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LOI NOI PAU

Ky f?iﬁar hod duoc la mon hgc‘ﬁéhién ciiu cdc qud trinh ky thudt, cdc phwcmg
phdp téng hap € sdn xudt ra cdc hop chdt ding lam thusc. Ky thudt hod dugc cé
lién quan chdt ché vdi cong nghé hod hoc, ky thudt téng hgp hitu co va phdt trién
dua trén co sd cia cdc nganh khoa hoc ndy. Ngoai ra, ky thugt hod dugc con co
quan hé véi nhiéu mén khoa hoc khdc nhu sinh hoc, dugc 1y, bénh hoc, dugc lam
sang, bdo ché’..N6 tao ngudn nguyén liéu cho céng nghé bao ché dé sdn xudt ra
cdc thude diing dé diéu tri bén.

Céc thuoc duge diing trong diéu tri hién nay chii yéu la cdc sdn phdm ciia ky
thudt héa dugc. Phiong phdp sdn xudt cdc thudc hod dugc lién tyc dugc thay doi
va 16i wu héa, bén canh dé cdc hod duge méi ciing lién tuc xudt hién trén thi
truomg. Vi vdy, mon hoc ndy dugc quan tdm rdt nhiéu irong chiong trinh dao tao &
cdc Truong Pai hoc Duoe va cdc Truong Dai hoc 6 lién quan dén thubc trén thé
gidi. K thudt hod dugc cung cdp nhiing kién thifc co bdn vé cc phdn iing, cdc loai
tdc nhdn, cdc dung fndi... thuong dang trong tong hop hod dugc, cdc quy trinh ky
thudt, cdc phuong phdp téng hop thuéc & qui mé phong thi nghiém va qui mo cong
nghiép. Mon hoc ndy da dugc bé moén Cong nghiép Duoc gidng cho sinh vién
chuyén nganh Céng nghiép szg‘c ciia Truomg Dgi hoc Duoc-Ha ngi trong nhiéu
ndam. _

Gido trinh “K¥ thugt hod dugc ” xudt bdn ldn ddu tién do GS. Lé Quang Toan
viét va duge Nha xudt bdn Y hoc in ndm 1971. Dén nay, ky thudt hoa duge dd cé
nhitng bubc tién ddng ké, ciing véi s phdt trién khong ngimg ciia k§ thudt tong hop
hitu co va cua khoa hoc va cong nghé Dugc phdm irén thé gidi. Nam 2007, Nha
truomg mé lai chuyén nganh Cong nghi¢p Dugc, ching 16i bién soan lai cuén “K¥
thudt hod duoc” dé cé 1ai liéu hoc 1dp cho sinh vién chuyén nganh nay. Trong dé
 nhidu phdn ditoc viét mi, nhiéu kidn thiic va k§ thugt moi degc b8 sung cho phi



hop vdi tinh hinh phdt trién cia KHKT va chuong trinh dao tao hién nay. Gido
trinh gém 3 phdn va duoc chia lam 2 tap.Tdp 1 trinh bay chil yéu vé cdc qud trinh
hod hoc co bdn cia k§ thudt hed dicoc va phuong phdp sdn xudt mét s6' hod duige vo
0. Tdp 2 trinh bay vé ky thudt sdn xudt cde hod dugc hitu cor.

Chiing t6i hy vong tai li¢u sé ddp img yéu cdu hpb 1dp cua sinh vién va la toi
liéu tham khdo hitu ich cho cdc ban déng nghiép. Trong qud trinh bién soan, chdc
- chdn khong trdnh khi nhitng thiéu sot, chiing 16i mong nhéin duge ¥ kién déng gop

cua ban doc dé ldn 1di bdn sau dugc hoan thién hon.

Téc gid
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PHAN 1: CAC QUA TRINH HOA HOC CO BAN
CUA KY THUAT HOA DUQC

% Chuong 1: MOT SO KIEN THUC CHUNG VE
CONG NGHIEP HOA DUCGC

Muc tiéu hoc tap:
1. B6n ddc diém cila c6ng nghiép hod dugc.
2. Phuong phdp nghién citu sdn xudt thuéc mai trong ky thudt hod dugc.
3. Cdc ngudn nguyén liéu vé co va hitu co cua céng nghiép hod dugc.
4. Mot s6 ki hiéu va qui udce ding trong ky thudt hod duoc.

1. DAI CUONG:

K§ thuat téng hop ho4 dugc hinh thanh va phat trién dua trén co s& ca k¥
thuat téng hgp hifu co. Ngdy nay, né da trdy thAinh mot nganh khoa hoc riéng bi¢t
v6i mot tiém ning 16n. Mot mat do nhu cdu diéu tri ngéjr cang ting, mat khic do
loi ich v& kinh t& r4t 16n da thic ddy cac hang duoc phdm trén khip thé gi6i ddu
trmanh mé vao linh ve nay.

Hién nay, do su canh tranh kh6c liét trén thi trudng, nén déc quyén trong
san xuit mét san phidm thudc cang trd nén rit quan trong d6i véi su tén tai cla
mét hing dugc phdm. Chinh vi vay, viéc sin xudt ra nguyén liéu lam thubc vdi
gid thanh ré va nghién ciu tim ki€m thuéc méi 1a hai nhiém vu chinh clia nganh
cong nghiép hod dugc hién nay.

Cic chat hitu co ding lam thuc thudng c6 phan ti¥ luong khong i6n
(khong qua 500 don vi C) va c6 cfu tric kha phic tap, nhi€u ché4t d€ bj phan huy
b6i 4nh sang, nhiét 6 va d6 4m. Chiing duge diéu ché bing nhiéu phan ting hoé
hoc khic nhau. Chinh vi vay, cdc nha nghién cifu, cic duge s§ va k¥ su 1am viéc
trong linh viyc ndy phéi c6 sy am hiéu siu sic vé cdc qué trinh hod hoc co ban
(nitro ho4, sulfo ho4, halogen hod, oxy hoé, khit hod...) hoic nhiing qué trinh ho4



hoc dic biét khdc. Phai c6 sy hiéu biét co ban vé cdc nhém thuéc va phuong
phap téng hop chiing. Ngoai ra c4n phai c6 kién thiic vé thiét bi, vat liéu ché tao
thiét bi ddng trong cong nghiép hod dugc va vén dé 4n mon thiét bi... € tranh
dua tap chit vio thudc. =

Ky thuat hod duge 12 moén hoc nhdm dép ing nhilng yéu ciu trén. Phin
cdc qud trinh hod hoc co ban gidi thi¢u cdc phan dng dugce sit dung nhiéu trong
téng hop hitu co, hod duge. Cic phan iing nay di duge k¥ thuat hod véi viéc six
dung cdc tic nhan va diéu kién phan ting 16i wu dé thu duoc cic sin phidm mong
mudn dat tiéu chufn. Phidn k¥ thuat hod dugc giGi thieu phuong phdp san xudt,
tinh chét, cong dung cla cic hod duge vo co va hitu co dang duge st dung phd
bién.

2. DAC DIEM CUA CONG NGHIEP HOA DUGC:

Tuy 12 moét trong nhitng nganh ciia cdng nghiép héa hoc, nhung muc dich
cua cong nghi¢p héa duge 12 san xudt ra cic hoat chat nhim diéu tri bénh cho
ngudi. Cho nén céng nghiép hod duge ¢6 nhimg dic diém riéng, rdt cdn chi §
trong qua trinh t8 chitc va phat trién san xuat.

a) Dic diém quan trong nh4t 1a ch4t luong thianh phim phai dat tiéu chudn
Duoc dién quéc gia.

Muc dich st dung thudc 1a d€ diéu tri bénh, thubc khong chi duge dua vao
co thé bing dudng uéng ma cdn bing dudng tiém, dat hodc phan phéi truc tiép
qua da... C6 nghia 1a ¢6 nhiéu con dudng dua thudc tryc tiép vao mau clia mot co
thé bénh. Do d6 hoat chét ding 1am thu6c phai tinh khiét, khong duge chita tap
chat hay bat ky mot tdc nhan nao b4t 1oi cho stic khoé.

Tir yeéu cdu trén, trudc khi xudt xudng, thanh phdm phai duge kiém
nghiém r4t chat ché vé mat héa hoc va sinh hoc theo céc tieu chuén clia Duge
dién. Viéc qui dinh ham luong tap ch4t c6 trong thudc hét sic chat ché nham
trénh cic tdc dung doc hai do tich lu§ khi st dung dai ngly, d€ loai nhiing tap



chat khéc khong thé phat hién duoc trong san xudt, dé trdnh nhitng tuong Ky
khong giai thich duoc khi bao ché hodc dé kéo dai tuéi tho cua thube...

Dac chém nay ddi hdi nha méy héa duge phai dat céc yéu cdu sau:

_ Phai d4m bdo cdc tiéu chudn vé vé sinh cong nghiép. Ngudi lao dong
phai c6 hiéu biét vé nguyén tic vé sinh va vo tring trong san xuat.

- Thiét bi sin xu4t phai chéng 4n mon 6t dé khong dua thém tap chat vao
thude. .
- Nguyén liéu ding cho sin xust phai c6 chét luong cao, r& ngubn gbc aé
loai nhimg tap chdt khong ;;hét hién dugc trong sin xuft. Ciing vi 1y do nay ma
hién nay khuynh hudng: "Cong nghiép héa dugc ty san xuét 14y san phdm trung
gian" ngay cang phat trién.

Do sy phiic tap cla phan tir thuéc va yéu cdu do tinh khi€t cao cua san
phém, nén céc quy trinh san xudt hod dugc thudng gém nhiéu giai doan bién d6i
" hoé hoc va 1§ hoc. D€ nang cao hiéu suft va tranh th4t thodt, cdn phai str dung
nhitng quy trinh lién tuc va ty dong hoa. '

“Thanh phdm cita cong nghiép ho4 duoc nhiéu loai 12 thudc doc, céc thude
khong dat tiéu chudn chét luong thi khong thé xudt xuéng ma phai huy hoic xir
If dé thu héi nguyen liéu. Vi vay, vicc déng g6i thanh phdm va Iwu kho phai duge
thuc hién nghiém tic theo ddng thi tuc va yéu céu ky thuat. Vat liéu déng g6i va
quy cach nhén bao bi déu phai tuén theo quy dinh.

T6m lai, mOt nha médy hoa dugc cin dat tieu chuin GMP cho mot nha may
sin xudt nguyén liéu 1am thudc.

b) Khéi luong ctia sian xuét hod duge so véi cic nganh cong nghiép khéc
thuong khong 16n va v6i méi loai thudce la khac xa nhau, gia tri ciing rét
khac nhau.

C6 loai chi can vai kg 1a dii d4p tng cho nhu cu diéu tri trong ¢ nudc,
nhung ¢6 loai phai cdn t6i hang tram, hang ngan tdn. Trong d6 gi4 thanh clia
chiing r4t chénh léch nhau va gid tri kinh t€ cling it khac nhau. Vi vay, trude khi



dua mot mit hang vao san xudt phai nghién ciru rat k§ ca k§ thuat 1an hi¢u qua
kinh t& d€ ddm bao san xu4t 6n dinh vi c6 luéu qua cao.

~ Mat khéc, mu6n cho thanh phdm khéng qué dit, cong nghiép hoa dugc
phai triét dé khai théc du phﬁ;}n clia nhiéu nganh khéc.'éﬁn phai hgp tdc rong rai
v6i nhiéu nganh nhur ¢ong nghiép hod hoc, phdm nhudm, chat déo, thude né,
luyén kim, kbai thic quing, 1am nghiép, chin nu6i, gidy, thuc phdm... nhim si
dung lién hoan cic nguyén liéu.
c¢) Nhiéu thanh phﬁ:h hoa duoc 13 cic chit ¢6 doc tinh cao, nhiéu nguyén
phu liéu diing trong san xuit ho4 dwoc 1a nhimng chit déc, nhiéu qia trinh
phan @ng va tinh ché sir dung céc loai dung méi dé chay né.

Nhiéu dung mo6i tao hén hop nd véi khong khi. Dé tranh chay nd, khong
duac ding khong khi nén dé chuyén van cic dung méi dé chéy nd, ma phai diing
khi tro hodc bom dé van chuyén.

Viéc tiép xiic v6i hod chat va dung moi cé anh hudng khong t6t dén sdc
khoé con ngudi, gy nén nhiéu bénh nghé nghiép mén tinh. Vi vdy phai nghiém
tic tuan theo nhiing qui dinh vé an toan lao dong. Phdi c6 hiéu biét sau vé
chuyén mén, c6 tinh ky luat va tinh thdn tridch nhiém cao trong san xuit.

d) Rt nhiéu qui trinh sin xuit thuée 12 nhimg tdng hop tinh vi, sit dung
nguyén liéu dat va hi€m, thiét bi tu dong phirc tap.

Vi vay, doi ngil cdn bd va cong nhan cia cong nghiép héa duge phai cé
trinh do cao, thanh thao va chuyén nghiép héa. Dac biét nhitng ngudi phu trich
timg day chuyén san xudt phai duge dao tao t6t, ddm bdo hiéu qua cla san xuit
va chét lugng thanh phdm. Viéc té chic, va quan 1y san xuét phai thudng xuyén
ndng ¢ao, cai tién va hop 1y hoa.

3. PHUONG PHAP NGHIEN COU PE PUA MOT HOA DUGC VAO SAN |
XUAT:

Sw doi hoi thudng xuyén cla diéu tri bénh cé tic dung thic ddy manh mg
vitc nghién cffu san xudt cdc thudc méi. D6i véi mdi quéc gia, day 12 van dé vo



ciing quan trong trong chién luge bdo vé sitc khoé con ngudi. Hién nay, viéc
nghién ciu dua mot thude vao sén xudt thudng c6 hai xu huéng:
-Nghién citu tim kiém hop chit méi diing lam thubc;

Trén co 5O nhing phit minh clia chc nha khoa hoc thu6e nhiéu Linh vuc
khéc nhau nhu sinh hoc, duoc I§... vé nhiing hop chét tu nhién c6 téc dung sinh
hoc, cdc nha hod hoc x4c dinh c4u tric phén tif va tdng hgp ra hgp chét nay cling
nhiing d4n xudt méi ctia né. Két qua s€ ¢ mot loat cic hgp chit méi cho céc nha
sinh hoc, duge Ig... 1ién hanh thir tic dung sinh hoc, dugc 1§ nhim chon ra nhiing
hop chﬁt dap tmg yéu cdu dicu tri. Con dudng nay v6 cing gian nan, vi trong
hang tram tham chi hang ngin hop chét diéu ch€ duge c6 thé chi mot ho#ic vai
chat duge lua chon dé diéu tri.

-Nghién citu xay dung qui trinh sdn xuit méi:

Nhiém vu chii y&u & day 12 tim phuong phép téng hgp mdi, trén co s& dé
x4y dung mot quy trinh méi tién loi hon, kinh t€ hon d€ san xuat cic hop chat da
duoc sit dung trong diéu tri. Xu huéng nghién citu nay thudng duge thuc hién &
nhitng trudng hop sau:

- -Céc phuong phép téng hop hodc quy trinh sdn xudt cli lac hiu, khéng
kinh t€, khong c6 kha ning san xuft & quy moé cong nghiép. Dén nay nhd su phat
trién clia cong nghé téng hop hitu co, da c6 kha nang thay déi mot phuong phép
téng hop méi hién dai hon, kinh t& hon. |

-Céc hgp chit chiét xudt tir tu nhién ¢ hoat tinh sinh hoc cao, hién dang
duge dung lam thudc, nhung do nguén nguyén liéu tu nhién can kiét, khéng dﬁp_
tng @4 nhu cdu diéu tri. Cho nén c4n phai nghién citu phuong phép téng hop,
bén t6ng hap. |

_ -Do nguyén nhan khong mua dugc ban quyén sang ché, do d6 phai nghién
ctiu tim mot phuong phép khéc dé san xudt duge chat d3 bi€t. (Hién nay, d6i véi
céc nutde dang phat trién c6 thé mua lai nhitg bing phéat minh di hét ban quyén
dé tiét kiém chi phi nghién citu va rit ngén thdi gian dua mot thude dang duge su
dung vao san xuat).



Vige dua mot thuSc méi vao san xust bat ky theo xu huéng nio ciing gém
nhi’mg budc sau; _

-Nghién citu téng hap & qui mo phong thi nghiém: R (Researéh).'

-Nghién ctfu trién khai & quy mo pilot: D (Deveigbmcnt).

-Nghién cifu sin xuft & quy mé cong nghiép: P (Production).

Nghién citu tdng hgp & qui mé phong thi nghiém:

- Ddu tién cdn tra citu, thu thap tai li¢u cang ddy du cang t6t v€ hop chét
cdn nghién cttu téng hop nhu: phuong phép téng hop, phuong phap x4c dinh c4u
triic, cdc hing s6 ho4 1§, phuong phép kiém nghiém, tic dung sinh hoc ...

- Trén co s& tai liéu tra citu duge, phan tich chon loc nhiing n6i dung phd
hop v6i diéu kién phong thi nghiém, di€u kién sén xuft trong nuéc. Sau d6 tién
hanh thi nghiéin & qui m6 nhd A& khio sat nhiing yéu t6 inh huéng t6i hiéu suat
t20 thanh san phdm (tic nhan phan ng, xvc tic, dung mo6i, nhiét 6, ty 1¢ mol
cac chdl tham gia phan ting, néng do, thdi gian phan tng...), khio sét phuong
phép xit 1j sau phén ting, phuong phép tinh ché, kha nang thu héi du phim,
i:hltdng phép xdc dinh c4u tric, d6 8n dinh cta qui trinh... |

- Sau khi ¢6 san ph4m tinh khiét, tién hanh thit hoat tinh sinh hoc (invitro,
invivo), thit tic dung dugc 1f, doc tinh trén d0ng vat thi nghiém, thir tién 1am sang
va lam sang.

- Xay dung quy trinh diéu ché hoat chat dat tieu chudn dugc dung (theo
tiéu chudn nganh hoac tiéu chudn Dugc dlén)

Néi dung quy trinh phong thi ngh:gm

Trén co 56 cdc két qua nghién chu, viét thanh quy trinh phong thi nghiém
dé cdc nha chuyén meén dua vao d6 thuc hién nghién ctru trién khai & qui mo
pilot. Mot qui trinh phong thi nghiém téng hgp hod dugc thudng gbm nhiing noi
dung sau:

I. Tén dé tai: cn ghi 6 tén dé tai, cdc budc phan ing, cic chét trung gian méi
hoajc san phdm méi dugc tao thanh.



. Tén sin phdm: cin viét tén khoa hoc theo tai li¢u va tn goi duogc sir dung
trong nha méy hodc xi nghiép. |

. Cac Pﬁng s6 hod hoc, vat ly: can néu cong thiic cu tao, cong thifc phén ti,
phaﬁgﬁ": luong, méu séc, dangtmh thé, diém chay, do soi clia san phdm.
Riéng d6 hoa tan c4n néu k§ céc loai dung moi va lugng chét ¢6 thé hoa tan
& céc nhiét d6 khdc nhau. Céc diéu cin biét vé& do bén vilng, diéu kién bio
quén cira san phdm vA céc s6 liéu lién quan vé tic dung sinh hoc.

. Yeu cdu vé chdt lugng sén phdm: cdn dua ra cdc yéu cdu cha tai liéu tham
khio va két qua ban than dat duoc vé céc chi tiéu chat lugng cha san phdm
nhu mau sic, mii vi, cic tinh chat vat 1y... Vi du diém chay tai lieu ghi 1a
130° C, nhung phén ting ti€p theo chi cdn diém chay & 125°C 1a dat yéu cdu
thi trong qui trinh cfing ghi diém chay nay.

. Lich sit tém tit cha sin phdm: cdc phuong phdp san xudt, noi sdn xudt,
ngudi phat minh va thoi gian 1am ra sdn phdm. |

. Céc phuong trinh phan img diéu ché, phan ti lugng, ty 1¢ mol thuc ding,
diém s6i, di€ém chiy va moét s6 tinh chat clia cdc chét tham gia phan ting...

. Qui trinh tém tét: chi ghi qui trinh mot cdch t6m tit vA céc diém cdn chd §.

. Liét ké tén nguyén liéu, phu liéu c4n thiét cho qui trinh, ghi 16 yéu cdu vé
chat lugng va s6 lugng. |

. Qui trinh chi ti€t: mo t4 chi tiét cdch tién hanh, liét ké céc thiét bi, néu chi
ti&t cdc s6 lieu 38 cdc nha chuyén mon biét cdch thuc hién thi nghiém.

10. An todn va bdo ho lao d0ng: cin ghi 18 cdc diém cAn chd ¥ vé an toan lao
dong trong qu4 trinh ti€n hanh thi nghiém.

11. Mot s6 kinh nghiém khi thuc hién thi nghiém: cdn ghi lai nhitng kinh

nghi¢m cd nhan trong qud trinh tién hanh thi nghiém ngoﬁi nhilng mo ta
trong qui trinh chi tiét. ‘ |
12. Chi tiéu nguyén liéu phu liéu: cdn phéi tinh todn chi tiéu nguyén liéu, phu
lieu, dung moi cin thi€t cho mot kg san phdm. |

13. Céc 1ai liéu tham khdo: cén trich din c4c tai lieu tham khio lién quan dén
dé tai d thu thap duok. |

-



14. Thosi gian, dja diém, ho 1én nhing ngudi tham gia tién hanh dé tai nghien
Ctru va chit ky (c6 ghi 15 ho tén) ngudi viét qui trinh.
Nghién ctru trién khai & qui mé pilot:

Nhiém vy chinh cia giai doan ndy 1a giai quyét c4c van dé k¥ thuat khi
thuc hién quy trinh & qui m6 16n va t6i wu hod cdc didu kién thi nghi¢ém. Dic biet
hru ¥ dén céc van dé nay sinh khi mé réng qui mo thf nghiém nhv an toan trong
sdn xudt, chit lwong san phdm, hiéu qué kinh t&... d€ tranh nhilng sai pham
khong thdy dugc & qui mo phong thi nghiem. Cén nghién cu gidi quyét cic van
dé cu thé sau:

- Vén d¢ dung méi: Tim céch thay thé c4c dung méi dé chdy nd, doc hai
bing cdc dung m6i an toan hon, thay cic dung moi dit tién bing cac dung moi
ré hon.

- Vin d€ phuong thic nap liéu: T6i uu hod cich thic nap liéu cho phl‘: hcfp
V6i timg thi€t bj v toan bé day truyén sdn xust.

- Vin dé lién tyc hod qué trinh: Nghién ciu thay cdc cong doan san xuit
gidn doan thanh mét qua trinh lién tuc.

- Vén dé phan 12p va tinh ché sin phdm: Nghién citu phuong phdp phan
1ap va tinh ch€ sdn phdm thich hop cho qui mo sin xuat 16n.

- Ve theo doi diém két thiic phan ting.

- V& vin dé phuong phép thao t4c, gia nhiét.

- Vén dé thiét bi: Cic yeu cdu vé vat licu 1am thiét bi va céc loai thi€t bj

c4n st dung.
_ - Van dé thu héi, xir 1y dung méi va sén phdm phu.

- Van @€ dinh mtc nguyén liéu vat tu, thoi gian cho moét qui trinh san
Xudt. *

Xay dung qui trinh san xuft & qui mé cong nghiép:

Tir nhiing két qud nghién ctfu trén, téng két viét thanh qui trinh k§ thuat &
qui mo s&n xust cong nghiép. Qui trinh nay bao gém céc giai doan sin xut duoe



mo ta rat cy thé. M&i giai doan c6 c4c thao tic k¥ thuat dé tao ra san phdm trung
gian hozc thanh phdm. Cu thé hoa dinh mifc vat tu nguyén liéu, nang lugng, thi
gian sédn xuat Ia chon va b6 tri thiét bj, phuong phép xir 1y, thu h6i dung moi va
san phzim phu Véi1 qui trinh chi tiét nay ngudi cong nhéan c6 thé sin xuat ra cic
san phdm theo ding yéu ciu.

4.NGUON NGUYEN LIEU CUA CONG NGHIEP HOA DUGC:

Cong nghiép Hod dugc san xudt ra tat ca cac loai nguyén liéu cho cong
nghiép Bao ch€ duoc phdm nhu: Hoat chét, céc chét phu trg, cic t4 duoc va céc
loai dung moi... V1 vdy ngubn nguyén li¢u ciia cong nghiép Hod duge rat rQﬁg
rdi, bao gom khodng san, thuc vat, ddng vat, hay san phim tng hop hoé hoc.

