silicon phi6n va mang luOi da, mang lai cu8c each mang trong phau 
thuat, vi cluing cung cap vat li8u cho cay ghep, thay the cac 138 phan bi hu hat  
tren ccl th6 con nguai, nhu da, xtiong, khdp, mach mau nhan tao va nhi6u cd 
quan khac. 

- ThitY' tinh 

Thug tinh la loai silicat nhan tao. Thiry tinh loci thaiing c6 cong thfic 
gait dung la Na20.Ca0.6H20, dtioc ch6 tao bang each nau chay htin hop cat 
(Si02), da voi (CaCO3) va soda (Na2CO3): 

6 SiO2  + CaCO3  + Na2CO3  	 Na 0 Ca0 6 SO 	2C0 _ _2 _ . 	_ . _ _ _ _ 2 	_ _ _ 2  
14000C 

Thug tinh la chat vo dinh hinh, nen c6 th6 th6i, can, ep, d8 khuon hic con 
mem; khong c6 nhi8t d8 ming chay xac dinh (dun ming thi mem clan r6i thanh 
long); khi v8 khong c6 huong uu tien va la ding htiOng d6i vii cac tinh chat 
khac. Thug tinh loai thtiOng d6 bi an mon bai mitt va acid, chU y6u la Na20 va 
Ca0 hi hoa tan. Ntioc ti6p xtic voi thug tinh loai thu8ng dart dan tra nen ki6m. 
Khi thug tinh ti6p xtic lau ngay vii ntiOc, acid thi lop oxyd kim ngoai mit bi 
tan h6t, no kh8ng bi an mOn nila. DO la su an mOn ngin han. Trai lai, dung 
dich cac base hoa tan SiO2  trong thug tinh, d6 la sit an mon 15.'u dai. Thug tinh 
loai thtiang c6 matt xanh la do c6 tap chat Fe'. D6 loai man d6, ngtidi ta them 
Mn02  hay Se vao thanh phan cua thug tinh vi cac chat do c6 mau dot vii mau 
xanh dm Fe' va thug tinh thanh trong su6t. Thug tinh loai thtiang dung lam 
chai lo, kinh 

Thay Na2CO3  bang K2CO3  khi nau, ta thu dtioc thug tinh kali chiu nhi8t 
dung lam cac dung cu phOng thi nghi8m nhti Ong nghi8m, c6c, binh cau, Ong Bong... 

Thay Ca trong thug tinh bang Pb, se dude thug tinh pha 18: n4ng, trong 
su6t, klnic xa manh anh sang, duoc sit dung lam cac lang kinh, thau kinh, d6 
trang 

D6 tao cac mau cho thug tinh, khi nau ngtiai ta them \Tao mot s6 oxyd 
kim loai: Co0 cho mau xanh lo, Mn0 cho mau tim, Cr2O3  va CuO cho mau luc, 
Ni0 cho mau nau tim. M8t Wong nhO yang hay d6ng kim loaf tao nhang hat 
keo trong thug tinh, lam cho thug tinh c6 mau hang ngoc hoc do ch6i. Them 
vanadi se thu dtioc thug tinh ngan cac tia tit ngoai. 
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Neu giam belt ltiong Na2CO3, K2CO3, Cac03  va thay vao do bang B2O3  va 
SiO2  ta co loaf thug tinh chiu nhiet va bgn hod hoc, dung lam cdc dung cu loaf  
tot trong phong thi nghiem. Hai load thug tinh rat tot có tieng tren the gidi la 
thug tinh Jena (Disc) va thug tinh Pyrex (Phap). 

Neu nau chay SiO2  tinh khiet 6 gdn 2000°C ta thu dtioc thq tinh thach 
anh có tinh thau quang -100% (cho tia tit ngoai, hang ngoai di qua), gdn rani 
khong gian nd, rat cling nen ditoc dung de the tao cac lang kinh, thgu kinh, 
c6c do quang (cuvet), nhcing ba phan trong may phdt tia tit ngoai [sdi cap 
quang, con goi la sdi quang hoc ditoc lam to thug tinh thach anh gan flint 
tuyet doi tinh khiet, lOp ngoai &toe ma bang mot mang mong silicon có chi s6 
khdc xa be den mile khong cho anh sang thoat ra ngoai. Nha do ma sdi cap 
quang có the truygn anh sang va cdc dang nang Wong khac di rat xa ma Wang 
do khong giam. Soi cap quang duoc dung de chuyen tai cdc tin hieu dien thoai, 
may tinh, clutong trinh truygn hinh. MOt soi cap quang nhO be &tang kinh 
-0,1mm, ding mot luc co the truygn di 10000 cu8c not chuyen dien thoai. Nha 
anh sang truygn qua soi cap quang trong may not soi ma cdc thay thutic digu 
tri có the nhin thgy cdc cd quan phia trong co the dia benh nhan]. 

Thug tinh vo dinh hinh gion va d6 va. Gan day, ngtiai ta the tao duoc 
thug tinh tinh the' goi la xitan, bang each cho them nhcing kim loai Au, Ag, Pt, 
cdc hop chat cua kim loai chuyen tigp vao thug tinh nong chay de lam rac tdc 
va gay mam hinh thanh cdc vi tinh the. Thytinh tinh the bgn gap nhigu Ian 
thug tinh vo dinh hinh, gan bang gang, la vat lieu rat tot de lam cdc &tang 
o'ng va may trong ding nghiep hod hoc. 

- Go'm 

+ Geim silicat, con goi la go'm dan dung, la nhfing silicat h6n tap, tao 
thanh khi dot ming hoac nung cdc nguyen lieu dat set, kaolin, thach 
anh. Vi du: gach, ngoi, sanh, sit, men, ke ca thug tinh va xi mang, tao 
nen nganh cong nghe silicat. 

+ Go'm ky thuat la nhfing vat lieu tao thanh tit oxyd, carbid, nitrid, 
aluminat. Chung có the that' the nhigu vat lieu ksi thu# truygn thong 
(kim loai, g6, chat asp). Giai Nobel yg vat ly 1987 dtioc tang cho phat 
minh ra go'm oxyd sieu dan. 

+ Gem composiS la vat lieu 11.6n hop dia mot s6 loaf go'm khdc nhau. Vi 
du, go'm composis the tit geim carbid SiC sdi va nhigu loai hop kim 
cling khdc. 

1.6. Vai trO va ling dung trong Y - 	DOe tinh 

1.6.1. Carbon 

- Than hoat ditoc dung. Nguyen lieu de dig tao phai di tit g6 ma kh8ng 
&toe tam chat hodhod hoc, ditoc than hod 6 500-900°C trong thUng kin yang 
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mat killing khi..San phaim thu diloc la b6t den, nhe, x6p, kh6ng 
khong vi, khong tan trong nii6c va cac dung moi thong tiro:mg; c6 din 
tich bg mat lon (1cm3  than chigm dien tich -1000m2). Than hoat c6 2 
Bang: clang min de)  hap phu trong moi trtiiing 'Ong va clang tho, x6p, 
ding dg hap phu khi. 

Than hoat dang min duoc dung lam thu6c giai d6c dang u6ng, dung cho 
cap ciiu ng6 d6c thu6c hay hod chat; digu tri is chay do hap phu diloc d6c to 
cua cac vi khuan; phol hop \To:3i mot s6 thu6c khac de cli6u tri clay hdi, kh6 tieu, 
truang bung, trung hoa acid da day. 

[Than boat dang filo la mot thanh phAn cua h6n hop chat trong mat n4 
phong d6c]. 

- Carbonat 

+ Carbonat hoac carbonat base it tan cila Ca2+, Mg2+, A13+ dude sii dung 
Ong rai lam duoc chat cho'ng acid d bgnh vi8m loet da day - to trang 
(xem 1.5, chtiong 6; 1.5,chtiOng 7). 

+ Natri bicarbonat NaHCO3  = 84,01; b6t mau trong, kh6ng mini, vi man 
va hoi kigm; tan viia phai trong nude; sit dung lam thu6c khang acid 
(d4 day) clang u6ng (tranh dung keo dai va lieu cao); cho'ng nhiAm acid 
nang (pHinau  < 7,0) bang cach tiem tinh mach; dg sac mieng hoac rita  
vet thuong va vet bOng bang dung dich 5 - 50%. 

+ Kali bicarbonat, KHCO3  = 100,1 duoc sit dung nhu mot ngue3n ion K+ 
trong bei' sung chat din giai. 

+ Amoni carbonat, thuc chat la h8n hop dia amoni bicarbonat va amoni 
carbamat, 	dung lam thu6c kich thich ho hap va long d6m, vi  
hCin hop dod nhiet d6 phong tao ra 2 khi (CO2  va NH3) la nhfing chat 
kich thich phan x4 him hieu: 

NH4HCO3  + NH2CO2NH4  -> 3NH3  + 2CO2  + H2O 

- Hop chat vo cO cUa carbon c6 d6c tinh mai-1h la Carbon monoxyd CO 
(xem muc 1.5, chuong 8). Giai d6c bang the oxy 100%. 

1.6.2. Silic 

Cac silicat thi8n nhien va polymer silicon tang hop c6 nhigu Ting dung 
nhii nhfing chat hap phu khi, chat but 6m, chat mang, chat loc, chat.bao, chat 
dinh (tug thu6c vao kich thuoc tigu phan, miic d6 hydrat hoa, loci bg mat, d6 
ding, d6 nhao). Diidi day chi neu mot s6 vi du duoc dung. 
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+ Talc là magnesi silicat hydrat thien nhien, cong thlic gan thing: 
Mg3(Si205)2(OH)2, hoac vie't duoi dang cac oxyd: 4Si02.3MgO.H20 la 
silicat dang phign (cau true, tinh chat xem muc 1.5.2 phia trent; duoc 
sit dung lam phan xoa rom, lath ra'c vao da man d6; lam to ducic tron 
trong bao the vien nen. 

+ Kaolin la nhom silicat hydrat thien nhien dang phign, ding thlic gan 
dung: [(OH)6A14]ROH)2(Si4010)] hoac vie't du6i dang cac oxyd: 
2A1203.4Si02.4H20 va Bentonit (smectit), nhom silicat hydrat thien 
nhien dang phign, cong thlic gan thing: A14ROH)4(Si8020)1•31120  hoac 
viet du6i dang cac oxyd: 2A1203.8Si02.5H20, duoc sit dung trong thuc 
hanh dttoc khoa (xem cau tao muc 1.5, chuong 16 va iing dung trong Y 
- Dude muc 1.5, chtiOng 15). 

+ Attapulgite la magnesi silicat hydrat dang chuoi kep, (HO)6Mg5(Si4010). 
H2O (call true xem muc 1.5.2 phia tren) la loci thu6c hap phu nhi6u vi 
khuan, d8c to va lam giam mat nude, dung chting is chay kem trudng 
bung va bao ve niem mac do c6 tic dung bao phi manh. 

+ Smecta la hein hop bentonit (smectit), gel nh8m hydroxyd va magnesi 
carbonat, c6 them huong vi, la thu6c c6 tic dung tuong tit attapulgite. 

+ 	Trong dap hanh Y - Dtioc, cac loci silicat con c6 nhie'u ling dung khac: 

+ chat ch6ng tao bot (nlut polymer diethyl siloxan [(C2H5 )2 Si 	); cj_. n  

chat hUt am, hap phu khi d8c (nhu silicagel); chat lieu thay the, cay 
ghep trong phau thuat (nhu cac polysiloxan) hay lam rang giA. 
(polymer silicon phi6n); vat lieu mdi cho cac may chin doan (nhu soi 
quang hoc trong may not soi); vat lieu dung cho bao quan, dung goi 
hoac lam cac dung cu hanh nghg (cac loaf thug tinh, g6m silicat, g6m 
composis, da ma nao lam chay c 6i) . 

13"e'nh bui phi silic (silicatosis) la mot 4nh phi c6 hinh thai nhu benh 
lao man tinh, xuat hien sau thai gian dai tiep xac (khoang 7 nam hoac 
bon) vdi bui ho hap (la nhling tie'u phan Si02 &tang hi-1h trung binh 
54m hoac nhO hon). Benh bui ph6i. amian (amianthus) cling gi6ng nhu 
benh bui ph6 silic. D6 la nhling benh nguy hiem, chtta co thu6c dac tri. • 
PhOng ch6ng tot nhat la gilt ye sinh moi trvang, bao ho lao &Ong tot cho 
ngvai phai tie'p xLic do ngh6 nghiep va each ly nglfe nghiep ngay khi m6i 
so nhi6m. 
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1.6.3. Germani 

Da phat hien &toe bis-13-carboxy-ethyl germani sesquioxyd la chdt c6 kha 
nang tang Wang he mien dich va c6 tdc dung ch6ng kh6i u. 

1.6.4. Thie-c 

+ Thigc (IV) oxyd, Sn02, dude dung n.goai do c6 tac dung sat khudn, dac 
biet la doi vdi vi khudn staphylococcus la nhfing chimg thttOng khdng 
voi cac thu6c diet khudn khdc. 

+ Thigc (II) fluorid, SnF2, dung phong ch6ng cac benh v6 rang. N6 tot 
hdn cac fluorid khdc, nhting gay ra kho khan cho bao ch6 va bao quan 
vi SnF2  nhay cam voi sit phan hug oxy hod va thug phan. 

1.6.5. Chi 

Da tiing c6 lite cac hop chdt chi diloc sit dung trong D-Ltoc hoc va Y hoc 
lam thu6c se (san kho) ch6ng viem, nhting do chi tich lug va c6 dOc tinh cao 
nen tit lau da khong dttoc dung nfia. 

Chi tan .tong than dien va lam 'Vila hai kho hem cila co the. Tit do gay hau 
qua nghiem trong tren he tao mau, than kinh, not tig, than va gan. HOi chung  
cua nhigm dOc chi la thigu mau; suy giam tri tue; tang huyet ap; nh6i mau cd  

tim; suy giam chfic nang than, gan; r6i loan phat trign xliong, rang; gia tang 
go-c ttt do dOc 

Chi va cac hop chdt 	no có rat nhigu ling dung trong ky thuat va dai 
song, do do cling dang gay ra o nhigm moi truang co tinh toan cau. Thu6c digu 
tri nhigm deic chi la nhitng ph6i tit tao phitc chelat (trinh bay d chuyen dg 
rieng ve thueic giai d6c). 

2. NHOM IVB: Ti - Zr - Hf 

2.1. Trang thai thien nhien 

Titan dting hang this 10 trong sec 15 nguyen to pile; bign nhdt tren Trod 
ddt. Khodng vat chi" ye-u cua Ti la rutin (Ti02), imenit (FeTiO3) va 
CaTiO3. 

Zirconi trong khodng vat zircon (ZrSiO4) mau yang choi va Zr02. 

Hafni rat hie-m, phan tan, thtiOng kem then khoang zircon. 
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qX,  

2.2. NhiYng dac tinh nguyen of va vat 1ST chit ye.0 

Bang 16.4. NhCing Tao tinh nguyen ttf va vat iy coa nguyen to nhorn IVB 

Nh6m 
IVB 

Ten 
nguyen 

t6 

Ban 
kinh 

nguyen 
tit (A°) 

Ban 
kinh 
ion 
(A°) 

N5ng 
luting 

ion hoa 
thin 

nhAt 
(eV) 

DO am 
dien 

(thang 
Pauling) 

KhOi 
luong 
rieng 

(g/cm3) 
(°C)  

Nhiet 
dO 

nong 
chay 

Nhiet 
dO soi 

(°C) dAt 
 

% trong 
vO qu5 

22 1,00 

Ti (+2) 

47,88 Titan 1,36 6,82 1,40 4,54 1660 3287 0,629 

3d24s2 0,75  

(+2,+3,+4) (+4) 

40 

Zr 
0,86 

91,224 Zirconi 1,45 
(+4) 

6,84 6,51 1855 4340 0,028 

4d25s2  

(+2, +4) 

72 

Hf 
0,85 

178,49 Hafni 1,44 
(+4) 

-5,5 13,31 2220 5400 5.10-5  

5d26s2  

(+4) 

2.3. MOt s6 tinh chgt hod hoc 

1/ Don chat la nhang kim loai be ngoal giong thep. 6 dang kh6i, cluing 
ben vdi nhieu tac dung hoa hoc. 6 dang b6t va d6t nong, ca 3 kim loai hoat 
dong hod hoc kha hdn: tac dung vdi cac halogen, oxy, ltiu huYnh, nitrogen, 
carbon cho cac hop chat cila E4+ (E = Ti, Zr, Hf). 

6 ngay nhiet do phong, cac kim loai nay hap thu &foe hydro. Vi du: lg 
titan b6t hap thu khoang 400mL H2 kill. 

Ti, Zr duoc dung the tao cac hop kim vdi nhom, vanadi cho cac vat lieu 
nhe va ben. 
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2/ Oxyd ben nhat ciia. 3 nguyen to la E02; có tinh tang tinh va tinh base 
tang dan then chieu TiO2  - Zr02  - Hf02; tan &toe trong cac chat kiem nOng 
chay. Vi du: 

TiO2  + Ba0 —> BaTiO3  (bari titanat) 

TiO2  + 2NaOH —> Na2TiO3  + H2O 

Cac hydroxyd cim E4+ ket tia trang, nhay; c6 cong thitc ly thuyet la 
E(OH)4, flitting tircic to thanh phan bien d6i nen ditOc vigt gan thing là 
xE02.yH20. Cac mu6i 	phan ling voi H2O cho san pham trung gian la cation 
mang duoi -yl, vi du: 

Ti4+  (aq) + H2O 	 Ti02+  (aq) + 2 H+  (aq) 

Ti022+ la titanyl. Thong tu, Zr022t la zirconyl, Hf02 2+1a hafnyl (can nhd 
loai cation nay vi con gap nhigu d phan sau). 

2.4. MOt so ling dung trong ky thu4t va trong Y - Ditige 

2.4.1. Ctic oxyd E02  la nhting chat ran, mau trang. TiO2  dung a the- tao thuY 
tinh, men khO 'long chay, son dau trang. Zr02  dg lam vat lieu chiu nhiet (cher' 
nung, men, thug tinh). Hf02  de the thug tinh quang hoc có chi s6 kir& xa cao. 

2.4.2. Zirconi carbid, ZrC, c6 dO ran rat cao, duoc dung lam vat ligu mai, dao 
cat thug tinh thay kim along. 

2.4.3. Trong thUc hanh duce khocci 

+ TiO2  chinh thitc ditoc sit dung lam chat bao ye da, ch6ng nang do c6 
kha na'ng the phi manh cua mot mau trang voi chi so-  khdc xa cao. Vi 
the, TiO2  la thanh phan thong dung trong cac loai cream va sila de boi, 
xoa ngoai da. 

+ Zirconi ditoi clang oxyd va carbonat hydrat cling dttoc dUng lam cream 
va si a xoa ch6ng viem da do ti.gp 

+ M'Ot s6 hop chat dia. nhom - zirconi base la thu6c ch6ng de; m6 Hi, xoa 
ngoai. 
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Chtfcing 17 

NGUYEN TO NHOM V 

MUC TIEU 

1. Trinh bay cdu tao tinh chcit act ddn chdt N, P va cac hop chat giita N, P, As 
vdi 0, 

2. Chi ra nhiTing chdt diedc zing dung trong Y Du'o'c hoar có dOc tinh cao cua ccic 
nguyen to VA. 

1. NHOM VA: N - P - As - Sb - Bi 

Hai nguyen to ddu nhom: mot nguyen to 	kim khi N va mot nguyen to 
phi kim ran P la dieu rat clang chit ST. Tam quan trong ctia 2 nguyen to nay la 
do vai trO c6u true va chfic nang cua thong trong cac phan tit sinh hoc. Hai 
nguyen to dttoi nhom tiep theo la nhting a kim: As va Sb. Dudi niia la mot kim 
loai duy nha't cua nhom: Bi nguyen to cuOi nhom cuoi tong cita Bang tuan 
hoan khong có hoat tinh phong xa. 

1.1. Trang thai thien nhien. Chg tao va ling dung cua ddn chat 

Bang 17.1. Nguon thie n nhien, che'tao va Ong dung cela nguyen to nhOm VA 

Nguyen t6 
Nguein thien nhien 

chu you Ch6tao nguyen to (frig dung cilia &in chit 

Nitrogen 

Phosphor 

Arsen 

Stibi 
(antimoni) 

Bismuth 

KhOng khi (N2  chiem 
78% the tich); mO muoi 
NO,-  

Quang phosphat (nhu' 
fluor apatit Ca5(PO4)3F) 

Khoang arsenopirit 
	 (FeAsS)  

Quang stibnit Sb2S3; pha 
thai trong luyan Cu, Pb 

Quang bisthmunit (Bi2S3) 

	  khif bang C 

Cgt phan doan kh6na - 
khi lOng 

Khit cac quang 
phosphat bang C 

Nhiat phan Ang 
khOng  khi  
Nu'Ong quang Sb2S3  .. trong khong khi, sau 

Nu'Ong quang Bi2S3  
trong khOng khi, sau 
khit bang Fe 

- Lam kill quyen tra trong luyan 
kim, the bran dau m6; bao quan 

clu'Cjc Phrn  - Nguyen lieu cho san xuat NH3  
- N2 long a bac) quan lau dai 
cac vat the sinh hoc; ang dung 

	 tu'ong lai trong sieu cran 
Nguyen lieu de  the tao H3PO4, 
PCI 	P S, va P,Sio  (chat diet 
cOn3irun4g) 
Lam hop kim chi; den diode cho 
phim 6nh  

Lam acquy chi - acid (5% Sb) 

Lam hop kim; ditoc chat 
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1.2. Nhi:ing dac tinh nguyen of va vat 1S7 chit ygn 

Cdu hinh electron dm nhorn: ns2np3  vdi 3 electron dec than a phan lop np. 

S6 trang thai oxy hod giam xu6ng ditoi nhom, trang thdi thdp +3 tra nen 
pho bien hon. 
Kich tint& nguyen tit tang (-40%) tit N den P, lien quan d6n stt giarn 
manh nang ltiOng ion hod va de am dien cua P. 

Cac tinh ch'dt vat 1ST phan dnh stt bier' d6i trang thdi tit cdc phan tit rieng 
biet (N, P) sang mang hioi Ong hod tri (As, Sb) den kim loci (Bi). Vi vdy, 
nhiet do nong chdy tang, sau do gidrn. 
Kh6i Wong rieng 6 dang ran ciia cac nguyen to tang ddn d6u. 

Bang 17.2. NhOng d'Oc tinh nguyen to va vet ly cOa nguyen to nhOrn VA: ho nitrogen 

Nhom VA 
Ten 

nguyen 
to 

Ban 
kink 

nguyen 
tulA°) 

Ban 
kink 
ion 
(A°) 

Nang 
luIng 

ion hoa 
thin 
nhat 
(eV) 

Do am 
dren 

(thang 
Pauling) 

KhOi 
lacing 
Ilona3  " ' (g/cm ) 

% trong  
Nhiet 

do.  
nong 
chay (°C)  

Nhiat 
do iiii 

(°C) 
v6 qua 

dat 

7  0,32 
N 

(+3) 
14,01 Nitrogen 0,70 14,48 3,0 0,879 -210 -196 5.10-8  

2s22p3 0,27 
(-3, +5, +4, 

(+5) +3, +2, +1) 

15 0,58 

P (+3) 
30,97 Phosphor 1,16 11,10 2,1 1,82 44,1 280 0,12 

3s23p3  0,52 
(-3, +5, +3) (+5) 

33 0,72 

As (+3) 

74,92 Arsen 1,21 10,5 2,0 5,78 816 615 5.10-a  

4s24p3  0,60 

(-3, +5, +3) (+5) 

51 0,90 

Sb 
121,76 

Stibi 
1,41 

(3) 
 

+ 
8,5 1,9 6,70 631 1587 10-4  

, 
5s25p3  

(antimoni) 
0,74 - 

(-3, +5,  +3) (+5)  

83 1,17 

Bi (+3) 

208,98 Bismuth 1,50 8,0 1,9 9,81 271 1564 2.10-5  

6s26p3  0,90 

(+5, +3) (+5) 

326 



1.3. Cac phan ffng Chung 

1.3.1. Amoniac chive the tao trong cong nghip 

N2  (k) + 3 H2  (k) 2NH3  (k) 

(Cac phan Ting xa hdn bie'n d6i NH3  thanh NO, NO2  vb. HNO3  viet 
muc sau). 

Cac hydrid khac tao thanh tit phan iing gifia phosphid, arsenid... vb. nitric 
(hoa."c H30±), vi du: 

Ca3P2  (r) + 6H20 (1) -> 2PH3  (k) + 3Ca(OH)2  (aq) 

1.3.2. Cac halogenid tao thanh bdi phan zing trite tie-p c eta halogen vdi 
nguyen to 

(r) + 3X2  —> 2EX3 	(E = P, As, Sb, Bi; trit N) 

EX3  + X2 ----> EX5 	(E = 	ca, trii N va Bi) 

1.3.3. Cow acid có oxy (oxoacid) tao thanh tit phan itng gifta nu'dc vet 
halogenid ceta cac phi kim: 

EX3  + 3H20 (1) —> H3E03  (aq) + 3HX (aq) 

(E = tat ca, trii N) 

EX5  + 4H20 (1) —> H3E04  (aq) + 5HX (aq) 

(E = tat ca, trit N va Bi) 

Chu 51: s6 oxy hoa cua E (+3, +5) khong thay doi khi kat 

1.3.4. Cac ion phosphat melt nu'ac tao cac polyphosphat: 

3NaH2PO4  (r) —> Na3P309  (r) + 3E120 (k) 

1.3.5. Phosphor P4  tit oxy hoci khi trong dung dich kiern, so oxy hoci ceta 
no vita giam vita tang 

P4 	+ 3011-  (aq) •+ 3H20 (1) ---> PH3  (k) + 3H2P0,-  (aq) 

(Phan ling Wong tki nhit th6 nay la dac trttng cho nhiki phi kim khac, 
nhil S8  va cac halogen X2). 

1.4. Lien quan giiia caru tao va tinh chgt 

1.4.1. Sit da dang cita tinh chat vat ly  

Su thay d6i lon ve liic lien ke't va luc not phan tit &doe bieu thi ra qua cac 
tinh chat vat 1ST da dang nhgt caa nh6m nay so vOi cac nhom nguyen to da  
nghien cifu phia truck. 
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A. Phosphor Wang B. Phosphor do 

Cap electron 
trong orbital 3p 

N a dang khi, phan tit g6m 2 nguyen tit (N2), tudng tdc nh6 lktc khugch 
tan 376u nen nhiet dO /long chay va soi rat thap (xem bang 17-2). P chi 376.1 
ton tai 6 dang phan tit P4  hinh tit dien, tuy nhien do P nang hdn va de bi 
phan cuc hdn N, nen laic khugch tan manh hdn; theo d6, nhiet dO /long chay 
cao hdn nhiet .dO phong (25°C). As cling g6m cdc phan tii As, hinh tit dien, 
nhung dude n6i vdi nhau nh6 mang dOng hod tri, vi vay c6 di6m nong chay 
cao nhat trong nhom. Mang dOng hod tri cia Sb vdi nhfing lien kgt dai hdn 
nen ye-u hdn so vdi As, do do nhiet do nong chay thap hdn As, nhting cao 
hdn. Bi co lien kgt kim loaf. 

1.4.2. Phosphor có vai clang thu hinh. 

P ctO vet P trcing c6 tinh chat rat khac nhau do cdc lien ligt nguyen tii 
trong thong khac nhau. P trang c6 hoat tinh cao [digu chg tit dang khi dudc 
ngung to thanh dang ran nhu sap ong trong int6c de ngan no b6c chay trong 
khong 	vi 4 nguyen tit P gan vdi nhau theo niau hinh tit dien khong c6 
nguyen tii nao 6 trung tam (hinh 17.1A). M6i nguyen tii P sit dung cdc orbital 
3p ciia no de)  lien kgt vdi 3 ngilyen tit kia. nguyen tii P co dOc, cdc orbital 3p 
tao goc 90°, con 6 phan tit P4  g6c lien kgt la 60°. V6i goc lien kgt n116 hdn, cdc 
orbital xen phi it hdn va nang ludng lien ket P-P chi con bang mot /lila so vdi 
mot lien kgt binh thttang, do do P trang rat hoat dOng. 

, 
Ngu clot nong dang P trang yang mat khong khi se be gay mot trong so 

cac lien kgt P-P 6 m8i tii dien va orbital cUa nhfing phan tit nay xen phi vdi 
orbital cim nhiing phan ti khac tao thanh mot chu6i don vi P4, do chinh la P 
d6 (hinh 17-1B). 

Cac phan tit rien.g biet P4  cila dang trang lam cho no c6 hoat tinh cao, 
digm nong chay thap, tan trong dung mei khong phan cuc. Cdc chu6i P d6 thi 
it hoat dOng, diem nong chay cao hdn nhigu va khong tan. 

Hinh 17.1. Cgu too hai clang thu hinh coa phosphor 
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1.4.3. MO hinh tinh chat hoci hoc czia cac nguyen to trong nhom pity 
thuOc can tqc, nguyen tet cda chung  

— Ong tit nhom IVA, mo hinh tinh chat hod hoc cila cac nguyen to nhom 
VA phan dnh nhung thay d6i tit N phi kim .d6n Bi kim loai. Trong khi N 
khong the' tao thanh nhieu ho'n 4 lien ket thi 3 nguyen to tiep theo c6 the' 
ma r6ng lap ve) hoci tri dm cluing nh6 nhfing orbital d trong. 

— Su tao thanh anion c6 v6 electron ciia khi hieM, nghia là nhan them 3 
electron, trong do 2 electron sau ding la can cap nan.g Wong lon. Tuy 
nhien, nang Wong mang kh6ng to dtioc giai phong khi nhiing anion tich 
dien cao nlyti vay hap &an cac cation de tao thanh cong thiic cila 
Di6u nay rat dien hinh cho tritang hop cim N trong cac hop chat voi kim 
loai hoat thing, chung han Li3N, Mg3N2  (va c6 the ca Na3P cho P). 

Bi kim loai trot thanh cation trong mot s6 hop chat do mat 3 trong s6 5 
electron lop ngoai, vi du nhit trong BiF3  va Bi(NO3)3.5H20. 

— Quy luat da quen lai xuat hien: Tic tren xudng du'ai nhom c6 it trang 
thcii oxy hoci han vet trang thcii thCip ho'n not bCit ho'n. N the hien tat ca 
cac trang thdi co the c6 cua mot nguyen to VA, tit +5 den -3. D6i voi P, 
As va Sb chi c6 trang thdi +5 va +3 la ph6 bi6n, con Bi chi c6 +3 la 
tIntang gap. 

Tinh acid-base ciia cac hop chat thay d6i tit acid —> lang tinh base 
cid phan dnh Kt tang tinh kim loai. Ngoai ra, cac oxyd ma E d trang thdi 
oxy hod thgp bon mang U./1h base nhieu hon the oxyd ma E d trang thai oxy 
hoa cao, phan dnh tinh ion lOn hon cila lien ket E-0 trong cac oxyd ma E a 
so oxy hod thap. 

— Tat ca cac nguyen to VA deu tao thanh cac hydrid khi c6 cong thdc 
chung EH3. Ngoai frit NH3, cac khi con lai de'u clic kST dOc, hoat &Ong va 
c6 the diloc tao thanh tit phosphid, arsenid phan ling voi rut& hay dung 
dich acid, vi du: 

Ca3As2  (r) + 6H20 (1) -+ 2AsH3  (k) + 3Ca(OH)2  (aq) 

Cd.c hydrid cho thgy mot s6 mo hinh lien ket va tau trtic rat ddng chi Y: 

+ Mac du kh6i hiong mol nh6 nhgt nIning NH3  ming chay va soi a nhiet dO 
cao hon cac hydrid VA khdc do tao thanh lien ket hydro (xem chitong 5). 

+ Goc lien kgt giam tit 107,3°  a NH3  dgn —90°  a cac hydrid khac cho thgy 
a cac nguyen tit lon hon sit dung orbital p chiia lai hod. 
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+ D6 dai lien kgt E-H tang tit tren xu6ng dudi nhom, do do do manh cua  

lien kgt va di-1h on dinh nhigt giam: AsH3  phan huY' 6 250°C; SbH3  

20°C; BiH3  6 -45°C (chic Sr rang, 3 dac digm: lien kgt hydro 6 nguyen to 
nhO nhat, stt thay d6i goc lien kgt va thay d6i nang Wong lien kgt, 
cling se lap laid cac hydrid dia nhom VIA) 

- Tat ca cac nguyen to VA dgu tao ra trihalogenid EX3  va mot so-  :tao 
pentahalogenid EX5  &foe digu chg tit cac nguyen t6k6t hop trtic ti6p, vi du: 

P4  (r) + 6C12  (k) 	---> 	4PC13  (1) 

hoac khi du halogen: 

PC13  (1) + C12  (k) 	---> 	PC15  (r) 

Chu 51: N vb. Bi chi tao thanh trihalogenid. 

Cling nInt cac hydrid, d6 on dinh vdi nhigt cua cac halogenid giam khi 
lien kgt E-X dai hon. Chang han, NF3  la chat khi on dinh, kha tra; NC13  gay 

no va phan ttng nhanh vOi. milk; NBr3  chi tao thanh d < -87°C; con NI3  cluta 
dtioc digu chg rieng, nhung phuic hop NI3.NH3  thi no ngay khi tie'p xtic nhe. 