4.1. Nguon nguyén liéu tir bién va cac khodng san:
4.1.1. Nguyén li¢u tir bién va cdc ngudn vo co tu nhién:

-Nguén nguyén li¢u tu nhién chii yéu d€ san xuft cac hoa duge vo co gém:

-Nu6c bién: C6 thé sdn xudt cdc mu6i vo ¢o nhur: NaBr, KBr, Nal, KI,
NaCl, K(Cl.

-Rong bién: La nguén san xudt iod dang k€ va ciing 13 ngudn thiic in b5
sung iod cho ca thé. La nguyén liéu cho san xudt alginat, ding trong nhiéu linh
virc cong nghiép.

-Nudc 6t (nudc sau khi k&t tinh muéi in tir nuSc bién) cb thé diéu ché
duge cac mu6i magie ding trong nganh dugc nhu MgSO,.7H,O dé 1am thuéc
tdy, thu6c nhuén traing. Ngoii ra cic mudi carbonat mégic nhu MgCO,,
Mg(HCO,),, 3MgCO,.Mg(OH),.3H,0 ding lam thuéc nhuan tring, chéng toan
mAu va lam t4 dugc.

- Tir quang pyrolusit c6 thé diéu ché KMnO, ding 1am thu6c s4t tring.

- Tit quing barytin (c6 chita khoing 90- 98% BaSO,) c6 thé tinh ché dugc
BaSO, dugc dung diing lam chét can quang chup da day, 6ng tiéu ho4.



- Tl quang dolomi (chi#a carbonat kép ctia magie va calci) duoc sit dung
* d¢ san xust mu6i magie 1am t4 duoc.

- Tt thach cao (CaSO 2H,0) khi nung & 120 - 130°C mat nuéc tao thianh
CaS0,.1/2H,0 dung 1am bﬁt bo.

0 Viet Nam, quang barytin c6 & Tuyén Quang va Bic Giang (ham luong
BaSO, khoang 98%), quing pyrolusit & Cao Bing (ham luong MnO, trén 43%),
quing dolomi & Thanh Hod, Vinh Phic. Chiing ta da khai thac dé san xu4t cic
hoé chat v6 co phyc vu cho y t€ va céc nganh khic.

4.1.2. Cdc acid va kiém v6 co:

Céc acid va kiém vo co (H,SO,, HNO,, HCI, NaOH, KOH, NH,0H..) Ia
nguyén liéu khong thé thiéu duge cia cong nghiép Hod duroc.

Acid sulfuric san xudt t quing pyrit (FeS,). Acid clorosulfuric dicu ché tir
Cl, va acid sulfuric, dugc st dung trong sin xust cic sulfamid. Acid sulfuric,
oleum vi acid clorosulfuric duge sin xudt & Cong ty hod chat Lam Thao tir
quang pyrit (FeS,).

Acid hydrocloric dugc san xuat bing phan tng ciia khi Cl, véi H, (Cl, thu
duoc khi dién phan mué6i an). Natri hydroxyd I3 du phdm khi dién phan mudi in
NaCl. & nude ta acid hydrocloric va NaOH dung dich dugc sdn xuft tai nha may
hod chét Viét Tr.

Amoni hydroxyd, acid nitric dugc sdn xust tai Cong ty hoa chat, phan dam
Bac Glang
4.1.3. Than dd va ddu mé:

Céc hgp chét thu duge tir than da va ddu mé 1a nguén nguyén liéu quan
trong nhat cha cong nghiép hod chét néi chung va cong nghiép Hod duoc néi
riéng. Hau hét hod chét co ban ciia cong nghiép téng hop hod hoc va cong
nghiép Héa dugc 12 sén phdm cfia hai nganh cong nghiép chung cat than d4 va
chung c4t ddu mo.



-Nguyén liéu tix than da:

Xu#t phét tir nhu cdu cin c6 than c6c @€ luyén kim, cong nghiép chung cat
than d4 da bit ddu tir th€ ky XVI (1584) San phdm chinh liic d6 1a than c6c dé
luyén kml Téi cuGi thé ky XVIII, nén cong nghiép niy da sin xudt dugc khi
thdp sdng, st dung réng rai cho t6i thé ky thit XIX. Sau d6 nho sy phat trién clia
cong nghiép dién luc, cic khi thu duge khi chung cdt than da d3 dugce chuyén
sang dung 1am nhién liéu cho c4c nganh cong nghiép va dun nau trong gia dinh.
Déng thdi sin phdm ciia chung c4t than d4 duge xir Iy d€ tao ra nhitng nguyén
liéu hoa chat cho cac nganh cong nghiép hoa ﬁgc.

Khi chung c4t khan than d4 trong néi kin ta duoc 3 phin:

- Phan khi.

- Phén 16ng gém nhya gudrong va nuéc amoniac.

- Phén can rén 13 than c6c luyén kim.

Tir 1 tan than, khi chung khan trong néi kin c6 thé thu duge: 230 - 250m’
khi khé ngung tu; 65-70 kg nuéc amoniac (xtr 1y 18y duge 12 kg amoni sulfat
dung 1am phin b6n); 60 -65 kg nhua gudrong; 600-700 kg than c6c dung luyén

kim (theo Dupont) _
Tir 1 t4n than (theo Jukelson) cé thé thu duoc:
Benzen: 35kg Naphtalin: 2,00 kg
Toluen: 1,5 - Quinolin: 0,01 -
Xilen: 0,7 - Antracen: 0,15 -
Phcnol:_ 0,07 - Carbazol: 0,02 -

Cresol: 0,1 - Pyridin: 0,02 -

Phdn khi kh6 ngung tu, tinh theo thé tich c6 khong trén 50% H,; 20-32%
CH,; 5-8% CO, 0,5-2,2% ethan ...



So d6 tém tdt céc sdn phdm chung cdt tir than dé va khd ndng si dung
cia chiing trong céng nghiép hod duoc.

o8k

* THAN DA
[ [ | |
Xh{ khé Nhia . Nudc Cic
ngung tu Gudrdng amoniac
(i, G, €O, (|‘4H4. CH, OOy, N;..)
r | I 1
CHO, QCH,CHO  acH,CH,0H  CClz =0Cly
o,
HOCH,CHN(GHs ),
I | I l
Dédu nhe Péu trung Déu ning Déu
" Naphta" Ba-re binh phenolic Creozot Antracenic
T T ] 1 [ 1
Baznpirridh Binsid Tt Nyl Anilin  Phenol Crezol Naphtalin  Creozot  Fluoren
— ] | ] |
Y- P-picalin Cloro-  Nitro- Nitro Aceta- A:.‘,Jd. Anhydrit
picolin Quinolin  benzZen toluen xilen nilit salicylic phtalic
] '

Rimifon Vitamin PP DDS  Anestesin  Xylocain Sulfamid  Aspirin Cresyla Dietyl-  ‘Thudcho Pavatrin

Coramin  trihdi Novocain dinxust sétming  Phialat  creozot  triho
va diin ; salicyl Phenol
ylat ;
xudt Phtalein
Phtalazol
-Nguyén Liéu tir dau mo:

T ddu mo qua xi¢ 1y, nhg cbhg nghé hoa ddu da cung cdp cho cong
nghiép ho4 chit (trong dé c6 cong nghiép hod dugc) rét nhicu loai nguyén liéu
cd ban. |

Ddu mo th6 chita nhiéu loai hydrocarbon nhu: parafin, cycloparafin va céac
hydrocarbon thom. Du cia méi mo c¢6 thanh phan hod hoc khéc nhau.

Tai nguyén ddu mo Viét Nam rdt phong phd. Trit lugng chua duge dénh
gid ddy dd, song theo udc tinh clia mot s6 chuyén gia, c6 thé t6i hang ty tdn.



Pé sir dung ddu mo vao cdc nganh cong nghiép khic nhau, ngudi ta phai
ch€ bi€n bing céch chung c4t trong céc nha mdy loc du.

Sau day 12 so d6 t6m tat mot s6 sin phim chinh tiY qué trinh chung cét ddu
mo va m@g 56 qu4 trinh téng hop hira coti sin phdm ciia cong nghé hoéd dau:

Nhiing sdn phdm chinh ciia qud trinh chung cdt diu mé:

—— methan
| ethan Lém& _
ung moi
| parafin — BIOEE | va nguyén liu
| butan d€ tong hop hod hoc
- pentan
L hexan
— cyclnpentan .y Lam dung moéi
— cycloparafin }1‘ én liu dé téng h
il cyclohexan .y 500
hod hoc
~— ethylen .
Lam nguyén liéu dé t8ng hop
—] olefin Propylen » y o4 hoc
— butylen
o " isopropan [ 3m nguyeén liéu d€ tdng hop |
DAU . hok h :
— isobutan 0a hoc
THO isoparaf _
| isoolefin Soberan
: —— isobuten
| isopenten
c4c ety e } Lam nguyén liéu dé tdng hop
acetylen | alkylacetylen J bodbhoc -
—— benzen N
i Lam dung méi va nguyén
aromatic alkylbenzen ¢ piay 44 t6ng hop hod hoe
i naftalen
—— Methyl t - Buthylether (MTBE) \ Ch4t Jam ting
chi s6 octan
L ether Ethyl t -Buthyl ether (ETBE) trong xAng ddu

___ t- Amyl methyl ether (TAME) ) va lam dung moi



Téng hop cdc nguyén liéu hitu co tit khi metan:

—CHiCl ) 1, dung moi vi nguyén

chlohod [-~CH,Ch | liéutdnghgphoihoc
- CHCL
L~ CCl,

METHAN| |[-2iR00 | N, ——= lam dung moi
CH,4

+0
E&._.l,. HCN  — lamnguyén litu tdng hop

 —«~CH;0H
oxy hod .
= 1am nguyén licu d€
CH0 t18ng hop hitu co
*—= HCOOH
0 + HZ

— CH=CH | !amnguyen lieu dé
J _t8ng hop hite co

—=C +2 Hz

Tdng hop cdc nguyén liéu hitu co tir khi ethylen:

—— CH;CH,0H
— C}{z—CHg Ch4t trung gian cho
o~ hoé dugc, hoé hoc

— CICH,~CH,OH — Ho#4 cht trung gian

— CICH2CHzC1 — Dung moi va ho4 chat
trung gian

— CHCI=CH :
Ethylen 2 lealfilrl liéu cho cao
CH,=CH, p

——— CH,CH,Cl ——= Chat gay 18
——= CgHsCoHs

|~ CH;CH,CHO

CH;CH,COOH ; Hod chét

CH;,CH;NH,



Téng hop céc nguyén liéu hitu co tir benzen:

- Hydroxyl hod — .
H,0,/ HSO5F . paracetamol

aspirin
chlo ]105. . NaOH
P, t%ao @
@ suifo hod @_ SOsH NaOH

Benzen | piwo hoé @NO; Fe/HC1 @-NH; — i\;lf;nud, l
CHy,—CH, EAxRXIEG
ol

@'CHZCHon - @'CH:CHQI“’" Praziquantel

Trong ngudn nguyén liéu ddu md, ngodi céc san phdm tix cong nghiép hod
ddu nhu da ké trén, cdn phai ké t6i inanh phén thi hai 12 khi déng hanh. Thanh
| phan ciia khi déng hanh va khi thién nhién chil y&éu 1a methan va déng déng, day
ciing 12 nguén nguyeén lieu quy. Ngoai vi¢c sir dung 1am chét d6t, con 1a nguyén
liéu cho cac nha mﬁy phan dam, sdn xufit methanol, ethyleh

4.2. Cac nguyén liéu dong vat va thuc vat:
4.2.1. Nguyén liéu déng vdt:

Mot s6 phil tang, dich co thé hay dich dao thai cia dong vﬁt c6 thé duoc sit
dung dé san xuAt ra thudc.

V1 du: tif tuy€n tuy san xust duge insulin, tir tuyén thugng than chi€t dugc
adrenalin, tif tuyén gidp lon san xuft duge thyroxin. Nudc ti€u ngua gidng 1a
nguyén lidu sdn xudt foliculin. Cic acid mat la nguyénlliéu san xudt mot s
-~ thuéc steroid. Téc va mot s6 phy phdm nhu sing, l6ng, méng 1a ngudn nguyén
liéu san xudt L-cystin, L-cystein v N-acetyl-L-cystein. Tir ph6i bd c6 thé san
xuéit heparin, tir da day bd, lgn c6 thé san xust dugc pancreatin, pepsin...



4.2.2. Nguyén liéu thuc vat: - |

Diéu kién khi hau nhiét déi tao cho nuéc ta mot ngudn duge liéu phong
phu. Nhiéu hoat chét ding lém thuéc di duoc san xua't G.qui mo cong nghlép dya
trén nguén nguyén liéu nay nhu codein, vmcamm strychnin, rut’ ber =rin,
rotundin, cdc din chat artemisinin...

Nganh cong nghi¢p hod duge nudc ta hign nay chuwa phat trién. Sy hiéu
bi€t vé nguén nguyén liéu clia nganh nay gidp ching ta dinh hudng nghién citu
va san xudt. Tir d6 c6 thé tu 120 ra mot s6 nguyén lieu cho nganh cong nghiép
Duogc ddn di vao qui dao phat trién.

5. MOT SO QUI UGC VA KY HIEU DUNG TRONG KY THUAT HOA

DUOC

Ky thuat hod dugc 14 nganh san xust ra cic hod duoc c6 cong thic va
thanh phén xdc dinh (hoat chat, t4 dugc, céc nguyén li¢u phu trg..., tir cdc nguén
nguyén li¢u khéc nhau. San phém clia k§ thuat hod duoc I3 nguyér liéu cla cong
ngh¢ bao ché€ duge phim.

Trong ky thuat hod duge, dé tdng hp duge mot hop chat c6 ciu tric va
thanh phdn xéc dinh, cdn phai thuc hién rét nhiéu phan tng hod hoc, nhiéu qua
rinh hod 1y phic tap, lién hoan chit ché. D& moi ngudi c6 thé hiu duge mot
cach hé th6ng céc qua trinh ciia sin xudt hoé dugc, ngudi ta dua ra m** <8 qui
udc hoic ky hiéu dé bidu thi:

5.1. So do phan img:

D€ biéu thi cdc phan ting hod hoc lién hoan tao thanh san phdm it nguyén
liéu va phu liéu, ngudi ta sit dung so d6 phan img.

Vi dy dé san xudt ra paracetamol (V) tirn guyén li¢u ddu phenol (I), ngudi
ta dua trén so d6 phan iing sau:



OH OH
I-Nazs A0
2. H,804 .
NH,
4

NHCOCH;
5

' OH : OH
Q==
— +
1 , ;
Trén so dé phén ting ndy, c6 ghi hdu hét cdc nguyén li¢u, phu liéu tham
gia cdc phan tng. C4c acid, base... ding trong cac phan (ng trén duge coi 1a phu
ligu. '

Tit nguyeén liéu di dén thanh phdm phai, trdi qua nhiéu qud trinh bién déi,
nhiéu phén tng hod hoc. Két qia 13 hinh thanh ra nhiéu san phdm trung gian
(chc hop chét 3, 4), phé liéu (2). Tuy nhién, c4n nhd réng ciing mot hop chat, c6
khi 12 s&n phdm trung gian hay ph# liéu clia qua trinh sdn xuat ndy lai 13 thanh
ph4m hay nguyén liéu ban d4u cho mot qui trinh san xust khac. Vi du hop chét 2
va 3 12 nhiing hoat ch4t trong thudc kich thich ting trudng thuc vat, hgp chét 2
con la nguyén lieﬁ ddu trong tng hop cdc Hoa duge chira bénh dudng rudt thude
din xu4t 8-hydroxyquinolin.

Trong thuc t€, téng hop hod duge it khi ngudi ta xuét phét tix chc nguyén
liéu ban d4u don gian nhu trén (phenol, benzen, toluen, naphtalen; ..). Vi nhu vay
qué trinh t8ng hop s& qué dai, qud phiic tap d6i vdi mot phan xudng san xudt va
khong kinh €. Do d6 hién nay di hinh thinh nganh san xuft sin phdm trung
gian cung cdp nguyén liéu cho nhiéu nganh cong nghiép héa hoc trong 46 cd
cong nghiép hod dugc. Ky thuat hod duoc sir dung nhitng sin phdm trung gian
d6 1am nguyen liéu, dong thi t sin xudt 14y mot phin nhiing sén phdm trung
gian dic chiing ding riéng cho cong nghiép hod dugc. Néi cach khéc, nguyén
lieu ciia k§ thuat hod dugc thudng 1a sin phdm trung gian. Hon nifa, 46i khi ban
than san phdm trung gian dem tinh ché theo tiéu Chllﬁ{ C-l;!-"&
thanh mot san phdm hod dugc. oy




Vi du: trong téng hgp céc sulfamid, san phim trung gian acetanilid chi
cfin tinh ché lai dat tiéu chudn ducc dung 13 tré thanh hoat chat cia thuéc ha
nhiét antifebrin. B
5.2, Qui trinh ky thuat:

Qué trinh k¥ thuat dé san xudt ra mot san phdm cia k¥ thujt hod duge
thudng bao gém nhiéu phan tng hod hoc. Méi phén Uing dwgc thyc hién coi nhu
mot giai doan san xudt va tdt ca cdc giai doan san xust d6 duoge ghi trong mot
qui trinh san xust. Trong méi giai doan sén xudt lai ¢6 nhiéu thao tac k¥ thuat Iy
ho4 hoc d€ tao ra mot sin phim trung gian hogc thanh phdm. Qui trinh nay goi 1a
qui trinh k§ thuat. |

P4 trinh bay tém tit toan bo qué trinh k¥ thuat tao ra mot thanh phdm, c6
thé ding hai c4ch thé hién:

-So d6 nguyén ly cia qui trinh:

C6 thé biéu thi so d6 nguyén 1i nay nhur sau:

Hinh chir nhat to dé chi c4c giai doan, d0ng tic san xut.

Nguyén phu li¢u tham gia vdo qué trinh dugc ghi trong nhmg hinh chir
nhat nhd hon, 43t & phia bén phai hoac ben trdi. Du phém va c4ch xit 1§ dv phdm,
chat ph€ thai dugc ghi & hinh chit nhat dat bén trdi hodc ben phai.

Vi du: Qué trinh k§ thuat clia giai doan khir hod p-nitrophenol thanh p-
aminophenol trong t6ng hop paracetamol dugc thé hién nhu sau:

-So d6 phan tng:
| H : Na
1 Naj§ + Ha0 ——eeee +Na58703 + NaOH
- NH,
OH

NO,
ONa

+H,3804 —» + NayS04



-So d6 qui trinh k¥ thuat:

So d6 qui trinh sdn xudt p-aminophenol tix p-nitrophenol:

e -
wg :

Nuéce
. Nﬂ.zs
l p-nitro-
Yy - i phenol
Phan ving khir hod
l [ Dung dich
H)S504 '
Hdn hgp phan fing
chira p - aminophenol
l ¥ Nudc
Dl;ilaltolfa: ggﬁc - Loc, rira tila
y
p - ammnophenol
Du phdm va xur Pong téc 1y, hod Nguyén phu liéu
1y du phdm hoc va san phdm

So d6 ciui trinh cho ta biét thit tir v m6i lién quan giita cic giai doan, cic
dong tic k§ thuit trong qui trinh sin xudt. So d6 qui trinh cdng v6i chi tiéu
nguyén phu liéu va hiéu suidt méi giai doan san xudt gidp ta xay dung duoc van
d¢ can bang vat li¢u.

Ciing c6 t4c gia biéu thi so d6 qui trinh theo cdch khdc. Ding hinh chit
nhat dé bi€u dién nhimg dong t4c 1§ hod hoc, vong trdn dé biu dién nguyén liéu
va san phim.



So d6 qui trinh sdn xudt p-aminophenol tix p-nitrophenol:

Trong so d6 trén, nguyén liéu va phu lieu duge ghi trong nhiing vong tron
g trén va & bén trdi, du phdm duge ghi & cdc vong trdn bén phéai. Mbi hinh chit
nhat tuogng trung cho mot cong doan san xudt.

-So d6 thiét bi ky thudt:

So d6 nay thé hién cdch sp x€p thiét bi nhyt trong thuc t&€ cta day truyén
san xudt. Pudng di clia nguyén liéu, phu liéu, nang huong, cic thi€t bi dong do va
kiém soat... dugc biéu dién theo nhimg ky hiéu théng nhat.

Vi du: So d6 thi€t bi k¥ thudt trong sin xudt nitro-benzen duoc bidu dién



-Phuong trinh phan dng:

' NO»

-So d6 thiét bi:
So 46 thiét bi diéu ché nitrobenzen theo phuong phdp lién tuc:

1,2 -Binh dong.
3 -Cét nitro hod.
4 -Sinh han.

5,7 -Binh tach.
6 -BO phén cat.
8 -Cot cit.
9 -Bom.

10 -Binh ho4 hoi.

Mot s& ki hiéu hay ding trong céc tai li¢u ki thuat hoé duoc:

Blﬂngngujfi:nliﬁu Dién d&t néng A
Dubng nudc mmm-—-— Mt quan st $
Bumg hoi néng e Ngan it |
Dubmg nude than e+ 4 Thai ?‘
Budmg nude ngung ottt V.. <]
Bubng chén khéng ~ -eeee - Quat o
Pudng nudc [am lanh X-X-X-XX X-

Puimg acid R

Dulng ki¢m HHHHHHH-

Pungkhfnén T



Chuong 2
NITRO HOA

Muc tiéu hoc tap: " e
1. Khdi niém va co ché phdn vmg nitro hog,
2. Cdc tdc nhén ciia qua trink nitro hod,
3. Cdc yéu 16 anh hudng dén phan img nitro hod.
4. Céc vi dy ing dung ciia phdn img nitro hog.

1. DAI CUONG:

Nitro ho4 13 qu4 trinh hog hoc nhém thay thé mot hodc nhiéu nguyen tiy
Hydro cia hop chit hitu cg bing mot hay nhiéu nhém nitro (-NO,).

Phuong trinh phan tng nhi sau:

R-H +HNO, — R-NO, + H,0

Nitro ho4 13 phan ng tao lién két C-NO,. Cic ester ciia acid nitric v6i
alcol (hop chét chita lien ket 0O-NO,) khong duogc xét dén trong churong nay.

Cac hop chat nitro thudng 13 chat 16ng hay tinh thé mau vang hoic nau,
-mii hic dic biét. Din ch4t nitro dugc sir dung 1am dung mei, thudc thir, thusc
n. LA trung gian quan trong trong nhiéu qui trinh téng hgp thubc vi cic chat

2. CO CHE PHAN UNG:

Phan ving nitro hod ¢6 thé xdy ra theo 2 kiéu co ché: thé 4 dién tir (Sg) va
th€ géc ty do (Sg), phu thudc ban chét cic chat duoc nitro ho4 va diéu kién phan
tng. '

2.1. The 4i dién tir (Electrophilic Substitution):

Khi nitro ho4 nhimg hop chét thom bing hén hop sulfo-nitric thudng Xay
ra theo co ché thé 4j dién tlr (Sg). Phan tng thuc hién & pha long va nhiét do
khong cao. Ton nitroni NO,* 13 t4c nhan 41 dién tit, duoc tao thanh theo phuong
trinh sau: :

- HNO,+2H,50, - NO," +2HSO, + H,0*



Sau d6 ion nitroni NO, tan cong vio nhan thom theo co ché thé 4i dién tix
chung. Phan tng nitro hod xdy ra theo hai giai doan, trong d6 giai doan tao phiic
o 12 giai doan cham, quyét dinh t6c do phan tng.

=t I ~H NOZ

@
+ NO,

H,S0, 12 xiic t4c tao ion nitroni va tao ra méi trudmg acid di manh dé ngin
can sy phan ly cha HNO, thanh H* va NO;". Khi n6ng d¢ H,SO, giam thi t6c do
phén {ing nitro hoé cling gidm theo.

Vidy:

-Khi nitro ho4 benzen & 25°C néu néng do acid sulfuric nhd hon 80% thi
phén tng x4y ra khong d4ng ké. Néu néng do acid sulfuric 12 80-90% thi t6c do
phan Gng tang 1én 1000 l4n.

Nhém th€ da co sdn trén nhan anh thdng dang ké dé’n phéan ng nitra ho
theo qui luét:

-Nhém thé loai 1 1am ting qué trinh nitro hod va dinh huéng nhém -NO,
vao vi tri ortho va para. |

_Nhém thé loai 2 1am gidm qué trinh nitro hod va dinh huéng nhém -NO,
vao vi tri meta.

2.2. Thé goc tu do (Radical Substitution):

Khi nitro hod cdc hop chat hydrocarbon no mach thing, ngudi ta thutng
ding t4c nhan 13 acid nitric lodng (30%-40%). Phan ting thyc hién & thé khi,
nhiét d6 cao (300-500°C) va xay ra theo co ché th€ gbc ty do:

HO—NO, ——— OH + NO,

RH + NO, — R + HNO,
R + HNO3 —— RNO, +o}f
RH + OH — R + H0
R + HNO; —— ROH + NO,
R + NOg ———» RNO,

R + OH —— ROH

OH + NO, — > HO—NO,

R + R —— R—R



Ngoai sin phdm chinh, con thu duge 1 hén hop céc san phdm phy gém
alcol, hydrocarbon va 1 vai san phdm oxy hod tir hydrocarbon.

3. TAC NHAN NITRO HOQA:
3.1. Acid nitric (HNO,):

Dang tinh khiét 4 cht 16ng trong, mdi hic manh, 1, =41,6°C, (0= 85,3°C,

d =1,502. Bun s6i hay d€ 1au ngoai 4nh sdng bj phan huy:
HNO, — 4NO, + 2H,0 + 0O,

Trong céng nghiép thurong gap cdc loai néng do 65-68% (d =1,42), 95%
(d=1,49, bbec khéi). Loai néng d6 cao c6 thé dung trong binh thuy tinh, sanh
hogc nhom. Loai néng do thép o6 thé dung trong binh thuy tinh, snh hoic thép
khong gi. Tranh 4nh sing.

Acid nitric 12 tdc nhan nitro ho4 yéu vi bi pha loAng bdi nudc tao thanh
trong phan dng. Mit khéc, do ¢6 tinh 0xy hod manh, nén tao nhiéu tap cht 1
san phdm oxy hoé céc hydrocarbon tham gia phdn iing. Lugng acid nitric diing
cho phan tng nitro hod khoang 1,5-2 14n so véi If thuyét.

3.2. Hon hop sulfo-nitric (H,SQ,+ HN 0; + H,0):

D€ khic phuc nhing nhuge diém clia acid nitric, trong cong nghiép ngui
ta ding hén hop cia acid nitric va sulfuric (hén hop sulfo-nitric). Cation nitronj
NO," dugc tao thanh theo phuong trinh:

@ €]
HNO; + 2H2504 ——* NO, + 2HSO% + H;0

Ty 1¢ hén hop H,S0, : HINO, : H,0 phu thuge ban chét ca cdc hop chat
durgc nitro hia: _

-V6i cdc hgp chat thom c6 kha nang phan vng cao (phznol, phenol-ether)
chi cdn diing dung dich HNO, 40%.

- Cdc hop chdt thom ¢6 kha nang phan ng trung binh (phdn 16n ¢6 nhém
thé loai 1, trix din chat halogen) thi d& nitro hoj 1 mol, can 1,5 mol HNO, 68%
va 2,2 mo! H,SO, 98%.

- Céc hgp chdt thom c6 kha nang phan ting thép (cdc chit c6 nhém the loai
2) thi dé nitro hoé 1 mol, c4n 2,3 mol HNO; 95-100% (d =1,49-1,5) vi 2,6 mol
H,S0, 98%. |

- Trong cong nghiép ngudi ta thudng pha s&n hén hop sulfo-nitric c6 nong
d0 nhu sau: -HNO; : 88% ( loai 60-65 %, d=1,4)
-H,80, : 9,5% (loai monohydrat hay oleum 20 %)



H,0:25%
Ti 1¢ trén c6 thé pha lodng thém tuy ¥. Mat khic, n6 c6 thé dung dugc
trong binh thép thudmg, dé van chuyén. '
U'u diém clia loai tdc nhén ndy 1a:
~ Tée dung nitro hod manh hon HNO;
- Giam tic dung oxy ho4 ctia HNO, k]u ding & n6ng 46 cao.
- Tranh tao thanh din chét polynitro.

3.3. Mudi nitrat va acid sulfuric:

Day 12 tdc nhan duoc sit dung khi cdn nitro hod trong méi trudng khan
nudc, thudng duge st dung d€ diéu ché céc din chét polynitro.
- 2NaNO, + H,50, = 2HNO, + Na,S0,

3.4. Acylnitrat (AcONO,):

L2 téc nhin nitro hod manh, ding d€ nitro hod chc chat dé bi phan huy bdi
nuée hodic acid vo co. Téc nhan niy khong chia acid v6 co, san phdm phu cia
phén ting la acid acetic.

(CH;CO),0 + HNO; ——= CHCOONO; + CH;COOH

. NO,
@ + CH,COONO; ——> +  CH;COOH

Khi ding tdc nhan ndy nitro hod cdc amin thom, déng thdi v6i qué trinh
nitro ho4 nhém amin ciing duge bao vé.

NHCOCH;

@ AC;O:’H-NOQ, @

4. CAC YEU TG ANH HUGNG DEN PHAN UNG:
4.1. Anh huéng ctia nhiét do:

Nitro hoé Ia qué trinh tod nhiét manh. Luong nhiét nay bao gém nhiét
phan iing va nhiét pha loing acid sulfuric bdi nuéc tao thanh trong phin dng.

T6c d6 va hiéu su4t phan dng phu thudc nhiéu vao nhiét d6. Nhiét do t6i

ru clia phan tng phu thugc vao bén chét céc chat duge nitro héa (thudng bién
"5



déi tir -10°C dén 500°C). Véi chc hydrocarbon no mach théng, thudng tién hanh
d 170-500°C (phan ing theo co ché goc tu do). Con khi nitro hoi cac
hydrocarbon thom, thé 16ng thi ti€n hanh & nhiét d6 thdp hon (-10 den 170°C).
Nhiét d6 cao sinh ra nhidu 12p chdt do phan ting oxy hed, vi vay bo phan trao ddi
nhiét clia thiét bi nitro ho4 phai hi¢u qua ¢ trénh hien trong qué nhiét.

4.2. Tac dung cia khuay tron:

- Phén g nitro héa thudng 1a di pha: pha hitu co (cac chét cén nitro ho4)
va pha acid (tdc nhan nitro hod). Vi vay cin phai khudy tron manh dé ting
ti€p xdc va trinh qu4 nhiét cuc bg.

4.3. Dung luong khir nuge:

Trong qué trinh nitro ho4, nuéc dugc tao ra lam giim néng dé acid
sulfuric. Phan ing sé dat t6i can bang khi néng d6 acid gidm t6i mot gi6i han
nhat dinh. Méi ch4t khdc nhau gi4 tri gi6i han d6 ciing khéc nhau. Pai lvong
dic trung cho gid trj gi6i han d6 ctia méi chat duoc goi 12 dung lugng khir
nuée caa chét d6. Dung lugng khir nude (D.L.K.N.) duoc tinh theo cong thitc
sau;

% H,804 dua vao phén (mg
% HyO ban ddu + % H,0 do phan Uing sinh ra

DLKN =

Biét dugc D.L.K.N. clia méi chat c6 thé tinh dugc lugng acid sulfuric
cén diing dé pha hén hop sulfo-nitric khi nitro héa chat d6. Vi du DLKN
clia mdt s6 hop chat hitu cg nhy sau: nitrobenzen: 7.4; clorobenzen: 4,4;
benzen: 3,5: toluen: 2,4; naphthalen: 2,0.

5. CACH TIEN HANH PHAN UNG:

Nitro ho4 c4c hop chat thom dugc tién hanh & pha 16ng theo nguyen tic
sau:

Chdt cAn nitro héa duge 1am lanh xuéng duéi 10°C. Vira khudy, vira nhd
giot tdc nhan nitro héa vio véi t6e d0 sao cho nhiét do phan ung khéng vuot
qud 10°C. Céc hop chat c6 kha nang phdn ting cao thi khudy them 30 phiit &
nhiét d6 phong, cdc chat kha nang phan dng trung binh thj khudy thém 2-3
810, céc chdt kha ning phan tng kém thi 3-5 giv. Truong hop cdn thiét ¢ thé
1am néng dé phan g ket thic,



P& hén hop phén tng vio nuéc d4, khudy k§. Néu san phdm 1a chat rén
thi loc, rira lai véi nudc, sau d6 két tinh lai trong dung moi thich hop. Néu san
phdm & thé 16ng thi chiét hén hop phan ng véi ether hodc dicloromethan, rua
dich chi@, 1am khan va cfit loai dung méi. San phdm dugc tinh ché bang cat
phar doan

Véi céc hop chat mach thing thi qué trinh nitro héa thudng tién hanh &
pna hoi, nhiét do cao, trong thiét bi lién tuc. Sau d6 hbn hgp phan dng duge
ngung tu, phan 16p v rira lai bing nuSc. Trung hda bing dung dich natri
bicarbonat, 1am khan va cudi cling 1a c4t phan doan.

6. NITROSO HOA:

Nitroso héa 13 qué trinh dwa nhém -NO vao hgp chét hitu co. Day la
phan @ng gitta hop chét thom c6 chifa nhém thé hoat h6a nhan manh (-OH, -
NR,...) véi acid nitro. Nitroso ho4 cing 12 phan tng th€ ai dién tir, tic nhan 4i
dién tir 12 ion nitrosoni NO*. Phan iing tién hanh & nhiét 49 thdp (<10°0)

2NaNO, + H,80, —  HNO, + Na,SO,
HNO, + H,50, — NO* + H,O + HSO,

X@—H +NO" + HSO, — x—@>—wo + HpS04

X= OH NR2
San phim nitroso hod thudng 1a dong phén para.

7. THIET BI PHAN UNG VA AN TOAN LAO PONG:

Cic thiét bj ding cho phan ing nitro hod cén dam béo cdc yéu ciu veé
khuy tron va trao déi nhi¢t. Pay 1a phan tng toa nhiét manh nén ngodi v 1am
lanh, cn thiét ¢ b phan trao déi nhiét bén trong nhu 6ng xoén hodc dng hinh
try € dam bao hiéu qua 1am lanh. Canh khudy thudng 12 dang tudc bin voi toc
d0 300-400 vong/phit. Vat lieu ché tao thiét bj c6 thé ding thép khong gi, thép
tréng men chiu acid, thuy tinh...

Phan tng nitro hoé dé gay tai nan néu 1am lanh khong tot. Khi dé hén hgp
nitro ho4 p’.ut ra ngoai gdy bong acid. Trudng hop dot ngdt mé4t dién, may khudy
khong 1am viéc phai 1ap tdc ngimg phan ng va lam lanh cuc bo bing nudc d4.
Chc polynitro 12 nhiing chét d& gay nd nén khi ct tinh ché san phim phéi hét stic

~



chu ¢ dé phong chdy nd. Khi xit If hén hop sau phan tng, c6 tiép xiic véi acid
dic va kiém, cdn mang dung cu bao ho lao dong ddy du.

- 8.MOT SO Vi DU: 5
8.1. San xu4t nitro-benzen bing phuong ph4p lién tuc:

Nitrobenzen dugc sit dung [am dung moi va chat trung gian trong nhiéu
phén tng téng hop hod hoc. N6 dugc diéu che bang cach nitro hod benzen theo
phuong phdp gidn doan & pha long hogc phuong phép lien tuc & pha hoi.

* Phuong phap lién tuc dugc ti€n hanh theo so d6 sau:

S do thiét bi diéu ché’
nitrobenzen theo phuong
phdp lién tuc:
1,2 -Binh dong.
3 -Cot nitro hoa.
4 -Sinh han.
3,7 -Binh t4ch.
6 -B0 phan cit.
8 -Cot c4t.
9 -Bom.
10 -Binh ho4 hoi.

Acid nitric 61% tir binh dong 1 duoc hoa hoi trong thié€t bi s6 10 réi
dua vao thdp nitro hod 3. Tai day, phan tng véi benzen (dugc dua xuéng tir
binh dong 2). Hén hop phan ting khoang 72-78°C dugc dwra xuéng binh 6, tich
1dy 1 ph4n benzen dua lai phan @ng. Sau d6 hén hop phén tng ti€p tuc duoc
dan vao cot cat 8. C4t 18y hén hop acid va benzen con lai (118°C) dura lai phan
ing va thu san phdm nitrobenzen khong bay hoi (diém soi 208°C),

8.2. Tong hop thuée ha nhiét, gidm dau paracetamol:



Paracetamol 12 thu6c ha nhiét giam dau, dugc téng hop tir phenol. Qua
trinh diéu ch& gbm nhitng giai doan sau:

-Nitro hoa phenol bing hén hop sulfo-nitric thu dugc hén hop hai dong
phan o-nitrophenol va p-mtrophenol Tach rléng hai déng phan nay bang
phuong Phap cat kéo hoi nuée.

-Khir hod p-nitrophenol bang tic nhan Fe/HCl hodc Na,S/NaOH thu
duoc p-aminophenol.

-Acyl hod p-aminophenol bing anhydrid acetic thu dugc paracctamol
So d6 phan dng nhu sau:

OH OH Y OH

NO,
HNOy/H,S0, .

NO,

OH OH - OH
@ NaS/150 @ Ac,0/AcOH

NO;, NH, NHCOCH;

CAU HOI LUONG GIA

1. Thé n3o 14 qué trinh nitro hoa? Co ché€ phéan ting nitro hod gém ma’y loai, diéu
kién va noi dung clia mébi loai co ché 12 gi?

2. C6 bao nhiéu loai tic nhan clia qua trinh nitro hod? Ké tén v trinh bay noi
dung ctia mébi loai d6?

3. C6 nhitng y&u t6 nao anh hudng dén phan ting nitro hod? Noi dung anh hudng
cua ching la gi?

4. Trinh bay nguyén tic chung clia cdch tién hanh cdc phan tng nitro ho.

5. Nitrozo ho4 thudng xay ra véi nhitng nhém hop chét nao? Téc nhan cla ching
12 gi?

6. Hay néu nhiing diéu cdn dic biét chd § vé an toan lao dfng trong qué trinh
thuc hién phan ng nitro hod?

7. Trinh bay phuong phép san Xuit nitro benzen va phuwong phdp tong hop
paracetamol trong cong nghiép? '



Chuong 3
SULFO HOA

Muc tiéu hoc tap:

1. Khdi niém va co ché phdn ting sulfo hod.

2. Cdc tdc nhan cia qia trinh sulfo hod.

3. Diéu kién cika phdn iing sulfo hod.

4. Pham vi ing dung, cdch tién hanh phdn iing va phan Idp sdn phdm ciia
qud trinh sulfo hod. .

3. Cdc vi dy tmg dung ciin phdn iing sulfo hod.

1. DAI CUONG:

Sulfo héa 12 mot qu4 trinh héa hoc dwa nhém sulfonyl (-SO;H) vao mot
hop chét hitu co.

| R-H - R-SO,H

Chuong ndy chi nghién cttu phan tng dua nhém sulfonyl vao hgp chat
hitu co mét céch trye ti€p bang phan tng th€ hoic phan tng cong. Sulfo héa 1a
qua trinh tao lién két C-S. Cdn phan biét v6i cic qué trinh sulfat ho (nhém -
SO;H gén v6i oxy) hoac sulfamic ho4 (nhém -SO;H gén véi nito). V1 du:

CH;—CH,—S0,H " CH;—CH,~0SO:H CH;—CONH-SO,H
Acid Ethyl-sulfonic Ethyl-sulfat Acid Ethyl-sulfamic
Danh phép h6a hoc mot s& nhém hop chét hitu co chita lvu huynh:

R-SO,H : acid sulfinic (acid alkyl sulfinic)

R-SO,H acid sulfonic (acid alkyl sulfonic)

R-SH { mecaptan (alkyl mecaptan)

R,SO : sulfoxid (dialkyl sulfoxid)

R,S0O, - sulfon (dialkyl suifon)

R-SR : * ihioether (dialkyl thiocether).

Cdc hop chét sulfonic 6 tng dung rét rong rai. Trong dugc phidm, viec
dira nhém sulfonyl vao phan t thuéc 1am tang d9 hda tan cha né trong nudc,
thudn tién cho viec bao ché cac dang thudc ¢6 hiéu luc nhanh. Vi du B.A.L
(2,3-dimecapto-propanol) ch6ng ngd doc thily ngan, asen 1a dang thudc tiém
trong ddu, Néu chuyén thanh sulfonat natri (unithiol), c6 thé pha dung dich
nude dé tiém. ’



CHz'“*(':H“"‘CHon (lle-—*(IL‘H—-CH;SOﬁla
SH SH | SH SH
(B.A L.-thuc tiem/ddu) (Unithiol)

Pua nhém —SO,H vao phan tit thu6c cdn 1 bién phdp 1am giam doc tinh
clia thudc. Vi du nhém thudc tri lao, hiii: diamin-diphenylsulfon (DDS) rét it

tan va rdt doc, khi chuyén thanh céc din chét sulfonat 1a Promin, Sunfetron,
Baludon, thi dé tan hon va it doc hon.

RHN—@-SOz@NHR

R Tén thudc
-H " DD.S
~CH-(CHOH), ~CH,0H _
| Promin
SO;Na
—CH-CH,-CH-CgHs
| [ Sunfetron
SO;Na  SO;3Na.
—CH-CH;
| Baludon
SO3Na

Trong téng hop héa hoc: Céc hgp chdt sulfonic c6 tinh phan dng manh,
¢6 thé thay th€ bing nhimg nhém khédc nhu -OH, -H, -NH,, -Cl, -NO,, -SH,
-CN... Céc alkyl ester ciia sulfonat 13 nhiing tdc nhan alkyl héa t6t (vi du:
methyl, ethyl clia benzen sulfonat hodc p-toluensulfonat).

Trong ki nghé xi phong, sulfonat clia cdc hop chét mach thﬁng ¢ 56
carbon cao duoc diing 1am chdt dién hoat.

2. CO CHE PHAN UNG:
Ciing tuong tu nhu qu4 trinh nitro hod, sulfo hod c6 thé xdy ra theo co ché

thé 4i dién tir (Sg) hoac the gdc tir do (Sg), phu thuge vio ban chét cic chit duoe
sulfo hod, tic nhan va diéu kién phan tng.



2.1. Phan img th€ 4i dién ti (Electrophilic Substitution):
Xdy ra khi sulfo h6a cdc hgp ch4t thom véi tdc nhan 13 acid sulfuric.
Tac nhan 4i dién tir 1a SO, dugc sinh ra theo phuong trinh sau: |

% @ - B '
2H2304 H;0 + HSO.; + SO3

Téc nhan SO, t4n cong vao nhan thom tao thanh phic o dang luéng cuc. Sau |
d6 c6 su chuyén vi clia proton tao thanh dén ch4t sulfonic:

H .
SO;H
©
Qo — G — Oy

2.2. Phan tng th€ gdc tw do (Radical Substitution);
Khi sulfo hod céc hydrocarbon no, mach thing & nhiét do cao, xtc tic
4nh sang va tdc nhan Ia hén hop khi SO, va Cl,.

Ch LY
Cl+RH ——» R + HCI
R +S0; — RSO,
RSO, +Ch —» RSO,CI + Ci

3. TAC NHAN SULFO HOA:
3.1. Trioxyd luu huynh (SO,) va céc phirc hop cia né:
3.1.1. Trioxyd leu huynh (SO,):
§O; ton tai & nhiéu dang. Dang monome & thé hoi, dang v 14 trime cia
SO, & the 16ng (néng chay 16,8°C), dang P Ia polyme clia SO, & thé rén (néng

chay & 32,5°C); dang « Ia polyme ciia SO, & thé ran c6 nhiét do néng chly
cao hon (62,3°C).

O, .0
I
i —0—S§—0—S§-0—S§—
0=8=0 0*;3/0 o0
g7 O 0 0 Iy
(monorme) ( trime) (polyme)



Dang y hay duge sit dung trong cong nghiép. Dang B va a it dugc st
dung do khé thao téc. Dang nay khi chung cat thu dugc khoang 90% trime
(dang y) va 10% SO, monome. SO, monore dé trong khong khi, nhiét do
thudng squ vai gidf sé chuyén sang dang B va a. Dé ngin cin qué trich chuyén
dang ké trén ngudi ta cho thém xic tic 1a bor trioxyd, bor, lvu huynh hodc
photpho.

SO, 14 tdc nhan sulfo h6a manh, dé gidm t6c d6 phan tng va ngan can
cac phan img phu (than héa, sulfo ho4 nhiéu 14n), thudng phai pha loang n6
v6i dung m6i nhu SO,, CCl, hoac dicloromethan.

3.1.2. Cdc phirc hop cua SOy:
3.1.2.1. Céc dang hydrat cia SO,:

SO, tao v6i nudc thanh nhiu dang hydrat. Trong d6 céic dang hay dugc
sit dung @€ sulfo hod 13 acid pirosulfuric, acid sulfuric va acid sulfuric

monohydrat.
0_ 0
Wa
" il Cog OH HO 0 OH
S o” “on HS:::)H
o’ o B
Acid pirosulfuric Acid sulfuric Acid sulfuric monchydrat
2S05.1H,0 S03.H20 H;80,.H,0

Ngoai ra, luru huynh trioxyd con tén tai dudi cic dang phlic hgp véi 3 va
5 phan t& nudc. Didu nay 1y gidi tai sao acid sulfuric rdt hdo nude:

SO,.3H,0 SO;.5H,0
(H,80,.2H,0) (H,S0,.4H,0)
trihydrat pentahydrat

74,1% H,S0,, Dc = 26,7°C © 57,6% H,S0,, Bc = 25°C

O nhiet do thdp, cdc dang hydrat trén bén vimg. Bj ph4n huy & nhiét do
cao (450°C thi phan hiy hoan toan thanh nudc va SO;).

Oleum 12 dung dich clia SO, trong acid sulfuric 100%. Trong thuc t€,
cdc qué trinh sulfo héa thudng ding oleum. Hai loai oleum hay ding c6 ndng
d6 20% va 65%. Céc néng d0 khdc dé& bi két tinh & nhiét do thdp, gay kho
khin cho thao t4c trong qua trinh sulfo héa .



Hién tuong ndy duoc gii thich bﬁﬁg bi€u d6 bi€u dién sy phu thude
gitta nhiét 40 néng chay cha c4c dang SO, hydrat vao néng 46 ctia né.

.-" i
s,

t”(t*

40|

204

0

b 20 4 6 80 150 % S0,
H,80,

3.1.2.2. Céc phic hitu co cita SO;:

Nguyén tir lru huynh trong phan tir SO, c6 kha ning nhén dién tir. Do
d6 n6 dé tao phic véi mot s§ hgp chét hira co c6 doi dién tir tir do,

Céc phic clia SO, v6i dioxan, thioxan, pyridin va amin bac 3 hay dugc
st dung. Chiing dugc dang dé sulfo héa nhiing hop chat hifu cg dé bi pha hiy
bdi acid hoic dé han ché 16c d¢ ctia phan ting sulfo héa.

F o N\ Ry
(9] O—mS0, SO;=«—0 O—=50, —Ne—= SO
: e 4 ; Rﬁ{N 3

N\ | /\
S O—=50, SOse—S 0-—=S0, @

L

SO,

3.1.3. Cée acid halogen sulfuric:
Acid clorosulfuric 13 tic nhan quan trong nhét cda nhém nay. Acid
fluorosulfuric vi dit nén chi ding trong cdc truemg hop dic biét. Ding acid
clorosulfuric d€ sulfocloro héa khong cén nhigt d¢ cao, sin phém tinh khigt

hon khi ding acid sulfaric hodc oleum. Acid clorosulfuric dugc ding nhiéy
trong sdn xu4t c4c sulfamid,



AH + CSO;H ——» ASO,0H + HCI
ASO,0H + CISO3H ——> ArSO,Cl + H,SO,

TR R R T AR R TARIR N AR ARRR LR 1Y)

G -

AtH + 2CISOsH —> ArSO,Cl + H,SO4 + HCI

3.1.4. Acid sulfamic (NH,-SO;H):

Acid sulfamic c¢é d6 acid manh nhu H,SO,. Trong sulfo hoa hodc sulfat
hoé, né tic dung nhu phic hgp amin-SO;, nhung khic véi phic amin-SO; la
né ding duoc trong moi trudng khan nuéc va & nhi¢t d¢ cao. Thudng ding dé
sulfo hoa cic hgp chdt thom khéng no (Stirol) va phenol.