Mgt so do phan itng din hinh cho nhigu halogenid ciia phi kim VA: khi 
cluing tac dung vdi nitric thi cho ra hydro halogenid va oxoacid ma trong do E 
khong thay d6i trang thai oxy hod. Vi du: 

PC15  (r) + 4H20 (1) ----> H3PO4  (1) + 5HC1 (k) 

1.4.4. Nhisng client not beit ye hod hoc ceta nitrogen 

- Mac dtz tuong d6i trod nhigt (16 phong, nhung 6 nhigt d6 cao hon N 
phan iing vdi H, Li, cac nguyen to nhom IIA, B, Al, C, Si, Ge, 0 va 
nhigu nguyen to chuygn tigp. Hau nhu moi nguyen to trong bang tuan 
hoan dgu tao lien kgt vOi. N. Sau day, chi tap trung vao trinh bay cac 
oxyd, oxoacid va muoi cUa chting. 

- Cac nitrogen oxyd 

N rat clang dui Sr vi c6 6 oxyd bgn N20, NO, N203, NO2, N204  va N205. Cac 
oxyd dgu c6 enthalpy hinh thanh &tong (OH t > 0) do lien kgt N = N rat manh. 

Khong giong nlyti cac hydrid va halogenid, cac oxyd cila nitrogen c6 tau  

tao phang. N thg hien tat ca cac trang thai oxy hod &tong trong cac hop chat 
nay. Trong N20 vb. N203, 2 nguyen tit N c6 cac trang thai oxy hod khac nhau. 

Cau tao ciia cac oxyd ye, mgt s6 tinh chat dia cluing ghi trong bang 17.3. 
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Bang 17.3. Cdu tao va tinh chat coa cac nitrogen oxyd 

Cong 
t h ac 

Ten 
Ma hinh 

khong gian 
Cau tao 
Lewis 

Trang 
thai 
oxy 
boa 

cita N 

AH 	6 t 
298K 

(kJ/mol) 
Chtl thich 

N20 

NO 

N20 

NO2  

N2k-I4  N204  

N2L./. N205  
' 

Dinitrogen 

monoxyd 

(dinitrogen oxyd; 
nitro oxyd) 

Nitrogen 

monoxyd 

(nitrogen 	oxyd; 

nitric oxyd) 

Dinitrogen
. 

 
tnoxyd 

Nitrogen dioxyd 

Dinitrogen 
tetraoxyd 

Dinitrogen 

pentaoxyd 

k 5j 

:No- N-6 : 

:N=O: 

	

'2̀1" 	•C!' 
1\l'—N//  

	

. 	,, 	. 
...c? 	.1:5 

	

fck" 
	- 

'b. - 
1\14  N- 

	

*.O. 	\S5.: 

:*(5' 	b 
z/N-0-N 

\0: 

0.:  

+1 

(0, +2) 

+2 

+3  

+4 

+4 

+5 

82,0 

90,3 

83,7 

33,2 

9,16 

11,3 

Khi khOng 	mau; 	khi 
cu'oi; 	gay 	me; 	nhien 
lieu 

Khi 	kh6ng 	mau, 
thuan tit' chat truygn 
. 	• 	. 	' 
tin 	sinh 	hoc; 	chat 	O 
nhrem kh6ng khi 

Khi 	mau 	nau 	do 
(phut 	hop 	thuan 
nghich 	cua 	2 	oxyd 

NO.NO2) 

Khi mau nau da cam 

va thuan tit; da' san 

xuat 	HNO3; 	1:10c 	va 

gay 6 nhlam kh6ng 
khi 

Chat lOng kh6ng mau 

dan hbi yang (phut 
hop 	thuan 	nghichl 
NO2. NO2) 

Chat ran khOng mau 

va 	dg 	bay 	hii 	cila 
. 

hon 	Op 	NO2+ 	va 

NO3-; 	trang 	thai 	khi 
g6m 	bac 	phan 	tit 
N205  

+ Dinitrogen monoxyd N20. Chat gay to rang ("kill clthi") va la khi phun 
trong cream dong h6p. Phan ti't eau trtic thang c6 th6 m6 to tot nhaTt 
bang 3 clang tong hitting voi cac ty le khac nhau: 
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:NEN-o: 	N=N=O 

(c6 thd nhgt) 	 (kh6ng clang kd) 

+ Nitrogen monoxyd NO la phan tit c6 electron di)c than (thuy6t MO 
trong chuong cau tao phan tit da giai thich). San pha? m thucing mai 
ciia NO (dung de san xuat HNO3) duoc ch6 tao bang cdch d6t (oxy hod) 
amoniac: 

4NH3  (k) + 502  (k) -> 4N0 (k) +. 6H20 (k) 

NO con dttoc tao thanh khi khong khi bi d6t /long d nhiet di) cao (nhu 
trong d6ng cd 6 to, trong coin dong bao c6 chap): 

t() cao 
N2 (k) 	+ 	02  (k) 

NO co the chuye'n hod thanh 2 oxyd khdc: 

3NO (k) 	N20 (k) + NO2  (k) 

Phan iing nay goi la phan ling di ly hay phan ifng ttt oxy hod khit. 

NO c6 vai trO sinh hoc quan trong (xem phan sau). 

+ Nitrogen diOxyd NO2  la kill d6c mau nau hoi da cam; phan tit c6 
electron el6c than Binh 	N, vi vay de tao thanh dimer thuan nghich 
la dinitrogen tetraoxyd: 

	

02N. (k) + •NO2  (k) 	 02N-NO2  (k), hay N204  (k) 

Dong, bao, sam chop tao ra NO va NO2  re3i cu6n chUng xu6ng dat nhu 
nhitng phan bon tit nhien. 

[O nhie'm do giao thong a thanh ph6 c6 the gay ra "khoi quang hod" vao 
bu6i sOm: NO thai ra tit d6ng co 6 to, sau d6 bi oxy hod thanh NO2. Mat trai 
len cao phat ra dnh sang giau nang Wong da be gay IT* so phan. tit NO2: 

anh sang 
NO2  (k) 

	

	> 	NO (k) + 0 (k) 
mat tr6i 

va 	0 (k) + 02  (k) -> 03  (k) 

OzOn, mot tdc nhan oxy hod manh, c6 kha nang phd huST cao su va nIrkia 
tang hop. 

M6t chu6i cac phan itng gala NO2, 03  va cac hydrocarbon killing bi d6t 
chay h6t.trong kh6i xang tao thanh cac peroxyacylnitrat (PAN) - mot nhOm 
cac chat gay kith itng mat va mai manh. Hau qua cila cac qud trinh hod hoc la 
bau khi quyen xuat hien lop "khoi quang hod" mau nau nghet tha]. 

2 NO (k) 
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—H' 

Acid nitric 
(HNO3) 

L  Ion nitrat 
A 	(NO3---) 

Acid nitrO 
(HNO2) 

-- Ion nitrit 
(NO2-) 

- Cac acid chlia oxy ciia. nitrogen (nitrogen oxoacid) va oxoanion 

Hai oxoacid quan trong nhat cila nitrogen la acid nitric (HNO3) va acid 
nitre (HNO2). Hinh 17.2 the hien cau tao cUa 

Hinh 17.2. Cali tao coa acid nitric, acid nitro va cac oxoanion cua chUng 

A. Acid nitric tach ra mot ion Fr va tao ra anion nitrat co cab tao phAng tam giac d4u, N 
lai hoa sp2  (6 day chi ra mot trong 3 trang thai cong hu'ong). 

B. Acid nitro, mot acid rat y6u, tao ra ion nitrit 	tao phAng. Ch0 Op electron tct do 
6 nguyOn ter N cla" chuye'n cab hinh ly Wang g6c 120°  thanh g6c 115°  (6 day chi ra mot 
trong 2 trang thai cong Wang). 

+ Acid nitric HNO3. Ch6 tao bang cach d6t NH3  thanh NO (xem phan 
ling phia truec), sau d6 oxy hod thanh NO2. Cu6i cling la mot phan 
ling di ly khi tac dung voi nti6c va c6 xtic tac: 

3NO2  (k) + H2O (1) —> 2HNO3  (1) + NO (k) 

Trong acid HNO3, cling nhti trong tat ca cac oxoacid, nguyen tit H c6 tinh 
acid dtioc gan vao mot trong s6 cac nguyen tit 0. Kh6ng giong nhti P va cac 
nguyen to khac trong nhorn, N khong and rOng pham vi ph6i tri nhigu hen 3. 
HNO3  la mot meta acid khong c6 ortho acid (gia thigt là H3N04) vi N" qua nh6 
be de 4 0 c6 the cLi ngu. 

HNO3  la tac nhan oxy hod manh: trong phan ling voi cac chat khi'i, san 
pham thu dtioc thay d6i tuST thuOc vao dO hoat dOng cila chat khii va no'ng dO 
HNO3; tac dung voi kim loaf khong bao gid gidi phong hydro. Trong moi 
truang hop, ion NO3-  dong vai tr6 chat oxy hoa, vi du: 

3A1 (r) + 30HNO3  (aq; < 1M) --> 8A1(NO3)3  (aq) + 3NH4NO3  (aq) + 9H20 (1) 

(6 day 	-> N' do acid loang) 

3Cu (r) + 8HNO3  (aq; 3-6M) --> 3Cu(NO3)2  (aq) + 4H20 (1) + 2N0 (k) 

(6 day, Cu It hoat dong, HNO3  dac hen, N" —> N2+) 
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Vi 41-nran 

PtIn 
nitrit 

N v6 CO 
one ygu NO 

NO2 

Th6i (Oa 
Ode 01 

KHI QUY6N 

N v6 co (Chi, y6u N 
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Chuyth, hod 
050 oat 

Thoo vat. 
Ong vat r12 

CO dinh 
sinh hgc 
trong 0th 

140 

cti 
VI khugn
6 din  

nitrogen  

Chuygn boa 

trong nVdc 20 

36 

ay 
00P 
en 

at huu CO 
prian huY 

550 

Thgc vat, 
riOng vat 0.5 

Tam non 
400,000 

V6 tang trai dgl 
140,000.000 

Ion NO3-  xugt hign ben phai cac pinking trinh yeti vai tro la ion can bang. 
Chu ST, at ca cac mutii nitrat dgu tan trong nitric. 

+ Acid nitro HNO2. La acid ygu hon HNO3  nhigu, tao thanh khi mu6i 
nitrit tac dung vdi acid: 

NaNO2  (aq) + HC1 (aq) -> HNO2  (aq) + NaC1 (aq) 

Qua 2 acid kg tren, c6 thg rut ra mot mo hinh chung vg-d6 manh caa cac 
oxoacid: Neu cc') nhieu nguyen tit  0 gein veto phi kim trong tam Mn thi acid se 
manh how. Vi thg nInt da thay, acid HNO3  manh hon HNO2  nhigu. Nguyen do 
la, nguyen tit 0 keo mat d6 electron tit nguyen tit N, nguyen tii N sau d6 lai 
keo mat d6 electron tit nguyen tit 0 trong lien ligt O-H, lam cho sit giai ph6ng 
ion H+ thuan loi hon. 

- Diem not bat quan trong Mia ve hoa hoc dm nitrogen la chu trinh cua  
no trong tut nhien lien quan dgn sinh gioi (hinh 17.3). 

Hinh 17.3. Chu trinh nitrogen 

(Chu k: con s6 trong khung chi dO Idn caa nguon; con s6 doc theo cac mai tan chi su• chuyen 
hoa hang narn cua nguyen to. Gia tri cua cac s6 trong hinh la x 10°  tar?). 

1.4.5. Nhiing diem not bat ve hoci hoc caa phosphor: cac oxyd vet oxoacid 

P tao thanh 2 oxyd quan trong: P406  vet P4010. 

- Tetraphosphor hexaoxyd P406  vet acid phosphoro H3P03. P trang thai 
oxy hoa +3. P406  tao thanh khi P tr&ng chay trong Wong oxy khong 

P4 (r) + 302  (k) -> P406  (r) 
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DO la met chat ran trang, de bay hdi, nhiet do nong chay 23,8°C, sei 
175°C. Phan tii P406  có dinh huOng ttii dien cua cac nguyen tit P trong P4  vdi 1 
nguyen tU 0 gifia m6i cap nguyen tit P (hinh 17.4A). 

P406 Phan ling vdi ntidc cho acid phosphoro: 

P406  (r) + 6H20 (1) 	---> 4H3P03  (1) 

Cong thfic H3P03  gay nham ldn vi chi có 2 nguyen tit H la có tinh chat 
acid, nguyen tit H thii 3 gan truc tiep vdi P trung tam khong phan ly. Vay, 
cong thiic rO hdn nen viet (HO)2PHO hay H2HP03  nhu so d6 cat' tao va pha.n 
iing vdi base manh sau: 

:0: 

HQ 	Pte` H 

H 

OH 
H  

Hy 

:0: 

..0,. 

. H OH 
H 

Q.  

:0: 

H2HP03  là met acid yeu 2 chiic trong nu& (K1  = 3,0x10-2; K2  = 1,7x10-7); 
khi trung hoa bang kiem tao ra cac mu6i phosphit nhu NaH2P03, Na2HP03; có 
tinh khi kha manh, vi du: 

3+ 	 2+ 	 5+ 

H3  PO 3  (aq) 	Hg C12  (aq) + H2O (1) --> H3  PO 4  (aq) + Hg° (r) + 2HC1 (aq) 

+ Acid hypophosphord H3P02  hay HO(H2P0) la met acid manh, don 
chfic, vi có 2 H gan truc tiep vdi P khong dien ly: 

H 
0=P—OH 

H
I 

Acid nay va mu6i cua no la nhung chat khif manh va chuyen thanh 
phosphat. Vi du: 

H3P02  + 2CuSO4  + 2H20 --> 2Cu + 2H2SO4  + H3PO4  

– Tetraphosphor decaoxyd P4010  va acid phosphoric H3PO4; P d trang thai 
oxy hod +5. P4010  thuOng duoc goi là phosphor pentaoxyd do tit cong 
thfic thtfc nghiem P205. P4010  duoc tao thanh khi P4  chay trong oxy du: 

P4  (r) + 502  (k) -> P4010  (r) 

Cau tao cua P4010  có the &toe nhin thay nhu a P406  nhung có them 1 
nguyen tit 0 gan vao m6i trong so 4 goc d nguyen tit P (hinh 17.4B). 
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A P406  

B P4010 

Hinh 17.4. Cac 	ttfic c5a oxyd: A. P406, B. P4010 

P4010  hilt am manh va phan iing voi mioc kern theo phat nhigt manh liet  
tao thanh acid phosphoric H3PO4  là met trong nhfing chat quan trong nhat 
trong san xuat hod hoc: 

P4010  (r) + 6H20 (1) --> 4H3PO4  (1) 

Do hinh thanh nhigu lien kgt hydro, H3PO4  tinh khigt sanh nhti sire va 
nhot gap 75 ldn ntic3c. H3PO4  dam d4c 6 phong thi nghigm la 85% theo khei 
Wong trong ntioc. H3PO4  la met acid 3 chiic ygu (gia tri cac hang s6 phan ly 
neu i3 chtiong 9, dung dich cac chat din ly). Trong rub:3c, g6n nhtt no chi mat 1 
proton theo can bang: 

H3PO4 (1) + H2O (1) 	H2PO4 (aq) + H30+  (aq) 

Tuy nhien, trong base manh va du, ca 3 proton phan ly hohn toan theo 3 
nac de tao thanh cac oxoanion phosphat: 

:0: 
Il 

OH 
Il 

HO 
OH 

:0: 
IC 

H0 

2 - 

0=-; 

:0: 
II 

HO  
:0H :01-1 10;  

ion dihydro 	 ion hydro 	 ion 
phosphat 	 phosphat 	 phosphat 

Cdc polyphosphat tao thanh khi 'Jet nong cac mu6i hydrophosphat, 
chilng mat ritteic va tao cdu P-O-P. Chang han, natridiphosphat Na4P2O7  dtiOc 
digu chg bang each d6t nong natri hydrophosphat: 

2Na2HPO4  (r) 	t" 	Na4P2O7  (r) + H2O (k) 

Ion diphosphat, met polyphosphat nhO nhat, gem 2 thin vi PO4  gall voi 
nhau qua 1 goc 0 (hinh 17.5A). Chu6i, polyphosphat g6m nhigu don vi PO4  
hinh tilt dign (hinh 17.5B) có cau frac Wong tti chu6i silicat. 
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po4  2- HPo,2-  
A 

H HO  

2- 

B 

Hinh 17.5. M6 hinh khOng gian caa 

A. Ion diphosphat. 

B. Polyphosphat gom nhi4u don vi til din PO4. Hinh clang cac chueii phy thu0o su 
Binh huting cua cac don vi cal tao (tuting to nhu silicat). 

Ctin hiu 57: loai phan itng c6 sit mat 1 phan tit H2O khi moi cap OH ghep 
lai goi la su' ngu'ng to do melt nu'dc, thuOng xay ra khi tao thanh cac chu8i 
polyoxoanion va cac cdu truc polymerlhac cho ca load tit nhien hay tang hop. 

1.5. MOt so hdp chgt thong dung quan trong 

1.5.1. Hop chat ceta nitrogen 

— Amoniac NH3  

Cac orbital hoa tri cua N -c6 su lai hoa spa  nen phan tit NH3  c6 cdu tao hinh 

thap day la mat tam giac, goc lien ke't HNH = 107,3°. Phan tit c6 mat cap 
electron tit do va phan cuc manh (u, = 1,5D). Gifia cac phan tit ton tai lien ke't 
hydro. Val  = -78°C; t's  = -33°C; d6 boa tan 700 L 	NH3)/1L (nitoc) o di6u 
kien thuOng. 

NH3  la khi mui khai, so'c, khang mau. NH3  thitong mai la clang 16ng, hoac 
dung dich —25% theo khai Wong trong nit6c. 

NH3  c6 cac tinh chdt chinh sau: 

+ Tinh base trong nu& va tinh de tao phlic chdt, vi c6 cap electron tit do 
6 N (nhi6u vi du dd neu ci Hoa dai along). 

+ Tinh khit (phan itng chay trong oxy, trong halogen cho nhieu loaf san 
pham). 

+ Phan ling thay the H b6i cac kim loai i nhiet do cao tao ra amidid 
(thay 1H, vi du natri amidid NaNH2), imidid (thay 2H, vi du valci 
imidid CaNH) va nitrid (thay ca 3 H, vi du nhom nitrid A1N). 
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+ Phan iing vol CO2  trong san xudt ure cong nghiep (a 180 atm va 140°C): 

NH2 NH2 
CO2  + 2N1-13 	0=C 0=CI

NH2 
+ H2O 

ON 14  

+ Tao ra cdc mu6i amoni de bi nhiet phan. Vi du: 

NH4C1 (r) 	
t 	NH3  (k) + HC1 (k) 

NH4NO2  (r) 	> 	N2 (k) + 21-120 (k) 

NH4NO3  (r) 	
t" 	N20 (k) + 2H20 (k) 

— 200°C 

NH3  la chdt dau tien tang hop tit N2 khi quyen, tit do tao ra cac hop chdt 
chila N khac. Nhieu trieu tan NH3  dttoc san xudt hang nam de dig tao phan 
bOn, thu6c no, to scsi va cac polymer (Dhu nylon, nhua ure-fomaldehyd va  

acrylic). 

- Hydrazin N2H4. Phan tit có cdu tao: 

H 
H, N, N' H 

H 

Do cdu hinh khong gian bdt d6i )(ling nen phan tit phan cite manh 
(IA -1,85D) giong nhu H202. Hydrazin la chdt 'Ong khong mau; ndng hOn mioc; 
mui kho chiu; tan vo han trong nitric va ruou do tao lien ket hydro manh; cang 
vi the hydrat cua no khd ben, nlytt N21-14.H20. Gi6ng nint NH3, hydrazin co cap 
electron a mroi N nen no la met base 2 chfic yeu hdn amoniac: 

N2H4  + H2O 	N2H5+  + OH- 	K1  = 8,5.10-7  

N2H5+  + H2O 	N2H62+  + 	K2 = 8,9.10-16  

Theo do, hydrazin tao ra 2 loai mu6i, vi du N2H5C1 (hodc vigt N2H4.HC1) 
va N2H6SO4  (hodc viet N2H4.H2SO4). 

Hydrazin IC& hop voi muoi nhieu kim loai tao ra dang hop chdt solvat 
hod, flint CrC13.21\12114, Co(C104)2.3N2H4. N2H4  la ch'dt khit manh, vi du nhii cac 
phan itng sau: 

N2H4  (I) + 02  (k) -> N2 (k) 	2H20 AH" 
PLr 

= -705kJ/mol 

N2H4  (1) + 2C12  (k) 	N2 (k) 	4HC1 (k) 

N2H4 	+ 4AgNO3  (aq) -> 4Ag (r) + N2  (k) + 4HNO3  (aq) 
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Hydrazin ducic sit dung trong cac phan -ling tang hop hull co; chg chat 
deo, cao su, thu6c frit sau, chat n6; va trong Hod phan tich. 

1.5.2. Ho chCit ctia phosphor 

— Cac mu6i phosphat. Tat ca cac loai mu6i phosphat cua amoni va kim 
loaf kim dgu tan trong nu6c, nhu NaH2PO4, Na2HPO4, Na3PO4, K3PO4, 
(NH4)3PO4. Tat ca cac mu6i dihydrophosphat dgu tan, nhu Ca(H2PO4)2, 
Fe(H2PO4)2, Zn(H2PO4)2. Chi c6 mu6i HP042-  va P043-  cua kim loai kim 
va amoni la tan, mu6i dia cac cation khac dgu khong tan. 

H3PO4  va cac mu6i phosphat dtioc dung nhigu trong link vuc phan b6n, 
chting an mon, thfic an gia stic, xit 157 nit& cling, chat tdy riia, lam men sit.. 

— Natri tripolyphosphat Na5P3O10. Chat lam mem nueic do lien kgt vdi cac 
ion Me+, Ca2+, ngan cac ion nay tac dung vdi cac anion xa phong nen 
duoc dung lam bOt giat (tS,  le 45%). 

— Phosphor halogenid PX3  va PX5. Thong dung la 2 clorid sau day. 

+ Phosphor triclorid PC13. Phosphor ii trang thai lai hod spa; chat 16ng 
khong mau; nang hcin midc; mui s6c lam chay nude mit; ct0c; gay bang; 
tan trong CS2, benzen, CC14; b6c kh6i manh trong khong khi am va tdc 
dung manh ligt vdi nude tao ra acid phosphord: 

2PC13  + 6H20 —> 2H3P03  + 6HC1 

PC13  duoc sit dung de digu chg nhigu hop chat khac cua P, dg clor hod cac 
chat h-Ciu cd trong the tao phdm n.huOm, dudc phdm, thu6c trit sau, chat hoat 
&Ong bg mat. 

+ Phosphor pentaclorid PC15. Phosphor ii trang thdi lai hod sp3d nen 
phan tit c6 cat' tao hinh chop non kep. Là chat tinh thg mau trang 
(hoac mau luc nhat ngu c6 mot phan bi phan huy thanh PC13  va C12); 
de tan trong CC14; phan Ung vdi nudc tao ra acid phosphoric (xem 
phan ling 6 muc 1.4.3 phia trtidc). 

PCi5  la chat tot nhat cte clor hod cac chat hau co trong chg tao phdm 
nhuOm, duoc phdm, thu6c trif sau. NO con duoc dung lam chgt )(lie tdc. 

1.5.3. Hop chat czia arsen 

— Arsen (III) oxyd, ton tai du6i clang phan tit kep As406, Wong tit P406  
(ding thlic th-kic nghigm thuOng vte't As203). Tinh the dang lap pinking ii  
di6u kien thuOng, de chuygn thanh dang don to a —200°C. Chat mau 
trang; de thang hoa d 135°C; tan trong ntiOc tao ra acid arsend (va ca  
acid metaarseno'): 

As406  + 6 H2O 	4H3AsO3  (va ca HAsO2) 

fl 
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Cac acid nay tao ra mu6i arsenit nhu Na3AsO3, hoac muoi metaarsenit 
nhu KAsO2. 

Cac hdp chat  ciia As (III) có tinh khii, vi du: 
3+ 	 5+ 

Na3AsO3  + 12  + 2NaOH 	Na3AsO4  + 2NaI + H2O 

natri arsenat 

3 As406 + 8 HNO3  + 14 H2O — 12 H3As04  + 8NO 
acid arsenic 

Arsen (III) oxyd &toe dung the thu6c trii sau, chat matt va thug tinh 
trong su6t. Tuy nhien, no reit dOe. 

— He phat hien As406  (hoac not chung la cac hOp chat chfia As', As') có 
trong mot mau vat, nguai to ti6n hanh phan ling tao hydro moi. sinh (H 
nguyen 	do Zn tac dung v6i acid hay do Al tac dung vdi kiem) khil 
cac hop chgt ciia. As than.h arsin (AsH3), chang han nIrti mot mo hinh 
phan ling vie't chung lai nhu sau: 

As406  (r) + 12Zn (r) + 24HC1 (aq) —> 

12ZnC12  (aq) + 4AsH3  (k) + 6H20 (1) 

Khi AsH3  thoat ra tii phan iing tren dude nhkn bigt bang nhieu each 
(phan ling) khac nhau, rat nhay va dac truing: 

+ Phan iing Gutzeit: tac dung y6i. AgNO3, cho AsAg3.AgNO3  mau yang. 

+ Phan. ling Hefti: cho tac dung vdi HgC12  (tam tren gigy loc) se sinh ra 
cac hdp chat có mau tii yang sang nau dO va den cila cac chgt 
AsH2(HgC1), AsH(HgCl)2, As(HgC1)3, As2Hg3. 

+ Phan iing Marsh-Liebig: khi AsH3  bi &It nong cho "gtiong" arsen kim 
loaf ngting to tren thanh 6ng lank (mau den hoi anh bac) (chi ST AsH3  
la khi rat dOc). 

1.5.4. Hcip chat czia stibi (antimon) va bismuth 

— Hydroxyd Sb(OH)3  Ara Bi(OH)3  la nhung chat ran trang, killing tan 
trong ntidc, dtioc dieu the tii cac mu6i 	tac dung vdi kiem: 

E3+  (aq) + 30W (aq) 	E(OH)3  (r) 	E0(OH) (r) 

(E0+  la cation chi:fa 0 co danh phap mang duOi yl) 

Cac mu6i Sb", Bi" phan iing vdi ntidc (thuS,  phan) cho moi truing acid: 
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SbC13  (aq) + H2O (1) 	Sb0C1(r) + 2 HC1 (aq) 
antimonyl clorid 

Bi(NO3)3  (aq) + H2O (1) 	BiONO3  (r) + 21-11\103  (aq) 
bismuthyl nitrat 

1.6. Vai tro va ifrig dung trong Y - Diidc. Difw tinh 

1.6.1. Nitrogen 

- Nco vai tro lon lao tao nen sinh quyen. N6 la nguyen to phai c6 mat a 
m8i chit trong bang chit cai cua su sang la 20 amino acid. Cac amino 
acid tao ra vo s6 chat c6 ten chung la protein (nghia la "chat hang da'n") 
hay protid, ma m6i chic nang sang d6u duoc mot (hoac mot nh6m) 
protid nao do dam trach (xem Hoa sinh hoc). 

- Nitrogen nguyen to dung lam moi tniang tro trong 6ng tiem va trong do 
bao goi de bao guar' duoc chat khong bi anh Intangbai oxy cim khong khi. 

Nitrogen (I) oxyd, dinitrogen monoxyd (N20, kill cu6i) chita 20-25% oxy 
dung gay me phdu thuat thai gian nga'n. 

Natri nitrit NaNO2 = 69,00 dttoc dung lam thu6c giai d8c cyanid (CN-), 
nh6 tiem tinh mach dung dich 150mg NaNO2/5m1 [co che: CN-  tic che ho 
hap to bao rat nhanh do ket hop voi cytocrom oxydase. NO2-  lc& hop \Ted 
hemoglobin tao methemoglobin, va methemoglobin thu but CN-  tao ra 
cyanmethemoglobin khong hoat Ong, do do ho hap t6 bao &toe bao ve. Sau 
do CN-  gan trong cyanmethemoglobin, \Jai su a) mat cim natrithiosulfat 
(Na2S203) tiem them hoac c6 sari trong cd the, dttoc gan va than chuye'n 
thanh thiocyanat (SCN-) khong dOc va dao thai qua nitric tieu]. 

NaNO2  cling c6 tac dung gian mach va ha huyet ap, nhung chain lion cac 
nitrit hi u cd va cac ester nitrat chang tang huyet ap (xem Hoa duoc hoc). 

Luu y quan trong: ion nitrit (NO2-) la d8c. Mat cla thay teen, no tac 
dung vai hemoglobin tao ra methemoglobin lam cho hang cAu khong gdn duoc 
oxy. NO2-  la mai nguy hiem tiem tang vi tao ra cac dan chat N-nitroso cUa 
amin va amid, goi chung la nitrosamin - nhang chat c6 the gay ung tint nitrat 
(NO3-) c6 the bi khii thanh NO2-  trong runt va gay ra methemoglobin mau. Vi 
nhfing 1ST do nay, vi8c sit dung NO3 va NO2-  lam chat bao quan -drip pham 
dang la van dg phai duoc kiem soat. 

- Natri nitroprussiat Na2[Fe(CN)5N0].2H20 = 297,95 la thu6c gian mach, 
chang tang huyet ap, tac dung nhanh, thing cap cliu diSu tri tang huyet 
ap kich phat, duoi clang tiem [co the: nitrogen oxyd (NO) giai phong tit  
thu6c data vao, lam gian mach ngoai vi manh tren ca tinh mach va tieu  
dling mach, vi vay lam ha huyet hp. Chu ST: thu6c c6 the gay d8c neu  
tiem qua lieu do giai phong ion CN-]. 
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- Nitrogen monoxyd NO, mot phan tit khi don gi.an, thuan tit do c6 electron 
do, c than, vi vay no cling la mot g6c til do vo co be nha. N6 thic, vi c6 the 
chuyen thanh NO2-. Phat ra tit khi thai cac thing cd, no gay 8 nhiem khi  
quyen (tao "kh6i quang hod" - nhu da neu phia tr'en). NhUng that lc* la, 
no lai c6 vai trO phi thuang va Ong lon trong cac he thong sinh hoc. NO 
duoc sinh tong hOp trong moi to chfic•va t6 bao cUa cac co the song, tit  
nhfing loci lc* sinh den con nglibi. N6 là phan tit truy6n tin tren he than 
kinh, tac thing den qua trinh dong mau, kiem soat huyet ap, c6 kha nang 
tieu diet ung thus va lien quan ca d6n su hinh thanh tri nha [nhfing phat 
hien nay da dttoc tang giai. thuang Nobel Y hoc nam 1998]. Trong linh 
v-qc Duoc, nha hieu biet vai trO cua phan tit NO ma nguoi to da giai thich 
duoc chinh xdc cd the tdc dung dia cac thu6c tim mach ho nitrit va nitrat 
vo co cling nhu hfiu co - nhfing thu6c ma con n.gtiai da sit dung qua ca 100 
nam truac do nhting chua ro co the vi sao. Sit hieu biet nay lai dinh 
hutting de tim ra nhfing thu6c 

1.6.2. Phosphor 

P la nguyen to thiet yeu d6i vai dai song thing vat, thuc vat. CO the 
hap thu P duai dang phosphat (P nguyen to rat dOc). Phan lan P trong 
co the (-600g) nam trong dang calci phosphat tham gia eau tao xticing 
va rang. Phan con lai (-100g), P tao thanh nhfing chat vo cling quan 
trong: phospholipid cau tao nen mang t6 bao; ATP (adenosin 
triphosphat) - phan tit giau nang Wong can cho moi hoat thing; acid 
nucleic (acid nhan); nhieu enzym chuyen hod; cac ion phosphat trong 
he dem dia cac dich co the. 

Cac hop chat vo cd dia P dUoc sit dung lam thu6c thuong chi han the a 
nhfing orthophosphat. Vi du: 

+ Calci monohydrophosphat, CaHPO4.2H20 = 172,09, bQt trAng, khong 
vi, khong tan trong nudc. Dung b6i clang calci va phosphor cho cac 
triiong hop lao luc, cOi xvong, suy nhtioc than kinh. Dang ueng. 

+ Calci dihydrophosphat, Ca(H2PO4)2.H20 = 252,1, tinh the khong 
de chay, vi rat chua, tan trong nuac. Dung cho cac truang hop can NS 
sung Ca, P. Uting dutdi dang sir& 

+ Tricalci phosphat, Ca.3(PO4)2  = 310,2, 13Qt tfang, kh8ng mixi, khong vi, 
khong tan trong nuac. Dung b6i dUong Ca, P cho tniang hop lao luc, 
chfia di fang. Dang u6ng. 

+ Calci hydroxy phosphat, Ca5(OH)(PO4)3  = 502,32 (hoac thay Ca2+ bang 
Mg2+, Al3+) la nhang chat khong tan; dUng lam thu6c khang acid da 
day, cling co the la ngu6n cung cap Ca, P cho co the. 
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+ Kali dihydrophosphat, KH2PO4  = 136,09 va kali monohydrophosphat, 
K2HPO4  = 174,18, la nhang chat hoa tan trong nuoc; duoc dung de ha 
thap ham luting Ca' trong huyet ttiOng, tang dao thai Ca' duck dang 
ph& pyrophosphat de dieu tri benh tang calci huyet va sai than do 
calci. Dang thu6c sit dung: cac dich truye'n ngoai &tong tieu hod. Cdc 
muei nay con du oc lam cac chat dem cho cac dung dich thu6c, dich 
truygn trong khoang pH sinh 1ST. 

Acid hypophosphoro, H3P02  = 66,00, la met chat cheng oxy hod dude 
dung de bao ve cac the phdm dude c6 tinh khit, vi du de bao gam cac 
muoi Iodid (1-), muoi chita sat (II). 