C.H,-CH= CH, + NH,-SO,H —  CH;—CH = CH-S0;H + NH,.

3.2. Cac dan chit caa SO, :
3.2.1. Cdc mudi sulfit, bisulfit:

Diing dé diéu ché cac sulfonat clia hydrocarbon mach thing ti dan chat
halogen tuong tng (phén tng Strecker). Phan tng xdy ra theo co ché€ thé ai
nhan.

R-X + Na,S0, —»> R-SO;Na + NaX

Céc din ch4t halogen thom chi tic dung dugc véi mudi sulfit hodc
bisulfit n€u trén nhan thom c6 nhém NO, & vi trf ortho hodc para.
3.2.2. Sulfonyl clorid (SO,CL,).

Pé sulfo-cloro héa cdc alkan, cycloalkan, arakan, ngudi ta ding SO,Cl,
¢6 mit base y€u (pyridin).
3.2.3. Hon hop khi SO, va Cl,.

Ding hén hop khi SO, va Cl, dé sulfocloro hoé céc parafin. Phan tng
xay ra theo co ché g6c tu do dudi tc dung clia anh sang.

4, PIEU KIEN CUA QUA TRINH SULFO HOA:
Phéan tng sulfo héa 14 phan {ng thuan nghich:
Ar-H + H,SO, ——= Ar-SO;H + H,0
D& chuyén can bing vé phia phéi thuong ding lugng H,S0, (tinh ra
néng 49 SO,).thira khoang 2-5 ldn. |
Trong qué trinh phan tng, n6ng d¢ H,SO, gidm ddn do bj tiéu thu dé
tao nhém -SO,H va bi pha loang boi nudc tao thanh. T6c do phan ing ciing




gidm ddn va dén mot gii han nao d6 thi ngimg. Ngudi ta 801 gi6i han ndng
40 H,80, ma & d6 phin g sulfo héa khong xdy ra nita 1 pisulfo héa (.
sulfo héa). Gid tri n phu thudc vao nguyen ligu dem sulfo héa va nhiét d¢ thuc
hién phan tng. Pisulfo héa dugc biéu thi bing ndng do cha SO, trong hén hop
phan ing. i
Vi du: n-sulfo h6a benzen & nhiét d6 60°C 12 66,4.
n-sulfo héa naphtalen 12 56 (& 60°C) va 52 (& 160°C).
n-sulfo h6éa benzen 12 66,4 c6 nghia 1a khi néng do6 SO, trong hén hop phan
 Ung gidm xudng 64,4% (tinh ra néng do H,SO, 12 66,4: 0,8164 = 81,3%) thi
khong thé t30 ra san phdm benzen sulfonjc nita.
Khi biét gi4 tri n-sulfo héa cia mot chat 0 mot nhiét d6 nao d6 ta c6 the
tinh duoc lugng SO, du dé phan ting duoc thuc hién hoan toan. Trong thuc &,
li.rg'ng H,S0, c4n thiét d€ sulfo héa 1 kmol hop chit hitu co duge tinh nhu sau:

_ 80100 - 1)
a—-x
Trong d6: X 1a s6 kg H,SO, cén tinh.
a: néng d6 ban d4u ciia SO; trong tdc nhan sulfo hoa,
7 gid tri 7 sulfo h6a ciia chét hity cg nguyén licu.
- (H,50, 100% c6 néng d6 SO; 12 81,64%)
Tir cong thiic trén ta thdy chét nao c6 gia trj n-sulfo hoi nho thi cang dé
phan tng.

X

5. KHA NANG UNG DUNG CUA PHAN UNG:
5.1. Sulfo héa cdc hop chat mach thing:

Cac hydrocarbon no mach théng khi sulfo héa véi H,30, tao ra nhiéu
tap do cdc phéan ng oxy hod va déng phan ho4. Do 46 trong céng nghiép
nguoi ta thudng ding téc nhan S50,Cl, & thé khi theo co ché the goc (Sy).

Nhi€u din ch4t sulfonic clia hop chat mach thing dugc didu ché tiy c4c
halogenid tuong wng ctia né béng phan tng Strecker (nung aiky! halogenid vdi
mudi natri hoac amoni sulfit),

R-X+Na,S0, o R.SO,0ONa + NaX
X = halogenid

Ciéc olefin khi t4c dung véi acid sulfuric tao thanh alkylsulfat theo co
ché€ cong hop Marconyikov:



R-CH-CH + Hi$Os ——= R-CH-CH;
| OSO3H
Acid hitu co mach thang dé dang sulfo hoéi v6i oleum tao ra acid a.-
sulfo-carboxylic. -
R-CH,-COOH + SO; —> R——(l:'H—-COOH
SO;H
V6i acid clorosulfonic ciing tao ra acid a-sulfo-carboxylic.
R-CH,-COOH + CISO,0OH —> R—(IZH-COOH
SO;H

5.2, Sulfo héa cac hop chét thom:

Khdc véi cac hgp chit mach thing, cdc hop chdt thom dé sulfo héa hon
nhiéu. Chi cin nhi¢t 46 th4p va néng d¢ acid sulfuric khoang 65-100% ciing
~ ¢6 thé sulfo héa dugc. Phan @ng xay ra theo co ché 51 dién 1.

-Benzen dugc sulfo héa véi H,SO, 98% & 80°C cho acid bcnzcn
sulfonic. N&u tiép tuc sulfo hod & 220°C cho din xuft disulfonic va & 300°C
cho trisulfonic.

SO;H SO3H SO4H
@ H,S04 @ H,S0, oS04
5 mdb
. e S HSOq SO4H
-Naphtalen khi sulfo héa v6i HZSO,; & nhiét 46 khac nhau thi ciing cho

céc san phdm khéc nhau.

-

: “ 160C
O;H ' S0,H
SO-H SO;H
“ Q0 -
%

96% 4 15% 85%



6. CACH TIEN HANH PHAN UNG:
6.1. Sulfo héa céc hop chat thom:

Thong thuong chét phan ing duoc hoa tan trong cdc dung mo6i thich
hgp (cloroform hoic tetrrﬁélorocarbon). Sau dé vira khudy, vira cho tic nhan
sulfo héa (theo tinh todn) vio kh6i phin ting vé6i van t8c sao cho gitr duoe
phan tng & nhiét do c4n thiét (1 -10°C dén 150°C tuy chit tham gia phan
ung). |

Sau khi phan ting két thic, 1am ngu6i va vira khudy vira d8 tir tir hén hop
phan iing vao nuéc d4. Khufly k§ va tién hanh tich sin phdm ti¥ kh6i phén tng
theo céc phuong phdp duge néu & phdn sau.

6.2. Sulfo héa cdc hop chét mach thing :

Thuong dugc thyc hi¢n & thé khi, nhiét dd cao, tdc nhan 12 hén hgp SO,
va Cl,. Phin img thuéng duoc ti€n hanh theo phuong phap lién tuc trong thap
sulfo hoa. '

Khoi phén ting khi ra khdi thap sulfo héa duge ngung tu. Sau d6, dich
ngung ty dugc cho 1Y tir vio nudc d4 va phan 1ap.

7. TACH CAC ACID SULFONIC TU HON HOP PHAN UNG:
7.1. Tach bing muéi an;

Muéi ki€m ctia acid sulfonic tan 6t trong nutde nkumg lai it tan trong dung
dich mu6i. Do d6 c6 thé ding muéi an tao dung dich bio hoa dé ddy sulfonat
kiém ra khoi dung dich clia né. .

7.2. Téch béng cach tao muéi véi kim loai kiém thé:

Dua trén kha nang hoa tan khéc nhau ciia mud; sulfonat vé6i kim loai
kiém thé. -

Vi du: khi trung hoa véi nube voi trong, déng phan naphtalen-2-
sulfonat calei tdch ra khoi dung dich vi khd nang hoa tan ciia né kém déng
phan naphtalen-1-sulfonat calci.

7.3. Tach bing nuéc da:
M6t 56 acid sulfonic da vdng it tan trong nuéc. Vi vay khi d8 hén hap
phén {ng clia ching vao nudc d4, chiing dugc tich ra. Loc va thu sin phim.



8. MOT SO Vi DU: |
8.1. Diéu ché acid benzensulfonic:

Benzen durgc phdn dng véi acid sulfuric 100% trong thiét bi sulfo héa 1.
Acid begzensulfonic tao thanh duge chiét bang nudc hodc dung dich NaOH
trong thiét bi chiét 2. |

Benzen chua phan ting dugc lam khan trong thiét bi 3 va duge dua trd
lai phéan @ng.

Khi SO; dugc dan vao thiét bj sulfo hod dé€ dam bao néng d6 H,SO,
ludn dat 100%.

So d6 thiét bi diéu ché acid benzensulfonic
theo phwong phdp lién tuc.

H2804100% Benzen

Nuéc hodc dd xat

— I ;
1 :

5C; ACID BENZENSULFONIC

8.2. San xuit cAc thudc sulfamid: :

Acyl hoa anilin thu dugc acetanilid. Acetanilid tdc dung vé1 acid
¢clorosulfuric thu duge p-acetylamino-benzen-sulfonylclorid. Phan dng ciia
sulfonylclorid v6i amin tuong tng tao ra dan xudt sulfonamid. Cu6i cing la
thily phan loai nhém acetyl thu dugc sulfamid tuong dng.

Phuong trinh cédc giai doan phan ng nhu sau:



NH:—@ + (CH;00),0 ——» AcNH-—@

CAU HOI LUGNG GIA

1. Qua trinh sulfo ho4 12 gi? Muc dich ciia n6?

2. Co ch€ phan tng sulfo hod gém mdy loai, diéu kién va néi dung clia méi loai
co ch€ d6 1a gi?

3. Tdc nhan cha qda trinh sulfo hod g6m c6 nhiing loai nao? Hay trinh bay chi
i€t ndi dung ciia mbi loai d6?

4. Trinh bay hiéu biét ciia anh (chi) vé didu kién ctia qué trinh sulfo h6a? Phan
tng sulfo hod thudng dugce ing dung trong cdc nhém hop chat nao?

5. Trinh bay nguyen tic chung ciia cich tién hanh cdc phan tng sulfo hoa.

6. Hay néu cdc phuong phap chit yéu diing dé tach c4c acid sulfonic tir hdn hop
phan tng sulfo hod? ,

7. Trinh bay phuong phdp san xuft acid benzensulfonic va phuong phép chung
téng hop cac sulfamid?



Chuong 4
HALOGEN HOA

Muc tigp hoc tap: ;
1. Khai niém va co ché phan ung halogen hod.
2. Cdc tdc nhdn cua qud trinh halogen hod.
3. Cdc vi du ing dung cua phdn iing halogen hod.

1. PAI CUONG:

Halogen héa 12 qud trinh héa hoc nhdm dua 1 hay nhiéu nguyén ti
halogen vao hgp chét hitu co. Ty bén chit halogen ma ngudi ta goi qué trinh
-nay 12 fluoro héa, cloro héa, bromo héa hoic iodo héa. :

Dua halogen vao phan tir hitu co nhdm céc muc dich sau:

- -Tao hgp chét trung gian c6 tinh phan tng cao cho cdc qué trinh téng
hgp hod hoc. Tt dén chét halogen, c6 thé thay th€ bing cdc nhém -OH, -OR,
-CN, -NH,... d¢€ tao nén hgp chat méi. Mot s6 din ch4t halogen dugc diing
" 1am tdc nhan alkyl nod (CH,I, C,H,Br), tic nhan acyl hod (R-COCI).
| -Tao ra céc hgp chét c6 tinh tng dung cao hon. Nhiéu din chét halogen
hiu co dugc ding lam dung méi (dicloromethan, cloroform,
tetraclorocarbon...).

-Nhi€u hoéd duoc 1a hop chat chl’Ia halogen (thuBc s4t traing CHI,, thudc
ho CHBr;, thu6c can quang chia iod urokon, thudc 1oi tiéu clorthiazit ...). Cic
din chét chia fluor c6 wu di€ém 12 b4m chéc vao hé enzym clia co thé. Do d6
nhiéu thudc chita fluor ¢6 thdi gian ban thai dai va tic dung manh (thudc sét
rét mefloquin, cdc quinolon khéng khuén pefloxacin, ciprofloxacin...).

Qua trinh tao din xu4t halogen c6 thé ding cac phuong phép sau:

1. Th€ hydro, nguyén tir hay nhém nguyén tir khdc bing halogen.

2. Cong hop halogen vao lién két kép ciia phan tir hiru co.

2. CO CHE PHAN UNG:
2.1. Halogen ho4 theo co ché ion:
Thudng xay ra & nhiét do thdp (150-200°C) vdi xvc tdc 1a cdc chét tao
ion (acid, base, mudi kim loai). |
2.1.1. Thé di dién tik (Electrophilic Substitution):



Phan tng ndy c6 thé thay thé mot hay nhiéu nguyén t H clia nhan thom
biang mot hodc nhidu nguyeén tir halogen. Xic téc cho qué trinh 13 acid Lewis
(FeCl,, AICL,): =

F
nE

& )
Ch + FeCh ——= Cl + FeCl

H Cl Cl Cl
@ : o
e Cl

@ ]
H+ FeCly ——= HCl + FeCl

2.1.2. Cong hap di dién tif (Electrophilic Addition):

Phan ing cong hop cfia halogen, acid hydro-halogenid va acid
hypohalogenid vao olefin & nhiét do thdp va trdnh tic dung ciia 4nh 'séng xay
ra theo co ché cong hop 4i dién tir. Xic tic acid Lewis (FeCl,, AlCI) c6 tdc
dung 1am phan cuc halogen va acid hydro-halogenid, tao ra tic nhan 4i dién
.

=]
+ Br ——= CH,—CH
H” i 2
Br Br

CHZICH_Z + BI‘2

Phén tng cong HX vao olefin khong d6i xing tuan theo nguyén ly

Markonyikoy:
=
@
' CH;—CH=CH, +HBr——— CH;—CH—CH, ~2'—» CH;——(IZ'H—CH3
Br

N€u c6 nhém hit dién tir manh lien két véi olefin thi san phdm cong

hop nguoc voi nguyen Iy Markonyikov:
& O
CF3——CH==CH» +HBr— CF3—CHr—CH; — = CF3—CH,-CHBr

2.1.3. Thé éi nhdn (Nucleophilic Substitution)
Khi cdc alcol tic dung véi cdc acid hydro-halogenid:
R-OH + HX - R-X + H,0
Phén iing xay ra qua ba giai doan va dugc giai thich nhu sau:



HX —-»> H"+ X

R+ H,0

ROH + H

@
R—(l)—H ;
H

R+ +Bl'” 4“' RBr

2.2. Halogen hoa theo co ché goc:
Phan ng halogen héa xay ra theo cd ch€ gdc tu do khi c6 tac dung cua
anh sang, ¢ nhiét d9 cao hoidc xic tac tao géc ty do (peroxyd).
2.2.1. Phdn itng thé géc & hydrocarbon no mach thdng.
Phan ung th€ H & cac hgp chét parafin hoac H trén mach nhdnh cic hgp
chdt thom & nhiét do cao, xiic tdc 4nh sdng. Qu4 trinh x4y ra qua ba giai doan:
-Tao g6c tu do: dudi tic dung clia 4nh séng hay nhiét d6 cao (300°C).

Ch 2

-G6c tu do tham gia phan vng v6i hydrocarbon tao chudi phan tng day
truyén:

¢l + R—CH; ——= R—CH, + HCI
R—CH; + Cp — R—CHCl +CI
-Céc g6c tr do phan tng véi nhau, két thic qué trinh:

' s & — gy

2R—CHy' > R—CH,—CHp;—R
R—CHy' + CI' —— R—CH,CI

2.2.2. Phdn img céng hop halogen vao hydrocarbon thom.
Du6i tic dung clia 4nh sdng, clor v brom c6 thé cong hgp vio nhan
thom theo co ch€ goc tu do:

Ch 2Cl
i l
QY O e
e +Cl —»=
Cl ¢l o il cl
A Cl

2.2.3. Phdn img céng h@p halogen vao olefin.



Phén iing cong hgp halogen phén tit vio olefin duéi tac dung cua 4nh
sang thudng xay ra theo co ché g6 tu do.

Trong s6 cdc hydro-halogenid thi chi HBr dudi tdc dung cla peroxyd
cong hgp vao olefin theo co ché g6c tr do, Con HCI va HF do nang luong lien
ket H-X 16n, kh6 c6 kha nang téch thanh géc tr do dé tham gia phan ting nay.

H
CH3—CH==CH; + HBr "‘—2“'02"" CH3—CHy—CH2Br

3. TAC NHAN HALOGEN HOA:
3.1. Céc halogen phan tir: |

-Clor 1a khi mau vang luc, d=2,49, ho4 léng & -34,5°C. Trong céng
nghiép clor dugc sir dung kha phé bién, thudng duge déng trong binh thép
dudi dang 16ng. Clor phan tir duoc sir dung dé clor héa cic hop chat thom theo
co ch€ the 4i dién ti. N6 ciing dugc ding dé clor héa cdc hgp chit
hydrocarbon no bing phan ting thé géc véi xiic thc 13 4nh sdng va nhiét do
cao. Ngoai ra con ding dé cong hop vao cic lien ket kép. Clor 12 mot khi rat
doc.

-Brom 1a chét 16ng mau nau sim, dé bay hai, d=3,1, s6i & 59°C. C§ thé
dung trong binh thuy tinh. Ding dé halogen ho4 giéng nhu clor.

-lod 1a tinh thé mau tim s&m, néng chay & 113°C. ft khi duoc sir dung vi
kha nang phan ng kém. -

-Fluor 12 khi mau luc, hod 1éng & -188°C. N6 hdu nhu khéng thé sir
dung dugc dé fluor héa truc ti€p vi phén Wing qud manh Liet. Hop chét fluor
phai dicu ché bing phuong phép gian ti€p (qua mudi diazoni hoac dung phan
iing thay thé halogen). - |

3.2. Céc acid hydro-halogenid:

G6m HCI, HBr, HI va HF., Thudng ding dé cong hop vao cdc lién ket
kép ciia hydrocarbon khéng no theo co che phén ng cong hop, hoic theé
nhém -OH alcol bing halogen theo co ché the 4i nhan.

3.3. Céc hipohalogenid va mu6i ciia chiing:
Cic hop chdt nay 13 HOCI, NaOCL COng hop véi ethylen tao
ethylenclorhydrin 13 nguyén li¢u quan trong t8ng hop metronidazol.
CH, = CH, + HOCl — HO-CH,-CH,-Cl1



Pac bigt khi cho phenol tdc dung véi NaOCI thi chi tao thanh déng
phan ortho: |

sa@oﬂ r NaOCH @OH + NaOH
cl

Mot ing dung khé quan trong ctia NaOCI 12 clor héa cdc sulfamid dé
diéu ch€ cic chat s4t tring (cloramin T).

R@SOQNHz + NaOCl —— R@—SO:NN&C]

3.4. Céc clorid acid vo co:

. Nhoém nay c6 SOCl,, SO,Cl,, COCl,, PClL,;, POCl;, PCl;. Chiing t6n tai &
dang rin hodc l6ng, r4t nhay cdm véi nuéc. Thudng duoc diing dé diu ché

clorid acid tir cdc acid tuong ng.

3.5. Cac muéi cua halogen v6i kim loai kiém.
Nhém nay gém NaF, NaCl, NaBr, Nal. Thudng duge ding dé chuyén héa céc
sulfon ester, cdc mudi hydroclorat clia amin thanh din xu4t halogen:

R—O0—SO;H + NaF ———» RF + NaHSO,
R—NH,HCl + NaF ——» RF + NaCl + NH,

hosc thay thé clor thanh iod:

CH—CH—CH, + INal —— CH;—CH—CH, + 2NaCl
Cl OH Cl I OH I

3.6. Cac tac nhan halogen héa khac.
b6 1a §,Cl;, SbF;, N-brom-succinimid. S,Cl, dugce ing dung trong cong
nghiép san xudt tetraclorid carbon: |
CS, + 2§8Cl;, === CCl, + 65

V6i SbF, ngudti ta c6 thé diéu ch€ duge cdc din xu4t fluor ti cic din
xuft clor tuong Ung:



@—ceh v ooy T @ CF3 * SbCl

: : P
-??"— 7 i

4.MOT SO Vi DU:
4.1. Clor hoa toluen:
Tuy xic tdc va diéu kién phan ting, c6 thé tao thinh cic sin phdm khdc
nhau.
Clor hod & nhi¢t d s6i chia toluen, véi tic dung cla 4nh sdng, phan tng
xay ra ¢ thé hoi theo co ch€ gbc tu do. Sin phdm Ia benzylclorid, benzyliden-
clorid va benzylidinclorid.

CH,CI CHCH, CCL

CH; |
@ Ch/as @ Ch/as @ Ch/as @ '
—tn—'—b- __t?"—' ——?—h

Con néu clor hod & nhiét d6 phdng véi xidc téc 1 FeCl, thi thu dugc sin
phdm 1a cdc déin xu4t clor thé trén nhan,

CH3 CH3 CH3
' | cl
O =
—_— +
Fe Cl 3 '
Cl

4.2. Diéu ché ch4t can quang Urokon:
Urokon dugc sir dung khi chup cin quang dudng mat. N6 duoc diéu
ché tr N-acetyl-meta-aminobenzoic theo phuong trinh sau:

COOH

| 1
3 101 50004

COOH

NHCOCH, NHCOCH;



CAU HOI LUONG GIA

1. Th€ nao la qué trinh halogen hoa? Muc dich ctia qué trinh nay 13 gi?
2. Co ché phén ting halogen hod dugc phan lam mAy nhém? Diéu kién xdy ra va .
céc vidu “cha méi loai coch&?

3. Trinh bay c4c loai tdc nhan clia qda trinh halogen ho4?
4. Néu céc vi du ing dung clia qua trinh halogen hoa trong téng hop hitu co va

hoa duogc.



Chuong 5
ALKYL HOA

S

Muc tiéu hoc tap:
1. Khdi nié¢m va cde téc nhan cia qua trinh alkyl hog.
2. Cdc logi phdn img alkyl hod.
3. Cdc yéu 16 dnh hudng dén phdn ting alkyl hod.
4. Cdc vi du img dung ciia phdn iing alkyl hod.

1. DPAI CUONG:;

Alkyl héa 12 qui trinh thay the mot hodc nhi€u nguyen t& hydro ciia hop
chat hitu co bing mot hodc nhidu nhém alkyl.

Nbém alkyl c6 thé lien két truc ti€p v6i carbon, oxy, nito, hodc Tuu
huynh, tuong tng ta c6 c4c qud trinh C-alkyl héa, O-alkyl héa, N-alkyl héa
hodc S-alkyl héa.

C-alkvl héa:

Muc dich @€ kéo dai mach carbon ciia phan tit hitu co. Vi du trong téng
hop céc din chat ester ciia acid malonic lam trung gian cho téng hop céc
thu6c ch6ng dong kinh nhém barbituric.,

COOC-H CO0OC,H C
3 2Hs NOGH, @ ©f 2Hs - jCOO 2Hs
HyC, NaCH — ——=R—CH
COOC,H; COOC,H; COOC,H;
O-alkvl héa:

Alkyl héa cbn thu dugc cic ether, con alkyl hod acid carboxylic thu
dugc cic ester tirong Wng.

R-OH+R'OH -  R-OR'+H,0 ether
R-ONa+R’X - R-OR’ + NaX

R-COOH + R’QOH =—= R-COOR’ + H,0O Y ester
R-COONa + R’-X - R-COOR’ + NaX }

N-alkyl héa: :
San phdm cha phan wing 13 cic amin.



R—NH, + RX — RNHR —5?-(—-— R— N\l; RX o RNEG X
S-alkv] hoéa: i
San phdm clia phan tng 14 thioether.
R-X + NaSH - R-SH - R-S-R
Qué trinh alkyl héa dugc sit dung nhiéu trong k¥ thuét t6ng hgp héa
dige. Nhiéu thu6c quan trong Ia sian phdm cua qud trinh alkyl héa (codein,
antipyrin, analgin...)

2. CAC TAC NHAN ALKYL HOA:
2.1. Céc alcol (R-OH):

Methanol va ethanol 12 nhitng tic nhan alkyl h6a quan trong. Hdu nhu
trong moi trudng hop alkyl héa, phai sir dung acid v6 co lam xdc téc.

Alcol thudng ding dé alkyl h6a cdc amin hodc alcol khac. San phdm 1a
c4c amin hoac ether.