— Deng vi phong xa 32P dude sit dung trong dieu tri [chi' ST: P don chat, (lac 
biet la P trdng, rat dec va a tren da gay ra nhung vet bang sau, kho  
lanh. Dung dich CuSO4  la chat giai doe P nguyen to, do phan ling: 

2P (r) + 5CuSO4  (aq) + 8H20 (1) —> 5Cu (r) + 2H3PO4  (aq) + 5H2SO4  (aq)] 

1.6.3. Arsen 

Cdc hop chat cua arsen, dac biet là arsen ye co, rat dec. Lieu chet cua  
As203  doi voi ngUai chi khoang 100-150mg. Trong co the, As kim ham 
cac enzym c6 nh6m SH, ke ca glutation reductase. Nhiem doe truong 
die'n As c6 the phdt sinh viem da, ung thu da, ung tint phe quern; khien 
cac kh6i ung thu c6 sdn trong ngttiii phdt trien nhanh hon. [Thu6c giai 
dec: neu cac hop chat arsen con trong &tang runt thi cho tang hen hop 
Fe(OH)3  va Mg(OH)2. Neu chung da duoc hap thu thi phai dang 
dimercaprol tiem sau vao bap (mong)]. 

Do c6 dec tinh nen ngay nay khong dm hop chat nao cua srsen duoc sit  
dung chinh thitc trong Y hoc [trade day, nhieu hop chat c-aa srsen da ding 
duoc sit dung lam thu6c ca 6 dang ye co (nhu As203; dung dich fowler chila 
kali arsenit KAs02; natri arsenat Na2HAs04.7H20 lam thu6c bo kith thich 
an ueng, thieu mau vdi lieu dung vi Wong ueng theoymiligam), CA dang 
hau co (flint arsenobenzol chi-fa giang mai; stovarsol;-carbarson chfia ly 
amip). Gdn day, c6 nghien citu cho thay As203  ngan than duoc benh bath 
cdu (leukemia) dang tien tuST' Joao. cap tinh 

— Ham Wong arsen tang len trong cac ngu6n nttdc 6 met s6 viing dan ctt  
dang là van de 0 nhigm mei tfitang va gay dec cho nguai [co the lam tan 
arsen tit cac dia tang vao ngu6n nu& va each phOng cheing, dang la 
nhUng nghien dm c6 tinh thai 4]. Tit 01/2005, mite chudn arsen cho 
phep trong int& ueng 6 my la 10 phdri tST (track do la 50 phd.n tST'), du 
kien con tiep tuc giam bon niaa. 
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1.6.4. Antimoni (Sb) 

- Cac hop chat dia antimoni c6 tac dung sinh 1ST gi6ng arsen. Vi vay, 
chUng c6 nguy cd doc va h'au nhu khong duoc sii dung trong Y hoc, trii 
mot vai thu6c sau day. 

- Antimoni 	kali 	tartrat 	0 	 0-2-  
C8144K2Sb2012.3H20 	= 	 \ C 	 HCH—CH 	C" 

I 	I 

	

667,85 (ho4c thay 2IC bang 	 0„0 0„0 
2Na+) of; cau tao: 	 21(+ 	Sb 	Sb 	. 3H20 

(2Na+) 	0' '0 0' '0 
I 	I 	I 	I 

	

Cac chat nay gdn day difoc ifng 	 C 	CH CH 	
du ng trong y to cong long de digit tri 	_0// 	 \\O_  

benh san mang (schistosomiasis) 
- mot benh kST sinh tiling c6 lien quan den san la (fluck). Chung clang la nhfing 
chat de gay non. 

1.6.5. Bismuth 

Lau )5 rang, chi nhfing hop chat cua Bi ci mix oxy hoa +3 inch ditOc dung 
lam thu6c. Trong chting phai chi a cac nhom OH, cation bismuthyl Bi0±. 

- Cac mu6i base: 
+ Bismuth subcarbonat 2(Bi02)2CO3.H20 = 1037,95. 
+ Bismuth subgalat BiC7H707  = 412,05. 
+ Bismuth subnitrat Bi50(OH)9(NO3)4  = 1461,99. 

duoc dung la nhUng chat lam se, diet khu'an nhe va khang acid. Chung duoc 
pha thanh siia bismuth dung cho di"eu tri viem loft da day - to trang do trung 
hoa acid (nh6 cac ion OH-  va C032-), tao lop ban ye (vi it tan, lam se) va diet 
khu'Sn (nh6 mot Wong nh .6 ion Bi0+ hoa tan). 

+ Bismuth subcitrat keo cling c6 tac dung tren lam sang de die'u tri loet 
da day - to trang. 

- Bismuth salicylat BiO(OH)CO2C6H4  = 362,04 dUng chiia is chay, sat 
trang duo/1g runt, dang u6ng. 

Lu'u 

• Cac hop chat Bi hob. tan (nhu Bi(NO3).5H20) khong trilc tiep lam 
thu6c do c6 dOc tinh cao [giai d6c bang dimercaprol tiem bAp]. 

• H2S difoc tao thanh do phan huY protein trong runt, phan iing voi Bi3+ 
tao ra bismuth sulfid Bi2S3  khong tan c6 mau nau toi. Vi the phan c6 
mau den khi sii dung cac thu6c chlia Bi (tranh nithm voi xua./t huyet 
clueing tieu hoa). 
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2. NHOM VB: V - Nb - Ta 

2.1. Trang thai thien nhien 

- Vanadi là nguyen to Wong d6i ph6 bievn trong thien nhien, con nhieu 
hon ca tiff Wong dia. Cu, Zn, Pb. Khodng vat rieng dia. V Id carnotit 
[K(VO4)•1,5H20]; VS2_25; Cu3VS4; Pb5(VO4)3C1. 

V lien k6t -yen. C trong they) tao ra mot hop kim rat cling va dan hen, dung 
lam bo nhip (lO xo tam) va truc dia xe tai. 

- Niobi va tantal là nhiing nguyen to hi6m. Trong thien nhien chUng 
thang di kern nhau do tinh chdt rat ang nhau. Khodng vat hay gdp là 
(Fe, Mn) (NbO3)2; (Fe,  Mn) (TaO3)2. 

Nb la mot trong nhang cdu tit co ban cUa nhieu hop kim chiu nong va 
ben yen cdc tdc nhan an mon. 

Ta dung trong ky-  thudt dien lam tu, den cong sudt; de ch6 tao cdc may 
hod chdt ti6p xtic nhieu vdi acid. 

2.2. Nhling dac tinh nguyen tit va vat 1ST chn ygu 

Bang 17.4. NhCing d6c tinh nguy6n tii va vat ly cu'a nguyen to n h m VB 

Nh6m 
VB 

Ten 
nguyen 

to 

Ban 
kinh 
g.- 	n uyen 

to (A°) 

Ban 
kinh 
ion 
(A°) 

Nang 
lu'ong 

ion hoa 
thin 

nha't 
(eV) 

D6 am 
dien 

(thang 
Pauling) 

Kh6i 
lu'ong 
Hang 

(g/cm3) 
(C)  

Nhi§t 
do 

nong 
chay 
° 

Nhiet 
do soi 

(°C) 

% trong 
v6 qua 

dat 

23 

V 
50,94 

3d34s2  
(+2, +3, 

41 

Nb 
92,91 

4d45s1  
(+2, +3, 

73 

Ta 

5 1800,95 36s2  
(+2, +3, 
+4, +5) 

+4, +5)  	 

+4, +5) 	 

Vanadi 

Niobi 

Tantal 

1,22 

1,34 

1,34 

0 '40 
 

(+5) 

0,70 
 

(+5) 

0,73 

(  +5) 

6,71 

6,79 

-6,0 

1,50 

1,38 

1,33 

6,11 

8,57 

16,65 

1895 

2470 

3015 

3380 

4760 

5500 

0,021 

2.10-4  

2.10-5  
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2.3. MOt s6 hdp chgt. ting dung trong Y - Dticic 

1/ DuOi dang thin chKt, ca 3 kim loaf: V, Nb va Ta deu c6 kha nang hgp 
thu mot piing lin khi H2, N2, 02  tao thanh cdc dung dich ran - la nhiing hdp 
chdt c6 thanh phdn khdc nhau. 

2/ Cac kim loci VB the hien di cac trang thai oxy hod +2, +3, +4, +5 
trong cac oxyd, hydroxyd, muoi va phiic chdt. Tuy nhien, chi c6 mot so hop 
chdt thong dung. 

- Vanadi pentaoxyd (V205) la chdt mau da cam; tan it trong ntioc; a tan 
trong kiem: 

V205  + 6KOH —> 3H20 + 2K3VO4  

kali orthovanadat 

Khi tan trong acid, V205  tao cac mueii chifa. cation V02+ nlyti vanadyl 
nitrat VO2NO3, Vanadyl sulfat (V02)2SO4. V205  (bloc dung lam chKt xdc tdc di 
the trong sari xudt acid sulfuric. 

- Amoni metavanadat (NH4VO3) la mu6i cila acid metavanadic HVO3; 
tan it trong rni6c; thong dung thtiong mai vi la chdt ddu de dieu the 
nhieu hdp chdt khac cua vanadi dung trong hod hoc. 

3/ Cdc nguyen to VB it c6 vai trO trong Y - Doc. Chi c6 kim loci Ta chioc 
dung du& dang phien trong dieu tri phdu thudt chinh hinh xtiong, vi Ta 
khong gdy hai cho co the va no ding khong bi anh Intang bai cac dich sinh hoc. 

346 



MUC TIEU 

1. Trinh bay moi lien quan 	cdu tao nguyen tet va tinh chat cac clan cheit va 
hap chat ceta 0, S, Se. 

2. Viet cdc phcin zi'ng oxy hod khzi cita cac hop chdt Cr (III) vet Cr (VI). 
3. Neu vai trb trong sinh hoc va nhi?ng ling clung trong Y - Dzio'c clict 0, S, Se 

vet Cr. 

Chtfcing 18 

NGUYEN TO NHOM VI 

1. NHOM VI A: 0 - S - Se - Te - Po 

Hai nguyen to dau tien cua nhom: oxy phi kim clang khi va liiu huSrnh 
phi kim clang ran - nh'Ung nguyen to quan trong nhat trong tong nghiep, moi 
truang va cho tat ca cac sinh vat song. 

Hai a kim tie-p theo clued nhom là Se, Te. 

MOt kim loai duy nhat c6 hoat tinh phong xa là Po ke-t tirtic nhom. 

1.1. Trang thai thien nhien. Ch'e-  tao va ling dung ciia clan chat 

Bang 18.1. Nguon thien nhien, the tao va Ong dung coa nguyOn to nhOm VIA 

Nguyen to Ngu6n thien nhien 
chU ye-u Ch6 tao nguyen to eng dung cUa dcin ch6t 

, 

Oxy 

Lu'u huYnh 

Selen 

Telur 

Poloni 

KhOng khi 

MO S tai do (viing c6 nOi lila); 
khi thien nhien H3S hoa_ c dau 
m6; [hop chat pho Nen la cac 
sulfid 	FeS2, 	FeCuS2, 	galen 
	PbS, ZnS]  

Dang tap chat trong 	quang 
sulfid; bun lang 6 anod trong 
	tinh the Cu  

HOn 	hop 	tellurid 	va 	sulfid 
thanh nhom caa 8 den 11 kim 
loai; 	bOn 16ng 6 anod trong 
	tinh the Cu  

Nguyen t6 vat tao thanh trong 
phan huji ph6ng xa radi 

Cat phan doan khong 
khi !Ong 

Hoa !Ong S trong mO 

	

nggm 	bang 	hoi 	nu'dc 
nong 0 ap suat cao va 
but len mat dat; oxy hoa 
H2S c6 xtlic tac  

Khil H2Se03  bang SO2  

Oxy hoa den Na2TeO3, 
sau do dien phan 

	

 . 	 , mot tack du'oc lu'ong nho 

	  cadmi 

Tac nhan oxy hoa de the 
tao gang 	thep; lam sach - 	- 	- 	' 	. 	- 	,... nu'oc; tay mau bot gay 
lam 	nhien 	lieu 	ten 	lila; 

	  dung trong Y hoc  
DOng the tao 1-12SO4; lu'u 
hoa cao su; che cac hoa 
chat cho du'oc phann, vai 
soi 	va 	thuoc 	diet 	con 
trUng 	  
Trong 	nganh 	dien 	tU, 
photocopy; thu6c nhu(im 

Lam thep 

Lam ngu6n nhiet cho cac 
tram kh6ng gian 
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1.2. Nhfing dac tinh nguyen tii va vat 1S7 chit ygu 

Cau hinh electron cad nhom: ns2np4. 

Trang thdi oxy hod thap hdn +4 tra nen ph6 bie'n hdn c1 nguyen to cif& nhOm. 

Cang xu6ng &tali nhom, kich thuoc nguyen tit va ion tang din; the ion 
hod va d6 am din giam d'an. 

Bing 18.2. NhOng cl'Oc tinh nguyOn to va vat ly coa nguyen to nhOtn VIA: ho oxygen 

Nhom VI 
A 

Ten 
nguyen 

to 

Ban 
kinh 

nguy8n 
tir (A°) 

Ban 
k1nh 
ion 
(A°) 

Nang 
luqng 

ion hoa 
thir 
nhgt 
(eV) 

D6 am 
di§n 

(thang 
Pauling) 

Kh6i 
luqng 
Hong

, 
(g/cm-) 

Nhi§t 
do 

ming 
chat' 
(°C) 

Nhi§t 
c16 soi 

(°C) 

% trong 
vO qua 

dgt 

8 

0 
Oxy 1,40 

16,00 
(oxygen) 

0,73 
(02-) 

13,61 3,5 1,50 -219 -183 -50 

2s22p4  
(-1, -2) 

16 

S 
32,07 

Luu 
huynh 1,03 

1,84 
10,36 2,5 2,07 113 445 0,052 

3s23p4  (sulfur) 
(S2) 

(-2, +6, 
+4, +2) 

34 

Se 
78,96 Selen 1,19 

1,98 
9,75 2,4 4,28 217 685 10-7  

4s24p4  (Se2 ) 

(-2, +6, 
+4, +2) 

52 

Te 
127,6 

5s25p4 
Telur 1,42 

2,21 

(Te2-) 
9,0 2,1 6,25 452 990 10-7  

(-2, +6, 
+4, +2) 

84 

Po 
(210) Poloni 1,68 

0,94 

(Po4+) 
7,9 2,0 9,14 254 962 10-14  

6s26p4  

(+4, +2) 
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1.3. Cac phan 	Chung 

1/ Cac halogenid duoc tao thanh tit phan Ung true tigp: 

E (r) + X2  (k) -> Halogenid khac nhau 

(E = S, Se, Te; X = F, C1) 

2/ Cac nguyen to trong nhom bi oxy hod bc3i oxy: 

E (r) + 02  (k) -> E02 	(E = S, Se, Te, Po) 

Chit SI la, SO, con bi oxy hoA tigp thanh SO3  trong san xudt acid sulfuric: 

2502  (k) + 02  (k) -> 2S03  (k) 

3/ Hai phan itng dang nho trong Hoa hoc lUu huSrnh: 

- Ch6 tao S bang cach oxy hod hydro sulfid: 

8H2S (k) + 402  (k) -> S8 (r) + 8H20 (k) 

- Ch6 tao thiosulfat: 

S, (r) + 8Na2SO3  (aq) -> 8 a S 0 (aq) 

1.4. 

2 2 _ 3  

1.4. Lien quan giita cgu tao va tinh chg. Ddn chgt va hdp chgt quan trong 

1.4.1. Tinh chat vat ly  

MO hinh cac tinh chAt vat 1ST da xet 6 nhom VA lai xu'At hien tra lai 6 
nhom nay. 

- Giong N, oxy IA mot khi Wang nguyen tit, soi 6 nhiet dO thAp. 

Giting P, ldu huSrnh là chAt ran, phan tii ggm nhigu nguyen 

Gi6ng As, selen la mot a kim mau xam. 

Giong Sb, telur hdi c6 tinh kim loai hdn cac nguyen to phla tren nh6m, 
nhUng van con lien kgt mang Ong hoa tri. 

Giong Bi, poloni c6 cAu true tinh the kim loai. 

Dung nhu du doan, dO dan dien tang dan tit tren xu6ng duoi nhom khi 
c6 sit thay d6i lien kgt tit dang phan tit don le (chAt each dien) dgn 
mang a kim (ban ddn) va chAt ran kim loai (dan dien). 

Hien tuong thin hinh 6 nhom VIA ph6 bign hdn VA. Oxy c6 hai dang thu 
hinh là dioxy (02) mang lai su song va ozon (03) dOc hai. 

Khong co nguyen to nAo trong Bang tuan hoan lai c6 nhigu dang thn 
hinh nhu S voi tren 10 dang khac nhau, tao thanh tit nhang phan tit litu  
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huynh clang vOng hoac chai (xem muc 1.4.4 tiep sau). Se cling c6 vai dang thu  
hinh giong S [tintOng gap •dang mau d6 Se8  the hien tinh phi kim, con dang 
mau xam c6 tinh kim loai la nhiing lop gom cac chai xodn. D6 d'an dien cua  
dang mau xam trong an.h sang nhin thay dal lam nen cu:o'c each mang trong 
tong nghe photocopy. Hoac trOn Se xam va cadmi sulfid (CdS) vao thug tinh 
nOng chay se thu dtioc thug tinh ruby d6 lam den tin hieu &trig giao thong]. 

1.4.2. Tinh chat hod hoc 

Nhfing thay d6i vg tinh chat hod hoc cila nhom VIA cling c6 nhigu tuong 
tit nhu o nhom trade (VA). 

- Mac du thuOng ton tai o dang anion (02-, S2) flirting 0 va S phi kim 
(giong nhtt N va P) c6 lien ket dOng hoa tri v6i hau het cac phi kim 
khac. 

Lien ket &Ong hod tri trong cac hop chat ciia Se va Te giong nhti a As va 
Sb, trong khi d6 Po c6 tinh chat nhu mot kim loaf (giong Bi) trong cac hop chat 
muOi cila no. 

- Ngttoc v6i N c6 nhieu trang thai oxy hod, 0 chi c6 vai so oxy hod thong 
dung. Tuy nhien, m6 hinh quen thuOc van xuat hien tra lai: trang thai 
oxy hod &tong thap hdn (+4, +2) phO bien a nguyen to cuoi nhom (Te, 
Po) - giong nhii +3 ph6 hien hon :6 Sb, Bi ciia VA. 

Dieu dac biet xuat hien a nh6m VIA la do thay d6i tinh chat nguyen tit  
ma 0 c6 dO am dien 16n (3,5) va kha nang oxy hod manh, clang this hai chi 
sau F. 

Van nhU nhan xet chung da nit ra: nguyen to ddu nh6m (thuec chu kY 
2) khong dai dien cho nhieu tinh chat chunk cua nhom. Vi the cac 
nguyen to dttdf 0 có dO am dien nh6 hon 0 nhieu, it tao anion hon (S2-
chi tao thanh khi phan itng voi kim loai hoat &Ong) va khong c6 lien ket 
hydro trong cac hop chat hydrid. 

Cac hydrid cua VI A la H2E (= H20, H2S, H2Se, H2Te, H2Po). Ngoai trif 
H20, con lai la cac khi dOc, mizf "kinh kitting", tao thanh khi cho acid 
tac dung \Ted cac muol sulfid, selenid... vi du: 

FeSe (r) + 2HC1 (aq) --> H2Se (k) + FeC12  (aq) 

[Khi hydro sulfid H2S hinh thanh tut nhien trong ddm lay khi cac chat 
hitu co chila S bi pha huy. No dOc nint HCN, tham chi dOc hon. NO lam to liet 
day than kinh khitu giac,.vi vay khi nang d6 H2S tang dam dac to lai tang it 
cam thay no. Cac hydrid khac (H2Se, H2Te) con dOc hon H2S khoang 100 ran 
(vi vay, cac hop chat iritu co chda Se dac biet nguy hiem, mac dia. Se la nguyen 
to dinh clang thiet yeu o nal-1g d6 vi Wang)]. 
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Ve lien ket va dO ben v6i nhiet thi cac hydrid H2 E c6 nhcing tilting do'ng 
voi hydrid cua nhom V A: 

+ Chi. c6 nctoc (H2O) la tao thanh lien kgt hydro, vi the no nong chay va. 
soi 6 nhiet do cao hdn nhieu so v6i. cac H2E kha.c (xem hinh 18.1). 

+ Goc lien ket HEH giam tit &lc gdn voi goc cua tit dien (109°28') do-i voi  
phan tit H2O (104,5°) dgn gdn 90°  doi voi cac hydrid 16n hon. Dieu do 
cho thay, nguyen tit trung tam sit dung orbital p khong lai hod nhieu 
hdn. 

+ Chieu dal lien ket E-H tang (do d6 nang Wong lien ket giam) tit tren 
xu6ng duoi. Vi vay, H,Te bi phan 114 6 0°C, con H2Po chi c6 the digu 
chg duoc 6 nhiet dO rat lanh. 

Do lien ket dai hdn nen ygu hdn, cac hydrid VIA là acid trong nuoc va dO 
acid tang dan tit H2S H2Po. 

20 	40 	60 	80 	100 
	

120 
	

140 

Kh6i luong phan tir 

Hinh 18.1. Nhiet do sOi cua cac hydrid thuOc cac nhOm IVA, VA, VIA va VIIA. Cac lien kat 
hydro trong NH3, H2O va HF lam cho nhiet dO sal cua chung Idn bat thutjng so veil khai 
luring phan to d CH4  kh6ng co lien ket hydro nen nhiet dO s6i tha.p nha't &fang tYng v6i 

kh6i luting phan tiY nho nhat trong day hydrid clam nhOm IVA 

- Ngoai trif 0, cac nguyen to VIA tao thanh nhieu halogenid, nhang hop 
chat ma ca.0 trtic va tinh chat ciia thong phu thu(ic nhieu vao kith 
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tint& cua nguyen tit trung tam va cua cac halogen bao xung quanh. 
Chang hum 

+ S tao thanh nhieu fluorid (SF2, SF4, S2F6, SF6, S2F10), vai clorid (SC12, 

SC14), met bromid (S2Br2), nhung khong tao duoc iodid on dinh. 

+ Khi thay S kich tint& nh.6 c3 trung tam bang Se, Te, Po kich thu6c 16n 
hdn thi cac halogenid On dinh hon.. VI vay cac tetraclorid, tetrabromid 
cita Se (SeC14, SeBr4), cita Te (TeC14, TeBr4) va cua poloni (PoC14, 

PoBr4) da duoc Wet; hoac TeI4, PoI4  da dttoc dieu che. 

ei day, mOi quan he nghich giCia chieu dal lien ket va do ben dia lien ket 
khong giai thich duoc cho mo hinh neu tren, ma phai can cif vao hieu iing Tay 
electron do si xam Ian cita cac cap electron tit do cita cac nguyen tit halogen 
(X) xung quanh nguyen tit trung tam. V6i S nh6, cac nguyen tit X 16n se xam 
la'n nhau nhigu, theo d6 sulfur iodid khong tao thanh. Thay S bang Se, Te, Po 
16n hen, tuy lien ket E-X dai hen, nhung cac cap electron tu do khong xam Ian 
nhau nhigu, vi vay so Wong cac halogenid tao thanh nhieu hdn. 

Dua tren c'au tao phan tit, to ding hieu vi sao SF4  atc ky hoat &Ong. N6 
phan ling dg clang v6i hdi nude, hoac fluor hod nhigu hip chat, nInt cac vi du sau: 

SF4  (k) + 21120 (k) —> 4HF (k) + SO2  (k) 

3SF4  (k) + 4BC13  (k) 	4BF3  (k) + 3SC12  (k) + 3C12  (k) 

Ngtioc lai, SF6  trd gan giOng nhu mot khi trd. Chat nay khong 
khong vi; khong chay; khong clOc; khong tan trong nuoc; khong tac dung v6i 
kim loaf nong, HC1 soi, KOH 'long chay va ca dOng hdi 	ap suat cao ciing 
khOng anh hu6ng den no [trd nbit vay nen SF6  duoc dimg lam khi cach dien, 
cach nhiet trong cac be phan dien ap lon -106  V gifia cac dien cl.tc chi each 
nhau 50mm]. Su khac nhau clang nguc nhien nay gala SF4  va SF6  dttoc giai 
thich b6i call true phan tit (hinh 18.2). 

Sulfur tetrafluorid (SF4; S a 
	

Sulfur hexafluorid (SF6; S a 

trang trial lai hoa sp3d) 
	

trang thai lai hoa sp3d 2) 

Hinh 18.2. Su' khac nhau v6 call tao coa SF4  va SF6 
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SF4  con cap electron tv do va cac orbital d Wong c6 the tham gia lien ldt. 
Con d SF6, S cid c6 s6 lien ke't t6i da va cac nguyen tit F tao thanh mot v6 bat 
di8n bao quanh ngan can sit tan cong hoa hoc vao nguyen tit trung tam. Do d6, 

• 	SF6  rat trd ve hoa tinh. 

1.4.3. Nhung diem not beg ve hoci hoc cua oxy 

- Oxy thien nhien la htin hop caa 3 d6ng vi voi. cac -67' 18: 
160 	 170 	 180 

(99,76%) 
	

(0,04%) 	(0,2%) 

O di8u ki8n thvang oxy la chgt khi khong Mau, khong mui, khong vi, hoa 
1Ong va hoa rand nhi8t do rat thgp. CS didu kilen chud.n, 1L oxy nang 1,429g; IdO 
hoa tan khoang 30mL (02)/1L (nitric). trang thai 16ng va ran, oxy c6 mau 
xanh nhat. Oxy d tat ca cac trang thai (r6n, lOng, khi) d6u c6 tinh thugn 
nghia la trong phan tit 02  chi:fa electron d'Oc than. Dieu nay dVoc thg hi8n 
trong cau hinh electron ciaa phan tilt 02  theo phtiong phap MO-LCAO: 

(KK)(cs2s )2 (6 
*2s  )2 (az  )2 ( tx )2 = (7c y )2 

(t
*x )1 _= 

(c
cy )1 

phi.' hop voi cgu tao: 

•• 	• I 

hodc 	: 0-0:  
• •• f 

Nhv vay, phan di 02  c6 1 lien kgt 2 electron va 2 lien ke-t dac bi8t, moi  
lien ldt Om 3 electron; dO boi lien ke't bang 2; dO dai lien ke/t 1,21A°  va nang 
Wong lien ldt 498 kJ/mol. Cac thong s6 do cho thgy phan tit 02  khi b"8n. N6 
chi bat dau phan huy thanh ngUyen tit 6 2000°C. 

- Ngtioc vdi 02, ozon (03) la khi mau hoi xanh, vi ding, mui khet, nghich 
tan trong nitric nhi6u hdn oxy 15 lin, dOc. 

Phan tit 03  c6 cgu hinh goc. 

Nguyen di 0 d trung tam c6 lai hoa sp2  tao ra 3 may lai: 1 may lai chfia 
cap electron tao lien ke-t cho - nhgn NT& 0 this 2; 1 may lai chtla 1 electron tao 
lien ke't a v6i 0 this 3; con 1 may lai nila chi a cap electron ti do (khong tham 
gia lien ke-t). 0 trung tam con 1 electron p dOc than vuong goc voi mat phang 
cac may lai tao lien ke't it Nick 0 this 3 ciing con 1 electron p dOc than. Thiic 
cac lien ke't 0-0 trong 03  la hoan toan giong nhau. Li8n ke't it la khong dinh 
xii va tao thanh lien ke't 3 tam (hinh 18.3). 
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• • 

0 

0 0 
A B  

0  • 

0 0 
C 

Hinh 18.3. Call tao phan tC1' ozon (03): Hai trang thai cdng huang 

A va B tao thanh trong thai thut C. GOc lien ke't000 = 117° do clai lien ke't 
0-0 bang 1,278A°; momen lu'dng cut u = 0,66D 

Ozon c6 hoat tinh hod hoc manh hdn 02  nhi6u. No c6 thg oxy hod nhi6u 
don chit ya hop chit trong nhUng die'u ki.@-1 ma dOi v6i 02  la trd. Chang Ilan, C'S 
cdc phan iing sau day: 

Ag + 03 	Ag2O + 0, 

PbS + 403  ---> PbSO., + 402  

2KI + 03  + H2O ----> 12 	2KOH + 02  (phan itng  
xay ra hoan toan va duoc dung d6 dinh Wong ozon). 

Ozon cling oxy hod NH3  thanh nitrit, nitrat; phan huS'T nhi6u chit him cd; 

gie't chel cdc vi khudn chi bang n6ng d6 rat nhO trong khi quye'n (< 10-6  v6 th4 
tich) do d6 lam cho khong khi trong lanh (nhung 6 n6ng d6 cao lai c6 hai). 
Tinh oxy hoa manh cila 03  th6 hien qua th6 din cue chudn cila no so voi 02  
trong moi truang: 

03  (k) + 2e + 2H+ (aq) — 02 (k) + H2O (I) 	E°  = 2,07 V 

03  (k) + 2e + H2O (1) 	02  (k) + 20H-  (aq) E°  = 1,24 V 

02  (k) + 4e + 4H+  (aq) 	2 H2O (I) 	E°  = 1,229 V 

02  (k) + 4e + 21-120 (I) 	40H-  (aq) 	E°  = 0,40 V 

03  bi phan huST bai nh*, dac bi4 la diidi anh sang tii ngoai: 

UV - photon 

(X = 280-320 nm) 

Su mong manh de bi pha huY' cua phan tit nay khi c6 mat nhfing bite xa 
nd.'ng Wong cao lam cho 03  6 tang binh luu (each mat dit — 10-50km) toi can 
thie't cho s 1 song [03  dude hinh thanh ct tang cao khi quy4n do mot s6 phin tit  
02  hip thu bite xa nang hiring lon tit mat trai va phan ly thanh 0 nguyen 
sau do 0 nguyen tit lai kgt hop voi 02  hinh thanh 031: 

2 03  (k) 302  (k) 
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a)  

b)  

c) 302  (k) 

02  (k) 
(X = 160-240 nm) 

02  (k) + 0 (k) 

UV - photon 

UV - photon 

(X = 160-240 nm) 

20 (k) 	(xay ra 1 lan) 

03  (k) 	(xay ra 2 lan) 

203  (k) (phan 	chuoi, 
lien hohn) 

Mac du 03  bi phan huST)  bdi tia tit ngoai ei tang cao khi quyen, nhung no 
van duoc WO' sung lien tuc b.& qud trinh nay. Mat do 03  of tang binh hitt khoang 
10 ppm, trong khi a gan mat dat chi khoang 0,04 ppm. Be day cila tang 03  
chiu trach nhiem hap thu cac tia tit ngoai nguy hiem tit Mat tOi.: 

UV - photon 
d) 03  (k) 

	

	 > 	02  (k) + 0 (k) (xay ra 1 lan) 
(X = 280-320 nm) 

e) 02  (k) + 0 (k) 	 03  (k) 	(xay ra 1 lan) 

Phan ling khong lien hohn, bdi vi e) chi xay ra khi 1 03  tieu thu 1 photon 
cita tia clic tim. Tuy nhien, a day s6 03 duoc tai tao dung bang s6 no mat di. 

Cdc chat clorofluorocarbon (CFC) nhti CC13F (goi la freon-11), CC12F2  (goi 
la freon-12) la nhang chat duoc sit dung reng rai lam chat day trong cac binh 
phun (binh xit), chat lam lanh trong ,cac may dieu hod., to lanh va chat lam 
x6p cho cac chat deo (bai vi, CFC có nhcing dac tinh 1ST titling: khong chdy; 
khong dee; rat tro hod hoc va la met dung moi rat tot). Tuy.nhien, khi cac CFC 
vao khong khi va duoc theii len tang binh luu thi chung se phd huS'T tang ozon 
theo cd the cac phan itng g6c tit do nhu sau: 

F—C—C1 

CI 

UV 
F—C• + :Cl• 

F 	(goc nguyen tix Cl 
(goc F3C•) 

 

va: 

Cl• + 
• • 

Cl-0• •• 

• • 

03  ----)-- C1-9• + 02  

+ 0 	 + 02 

03  (k) + 0 	 202  (k) (phan ling lien hoan) 

G6c Cl khdi mao nhung luon duoc tai sinh; tang 03  bi m'Ong dan; tia cue 

tim tan cong nhieu hon len sit song tren be mat Trai dat. Ltiu ST rang, ngoai Cl 
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con c6 cac khi g6c tu do khac nil-it NO , NO2 ciing pha huS7' 03  nhit cac phan 

fing da viet tren (giai thitang Nobel v6 Hoa hoc 1995 da ditoc trao cho tong 
trinh nghien citu ve nguyen nhan tang ozon bi bao mon theo cd the vita neu). 
Hien nay, nhieu nitric da cam sit dung CFC 6 dang 1Ong. 

- Oxyd: 
Mut da biet 6 cac nh6m nguyen to phia trutoc, oxy la nguyen to pha bien 

nhat, ton tai cad dang tit do va trong vo s6 cac oxyd, silicat, carbonat, 
phosphat va trong nitoc. Chu S7 rang, hau nhu than bo oxy tit do deu c6 ngu6n 
go-c sinh hoc, &toe tao thanh do phan ling quang hdp ciia cay xanh the hien 
qua pinking trinh tang hop don gian den khong ng6: 

anh sang 
n H2O (1) + n CO2  (k) 	 n 02  (k) + (CH20)n  

carbohydrat 

Qua trinh ngtfOc lai xay ra khi chay va ho hap. ChInh nh6 qua trinh tao 
02  va sit dung 02  nhit the ma khoang 1,5x10°  km3  nuoc tren Trai dat, tinh 
trung binh se ditoc sit dung va tai tao mai 2 triau nam. 

Ngoai hydro oxyd (H20) quan trong nhat ke tren, tat ca cac nguyen to 
khac (trit He, Ne, Ar) deu tao thanh it nhat 1 oxyd. Nhieu oxyd dtioc tao thanh 
do si ket hop tritc ti6p. Diem d'ac trung cua cac hdp chat nay la chitng c6 mat 
pham vi tinh chat rat rang: c6 oxyd 6 the khi va hod lOng 6 nhiat da rat thap 

nhit CO (es  = -192°C); c6 oxyd ran va nong chay 6 nhiat do rat cao nhit Be0 
(0„, = 2530°C). Mg0 la chat cach dian, Ni0 ban dan, Re03  la chat dan, con 

YBa2Cu307  là sieu dan. Co Oxyd thu nhiat khi hinh thanh (41- °f  ciia NO 
= +90,3 kJ/mol) hoac toa nhiat khi hinh thanh (Aief  ciia CO2  = -393,5 kJ/mol). 
Co the ben voi nhiat nhit Ca0 hoac kern on dinh v6i nhiat nlut HgO. Hoat 
Bong hod hoc manh flint Li20 hoac tr6 nhit Fe203. 

Do pham vi cac tinh chat rang nhu vay, cac oxyd cua nguyen to E not 
chung ditoc phan loai data trail tinh acid-base ciia 

a/ Oxyd base + H2O 	--> 	Tao nhieu OH- 

(E-0 là lien ket ion) 

+ acid - 	---> 	Tao muai + H2O 

(E = cation) 

Vi 

Ba0 (r) + H2O (1) -* Ba2+ (aq) + 201-1- (aq) 

Ba0 (r) + 211+  (aq) -> Ba2+ (aq) + H2O (1) 
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b/ Oxyd acid + H2O 	-> 	Tao nhigu H+ 

(E-0 la lien kgt cong hoa tri) 

	

+ base -> Muoi 	H2O 

(E = oxoanion) 

Vi du: 

SO2  (k) + H2O (1) 	[H7S03  (aq)] 	(aq) + HS03 (aq) 

SO2  (k) + 20H-  (aq) 	S032-  (aq) + H2O (1) 

c/ Oxyd Wong tinh + Acid 	-> 	Mu6i + H2O 

(lien kgt E-0 vita ion, 	 (E = cation) 
vita cong hod tri) 

+ base -> Muoi + H2O 

(E = oxoanion) 

VI. du: 

A120„ (r) + 61I+ (aq) -> 2A1' (aq) + 3H20 (1) 

A1203  (r) + 20H-  (aq) + 3H20 (1) -> 2A1(OH)4 (aq) 

- Hydro peroxyd, H202  (nu'ac oxy gia) 

Tinh chat: do phan tit bat doff 
xfing (hinh 18.4), lien kgt O-H lai 
phan clic manh, nen H202  co momen 
Wang clic ion, tao lien kgt hydro gifia 
cac phan tit O digu kien thudng, H202  • 
tinh khigt la mot chat lOng mau xanh 
nhat; hdi nhdt; soi d 152,1°C, dong d4c 

.-0,89°C; tan vo han trong nUdc, 
thudng sit dung dung dich 3% va 30%. 

Khi ldn tap chat nhit kim loaf 
nang va ion cila chung hoac khi dun 
nong, khi chigu sang, H202  phan huY?  
manh: 

	

H202  (1) -> H2O (1) + 1/202  (k) 	AH°  = -98 kJ 

VI vay, de bao quern cac dung dich H202  ngtidi to phai ding chung trong 
cac chaff lo mau; dg ch6 t6i va ndi mat; them chat lam bgn nhit H3PO4, H2SO4  
vdi vai tr6 fic chg phan ling phan huST. Nhung cac dung dich kigm lai lam tang 
phan h4 H202, vi trong nitdc, H202  cd tinh acid: 

Hinh 18.4. Cau tao phan tel H202  (HO-OH). 
Tuung ty' nhu' hydrazin (H2N-NH2), xem 

muc 1.5, chu'dng 17 
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H202 + H2O------ 	H30+  + H02- 	Ka, = 1,5 x 10-12  , pKa, = 11,8 

H02-  + H2O ---- H30+  + 022- 	Ka, (rat nho) 

Mi)t s6 peroxyd kim loaf nint Na202, Ba02, Zn02... vi the chicic xem la 

mu6i ciia acid H202. 

Hydro peroxyd ditoc dac trung bai tinh oxy hoa manh, tinh khit yeu va it 
ben do tit oxy hod. - khit. Dac trung ay the hien qua cac the dien cue chuan: 

H202  + 2e + 2H+  ---- 	2 H2O 

H202  + 2e 	 20W 

02  + 2e + 2H+  ---- H202  

E°  = 1,77 V 

E°  = 0,87 V 

E°  = 0,68 V 

• Tinh oxy hod manh cila H202  x6y ra ca trong moi trtiang acid ya 

trung tinh, vi du nhti cac phan ling thitang gap trong dung dich: 

H202  + 21-  + 2W —> 2H20 + 12  

H202  + 21-  —> 20H-  + 12  

PbS (r) + 4H202  (aq) --> PbSO4  (r) + 4H20 

• Tinh khi yeu ciia H202  the hien khi tac dung vefi nhiang chat oxy hod 
manh (03, KMn04, C12...), vi du: 

H202 (l,aq)  + 03  (k) —> H2O (1) + 202  (k) 

5H202  + 2KMn04  + 6H+ —> 502  + 2Mn2+ + 8H20 

• Tinh ti oxy hod - khii (tu phan hug) the hi0 qua phan 

H202  + H202  —> 2H20 + 02  

Di6u che.: 

De di6u ch611202, nguai to sit dung cac phitong phap sau: 

Trong phong thi 

Ba02  (r) + H2SO4  (aq) ---> H202  (aq) + BaSO4  (r) 

bari peroxyd loang 

+ Trong cong nghiep, có 2 pinking phap chinh: 

• Phliong phap dien phan dung dich H2SO4  50%, có the thay qua sd d6: 
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HOO OH 
C2H5 

HOO OH 

ethyl 2-antraquinon duot hoan nguyen  

C2H5 

+ H202 

2 FI,SO4 	2 	+ 2 HSO4" 

H2f 

H2S208  (acid peroxydisulfuric) 

+ H2S05  (acid peroxymonosulfuric) 
H2S05  + H2O 
	

+ H202  

hoar' n u en acid sulfuric 

Sau khi dien phan, 11.15n hOp thick chUng cat trong chan khong, r6i chttng 
cat phan Joan nhi6u lAn se thu dtioc dung dich H202  90 - 99%. 

• PhUong phap antraquinon, tien hanh theo so d6 sau: 

o catod : 2 Er + 2e 
& anod : 2HSO4 - 2e 

H2S208  + H20 	H2SO4  

0 

 

H OH 

 

  

C2H5 H2 / pt C2H5 02  (khong khi))._  

 

H OH 

 

Phan ling dtioc thUc hien trong pha 'Ong. Dung dich H202  thu dtioc có 
n6ng do 20-25%. Nguyen lieu chi yeu la H2, oxy khong khi va mtdc, nen gia 
thanh re. 

Cong dung: 

Hydro peroxyd &toe sit dung de tay trong soi, vai, b6t giay; diguche mu6i 
giau oxy (perborat, percarbonat...), peroxyd hitu co, epoxi; khi o nhiem ngu6n 
nitric (do sulfid, cyanid); IA met thanh phLi cUa nhi6u vat lieu tay, rifa; la chat 
sat trong trong Y hoc. 

N 
ng diem not belt ve had hoc eau lu'u huPth 

- Cac nguyen tit S có kha nang gan vdi nhau tao mach d6ng nhat 
•••S-S-S••• clang vOng hoac chu6i, vdi d6 dai lien ke't S-S thay d6'i tit 
1,8A°  den 2,6A°  va goc lien ket tit 90°  den 180°. 

o die'u kien thuang, phan tit lttu huYnh IA met \Tong hinh "vudng mien" 
g6m 8 nguyen tit (S8) (hinh 18.5). 
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Hinh 18.5. Phan to lu'u huynh S8  vOng 

Dang thit hinh on dinh nhgt (bgn nhgt) cua luu huynh la a-S8  wing, he 
thoi thang. DO la chgt ran, mau yang, cach then, nghich tit, c6 khea Wong rieng 
2,07 g/cm3. CS 93,5°C va 1 atm, xay ra su bign d6i thugn nghich: 

a-S8  vOng 
(thoi thang) 

 

13-S8  yang 
(don ta) 

 

 

Al-rcp  = 0,3 kJ 

Con c6 7-S8  \Tong (don ta) bgn e -100°C. O nhiet d6 cao hon nria, cac yang 
S8  bi diit va n6i lai viii nhau thanh chuoi Sn  tao nhigu dang thu hinh khac. Hcsi 
luu huynh e 700°  - 1000°C g6m cac phan tit S2  thuan tit (giOng 02), con 6 
1600°C la cac nguyen tit S. 

Khi chuygn dang thu hinh theo nhiet d6 thi mau sac, d6 linh dOng va c6 
the ca cgu triic phan tit cila luu huynh clang thay d6i lien tuc. Khi tra la" digu 
kien thiteng, cac dang thu hinh khac nhau se chuygn ve a-S8  vOng (he thoi 
thang) bgn viing. 

Tgt ca cac dang thu hinh 	huynh dgu khong tan-  trong 
nhun.g tan duoc trong benzen va nhgt la trong carbon disulfid (CS2) - trif htu 
huynh deo dang chai, kern bgn (digu ch6 bang each d6 luu huynh ming chay 
vao nitric lanh). 

- Giong nhu P, luu huynh tao thanh 2 oxyd quan trong: sulfur dioxyd 
(SO2) va sulfur trioxyd (S03). 

+ Sulfur dioxyd SO2  va acid sulfurd H2S03  

Trong SO2, S 6 trang thai oxy hoa +4. D6 la mot khi khong mau, gay ngat 
the; duoc tao thanh khi S, hoc H2S, hay mot suifid kim loci chay va phan fing 
\Ted oxy: 

S (r) + 02 (k) ---> 	SO2  (k) 

2H2S (k) + 302 (k) ----> 2H20 (k) + 2S02 (k) 

4FeS2 (r) + 1102 (k) -> 2Fe203 (r) + 8S02 (k) 

Phan tit SO2  c6 cku tao ggp khtic gi6ng flint 03, NO2. Cac AO hoa tri caa 
S lai boa sp2  voi g6c OSO = 119°5. SO2  la hop chgt c6ng hoa tri, nen c6 nhiet d6 
nong chay va nhiet d6 soi thgp (tc'n, = -72,7°C; t's  = -10°C). D6 hoa tan cila SO2 
6 20°C la - 40 L (S02)/1 L (H2O). 
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SO2  la mot oxyd acid nen con goi la anhydrid sulfurci. Trong 	SO2  
tao thanh acid sulfura, ton tai o clang SO2  hydrat hoa nhieu Ilan la dang 
H2S03  on dinh: 

SO2  (aq) + H2O (1) ------ [H2S03] 	H +  (aq) + HS03-  (aq) 

(Clni ST rang, H2CO3  ciing ton tai dang hydrat hod CO2(aq) nhi6u hcin, chit 
khong phai H2CO3). 

Acid sulfurci yeu va có hai proton mang tinh acid, tao thanh mu6i bisulfit 
(HS03-) va sulfit (S032-) vii base manh: 

NaOH + SO2  —> NaHSO3  

NaOH + NaHSO3  —> Na2SO3  + H2O 

Trong ion sulfit S032-, cac AO hod tri cUa S lai hod spa, do do ion có cd'u 
tao hinh chop tarn gidc ma S d dinh va con cap electron ti do tren mot orbital 
lai. Vi v437, de hieu rang, ion S032-  có the cho cap electron do de chuyen thanh 
ion tit dien HS03-  (co 2 ding phan), hay ion S042-. Hinh 18.6 va hinh 18.7 
minh hoa cho cac giai -a-rich nay. 

2- 

Hinh 18.6. Cgu tao coa ion sulfit S032-  va ion hydro sulfit HS03-  

SO2  va cac sulfit la nhfing chgt khU tot, vi S a trang thai S4+ con có the bi 
oxy hod thanh S'. Do cac the dien cvc chuSn: 

	

S042-  + 2e + 4H+ 	SO2  (aq) + 2H20 	E°  = 0,17V 

	

S042-  + 2e + H2O 	S032-  + 20H- 	E°  = -0,93V 

nen S4+ có the bi oxy hod ca trong moi trtiang acid, trung tinh va kie'ln. VI du: 

SO2  + 2HNO3  —> H2SO4  + 2NO2  

SO2  + C12  + 2H20 —> H2SO4  + 2HC1 

S032-  + 2Mn04-  + 20H-  —> S042-  + 2Mn042- 
	

H2O 

	

2Na2SO3  + 02 	2Na2SO4  
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Tuy nhien, khi gap chat khil manh hdn, SO2  the hign tinh oxy hod. Vi du: 

SO2  + 2H2S --> 3S + 2H20 

o nhigt c16 > 500°C va có xac tac, 502  oxy hoa daoc C va CO: 

SO2  + 2C --> S + 2C0 

SO2  + 2C0 -> 2CO2  + S 

SO2  dung de t'ay trang soi va daCing; de eay ug (trii sau, digt con trling); 
de bao quan mot s6 loaf thuc phAm; la tac nhan lam lanh; dac bit la de san 
xuat acid sulfuric. . 

- Sulfur trioxyd SO3  vet acid sulfuric H2SO4  

Trong phan tii SO3, cac AO hoa tri cua S lai 
hoa sp2  tao ra„hinh pha."ng tam giac cua phan S, 
tii vdi cac goc OSO = 120°  vb. con lien kgt TC giffa S 0 	'0 
va ba nguyen tii oxy la lien kgt 4 tam. 

Sulfur trioxyd la mot chat 1Ong, soi d 44,8°C. NO là anhydrid caa acid 
sulfuric H2SO4. Trong, qua trinh san xuat H2SO4, trade tien SO2  daoc oxy hoa 
thanh SO3  (S chuyen thanh trang thai +6) bang cach d6t trong 02  va co xtic 
tac x6p la Pt, Si02, hoac vanadi (V) oxyd (V205) 0 400 - 700°C (day la phacing 
phap hign dai, goi la phacing phap tip xac): 

xtic tac 
2S02  (k) + 02  (k)  	2S0, (k) 

AH" pu = -99,2 kJ 

As(i),Ly  = -93,9 J/K 

Nguai ta khong hap thu SO3  bang na6c vi de tao nhilng hat sa ma 
(SO3.aq) kho rang, ma hap thu bang H2SO4  95% de tao thanh cac acid 
polysulfuric (H2S207  = H2SO4•S03  ; H2S3O10  = H2SO4•2S03  ; ••• H2SO4•nS03  = 
H2S„,103,4) la chat lOng khong mau, nang, nh6t nha dau va b6c khOi, nen 
duoc goi là oleum hay acid sulfuric b6c khoi. Trong•thac te, oleum chU y6u la 
acid pyrosulfuric H2S207, cling goi la acid disulfuric. He daoc acid có n8ng ct6 
tuY y nga6i ta pha oleum vao nu6c: 

H2S207  + H2O ---> 2H2SO4  

Ngu dun 'long oleum a digu kign thaang (1 atm), khi SO3  da da0c hap 
thu bay ra va nhigt d6 soi cua oleum tang len lien tuc, cho dgn ming do H2SO4  
98% thi nhigt do soi tr8 nen hang dinh a 338°C. Vay, H2504  98% la mot hem 
hop clang phi (xem chuong 8). • 

[Trong so cac hoa chat ding nghi6p, H2SO4  &toe san xuat nhigu nhat (6 , 
My la - 40 trigu taninam). 136i vi, cac qua trinh san xuat phan bon, kim loaf, 
chat tao mau, san pham d6t, xa phong va thu6c t'ay cling chi la vai vi du vi 
nhang nganh ding nghigp 16n phu thu6c vao H2SO4. 
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• A/Ida acid. Nu& mita sach c6 pH - 5,6 6,5 do met lacing rat nhO 
CO2, SO2, SO3, NO, NO2  sinh ra tit cac chu trinh chuyen hod to 
nhien hoa tan. 

Mita cho nu& có pH < 5,6 goi là nada acid. Nguyen nhan la vi cac loai 
oxyd ke tren tang nhigu trong khi quyen do cac hoat deng cita con nguai (clot 
cac nhien lieu hod thach, luyen kim, sari xuat hod chat...). Nguai ta da quan 
sat duoc nhang con mia acid cho nude có pH = 1,5. Mita acid gay ra nhang tac 
hal rat lon: de doa su song cua cac sinh vat trong dat va nuoc; qud trinh quang 
hdp cua cay xanh khong hieu qua; mei trueng bi o nhiem do cac khoang vat 
doe trong dia tang bi hoa tan vao cac ngu6n ntfoc; cac cong trinh kign trtic bi 
pha ht6'T vi acid An mon cac vat lieu xay dung bang da voi, cam thach, kim 
loai. Han cite mita acid de bao ye moi trueng sinh thai la van de mang tinh 
toan caul. 

Phan tit H2SO4, ciing nhti cac ion bisulfat, sulfat có cau tao tit dien voi S 
a trung tam ma cac AO hoa tri cua no lai hod spa  (hinh 18.7). 

2- 

  

Hinh 18.7. Cab tao coa phan to H2SO4  va ion S042- 

(Chu Si: de the hien trang thai oxy hod +6 dia S, nguai ta ciing sit dung 
ding thtic cau tao theo vach hod tri Wong itng vOi H2SO4, ion HSO4-  va S042-: 

   

:O:
11 

 

Ho 

 

:0: 	-2 

6  
11 

Ho 
-H*  

 

-H*  

   

      

■••■■ 

Acid sulfuric tinh khik la chat lOng khong mau, sanh, ndng (D = 1,827 
g/cm3); gicia cac phan tit có lien ket hydro; Bong ddc d 13,37°C va soi kem theo 
su phan h4.  d - 280°C; la met dung mei Wang tinh: 

H2SO4 H 2 S 0 4 H3SO4+ 	 HSO4 
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Do do, trong acid sulfuric tinh khigt, nhigu acid ft:6 thanh base (chat 
nhan proton). Vi du: 

CH3COOH + H2SO4  

 

CH3COOH2+  + HSO4  

 

nhung acid manh nhat trong midc HC1O4  van la acid (chat cho proton): 

HC1O4 	H2SO4 	 H3SO4+  + C104-  

SO3  hoa tan vo han trong H2SO4  tinh khigt tao ra cac acid polysulfuric 

(oleum da d6 cap ci tren). Mat khdc, H2SO4  tinh khigt tan vo han trong nitric va 
qua trinh hoa tan toa rat nhigu nhiet. Vi vay, khi pha Wing H2SO4  d4c phai 
cho dein tang lacing nhO acid veto nu* vet khudy de'u; tuyOt doi khong du'o'c do 
nu'dc veto acid. . 

Trong dung dich ntidc, H2SO4  la acid manh o nac din ly dau, con nac 

dien ly thii 2 ygu hdn: 

H2SO4 + H2O 

	

H30+  + HSO4 

	 Ka, 	rat lon 

HSO4 + H2O 
	

H30+  + SO4- 
	K. = 1,2 . 10-2  

Acid sulfuric dac, nong oxy hod diioc ca cac kim loai có E°  > 0 nhu Cu, 

Ag, Hg va giai phong SO2: 

Cu + 2H2SO4  —> CuSO4  + SO2  + 2H20 

Con voi cac kim loai hoat d'Ong (E°  < 0) thi si khii H2SO4  dac tao ra cac 

san ph'am SO2, S, H2S tuST thuOc ming d(1 H2SO4  va nhiet do. Vi du: 

Mg + 2H2SO4  —> MgSO4  + SO2  + 2H20 

3Mg + 4H2SO4  —> 3MgSO4  + S + 4H20 

4Mg + 5H2SO4  —> 4MgSO4  + H2S + 4H20 

H2SO4  ming do lon hdn 75% va ngu(ii khong tdc dung veil Fe, nen có thg 
dung nhung tilting sat de diving H2SO4  dac. 

H2SO4  dac, nong oxy hod mot s6 phi kim ntitt P, S, C cho san pha'm la cac 
oxyd, chang han: 

C + 2H2SO4  -> CO2  + 2H20 + 2S02  

Cac hop chat littu cd vOng thorn bi sulfon hod bang H2SO4  dac: 

ArH + 2H2SO4  —> ArSO3H + H30+ + HSO4 
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H2SO4  dac la mot tac nhan but nu6c dien hinh. Mit proton lien ketlang 
leo cila no c6 the but nueic trong mot qua trinh toa nhiet manh de tao ra ion 
hydroni. Qua trinh nay xay ra ngay ca voi nhiing chat khong cluuia nueic ti do. 
Chang han, H2SO4  dac c6 the hilt nu& cila go, chA sc3i tu nhien, va nhung hOp 
chat hau cd khac, bang each lay di thanh phdn H2O trong cau true phan tii, de 
lai phAn can carbon (nen goi la su than hod). Vi du doi voi. glucid: 

(C8I-11005)n  + H2SO4  dac -> 6nC + H2SO4•5nH20 
Chinh vi vay, acid sulfuric dac lam bang da. Cdn het site can than khi sii  

dung H2SO4  dac, neu bi acid day vao da thi phai rim ngay bang mot Wong 16n 
nu& lanh. 

Do H2SO4  dac hap thu manh hdi miac nen no dildc dUng de lam kho cac 
chat trong binh hilt am kin. 

Acid sulfuric loetng, nguoc lai v6i H2SO4  dac, khong tac dung voi kim loai 
co E°  > 0 va cac phi kim. N6 chi phan iing voi kim loai c6 E°  < 0 va san phdm 
cua ski khi acid la khi hydro duoc giai phong. VI du: 

Zn (r) + H2SO4  (aq; loang) -> ZnSO4  (aq) + H2 (k) 

Co rat nhieu muoi bisulfat (hydrosulfat HSO4) yd. sulfat (S042-) thuOng 
gap, hdu het tan trong nu6c, trii muoi cua kim loai IIA 	MgSO4) vd. 
cua Pb2+, 

- Acid peroxysulfuric vet muoi 

Khi diet' the H202  bang phuong phap dien phan dung dich H2SO4  50% 
(xem muc 1.4.3, phia tren) to da gap 2 acid peroxysulfuric. Chung c6 tong thiic 
cau tao nhii sau: 

HO S  O 

HO-0 S '< O 
acid peroxymonosulfuric 

0,s,OH HO 0 

o:31 
acid peroxydisulfuric 

Hai acid nay va cac muoi cua chUng deu la nhang chat oxy hod rat manh. 
H2S208  va mu6i dm no ben hon, tinh oxy hoa y6u hon so voi. H2S05. Trong hod 
hoc thuong dung H2S208  hoac cac muoi kali peroxydisulfat (K2S208) va amoni 
peroxydisulfat (NH4)2S208  lam tac nhan oxy hod vi the dien cuc chuan E°  cua  
ion 52082-  16n: 

52082-  + 2e 25042- 	E°  = 2,02V 

Ion nay c6 the oxy hod Mn2+ thanh Mn04, Cr3+ thanh Cr2072-. Vi du: 

5S2082-  + 2Mn2+ + 8H20 ----> 10S042-  + 2Mn04 + 16H+ 
Do phan iing thug phan tao ra H202: 
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(NH4)2S208  + 2H20 	 2NH4HSO4  + H202  

nen amoni peroxydisulfat cluoc dung de tdy trong, sat trung. N6 clang la 
chat dau de the tao H2S208  \TA. muoi. K2S208  It tan hen. 

- Acid thiosulfuric H2S203  as muo-i thiosulfat S2032- 

H2S203  /à acid co eau tao Wong to H2SO4, trong do 1 nguyen tii S da thay 
the 1 nguyen tif 0 (thio c6 nghia la S a vi tri dm 0). D6 la mot acid manh 
(mu6i 52032-  cua kim loaf kiem khong bi thug phan), nhting rat kern ban, de 
dang phan hug theo phan 

H2S203 	 H2O + S + SO2 

Hau het cac mu& thiosulfat (S2032-) de" tan trong ntide, trif cac muoi cua  
Pb2+, Ag+, T1+ va Ca2+  rat It tan. Muol. thiosulfat &roc dieu the trong dung dich 
nuoc theo cac phan 

SO 2
3 + S 

100°C)   S2032 
 

hoac 	4HS03-  + 2HS-  —> 3S2032  + 3H20 

Ion S2032-  c6 3 tinh chat chinh: phan hug trong dung dich acid, a tao cac 
Or& chat tan va de bi oxy hod. Cdc phan Sing dttoi day minh hoa cho flirting 
tinh chat ay. 

S2032  (aq) + 	2H30+ 	—> 	SO2  (k) 	+ 	S (r) 	+ 	3H20 

2S2032-  (aq) + AgBr (r) —> [Ag(S203)2]3  (aq) 	+ 	Br-  (aq) 

252032-  (aq) + I2  (aq) —> S4062-  (aq) 	+ 	21-  (aq) 

Su chuy6n hod call tao tir 52032-  thanh 54062-  theo so do d hinh-  18.8: 

0S- 	[ 
+ 	-S' 	- 2e 

0 0 0 0 

_ 
- o 	s 	s 	o- 
_o o o o_ 

Hinh 18.8. So do chuye'n hoa 2S 2032- 	S406 2  

Ion S2032-  la mot chat khit quan trong có nhie'u Sing dung rOng rai. 

Muol thiosulfat thang dung la Na2S203.5H20 (rat nhieu nguai goi sai la 
natri hyposulfit). D6 la chat a dang tinh the don to khong mau, trong suo-t; rat 
de tan trong nuOc, qud trinh boa tan thu nhiet nen lam dung dich lanh di. 

Vdi the dien cue chudn E()s,o,2-  /2s26,2-  = +0,08 V, natri thiosulfat phan 
ling de dang vdi cac chat oxy hod manh nhu C12, Bre, KNIn04, HC10... tao ra 
H2SO4  va muol. sulfat. Vi du: 
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Na2S203  + 4C12  + 5H20 -> Na2SO4  + 8HC1 + H2SO4  
[Phan ling nay dung a loaf het C12  con sot 14i trong vai, soi sau khi &Joe 

toy trang]. 

Doi vdi chgt oxy hod ye-u nIni 12  thl thiosulfat chuye'n thanh tetrathionat: 

2Na2S2O3  12  —> Na2S406  2NaI 

[Phan ling nay dtioc dung trong phan tich dinh hiong goi la phumg phcip 
chudn coo iod: cho chgt oxy hod can dinh lilting (nInf 03, H202) tdc dung vdi KI 
thi 12  ductc giai phong. Dung dung dich Na2S203  da bie't truoc ni3ng do tdc dung 
vdi 12. Can di vao dinh 1u4t &long Wong, d6 clang suy ra hiring 12  d'd giai 
phong, theo do là hiring ch'dt oxy hod da" tac dung vdi KI]. 

Nha tao thanh phfic chdt de" tan, dung dich Na2S203  có the hoa tan cac 
muoi it tan nhii AgC1, AgBr, AgI, HgI2, HgSO4. De dinh hinh trong trdng phim 
va in anh, dung dich Na2S203  dtioc dung d6 load be) AgBr (ho4c AgC1) thiia con 
lai tren phim va gigy anh nha phan Ting: 

AgBr (r) + 2Na2S2O3  (aq) -> Na3[Ag(S203)2] (aq) + NaBr (aq) 
- Acid polythionic H2S„06  (vdi n 2) có tong Ur& cgu tao chung: 

O 	0 
II 	II 

HO-S-(S)13 -2-S-OH 

O 
II 	II 

0 

+ Vdi n = 2, ta có acid dithionic H2S206. No chi On tai trong dung dich 
loang va bi phan huy khi dun ming: 

112S206 	 H2SO4 + SO2 

Ngtioc lai, muoi dithionat 52062-  rat 136n, den mfic no khong tdc dung vdi 
rat nhi6u chgt du do la chgt oxy hod hay chgt 

+ Vdi n = 4, ta da g4p ion S4062-  (so do 6 hinh 18.8). 

Noi chung, cdc acid polythionic d6u khong b6n va chi ton tai trong dung 
dich. Trai lai, cdc muoi polythionat rat bgn va de" tan trong nude (quy ludt 
phan tilt ion dd giai thich tinh chgt nay). Anion Sn062-  có mach ggp kink gifia 
cdc nguyen tii S; hai nhom S-SO3  a 2 &Au mut có clang gdn hinh tif dien. 

- Acid dithiono H2S204  va muoi dithionit S2042- 

Acid dithiono rat kern ben, phan huy nhanh thong trong dung dich: 
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2 H 2 S 2 0 4 	 S + 3S02  + 2H20 

Theo quy luat phan chic ion, muoi dithionit ben hdn acid nhieu. 

Trong ion S2042-, c16 dai lien ket S—S lon hdn hai lan d6 dai lien ket S-0 
(va dai hdn nhieu so v6i lien ket S—S trong sulfid Sn2-): 

•• 
:0 1,15A0  0: 

: 

„. 

0 
2,39A0  

0: 

•• - 

Do do, dithionit co tinh khii rat manh trong dung dich kiem WA the dien 
clic chuan rat am: 

2S032-  + 2e + 2H20---------  S2042-  + 40H- 	E°  = -1,12V 

Trong thuc to thong &mg muoi natri dithionit Na2S204.2H20 de tan 

trong nuoc. Day la chat hat 02  rat manh khi c6 mat hdi 

2Na2S204  + 2H20 + 02  —> 4NaHSO3  

[Do d6, Na2S204  duoc dung trong cac he th6ng can loaf 136 het oxy tU do]. 

Hdp chat S d trang thcii oxy hat -2 

+ Dihydro sulfid H2S la hop chat cong hod tri voi goc HSH = 92°; c3 dieu 

kien thilang la chat khi; c6 t°1  = - 85°C, t's  = - 60°C; min trimg th6i, rat 

d6c; it tan trong nuoc. Cl trang thai 1Ong, H2S la dung moi tii phan 

proton gi6ng nhU H2O: 

H2S 	H2S 	 H3S + HS- 

Vol tich s6 ion [H3S+][HS-] = 3.10 33, nhO hdn tich so-  ion ciia H2O long rat 

nhieu. 
Trong dung dich nu6c, H2S la mot acid 2 chitc: 

H2S + H2O ..■■■■■••• H30±  + HS 
	Ka  = 10' 

HS-  + H2O. 	H30+  + S2- 	 = 10' 
-2 

Va do do no duoc goi la acid hydrosulfuric hay gon hdn la acid 
hydrosulfic. Acid nay tao ra 2 loai muoi: mu6i hydrosulfid chUa ion HS--  nini 

NaHS, Ca(HS)2  va mu6i sulfid claim S2-  pint Na2S, HgS. 
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Ngoai tinh acid yeti, H2S cung nhu cac mu6i cUa no có al-1h khii manh. 
ChA.ng  han, H2S chay trong oxy: 

2H2S + 302  —> 2S02  + 2H20 (neu dti oxy) 

hoac: 2H2S + 02  —> 2S + 2H20 (neu oxy hod cham thieu oxy 
hay trong dung dich. Phan ling clinic dung de the tao S ttl do). 

The dien cue chudn E()s/u2s = 0,14V, nen tat ca.cac tac nhan oxy hoa cua  
cac cap oxy hoa khii có E°  > 0,14V deu có the oxy hod. elide H2S thanh S. VI. du: 

12  + H2S --> S + 2HI 

2Mn0,,-  + 5H2S + 6H+ —> 2Mn2+ + 5S + 8H20 

Cac phan iing tren co the dung de dinh luong H2S. 

[Nang Wong giai phong tii phan iing oxy hoa H2S thanh S chinh là nguen 
nang IttOng song cila met so-  vi khudn va rong. Do do trong to bho cua chUng, S 
duoc tich trii lai có the den 25% kh6i. luting. Nguoc lai, met s6 loai vi khudn 
khac lai khii 5042-  thanh H2S. Trong khi thien nhien va trong ntfoc met s6 
suei khoang có chiia H2S. No sinh ra do su phan 	cac hop chat hfiu ed chila 
S cua sinh vat bi thei 

+ Sulfid kim loai hau het là san phdm do su ket hop true tiep gifia kim 
loai va S. Dila vao do tan, cac sulfid kim loai dttoc chia thanh 3 nhom: 

Nhom tan trong ntioc nhtt Na2S, K2S, BaS, Al2S3, Cr2S3... 

Nhom khong tan trong nu& nhung tan trong dung dich acid loang nhu 
MnS, FeS, CoS, NiS, ZnS... 

Nhom khong tan trong rat& va cung khong tan trong dung dich acid 
loang nhti CuS, Ag2S, CdS, HgS, SnS, SnS2, PbS, As2S3, As2S5... 

DUa tren s1.1 phan loai nay, nguai to tach cac ion kim loai trong dung dich 
thanh cac nhom de phan tich dinh tinh, bang each cho khi H2S di qua dung 
dich ci nhUng pH khac nhau. 

Thuc ra, trii sulfid dia kim loaf nhom IA, IIA va (NH4)2S, hau het sulfid 
cua cac kim loai khdc khong có ion 52-  rieng biet. Chang han, trong sat pyrit 
(FeS2) thi don vi cau true la S22-. Don vi eau true cung có the IA 51,2-  (n có the 
tii 1 den 5), neu n 2 thi goi IA polysulfid. Met s6 kim loai chuyen tiep nhu Cr, 
Fe, Ni con tao thanh nhiing hop chAt  khong hop thlic diing hoa tri gi6ng nhti  
hop kim voi S, vi du: Cr0,88S; Fe0,86S den FeS1,14. 
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1.4.5. Selen va telur 

Noi chung cac hop chat cUa. Se va Te giong vOi cac hop chat dra S. Su 
khac nhau phan Ion la do khac vg kith thac nguyen tit va do am dien. Sau 
day chi neu vai hop chat cira selen lam vi du. 

+ Selen dioxyd Se02  de tan trong nitric va tao thanh acid selend: 

Se02  + H2O —> H2SeO3  

Acid nay cho 2 mu6i la hydroselenit HSe03-  va selenit Se032+. 