2.2. Céc alkyl halogenid (R-X):

Cic alkyl halogenid mach carbon ngén (C=1-3) 1a chat 16ng c6 do soi
thdp. T4c nhan hay diing 12 methyl halogen va ethyl halogen. Alkyl halogemd
dugc st dung d€ alkyl héa cdc amin.

2.3. Cac arakyl halogenid (Ar-(CH,), X):

Benzyl clorid hodc benzyl bromid dugc st dyung nhiéu. N6 thudng dugc
ding dé bdo vé nhém -OH clla dudng hodc cellulose trong héa hoc céc
hydratcarbon. |

2.4. Céc ester cua acid vo co chita oxy:

GO6m céc dialkyl sulfat, alkyl nitrat, alkyl photphat, dialkyl carbonat.
T4ic nhan dugc st dung nhiéu nh4t 12 dimethyl sulfat. N6 c6 thé alkyl héa
nhém -OH phenol trong méi trudng kiém, nude, nude-alcol, tham chi cé trong
moi trudng acid. Cic alkyl nitrat rét it khi dugc si dung vi dé gy né.

2.5. Cac ester cua acid sulfonic: _
' C4c ester hitu co clia acid sulfonic thom c6 § nghia trong thuc t€. Viéc
sit dung né gidng véi dialkyl-sulfat. Nh6m t4c nhan nay thudng duoc dimg dé



alkyl héa nhém -OH phenol hodc -NH amin. M6t s6 tic nhan dién hinh 13
methyl-benzensulfonat, benzyl-benzensulfonat hoic methyl benzyl ester clia
acid p-toluen sulfonic.

2.6. Cac mudi amino bac 4:

Trong d6 phenyl-trimethyl-amoni clorid 13 téc nhan hay dugc sit dung.
Téc nhan nay methyl héa chon loc nhém -OH phenol trong méi truémg kiém.
V1 th€ n6 dugc sir dung dé methyl héa morphin thanh codein.

2.7. Cac tac nhan alkyl héa khéc:

-Cdc epoxyd:

Puge sir dung dé diéu ch€ cic polyether-alcol, chdt c6 tdc dung lam
gidm sitic cang bé mat.

G2 -5h S
R—CH,;0H 2 RCH,0CH,CH,0H ——2—»RCH,0CH,CH,0CH,CH,0H
=Cdc hop chdt co kim:

Hop chét co magie ding d€ diéu ché cac ether hén tap.
CHMgCl + CICH,0CH, — CH,CH,0CH, + MgCl,

3. CAC LOAI ALKYL HOA:
3.1. C-alkyl héa:

C-alkyl héa thudng 1a phén g alkyl hoa cic hop chat chia nhém
methylen hoat déng. D6 1a cdc hop chét c6 nguyén tir hydro gin cdc nhém hut
dién t& manh (Vi du: ester malonat, ester cia acid cyanacetic, malon dinitril,
acetoacetat cthyl...).

Tac nhan alkyl héa thudng dugc sit dung 1a alkyl halogenid, dialkyl
sulfat, alkyl sulfonat, ngoai ra cdn c6 th€ ding alkyl nitrat, epoxyd, arakyl
halogenid.

]
NC-CH,-COOR’ + B NC-CH-COOR’ + BH
o N CON .
RX + HC_ RCH - X

COOR' . COQOR'



Xiic tdc cho phan ting 1 c4c base (alcolat kim loai, Na-hydrid, cdc kim
loai Na hodc K). Dung méi thudng 1a alcol, mét s6 trudng hgp c6 thé ding
ether hoic benzen. .

E

3.2. O0-alkyl héa:
G6m céc phén iing alkyl hod nhém -OH alcol hoic phenol, sin phim l1a
+ cdc ether. Riéng alkyl h6a nh6m -OH ciia acid carboxylic s& dugc nghién cifu
trong chuong ester héa.
Céc ether dugc diéu ché bang ba phuong phip sau:
*Loai nudc tit hai phan tir alcol:

H,S0, /140°C ;
ROH + R'OH _2;__.. ROR' + H20

*Téc dung cla natri alcolat v6i alkyl halogenid (phan ting Williamson):

R-ONa+R’X — R-OR’+ NaX
| (X = -Br, -Cl, -I)
*Cong hop ctia alcol véi olefin:

2504 R—CH—CHj

OR'
Ciéc phenol-ether dugc diéu ché gidng v6i ether mach thing. Tdc nhan

alkyl hod thuong ding 13 alkyl-halogenid, dialkyl sulfat hodc alkyl-
toluensulfonat trong méi trudng kiém (natri alcolat).

R—CH=CH; + R'OH

3.3. N-Alkyl héa:
Khi alkyl héa amin bac nhdt hodc amoniac v6i alkyl halogenid, c6 thé
thu duge mot hén hgp amin bac cao hon hodc mu6i amin bac 4. '

@ € -Hx
RX + NH; — RNH;X -*“"H;“ RNH;
+

@ e
RNH, % » pNH s pN _RX RNX

Néu ding t4c nhén 12 alcol thi qué trinh dimg lai & amin bac 3.

Mu6n tao amin béac hai, cdn phai bao vé mét nguyén tit hydro ctia amin
bing phan tng acyl ho4, sau d6 méi alkyl héa va cuéi ciing thily phan nhém
bao vé.



' CEO;H .
R—NH, —— R—NHSO;H —2» R—NSO3H JOHL o sapy

|
Rl' . . Rl
Gén day, nho sit dgng nhom alcolat 1dm tde nhan alkyl ho4, hiéu sua't
phén tng cao hon va khong l4n tap chat dialkyl hoa.

=H
(C;HsOpAl +3AINNH; —= 3 ArN\C 5 + AKOH);
2435

3.4. S-alkyl hoa:
S-alkyl h6a thudng 12 phén (ng gitta hop chat mecaptan vGi alkyl-
halogenid, sdn phdm 12 c4c thioether.

R—sH + Rx —2. p o p oy

4. CAC YEU TO ANH HUGNG PEN QUA TRINH ALKYL HOA:
4.1. Nhiét do:

Khi ding tdc nhan alkyl héa 13 alcol (methanol, ethanol) hoic alkyl-
halogenid thi phan mg cdn dugc thuc hién & nhi¢t do cao hon so véi alkyl
sulfat. Alkyl héa & pha hoi thi ddi hoi nhiét d6 1én téi 400°C. Véi cdc amin
thom, khi nhiét d6 ting nhém alkyl c6 xu huéng chuyén vao nhan.

4.2. Ap suit:

Hau het cdc phan tng alkyl hod khong lam gidm s6 phan tit va thudng
ti€n hanh & pha long, vi vay khéng cén 4p sudt. Tuy nhién dé tang t6¢ do phan
ting, doi khi phai thyc hién phan ting & nhiét dé cao.

D0 v6i cdc tdc nhan c6 nhiét d6 s6i thdp hoic con dung moi dé hoa tan
‘cdc chét tham gia phéan dng thi c4n thiét tién hanh phan tng trong n6i chiu 4p
luc (autoclav). .

4.3. Ty 1¢ mol cdc chdt phan img; .

Viée st dung thira tdc nhan alkyl hod anh huéng dén mic do alkyl ho4
san phdm, dic biét 12 alkyl-halogenid va dialkyl-sulfat. C6 thé loai duoc anh
hudng nay bang céch sir dung alcol 12 t4c nhan y&u hon.

V6i cdc amin viéc Iva chon ty 18 mol ban ddu c6 ¢ nghia quyét dinh dén
ty 1¢ tao thanh cdc bac amin trong san phdm.



5. CACH TIEN HANH PHAN UNG: |

Phan g alkyl héa & pha 16ng dugc ti€n hanh bing phuong phép gidn
doan ho#c lién tuc, con & pha hoi thi luén duge thuc hién bang phuong phap
lién tyc. :

5.1. Phuong phap gian doan:

D4i vai céc chiat dé phan ing, khong cén thuc hién & nhiét d6 cao, phan
ing toa nhié¢t nhi€u nén cdn 1am lanh. Chat alkyl h6a dugc hda tan trong dung
moi thich hgp, thém xic téc, sau d6 nang nhiét d6 va cho din tac nhan alkyl
h6éa vao. Khong ch€ & nhiét d6 can thiét trong sudt thoi gian phan dng. Sau
khi két thiic, lam lanh, 46 hén hop phan img vio nuéc d4, tich pha hitu co, rira
lai v6i nudc. Lam khan va c4t phan doan thu sin phdm & 4p sudt gidm.

D6i v6i céc chét khé phan ting thi cho nguyén liéu, tdc nhan va xiic tc
vao ndi phin iing (autoclav). Dun dén nhiét do cén thiét va duy tri cho t6i lic
phan {ng hoan thanh. Két thic phan ting, c4t loai nguyén liéu thira va xu’ ly
hon hop phan ting nhu trudng hop trén.

5.2. Phuong phap lién tyc:

Ti€n hanh trong thi€t bi chiu 4p luc hinh thdp. Chét cin alkyl hda, tic
nhén va xiic tdc dugc h6a hoi va din lién tuc vio thiét bi phan ing. Tinh todn
dé duy tri dii thoi gian cho hén hop phan ing & nhiét d6 cin thiét. San phdm
14y ra khoéi thap phan @ng mot cich lién tuc, duge ngung tu va xir 1§ nhu trong
trudng hop gidn doan.

6. MOT SO Vi DU:
6.1. San xudt thudc gay ngu diethyl barbituric (veronal):

Qua4 trinh t8ng hop veronal gém hai giai doan:

Giai doan 1: Téng hgp diethyl malonat diethyl ester bang phan tng
alkyl hod diethyl malonat véi ethylbromid, xdc tdc natri alcolat trong moéi
trudng alcol.

Giar doan 2: Ngung tu diethyl malonat diethyl ester véi ure tao thanh
diethyl barbituric (veronal).

So d6 phan ing nhu sau:



HZCi —LNaOCHS, (g ofy __1.NaOCHs HfCl\C,cooczﬂs
COOCH; . oHsBr “COOCH; 2 cmser  BsC \COOC2H5
COOCH H HsCa, C~
HSCZ\CI 5 . ZN\C:O ,C2HsOH sCa c \Czo
HsCi COOCHs HN HsCY ﬁ—Nﬁ
0

6.2. San xudt thudc giam ho, glam dau codein bing phuong phap alkyl
hoa morphin:

Codein dugc ban téng hgp tr morphin bing phuong phdp methyl hod
véi tdc nhan 12 mot muéi amonium biac bon (Phenyl trimethyl amonium
hydroxyd). Uu diém ctia tdc nhan nay 14 chi methyl ho4 nhém -OH phenol vi
khéng tao mudéi amoni bac bén véi nito bac ba ctia phan tir morphin nén cho
hiéu suit cao.

HO CH;0
@ CH; =)
0 + caHjN\_CHg OH —» ¢
N—CHj Chy N—CHj
HO 3 ) " HO 7
CAU HOI LUONG GIA

1. Th€ nao 12 qué trinh alkyl hod? Cach phén loai va muc dich cia qud trinh
alkyl hod?

2. Tac nhan cua qua trinh alkyl hod gém ¢6 nhlrng loai nao? Trinh bay tinh chﬁt
va cich dung cua mbi loai d6?

3. Néu nhiing y&u t6 anh huéng dén phan ting alkyl hod?

4. Trinh bay cic phuong phap tién hanh phan dng alkyl hod.

5. Trinh bay phuong phdp téng hgp veronal va phuong phap san xuét codein
trong céng nghiép? :



Chuong 6
ACYLHOA

.«vf.-

Muc tiéii hoc tap:
1. Khdi niém va phdn logi phdn ing acyl hod.
2. Cdc tdc nhdn ciia qud trinh acyl hod.
3. Co ché phdn img va cdc yéu 16 dnh kudng dén qud trinh acyl hod.
4. Cdc vi du ting dung ciia phdn iing ucyl hod.

1. DPAI CUONG:
~ L.1. Pinh nghia:

Acyl héa la qué trinh thay thé nguyén tif hydro ciia hop chat hitu co bing
nhém acyl (RCO-).

NH, | NHCOCH;
@i CH;COOH —» + H0
Acyl 1a g6c con lai khi loai di nhém -OH tir acid v6 co c6 oxy, acid

carboxylic hodc acid sulfonic. Cac nhém acyl quan trong dugc néu trong bang
sau:

Tén acid xudt xir Cong thitc nhém acyl
Acid carboxylic R-CO-
Acid sulfonic R-S0O,-
Bén ester cia acid carbonic R-OCO-
Acid carbamic R-NH-CO-

Trong d6 R 12 mach thing hofic nhan thom.

Chuong ndy chi nghién cifu phin dng acyl hod ciia cdc nhém acyl duge
tao thanh tir acid hitu co.

Qua trinh acyl hod duge ding vao cdc muc dich sau;

-Tao ra hop chat véi nhitg tinh chdt méi. Vi du: khi acyl ho4 anilin thu
dugc acetanilid 13 thu6c ha nhiét, {t d6c hon anilin nhiéu 14n. Ure khi acyl ho4



v6i cdc din chat clia acid malonic tao thanh nhiéu thu6c ngl va chéng ddng kinh
nh6m barbituric... _

-Tao nhém bao vé& cho mot qué trinh téng hgp hod hoc. Vi du: trong tdng
hop céc sulfamid, truég khi 1am phan ing sulfocloro hod anilin, ngudi ta phai
bio v& nhém amin bing c4ch acetyl hod.

-Tao hop chit trung gian trong qua trinh tdng hop hod hoc. Vi du: amid
cha homoveratrilamin v6i cic acid carboxylic khac nhau 13 trung gian dé tdng
hop nhan isoquinolin trong téng hop céc thudc papaverin, emetin.

1.2. Phan loai phan ing acyl héa:

Nhém acyl (RCO-) c6 thé thay th€ H trong céc lién két -OH, -NH, -SH
hoic -CH, tuong ting ta c6 c4c loai phan tng O-acyl h6a, N-acyl héa, S-acyl hoa,
ho#c C -acyl hoi. ,

0-acyl hoa: 13 qua trinh acyl hoa nhém -OH cta alcol, phenol, enol hoac
acid carboxylic. S4n phdm 1a cé4c ester hodc anhydrid acid.

ROH + R’COX - ROCOR’ + HX
2RCOOH — (RCO),0 + H,0

N-acyl ho4: 12 qué trinh acyl hod amoniac hodc cdc amin hitu co (bac
nh4t, bic hai), sin phdm clia phan tng 12 cdc amid.

R-NH, + R’COX — RNHCOR’ + HX

S-acyl ho4: 12 qu4 trinh acyl hod nhém -SH ciia thioalcol hodc thiophenol.
San phdm cla phén #ng 12 thicester.

R-SH + R’ COX — RSCOR’ + HX
- C-acyl ho4: 12 qué trinh thay thé hydro cia nhitng hop chét hitu co chia
hydro hoat dong.
H,C(COOR), + NaOC,H; — NaCH(COOR),
NaCH(COOR), + CH,COCl — CH,COCH(COOR),

2. TAC NHAN ACYL HOA:
Téc nhén acyl hod c6 cong thic chung nhu sau:



Trong d6 X cé thé 1a:

-OH: acid carboxylic
-OR: ester
-NH,: amid
Ly -OCOR: - anhydrid
-X: halogenid acid.

Sau day la mét s6 tdc nhan acyl hoa hay gap:

2.1. Céc acid carboxylic:

Thuong diing dé acyl hod amin vi alcol. Acid carboxylic khong c6 kha
ning acyl ho4 phenol. San phdm 13 c4c amid hodc ester. Céc acid hay dugc sit
dung 12 acid fomic, acid acetic. Acyl hod alcol 1a phdn tng thuin nghich, vi vay
dé nang cao hiéu suft phan ting c4n c6 bién phép loai nudc ra khoi khéi phan
ing. Acyl ho4 véi tdc nhan acid thudng duge tién hanh & nhiét d¢ cao (khoang
200°C).

2.2. Cac ester: |

Cic ester khong phdi 1 tic nhan acyl hod manh. Nhing né dugc sir dung
trong nhiéu trudng hop, dic biét 1a nhiing ester ¢6 nhém hit dién tf manh trong
phan t&. Vi du clorocarbonat ethyl 12 mét tic nhan duge st dung rong rai dé dua
nhém ethyl carbonat vao phan tir hitu co.

Ester dugc dung trong cac trubng' hop O-, N-, C-acyl hod. Tuy nhién,
trong cong nghiép nguodi ta it dung ester dé 1am tdc nhan N-acyl hod, trir trudng
hop diéu ché formamid va dimethyl formamid. Acid formic khong cé dang
anhydrid hoic clorid acid twong tng, nén chi c6 thé sit dung dang acid hoac ester
cuia né.

NH, + HCOOCH, =—= HCONH, + CH,0H
2.3. Cac amid:
Cic amid 13 nhitng tdc nhan acyl hod yéu nén it khi dugc st dung. Hai
tdc nhan hay sir dung hon 1a formamid (HCONH,) va carbamid (H,NCONH,).
Carbamid dugc ding d€ acyl hoa alcol thanh uretan:
C,H,OH + H,NCONH,.HNO, — C,H;OCONH, + NH,NO,

2.4. Cic anhydrid acid:



Anhydrid acid 1a tdc nhan acyl hod manh, c6 thé acyl hoé dugc amin, alcol
va phenol. Khong ta0 ra nu6c trong qud trinh phan tng. Téc nhan hay duoc sir
dung 12 anhydrid acetic. N6 it bi thuy phn trong nuéc nén c6 thé acyl hod trong
moi trrdng nutdc hodc mai trudng kiém. el

Néu tdc nhén 1a anhydrid hdn tap (anhydrid ciia 2 acid khic nhau) thi
nhém acyl nao hoat hod hon s& thé vao phan tir cdn acyl hod. |

Xiic tac cho phan ng acyl hod thudng 13 c4c amin bac ba (triethylamin,
pyridin, 4-dimethyl-aminopyridin).

2.5. C4c halogenid acid:

Halogenid acid la tic nhan acyl hoa r4t manh, trong d6 céc clorid acid
duge sir dung nhiéu nhat. Halogenid acid thudng 12 nhitng chat 16ng, d& bj phan
huy b&i nuée. Qud trinh acyl hod tao ra HX, vi vay ngudi ta thudng phai ding
céc base hitu co nhur pyridin, triethylamin, quinolin, diethylanilin...1am ch4t h4p
thu. Véi céc clorid acid ft bi thuy phan bdi nuée (clorid acid clia acid thom,
sulfonyl clorid) thi ¢6 thé acyl hod trong dung dich kiém 10-20% ho#c carbonat
kiém.

Cic tic nhan dién hinh cla nhém nay 14 acetyl clorid, benzoyl clorid,
photgen, benzensulfoclorid. ..

Halogenid acid ¢4 thé acyl hod c4c nhém -OH, -NH,:

ROH + R’COX — R-OCOR’ + HX
RNH, + R’COX — R-NHCOR’ +HX

2.6. Xeten:

Xeten (CH, = CO) 1a tac nhan acyl ho& manh nhét, duoc sir dung rong rii
trong cong nghiép. N6 duge sir dung dé acyl hod céc nhém -OH alcol, -NH
amin, -OH acid. La tdc nhan acyl ho4 chon loc nhém -NH amin, vi & nhiét do
thuong né phan ng manh v6i -NH cfia amin ma khoéng phan tng véi -CH ciia
alcol.

3. CO CHE. PHAN UNG:
Lién két C-X c6 thé bi cit theo 3 kidu:

0
]
R—C + X - R—E@ £ X° R—(I:9 - X®



Tuong ting ta c6 cac loai co ch€ sau:

3.1. Acyl ho4 theo co ché géce: ;
Dudi tic dung cia tic nhan peroxyd g6c acyl tao thanh va tham.gia vao
cdc phih tng theo co ché goc ty do.
CH3CHO m CH;CO + H'

CH;CO + CH;CH=CH, —1—» CH3CH;CH;COCH;

3.2. Acyl hoa theo co ché ai dién tir:

Nho6m acyl dé bi phan cue do doi dién tir léch vé phia nguyén tir oxy cd do
am dién 16n hon. Néu X 1a nhém hit dién tir manh thi tic nhan n2y cang dé bj
phén 1i thanh cation acyli (RCO"). Nguyén tir C ciia nhém acyl mang dién tich
“dwong nén 13 tdc nhan & dién 0.

Co ché phén iing ¢6 thé viét nhu sau:

@ @ ROH

RCOX "RCO + X — RCOOR' + HX
(l)H

RCOX + ROH —» R_?—X —— RCOOCR' + HX
OR'

- 3.3. Acyl hod theo co ché 4i nhan:

Trong thuc t€ 14t it gip qué trinh acyl hod xay ra theo co ch€ nay. Béi vi
kha nang tao anion acyli (RCQ) 1a rdt khé. Céc aldehid trong moi trudng kiém
manh tao thanh hgp chdt dimer 1a mét trrdng hgp dac biét:

(0] : OH
PhCHO +CN° Ph.....(l'_j—H Ph —%}G
& oy
OH H O OH
PhCHO [ |

—— Ph-““C-—kl’J—O ——— Ph—C—CH—Ph
CN Ph



4.CAC YEU TO CAN CHU ¥ TRONG QUA TRINH ACYL HOA:
4.1. Xiic téc:

Xic téc cho qud trinh acyl hod ¢6 thé 13 base hoic acid. * |

Acyl hod alcol hoag amin bang tdc nhan halogenid hodc anhydrid acid thi
xtic tac 1a cdc amin bac ba nhu triethylamin, pyridin, quinolin, 4-dimethyl-
amino-pyridin, mot s& trudng hop c6 thé ding carbonat kiém hoic kiém.

Acyl hod alcol bang acid carboxylic (ester hoa) thi xiic t4c 1a acid sulfuric.

4.2. Dung méi:

Dung moi thudng Ia céc chét tham gia phan Ung (cic alcol hodc amin)
hogc chinh tdc nhan acyl hod. Trudng hop céc chat tham gia phan ing khong hoa
tan tac nhan acyl hod thi dimg mét dung moi try tan thich hop (benzen, toluen,
clorobenzen, cloroform, tetraclorocarbon, dicloromethan...).

4.3. Nhiét do: : |

Acyl hod 13 qué trinh toa nhiét. Tuy nhién giai doan ddu cin cung cép
nhiét cho phén tng. Sau d6 c6 thé phai 1am lanh d€ loai bét nhiét phan tng. Giai
doan cu6i cdn cung nhiét lai d€ phan tng két thic, Tuy cdc chét tham gia phan
ng va tdc nhan ma nhiét do phan ting khic nhau. Vi du v6i tdc nhan 1A acid
carboxylic, khi acyl hod alcol cin tién hanh & 200°C, acyl hod amin & 120-
140°C. Téc nhan halogenid acid chi c4n nhiét do duéi 50°C.

5.MOT SO Vi DU:
5.1. Diéu ché thude ha nhiét giam dau aspirin:

Cho acid salicylic tdc dung véi anhydrid acetic, xdc tdc 1 acid sulfuric
dic ¢ nhiét d6 80-90°C trong thoi gian 30-45 phiit. D€ ngudi, loc thu tinh thé.
Rira bang nudc va sdy df thu sin phim.

~  _COOH ' LCOOH
@ + (CH;CO)0 ——» OT . CH;COOH
LA

5.2. Bén tong hop thudc sot rét artesunat:
Acyl hod dihydroartemisinin bing anhydrid succinic véi xtc tic [i cic
amin bac ba nhv pyridin, triethylamin hoac 4-dimethyl-aminopyridin.



-0°0.
"‘H
0
~~ '\ -
GCOCH,CH,COOH
5.3. Diéu ché acetanilid: _
Phuong trinh phan @ng nhu sau:
NH, NHCOCH;
@ + CH3COOH + H0
So d6 thiét bi diéu ché acetanilid

]
AcOH H,0

Nutc d4 10
| H0

Binh phén tng
Cot tach

Sinh han

Néi két tha
May vay li tdm
Th sdy

o M b W3 B



Anilin va acid acetic dugc cho vao binh phén tng 1, nang nhiét do len
140°C va giif trong 8-10 gid\. Trong qua trinh phdn ting, nuéc tao thanh dugc cAt
ra lién tyc. Sau d6, khéi phan tng duge xit If vai nudc dd dé thu tinh thé sin
phdm. Rira lai bing nu6c, %oc va sdy. '

CAU HOI LUONG GIA
1. Trinh bay dinh nghia qu4 trinh acyl ho4? C4ch phan loai va muc dich ciia qué
trinh acyl ho4? |
2. Trinh bay c6ng thic chung va céc loai tic nhén clia qua trinh acyl hoa?
3. Co ché phan ting acyl hod va mot s6 yé&u t6 c4n ch ¥ trong qua trinh thuc hién
phén tng acyl hoa?
4. Trinh biy phuong phap t8ng hop aspirin, artesunate va acetanilid.