Khac voi S4+, Se' có tinh oxy hod manh de bi khit vg nguyen to, vi du: 

Se02  + 2S02  —> Se + 2S03  

+ Selen trioxyd Se03  gi6ng nhti SO3, but milk rat manh liet va tao ra 

acid selenic H2Se04  giong acid H2SO4. Acid selenic là acid manh 2 
chile, no cho 2 mu6i tuong ling la hydroselenat HSe04 va selenat 
Se042-  giong nhu cac mu6i sulfat. Tuy nhien, H2SeO4  kern ben hdn 

H2SO4  do lien ke't Se-0 dai hdn lien ket S-0, vi the H2SeO4  có tinh 

oxy hod manh hdn H2SO4. Digu nay the hien qua cac E°: 

5042-  + 4H+ + 2e 	SO2  + 2H20 
	

E°= + 0,20 V 

Se042-  + 411+ + 2e 	H2SeO3  + H2O 
	

E°= + 1,18 V 

Chang han, H2SO4  khong phan Ung voi HC1, nhung H4.Se04  thi có xay ra: 
1-1-,SeQ4  + 2HC1 	H2SeO3  + t-12 + H2O 

[Nguai to dung hem hop 2 acid nay de hoa tan Au, Pt]. 

Hoac H2SeO4  khan khong nhang hoa tan bac ma ca yang: 

2Au + 6H2SeO4  —> Au2(Se04)3  + 3H2SeO3  + 3H20 

1.4.6. Cudi tang, can nhin chung ve phia truck (nhom VA, VIA) va ve phia 
sau (nhom VIIA): nhom VA va VIA rat gi6ng nhau ca ve xu huong tinh chat 

vat 1ST va hod hoc, tinh linh hoat cad P va S. Si khac nhau lon nh'a.t cua chting 
la tinh thu d(ing ciia N2 so voi tinh hoat dong n6i bdt cila 02. C3 ca 2 nhom, Ur-1h 

kim loai chi xuat hien 6 nhting nguyen t6lon nha.'t dUng cu6i nhom. Tit day -ft:6 

di, cac kim loai va ca a kim deu lui lai phia sau: tat ca nguyen to nhom VIIA 
deu la phi kim. Si tao thanh anion, mot dac diem hiem 6 cac nguyen to VA 
nhung ph6 bier' hdn 6 VIA va tr6 thanh da"c diem not bdt 6 VIIA. Cac nguyen 
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to VITA cling phong phu hon ve s6 cac hop chat &Ong hod tri voi oxy ya gifia 
cluing voi nhau. 

1.5. Vai tro va ling dung trong Y - Dudc. Doc tinh 

1.5.1. Oxy 

Tr-ix mot s6 sinh vat don bao ky, khi, tat ca cac dOng vat, that vat va vi 
khudn d6u can 02  cho qua trinh san xuat nang Wong bang cach sit dung 
chu6i van chuyen electron phu thu6c 02. Chu& nay nam trong ty the 
cua moi to bao nhan that, goi la chai ho hap to bao. Nang Wong sinh 
hoc duck tich trit trong cac phan tit ATP (adenosin triphosphat) c6 nang 
Wong Gibbs lon va diidc cd the?  sit dung cho moi boat dOng song - sinh 
truteng, van d6ng, cam thu, to duy, dOng hoa, di hoa, sinh san. Do vai 
trO toi quan trong nirti very nen nhu cdu e nguei len ngay trong trang 
thai nghi van vao khoang 20 lit oxy tit khong khi cho moi gie. Con nvoi 
se chet neu ngifng the tit 3 den 5 phut. Tuy nhien, nhu can thiet yeu ve 
oxy nay der the di mat trai co hai clad no. Bei vi, ngoai viec tham gia vao 
qua trinh san xudt nang Wong, .oxy trong cd the con tao ra hang boat g6c 
tit do va cac dang oxy hoat dOng rat d6c hai. Ca.c phdn tit vat chat nay 
tich to theo thei gian song va lien tut tan tong vao cac phan tit sinh 
hoc, vao vat chat di truyen, vao mang to bao va vao cac -t6 bao mien dich 
lam phat sinh cac loai benh tat va lao hod (xem chuyen de G6c to do 
va cac chdt ch6ng oxy hoa). 

— Oxygen, 02  = 32,00, dtioc dung trong dieu tri phai chlia it nhat 99,0%; 
dung de hit trong cac truang hop kilo the, bi hen, dau tim, ngat the, lao, 
ng6 d6c do carbon monooxyd (CO) va do mot s6 khi d6c khac, tre sd sinh 
de non can nuoi trong 16ng gp. 

Ph& hop 02  va N20 de gay me. 

Con dung 02  de tay giun 	02  van da day qua Ong cao su). 

— Hydro peroxyd, H202  = 34,02. Thu6c sat trimg tay ue. Dung dich H202  
thuang dung la 3, 6, 27 va 30%; gel hydro peroxyd 1,5%. 

La chdt oxy hod, H202  ctuoc sit dung nhu mot thu6c khang khudn dung 
ngoai d6 tay u6, lam sach vet thuong va khit min_ H202  tdc dung theo co ch6 
giai phong oxy de di6t khudn khi ti6p xtic voi mo co san enzym catalase tai cho 
boi. Si sin brit khi giai phong oxy clan d6n loai bO cac manh vun cua mo bi 
thuong ton va day troi mu de lam sach 6 nhigm trung. Oxy giai phong therm 
sa.u, oxy hod va cldy di cac khi dOc có mai cua vet thuong. 
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Chit trong thUc hanh Duoc khoa, nguai to goi dung dich H202  29,0 -

32,0% la nuoc oxy gia dam dac 100 the tich vi 1 the tich dung dich nay c6 the 
giai phong khoang 100 the tich khi oxy; con dung dich H202  2,5 - 3,5% la nuoc 

oxy gia loang 10 the tich vi Wong ling vdi khoang 10 the tich oxy. Do giai 
phong khi khi tac dung nen hydro peroxyd chi duoc phep &Ong ngoai voi dung 
dich loang 3%, khong dude tiem hoac nhO vao nhcing khoang kin cUa co the. 
Ngoai ra, tramh sit dung thu6c nhieu Lan trong thai gian dai vi H202  gay kith 

ling bong da va niern mac, c6 the gay ung thu. 

Kern peroxyd, ZnO2  = 97,4, bOt trong, d6 tan trong cdc acid loang va 

giai ph6ng H202. Hon hop 65% ZnO va 35% ZnO2  dung bang b6 cdc vet 

thuong nhie'm trUng, vet bOng. 

1.5.2. Luu hujInh 

O nguoi truan.g thanh, S chiem khoang 0,25% kh6i luring cd the (— 150 
g). S tham gia cau tao protein to 3 amino acid chlia no la methionin, 
cystein va cystin (cau tao tit 2 g6c cystein). Protid chfia S la thanh phan 
chn yeti cira co quan the phi (da, long, toe, mong - chat sung keratin) va 
cua cdc mo lien ket. Cdc hop chat cua S, cdc enzym chfia nhorn thiol 
(-SH) tham gia qua trinh khit dee, qud trinh oxy hod khii trong co the. 
S ciing c6 mat trong hormon nhti insulin, oxytocin. Vdi the dO dinh 
during binh thuong con nguai hau nhu khong bi thieu luu huYnh vi no 
rat sari trong thuc pha.'m (hai sari, hanh toi, cay c6 dau, thit, trUng...). 

Luu huYnh don chat duoc dung g6m 2 loai: 

Luu huSrnh ket tUa dieu the bang pinking phap ket -Lila c6 hat min, hoat 
tinh lon, dfing lam thu6c and hoac huyen phn de tri ghe, tri nam, lam trot sang. 

Liuu huYnh thang hoa diet' the bang phtiong phdp thang hoa c6 kith 
thudc hat ion, dung uong lam thu6c ta'y, giai dOc chi va thuST' ngan. 

- HO'n hop kali thiosulfat (K2S203) va kali polysulfid (K2Sx) chlia 
khoang 12,8% S dung dieu tri cdc benh ngoai da rat hieu quA do tae 
dung cila luu huynh nguyen tit (S) duoc giai phong khi xoa len yang da 
mac benh. 

1.5.3. Selen 

- Ngay nay, Se duoc khang dinh 1a nguyen to vi Wong rat quan trong, 
khong the thieu cho he thong bao ve co the thong oxy hod, loci bO cdc 
g6c to do. Selen tao thanh cac selenoprotein va nhieu enzym co nhom 
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chic -S-SeH, -S-Se-S- la nhang tam boat Ong sinh hoc manh. Dac 
biet la selen nam trong nhorn enzym glutation peroxydase c6 mat trong 
moi to bao de pha hq H202  va loai ba nhieu g6c tu do dec hai. Selen 
can cho sit tao thanh glutation (GSH, la met tripeptid chUa. 3 amino 
acid glutamic-cystein-glycin, met co chat ch6ng oxy hod); tai tao 
vitamin C; vita hiep thing vita tai tao vitamin E. 

Do nhfing vai tre ke tren, selen tang cuang toan di-en he thong bac) ve, 
gidp ngan ngUa nhieu dang ung thu, bdo ve he tim mach, duy tri chile n.ang 
boat deng tich cue cila he mien dich, giai ct6c nhieu hod chat. Hang chuc loai 
benh tat, dac biet la nhieu benh ung thu, ke ca benh AIDS (hei thing suy 
giam mien dich mac phai), c6 the de phat sinh chi vi thieu met ligu vi luting 
selen duoc cung cap hang ngay. Co the ngt.thi c6 khodng 5 - 15 mg Se. Nguai 
ldn can duoc be sung 50 - 100 [tg Se/ngay. Neu thuong xuyen dung qua 10 - 20 
ldn lieu nay c6 the bi nhigm dec: hdi the va mo hei c6 mai hanh, tai; t6c va 
mong tay, chan de gay; ngUa da ddu; chan 

[Selen c6 nhieu trong cac cay ho Dau, ho ca phe; trong 16.a mi, cay xau 
he, cay nhau, cay keo gia.u, cay ba kith va met s6 loai nam. Trong deng vat, 
selen tap trung cao cJ da va gan cdc load ca, dac biet a ca. ngu. Vi the, and ca., 
dau gan ca c6 ham luOng selen ldn. 

Thin sa, chu sa (thuSi ngan (II) sulfid, HgS) dung trong Deng y c6 chia 
selen. 

Nude khoang met s6 yang c6 ham Wong selen dang ke]. 

- ThuOc be sung vi hiring thuang chlia selen hull cd nam trong nam men 
voi ham Wong 50 i_tg Se/vien. 

- Selen sulfid, SeS2  = 143,08, pha hen dich, kern hoac thu6c gei ddu 
1 - 2,5%, dung bei tai cho de dieu tri lang ben, viem da dau va gau do 
nam da. 

2. NHOM VIB: Cr - Mo - W 

2.1. Trang thai thien nhien 

Crom, molybden va wolfram la nhfing nguyen to kha phe hien trong 
thien nhien. Quang crom thi.thng gap nhat la cromit Fe(Cr02)2  hay FeO.Cr203. 
molybden thUang Uhl tai diidi dang quang molybdenit MoS2, con wolfram duai 
dang quang wolframit Fe, Mn[W04] va selit CaWO4. 
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2.2. Nhfing dac tinh nguyen tip va vat 1S7 chu yeti 

Bang 18.3. NI-Ong Tao tinh nguyen tit va vat Ijr cua nguyen t6 nhOrn VIB 

Nhom VI 
B 

Ten 
nguyen 

to 

Ban 
kinh 

nguyen 
tit (A°) 

Ban 
kinh 
ion 
(A°) 

Nang 
lacing 

ion hoa 
thin 
nhat 
(eV) 

D6 am 
dien 

(thang 
Pauling) 

Khoi 
luvng 
rieng, 

(g/crn-) 

Nhiet 
de? 

nong 
chat' 
(°C) 

Nhiet 
do soi 

(°C) 

% trong 
v6 qua 

dal 

24 0,57 

Cr (+3)  
52,00 Crom 1,28 6,77 1,66 7,2 1850 2530 2.10-2  

3d54s1 0,52 

(+2, +3, 
+6) 

(+6) 

42 0,80 

MO (+4)  

95,94 Molybden 1,39 7,38 2,2 10,2 2621 4810 — 5.104  

4d55s1  0,76 

(+2 ... +6) (+6) 

74 0,80 

W (-4-4) 

183,85 
Wolfram 

1,39 7,98 2,36 19,1 3390 5650 1,5.10-4  
(tungsten) 

5d56s2  0,77 

(+2 . 	+6) (+6) 

2.3. Ddn chgt 

O di6u kien 11-Wang, Cr - Mo - W la nhting kim loai mau xam. Cluing 
thing dau ode kim loai v6 nhiet dO 'long chay, nhiet dO soi va nhiet do  
thang hoa. Do la do dO ben cUa lien ket trong tinh th6 kim loai dttoc gia 
tang bai s6 lien ket cling hod tri tif s6 toi da electron d d'Oc than. Can Wu 
ST rang, moi nguyen tit cua cac nguyen to nay deu có 6 electron hod tri, 
trong khi theo ly thuyet \ding nang hieing thi chi can 1 hoac 2 electron 
hod tri ttf do cho viing dan, con cac electron boa tri khac &foe ghep doi 
de tao thanh lien ket Ong hod tri giita cac nguyen tit trong kim 
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r. 
it 

- Trong day the dien cue chuSn E°, Cr - Mo - W có E° < 0. Tuy nhien, 
thong khong tac dung v6i nii6c va acid de giai phong hydro do c6 mang 
oxyd ben bao ye, till Cr khi dun ming thi hoa tan trong dung dich 
H2SO4  loang hoac HC1: 

Cr + 211+ --> Cr' + H2  

Khi va'ng mat oxy, phan ling con tiep tuc: 

2Cr' + 211+ --> Cr3+ + H2 

- Ca 3 kim loai deu tao phitc hexacarbonyl Cr(C0)6, Mo(CO)6  va W(CO)6. 
Chung c6 cau hinh bat dien deu, nguyen tii kim loai v6i trang thai lai 
hod d2sp3  6 trung tam va phan tit CO 6 6 dinh. DO la nhiing phitc nghich 

CO the thay sit hinh thanh phiic qua so d6 sau: 

lai hod d2sp3  
r 

(n-1)d j 	ns 

E, d6 
	

T4, 

(E = Cr, Mo, W) tao lien ket L 

E —> CO 
CO CO CO CO CO CO 

tao lien ket E CO 

Chez j,  la, tren sd d6 MO, phan tit CO có cap electron 6 62p, C1110C sit dung 
de tao lien ket E CO va con MO it*2py, 71*2p. trong de tao lien ket E —> CO. 

Crom con tao phitc crom dibenzen Cr(C6H6)2. DO la chat clang tinh the 
mau nau, nghich tit Trong phan tit phitc, nguyen tit Cr lai hoa d2sp3 nam gifia 
2 mat phang song song cila 2 vOng benzen yd. nhan 6 cap electron eila 6 MO 
lien ket Ttz  tit 2 phan tit benzen cho. Mat khdc, cac MO phan lien ket 7ez  ciia 2 
phan tit benzen ciing nhan ditoc 3 cap electron tit nguyen di Cr cho. 

Cdc phitc ke tren khong chi coy nghia cho ly thuyet eau tao chat ma ca 
v6 ling dung that te. Chang han, 6 nhiet d6 - 200°C, cac phitc carbonyl bi 
phan huY)  va giai phong kim loai Cr, Mo, W tinh khiet, do do cluing c6 the duoc 
ma len nhiing be mat phitc tap caa cac chi tiet may. 

- Crom, molybden va wolfram &toe sit dung chil yeu lam mot trong nhcing 
cau tit tao ra hop kim c6 d6 ran cao, ben voi cac tac nhan an mon va chiu 
nhiet. Crom con duoc dung a ma; wolfram lam day t6c den dien.. 
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2.4. ficip chgt 

2.4.1.Ccic hop chCit cact crom 

- Vdi 6 electron hod tri ([Ar]3d54s1), crom the hien tat ca cac trang thai 

oxy hoa có the có: 0, +1, +2, +3, +4, +5, +6; nhiing quan trong nhdt la 3 

trang thdi +2, +3 va +6. 

Crom tao rat nhieu cac hop chdt có mau (tieng Hy Lap, croma la matt sic). 

- Crom (II) oxyd Cr0 có lien ket ion dien hinh, chi hoa tan trong dung 

dich acid: 

Cr0 (r) + 211± (aq) —> Cr2+ (aq) + 1120 (1) 

- Crom (III) oxyd Cr203  clang tinh the mau den anh kim rat cling (tliOng 

tt! corandum A1203-a), la hop chdt ben nhdt cua crom. Con Cr203  dang 

vo dinh hinh la bOt mau xanh ye [dung lam son, thu6c ye]. Cr203  la 

oxyd tang tinh, hoa tan trong acid tao ra ion CrNaq) mau tim: 

Cr203  (r) + 611+  (aq) —> 2Cr3+ (aq) + 3H20 (1) 

va hoa tan trong dung dich kiem tao ra ion [Cr(OH)4(H20)2]-  mau xanh

//

lacay: 

Cr203  (r) + 2011-  (aq) + 7H20 (1) 	2[Cr(OH)4(H20)2r aq) 

Cdc hop chdt Cr3+  có nhieu tinh chdt rat giong cac hop chdt Al3+, nhtt 

Cr203  va Cr(OH)3  giong A1203  va Al(OH)3, deu killing tan trong mteic va Wang 

tinh. Vi du, Cr(OH)3  tan trong ca acid va kiern: 

2Cr(OH)3  + 3H2SO4  -p Cr2(SO4)3  + 6H20 

Cr(OH)3  + 3NaOH —> Na3[Cr(OH)6] 

Cdc muoi Cr (III) ding giong mu6i Al (III) ttidng ling ca ve cong thlic hod 

hoc va tinh chit. Ching han, CrC13.6H20 va A1C13•6H20; Cr2(SO4)3.18H20 va  

Al2(SO4)3.18H20; phen crom K2SO4.Cr2(SO4)3.24H20 va phen nhom 

K2SO4.Al2(SO4)3.24H20. Tdt ca chUng deli de tan trong rut& Ira bi thug phdn 

(phan itng vdi nuoc), tao ra mOi trueing có pH < 7 va Cr(OH)3, Al(OH)3  tua  
nhiy [do do, phen crom dUng de thuQc da, lam thu6c can mau khi nhuQm yai]. 

Si gi6ng nhau gifia cac hop chdt Cr (III) va nhom (III) la do có sti tvcing 

do'ng gilla 2 ion vg dien tich (+3) va ban kinh (rcr,. = 0,57 A°;rAi„ = 0,54 A°). 

Tuy nhien, do au hinh electron khac nhau nen cac hop chdt Cr (III) có nhcing 
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tinh chat rieng ma kitting thay sit tticing 41 o cdc hop chat Al (III). Chang han, 
cdc hop chat crom (III) thtiang c6 mau: mau den hoac xanh ye cita Cr203; mau 
luc cita tita. nhay Cr(OH)3  hoac cita nhi6u ion phfic; mau tim cita ion Cr' (aq). 

Ion Cr' con 3 electron hod tri 3d3  nen de tao cdc phlic, nhtt  
[Cr(OH)4(H20)2]-; [Cr(NH3)6]3+; [CrC16]3-; [Cr(CN)6]3-. Trong dung dich nti6c, 
t1rtic chat ton tai ion [Cr(H20)6]3+  ma thtiang viet gon lai la Cr' (aq). Mu6i va 
phlic dia. Cr (III) c6 tinh thuan tit do con electron d6c than. 

Hop chat Cr (III) c6 tinh khit de chuy4n thanh Cr (VI) trong moi trtiang 
kiem. Vi du phan 

2[Cr(OH)6] 	+ 3H202  
xanh luc 

[OW]  
2Cr042-  + 20W + 8H20 
yang 

- Crom (VI) oxyd, anhydrid cromic, Cr03  là chat ran, mau do th'am, phan 
huS'i c. khoang 200°C. Cr03  la chat oxy hod rat manh. Thou ethylic, 
ether, ceton b6c chdy khi tie-p xtic yoi Cr03. Khi tan trong ntioc, Cr03  
tao ra 2 acid là acid cromic H2CrO4  ya acid dicromic H2Cr207, chting chi 
ton tai trong dung dich ya thigt lap in6t can bang: 

Cr03 (r) + H2O (1) —> H2Cr04  (aq) 

2H2Cr04  (aq) H2Cr207  (aq) + H2O (1) 

Cdc mu6i Wong ling cita 2 acid nay la cromat Cr04' ya dicromat 
Cr2072-,d6 la nhiing mu6i ben yang, c6 mau ya trong dung dich chling de" 
chuyen hod cho nhau tuS7 thu6c -van pH: 

2Cr042-  (aq) + 2H+  (aq) 	Cr2072-  (aq) + H2O (1) 
cromat 	 dicromat 

• mau yang 	 mau da cam 

Cdc hop chat Cr (VI) la nhfin.g tdc nhan oxy hod manh, nhat la trong moi  
trtiang acid, Cr (VI) rat de" chuye'n thanh Cr (III): 

Cr2072-  (aq) + 14H +  (aq) + 6e 	2Cr 3+  (aq) + 7H20 (1) 	= 1,36V 

Vi du: 

Cr2072-  + 61-  + 14H+ —> 2Cr3+ + 312  + 7H20 
Cr20,27 + 3NO2-  + 8H+ —> 2Cr3+  + 3NO3-  + 4H20 
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Cac mu6i Cr (VI) finking diing la kali cromat K2Cr04, tinh the mau yang 

va kali dicromat K2Cr207, tinh the mau da cam. Cdc muoi nay de'u d.8 tan 
trong nudc [cluing dtioc sit dung trong ding nghiep thuOc da, di8m, d8t va 
trong phOng thi nghiem de lam chat oxy hoa. H6'n hOp 2 the tich bang nhau 
dia dung dich K2Cr207  bao hoa va acid sulfuric dac goi la h6n hop sulfocromic, 
clang de rifa. sach het cac chat hi u cd barn tren cac dung cu thug tinh (chai lo, 
c6c, 6ng sinh han, binh cdu, pheu loc...)]. 

2.4.2. Giong crom, molybden va wolfram cung có cac oxyd a trang thai oxy 

hod +6 la Mo03  va W03. Cac oxyd nay b8n hdn Cr03  nhieu. Cluing de tan 
trong kim va tao thanh cac mu6i molybdat Mo042-  va wolframat W042- . 

HO chat thuang dung nhat cua Mo va acid molybdic H2Mo04  va mu6i. 

molybdat, nhtt Na2Mo04, (NH4)2Mo04. Cac mu6i molybdat thilang có thanh 
phan plific tap. Vi du, mu6i amoni molybdat dudc dung de dinh tinh va dinh 
lacing acid phosphoric, san pham tao thanh trong qua trinh phan tich la mot 
ke't tua mau yang dac trUng c6 cong thlic (NH4)3PO4.12Mo03.6H20. 

2.5. Vai tro va iing dung trong Y - Dtidc. DOe tinh 

Crom va molybden la nhiing nguyen to vi Wong thiet ye'u cho cd th'4. 

2.5.1. Crom 

Trong co the nguai, ham Wong crom khoang 0,1 mg cho m'ai kg the 
trong. Ngttdi truang thanh can du oc cung cap qua dinh &fang hang 
ngay khoang 0,10 mg Cr. 

- Crom tham gia vao qua trinh dung nap glucose bang cach tang so Wong 
cac yeti to thu cam vdi insulin tren mang t6 bac). No ding tham gia vao 
chuyen hoa lipid. Su thieu but crom trong co the vita la nguyen nhan 
gop phan, vita la mot trong cac hau qua ciia benh dai thao &fang va 
benh tim mach. 

- Crom có nhi8u trong nam men bia, mat mia, gan, long dO triing va mot 
so gia vi c6 mau. 

- Crom có khoang an toan rat rOng gifia lieu u6ng vao va ligu c6 tac dung 
bat loi. Tuy nhien,•trong Y hoc lao dling da phat hien benh nhie'm dOc 
crom do nghe nghiep d nlifing nguai thuang xuyen tiep xtzc vOi cac hop 
chat cua crom hoac bui kim loai Cr vdi cac trieu chfing: ton thtiong nang 
doing ho hap, di iing, 16 Ink da. 
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2.5.2. Molybden 

— Co the nguai co tit 5 - 10 mg Mo. hang ngay co the can hdp thu khoang 
0,1 - 0,2 mg molybden tit thfic 

Molybden c6 vai tro khit dOc cho cd the trong nhi6u co ch6. Enzym 

xanthin oxydase chila Mo c6 tac dung dieu hoa Wong acid uric - chdt 

ch6ng oxy hod, loai 136 g6c tit do c6 hai trong co the. Mo dao thai hldng 

Cu du thlia khi co the c6 nguy co nhi6m dOc Cu. Mo lam tang hieu luc 

dm vitamin E. Mo chuye'n cac hop chdt dOc hai cua luu hu .ynh thanh 
sulfat khong dOc. 

Molybden c6 nhi6u trong ngu ctic toan phdn, cac loai ddu va rau qua. 

Khi thita, molybden lam giam liking Cu trong gan gay be'nh thieu Cu, de 

gay bOh Goutte (dau nhitc ng6n chan, cac khdp do acid uric gia tang trong 
mau va lAng dong trong cac khdp cludi clang tinh the). 
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Chuang 19 

NGUYEN TO NHOM VII 

MUC TIEU 

1. viei cac phdn a'ng co sif thay c of so' oxy hod de'gidi thich sttt ban thien Unit oxy 
hod va tinh khd• cda cac halogen vet nhfing hop chat cda chting. 

2. Trinh bay cac tinh cheit hod hoc cda ho hop chat HX, cac acid co Oxy cad 
halogen va nhfing hop chdt cda mangan. 

3. Ke ra vai tro sinh hoc vet d'ng dung cica ho halogen va Mn trong thVc hetnh 
- 

1. NHOM VIIA (CAC HALOGEN): F - CI - Br - I - At 

1.1. 'Prang thai thien nhien. Ch6 tao va ling dung cila ddn chgt 

Do hoat tinh hoa hoc ldn, cac halogen khong -Lein tai to do trong thien nhien. 

Bang 19.1. Nguein thien nhien, ch6 tao va Cing dung co a cac halogen 

Nguyen 
to  

Ngu6n thien nhien 
chU y6u 

Ch6tao nguyen to eng dung cita ddn chgt 

Fluor 

Clor 

Brom 

lod 

Astatin 

Trong 	cac 	khoang 
vat: 	fluorit 	CaF2, 
criolit 	Na3A1F6 , 
fluorapatit 
Ca5(PO4)3F 

Muoi 	rn6 	(NaCl); 
bien (-2% 

 
nu'Oc bien (-2% Cr); 
khoang cacnalit 
	KCI.MgClz.6H20 

NuOc bien (-10-"k 
	Br); h6 nubc man  

Nu& 	gieng 	khoan. 
dau 	mO, 	quang 
saltpeter 	(Na103); 
	rong bien 

D6ng vi phong xa vo 
cOng hiem 

'n Dien phan ho 	hop KHF2 va 
a 100°C  °C 

0.,, n 	.. 	— 
phan muoi NaCI nOng 

--, 	... chay hoac dung dich NaCI (co 
hoac kh6ng co mang ngan) 

' 	— 	- bangC Oxy hoa muoi Br 	12  

Oxy hoa cac mu6i F bang C12, 
hoac khic103-  bang HBO,-  

Thu du,Oc ti ph5n tich vat 

Iciia 

D6 the tao SF6  (chat cach 
dien); 	UF6 	(nguyen 	lieu 	hat 
nhan); tac nhan fluor hoa; chat 

CFCI3, 	2 	2 deo teflon; 	CF CI 	(chat 
!Ong ly tu'Ong cho may lanh, 
nhu'ng gay ton hai tang ozon 

kl-if quyen) 
Tac nhan oxy hoa (tgy trang, 
, 	.., 	. 	., 

tay 	ue), 	san 	xuat 	polyvinyl 
clorid; anion sinh hoc chi, yau 
(Cr) 
De the tao thuOc nhuOm, &roc 
phgm, AgBr (cho ky thuat anh) 

Nguyen to vi Iu'ong cho tuy6n 
giap; tay Lie, sat trOng, the tao 

, 
du'oc pham 

KhOng 
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1.2. Nhfing clac tinh nguyen of ya vat lS7 cua cac halogen 

Bang 19.2. NhOng da-c tinh nguyen tO va Vat lk dia nguyen to n hOrn VII A: ho halogen 

Nhom 
VII A 

Ten 
nguyen 

Ban 
kInh 

nguyen 
tit (A°) 

Ban 
kinh 
ion 
(A°) 

Nang 
h.rong 

ion hoa 
thin 
nhai 
(eV) 

D6 am 
di"en 

(thang 
Pauling) 

Kh6i 
lircing 
Hang 

clang lOng 
(g/cm3) 

Nhiet 
do 

ming 
chili 
(°C) 

Nhret 
d6 soi 

(°C) 

°A trong 
vii qui 

d'it 

9 

F 
1,33 1,51 

19,00 Fluor 0,72 
(F--) 

17,42 4,0 
(-188°C) 

-219 -188 8.10-2  

2s22p5  

(-1) 

17 

CI 

35,45  Clor 1,00 
1,81 

13,01 3,2 
1,66 

-101 -34 3.10-2  
3s23p5  (co (-70°C) 

(-1,+1, 
+3,+5,+7) 

35 

Br 
79,90  Brom 1,14 

1,96  
11,84 2,9 

3,19 
-7,2 59,5 1,6.10-4  

4s24p5 (Br) (0°C) 

(-1, +1, 
+5; +7) 

53 

126,90 
5s25p5 

lod 1,33 
2 

(r)

,20  
10,44 2,7 

3,96 

(120 °C) 
114 185 3.10-s  

(-1, +1, 
+5, +7) 

85 

At khong 

(210) Astatin (1,40) c6 so 2,2 

6s26p5 
lieu 

 

(-1) 
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- Cdu hinh. electron cila nhom VIIA, cac halogen: ns2np5. Cdc nguyen to 
thigu mot electron de có bO tam vO ngoai gi6ng khi higm. 

- Do do trang thai oxy hod -1 la ph6 bign nhdt cho moi thanh vien trong 
nhom. 

Loai trif F, cac halogen the hien tat ca cac so oxy hod le tit +1 dgn +7. 

- Kich thudc nguyen tit va ion tang dgu tit tren xueing dudi nhom; ngtrOc 
lai, nang Wong ion hod va do am dien giam dan. 

1.3. Lien quan giffa eau tao va tinh chat. -Thin chat va hill) chat quan 
trong 

1.3.1.Tinh chat vat ly  

Giong nint kim loai kim d dau ben kia cua Bang tuan hohn, cac halogen 
645 xu httdng bign d6i dgu ddn tinh chat vat 1ST cua thong. Tuy nhien, trong khi 
diem nong chay, diem soi va enthalpy chuygn pha (AH°nong chay, Ali°hoa hdi) giam 
cln tit tren xui:s■ng dudi ei IA thi cac tinh chat nay lai tang dan tit tren xu6ng 
d-adi d VIIA. LST do cita 2 xu hudng tral nvoc nhau nay la sit khac nhau ve loai 
lien kgt trong nguyen to. Don chat kim loai kigm g6m cac nguyen tit ducic gan 
vdi nhau bang lien kgt kim loai, do do do b6n giam khi nguyen tit tang ldn 
hdn. Nguoc lai, cac halogen Vein tai dudi dang phan tit Wang nguyen di (X2) 
tUdng tdc voi nhau nha luc khugch tan. Luc nay ldn dan khi kith thudc nguyen 
tit ldn hon. Vi thg, d digu kien thuang, F2  la khi mau yang rat nhat, C12  la khi 
mau yang - xanh, Bre  la chat fang mau nau - yang, con 12  la chat ran mau tia - 
den. Mdc 	ldu, d'J the ran nhung iod có dip suat hdi rat ldn, khi dun nong nhanh 
no thang hoa ma khOng ming chay. Nha do ngttdi to tinh chg iod khi lam lanh 
nhanh hdi 12  thang hoa. 

Halogen la nhang chat khong phan cite (.1= 0) nen it tan trong nude. Khi 
tan, cac phan tit X2 xam nhdp vao khoang trong giita cac phan tit nudc cluoc 
tap hop lai bdi lien kgt hydro. 

Don chat halogen (X2) tan nhigu hdn trong dung dia. halogenid (X-) do có ski  
tao phitc. Vi du, 12  tan nhigu hdn trong dung dich kali iodid (KI) do phan. iing: 

12  (aq) + KI (aq) —> K[I3] (aq) 

Iod trong dung moi khong chita oxy (nhu C6H6, CS2, CC14, HCC13) cho 
dung dich mau tim; con trong dung moi chita Oxy (nhu H2O, rtiOu, ether, 
aceton) cho dung dich mau nau. 

Trong h6 tinh bOt, du chi la vet, iod van cho mau xanh ddc tiling do hiOn 
tuong phan cuc ion tang manh khi cac phan tit 12  xam nhdp vao khoang trong 
cua cac phan tit tinh bOt kh6ng 16. 
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1.3.2. Ccie halogen la nhfing phi kim die'n hinh, eó tinh oxy hod manh 

D6 slat toi cau hinh khi hi6m, nguyen tii halogen phai nhan them 1 
electron d6 lam day lop vO ngoai cua no. CO 2 each lam day: 

+ Nhan 1 electron to kim loaf d6 tao thanh ion -1. 

+ Dung chung cap electron vdi mot nguyen tit phi kim khac, to thanh 
lien k6t ding hoa tri. 

Trong nhom, miic dO hoat dOng phan anh xu hiking vg do am di6n: F2  la 
chat oxy hoa manh nhat vi có di) am di6n lon nhat trong tat ca cac nguyen to. 
NO day ditoc oxy ra khof cac hdp chat, vi du: 

SiO2 	 2F2 	 Si F4 + 02 

2H20 + 2F9  -> 4HF + 02  

Trong oxy fluorid 02F, oxy mang di6n tich doing. 

DO hoat dOng hi6m có ciia fluor nguyen to con gala lign vdi lien k6t y6u 
cua F-F. Mac du lien k6t ngan nhting nang It 	lien k6t nhO vi nguyen tii F 
khong di orbital d d6 tang dO bOi lien ket not phan tii nhii 6 phan tit Cl-C1, 
Br-Br. He qua la F2  phan iing vdi hau het cac nguyen to (tru He, Ne, Ar), 
trong nhi6u triiang hop gay no. 

Phil hdp vdi gia tri do am di6n giam dan va ski bi6n doi cua nang Wong 
lien k6t X-X, tinh oxy hoa cua cac halogen giam dan theo trinh 

F > Cl > Br > I 

Tinh chat nay cling phi' hdp vdi the di6n chic chuan cua cac cap X2/2X-: 

E(F), /2F- = 2,87 V 	; 	ECI, /2C1 " 	= 1,36 V 

11 

E" Br /2B1 = 1,07 V 	; 	1 2  /21 = 0,54 V ,  

K6t qua la, halogen 6 phla tren nhom oxy haa &foe halogenid 6 phia dtioi 
nhom: 

F2  + 2C1-  --> C12  + 	2F- 

C12  

Br2  

+ 2Br-  

+ 	21-  

-> 

-> 

Br, 

12 	+ 

+ 	2C1-  

2Br- 

VA ngtioc 14i, tinh khii tang dan theo chi6u: 

F < Cl < Br < I 	va 	F-  < Cl-  < Br < I- 
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1.41 A 	
1.70 A 

1.28 A 
0.92 A 

1.3.3. Hydro halogenid/acid hydrohalogenic/HX 

- Cac hydro halogenid (hinh 19.1) la nhang khi khong mau, khi hoa tan 
trong ntide cho cac acid hydrohalogenic. 

Hinh 19.1. Dd ldn tu'cing d6i giCia cac hydro halogenid 
(khoang cach giCia tam nguyen to H va tam nguyen tit halogen 

X thidc chi ra tre'n ma hinh) 

Cac khi HX c6 mai so/c, kith iing du6ng ho hap. Diem nong chay va diem 
sOi bat thaong cua HF la do lien ket hydro manh. 

M5t sec tinh chat dia cac HX ghi trong bang 19.3. 

Bang 19.3. M6t s6 tinh chat cela hydro halogenid 

Dai luvng HF HCI HBr HI 

D6 dai lien kgt H—X (A°) 0.92 1,28 1,41 1,70 

Nang lu'ong lien kgt H—X (kJ/mol) 565 427 363 295 

Momen lu'eng cut ii (D) 1,91 1,08 0,81 0,38 

Nhiet de n6ng chay (°C) -83 -114 -88 -50,8 

Nhiet de s6i (°C) +19,5 -84,9 -66,7 -35,3 

Do dien ly a (%) trong nu'oc ciaa dung 
dich HX 0,1N 

9 926 93,5 95 

De tan 6 0°C: L(kh1)/L(nu'oc) Ve han — 500 — 600 — 425 

Nhang bien thien cac tinh chat ghi trong bang deu co the giai thich thoa 
Bang bang nhang kien thfic cua Hoa dai thing. 

- Acid hydrofluoric là acid yeu, trong nude -Lein tai cac can bang: 

HF + H2O 	H30+  + F 
	Ka  = 6,8.10' 

F 	+ HF 	 FIF2- 
	 K = 5 

Can bang sau xay ra do lien IC& hydro F-••• HF. Cac acid HC1, HBr, HI la 
nhang acid manh va tinh acid manh dan do nang lacing lien ket H-X giAm dan 
(the hien qua d5 dien ly a c-aa chang tang dan - xem bang 19.3). 
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- HF khong có tinh khii. Chi rieng no phan iing cluoc voi SiO2: 
6HF (k) + SiO2  (r) -> H2[SiF6] (aq) + 2H20 (1) 

[Nilo do, ngaai to dung HF bay hdi de khac tren thug tinh]. 

Tinh khit tang clan tit HC1 -> HBr -> HI, vi du nhu cach chUng phan itng  
voi H2SO4  dac: 

HC1 + H2SO4  Khong có phan iing  

2HBr + H2SO4  -> SO2  + Br2  + 2H20 

8HI + H2SO4  -+ H2S + 412  + 4H20 

HC1 chi bi oxy hod bai nhcing tdc nhan oxy hod manh nhu KMnO4, Mn02, 
CaCl(C10)... vi du: 

2KMnO4  + 16HC1 -> 5C12  + 2MnCl, + 2KC1 + 8E190 

Trdi lai, HI bi oxy hod ngay ca bai Fe': 

2FeC13  + 2HI -> 2FeC12  + 12  + 2HC1 

- HX dUdc dieu the bang nhieu each: 

+ Hoi voi HF, chi có mot phaong phdp duy nhat: 

CaF2  (r) + H2SO4  (clac) -> CaSO4  (r) + 2HF (k) 
+ D6i \Ted HC1, trong san xuat ding nghiep thu daoc nha là san pham 

phu khi clor hod cdc chat hula co, chang han nha trong san xuat nhua: 

0C CH2=CH2  (k) + C12  (k) 	C1CH2-CH2C1 (1) 500  

CH2=CHC1 (k) + HCl (k) 
vinyl clorid 

Hoac trong tang hop true tiep tit nguyen t6: 

H2  (k) + C12  (k) 	-> 	HC1 (k) 

+ Con HBr va HI thu daoc qua cdc phan 

	

PBr3  + 3H20 	-> H3P03  + 3HBr 

	

PI3  + 3H20 	-> 	H3P03  + 3HI 

- Muoi cua cdc acid hydrohalogenic la cac halogenid: fluorid (F-), clorid 
(Cr), bromid (Br), iodid 	Da s6 fluorid it tan trong no* mot s6 de  
tan nhu NaF, KF, A1F3, SnF2, AgF. 

Hau het muei Cl-, Br-, r a tan trong niidc, mot s6 it tan nhti halogenid 
cua Ag+, Pb', Cu+  va Hg22+ . 
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N90' 

IF, 

Hinh chop 5 mat 
(chung day) 

Hinh ch6p 4 mat 
(day vuong) 

Trong hop chat, ne-u X-  that sti c45 tinh ion (nhu halogenid cua kim loci 
IA, HA, lanthanid) thi mu6i cua mot cation c6 dO tan tang -dan tit F-  dgn r, bed 

vi nang 1twng mang hiai (AHL ) giam dan khi ban kinh cua X-  tang. 

Con trong hdp chat ma halogenid c6 ro ret mfic dO Ong hod tri do phan 
clic ion tang (nhil d mu6i Ag+, Hg22+...) thi dO tan lai giam tit F-  dgn 

Ngoai ra, su tao phiic ma X-  vai vai tro la cac ph6i tit cling anh huang 
nhigu dgn dO tan ciia mu6i. 

1.3.4. Halogen halogenid (hdp chat gifta cac halogen) 

Cdc halogen phan iing \Tali nhau to nhiet va too thanh nhigu hop chat c6 
cong thiic tong quat XYn  (n = 1, 3, 5, 7), trong do X la nguyen tit halogen a 
trung tam c6 dO am dign nha hon va c6 the c6 cac mile oxy hod +1, +3, +5, +7 
(tat nhien, X khong the la fluor), con Y la halogen c6 dO am din lan hcin va 
thg hien trong trang thai oxy hod -1. Chang han, khi n = 1, hop chat gOm 2 
nguyen tit nhii Cl+F-, 	I±Br-. Vai n = 7 thi halogen a trung tam bi oxy 
hod hoan toan, ca 7 electron ciia no rai xa nguyen tit, vi dud rF7 . Hinh 19.2 
chi ra mot s6 mO hinh cau tao cua XYn. 

Hinh 19.2. Ca'u hinh phan to cua mot s6 halogen halogenid thuting gap  

Chu y rang, s6 oxy hoa &tong va le cila nguyen tit d trung tam in6i lan  
thay d6i 2 don vi, bai vi khi sii dung orbital d de" and rOng lap vO hoa tri cua no 
thi c6 mot cap electron ghep doi duoc tach ra (digu nay khong xay ra 'a fluor). 

Cac hop chat XYn  c6 nhieu ling dung. Vi du cac XFn  la tdc nhan fluor hod 
manh, chling phan ling Wdi cac kim loai, phi kim, oxyd, tharn chi ca vai go va amian: 

Sn (r) + C1F3  (1) —> SnF2  (r) + C1F (k) 

P4  (r) + 5C1F3  (1) ---> 4PF3  (k) + 3C1F (k) + C12  (k) 

2B203  (r) + 4BrF3  (1) 	4BF3  (k) + 2Br2  (1) + 302  (k) 

3H20 (1) + BrF5  (1) 	5HF (k) + HBrO3  (aq) 

Phan ling sau cling gan nhii mot phan itng no. 
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1.3.5. Ccic hop chat chna oxy cua halogen 

- Phan ling cila halogen vdi 

+ F, la tac nhan oxy hod manh den mitt no có the xe phan tit nude thanh 
Bing phan, tao ra oxy nguyen tit (0), oxy phan di (02), mot phan ozon 
(03) va HFO (acid hypofluoro). 

Cac halogen khac có phan ling di ly (tti oxy hod 

X2  (k) + H2O (1) 	 1-IX‘(aq) + HXO (aq) 	(1) 

(e) day, X = Cl, Br, I) 

+ Vdi X, = C12, hang so K cua can bang (1) la 4.10-5; vdi X2  = Bre  la 7.10-9, 
con X2  = 12  thi K = 2.10-13. NInt \Tay, tit clor den iod can bang (1) tang 
chuyen dich manh sang trai. 

+ Khi X2  = C12, to thu dude ntioc clor: 

C12 + H2O HC1 + HC1O 	 (2) 

6 trang thai can bang, rat It san pham có mat. Cu the là o 25°C, trong 
dung dich bao hoa C12  tem tai: 

[H301 = [Cl-] = [HC1O] = 0,03M 

Acid hypocloro HC1O la mot acid ygu (Ka = 2,9.101, no phan huST theo 
cac cach: 

anh sang; )(tic tat;  
2HCIO 2HC1 + 20 	2HC1 + 02  (3) 

chat khir 
chat hitt nu&  

2HCIO 	 ).• H _2  + ClCI 	---11"" H2O + C12  + 02  (4) 

dun ming 
3HC10 	> 2HC1 + HC103 	 (5) 

He can bAng (2) chuyen Ilan sang phai, có the them kigm nhu NaOH, 
Ca(OH)2  vao nueic clor de trung hoa cac acid HC1, HC1O kem bgn thanh cac 
mu6i bgn hon. Khi do, có the xem phan itng thvc t6 la *it chigu. TrtiOng hop 
dung NaOH de trung hoa se thu dtioc nut& javen bieu thi qua phan 

C12  (k) + 2NaOH (aq, nguOi) -p NaCl (aq) + NaC1O (aq) + H2O (1) 

[Trong tong nghiep, ntioc javen &toe the tao bang dien phan dung dich 
NaC1 -20% khong có mang ngan]. 
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Neu dung Ca(OH)2  de trung hoa thi thu dttoc clorua voi la muoi hiin hop 
clorid va hypoclorit cua calci: 

Cl2  (k) + Ca(OH)2  (r) 	Ca(C10)C1 (r) + H2O (1) 

[Clorua voi dttoc di6u the bang cach cho khi Cl2  di qua huy6n phi]. d4c 

cua Ca(OH)2  trong ntioc i3 nhiet do phong]. 

Nveic javen va clorua voi d'eu chila hypoclorit (C10-) de phan huST theo 

phan ling (3) -giai phong oxy nguyen tit tieu diet vi khuan va oxy hod cdc chat 
khdc. Chting dttoc dung de sat trung, tay u6, tay trang; rieng clorua voi con 
dung de hod giai cdc chat cliic chien tranh, tinh ch6 clau 

— Khi dun nong, X0-  phan huSi nhanh thanh X03, do do can bang (1) 
chuye'n thanh: 

3X2  + 3H20 (1) 	
50°C

5HX + HXO3 	(6) 

(X = Cl, Br, I) 

Theo do, can bang (2) &toe cap nhiet se phan huy theo phan ling (5): 

3C12  + 3H20 (1) 	
> 50°C 
	+ HC1O3 	(7) 

Neu trung hoa bang kiem, can bang (7) chuye'n Ilan sang phai vdi cac san 
pham la mu6i clorid va clorat: 

> 
3C1, + 6KOH 

	

	50°C5KC1 + KC1O3  + 3H,0 (8) 
kali 

Trong thilc t6, mu6i Kali clorat (KC1O3) có nhi6u ling dung. No có 2 each 
phan huST tuY theo nhiet do va xtic tdc: 

400°C  
4KC10, 	 KCl + 3KC104 	 (9) 

500°C  
2KC101 	 > 	2KC1 + 302 	(10) 

(hoac co xuc tac Mn02, 
Fe203 .6 nhiet c10 dap hon) 

Phan ling (9) tao ra kali perclorat la mu6i cila acid percloric HC1O4. Phan 
ling (10) thtfang dttoc sit dung de dieu the oxy i3 trong phong thi nghiem. NInt 
vay d trang thdi ran, cdc clorat va perclorat la nhang chat oxy hod manh [nen 
dttoc dung lam thu6c dam diem, thu6c phao khi trO'n Ian KC1O3  vdi &tang, Nit 
S, Mg, Al. Hoac h6'n hop amoni perclorat NH4C1O4  va bot nhom la nhien lieu 
ran dung trong dOng co day clia phi thuye'n con thoi nha phan ling: 
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10A1(r) + 6NR/ C104(r) 	4A1203(r) + 12H20(k) + 3N2(k) + 2A1C13(k)]. 

— Nhiing acid chita oxy cila halogen - cac oxoacid va mu6i cua chung chCia 
g6c oxoanion, thtiong &foe the tao tit phan itng ciia halogen voi midc -
phan ling tit (1) den (9) la mot so vi du. 

Bang 19.4 cho biet mo hinh cau tao, cong dr& hob. hoc, danh phap chung 
vb. chi6u Irtiong bie-n c/Oi mot s6 tinh chgt cilia cac oxoacid oda halogen va mu6i 
cua cac acid dO. Hinh 19.3 cho thgy cong thdc Lewis va cau tao cua cac 
oxoanion cua clor. 

Bng 19.4. Cac oxoacid cOa halogen (chi the hien nhCing cap electron ty' do 
cua nguyen to' halogen), mu6i cua chOng va bier) thien mot s6 tinh chat 

Nguyen tit 	Acid 
trung tam 	hypohalogend 

(X) 	 (HXO) 

Acid 	 Acid 
halogens (HXO2) halogenic (HXO3) 

Acid 
perhalogenic 

(HXO4) 

Fluor 
	

HOF 

Clor 
	

HOCI 
	

HOCIO 
	

HOCIO2 	 HOCIO, 

Brom 
	

HOBr 
	

(HOBrO)? 
	

HOBrO2 	HOBrO, 

lod 
	

HOI 
	

H0102 	 H0103, (HO)510 

• Tinh acid va nang lacing lien kei tang 

• Tinh oxy hoa dui acid giam 	(HO)5I0 

oxoanion 	hypohalogenit 	halogenit 	halogenat 	perhalogenat 

(mu6i) 	(X0-) 
	

(x02 ) 
	

(X03) 

• Nang luting lien ket tang 

• Tinh oxy hoa va thus' phan cilia mu6i giam 
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Cl—O: —  

:0: 
:0: 

ion hypoclorit ion clorit ion clorat ion perciorat 

Hinh 19.3. COng that Lewis va cgu tao caa cac oxoanion cua clor. 
Tgt ca deu co cgu hinh electron tif dien, nhu'ng chi CI04-  co that 

cgu hinh ion tif dien deu, ba ion kia la nhfing fa' dien ao  

Bang 19.4 ghi nhCing oxoacid da biet re. Chang la nhung hydroxyd chiia 
1 nhom OH dien ly kieu acid. Rieng iod hydroxyd (acid periodic) có 2 Ong thfic 
cau tao: chiia 1 nhom OH la H0103  hay viet H104  va chfia. 5 nhom OH là 
(HO)5I0 hay viet 115106. 

Lien ket trong day HOX la lien ket don, con trong cac acid cila 3 day kia 
có ton tai lien ket TCp__>d giCia cac orbital chua cap electron ti do cia'.a oxy voi 
orbital d cila X (tit clor tra di) va có stt tong Intang gi-Cia cac trang thai: 

X-O: 

(lien ket don) 

 

..1 
X-0: 

(lien Ica MO 

 

Do cac orbital hod tri tham gia lien ket nhieu hon., nen that t6 cho thay 
tit HOX den HOXO3  do dai lien ket X-0 nga.'n din, de bei lien ket tang din va 
nang ltiong lien ket ldn din, theo do do ben cila cac hop chat tang len va tinh 
oxy hod giam. Tinh acid hay do manh ciia acid tang din tit HOX den HOXO3  
có the de clang giai thich bang quy luat phan clic ion (chtiong 5). M qua la 
acid percloric HOCl03, hay viet HCl04, la acid manh nhat trong so tett cci cac 
acid hien nay da biet. Mat khac, acid hypoiodo HOX la hydroxyd Wang tinh, có 
the dien ly theo ca 2 kieu acid va base: 

H30 + + IO (aq) 	HOI + H20 (1) 	I + (aq) + OH - (aq) 

Cung tit he qua tren ma dtioc biet, cac muei tit X0-  den X04 thu'Y phan 
kern din vi do la anion dm acid manh din (khdi niem acid - base theo 
Bronsted - Lowry, chtiong 8). 
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Hau het cac oxoacid cila halogen chi on dinh trong dung dich nuoc. Rieng 
acid percloric (HC1O4) co the ton tai clang tinh khiet, d digu kien thtiang la 
chat 1Ong, nhot, c6 tinh oxy hod manh, de gay no khi gia nhiet. Acid periodic 
H104  On tai trong dung dich &MA clang cac ion tit dien 104-  bi hydrat hoa: 
IO4-.H2O hay H2105  ; 104-.2H20 hay H4I06-... Dang HI04.2H20 hay H5106  hoac 
viet (HO)5I0 &toe torch ra clued dang tinh khiet, con goi la acid paraperiodic, ci  
digu kien thu6ng ton tai trang thdi tinh the khong mau. Cdc acid periodic va 
muoi periodat la nhung chat oxy hod manh. 

Theo quy luat phan c-uc ion, cac mu& dia nhigu oxoacid cfia halogen bgn 
viing hon cac acid Wong ling nen c6 nhigu -tang dung trong that te, nInt ntioc 
javen, clorua voi, kali clorat KC1O3, kali iodat 1(103, natri perclorat KC1O4, amoni 
perclorat NH4C104, bac paraperiodat Ag5106, natri paraperiodat Na3H2I06... 

1.4. Vai tro va ling dung trong Y - "hide. Di)c tinh 

Cdc nguyen to halogen rat can cho cd the con ngttozi, nining chizng  
ding la nhung nguyen to rat doe khi i trang thai t4 do. Hdi F2, C12, Bre, 12  
lam ton thuong va kith fing manh &tang ho hap. Brom va iod con gay bang va 
huy hoai cac mo (can rat than trong khi lam viec vdi brom: phai d noi thong 
gin; binh &pig brom chi chtoc and sau khi lam lanh; da bi day brom phai dtiOc 
rita ngay bing dung dich NaHCO3  sau clo xit 1ST voi glycerin). 

1.4.1. Fluor 

— F la nguyen to c6 trong moi cd quan va mo caa ngti6i, tap trung chu yeu 
trong xiiong va rang, c6 it a co va nao. F chiem khoang 0,007% kh& 
Wong cd the (7, 4 - 6g), lan hdn ca Fe, Zn, Cu va nhigu chat kha.c. F-  la 
ion on ctinh nhat trong tat ca cac anion ddn gian, do do gitip ta.o thanh 
cac to bac) xticing, xen ke vao cac phan x6p de xtidng them cling va rang 
them chic. F cling fic the hoat Ong cua cac vi khuSn lam hai men rang. 
Nti6c u6ng can c6 ham Wong F-  tit 0,5 den 1 mg/L. Dan cu sit dung 
nguOn nti6c chfia F-  thap lion 0,5 mg/L se bi ton finking rang (ha rang, 
sau rang). Tral lai, neu nit& an chlia qud nhigu F-  se bi "nhigm dOc 
fluor": gay dOc cho to bao than kinh; kim ham qud trinh oxy hod trong 
to bao; anh httang xau den chuyen hod calci, phosphor; canh tranh vdi 
iod lam tuyen giap dg bi bttou; gay Int hai rang va xttong (men rang 
thanh mau tham, c6 vet mon va ranh; xildng bi xc, mem va DS, tang 
nguy co gay =Ong hang). 

F c6 trong ngu6n rni6c tti nhien; trong mot so rau qua (ca chua, cai xodn, 
stip lo); trong ca bien, mt6c mam va die biet nhigu trong the den (TO 100 den 
1000 mg trong 1 kg che). 
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- Natri fluorid, NaF = 41,99, bet trong, tan trong ntthc. Dung be; sung F-
vac) ngugn nu& ngheo yeit to vi Wong nay, hoac them vao kern danh 
rang ngtia sau rang. 

- Natri monofluorometaphosphat, NaF.NaPO3 = Na2FPO3 = 143,95, bet 
trong, tan nhieu trong ntthc. Sit dung Wong tti nint NaF. 

- F con dtioc gdn vao cac g6c hi-1u co trong thu6c de tang tac dung sinh 
hoc. VI. du: 

+ Flucytosin, C4H4FN3O = 109,29 dung dieu tri cac benh nhiem nam 
nang d mau, doling tiet nieu, not tam mac, mang nao, phoi. 

+ Dexamethason, C22H29F05  = 392,47, bet trang, kh8ng tan trong rnthc. 
Dimg ch6ng viem (tac dung glucocorticoid), manh hcin prednisolon 7 
ldn va hydrocortison 30 'dn. 

1.4.2. Clor 

Co the nguei co khoang 90g clor; hang ngay can dude 138 sung 6 - 8g 
(chit yeu tit an vao 10 - 12g NaClingtthiingay). Cl-  la anion chit ygu cim 
dich ngoai t6 bao. Cung vdi Nat, no c6 vai tro to len duy tri n6ng de 
&dog truong d ngoai bao; tham gia dieu chinh de acid - base cila mau. 
Trong da day, C1 ke't hop \raj 11+ tao HC1 lam cho enzym pepsin tra nen 
hoat Ong de bulk ddu tieu hoa protid. 

- Natri clorid, NaC1 = 58,44, la loai thu6c cung cap chat then giai. Dung 
dich NaC1 0,9% c6 ap suat tham thau xap xi voi dich cd th6 (clang 
trilling), dung u6ng hoac tiem truygn tinh mach trong cac trUang hOp 
mat nuec (ia chay, sot cao, mat mau, sau phdu thuat, ra m6 hei qua 
nhieu); lam dung mei pha tiem truygn mot s6 thu6c kh6ng ailing ky; 
dUng Wei rita cac vet thtiong va xoang. 

Dung dich natri hypoclorid, chiia. 4,0 - 6,0% NaC10 (= 74,44) trong 
Intik. Dung diet khuan, virus, oxy hod cac chat hiau cd trong tay ug, tiet 
trUng. Dung dich NaC1O 0,025% di pH = 8 trong he dem phosphat va c6 
ap suat tham than gan voi ap suat tham thau caa huyet tilling, nen 
dude dung ngoai khi bi bang de khang vi khuan, virus ma me van dtioc 
tai tao. 

Calci hypoclorid Ca(C10)2, con goi bet tay trong hay clorua voi, la chat 
sat khuan re tien nhat; tao thanh khi cho kill C12  di qua voi am va lanh. 
Thanh phdn c6 the thay doi, chita them CaC12, Ca(OH)2. Dung lam chat 
tay ue nha cita, tiet trUng ntthc u6ng, dung ngoai chila cac vet tinking. 

Kali clorat, KC103 = 122,6, c6 tac dung sat khuan nhe. Dung dich 2 - 4% 
dung sue mieng, rifa vet finking, thut am dao. 
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,Cl 
C6H5—S02—N-, 	. 3H20 = 267,68, bQt tinh the trang Na 

- Cloramin B, 
hoac 

nga yang, thoang mui clor, tan trong nu c, sat fru/1g manh. Dung dich 0,5 -
2% dung riga vet thuong, tiet trung dung cu y te, tay lie cac 6 dich benh. 

c6h  ,r4<
S02—  ,
CH3 

N - Cloramin T, 	 CI 	3H20 = 281,7, bQt tinh the trang 
hoac nga 	 Na 

yang, thoang mai clor, de tan trong nu& nong, sat trung manh. Dung dich 0,5 
- 3% dung ngoai da, suc mieng, thut rUa trong phu khoa, ta'y u6 6 dich, tiet 
trill-1g nu& u6ng. 

- Amoni clorid, NH4C1 = 53,49, thu6c lam tang do acid cho cd the; kith 
thich loi tieu, lam toat mo hoi; long dim; tang hal tiet calci qua than. 
Dung dang xiro 2%, tieing theo thia. 

Ion Cl-  la chat mang duoc 	chon de chuyen tai vao co the cac cation 
kim loaf c6 tac dung lam thu6c nhu Zn', CO+, Al2+, Hg22+ ... Clor duoc 
gan vao khung hiiu cd caa nhieu thu6c, gop phan tao ra nhfing tinh 
chat 1ST, boa hoac tac dung sinh hoc rieng, nhii trong cac nhom thu6c 
ngil, an thin (cloral hydrat, diazepam); thu6c iic the than kinh, ha 
nhiet, ch6ng co that (clopromazin); thu6c tam than (haloperidol); khang 
sinh (cloramphenicol, clotetracyclin); thutic dieu tri sot ret (cloroquin); 
dieu tri nam (griseofulvin); thu6c sat trung (cloramin B, cloramin T); 
thu6c gay me trong phau thuat (cloroform)... 

1.4.3. Brom 

- Br chiia 1.6 vai.tr6 sinh hoc. V& nhung Wong xac dinh, ion Br-  c6 tac 
dung lam giam hoat &Ong than kinh trung bong, can tra hap thu Iod 
nen lam giam hoat ctong tuyen giap gitip co the tiet kiem nang luring 
trong chuyen hoa co ban. 

- Trong cluoc khoa thuOng clang cac mu6i: amoni bromid NH4Br = 97,96; 
kali bromid KBr = 119; natri bromid NaBr = 102,9 lam thu6c an thin, 
giam co that, giam dau cluoi dang dung dich u6ng. 

1.4.4. Iod 

I la mot vi chat c6 vai tr6 sinh hoc quan trong. Tang s6 I trong co the 
nguai khoang 20 - 25mg, tap trung chi yeu c3 tuyen giap (den 30%) va a 
co, da, xdcing. Nhu cau hang ngay cila cd th6'  khoang tif 0,1 - 0,2mg iod. 
Hormon thyroxin cila tuyen giap chlia toi 65% iod va rat can thiet cho 
su phat trien hai hoa cua cd the va nao bQ. Thie'u I lam tuyen giap 
khong san xuat dudc thyroxin, tuyen phan iing lai bang cach phting to 
ra tao nen buou c6. Cling voi buou c6 la tri tue cham phat trien, dan 
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dOn va cac chitng benh khac. Thtte vat va dOng vat bien (nint rong bien, 
ca) la. thitc an giau. iod. MuOi bep tho (NaC1) c6 chita them I tit int& 
bien, nhung van là khong du cho nhang dia phitong ma nguOn 
thuc, thue phdm hoac do cite dO an qua ngheo iod. Vi vay, can 136 sung 
nhan tao iod vao muoi bep cte chOng benh buou co ctia phitong. 

Iod nguyen to, I = 126,9, hoa tan nhieu hdn trong dung dich chita KI 
hay NaI do tao thanh ion polyiod (nhit ID. Dung dich nay c6 ap suat 
hoi iod rat thap nen lam giam ma.nh sit mat I2  do bay hoi. Cj cac n6rT dO 
khac nhau, tit 0,15 den 1% dung dich polyiod clitoc dung ufing de dtt 
phOng va dieu tri bUOu co, hoac dung ngoai de sat trAng va chfia mot so 
benh ngoai da. 

Dung dich 5% iod trong an 95° c6 them KI ding dlioc pha che, dung Wing 
theo giot de chfla buou c6 hoac de sat trang tren da. 

Kali iodid, KI = 166,00, thuOc dieu tri Wang giap; bao ve tuyen giap; 
dieu tri thieu but iod; diet' tri nam ngoai da; c6 tac dung long dam nhe. 
Dimg dudi dang uOng (dung dich, vier' nen, vien bao tan). 

Kali iodat, KI03 = 214,00, &toe trOn vac) muoi bep (NaC1) Ci mite ham,  
Wong iod dat 500mcg trong lOg mai, dung natio  an hang ngay de 
phong ngifa cac hau qua cila thieu iod. NOng va am anh inteing den 
It 	iod trong qua trinh bao gnarl. Vi vay, muoi iod can gift not 
mat, kilo va dung trong titi hoac binh c6 nap day kin de de phOng mat 
Iod do bay hoi. 
Povidon - iod (ten quOc te: povidone - iodine) có cling thitc: 

—CHCH2---  
rNO 

n 

chita 9 - 12% iod. Povidon la mot polymer tang hop 1-vinyl -2-pyrrolidinon c6 
ai luc dac biet vdi cac phan tit iod, lam giam stt bay hoi va kith itng cua  
iod, giai phong iod tit tit va tham sau khi sit dung. CS nhfing phan lieu 
khac nhau, povidon - iod &toe dang dudi dang con thuoc, khi dung phun 
xit, thu6c ma, dung dich sue mieng hoac dung ngoai da, gel boi, vien &At 
am dao... de khit khudn, sat khuan, diet virus, nam, dOng vat,  thin bao, 
ken va bao tit a cac vet thtiong, trong cac khoang 	cd the, tren dung 
cu y te". 

Iod gan vao nhftng khung him cd thich heip se-  to thanh nhfing hop 
chat hap thu. X quang nen &toe dung rong rai lam thu6c can quang 
dang tiem cle than doan benh cittOng tiet nieu, mat, nao that, khop, 
&thug tieu hod, dOng mach, he sinh due. Chang han nhu cac thug:Cc can 
quang iohexol, iodamin meglumin, diatrizoat, iopamidol... chita iod, rat 
thong dung. 

[Chit iod la nguyen to dOc. Chat giai dOe hoa hoc dac hieu del voi iod la 
tinh bOt va natri thiosulfat Na2S2O3]. 

. xI 
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1.4.5. Astatin 

At la nguyen t6phong xa nha.'n tao, kh6ng co ling dung trong DU6c hoc. 

2. NHOM VII B: Mn - Tc - Re 

2.1. Trang thai thien nhien 

Mangan la nguyen to kha ph6 bie-n trong thien nhien. Qu4ng mangan 
thing g4p la pyroluzit Mn02; haumanit Mn304  (= MnO.Mn203)-, 
braunit Mn203. 

Techneti la nguyen to duoctang hop nhan tao d'au tien. N6 la nguyen to 
ph6ng xa, chu ky ban hay 2,2x10 nam nen nay lacing techneti ban dAu 
da,  phan ra het, khong con tren Trai 

Rheni la nguyen to hiem, phan b6 phan tan, khong ton tai quang rieng 
biet. N6 thithng fan vao quang molypden va mot s6 qu4ng hiem khac. 

2.2. Nhfing cllac tinh nguyen tip va vat 1ST chit ygu 

Bang 19.5. NhOng dac tinh nguyen to va vat ly coa nguyen to nhenn VIIB 

Nhorn VII 
B 

Ten 
nguyen 

to 

Ban 
kink 

nguyen 
to (A°) 

Ban 
kink 
ion
(A°) 

Nang 
I 01 n g 

ion hod 
tha nhal 

(eV) 

Do" am 
— then 

(thang 
Pauling) 

Kh6i 
luvng 
Hong 

3 (g/cm) (°C) 
 

Nhiet 
d6 

nong 
chiy 

Nhiet 
d6 soi 
(°C) 

% trong 
v6 qui 

dal 

25 

Mn 
54,94 Mangan 1,29 

0,80 
7,43 1,6 7,21 1247 1962 0,085 

3d54s2  (+2) 

(+2, +3, 
+4, +6, +7) 	 

43 

Tc 
(97,91) Techneti 1,30 

0,56 
7,23 1,9 11,49 2140 3927 0 

4d55s2  (+7) 

(+2, +3, 
+4, +7)  

75 

Re 
0,81 

(+3) 
186,21 Rheni 1,31 7,79 1,9 20,99 3175 5760 10-' 

5c 56s2  0,69 

(+3, +4, (+5) +5, +6, +7) 
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2.3. Ddn chgt 

- Mn, Tc, Re la cac kim loai, clang khei mau trang, dang bet mau xam. 