Chuong 7
ESTER HOA

Muc tiég hoc tap: -

1. Khdi niém vé phdn u‘ng ester hod va cdc phuong phdp diéu ché ester,

2. Co ché cita phdn iing ester hod.

3.Cdc yéu 16 dnh hudng dén qué trinh ester hod va phuong phap chuyén
dich cdn bdng cho phdn img ester hod.

4. Cdc vi du ving dung ciia phdn iing ester hod.

1. PAI CUONG:

Qué trinh tao hop chat ester bing phan ting gitra acid carboxylic véi alcol,
xitic tac acid vo co dugc goi 1a qua trinh ester hba.

Ester hé6a 14 phan u:ng thun nghich, phu(mg trinh nhu sau;

R—COOH + ROH RCOOR' + H,0

C6 nhiéu phuong phép diéu ché ester, trong gido trinh nay chiing t6i chia
cdc phuong phap d6 1am ba nhém: acyl ho, alkyl hod va phwong phép oxy ho4
khir.

L.1. Diéu ch€ ester biing phuong phép acyl hoi:
-Phan ung ester ho4 (esterification);

R-COOH + R’-OH

-Phan @ing “ruou phan” (alcoholysis):

R-COOR’ + H,0O

NI, NH;

+ HOCH,CH,N(CyHs), =—= @ +.  C;HsOH

COOC,Hs COOCH;CH,N(CoHs),

-Phén tng “acid phan” (acidolysis):
CH,COOCH=CH, + C,;H,000H === C,,H,;,COOCH=CH, + CH,COOH
(Acid laurinic) (Vinil laurinat)
-Phan ving “chuyén d6i ester™:



HCOOC(CH,), + R-COOCH, R-COOC(CH,); + HCOOCH,
-Phan itng cia anhydrid véi alcol hodc phenol: : |

(CH,C0),0 +R-OH - CH;COOR + CH,COOH
(CH,C0),0 + Ar-OH —  CH,COOAr + CH,COOH
-Phan ting giifa halogenid acid véi alcol hoac alcolat:
Cl-CO-Cl + GH,OH —  CICOOCH, + HCl
-Phan Gng gitia amid véi alcol:
R-CONH, + R-OH -» R-COOR’.+ NH,

1.2. Diéu ché ester biing phuong phép alkyl hoa:
-Phan iing giita mu6i carboxylat véi alkyl halogenid hoic arakyl halogenid:
CH;COONa + CH;Br — CH,COOCH, + NaBr
CH;COONa + Cl-CH,-CH; - CH,COOCH,-C.H, + NaCl
-Phén ting alkyl hod nhém -OH ciia acid bing epoxyd:
HC—CH; + CH;COOH —— OH—CH,—CH,-0—CO-CH;

-Phan ting cOng hop vio n6i d6i C=C ciia acid vé co va hitu co:
CH2=CI_IZ + HzSO4 _')‘ CI_I3CH2"08020H
CH,=CH, + CH,COOH > CH,COOCH,CH,

1.3. Diéu ché ester bing phuong phap oxy hod-khir:
-Phén tng Cannizzaro (benzaldehyd trong moi trudng kiém diic):

)]
2 CgHs—CHO —2E» CeH;—CH,—0—-CO-CgHs

-Phén tng Tischenko (aldehyd/nh6m -alcolat):
2CH,CHO — CH,COOCH;
-Phin ng gifta carbon-monoxyd véi alcol trong alcolat kim loai & nhiét do va
ap sudt 16n:
R-OH + CO - HCOOR

Sdn phdm ester hod duoc sit dung réng réi trong cdc linh vuc sau:

- Trong dugc phim, ding lam thudc (aspirin, novocain, diethylphthalat,
artesunat...)

- Lam chét trung gian trong téng hop heé hitu co va hod dugc.



- Trong hod m§ phdm, c4c ester diing 1dm huong liéu.
- Lam dung méi (ethylacetat, butylacetat...)

2. CO CHE PHAN UNG:

Phan ing ester ho4 kinh d1én 1& phan ting tao ester gifia acid carboxylic vA
alcol. Bay Ia phéan @ng thuan nghich, xdc tdc 13 acid vo co.
Phan tif nude tao thanh trong phan dng ester héa c6 thé theo 2 cich;

O
R_Ci ---------- 1
'O—H + H~O—R &
e s ————] H . r
0 R—COOR' + H,O
v
O o \

K€t qua cia nhiéu cong trinh nghién ciu ching minh ring bac carbon
trong phén ti¥ alcol quyét dinh phan t nu6ce loai ra theo kiéu ndo. Trong thuc t&
c6 hai kiéu co ché tuong ting véi hai trudng hop sau:

2.1. Ester ho4 véi alcol bac 1 va bac 2:

Duéi tic dung clia acid v co, qu4 trinh ester hod c6 thé x4y ra theo co ché
don phan tir hoic ludng phan tir:

OH C])H
H
/ /P @ nh /.f() +
R—Co +0—R=E— R—C-—-(I)R~—];—~* R—C +H
OR
H H
Hoic:
: " 0—H ROH OH
R—Ci 7 R—C—OH ch. R—C—oH
OH m i @ O—R
OH 0 H
nh ] ]
R—CO R—C + B
ch |



Ca hai trudng hgp déu 14y nhém -OH clia acid carboxylic d€ tao thanh
phan t&r nuée. |

2.2, Ester hoi vdi alcol bag 3: o
Trudng hop nay phan t& nuéc duge tao thanh tir nhém -OH cia alcol. Co
ch€ phin @ng nhu sau:

CH, CH; CH,

I + nh - | u
cnrclz—worrl + H = CH;—(l}—(')H = CH3*(!9 + H;0
CH; H,C H CH,

0
RCO(;H nh R- h. g . "
¢ a0H ms OC(CH;);
C{CHjs)s

3. CAC YEU TO ANH HUGNG PEN QUA TRINH ESTER HOA:
3.1. Xiic tac:

Xic tdc ¢6 tdc dyng ddy nhanh qua trinh ester ho4. C4c xic tdc hay ding
1a acid proton manh nhu: sulfuric, hydrocloric, sulfonic, percloric, photphoric.
Ngoai ra con sit dung mot s6 acid Lewis khic (BF,, ZnCl,, SnCl,, SiF,, FeCl,).

Gén day ngudi ta ding cdc chét trao ddi ion 1am xdc téc thay cho acid.
Véi xiic tic loai ndy qué trinh xir If sau phan ting s& don gidn va c6 thé sir dung
la1 xuc tic. :

Xic tdc khong dnh huéng dén can bing clia phan dng.

3.2. Dung moi:

Dung méi cla qué trinh ester hod thudng 1a céc alcol tham gia phén tng .
dugc dung qué thira. N&u acid carboxylic khong tan trong alcol thi cin mat dung
moi trg tan thich hop (aceton, benzen, toluen, cloroform, dicloromethan...) |

3.3. Nhiét do:

Ciing nhu nhiéu phén tng khéc, nhiét ¢6 tic dung lam tang t6c do phan
lng ester hod. Vi¢c ting nhiét d9 clia phan tng chi dén do s6i ciia alcol, néu
muén nang nhiét d¢ 1en cao hon thi phai ddng thi€t bi chiu 4p sudt.

3.4. Diéu kién can bing cia phan dng:



3.4.1.Hdng s6 cdn bdng ciia phdn ting ester hod:

Ester ho4 12 phén iing thu4n nghich. M6i phan tng cy thé c6 mot hing s6
can béng rieng. Hing s6 can bing dugc tinh theo cong thifc sau:
[este [ nuéc] -

K= —
[acid ] [ alcol]

Gi4 trj K cang 16n thi kha ning chuyén ho4 thanh ester cang cao. Cong
thitc nay cho phép tinh duge néng do ciia ester tao thanh trong phédn ing néu sit
dung qu thira mot trong hai thanh phin tham gia phan ng.

3.4.2. Anh hudng ciia cdu triic alcol t6i 16c 36 ester hod va ndng do ester tai
diém cdn bdng: _

Thi nghiém clia Mencsutkin (1897) khi ester hod céc alcol véi acid acetic
dugc thé hién & bang sau:

Héng s6 cdn bang va téc d ester hod cia mot s6 alcol:

Khoéi luong ester tao thanh
S6TT|  Ten alcol Lot K
Sau 1 gio o dté:m cén
bang

1 Methanol _ 55.59 | 69,59 5,24
2 | Ethanol 46,95 - 66,57 3,96
3 | Propanol 46,92 66,85 4,07
4 | Buthanol 46,85 67,30 4,24
5 | Allyl alcol : 35,72 59,41 2,18
6 | Benzyl alcol 38,64 60,75 2,39
7 | Izopropanol 26,53 60,52 2,35
8 | Methyl-ethyl-carbinol 22,59 59,28 2,12
9 | Diethyl-carbinol 16,93 58,66 2,01
10 | Diallyl-carbinol 10,31 50,12 1,01
11 | Mentol 15,29 61,49 2.5
12 | Trimethyl-carbinol . 1,43 6,59 0,0049
13 | Phenol 1,45 8,64 0,0089
14 | Thymol 0,55 9,46 0,0192




Két qua cho thdy methanol ¢6 vén téc phén ting 16n nhat va néng d¢ ester
tai di€m can bing ciing cao nhdt. C4c alcol bac nhat, cic alcol no c6 van t6c
phan ing va h¢ s6 can bing cao hon c4c alcol bac hai hodc cdc alcol khong no
tuong tng. Cic alcol bac ba c6 van téc ester hod bé nhat. Tém lai, alcol cang
phan nhdnh va mach nhanh cang gdn nhém -OH thi van (6c ester hod cing giam,
néng do ester tai diém can bing cang thép.

34.3. Anh huing cdu tric ciia acid ti vén téc ester hod va nong 46 ester tai
diém cdn bdng:

Cung tuong ty nhir céc alcol, Mencsutkin di khao st kha ning ester ho4
cta mot s6 acid c6 c4u tric khdc nhan véi alco] isopropylic & 150°C. Két qua cho
thdy anh hudng cla mach carbon khéng nhu trong trudng hop ciia alcol. Téc do
ester hod va gid tri néng do ester tai di€m can bang khong ty 1¢ theo su phén
nhénh clia-mach carbon.

' Hang s6 cdn bing va tée do ester hod cia mot s6 acid:

Khdi hrong ester tao thanh
Sé (% mol)
TT Tén alcol Sau 1 gio O diém cdn K
bang
1 | Formic 61,69 64,23 3,22
2 | Acetic 44,36 67,38 4,27 |
3 | Propionic 41,18 | 68,70 4,82
4 | n-Butyric 3325 69,52 5,20
5 | Isobutyric 29,03 69,51 5,20
6 | Methyl-ethyl acetic 21,50 73,73 7,88
7 | Trimethyl acetic 8,28 72,65 7,06
8 | Dimethyl-ethyl acetic 3,45 74,15 8,23
9 | Phenyl acetic 48,82 73,87 7,99
10 | Phenyl propionic 40,26 72,02 7,60
11 | Benzoic | 862 72,57 7.00

4. CAC PHUONG PHAP CHUYEN DICH CAN BANG CHO PHAN UNG
ESTER HOA:

C6 hai. phuong phap chuyén dich can bang dé 1am tang hiéu suit cla qué
trinh ester hoa:



1. Ting néng dd mot trong hai chat tham gia phan 1ing (acid hoac alcol).
Vin @€ nay thuc hién don gidn va thudng ding alcol thira nhiéu 14n.

2. Loai khéi phén iing mot trong hai chit tao thanh. Trudng hop nay duogce
thuc hlen bdi hai bién phdp sau day
Loai nudec ra khoi phan img:

- Néu ci acid 14n alcol ding trong phan ing ester hod déu 12 nhiing chét
¢ d6 soi cao thi loai nudc bing céch cit kéo lién tuc, c¢6 thé suc khf tro vao dé
téng t6c d¢ loai nudc. _

- Néu acid c6 do s6i cao,.alcol c6 d¢ soi thdp hon nudc thi ding alcol thira
nhi€u 14n, c4t loai nudc va alcol lién tuc trong qu4 trinh phan tng.

- Thém mot dung moi dé€ tac hdn hop s6i ding phi ba ciu tir (nudc-alcol-
dung m6i) cé nhiét do soi thdp hon nhiét d s6i clia nuSc va c4t loai ching ra
khoi hén hop phan ting. Hén hop hoi duge ngung ty, tach loai pha nuéc, pha hitu
co chifa alcol dugc dan trd lai binh phén éng. Cic dung moi hay dung 1a benzen,
toluen, cloroform, dicloroethan, lelraclorocarbon
Loai ester ra khéi phan ing:

C6 hai phuong phdp sau:

- Néu ester tao thanh c6 do soi thip nha’t trong hén ho‘p phan dng thi lién
tuc cét thu ester trong qud trinh phan ‘ng.

- Néu ester tao hén hop ding phi hai hodc ba cfu tif véi cac chét tham gia
phan @ng, thi hén hop hoi cét ra dugec ngung tu tich 14y ester. Pha nuéc acid
duge din tré lai khéi phan ing.

5.MOT SO ViDU:
5.1. Diéu ché thudc chira ghé diethylphtalat:

H6i luu anhydrid phthalic va ethanol du (3-5 14n) véi xidc téc la acid
sulfuric dic trong hai gid. |

Phan ting xay ra qua hai giai doan: giai doan ddu 1 phdn mg acyl ho4d

“ethanol tao thanh monoester. Sau d6 ester hod monoester thu dugc tao thanh
diethyphthalat.

Két thdc phéan tng, cét thu héi alcol thira. Rira ester bing nudc, sau dé
trung hoa véi dung dich natri carbonat d€ loai acid xic tic. Rifa lai bing nuéc
dén trung tinh, 1am khan va c4t phan doan d€ thu ester tinh khiét.

So d6 cdc giai doan phan tng nhu sau:



& 0001 COOC,H;
O s O O

c COOH  Hs0, " SC0OCHs
5.2. Didu ché thubc gidm dau methylsalixylat:

Héi luu hén hop acid salixylic va methanol (thira gap 10 14n) trong 10 gid
voi xiic téc 12 acid sulfuric dic. Phin tng ket thiic, cat loai methanol va rira hén
hop phin Ung v6i nuéc nhidu 14n. Sau dé trung hoa véi dung dich narri
hydrocarbonat dén trung tinh. Rira lai bing nudc, [am khan va c4t phan doan thu
methylsalixylat tinh khiét.

COOH T COOCH;
@: + CH;0H ==—= @ + H0
OH OH

- CAU HOI LUONG GIA

1. Qua trinh ester hod dugr hidu nhyr the nac? Muc dich ctia n6?

2. Diu ch€ ester gém c6 nhimg phuong phép n2o? Viét phuong trinh phan g
méi loai d6?

3. Trinh bay co ché phan tng ester hod?

4. Néu céc y€u t6 dnh hudng dén qua trinh ester hod va cc phwong phap chuyén
dich can bang dé nang cao hiéu suit cia qué trinh ester hod.

5. Trinh bay phuong phap san xust diethylphthalat va methylsalixylat.



Chuong 8
PHAN UNG THUY PHAN

Muc tiéu hoc tap:
1. Khdi niém vé phdn ting thuy phén va cdc logi téc nhdn thup phén.
2. Cdc logi phdn ing thuy phdn va co ché ciia né.
3. Mot 56'vi du vé phdn vng thuy phan.

1. DAI CUONG:

Thuy phan 12 qué trinh phan huy mot hop chét nao d6 bing nudc d€ tao ra
hai hgp chdt mdi. Trong d6 céc thanh phén clia phan tir nuGc déu tham gia vao
c4u tao hai hop chdt mdi nay.

Vi du: Phan ting thuy phan ester:

R—COOR' + H,O R—COOH + R'OH

Xlic tdc cho phan tng thuy phan 1a céc acid, kiém va enzym. Chuong nay
khong dé cap dén phén ting thuy phan xic tic enzym.

Thong thudng thuy phan xtc tic acid 12 phan tng thuan nghich, cdon thuy
phan xiic téc kiém 12 phan tng khong thuan nghich.

2.CO CHE CUA PHAN UNG THUY PHAN:

Thuy phan 1a phan ting th€ 4i nhan (Sy), tic nhan 4i nhan 13 nudc. Xic tdc
cho phan g 14 acid hoéc base.

Vi cdc nhém hop chat khac nhau va xiic tdc khdc nhau, phan tng thuy
phan cfing x4y ra vdi co ch€ khéc nhau. Vi vay, d6i v6i timg nhém hop chét cu
thé s& c6 co ché phan tng riéng.

3. CAC TAC NHAN THUY PHAN:
3.1. Thuy phan bing nuéc: |

Phén tng thuy phan bing nuéc c6 thé khong cin xic téc. Nhiét d6 cha
phin ng phu thugc ban ch#t cdc chét cdn thuy phan. Nhiéu trudng hop, phin
tng thuy phan sé sinh ra acid hodc base, cdc chét ndy sé xiic téc cho qué trinh
thuy phan ti€p theo. Can cif vao d6, ngudi ta chia phan ting 13m hai loai:
3.1.1. Thuy phdn vdi su tao thanh sdn phdm phu Ia base:



Thuy phan céc hgp chat co kim c¢6 thé x4y ra mot cdch manh liét ngay ¢
nhiét d¢ thdp. Vi du: diethyl kém & 0°C d4 phan \ing manh liét véi nuéc:

Zo(CHsh + 2H,0 — = 2 CoHg + Zn(OH),

Cac hogp chat Grignard ciing ph?m ing manh liét véi nudc ngay & nhiét d¢
thdp.
CHMgBr + HO - CHy, + Mg(OH)Br

Céc alcolat ciing dé thuy phan v6i nudc tao ra alcol vd hydroxyd. Phar
ttng ndy khong c6 muc dich diéu ch&, ma chi dé phan huy alcolat tao thanh trong
mot qua trinh hoa hoc.

Al(OCH,); + 3H,0 — AI(OH), + 3CH,OH

3.1.2. Thuy phdn vé6i su tao thanh sdn phdm phu la acid

Céc halogenid acid, anhydrid va ester phan img véi nudc tao thanh céc
acid trong Ung.

Cac clorid acid v6 co (POCl;, HOSO,Cl, PCl; ) va clorid acid ciia céc acic
carboxylic c6 mach carbon ngin phin tng v6 cling méanh liét véi nuéc. Cloric
acetic phan ting véi nu6c manh dén mitc c6 thé gay né. _

Céc anhydnid acid vo co (v du SO;, P,O;) ciling phan ing ménh liét vé&
nuGc d€ tao ra acid twong ting. Anhydrid acetic lic véi nuéc da ciing thuy phar
thanh acid acetic.

Céc ester cia cde acid vo co, dac biét 1 cdc ban ester (vi du: alkyl hydrc
- sulfat) thuy phén trong nudc mot ciach dé dang. Nguoc lai, ester cua acid hitu cc
thuy phan v6i nudc rdt cham (trix methyl formiat).

3.2. Thuy phan vé6i xiic téc acid hoac kiém:
3.2.1. Xuc tac acid:

Acid 1am ting t6c d¢ thuy phan cia nhiéu loai hop chét: ester, nitril, amid
Xdc téc acid ding trong nhimg trudng hop khi thuy phan véi nuéc phan ing
khong chay hay khong st dung duge xiic tac kiém.

Thuong st dung acid sulfuric va clohydric. Hoat luc xic tdc cha acic
sulfuric kém acid clohydric, nhung né dugc sir dung nhiéu hon bdi vi it gay ar
mon hon acid clohydric. Acid sulfuric dugc st dung khi thuy phan ddu md
cellulose va khi dudng ho4 tinh bot. |



Ngoai ra con sir dung acid photphoric, acid percloric, poliphotphoric va
~ chét trao d6i cation.
~ 3.2.2. Xtc téc kiém: -
Uu diém: T6c d¢ thuy phan 16p-hon xdc tic acid, phan ting khong thuan
- nghich, khong s¢ @&n mon thiét bi nhu trudng hop acid.
| Thuodng sit dung NaOH, KOH hozc Ca(OH),. Trong trudng hop cdn moi
 trudng kiém nhe ¢6 thé ding carbonat kiém hay Ba(OH),.

Luong kiém sir dung trong titng phan ting ciing khdc nhau: chi dé xdc téc,
ding theo duong lieng hoic diing qué thira.

N6ng d6 kiém ciing thay d6i tuy loai phan tng. Théng thudng hay ding
‘néng 46 5-20% trong nudc (trir phan ting nung kiém).

3.3. Phan img nung Kiém:
Puoc tién hanh trong kiém nung chdy c6 chira 5-10% nuéc & 200-350°C.
Phan \ing ndy dugc sit dung dé san xuat phenol & quy mo cbéng nghiép. Phuong
trinh phén iing téng quit nhw sau:
ArSO.H + 3NaOH -> ArONa + Nazso + H,0
Phan tng xay ra theo co ché sau:
° o

o
8,91\ o 0sS_ OH
| @ {OH

o

Ngudi ta thudng sir dung NaOH, KOH hodc hén hgp NaOH+KOH dé c6
d6 chay thap hon trong phan ing nung kiém.

4. CAC PHAN UNG THUY PHAN VA CO CHE PHAN UNG CUA NO:
4.1. Thuy phén céc alkyl va aryl halogenid:

'ihuj'z phan céac hop chét alkyl, aryl halogenid thu dugc cdc dén xuét alcol
ho#ic phenol tuong 1ing.

Céc din chét halogen phan img véi nu6c khong c6 xiic tic 12 phan ting
thuén nghich:

RX + H,O ——= ROH + HX

Vi phén tng v6i nude qua chAm (dac biét cham 1a c4c aryl-halogenid) nén
qué trinh thuy phéan thudng ti€n hanh trong méi trudng kiém. Phan tng nay c¢6 §
nghia trong cdng nghiép tdng hgp nhiéu nguyén liéu quan trong nhi alcol



amylic, alcol allylic, alcol benzylic, glycol, phenol va dan chét...tir c4c halogenid
tuong ttng. | .

-Co ché phan tng:

C6 thé xdy ra 2 tudng hop phu thu6e vao.bac clia carbon trong alkyl-
halogenid: :

-Thé 4i nhan nhi phan (§ﬁ ):

Thudng xay ra véi alkyl-halogenid bac 1 va bac 2. Co ché nhu sau:
H H 4 H H H H o

Nl

<)
OH .+ @C—X — » HO—--(I:----X __.Ho-_(l; + X
CH; CHj CH;

San phim c6 cdu hinh khong gian nguoc v6i cAu hinh ban dau.

-Th¢ i nhan don phan tir (S\1):

Xay ra v6i alkyl-halogenid bac 3. Co ché ctia phan tmg nhu sau:

CHS CH; @ o) Q CH3 o
CH;, ::«bc =¥ =Ch = CH3\C X "9—'—"' CH3\_\C —0H + X
CHs cHs” mh cn”

-Thuy phan cdc aryl-halogenid thudng xay ra theo co ché€ nhi phan tir.

4.2. Thuy phéan cac din xuit cua acid carboxylic:

Phén ting nay c6 ¥ nghia thuc t€ trong cong nghiép thuy phan cdc ester,
amid, anhydrid va clorid acid. Phan ting xay ra dé dang khi dién tich durong riéng
phén ciia nguyén tir carbon trén nhém carbonyl cang 16n. Néu nhém thé gén véi
nhém carbonyl hiit dién tir cang manh thi kha ning phén ting cang cao.

Kha ning phan ting clia cdc nhém chite duoc sip x&p theo thit tu sau:

Q\o R\O (\o K\o
' 7 / 4
—C < C\ < —C . < _C\Cl

Xic téc acid lam tang su phan cyc cla nhém carbonyl, do dé ciling lam
ting kha niing th& 4i nhan.
/C O + H /C QH =-— /C 2




Céc dan xudt c6 kha nang thuy phan y&u (ester, amid), su thuy phan s& dé
dang hon néu c6 ion OH' xiic téc.
4.2.1. Thuy phdn céc ester: |

Thay phan céc ester c6 thé sirdung xic téc acid hoac kiém.