Tinh kim loai giam nhanh tit Mn -> Re. Mangan c6 E() 	= -1,18V, 
Mn 2' / Mn 

nen bet Mn day duoc hydro kh6i rnioc va cac acid: 

Mn + 2H20 -> Mn(OH)21,  + H2 

Mn + 2H+ -> Mn' + H2 

Vdi cac acid oxy hod manh, Mn co cac phan 

Mn + 2H2SO4  (dac) -f MnSO4  + S02T 	21120 

3Mn + 8HNO3  (loang) -p 3Mn(NO3)2 	2NOT + 4H20 

Techneti va rheni c6 	> 0 nen khong giai phong H2 khoi acid, nliting 
tan trong acid oxy hod.. Vi du deci vesi Re c6 phan ling: 

• 3Re + 7HNO3  -> 3HReO4  + 7NOT + 2H20 

acid perhenic 

Mangan duoc dung de the tao cac thep dac biet v6i Cu, Ni, Al de lam 
cac may dap, nghign bi, &fang ray xe liia. Rheni lam hop kim v6i. W, 
Mo, de san xuat den dien., dung cu dien than khong, cap nhiet dien tit 
0 - 2500°C, xlic tac oxy hod NH3, .C114, hydro hod ethylen. 

2.4. Hdp chat 

- \Tel. 7 electron hod tri (n-1)d5ns2, cac nguyen t6VIIB c6 the c6 cac s6 oxy 
hod tit +2 den +7. Tuy nhien, chi c6 met s6 trang thai oxy hod ben, vi du 
del vdi Mn la. +2, +4 va +7. 

- Tinh acid - base clia oxyd hay ciia hydroxyd bien dei phu thuec vao s6 
oxy hod: tinh base giarn din, tinh acid tang dan then s6 oxy hod tang 
din cila nguyen to. Vi du dei vol. cac hop chat dia mangan: 

oxyd base va hydroxyd base: MnO, Mn203  / Mn(OH)2, Mn(OH)3 

oxyd luring tinh va hydroxyd Wang tinh: Mn02  / Mn(OH)4  hay H2MnO3  

oxyd acid va hydroxyd acid: Mn03, Mn207  / H2MnO4, HMnO4  

Mn(OH)2  la met base 1(61 tUa mau trang, tao thanh qua phan iing trao 
dei giCia dung dich mu6i Mn2+ va kiem: 

Mn2±  + 20H-  -> Mn(OH)24' 

Trong khong khi, Mn(OH)2  bi oxy hod tit to va chuygn thanh mau nau 
cua Mn (III) hydroxyd: 
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- 2H20 4Mn(OH)2  + 02  + 2H20 	4Mn(OH)3 4, 	4MnO(OH)24,  

- Cac mu6i Mn2+ bgn nhat trong s6 cac mu6i cua mangan, cho dung dich 
mau hang, va khac voi Cr2+, Fe2+, ion Mn2+ khong bi oxy hod trong 
khong khi vi c6 c6.0 hinh niia bao hoa d5  bgn yang (c6u hinh d4  cua Cr2+ 
va d6  c6a. Fe2+ deu de mat 1 electron de tra vg d3  va d5  bgn hdn trong 
tritang tinh the bat dien spin cao). 

Cac mu6i Mn2+ thttang dung la MnSO4.4H20; MnC12.4H20; 
Mn(NO3)2.6H20, chung c6 mau hang nhat, de tan trong ntroc. 

Da bigt cdc phfic cua Mn2+ flint [Mn(CN)6]4-, [MnF6]4-, [Mn(NH3)6]2+, 
[MnC14] . 

- Cac mu6i Mn3+ khong bgn.; chi bgn khi c3 clang muo'i kep Cs2S0.,. 
Mn2(SO4)3.24H20 c6 tinh the mau d6 tharn. 

- Khon.g ton tai muoi Mn4+, vi the Mn02  c6 tinh oxy hod manh va cho 
mu6i Mn2+: 

MnO, (r) + 4HC1 (aq) --> MnC12  (aq) + C12  (k) + 2H20 

- 0 trang thai oxy hod +6, +7, mangan tao 2 oxoacid: acid manganic 
H2Mn04  mau xanh, cho mu6i manganat, vi du K2Mn04  mau xanh Nth 
acid permanganic HMn04  mau tim, cho mu6i permanganat, vi du 
KMn04  mau tim. 

Ion Mn04  2-  chi bgn trong dung dich kigm manh, dac; neu ngi16c lai no se 
bi phan huY theo phan 

3 MnO42-  + 2H20 	2Mn04 + Mn024,  + 40H - 
(xanh) 	 (tim) 

Nhu vay, 6 mei truang acid, can bang chuyen manh sang phai, Mn04' 
cang de chuyen thanh Mn04. 

HMn04  la acid manh, ton tai trong dung dich khong qua 20%. Muoi cua  
no dtfoc dung Ong rai la kali permanganat KMn04  c6 mau tim, clang tinh the, 
dg tan trong ntic3c. Khi d6t no/1g, tinh the KMn04  phan 114 theo phan ling: 

> 200( 2KMn0 	 C  4  (r) 	o K2Mn04  (r) + MnO2  (r) + 	(k) 

nen dlicic dung de digu chg higng nh6 oxy trong phOng thi nghiem. 

Ion MnO,,-  c6 tinh oxy hod manh va phu thu6c vao moi trvang phan 

+ Trong mei trtiang acid manh, ton tai cap: 

Mn04-  + 8H30+  + 5e 	Mn 2+  + 12H20 	E°  = 1,51 V 
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Vi vay, sari pha'm cua sit khit Mn04 ha'u nhit khong mau. Vi du xay ra 
phan itng sau trong dung dich acid: 

2Mn04-  + 5S032-  + 6H30+ 	2Mn2± + 5S042-  + 9H20 

Hoac viet &ICA dang cac phan tit chat thong dung: 

2KMn04  + 5Na2S03 + 3H2SO4  --> 2MnSO4  + 5Na2SO4  + K2SO4  + 31-190 

(tim) 	 (khong mau) 

+ Trong moi truing trung tinh, acid nhe hay kigm nhe, ton tai cap: 

Mn04 + 2H20 	Mn02  (r) + 40H- 	E°  = 1,23 V 

Theo do, san pham cua sit khil Mn04-  la tua Mn02  mau nau. Vi du: 

2Mn04 + 3S032-  + H2O —> 2Mn02  (r) + 3S042-  + 20H-

Hoac phan ling ditoi dang phan tit: 

2KMnO4  + 3Na2S03  + H2O —> 2Mn02  (r) + 3Na2SO4  + 2KOH 

(tim) 	 (tila nau) 

+ Trong moi truang kigm manh, ton tai cap: 

Mn04 + e 	Mn042-  E °  = 0,56 V 

Theo do, san. pham cua sit khit Mn04 la Mn042-  matt xanh. VI du: 

2Mn04 + S032-  + 2011-  —> 2Mn04' + S042-  + 

Hoac phan tang dtioi dang phan tit 

2KMn04  + Na2S03  + 2KOH 	2K2Mn04  + Na2SO 4  + H2O 

(tim) 	 (xanh) 

- Rheni có cac hop chat Wong -tang la acid perhenic HRe04  va mutii caa no 
la perhenat Re04-, vi du kali perhenat KRe04. Tuy nhien, cac hop chat 
do bgn hdn nhigu so vdi HMn04  va KMn04. 

Thong tit, anhydrid perhenic Re20, la chat ran mau yang, rat bgn vdi 
nhiet, tac dung vdi nitoc cho HRe04. COn anhydrid permangania Mn207  la chat 
lOng, phan huY' cham d 55°C, nod 90°C, a dang tac dung vdi nitric cho HMn04. 

2.5. Vai tro va ang dung trong Y - Dligc. D'Oc tinh 

2.5.1. Mangan 

- Mn la nguyen to vi Wong thiet ygu, có vai trO sinh hoc quan trong. Cd 
the nguai truang thanh chiia 10 - 20mg mangan, có trong moi t6 bao, 
tap trung cao a xiidng, gan, than. 

H2O 
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Mn hoat hod nhigu enzym tham gia tong hop protein, hemoglobin, 
prothrombin, insulin; tham gia diet' hoa chile nang sinh duc; lam tang hoat 
tinh nhigu vitamin; tao ure tit amoniac. Dac biet, cling voi Cu, Zn, mangan 
nam 6 trung tam hoat dOng cua enzym superoxiddismustase (SOD) co trong ty 

the moi to ban de loai b6 g6c tit do 0 ; d6c hai. Gdn day da phat hien Mn (II) 
tham gia duy tri eau true chinh xac cila. RNA va DNA. 

H6i chfing thieu but mangan thuc nghiem tren dting vat quan sat ddoc 
bao g6m: giam sinh trUang va sinh san; loan duang sun va xlidng; mat digu 
hoa co (run kieu Parkinson). 

nguai, sU thieu but Mn it xay ra, bai vi Mn la nguyen to 016 bien trong 
thien nhien, c6 du trong ltiong thiic, that pham. Nhu cdu Mn cua co thg lai rat 
it, chi khoang 2 - 3mg/ngay/ngthi trding thanh. TrtiOng hop co the qua chi 
thita Mn, c6 the xay rad nhung ding nhan nganh luyen kim mau hoac khai 
mO, clan den nhiem d6c voi cac trieu 	r6i loan than kinh d(ing vat; ton 
hai than, he tim mach, &tang ho hap, tinh hoan; r6i loan kinh nguy4, rung 
triIng hoac lam che't thai nhi. 

- Cac muoi mangan clorid, mangan sulfat, mangan gluconat thuang &foe 
dua vao cac the pham duoc de b6 sung khoang chat trong vien b6 tong 
hop du phong. 

- Kali permanganat, KMnO4 = 158,04, tinh the mau tim, anh kim loai, 
de tan trong nu6c. Dung lam thu6c sat trung, de rim vet thucing, vet 
loet; riga da day khi ng6 d6c cyanid, morphin; sat trung rufeic. Dang 
thu6c sit dung la cac dung dich 0,1 - 0,5 - 1 - 2 - 5%. 

2.5.2. Techneti 

"Tc &Ric dung trong nhigu chan doan blenh cua kST thuat phong xa. 

2.5.3. Rheni 

Khong c6 ling dung trong Y - Dtidc hoc. 
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Childng 20 

NGUYEN TO NHOM VIII 

MVC TIED 

1. Viet cac phdn ling tao phi& va gidi thich tinh' chdt cac phi& act Fe, Co, Ni, Pt 
va Pd. 

2. Ke' ra vai tro sinh hoc cua Fe, Co trong cd th‘ vet mot so hdp chdt quan trong act 
nguyen to nhom VIII du'o'c sit' dung trong Y - Dude. 

1. NHOM VIII A (CAC KHI HIEM): He - Ne - Ar - Kr - Xe - Rn 

Day là nhom nguyen to chink cuOi clung gom cac nguyen tit "hie'rn" glap 
tren Trai dat va rat "hie'rn" khi tildng tac vai cac nguyen tit khac. 

1.1. Trang thai thien nhien. Che-  tao va itng dung cilia ddn chgt 

Bang 20.1. Nguon thiOn nhien, che tao va Ong dung coa cac khi hi6m 

Nguyen t6 
Ngu6n thien nhien 

chU ye-u 

Cho- tao 

nguyen to 
ling dung ctla ddn chgt 

Heli 

Neon  

Argon 

Kr ypton  

Xenon 

Radon 

- 0,4% khoi lu'ong dia 
khi 	thien . 	nhien 	(s6n 
pham dm phan huY 
phong xa a). 
[Nguyen 	to 	ph6 	!Dien 
thin' 2 trong vu try, sau 
hydro; 	la 	.san 	.pha2m 

dm 	phan 	iing 	nhiet 
hach chuy'en H —> He]. 

KhOng khi. 

Chu'ng 	cat 	khi 
thien 	nhien 	da 
hoa long. 

Chung cat phan 
doan 	kh6ng 	khi 
[Ong. 

Chat lam lanh trong slat.' d6n, trong vat 
ly nhiet d6 thap; ch6 tao nhiet ke do 
nhiet d6 1 - 80K hoac < 1K; tao mOi 
twang trd ch6ng chay; thay the N2 trong 
h6n hop th6 Ian sal; lam pha Ong 
trong sac ky khi; lam khi nhe cho bong 
tham khong, khi cau. 

Nap vao bong den Ong thap sang.  

Tao rn6i taking trd cho han ho quang, 
luyen kim, bong den dot nong. 

, 
Nap vao bong den dOt nong.  
Lam den chi& manh (phong dien qua 
khi xenon).  
Ngutin phong xa trong di6u tri mot so 
benh ung thu. 
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Cac khi hie'm chie'm 1% th4 tich khi quyL, chu yeu la argon. 

1.2. NhiTng (lac tinh nguyen tii va vat 17 cua cac khi higm 

Nhang ctlac tinh nguyen tip va vat 1Y am cac kh.i hi6m trinh bay trong 
bang 20.2. 

Bang 20.2. NhCing ciac tinh nguyen va vat Iy caa nhOm VIIIA: cac khi hie-tn 

N horn 
VIII A 

Ten 
nguyen 

to 

Ban 
kinh 

nguyen 
to (A°) 

Ban 
kinh 
ion 
(A°) 

Nang 
lacing 

ion hoa 
th(r 

nha't 
(eV) 

D6 am 
dien 

(thang 
Pauling) 

Kh6i 
lUong 

.. 	• 
rieng (g/L) 

Nhiet 
do  

nOng 
chay 
(°C) 

Nhiet 
dO soi 
(°C) 

% trong 
the tich 

khi 
quyen 

2 

He 
4,003 Heli 0,50 - 24,6 - 0,178 -272,4 -268,9 5.10-4  

1s2  
(0)  

10 

Ne 
20,18 Neon 0,71 - 21,6 - 0,900 -249 -246 15.10-4  

2s22p6  
(0)  

18 

Ar 
39,95 Argon 0,98 - 15,8 1,78 -189 -186 0,94 

3s23p6  

(0)  

36 

Kr 
83,80 Krypton 1,09 - 14,0 3,0 3,75 -157 -153 11.10-5  

4s24p6  

(+2)  

54 
Xe 

131,29 
Xenon 1,30 - 11,7 2,6 5,90 -112 -108 9.10-s  5s25p6 

(+8, +6, 
+4, +2)  

86 

Rn 
222,02 Radon 1,40 - 10,4 9,73 -71 -62 6.10-20  

6s26p6  

(+2) 
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1.3. Lien quan gifia cau tao va tinh chk 

- Nam 6 tan cling ben phai dm Bang tuan hoan, cac khi hiem c6 cau hinh 
electron ns2np6, rieng He la 1s2. Do tat ca electron da &toe ghep doi, nen 
tinh tro cita cac nguyen to nay duoc phan anh trong cac tinh chat dm 
cling. Theo do, chting con c6 ten là cac "khi tro". 

Khi hiem la nhfing chat don nguyen 	mau, kh6ng min 6 di'6u 
kien thtiong. 

- Tinh chat caa cac khi hiem Eden thien dgu dan, c6 the chl doan ducic 
theo quy luat chung: 

+ Nam cu6i cling d moi chu kY, khi hiem co kich thuoc nhO nhat trong 
chu ky cua no. 

+ Cac khi hiem c6 nhiet d6 nong chay va nhiet d6 soi rat thap, va tang 
clan tii tren xu6ng &ICA trong nhom do kich tint& va kh6i Wong 
nguyen ti tang da lam tang luc khuech tan. Thuc ra, He la chat duy 
nhat khong hoa ran neu chi bang cach ha nhiet do ma khong kern theo 
tang ap su'at. 

+ Do cau hinh "tro" ciia lop v6 electron, cac nguyen tit khi hiem dac 
trung bang nang Wong ion hod cuc dai, va giam clan khi kich tint& 
nguyen tif tang. Chung c6 di luc am vdi electron va hoat tinh boa hoc 
rat yeu. 

- Tuy nhien, trong nhfing digu kien phan Ting dac biet, ngtidi ta da digu 
the duoc mot s6 hop chat cua Xe, Kr. VI du: XePtF6, XeF2, XeF4, XeF6, 
Xe0., va acid perxenic H4Xe06. D6i voi Kr cling c6 vai hOp chat Wong ttl. 

Nhti \Tay, nhom VIIIA, mot ho nguyen to có hoat tinh thap nhat (tro, c6 8 
electron 16p ngoai), ding gifia 2 ho hoat d6ng manh nhht:  halogen, nhfing 
nguyen to can nhan them 1 electron de lam day lop v6 ngoai bang 8 va kim 
loai kigm, nhfing nguyen to can mat 1 electron c/4 cling c6 lop vO nhti vay. Den 
nhom VIIIA, su hieu biet cita cluing ta ve cau tao, lien ket va milt d6 hoat 
Ong cila cac nguyen to da hohn thanh mot \Tong day &U. Tinh da clang va 
thong nhat cila tu nhien ditoc xac nhan that 1.6 rang. 

1.4. Vai tro va ling dung trong Y - Dtige. Doc tinh 

He la 1 trong 5 chat khi (N2, 02, He, CO2  va N20) chinh thiic duoc sii  
dung trong y hoc de dieu the kitting khi nhan tao. Tuy theo muc dich sii  
dung ma s6 chat khi va tY 	chting duoc tr6n voi nhau. Khong 
khi He, g6m 20% Oxy va 80% heli theo the tich, nhe hon khong khi 
thuOng, nen dung cho moi truang hop kilo thO. D6 hoa tan dia. He trong 
mau nh6 hdn nhigu so vOi nitrogen, nen kitting khi He dac biet &foe 
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dung cho the lan sau chiu alp sua't cao cUa nude. Thd lan the khOng khi 
He khi len mat nitric ap suat giAm se khong tao bot khi trong mau nhii 
trang hdp th6 kh6ng khi thang chlia nitrogen (su tao bot khi trong 
mau se rat nguy hiem vi lamtac mach). 

Ar Wong d6i nhieu, vi la san pham phu cua chung cat phan doan khong 
khi long khi san xuat oxy va nitrogen. N6 ditoc dung lam moi truang trd 
trong qua trinh cong nghiep the tao hoac bao quail mot s6diloc pham. 

Kr va Xe cling duroc nghien cite kha nang ling dung gay te, nhung rat 
han the vi sit khan hiem cua chting trong thien nhien. 

ditOc dung trong nghien citu than doan bang dual-1g thu6c xong 
cling nhu tiem tinh mach. 

Rn ph6ng xa a dung thay the radi trong dieu tri mot s6 loaf ung thu. 
Cac 6ng han kin chiia Rn duoc nhung chim trong mo can die'u tri. 

Radon phOng xa can la meci quan tam do/i vdi siic khoe cong d6ng, bdi vi 
no difoc tim thay tit nhien d cac tang ham cila mot s6 ngoi nha, dau hieu cho 
thay ski ton tai tiem an cua ngu6n Phong xa d6c 

2. NHOM VIIIB: Fe - Co - 	- Rh - Pd / Os - Ir - Pt 

NhOm nay g6m 9 nguyen to chiem 3 cot doc, va nam tren 3 hang ngang 
cUa chu kY 4, 5, 6 trong Bang tuan hoan. Hang ngang dau tien la Fe - Co - Ni 
c6 nhieu tinh chat gi6ng nhau hdn, goi la ho sit. 6 nguyen to con lai la ho 
olatin. 

2.1. Trang thai thien nhien. Chg tao va ling dung cUa ddn chgt 

(Bang 20.3 cho ho sat Va not dung ngoai bang cho ho platin). 

Sat la kim loai ph6 'Dien nhat trong vi3) qua dat sau nhom (xem 1.1, 
chuong 16). Co, Ni it ph6 'Dien hon. 6 kim loaf ho platin trong thien nhien rat 
hiem va phan tan. 

— 6 kim loai ho platin hair nhu chi ton tai tii do (don chat) trong thien 
nhien va thang di kern v6i nhau. 

Ngu6n nguyen lieu de khai that cac kim loai nay la platin thien nhien. 
(chlia — 80% Pt, — 10% kim loaf ho Pt va — 10% Fe, Au, Cu, Ni) va ban dien 
phan thu duoc trong san xu'al Cu Ira Ni. Qua trinh tach rieng cac kim loaf ho 
platin rat plific tap, nen gia thanh dat. Co nhieu phuong phap tach, nhung 
deu bat dau tit viec hoa tan h6n hop kim loai va.o Wang thug: Pt, Pd d6 tan, 
tao thanh cac phitc H2[PtCl6], H2[PdC14]; Ir, Rh chi tan mot phan; con Os, Ru 
khong tan. Phai thiic hien nhieu cong doan de chuyen cac kim loai thanh 
nhung muoi phlic d'a".c biet r6i tinh the bang cach nung trong khi quyen H. 

403 



Bang 20.3. NguOn thiOn nhien, the tao va Ong dung coa nguyOn to VIIIB, ho sat 

Nguyen to 
Ngu6nh

u  
tnienunhien 

cye 
Ch6tao nguyen to ling dung dia don chgt 

sgt 

Cobalt 

Nickel 

Hematit (Fe203)

Magnetit (Fe304) 

Siderit (FeCO3) 

Pyrit (FeS2) 

Pyrrhotit (FeS) 

Smaltit 	(CoAs2); 	rat 

nhieu 	quang 	sulfid 

cung vol Ni, Cu, Pb. 

Pentlandit [(Ni,Fe)9S8] 

Dung H, CO khit FeO; 
ph5n hu9 nhiet Fe(C0)5 ; 
dien 	ph5n 	dung 	Bich 
mu6i Fee'. 

Nudng 	quang 	vdi 	02 , 

sau 	hoa 	tan 	trong 

H2SO4, ket tua Co(OH)3 

vdi C10-, dot ming tao 

Co0 r6i khO' bang C. 

Nudng quang vdi 02  VA 

NiO, 	khit bang 	C, 	tao 

phut vdi CO va phan 

hu9: 
--"-- 

Lam hop kim \tali Carbon va cac 
nguyen 	to 	khac 	trong 	nganh 
luyen kim den (gang lb hop kim 
Fe-C chi:1'a > 2% C; thep chilfa < 
20/ 

 ,0 C; thep dac biet chita them 
Al, 	Cr, Co, 	Mo, 	Ni, 	Mn, Ti, W, 
V...) 

Che tao thug tinh mau va sit mau 

xanh cobalt; thu6c nhu6m mau 

cho son va mkic; xtic tac cho cac 

phan Cing hal co; hop kim vdi Cr

khoan, dung cu va W lam mui 

cat .:. got, phAu thuat; the"hop

'

kim 
, 

to firth, hop kim sieu cang; 	Co 

phong xa y dung trong y hoc di6u 

tri khoi u va trong k9 thu5t phat 

hien vet r6 cua kim loai. 

Che thep nickel lam cac thiet bi 

guar' stf; thep khong gi; hop kim 

to  tinh; hop kim vdi Ag lam dung 

cu an uong; Idp lot cho ma Cr; 

XOC 	tac 	cho 	cac 	qua 	trinh 

hydrogen hoa. Ni(CO)4  (k) 

Ni (r) + 4C0 (k) 

Cac kim loci ho platin dtioc dung lam )(tic tac trong hod hoc do cluing c6 
kha nang hoa tan mat ltiong kin hydro. Chang han Pt, Pd va Os xtic tac cho 
phan ung tang hop NH 3, Ru cho tang hop hydrocarbon. Pt con clang lam dien 
eve hydro. 

Do rat ben vOi cac tac dung hoa hoc, cac kim loai ho platin clang nguyen 
khai doe clang da the tao mot so thiat bi va dung cu thi nghiem: binh phan 

then nung, nhiau la() phan ciia may hod chat lam bang bath kim (Pt); 
nhiet ka dien tra, cap nhiet dien bang Pt - Rh, Pt - Ir, Pt - Pd, Pt - Os. 

Do rat ben va cling, Rh va Ir &foe dung the tao cac bo phan It mon, nhu 
dau ngai but; Pt va Ir lam tint& mau. 

Do phan xa tat anh sang, Rh &roc dung de trang 
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2.2. Nhiing dac tinh nguyen tip va vat 1ST 

Bang 20.4. NhOng dOc tinh nguy6n va vat 15/ caa nguy6n to V1118* 

Nguyen to VIIIB 

26 
Fe 

55,85 
3d64s2  

(+2, +3) 

S6t (ferrum/iron) 

27 
Co 

58,93 
3d74s2  

(+2, +3) 

Cobalt 

28 
Ni 

58,69 
3d84s2  

(+2, +3) 

Nickel 
44 45 46 

Ru Rh Pd 
101,07 102,91 106,42 

4d'5s' 4d85s1  4d105s°  
Dac tinh 

(+4, +8) (+3, +4, +6) (+2, +3, +4) 
Rutheni Rhodi Paladi 
76 77 78 

Os Ir 	• Pt 
190,23 192,22 195,08 

5d66s2  5d76s2  5d96s1  
(+6, +8) (+3) (+2, +4) 

Osmi Iridi Bach kim (platin) 
1,24  1,25 1,24  

Ban kinh nguyen (if (A°) 1,35 1,35 	 1,38 
1,34 1,36 1,36 
0,75 (+2) 0,79 (+2) 0,83 (+2)  

Ban kinh ion (A°) 

7,61 7,60 7,37 
Nang lu'ong ion hoa this nhat (eV) 7,11 7,20 	 8,04  

8,39 8,78 8,60 
1,85  1,88  1,91  

D6 am dien (thang Pauling) 

7,86 8,83  8,90  
Khoi lu'ong rieng (g/cm3) 12,8 12,43 12,05 

22,75 22,70 	- 21,45 
1539 1495 1453 

Nhiet d6 nOng chay (°C) 2400  1965  1552 
2710 2452 1769 
2750 2870 2732 

Nhiet d6 s6i (°C) 4560 4080 3560 
5500 5300 4050 
1,5 10-3  3.10-3  

°A nguyen tit Van vO qu5 d6t 9.10-7  2.10-7  2.10-7  
5.10-7  9.10-9  10-6  
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* Cl moi muc dac tinh, cac dit li8u dttoc ghi tren 3 hang ngang nh6 tticing 
ang ved cac nguyen to d 3 hang ngang lon cua muc Nguyen to VIIIB. Miit se; o 
d8 trong la do chtfa tim thay tai li8u tham khao tin cay. 

2.3. Tinh chgt cac kim loai ho sal t 

Cau hinh electron chung: 3d6'7'84s2, trong d6 d6  cho Fe, d7  cho Co va d8  
cho Ni. Nhtt vay, cac nguyen tit dia cac nguyen t6nhom nay c6 2 phan 
lop electron hod tri 3d va 4s. 

S6 oxy hod dac truing thtiOng gap dia ho nay la +2 yd. +3. Tuy nhi8n, 
theo chi8u Fe - Co - Ni, trang thai oxy hoa +2 tang dan sit on dinh, con 
trang thai +3 kern b8n dan. O ho sat khong teal tai trang thai oxy hod 
citc dai (+8) bang s6 this tit dia nh6m: s6 oxy hod 16n nhat chioc phat 
hi8n d6i v6i Fe la +6, dol. voi Co la +5 va d6i voi Ni la +4. 

2.3.1. Ddn chat 

- Fe - Co - Ni de'u c6 cac deing vi b8n va d6ng vi phong xa. S6 delng vi b8n 
dia Fe la 4, dia. Co la 1 va dia Ni la 5. D6ng vi phong xa. 6°Co c6 rat 
nhi8u ling dung. 
Fe - Co - Ni c6 tinh chat tit: chting bi nam cham but va dtioi tac dung 
cua dOng dien chting tr6 thanh nam cham. 

Cac kim loai ho sat tao nen rat nhi8u hop kim c6 vai trO quan trong 
trong dai song, khoa hoc va cong ngh8 (bang 20.3). 

Fe - Co - Ni la nhang kim loai c6 boat tinh hod hoc trung binh va giam 
nhanh theo chi8u Fe - Co - Ni. a dang khoi va tinh khigt dat trong 
khong khi kho va nhie't d6 thttang, Fe - Co - Ni b8n vting, khong tac 
dung ngay ca vdi cac phi kim oxy hod manh nhii 02, C12, Bre, S do lop 
bao v8. Ngtfoc lai, khi ran tap chat, laid nhi8t d6 cao va trong khong khi 
dm, cac kim loai Fe.  - Co - Ni tra nen hoat d6ng; cac phan itng xay ra 
manh li8t neu kim loai laid dang chia nh6 (b6t). Nguyen nhan la do 
hien ttiong an mon di8n hod, do 138 mat tiefp xtic 16n, do sit sai lOch mang 
ltf6i tinh th8 cua kim loai, va cang do h8 s6 nhi8t d6 dia van t6c phan 
itng (y) tang. 

500°C, Fe bi oxy hod thanh Fe304  = FeO.Fe203, va d nhi.et do cao hon 
thanh Fe2O3; con Co va Ni tao thanh CoO va NiO. 

Sat trong khong kill. 'dm tao thanh gi sat co thanh phan Fe203.xH20 hoac 
Fe304.xH,0 do sit an mon di8n hoa. 

- Fe - Co - Ni c6 the diOn citc chudn E r̀:12+11,4  < 0. Tuy nhien, d nhi8t d6 

thtiOng chting khong phan itng voi ntfOc. Voi. H2SO4  loang va HC1, Fe 
phan ling a dang: 
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Fe + 2}1+ --> Fe' + H2  

con Co yd. Ni phan tang xay ra rat cham. 

Trong HNO3  loang, ca 3 kim loai ho sAt deu bi hoa tan, tao ra cac muoi 
nitrat cUa. Fe', Co', Ni'. Trong HNO3  dlac yd. nguai, Fe - Co - Ni bi thu Ong; 
rieng Fe cang thu dang sau khi tie'p xtic voi H2SO4  d4c. Vi \Tay, trong thuc te-
nguai ta chuyen chei nlifing acid d'ac do trong nhfing binh bang thep. 

2.3.2. Oxyd 

Sat tao thanh sat (II) oxyd (FeO) mau den, sat (III) oxyd (Fe203) mau  
nau do, oxyd sAt tii (Fe304  = FeO.Fe203) mau den va salt trioxyd (Fe03) khong 
b6n. Quan trong la Fe304  va Fe203  vi chting ton tai trong thien nhien va la 
qu4ng chu ye-u ciia. sat. Fe203  tan duoc trong cac acid tao mu6i Fe', nhung sau 
khi da duac nung a nhiet do cao thi no khong tan trong acid nua, tudng tai  
A1203, Cr203• 

Thing tti nhu cac oxyd cua sat, deci voi cobalt va nickel n.guai ta da bie't 
va sii dung cac oxyd: CoO, Co203, Co304  va NiO, N1203, Ni304. 

2.3.3. Hydroxyd 

- Cdc hydroxyd M(OH)2  khong tan trong nude, duac dieu the bang phan 
ling trao de;)i. gii a mu6i M2+ va kiem trong dung dich: 

(aq) + 20H-  (aq) --> M(OH)2  (r) 

Cac hydroxyd M(OH)3  cang la nhiing ke't ttta, &lac dieu ch6 qua phan 
fing trao d6i hoc oxy hod M(OH)2  M(OH)3. 

Sat (II) hydroxyd Fe(OH)2  mau trAng, do hap thu manh oxy khong khi  
nen chuye'n thanh mau xanh reu cua Fe(OH)2.Fe(OH)3, cal cling thanh 
mau nau d6 cua Fe(OH)3: 

4Fe(OH)2,1,  + 02  + 2H20 	4Fe(OH)3.1,  

Cobalt (II) hydroxyd Co(OH)2  có mau xanh khi mai tao thanh, de lau 
chuyen thanh mau hang, bi oxy hoa dan trong khong khi thanh Co(OH)3  
mau nau. 

Tim Ni(OH)2  mau xanh, b6n, khong bi oxy hod trong khong khi; chi 
nhiing tac nhan oxy hoa manh mai oxy hoa dtiuc no thanh Ni(OH)3  mau den. 
Vi du: 

2Ni(OH)2,1,  + Br2  + 2NaOH 	2Ni(OH)3.1, + 2NaBr 
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Tinh oxy hoa cua M(OH)3  tang dan theo day: Fe(OH)3  - Co(OH)3  -

Ni(OH)3. dieu nay difoc minh hoa qua tac dung dm eh-Ling vdi cac acid: 

Fe(OH)3  + 3HC1 —f FeC13  + 3H20 

2Co(OH)3  + 6HC1 —> 2CoC12  + 	C12 	+ 	6H20 

2Ni(OH)3  + 6HC1 ---> 2NiC12  + 	C12 	+ 	6H20 

4Co(OH)3  + 8HNO3  ---> 4Co(NO3)2  + 	02  + 	10H20 

4Ni(OH)3  + 4H2SO4  —> 4NiSO4  + 02  + 10H20 

Hai phan ling sau cling cho thay, Co3+ va Ni3+ oxy hod ngay ca 02-  cila 
/ludic; con Fe' chi tac dung vdi chat khi manh, vi du: 

2Fe(OH)3  + 2H1 —> 2Fe(OH)2  + 12  + 2H20 

2.3.4. Muoi 

- Fe', Co', Ni' tao mai vdi hau het cac anion ben. Mu6i ciia acid manh 
de tan trong ntfoc, nInt FeSO4.7H20, Fe(C104)2.6H20 mau xanh 
nhat/CoC12.6H20, Co(NO3)2.6H20 mau hang/NiSO4.7H20, Ni(NO3)2. 
6H20 mau luc. Mu6i cila acid yeu thuang kilo tan, nhu FeS, 
FeHP0,i/CoF2, CoCO3/ NiS, NiCO3. 

Mu6i kep (NH4)2SO4.FeSO4.6H20 có ten la mu6i Mohr, mau luc, c1.6 ket 
tinh, khang but am va Fe' ben vdi oxy khi troi, kho bi oxy hod thanh Fe3+  hcin 
mu6i don gian FeSO4.7H20. 