Trudng hop dung xiic tic acid thi phin tng 1 thuan nghich, tucmg tu chiéu
nghich cilia phan ing ester hoa.

Qua trinh thuy phén c6 thé xdy ra theo hai hu6ng sau day:

O
R_c:x | 1.Cit lien két Acyl-Oxy(Ac)
1" OTR 2. Cat lien két Alkyl-oxy (Al)
v |
Tuong ting ta ¢6 8 trudng hgp khac nhau dugc thé hién & bang sau:
(A:xdc tdc acid, B: xdc tdc base, cdc s 1,2 chi bac chia phan tmg)

Céc khd ndng ciia phdn ting ester hod va thuy phén:

Ky hiéu ctua
] é h b -
shaniing Kha nang x yrap_antmg
A2 Thuy phan ester va ester ho4 alcol bic nh4t vA bac hai
A, Thuy phan ester va ester hod cdc acid c6 can tr khong gian

A,’ - | Dénnay chua gip
. T Thuy phan ester va ester hoa alcol bac ba
B,.* Thuy phan cic ester bing base

B, Dén nay chua gip
By Thuy phan céc ester clia alcol bac ba, tuy diéu kién phén ting
By' | maxdy ratheo co ch€ don hoac ludng phan tir

-Co ché cét acyl (Ac):
Thuy phén ester va ester hod cdc din xuft clia acid carboxylic theo co ché

A,.” dugc biéu dién nhu sau:

X + -
. H nh ROH ch > nhﬂ EE) R*"C OH H R—C=0t

ch ch _é‘* - 0'—R' OR'

| n 11 v

Trong 46: R=alkyl, aryl
Néu: R’=alkyl, X=OH: Ester hod



R’=alkyl, X=OR’’: Alcol phan
R’=H, X=Cl, OCOR, NH,, OR : Thuy phan
Giai doan tg0 hop chét trung gian II 12 giai doan cham, quyét dinh ¢ do
phén tng. 5 el

g

-Coché€ A, L
Du6i tdc dung xtic tic acid manh, ion acyli (I) hinh thanh, day 1a budc

quyét dinh t6c do phan ing:

X e .
}F . H'h | @ -HX ch @ » nh {+ RoOH) R—C—Q u* R—C=0
R—C= R—C=0H R—C=Q A [ — |
" C H—0—R OR'
®
I I 111 v
-Coché B, %

Day Ia loai phan tmg khong thuan nghich. Co ché nhu sau:

i T p
R—C=0 + OH == R C—0: —-"}';'l—~ R—C + X ——>RCOO™+ H'
= on ¢ OH

Co ch€ phan dng thuy phéan trong moi trudng trung tinh ciing tuong t nhu
co ché B,.? nimg 14 qu trinh thuan nghich:

X
|x‘ - - ;H Gh % -u@ - % i E nh
R—C=Q +0O. R—C—(Q: = R—C~OH RCOOH + HY
@0OH, OH
-Co ché cit alkyl (Al):;

Khi thuy phan ester cia cc alcol bc ba (v du: t-butyl alcol), xiic tdc acid
hodc base déu cat lien ket alkyl-oxy. Co ché A,,! dugc minh hoa nhu sau:
o, 0 | /OH+ /O N

R—=C7 _+R
OR' OR' ‘OH

. ® .y
R HO <M ron, <= poy

okfin

R’ 12 nh6ém ddy dién tir manh va dé dang dugc tach ra. Carbocation R** ¢é
thé tao véi mtée thanh alcol méi hoic loai HY tao thanh olefin.



4.2.2. Thuy phdn cdc halogenid acid: -
Khi thuy phan céc halogenid acid ta dugc acid carboxylic va HX:
2 : 3
R—-C\ + B0 ————=  RCOOH + HCI
Kha ning phén 1ing phy thuéc vio tac nhan 41 nhan va cfu tric clia phan
tir halogenid acid.

o
R cﬁ R %’((?a
"R~ < =
\‘m “a

Vi cac clorid acid, nguyén tif clor hiit dién tir manh lam dién tich duong
riéng phén ciia carbon 16n, nén n6 dé thuy phan hon acid carboxylic twong tng,
Phén ving thuy phan thudng x4y ra theo co ché B, 2.
4.2.3. Thuy phan cdc anhydrid:

San phdm thuy phan 1 céc acid:

(RCO),0 + H,0 — 2RCOOH

Kha ning thuy phan yé&u hon céc clorid acid, nhung manh hon céc din
xudt khdc clia acid. Phan tng thuy phan dugc ting cudng véi xdc tdc acid hoac
base. Thudng xay ra theo co ch€ nhi phan tir.

Trong cong nghiép viéc thuy phan anhydrid khéng c6 ¥ nghia thuc tién
nhi€u. Tuy nhién né cling dugc tng dung trong sin xudt acid phthalic, acid
‘cinamic va acid acetic bang ti¥ cdc anhydrid tuong ting.

4.2.4. Thuy phdn nitril va amid:

Qué trinh thuy phan gbm hai giai doan, giai doan 1 13 hydrat hoa, giai

doan 2 ]a thuy phan. Xdc tic 1a acid hoac base.
I RCN + H,0 ——» RCONH,
2 RCONH, + H,00 ——» RCOOH + NHj

Phan tng c6 ¥ nghia quan trong trong viéc diéu ché cdc amid va acid tir
céc nitril trong Gng.

Thuy phan amid thanh acid dugc (ng dung trong viéc bdo vé cdc amin
(nhém amin thudng duge bao vé bing cdch amid hod).

4.3. Thuy phan cic ether, acetal, cetal:
' Phuong trinh phén ing thily phan téng quit dugc viét nhu sau:



ROR + H,0 ROH + ROH

OR; . OH
ROH + ROH + R-CH
OH

S 11' .

R-CH + H0
H
Cé hai phén Ung déu xay ra theo co ch€ thé 4i nhan ludng phan tir (S).
Co ché€ duoe gidi thich theo so d6 dudi day:

 R-CH
OR,

H OH,
N + I | i ~+
R—CHy—0~CH-Ry e R;—CH;—~Q~CH-Rs <& RCH,0H + CH—Ry <H. Ry—CH-X
X X X OH
Trong d6: X=OH (ban acetal)
X=OR (acetal)
X=H (ether)

Trudng hop thuy phan m& vong epoxyd xic tdc acid hosc base ciing 13
phén ding Sy’. Sin phdm glycol tao ra thudng 13 déng phan trans.

H
e - T A H c¢—on —C—OH
H N |

-+

@
!0_

‘Trong cong nghiép qué trinh ndy duoc tng dung dé didu ché glycol ti
olefin va bao vé nhém oxo thong qua trung gian acetal va ban acetal.

4.4. Thuy phén cic hop chét chia lién két carbon-carbon phan ewc:
Khi trén hai carbon c6 nhitng nhém hiit dién tr manh tao nén sy phén cyc
clia phan tir. Do d6 dién tich duong riéng phén trén C clia nhém carbonyl 16n. Vi

du:
o 6:
cl O : :
(31% c—-;—c/ - Ho M. cHe, + HO—C

cl PNy | X
X: -OH, -H, -alkyl

Phan ng nay duoc tng dung san xu4t cloroform trong cong nghiép.

e



Xiic tdc thudng 13 ki€m, it khi thyc hién & méi trudng trung tinh hay xdc
tac acid.

4.5. Thuy phan cdc amin: %
Céac amin thudng it bi thuy Phﬁﬂ Nhing cdc hgp chét c6 ciu triic enamin

thi d& thuy phan véi xic tic acid tao thanh enol.

%
c=Cc-Ng, S9H. O

C—=C—0OH + HNR:
/7 / 2

Céc amin thom c6 thé thuy ph4n néu v trf para cilia n6 ¢6 nhém hiit dién
tir manh. V{ du: d€ diéu ch& dimethylamin tinh khiét, ngudi ta sit dung phuong
phép sau:

(;;N@I;I(Cﬂ;h . OH;. O=N—©——OH + HN(CHs),

5. THIET BI CUA PHAN UNG THUY PHAN:

Thiét bi clia phén ing thuy phan phu thudc vao nguyén liéu cdn thuy phan:

-Nguyeén liéu dé thuy phén thi cé thé sir dung céc thiét bi hé hoic kin, c6
méy khudy, hai v4 dé c6 thé 1am lanh ho#c dun néng.

- -Nguyén liéu kho thuy phan thi ding thiét bi chiu 4p sut.

-Thuy phén xic tic kiém, c6 thé dung thi€t bi bing sit hoic thép. -

-Thuy phén bing acid H,SO, dung thi€t bi bing sit silic boc chi, gin day
nguoi ta dang thép chiu acid.

-Thuy phan bang acid HCl gay an mon 16n. Néu néng d6 HCl lodng, c6
thé dung thi€t bi ch€ tao bing hop kim niken hoic hgp kim déng (photpho-déng
do; nhom-déng do; mangan-déng d6). Cac thi€t bi 1am bing cao su, nhua, thuy
tinh ciing c6 thé dugc sir dung. D6i v6i khi HCI thi sir dung duge thiét bj bing
sét vi ngay & nhiét do cao ciing bi an mén r4t thap.

Ngoai ra cdc loai thi€t bi kim loai c6 16t nhua ciing hay duoc sir dung vao
muc dich thuy phan.

6. KY THUAT AN TOAN LAO PONG:

Cin chii ¥ dén vén dé an mdn thi€t bi va d& phong nhitng nguy hi€m vé
acid, base. D€ tranh dung dich acid hoic base bin vao mit, Iic thao tic cin deo
kinh hoiic mit na béo ho lao dong. Cén di Ging, mic 40 chodng, deo ging tay dé
tranh acid hoic base ban vao ngudi, vio chan tay.



7. MOT SO Vi DU:
7.1. Diéu ché sulfanylamid:

Phan tmg thuy phan 4-(acetyl-amino)-benzensulfonamid dé loai nhém
acetyl 12 giai doan cu6i cungstrong qu4 trinh diéu ch€ suffanylamid.

CH;CONH@SOZNﬁz _OH_ NHQSOQNHQ + CHy;COOH

Trong céng nghiép thudng hay sir dung thuy phan kiém vi nhém
sulfonamid tan t6t trong ki€ém loang.

Héi lwu 4-(acetyl-amino)-benzensulfonamid v6i 5-10 phén dung dich
NaOH 8-10% trong vai git. Lam lanh, acid héa bing HCI dac dén pH=3-5. Dé
lanh, sulfanylamid s& két tinh. Loc, rira bing nuéc va sdy dé thu sin phdm.

7.2. Céc phuong phép diéu ché phenol:

7.2.1. Phuong phdp nung kiém: -
Nung chdy mu6i natri benzen sulfonat trong NaOH c6 chiéa 10% nude &

300-320°C theo phan iing sau:
CHSO,Na + 2NaOH — CH;OH + Na,SO, + H,0

7.2.2. Thuy phdn clorobenzen (phuong phép ciia Dow): |
Nguyén tic clia phuong phép 13 thuy phan clorobenzen trong dung dich
NaOH & 360°C. Tir benzen, qua trinh phan ting nhu sau:
cl

@ FeCly
& G + HCl
80C

Cl ONa

360C
+2NaOH ——» + NaCl + H,0
240 bar
ONa OH
+ HCl — @ + NaCl

7.2.3. Thuy phan clorobenzen theo phuong phdp ciia Raschig:
Diéu ch€ phenol tir clorobenzen & pha hoi. Phin ting dugc tién hanh theo

hai giai doan:



CeHg + 1720, + HCl —2—» CgHsCl + HO

caron
CHCL + HO  — o—> CgOH + HCI
7.2.4. Phuong phdp Hock:
i CH; o )k
CeHs + CH;—CH=CH, - C6HSC}L\CH_‘~.’_.. C 6}15*(!:003—*‘*- CH,0H + CH;COCH;
3
CH;

Phuong phép ndy ngoai phenol con thu duoc aceton 12 dung moi dugc sit
dung nhidu. Do d6 day 12 mot phuong phép kinh té&. -

CAU HOI LUONG GIA

1. Khai niém vé phan ting thuy phan va cdc loai tdc nhan thuy phan.

2. Trinh bay co ché phan ting thuy phan céc loai hop chét khdc nhau?

3. Thiét bi clia phan tng thuy phan c6 thé sir dung nhiing loai nao? Nguyén li¢u
d€ ché tao ching 12 gi?

4. Trinh bay phuong phdp thuy phan loai nhém acetyl trong t6ng hop cic
sulfamid va cic phuong phép san xuft phenol.



Chuong 9
OXY HOA

B L

- Muc tiéu hoc t4p: L
1. Khdi niém vé phdn img oxy hod va cdc logi co ché ciia chiing.
2. Cdc tdc nhdn oxy hod.
- 3. Céc loai phdn iing oxy hod.
4. MJt s6'vi du vé phdn img oxy hod.

1. PAI CUONG:
Trong hod v6 co va dién ho4 hoc chiing ta da biét, oxy hos va khi hoa la
hai qué trinh d6ng thai x4y ra, duec goi chung 1a qu4 trinh oxy ho4-khir.
Vi du:
HgCl, + SnCl, = Hg + SnCl,
Hg** + 2 — Hpg°
Sn?* - 2¢ —» Sp*

Trong phan iing nay thuy ngan 13 ch4t bj khir con thigc 13 chat bi oxy ho4.
S6 Iuong dién tir do chét bj oxy hod cho di bing s6 lwong nhitng dién tir ch4t bi
khir nhén vao. | '

Tuy nhién trong hod hoc hitu co, khéi niém cho va nhan di¢n tir khéng
duoc st dung rdng rai nhu trong hos hoc v6 co. Bdi vi trong cdc phan ng hitu co
rdt khé do duoc s chuyén dich dién tir. Mat khéc céc lién ket trong ho4 hitu co
12 lién ket cong hod tr, it c6 kha ning chuyén thanh lién két ion. Do dé trong
hoé hitu co ngudi ta dinh nghia phan ting oxy hod nhu sau:

Oxy hod la phdn img lom tdng d6 oxy hod cia nguyén tir hodc phdn tir
tham gia phdn img. S

B9 oxy hod cita mot hop chat hay mot nguyén (6 ndo d6 tang Ién duoc thé
hién & 3 yéu t6:

-Tang s6 nguyén tir oxy trong phan ti.

-Giém s6 nguyén tir hydro ctia phan tir.

-Gidm s6 dién tir trong nguyén tir hoic phan tir.

Vi du:



CH;CHO + H,0, —> CH;COOH + H,0

HCOOH + CeHsCH=CH, —» COy + CsH;CH,CH;,

@ @ ' oD
%Cu + Ag —» Cu + Ag

Trong ba vi duy trén, cdc nguyén liéu ddu tién 13 chét bi oxy hod con
nguyén liGu thit hai 14 chét bi khir. Ciing c6 thé goi nguyén liéu déu tién 1a tdc
nhan khir va nguyén liéu th{ hai 12 tic nhin oxy hoa.

2. CO CHE PHAN UNG OXY HOA:

Tuy t4c nhan v moi trudng, phan dng oxy héa xay ra theo nhiing co ché
khéac nhau. Sau day 1a mét s6 loai co ché thudng gap:

2.1. Cao ché phan img ty oxy héa:

Co ché€ nay nhim gidi thich cdc hién tugng tu oxy hod trong méi trudng
s6ng cilla chiing ta. D6 1a sy phan huy cia cdc hgp chdt hitu co nhd oxy khong
khi.

Du6i tdc dung cila 4nh sdng, nhiét do hogc tdc nhan tao gbc ty do, cic
phan tir hitu co bi kich thich va tao thanh cdc g6c tu do. Sau d6 cic géc tr do nﬂy
phan lmg v6i oxy khong khi theo phan dng day truyén:

RH _._E?.._-. RH*

RH —> R + H

R+ 0, —> ROO’

ROO + RH — ROOH + R

ROO' + R ——> ROOR

ROOH —— RO + OH

ROOR — 2RO

RO ——s Alcol; Hop chat Carbonyl ; Acid

2.2, Co ché oxy hoa cé xic tac:
Phén img oxy hoa xudc tdc dugc chia thanh hai loai: oxy hod xic tdc dﬁng
thé va oxy hod xiic téc di thé,



- Oxy hod xiic tic déng thé thudng thyc hién & thé 16ng, cdn oxy hod xic
tic di thé thi thyc hién & thé hoi-rin hoac 1dng-rin.
Trudng hop oxy hod xiic tic déng thé, nguén tic nhan OXy va Xiic tdc 1a
céc ion kim loai déu hoa tan trong chét 16ng va tham g1a phan ing.
Phan g x4y ra theo co ch& géc tu do:

RH + Me* - R + Me* + H*

R + 0, - ROO

ROO + RH — ROOH +R

ROOH + Me* — ROO + Me* + H*
ROOH + Me* — RO + Me* + OH
ROO + RO — — SANPHAM OXY HOA

Oxy hod xiic tdc di th€ dugc phan thanh hai nhém: Xic téc kim loai va
xic tic oxyd kim loai. Co ché clia qué trinh niy dén nay vin chua dugc ching
minh. | _

Trong s6 céc xdc tdc kim loai thi bac va déng duge sit dung nhiéu. Oxyd
kim loai thi V,0; 12 quan trong nhét. Xic tic nay déng vai trd nhw mot chét van
chuyén oxy.

2.3. Co ché oxy hoa biing tac nhan ho4 hoc:

Dua vao tdc nhan oxy hoéa, co ch€ phén ting oxy ho4 bing tdc nhan hod
hoc ¢6 thé phan thanh hai nhém:

-Co ch€ oxy héa clia céc hop chat clia kim loai ¢6 hod tj thay déi.”

-Co ch€ oxy héa clia cac hgp chét chifa oxy hoat déng (céc peroxyd).
2.3.1. Co ché phdn iing cia cdc hop chdt ciia kim logi cé hod tri thay déi:

Vidu: Phan ting oxy hod alcol thanh aldehyd bing acid cromic:

: [
R—CH,—OH +  HpCiOy R—-CH1—0~(;T:—0H + HO 1)

o)
R—(i:jO —IC:r—HOH — R—CHO + HJO@ + HCIO? (2)
P
!
HOH
V6i nhimg alcol ¢6 c4u triic it can trd khong gian thi qué trinh tao ester
(1) nhanh. Qua4 trinh quyét dinh van t6c phin ing 1 qu4 trinh phan huy ester (2).



Trén co s& kiém tra qué trinh phdn Ung, ngudi ta cho ring ldc phan huy ester
khong tao ra Cr¥ ma 12 Cr™, ion nay bi CrV! oxy ho4 thanh Cr". Sau d6 Cr¥ oxy
hod mot phan tit alcol m&i va n6 bi khir thanh Cr™.
| " + RCH,OH — R-CHO + 2H* + Cr
Lo+ OV 207
RCHOH + C¥ - R-CHO + 2H* + Cf

Tir vi du trén ching ta thdy ring, trong qu4 trinh oxy hoé s€ tao ra nhiéu
loai ion c6 d¢ ion hod khic nhau, ching déu tham gia vio qua trinh oxy hoa.
Cho nén khi sir dung tic nhan nay, {t khi nban dugc mot san phdm ddng nhét ma
thudng 13 m6t hén hop gém nhiéu chit.
2.3.2. Co ché phdn dmg cua cdc hop chdt chita oxy hoat dong:

Vi du oxy ho4 olefin bang peroxyd. Qué trinh oxy héa xdy ra qua phic
trung gian nhu so d6 sau:

. F\H. o B

\C/ H X

[+ 0od . I \(,1 . é o + HO—@8—R
G \ o, C—R

P R /N \Y7 /N

Hop chét pecarboxylic t4n cOng vao ndi doi ctia olefin & phia it c6 can tr&
khong gian hon.

3.CAC TAC NHAN OXY HOA:
Téc nhan oxy hod 12 nhiing hgp chat cé the nhudng oxy, loai hydro hodc
dién tir ciia cdc phan tlr khéc d€ 1am tang d6 oxy hoa cua chiing.
Ngudi ta phan céc tic nhan oxy hod thanh ba nh6m sau:
- Khong khi va khi oxy. '
- Céc hop chat chifa oxy hoat dong.
- Céc hop chét chia c4c kim loai ¢6 ho4 tri thay d6i.

3.1. Khong khi va khi oxy:

Thanh phén khong khf c6 21% oxy, do d6 ¢6 thé ding lam t4c nhan oxy
héa. Trude khi sit dung, khong khi cdn phai duge 1am sach. Qué trinh 1am sach
g6m hai giai doan:

-Loc tap chét co hoc bang cach nén khong khi qua mot phin Ioc khi.

Logi céc tap chdt & thé hoi &€ trdnh ngd doc xic tic (bang cich cho

khong khi qua cot chita than hoat tinh).



Trong cong nghiép, ngudi ta da san xudt va sir dung khi oxy sach (ham
lugng oxy 94-96%). Oxy dugc chia trong binh dp luvc dudi dang long.

Phén ing oxy hod bing khi oxy thudng duge ti€n hanh trong moi trudng
nudc d€ tranh chiy nd. Chi nhlrng hop chét ¢6 kha ning phan Ung kém méi tién
hanh trong dung méi hifu co’

C4 khong khi 14n khi oxy déu tao hén hop né v6i cdc hop chét hitu co, do
d6 cin nghién ctru cdn than gidi han nd trude khi sir dung. C4c thiét bi oxy hod
cén lap thém mot “dia nd” d€ ddm bao an toan.

3.2. Céc hop chét chira oxy hoat dong:

T4c nhan ndy gém hai nhém hgp chét: nhém peroxyd (c4c hgp chét chira
lién két -O-0O-), nhém hypoclorid va din chét (chita nhém chitc -O-Cl).
3.2.1. Nhom peroxyd:

La nhimg hop chit v6 co hay hitu co duge tao thanh tir hydrogen peroxyd
(H,0,), trong dé6 m6t hodc ca hai nguyén ti hydro dugc thay bing nguyén ti
hodc nhém nguyén tir v6 co hoic hitu co. Nhém nay gém cic tic nhan sau:
Hydrogen peroxyd (H,0,):

Trén thi trudng c6 céc loai néng d6 30%, 70% hoic 100%. Loai ndng do
30% trong nuSc khong bén ving, nén thudng phai cho thém uré hodc chat tao
phitc dé tang do bén ving cia dung dich. Loai 70% hoac 100% 12 chét 1ong
sdnh, khong mau, phan 1ting manh v6i cac hop chét hitu co.
Céc peroxyd vo co:

Hydro ctia H,0, c6 tinh acid, c6 thé thay thé bing kim loai. Céc peroxyd
kim loai (K-, Na-, Ba-peroxyd) cfing 1a nhiing tdc nhan oxy ho4 tot.

Persulfuric (H,SO;) 1a tic nhan oxy hod quan trong trong s6 cdc peracid
v0 co. Phuong phdp di€u ché don gian nhéat 1a cho H,SO, phan @ng véi H,0,
H,SO;, 14 chat khéng mau, néng chay & 45°C. Ngudi ta st dung tdc nhan nay dé
oxy hod céc ceton thanh ester. |
Cac peroxyd hiru co:

Céc tdc nhan dién hinh clia nhém nay 13 acid percarboxylic. Gom c6: acid
peracetic, trifluor-peracetic, perbenzoic, monoperphthalic.

Trong phén tir ca chiing chita nhém chdc peracid, cfu tric nhu sau:

0
/
=G {—OH
Peracid c6 s carbon thép la chét 16ng (vi du: peracetic), cac peracid c6 s6
carbon 16n hon 12 chét rén.



Phin (mg oxy ho4 vé6i tic nhan peroxyd dugc tién hanh trong dung moi la
dn ch4t halogen hitu co, nhiét d6 0-10°C.
3.2.2. Nhém hypoclorid:

GOm céc dang mudi Ca(0Cl),, ] NaOCl KOCI. Céc mudi nay gap dm dé bi
phan huy, cin bdo quan trong tiii nhua hoic lo kin.

Trong méi trudng acid, n6 phan huy va gidi phéng Cl,. Khi oxy ho4 olefin
cén chd § t6i san phdm phu do phén ting cdng hop véi Cl, hoic HOCL.

3.3. Céc hop chit ciia kim loai ¢6 ho4 tri thay déi:

Céc tac nhan thudng st dung 12 hop chét clia Crom (Cr'") vA Mangan
(Mn*").