Mau caa cac muovi ngam nudc gi6ng nhU mau cila ion kim loaf trong 
nudic, chang han tinh the CoC12.6H20 va dung dich Co' (aq) deu có mau hang, 
nhung mau cua mu6i khan có the thay da4, vi du khi tang nhiet do de loci dan 
nude ket tinh thi: 

CoC1,.6H,0 	CoC12.4H20 	CoC12.2H20 90°C CoC12.H20 	CoC12  
Hong 	Hong 	Xanh tim 	Xanh 	Xanh 

V4n dung tinh chat nay ngtfai to them cobalt clorid vao chat but am 
silicagel (xem muc 1.5.2, clnicing 16) lam chat chi thi do 6m. Khi silicagel kho  
(con kha:nang but am) thi no có mau xanh (cUa CoC12  khan), con khi toan ba 
silicagel có mau hang (cila CoC12.6H20) thi nghia la no, da but nuoc bao hoa, 
can phai.dtioc say kilo den mau xanh de tai sii dung. 

- Fe3+ cling tao muoi vdi nhieu anion khang có tinh khii hoac tinh khi 
yeu, Chung thuang ngam int& va có mau yang nau. Vi du, 
Fe(NO3)3.6H20/Fe2(SO4)3•18H20/ 
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FeC13.6H20/phen sat (NH4)2SO4.Fe2(SO4)3.24H20. 

Nlut da bigt, Co' va Ni' c6 tinh oxy hod manh nen cluing khong c6 cac 
mu6i don gian cta'c trang. Chi c6 vai mu6i, nInt CoF3, Co2(SO4)3... ton tai d dang 
tinh thg, khi gap nitric cluing bi khit v6 Co' va giai phong Oxy. 

2.3.5. Phetc chat 

Fe - Co - Ni d cac trang thai oxy hod +2, +3, kg ca o, tao ra nhigu pluic 
chat quan trong. 

Nhigu mu6i don gian kg tren thiic ra c6 cau tao plific chat. Chang han, 
FeSO4.7H20 la plific [Fe(H20)6][SO4.H20] hoac CoC12.6H20 la phitc  
[Co(H20)6] C12. 

- Ion Fe', Fe' c6 eau hinh d6, d5  thuOng tao phfic bat dien. Trong truang 
cac ph6i tit ygu (nang Wong tach A nh6), cac ion nay tao pluic spin cao, 
thuan tit. VI du, trong dung dich nitric, Fe' va Fe' tao cac phiic bat 
dien [Fe(H20)6]2+ va [Fe(1120)6]' c6 eau hinh electron: 

-t- 	e2 

it- -1--  ± 
	

-t- 
t 242  

[Fe(H20)6]2+  

Phifc spin cao, thuan to / 
mau luc nhat 

[Fe(H20)6]3+  

Phitc spin cao, thuan tit / 
mau yang nau 

So do cau tao tren day ciing cho thay, ion Fe' trong node c6 tinh khit kha 
manh, vi khi mat di 1 electron se chuygn thanh cau hinh t'2'g  eg2  cua plaffc 
[Fe(H20)6]3+ la cau tao bgn (Wong tit trang thai d5  c6 tang spin cuc dai 
nguyen 	Tinh chat nay dtfoc van dung trong phan iing dinh Wong Fe' 
bang permanganat: 

5[Fe(H20)6]2+ + Mn04-  + 8H+ —p 5[Fe(H20)6]3+ + Mn' + 4H20 

Tuy nhien, Fe' cling thuan loi khi nhan vao 1 electron vi electron nay se 
duoc phan ph6i vao mac nang Wong th'ap t2g. Digu nay phi]. hop voi thuc to la 
cac mu6i. Fe' trong dung dich nitric the hien tinh oxy hoa kha de vdi cac chat 

S', 	S203': 

2Fe' + 21- 	2Fe' + 12 

2Fe' + H,S —> 2Fe' + S + 2H+ 

2Fe' + Sn2+ --> 2Fe' + Sn4+ 

2Fe' + 2S2032- 	2Fe' + S4062-  

e  g  
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Trai lai, trong truOng ph6i tit manh, cdc ion Fe', Fe' tao phlic bdt dien 
spin thap, c6 thg nghich tit hoac thuan tit. Dien hinh la cdc phitc \Tad ph6i tit  
cyanid CN -. Chung c6 so do cau hinh electron flint sau: 

0 eg  

t 6  2g 

[Fe(CN)6]4  

Phut spin thgp, nghich tir 

e 

t  2 g 

[Fe4(CN)6]3  

PhCrc spin thgp, thugn tit 

Nhu vay, theo so do tren, va tlykic t6 cung OA hop la, cdc ion ph-C.1c 
[Fe(CN)61-47..va [Fe(CN)6]3-  ddc biet bgn (hang s6bgn Kb – 10" va 1037) vi tat ca 
the electron d ci6U duoc phan ph6i vao mite n.ang Wong thap (t62g  hoac t528  ) vOi 
tang spin bang 0 hoac thap nhat c6 thg. Co 2 ply& chat thong dung trong hod 
hoc child 2 ion phlic vita neu. D6 la kali hexacyanoferat (II), goi tat là kali 
ferocyanid, K4[Fe(C1•)6].3H20, chgt tinh the don ta, mau 'yang, a tan trong 
nuoc, dung lam thu6c this nhay ciia ion Fe' vi trong dung dich cho phan Iffig 
ket 

	

3[Fe(CN)6]4-  + 4Fe' 
	

Fe4[Fe(CN)6] 31' 
mau xanh Berlin 

va kali hexacyanoferat (III), con goi la kali fericyanid, K3[Fe(CN)6], chgt 
tinh the don ta, mau dO, a tan trong nuoc, la thuOc this dg nhan bigt ion Fe' 
vi trong dung dich cho phan itng kgt tfia: 

	

2 [Fe(CN)J + 3Fe' 	Fe3[Fe(CN)6]21' 
mau xanh Turnbull 

[Ket qua nghien cat gan day bang tia Röntgen cho thb.'y 2 kgt tia xanh 
Berlin va xanh Turnbull la c6 ding thanh phan KFeFe(CN)6, c6 thg vigt 
KFe3+[Fe2+(CN)6[ cho xanh Berlin va KFe2+[Fe3+(CN)6] cho xanh Turnbull]. 

Cdc ion trung tam Fe' va Fe' trong cac ion pluac ferocyanid va fericyanid 
the hien tinh khit va tinh oxy hoa trong nhfing digu kien thich hOp. Vi du: 

2[Fe(CN)6]4-  + C12  —> 2[Fe(CN)6]3-  + 2C1-  

	

2[Fe(CN)6]3-  + H202  + 20H 	2[Fe(CN)6]4-  + 02  + 2H20 

Ion Fe' phan Ung rat nhay vdi anion sulfocyanid (con goi thiocyanid) 
SCN tao thanh mau d6 mau cua mot day ion plific va ca phan tit trung hoa: 
[FeSCN]2+, [Fe(SCN)2]+, Fe(SCN)3... [Fe(SCN)6]3-. Phan ling nay duoc van 
dung trong hoa hoc phan tich. 
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[Gi sat duoc tdy sack bang acid oxalic H2 C20, la do tao phitc vOng tang 
[Fe(C„0.1 )„]3-  de tan]. 

Ion Fe', Fe3+ con tao rat nhieu phiic voi cac phan tit vo co va hilu co 
khdc, cluing co nhieu ling dung trong thiic te". 1\40t nhom phiic sinh hoc có vai 
trO cue ky quan trong cloi \Tod su song clang là nhang phiic ma cac ion Fe', Fe3 
chiem vi tri trung tam (xem muc 2.5, chucing 20 phid. sau). 

- Ion Co', Co3+ có cdu hinh electron d7, d6  thuong tao ph-tic bdt dien hodc 
tit dien. 

Trong trUang ph6i tit yeti, vi du 	cac ion phitc bat dien c6 cau tao 
nhu sau: 

e2 

t 5  2g 

 

-e 

 

+ 4- e2 

± + 2g 

   

 

+e 

 

[Co(H20)6]2+.  
Phac spin cao / 
mau hong / ben 

    

[Co(H20)6]3+  
Phut spin cao / rat kern b6n / 

oxy [ma manh 

Tit sd dO electron de hieu rang, trong trUang ph6i tit yeti cac phiic cua  
Co' nhu [Co(H20)6]2+, [CoF6]4-  rat ben, vi cdu tao t2g  eg khb mat electron nam 
6 mac nang Wong thdp (t2g). Nguoc lai, nhu da biet, ion Co3+ trong nitric có tinh 
oxy hod rat manh vi electron nhdn vao se phan ph6i vao mitt n.ang Wong thdp 
(t2g). Dieu nay duoc the hien qua the dien 	chudn: 

[Co(H20)6] 3+  + e [Co(H20)6] 2+ E°  = 1,84V 

Cdc tinh chdt tren day se khdc khi Co', Co3+ tao phiic \Ted nhang ph6i tit 
gay trtiang manh, vi du voi cyanid CN -, cdu hinh electron cila cac ion ph-tic la: 

-t- 	e 

t 6  2g 
	-e 

+ e 

[Co(CN)6]a  
Ph(tc spin thap / mau do / 

tinh khi' manh 

[Co(CN)6]3  
Ph(tc spin tha.p / 
nghich tif b6n 

eg
o  

6 
L 2g 

vdy, trong truang ph6i tit manh (nhu CN NH3), Co' có tinh khit  
manh vi de mat 1 electron na.'ng luring cao (eg); ngtiOc lai, Co3+  ben va tinh oxy 
hod yeti do cdu hinh t 6,g  eg()  rat on ctinh. Dieu nay cluoc the hien qua cac the 
dien cue chudn sau: 
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[CO(CN)6] 3-  + e 	[Co(CN)6] 4- 	E°  = -0,83 V 

[Co(NH3)6] 	+ e 	[Co(NH3)6] 2+ 	E  o = 0,10 V 

Trong hod hoc phan tich ngtidi to sit dung natri hexanitrocobaltat (III) 

Na3[Co(NO)6], mot phitc bat dien cua Co3+, lam thutic this de Binh tinh, dinh 

luting 	Rb+ va Cs+ vi tao thanh nhung hop chat ke't tua mau yang cua 

K3[Co(NO2)6], Rb3[Co(NO2)6] va Cs3[Co(NO2)6]• 

Cac ion phitc cua Co2+  ciing thttang c6 cau hinh tit dien nhit [CoC14]2+, 

[CoBr4]2-, [C014]2  [Co(OH)412-... vi trang thai 	dat ctitOc cau to ban: 

e4  

mac du du thong s6 tach A cUa trudng tii dien nhO hdn so vdi trudng bat dien. 

- Nhu da bie-t, ion NV+ (tudng tit Co3+) cd tinh oxy hod. rat manh; cac 
trudng ph6i tit ciing kilo lam ban &toe no. Vi \ray, Ni3+ hdu nhu khong 
cd hop chat don gian hoac phitc chat ban va dac trung cho nod lieu kien 
thudng. 

Trai lai, ion Ni2+ vdi cau hinh d8  rat ban ca trong cac hop chat clan gian, 
clang nhit trong cac phitc chat bat dien nhu [Ni(H20)6]2+, [Ni(NH3)6]2+, tii dien 
nhit [NiC14]2-, hay vuong phang nhii [Ni(CN)4]2-. Phol tit gay tritang tinh the 
tang manh, phitc tang ban (co the a clang nhan ra cac cau hinh ben qua sd d6 
tach cac orbital cua d8  trong trttang ph6i tit bat dien va vuong phang - xem 
chtiong phitc chat). 

- O trang thai oxy hod s6 kh6ng, Fe - Co - Ni tao cac phiic carbonyl: 
[Fe(CO)5] chat long mau yang nhat; [CO2(C0)8] chat ran mau dO cam; 
[Ni(CO)4] chat lOng khong mau; va con nhiau phitc chat cd tong thitc 
phlic tap khac. 

Lien ke't trong cac phlic carbonyl cd the giai thich ditoc bang thuygt VB 
hoac thuyet MO van dung cho phlic chat. Phitc carbonyl de" bay hdi, de bi nhiet 
phan hq nen thudng dung de the tao kim loai tinh khiet, hoac dung trong 
tong hop him cd nhit la chat xlic tac. 

2.4. Tinh chgt cac kim loaf 119 platin 

- Tudng tit ho Sat, 6 nguyen tit cua kim loai ho platin dau cd 2 phan ldp 
electron hod tri (n-1)d6'7'8  va ns2. Tuy nhien, electron d phan ldp ns 
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thUong voi va chuygn vao orbital boa tri lop trong nen chi con nsl  (nhu 
Ru, Rh, Pt), tharn chid Pd la 	theo do Pd la nguyen to duy nhat 

trong Bang tan hoan d trang thai co ban có s6 lop electron (bang 4) it 
hon s6thli to cua chu ky chfia no (bang 5). 

S6 oxy hod dac trting cua cac kim loai ho Platin la +2, +3, +4, rieng Ru 
va Os la +6, +8. 

clang don chat, cac kim loai ho platin có anh kim trang bac; kho n6ng 
chay, kh6 soi (nhat la Os); da s6 cif) kha nan.g boa tan nhigu the tich 
hydro (1 thg tich Pd có the hoa tan 1000 the tich khi H2); tao nhigu hop 
kim voi nhau va voi cac kim loai khac. 

V.6 Wong tac hoa hoc, cac kim loai ho platin kem boat d6ng hon nhigu 
so voi ho sit; cluing la nhfing kim loai quST ttidng tu Ag, Au. Paladi hoa 
tan duoc trong HNO3: 

3Pd + 8HNO3 	3Pd(NO3)2  + 2NO + 4H20 

va Platin hoa tan trong cuang thug: 

3Pt + 4HNO3  + 18HC1 --> 3H2[PtC16] + 4NO + 8H20 

Ca 6 kim loai ho platin dgu phan iing trong kim nong chay voi chat oxy 
hoa. Vi du: 

Ru + 2KOH + 3KNO3  --> K2RuO4  + 3KNO2  + H2O 

Kali ruthenat 

- Nhiing hop chat don gian, thong dung nhat cua cac kim loai ho platin 
thuong la cac hop chat cila 	Pt2+'4+. Vi du: Pd(NO3)2  mau yang; 
PdC12.211,0 mau nau a (dung de phat hien khi d6c CO, xem phan 1/ 
muc 1.5, chuong 16); cac mu6i hoac cac dan chgt phut cila acid 
tetracloroplatino 112[PtC14], acid tetracyanoplatino H2[Pt(CN)4] va acid 
hexacloroplatinic H2[PtCl6] (ion [PtC16]2-  có the dfin.g de xac dinh cac ion 
NH4+, 1C+, Rb+ vb. Cs+ trong dung dich, vi phan ling tao ra nhung ket tua  
mau yang). 

- Diem n6i tr6i dia cac nguyen to ho platin la chUng tao nen hang ngan 
phifc chat. 

+ Tat ca 6 kim loai ho nay dgu eau thanh nhiing pluic carbonyl hoac 
phdc h6n hop halogenocarbonyl. VI du: [0s(C0)5], [Ru2(C0),], 
[Rh6(CO)16], [Pt(CO)2C12]... 
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0 
ii 0 

H3C 

H3C 	 CH3  

-00C - CH2- CH2 	 CH2-  CH2-000-  

e 

HN 
CH2  

H 	I 

H2C=CH CH3 CH2 

CH 

Histidin 

D6i vdi cac phei tit khac, phong phu va rat ben la cac phiic oda Pd', 
pt2+,  p.t4+.  

Vdi cau hinh d8  giong Ni', cac ion Pd' va Pt' tao nhieu phlic vuOng 
phang do c6 loi ve mat nang Wong.De vi du, c6 the neu cong thfic chung cho . 
vai 	phlic vuong phang nhu: 

m2[Pdx4]; IvL2 [Ptx41 vdi M = NH4+, ion kim loaf ki&m, hoac H+ 

X = Cl -, Br -, I -, CN-, NO2-, 01-1-... 

[Pd(NH3)4]X2; [Pt(NH3)4]X2; [Pd(NH3)2X2] va [Pt(NH3)2X2]• 

Cl day cling gap ca ki4u phlic chat tao ra bai 2 ion phfic. Vi du: 
[Pd(NR)4][Pdc14] la mot kgt tua mau al; [Pt(NH3)4][Ptc14] la ket tua mau luc. 

Vdi cau hinh d6, ion Pt' cling tao nen mot s6 hung 16n phitc bat die.n có 
do ben cao khong kern so vdi cac phfic cila Pt'. Vi du: H2[PtC16]; (N114)2[PtC16]; 
112 [Pt(011)6] ; K2 [Pt(OH)5Cl] ; [Pt(N113)4 C12] C12-  

Nha nghien citu cac phlic cua Pd va Pt nguai to da lam sang to nhi6u van 
d6 1ST thuyet cUa can tao ph& chat, the tao nhieu phlic duoc ling dung thigt 
thuc, có phlic duoc dung lam thu6c trong Y hoc. 

2.5. Vai tro va ifng dung trong Y - Ditdc. DOc tinh 

2.5.1. Sdt 

- Fe la nguyen to vi Wong thie't yen, dung vai tro t6i quan trong trong 
van chuyn oxy tat ca cac &Ong vat c6 xuang song. Protein c6 chfic 
nang van chuye'n oxy la hemoglobin (hinh 20.1A) Om 4 chu8i protein 
goi la globin, moi chai gan veil 1 phlic hem chita 1 ion Fe' (hinh 20.1B) 

A) Hemoglobin B) Hem 

Hinh 20.1. Hemoglobin va Hem 
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A) Hemoglobin: eau tritc tit 4 chu8i protein, m8i chai gan voi melt hem 
(6 day titOng trung la 1 hinh yang phang vdi diem dam mau 6 chinh gilia la 
Fe"). 

B) Hem: ion Fe 6 trung tam tao thanh phiic bdt dien vdi 4 nguyen tit N 
nam trong mat phang vuong cua \Tong porphin (thuik di vOng porphyrin), 1 
nguyen tit N cua histidin (thuUc globin), va 1 phan tit 02. 

Hemoglobin (huygt cau to), chigm — 34% khoi luting to bao hang du, ton 
tai d 2 clang tuST thu(ic vao ban chat cua phoi tit this 6 là 02  hay H2O. Trong 
mach mau c3 ph6i, ndi có n6ng d6 02  cao, hem gan vOi. 02  tao thanh 
oxyhemoglobin (liST hieu Hb-02) duoc van chuyen trong dung mach dgn mo it 
02. ,e) mo 02  dtioc giai phong va ditoc thay the bai phan tit H2O, tao ra 
deoxyhemoglobin (kST hieu Hb-H20) dude van chuyen trong tinh mach v6 phoi. 
Do nitric la ph6i tit gay truang ygu, thOng s6td.ch A nha, nen ion d6-Fe' trong 
Hb-H20 tao phitc spin cao va hap thu anh sang tan ding d6 (nang Wong thap) 
cita ph6, do do trong có mau xanh - do tia. Dieu nay giai thich vi sao mau tinh 
mach có mau do t6i. Ngvoc lai, 02  la phoi tit gay frith/1g manh (A ldn) nen Hb-
02  hap thu anh sang d tan clung xanh (nang Wong cao) cua ph6. Dieu nay giai 
thich cho mau d6 tvoi cua mau dOng mach. Vi tri tildng dal cua Fe' so v6i mat 
phang cua vOng porphin cling play thuOc vao ph6i tit this 6 la 02  hay H2O. Ngu 
dude gan vdi 02, Fe' se nam trong mat phang cua vOng; con ngu gan vdi H2O, 
no hoi lech kh6i mat phang \Tong. Sit thay dui nha (— 0,70A°) nay v6 vi tri cita. 
Fe' (do gan hay giai phong 02) anh hvang dgn hinh dang cua chu8i globin 
chita no, tit do lai lam thay dooi hinh dang cua chu8i globin ben canh, va cit the-
khai &Ong cho ca qud trinh gala hay giai phong 02. NhO sit tdc dOng hai hoa 
dia. 4 chu8i globin, hemoglobin nhanh thong nap 02  tit ph6i r6i tai xu6ng mo, 
va nguoc lai. [Carbon monooxyd (CO) la chat dUc manh vi no gan vao ion Fe' 
ben gap 200 Ian so vdi 02, chuyen hemoglobin thanh methemoglobin (Hb-CO) 
khOng con kha nang van chuyen 02  niia (xem them 1.5, chvong 16)]. Ban than 
hem khong chi duoc tim thay trong hemoglobin, ma con trong myoglobin (la 
mot chu61 protein chi mang 1 nhom heme chita ion Fe', nhv vay 1/4 phan tit 
hemoglobin, có di lvc vdi 02  lon hon hemoglobin nhieu nen van thu gift dvoc 02  
6 n6ng d6 thap de du frit 02  6 cd va cdc to chic); trong cdc enzym oxy hod nhv 
catalase, oxydase•(cO hem chita Fe); trong he van chuyen electron nhv cdc 
cytocroin (có hem chita ca Fe', Fe). Nhv vay, sat trong cd the do% dang phitc 
chat cua protein c6 3 chile nang quygt dinh sv song: 

+ Van chuyen oxy. 

+ Dtt trit oxy. 
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+ Van chuyen electron (trong qua trinh sari xuat nang Wong cua to bap). 

[Rat hau ich khi hiu Sr them rang, \Tong porphin cua heme la mat trong cac 
phan tit yang tang sinh hoc ph6 bik nhat khong chi rieng cho sat nhti da neu 
tren. Chlorophyll, mat sac to quang hop cua cay xanh, la mat ph& porphyrin 
voi Mg' 6 trung tam dm yang porphin; va vitamin B12 voi Co"S trung tam. 
Mau cua nhik loai dang vat khong racing song c6 mau khac mau da vi phitC 
chat hem - protein cua chUng chila cac nguyen to vi hiOng khac nhau. Chang 
han, mau dia. 6c sen, tam, cua c6 mau xanh den yi hem chita Cul. 

- Cci the nguei trueng thanh chila 3 - 4g Fe. 2/3 s6 do c6 mat trong 
hemoglobin / phan lan s6 con lai nam trong cac protein di tril Fe not 
bao (la ferritin va hemosiderin 6 gan, lath, tuy xttdng, niem mac runt, 
tuy, co tim va cac ma khac) / mat phan nhO phan b6 trong myoglobin (de 
du frit 02  cho co), trong cac cytocrom, cac enzym, cac protein-S-Fe, va 
trong transferrin (la mat protein van tai Fe trong huyet titcing). 

+ Nhu cau ve sat hang ngay tit 1 - 3mg (nining thitc an phai c6 10 - 
30mg sat vi runt chi hap thu duoc - 10% s6 (16). LitOng sat can dtfoc 
cung cap phu thuac vao nhik dac diem va tinh trang co the: nam hay 
nil; nguai gia hay tre dang 16n; phu nit trong thai kS7 kinh nguyet, CO 
thai hay dang cho con bit; nguai c6 mat loai 

+ Thieu sat dan den bkh thieu mau nhuoc sac (la s11 giam slit ve s6 
Wong va chat lacing ciia hemoglobin trong hang cau, chit khong han la 
thik s6 hiring hang cau). Sit thieu but sat a tre dang lon c6 the lam 
giam phat trien tri tue. NM-mg trieu chiing cua benh thieu -sat c6 the 
suy ra tit 3 chat nang cua sat trong cci the nhit da tom tat phia tract. 

+ Thitc An chila nhik sat la thit nac, gan, tim, than, ti6t, long de triing, 
dAu, can tay, nam hitting, qua mo, qua le... Trong thitc An, hau het sat 
va co tan tai 6 trang thai oxy hoa on dinh nhat cua no la Fe', trong 
khi 6 O. trang chi c6 Fe2+ &tow hap thu nha mat protein van chuyen. 
Si khi Fe' ve Fe' xay ra 6 pH thap trong da day voi sit c6 mat cac 
chat 'chit ma chit yeu la vitamin C. Vi vay, sit hap thu sat tang khi 
thitc an giau vitamin C, va giam xu6ng 6 nhang noei benh thieu acid 
dich vi (HC1) hoac sau cat 136 da day. Si hap thu sat cling giam bed cac 
tanin, oxalat, inositol, hexaphosphat, mat Wong lon phosphat vo cd va 
mat vai antacid, vi chAng tao thanh nhfing phitc sat khong tan hoac 
khong the hap thu. Nhang lieu neu tren giai thich vi sao chi - 5% sat 
khong hem vao ditoc co the 6 ngilei binh thuang. 
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Sat c6 hem trong thuc phdm duoc hap thu nhiau hon theo mat cci cha 
khdc, nhii enzym oxygenase bian dai, do do khong bi anh hoeing bai cac tdc 
nhan lien kat sat trong thlic an nhii d truang hop sat va co. 

- Sat ding nhu . dang, vita thiat yau lai vita nguy him khi cluing qud tai. 
Qua tai sat xay ra khi trong cci the xuat hien mat Wong sat thita to do 
khong trong lien kat phiic ban viing voi protein hoac khong gan voi 
heme. Qua tai sat gap trong cac trtiang hop: u6ng nhiau "vien sat" (chita 
mu6i sat) hoac dinh clang qua thita sAt trong khi co the da du, clan den 
transferrin khong con kha nang dung nap/benh di truyin hay do bian 
dal gen, gay ra hap thu sat du thita vao hang cau va qud nhiau qua 
&tang ruat/hau qua do diau tri cac benh khac, nhii diau tri ung this 
bang hod tri lieu, hoac truy6n mdu nhiau len. 

Sat va clang du thita rat nguy hai vi chung xtic tac van chuyan electron 
trong he phan -Ong fenton sinh ra cac clang oxy hoat dang va g6c tit do - n.hfing 
phan tit vat chat c6 tinh oxy hod manh liet nen huST hoai t6 bao va lam hit 
hang cac phan tit sinh hoc (chuyen da: g6c tki do va cac chat thong oxy hod). 

Qua tai sat dan den nhiau benh tat: xci gan (vi cung voi lath, gan la ncii 
trit mat Wong loin sat), nguy cci ung this gan cao / dal &tong (vi t6 bao (3 cue  

tuyan tuy bi phd huSi) / suy giam chile nang tim / tinh trang viem man di-1h 
(thuang gap nhil viem khdp dang thap) / parkinson / hemochromatosis tit phdt 
(benh nhiam sat gay bian d6i gen) / suy nhuoc co the / lao hod scam. 

Thu6c diau tri nga dot sAt va du thita sat man di-1h la deferoxamin 
monomethansulfonat, C25H18N608.CH3SO3H = 656,79, tdc dung theo cci the tao 
phitc chelat voi Fe' .da dang bai xuat qua thdn, dung clang tiem. Tuy nhien, 
each diau tri nay tren thuc t6 lam sang can rat than trong. 

- Truck day, nhiau hop chat don gian (cac mu6i) hoac pluac chat cila Fe', 
Fe' duoc sit dung lam thu6c b6 mdu do thiau sat. Tuy nhien, nay It 
dung do tinh chat da kith -tang da day - mat cila chung, dac biet la do 
nhiing canh bdo' dac hai khi sat du thita (vi dung qud lieu hay khong 
dung benh). Sat khii (Fe') can cho diau tri thiau mdu nhuoc sac, nay 
ctdoc data vao thitc an cho nguai, giong nhii b6 sung fluor vi Wong vao 
nude u6ng. 

Mat s6 hop chat hien van ghi trong cac Duoc din dung lam thu6c b6 matt 
do thiau sAt, g6m: 

+ Sat (II) sulfat, FeSO4.7H20 = 278,01; tinh the nha mau. xanh nhat, de  
tan; trong khong khi am bi oxy boa thanh sAt (III) sulfat base mau 
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yang nau; dung u6ng clang vien nen bao phim, vien nang. 

+ Sat (II) fumarat, C4H2Fe04  = 169,90; bat mau cI6 cam; clang bao the 
nhti Sat (II) sulfat, hoac lam vien giai phong cham (k6t he vai natri 
docusat). 

Sat (II) gluconat, C12H22Fe014.2H20 = 482,17; bat hoac hat nh6 min, 
mau yang xanh, c16 tan; &mg u6ng clang vien nen, vien nang hay con 
thu6c. 

+ Sat (III) dextran, la Fe(OH)3  clang keo va dextran thug phan mat 
phan; dung dich keo, nhot, mau nau tai; dUng clang tiem bap hay tinh 
mach cho ngtioi kern hoac khong hap thu duac sat qua &tong runt. 

+ Sat (III) sorbitex, mat ph-Cie chat cila sat v6i sorbitol (C6H1406 = 
182,17) va acid citric (C6H807  = 192,12); dung tiem bap hay tinh mach 
cho ngttai kem hoac khang hap thu dttoe sat qua &tang runt. 

- Natri nitroprussiat, natri nitroprussid, Na2[Fe(CN)6N0].2H20 = 297,95; 
mat phtlic chat cila Fe', tinh the hoac bat mau nau d6; dung dang tiem 
truy6n tinh mach lam thlac dan mach, clang tang huyet ap, tae dung 
theo co the giai phong khi nitrogen monoxyd NO tac clang trVe ti6p len ca 
tinh mach va clang mach (giai Nobel y hoc 1998, xem muc 1.6, ehticing 17). 

2.5.2. Cobalt 

- Cobalt la nguyen to vi Wong rat can thiet cho ski song, &talc Oak hien 
trong hau het sinh vat. Co the ngliai co khoang 4 - 5mg cobalt, chit yeti 
tich lug 6 gan; hang ngay can dude b6 sung 15 - 100 meg qua dinh &tang. 

Cobalt có vai tro rat Ion trong stt tao huyet, giup sat nhanh chong tham 
gia cau tao hemoglobin; gitip co the hap thu vitamin B2, B6, B12  va aminoacid; 
gitip gan tich lug vitamin B12  va tuyen giap tich lug Iod; tang curing hay bat 
hoat mat so enzym. 

Thieu cobalt gay thieu mau nang, chan an, gay y6u, giarn ti6t sita... mai 
benh canh deu bien mat khi dttoc chiia bang eae the pham cila Cobalt. 

Nguan thttc pham giau cobalt la gan, sita, thit, tritng - day cung la ngu6n 
chit yeu cung cap 1312, mat vitamin chfia Cod trung tam. Thvc pham flute vat 
ngheo cobalt, hau nhtt khang co vitamin B12. 

- Cyanocobalamin, vitamin B12, C631188CON /4014 P = 1355,38; tinh the nho  
hinh kim, mau 6, tan trong ritt6c; la phlic yang cang chila 1 yang porphin 
voi ion Co' 6 trung tarn tao ra phitc bat dien co 6 lien k6t (5 lien ket vdi 5 
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N va 1 lien IC& v6i. cyanid CN Khi thay phoi tit CN bang OH-  thi goi la  
hydroxocobalamin, thay bang H2O la aquoco.balamin, thay bang -CH3  la 
methylcobalamin...). Lifu Y rang, ion d6-Co' trong B12 &toe lam ben 
\ding b6i trueng ph6i ti3 manh, do do B12 la phfic spin thap, hap thu anh 
sang 6 tan ding xanh cua ph6 nen phlic cho mau d6. 
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Hang ngay, cd the npidi can duoc cung cap 0,5 - 3mcg vitamin B12  qua 
dinh 	tre nh6 can It hdn, phu nit mang thai can nhieu hdn. Vitamin B12 

la met trong nhang nhan to hoat thing sinh hoc manh nhat voi lieu tac dung 
cuc nhO de that hien cac chile nang cua vi ltiOng cobalt (xem tren). 

Vitamin B12 &Ong lam thu6c tao mau trong dieu tri thieu mau dc tinh, 
cling dung dieu tri dau day than kinh, lam thu6c b6 cho ngithi de" bimet m6i. 

- Deng vi phong xa 'Co va .'Co difoc dung trong chan doan va dieu tri. 

2.5.3. Nickel 

T6i nay, chua thay hop chat nao cUa nickel c6 vai trO va duoc sit dung 
trong Y - Duoc hoc. 

Tuy nhien, trong cd the ngtioi có chUng vai mg nickel, va hang ngay - 
0,1mg nickel duct hap thu qua &tang an u6ng roi tich luy trong xtidng, deng 
mach chi", ph6i, tuyen thuong than, nao va da. Vai trO sinh hoc cila nickel 
chua dildc lam ro, nhung tac dung dec va gay di iing cua no da dticic biet 
nhieu ngtfoi khi an phai cac mu6i nickel hoac tiep ra.c v6i cac de vat ma nickel. 

CH3  C 

I
N CH3  

H3  
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2.5.4. Ccic kim loaf ho platin 

Ca 2 136 ba cua ho nguyen to nay: Ru - Rh - Pd va Os , Ir - Pt deli 
khong có vai tro' sinh hoc. Rieng mot s6 phiie cua platin dtioc dung trong 
di:6u tri ung thti. 

Cisplatin, cis-diamminediehloroplatinum, [Pt (NH3)2012] = C121-16N2Pt 
= 300,06; la ct6ng phan hinh hoc cila phfic vuong phang có 2 pho'i tip  
ding loai a ding phia vdi nhau, ion trung tam la Pt': 

NH3 
 

Pt 
- 	NH3 

Thu6c la bOt dong kho, mau trong, nong chay 	- 207°C, do tan 
lg/1000mL nude; dung lam thu6c hoa tri lieu thong ung tint duoi dang tiern 
truye'n tinh mach; tac dung theo cd che: tao lien ke't cho nhan bgn viing gifia 2 
chu6i xoan kep DNA ciia to bao ung thti va Pt' (thay the cho cac ph6i tfi Cr), vi 
vay can tra sao chep cua cac DNA, &Ong tiled fie che tang hop protein va RNA. 

Cisplatin gay ra nhi6u tac dung phu rat nang nen khong dtioc coi la lila 
chon dau tien de chfia ung thti, chi dung d giai doan muon, tai phat hoac da  
di can. 

- Carboplatin, cis-diammine (1,1-cyclobutamedicarboxylato) platinum, 
C,H12 N20 ,Pt = 371,25, tong thfic cgu tao: 

0 
H3N,Npt/0 

H3N \ 0 
0 

Thu6c co tinh the mau trong; dUng di6u tri ung thti, co che tac dung 
giong nhti cisplatin, nhiing it d'Oc hai hon d6i vai than va co quan thinh gia.c. 
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