3.3.1. Cdc hop chdt Crom:

Nh6m tdc nhan nay gom anhydrid cromic (CrO,), natri va kali dicromat
(Na,(Cr,0,, K,Cr,0,). Phan ting oxy ho4 ti€én hanh trong moéi trudng acid, trong
qud trinh phan dng Cr (I1T) dugc tao thanh.

-Anhydrid cromic (CrO,): Dang tinh thé mau héng, trong khong khi hiit
4m tao thanh acid cromic, Oxy ho4 cdc hgp chat hitu co mot c4ch ménh liét theo
phuong trinh sau:

2Cr0; —» r,0; + 30
. Phan dmg oxy hoa ti€n hanh trong dung moi hitu co (benzen,
dicloromethan, ether...) hoic trong acid acetic bang. Thoi gian gan day, nguoi ta
thudng sit dung phic [(pyridin),CrO;] va tién hanh phan tng trong pyridin hodc
cdc dung moi clor hitu co vi né hoa tan t6t trong cdc dung moi nay.

-Kali hodc natri dicromat: Dang tinh th€ mau vang cam. Trong méi trudng

acid né giai phéng oxy nguyén tir theo phan iing sau:

K,Cr,0, + 4H,80, — K,S80, + Cr,(S0,); + 30 + H,0

- T4c nhan ndy khong manh nhu CrO,, thudng st dung trong moéi trudng

acid (sulfuric hoac acetic).
3.3.2. Cdc hop chdt Mangan:

Trong cac hop chét clia mangan, c6 hai loai thuong dugc sit dung lam tac
nhan oxy hoéa la kali hodc natri permanganat va dioxyd mangan.

-Cc permanganat 1a tinh thé mau tim. Natri permanganat d& hit 4m va
chdy nuéc nén kali permanganat dugc diing nhiéu hon. Hop chat ndy c6 thé oxy
ho4 trong moi trudng acid, trung tinh hofic kiém:



2KMnO, + 3H,S0, — 2MnS0O, + K,SO, + 50+ 3H,0
2KMnO, + H,0 —» 2MnO, + KOH + 30

Phin Uing trong méi.trudng trung tinh tao ra KOH, nén cdn thém MgSO,
hodc phéng khf CO, vao d€ giit cho pH khéng chuyén sang kiém.
MgSO, + 2KOH — MgO + K,S0, + H,0

Du ph4m ctia phan ting I mangan dioxyd, d& dang lgc bd hoic tinh che lai
lam tic nhan oxy hoa. - _

Dung méi phén tng thuding 13 benzen hogc dan xu4t clor hitu co. Ngoai ra
cdn ¢6 thé sir dung aceton, acid acetic va pyridin. Néu ding dung dich nu6c can
thém chdt hoa tan chuyén pha I terc-butanol ho#c acid acetic.

-Mangan dioxyd (MnO,) 12 t4c nhan Oxy hod y€u hon permanganat. Trong
cong nghiep, c6 thé sit dung thing MnO, tu nhién. Véi nhimg phan tng cén
MnO, chét Ivgng cao hon thi c6 thé nhiét phan mangan oxalat hotic mangan
carbonat. MnO, c6 chit lwgng t6t nhat 13 loai duge khit hod 1 permanganat.

Téc nhan MnO, trong phén ting oxy héa & dang huyén phi. Chét cin OXy
hoa c6 thé hoa tan trong cic dung méi nhu nuéc, acid acetic, CCl,, CHCL,,
CH,Cl,, benzen, tetrahydrofuran, isopropanol, ethylacetat, ether, pyridin,
acetonitril.

4. CAC PHAN UNG OXY HOA:

Trong k§ thuat téng hop Ho4 duoc, qué trinh oxy hod céc alcol, hop chét
carbonyl, amin, oxy hod bién déi khung céc hop chat da vong hodc dehydrogen
hoa...1a nhiing phan tng quan trong va dugc sir dung nhiéu. Do d6 ching ta sé&
nghién cttu titng loai qu4 trinh nay.

4.1. Oxy hoa alcol:

Céc aleol bac nhét va bac hai khi oxy hod v6i oxy khong khi & thé hoi, xiic
tdc bac hoac déng tao thanh hop chét carbonyl. Trudng hop xiic t4c bac thi nhiét
d0 phan dng 550-600°C, xdc t4c d6ng hodc hop kim clia dong, nhiét o phan ing
12 350-500°C,

Xic tdc kim loai thudng duge hoat ho4 trén chat mang, khi d6 xuac tic
dugc hoat héa hon va thoi gian st dung dai hon.

Oxy hod alcol ¢6 néi kép & vi tri a,B, xidc tdc dong thu dugc hop chat
carbonyl twong ting ma khéng anh hudng dén néi doi.



Oxy ho4 ethanol bang oxy khéng khi, xiic tic bac, truée hét tao ra aldehyd

acetic, sau d6 oxy hod tiép thanh acid acetic. Ngoai bac, ¢6 thé ding déng,
niken, coban, sét va cdc oxyd clia ching.

Céc glcol bac mot va bac hai bj.oxy héa bdi Cr(VI) tao thanh hgp chét
carbonyl. Aldehyd tao thanh bi oxy héa tiép trong nuéc dén acid carboxylic.

4.2. Oxy ho4 hgp chit carbonyl:
-Oxy ho aldehyd acetic & thé 14ng vdi oxy khong khi, xic tAc coban hoic
mangan-acetat (nhiét 46 50-70°C, 4p sudt 5-8 bar) tao thanh acid acetic.

-Oxy hod cac aldehyd véi oxy, xiic tAc déng trong méi trudng amoniac tao
thanh nitril:

0 NH
%° NH »
R—CQH —2 R—C Oy ¢ N

-C4c ceton bi oxy ho4 béi hgp chédt Cr(VI) thanh hén hgp cia hai acid:

R_""'C :0 Cr VI.
——— RCOOH + R'COOH
CH;R'

4.3. Oxy hoa cic hop chit thom: -

C4c hop chat thom bi oxy hoé ci & thé 10ng va hoi v6i oxy khéng khi, xiic
tic 1a V,0;. Véi cdc hgp chit thom cé mach nhdnh, néu phan ting tién hanh &
pha léng, moi trudng acid (H,SO, hoic CH,COOH), san phdm tao thanh chifa
nhém carbonyl & vi trf a.

0,/V30s5
Ar—CH,—CH; —mM» AP"%‘CH#

o

Véi tac nhan kali permanganat, tir y-picolin thu dlroc acid isonicotinic 13
nguyén li¢u t6ng hop isoniazid:

COOCH

Q= Q

N



Oxy hos nhan thom kh6 khan hon, diéu kien phin ting ménh liet hot
Phén ing duoc ti€n hanh & 350-450°C v6i oxy khong khi, xiic t4c V205 s& phé v
nhan thom, tao thanh anhydrid dlcarboxyhc

[ O 0 7 O
—_— — e I — J o)
350450 H OH

1 ] %

Tir naphtalen thu dugc anhydrid phthalic 12 nguyén liéu tdng hop diethyl-

phthalat:
7
O}VO
Q0 - Orp
Vi
' C
!
0]

Tix antracen tao thanh antraquinon:

4.4. Dehydro ho4:

Dehydro ho4 13 qud trinh loai hydro khoi phin 1 hitu co. Trong cong
nghiép t6ng hop hoé hoc, qué trinh dehydro hod duoc st dung dé€ didu ché céc
olefin, acetylen, hgp chat carbonyl hodc nitril. Trong cong nghiép Hod duoc né
thuong duge sir dung d€ thom hod cdc hop chat vong.

Dehydro hod 12 qué trinh thu nhiét, vi vy nhiét d¢ ctia phan tng luon cao
(>250°C).

Tét ca xdc tdc cho phén iing hydro ho4 déu sir dung 1am xuc tic cho phan
ting dehydro hoa. |

Phan tng thudng dugc thyc hién trong c4c dung moi ¢6 nhiét do soi cao
nhu decalin, tetralin. |



5. THIET BI CUA PHAN UNG OXY HOA:

Phén ting oxy hod & thé khi, xiic tdc di thé dugc ti€n hanh mot cach lién
tuc trong oot phan tng chita xidc tac. Hé th6ng ¢OL phan'tng c6 hai vo dé 1am
lanh hodc dun néng. Chat tii nhiét thutmg ding 1a DIFIL (diphenyl metan).

Phin ing oxy hod xdc tic & pha 1éng duge thyc hién trong thdp phén ing.
Théap nay gém 8-12 doan, mbi doan c¢6 thé dun néng hoic 1am ngudi mot cich
doc 1ap. Bén trong x€p day cdc vong Raschig nham lam ting kha nang ti€p xiic
giita c4c chat tham gia phéan tng.

Oxy hoé bing tdc nhan hod hoc thudng dugc tién hanh trong néi phéan tng
hai v, c6 mdy khudy. He th6ng trao d6i nhiét phai hiéu qua va an toan vi c6 thé
phai dun néng va 1am lanh nhiéu 14n.

Oxy hod 14 phén ing toa nhiét manh. Do d6 thiét bi c4n Jam lanh mot céch
hi¢u qua. Ngudi ta thudng ché tao thiét bi c6 thé tich nho dé tién gia nhiét va loai
nhiét,

6. KY THUAT AN TOAN TRONG QUA TRINH OXY HOA:

Oxy ho4 12 phin ting toa nhiét manh, nhung cin cung nhiét cho giai doan
khdi dong. Sau d6 phai lam lanh t6t d€ khéng ch€ duge nhiét d6 phin tng. Do d6
thi€t bi phan ting phai ddm bdo trao ddi nhiét hiéu qua, mat khdc cén tinh todn
t6c d0 nap nguyeén liéu hop I d€ tranh hién tuong qua nhiét, d& gay nd.

Céc chét hitu co, cic dung moi va tic nhan oxy hod c6 thé tao v6i oxy
hoic khong khf thanh hén hop nd. Vi vay can nghién citu ki ty 1¢ gidi han gay né
ciia hdn hop céc thanh phdn trén d€ dé phong.

Peroxyd 13 cdc chét dé gay né. Do d6 cén tranh néng do qué Ién cla né
trong thiét bi phan iing. Vi cdc phan ting c6 tao thanh peroxyd, khi tinh ch€ san

phém khéng duoc cit qué kiét dé tranh né.

r 7. MOT SO Vi DU:

F 7.1 Di¢u ché anhydrid phthalic:

i Anhydrid phthalic 12 nguyén liéu quan trong cta cong nghiép nhya (ch4t
li.m mém hod nhua). N6 ciing 1a nguyén liéu d€ sin xu4t acid benzoic nguyén
'. Trong cong nghiép dugc phdm né duogc st dung d€ diu ché
dicthylphthalat. |
|, Anhydrid phthalic dugc diéu ché bing cich oxy hod naphtalen véi oxy

} thong khi & thé hoi, xic tic 1a V, 0.




0

J

: 0
250C - 400C ol
e

& h

A
s

Naphtalen dugc 1am noéng lén 180-200°C, trOn v6i khong khi thinh hén
hop hoi. H6n hgp hoi nay dirge thdi cing khong khi vao thiét bi phan fng. Qui
trinh oxy hoé dugc ti€n hanh mét cich lién tuc trong thiét bi chia xdc tdc. Hiéu
sudt qud trinh oxy hod dat 75%.

7.2. Diéu ché€ acid acetic bing cdch oxy ho4 aldehyd acetic:

Acid acetic 1a nguyén liéu quan trong ciia nhiéu nganh cong nghiép ho4
hoc va thyc phdm. N6 dirge diéu ché bing cdch oxy hod aldehyd acetic v6i oxy
khong khi, xic tc 1a mangan acetat. Lugng xdc tac sit dung trong phan tng Ia
0,1%. Acid acetic dugc tao thanh qua trung gian peracetic theo phuong trinh sau:

CH,-CHO + O, —» CH,-COOOH
CH,-COOOH + CH,-CHO — 2CH,COOH

Phan tng ti€n-hanh & nhiét do 60°C, 4p su4t 4-3 bar va duy tri thdi gian
12-14 git. San pham thu duge ¢6 ham luong acid acetic 96%.

7.3. Diéu ché formaldehyd tir methanol:
Formaldehyd dugc diéu ché bang cdch dehydrogen hod hodc oxy hod
methanol theo phuong trinh sau:

CH;-OH — HCHO + H,
CH;-OH + O, - HCHO + H,0

Trong thuc t€, nguoi ta thudng oxy hod methanol véi oxy hodc khéng kh,
xtc tdc bac. Nhiét d6 khdi dong cho phén tng 14 400-450°C, sau d6 do phén ing
toa nhi¢t nén tang lén 550-600°C. C6 thé duy tri nhiét do cho phin tng bing t6c
d¢ cép hén hop methanol va khong khi vao thiét bi oxy hod (theo ty 1é 1:1). San
phdm thu dugc c6 néng do formaldehyd 35-37% trong nudc.

So dd thi€t bi phan ing nhu sau:
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FORMALIN
1. Budng tron va hoa hoi 2. Buéng xiic tdic
3. Binh dong methanol 4. Bo phan hip thu
5.7. Sinh han 6. Binh rira khi
8. B0 phan tach khi 9. Binh chiia san phidm phu
CAU HOI LUQNG GIA

1. Qu4 trinh oxy hod trong hod hoc hitu cd duge hién nhur thé nao?

2. Trinh bay c4c loai co ché cia phan dng oxy hoa?

3. Néu céc loai tc nhan dugc sir dung cho phan ting oxy hod trong téng hgp hitu
co va hoa duoe.

4. Trinh bay céc phan ting oxy hod cdc nhém hop chat quan trong va phuong
phap dehydro hoa.

5. Thiét bi clia phan fmg oxy ho4 va k¥ thuat an toan trong viéc thuc hién céc
qué trinh oxy ho4.

6. Trinh bay phuong phép sén xuft anhydid phthalic, acid acetic va fonnaldahyd



Chuong 10
KHU HOA

Muc tiéu hoc tap:
1. Khdi niém va cdc logi tdc nhén cia phdn ting khir hoa,
2. Cdc logi cu ché cia phdn timg khit hod,
2. Cdc logi phdn vg khit hod.
3. Mot s6'vi dy vé phdn iing khit hod.

1. PAI CUONG:

Chuong oxy hod da dé cap dén mot s6 khéi niem vé qua trinh oxy ho4 khir
trong hod vo co va dién hod hoc. Kh4i niém khir ho4 dugc hiéu 12 qu4 trinh nhan
thém dién tif clia mt nguyeén tir hoic ion nao d6.

Trong ho4 hoc hitu co, ngudi ta goi khit hod 1a qua trinh Iam gidm do oxy
hod ciia chdt dem khir. Trong d6 hop chat hitu oo 14y thém nguyen tir hydro, loai
khoi n6 céc dj t6 (thudmg 12 oxy) hodc nhan thém dién tir,

Qua trinh phan tit hitu co nh4n hydro 1a phan ting cOng hgp. Qua trinh loai
di t6 ra khoi phan tr hitu co 13 qué trinh hydro phan (hydrogenolysis). bay 1a
qua trinh phd huy lién két gifia carbon va di t§ bang hydro ma sin phim phu
thudng 1a H,0, NH,...

Muc dich ciia qué trinh khir ho4 12 didu ché cic hydrocarbon no tir hop
chat hydrocarbon khong no twong 1ng, tr nhing hop chét cé do oxy hoi cao
thanh cdc chat c6 do oxy hod th4p hon. Trong cong nghiép Ho4 dugc quan trong
nhdt 12 qu4 trinh khir cac nitro thinh amin. Nhiéu amin thom 14 hop chat trung
gian dugc st dung dé tdng hop cic nhém thuéc khic nhau (nhém sulfamid,
nh6m thuSc ha nhiét...).

Phén tng khir hod khong c6 mot co ché chung ma méi loai tdc nhan khir
hod ¢6 co ch€ phan tng riéng. Khi nghién ciu vé tic nhan khir ho, chiing ta s&
nghién citu co ché chia chiing.

2. TAC NHAN KHU HOA ;

Tac nhan khit hod c6 nhiéu loai khéc nhau, ching dugc chia thanh ba
nhém chinh sau:

- Tac nhan khir hod ho4 hoc.

- Tac nhén 13 hydro phan tir véi xdc tic.



- T4c nhan khit hod dién hod.
Trong 3 tic nhan khir trén, hién nay khir bing dién ho4 rét {t dugc sit dyng
trong téng hop Ho4 dugc, vi vay ching t6i khong trinh bay trong chuong nay.

2.1. Ta¢nhan khir hoa hod hoc: ™
GOm c6 céc tdc nhan sau:

1. Kim loai (Fe, Zn, Sn) trong mdi trudng acid, kiém.

2. Hén héng kim loai (cdc hén hong Na, Al, Mg, Sn, Zn...).

3. Kim loai kiém trong alcol.

4. Kim loai va amoniac.

5. Kim loai va amin hitu co.

6. Céc hydrid kim loai (LiAlH,, NaBH,).

7. Hydrazin N,H,.

8. Cic hop chat ciia lwu huynh.

2.1.1. Kim logi trong mdi truong acid, kiém:

Phuong phép nay chii yéu duge sir dung dé khir hod céc hgp chét nitro
hoic nitrozo thanh amin. Sit va thi€c chi sir dung trong méi trudng acid, con
kém st dung ca trong acid va kiém.

Sit trong méi trudong acid:

 Phan ting khir ho cha Fe trong méi trudng acid hydrocloric (phan ing
Bechamp) ¢6 § nghia thyc t€ 16n nhat. Day 1a phuong phép quan trong dé di€u
ch€ céc amin thom trong cOng nghiép.

Trudc day nguoi ta cho ring phan tng khir hod bing st trong acid xay ra
theo phuong trinh sau:

AINO, + 3Fe + 6H' — AINH, + 3Fe* + 2H,0

Tuy nhién trong thirc t€, lugng acid HCI chi cin 2% ciing du d€ phan ing
thuc hién. N6 chi déng vai trd nhu mét chat xidc tac cho phan dng. Nghién ctru
vé phin ing nly, Bechamp dé nghij phuong trinh phén ng nhu sau:

. 100°C
4ArNQO, + 9Fe + 4H,0 ¥ 4AINH, + 3Fe,0,

Phén tng dat hiéu qua t6t nhét khi sit dung bdt gang xam. Bot gang nay
gidu graphit, gidn, dé nghién thanh bot min. N6 khong déng nh4t nén tao nhiéu
cip pin dién hoé tham gia qué trinh khu.

Mot s6 mudi trung tinh ciing xidc téc cho phan Gng khi hoé do lam tang
d0 din dién ca dung dich (FeCl,, FeSO,, FeCl,, CaCl,, MgCl,...)



Thiéc trong moi trirong acid:

Ngoai hop chét nitro, téc nhan niy cdn khit duge nhiéu loai hop chat khic.
Nhung vi gid thanh cao, nén vi¢c sit dung thi€c lam tic nhan khir trong cong
nghi¢p con han ché. Phin tng khir dugc tién hanh bing cdch héi lvu chat cdn
khir trong dung dich nu6c-acid hydrocloric. Sau dé vira cho tir tir bot thiéc va
acid hydrocloric dac vao kh6i phan @ng véi ty 1¢ 0,4-1 nguyén tir gam thi€c/1
nguyén tir gam hydro; 2,1 mol HCI/1 nguyén tir gam thiéc.

Kém trong méi truomg acid: _

by ciing la tdc nhan khir.cé gid thanh cao, tuy nhién viéc st dung bot
kém lam tdc nhan khit héa phé bién hon thi€c. Lugng k&m cin thiét cho phan
ing khir hod dugc ddng v6i ty 1é nhu sau: 1-1,1 mol k&m/1 mol chét cin khi,
lugng acid 1a 2,5 mol /1 mol k&m.

Céc acid thudng ding cho qud trinh khir 14 HCI, H,SO,, acid acetic. Néu
chit cdn khit khong tan trong hén hop nudc-acid, c6 thé ding dung mOi nuéc-
con, acid acetic, dioxan...Jam moéi trudng khir héa.

Téc nhan ndy c6 thé khir dugc lién két kép carbon, cic din chét quinon,
€poxy, nitro, halogen...

K&m trong méi trudong kiém:

Chi yé&u duoc ding dé khir cde hgp chat nitro. Mot mol hop chét nitro dé
khu thanh hydrazo-benzen cdn 3-3,4 mol bot kém. Lugng kiém chi cdn 5-10%
theo tinh todn vi qué trinh thly phan natri-zincat s& t4i sinh ra kiém:

2AINO, + 5Zn +10NaOH — Ar-NH-NH-Ar + 5Zn(ONa), + 4H,0
Zn(ONa), + 2H,0 —> Zn(OH), + 2NaOH

2.1.2. Hon héng kim loai:

Hén héng natri chia t6i da 5% natri kim loai. Didu ché bing c4ch cho tir
tir 30-50 phén thuy ngan vao natri kim loai trong bau khi N,. Nghién ngay thanh
bot ldc hdn héng con dang néng.

Phan \ng khir dugc tién hanh béng cdch hoa tan hoac tao huyén phi chat
cdn khir trong nuéc, cén hoac ether. Sau d6 vita khudy vira cho ddn hén héng vio
kh6i phén ing va giif nhiét do & khodng 25°C.

Céc hén héng kim loai ¢6 thé bao quan trong chai nit kin, nhung 16t nhét
2 nén diéu ché ngay tru6c khi tién hanh phén tng.



Hén héng natri duge sit dung d€ hydro phan lién ké&t C-N ciua mudi
amonium bAc 4, lién két C-O, dimer hoa khir cac acrylnitril, acrylester. H6n
héng magie c6 thé dimer ho4 khit cic aldehyd va ceton.

2.1.3. Kim logi kiém trong alcol:

Thudng st dung natri kim loai trong céc alcol ¢6 2-5 carbon. Phan iing
giai phéng khi hydro nén phai rét c4n than. Na kim loai dugc ding dudi dang hat
nho dé tang t6c d6 phan dng va tranh nguy hiém.

Phan iing khir duge ti€n hanh nhir sau: vira khudy vira cho tix tir natri kim

loai vao dung dich clia ch4t cin khir trong alcol tuyét d6i. C6 thé diéu chinh t6c
d6 phan dng bing luong natri cho vio vi 1am lanh. Néu t6¢ d¢ phan dng gidm thi
c6 thé 1am néng. Cin giif cho phin ting tuyét d6i khan nuéc. K&t thic phan dng,
néu con natri du thi thém alcol d€ phan huy.
. Natri kim loai trong alcol ducc sir dung dé khir céc ester, aldehyd va ceton
thanh alcol; nitril thanh amin. Ngoai ra ¢6 thé khir cic oxim, nhan thom va céc di
vong. Trong hod hoc cdc hop chét hydratcarbon, phuong phép nay dugc st dung
d€ loai nhém bdo vé& benzyl.

2.1.4. Kim logi va amoniac:

Hién nay, kim loai va amoniac 12 mot trong nhiing tic nhan quan trong
nh4t va hay duoc st dung nhét d€ khir cc hop chét c6 cin trd khong gian 16n,
ma tic nhan khit ho4 khéc khong téc dung.

Ngudi ta thuong ding lithi hodc natri (ft ding kali hodc canxi) trong
amoniac 16ng. Qué trinh khir hod dugc ti€n hanh bing céch cho tir tir kim loai
vao dung dich clia chét cdn khir trong amoniac va dung méi (néu cén) ¢ nhiét d¢
- s6i clla amoniac (-33,4°C). -

-. Tic nhan ndy c6 th€ hydro phan cic lién két C-O, C-S, C-halogen, khir hod
" olefin thanh parafin, acetylen thanh olefin, ester thanh alcol, naphtalen va din
- chit thanh 1,4-dihydro-naphtalen va din chat tuong ing. :

~ 2.1.5. Kim logi va amin: -
Hau nhu chi sir dung lithi kim loai, chi mot vai trudng hop ding natri. Cac
amin hifu co hay ding ethylamin va ethylendiamin.
Phan g khir ho4 dugc tién hanh & nhiét d phong hoic nhiét do s6i ciia
Kim loai v amin c6 thé khir olefin thanh parafin; acetylen thanh olefin,
parafin; aldehyd va ceton thanh alcol; nitril thanh amin; nitro thanh amin; benzen



th€ thanh hén hop cyclohexen va cyclohexan trong ting; naphtalen thanh cdc
déng phan decalin...

2.1.6. Cdc hydrid kim loai: . . s

Lithium aluminium hydrid (LiAIH,) va natri boron hydrid (NaBH,) Ia cac
tdic nhan khir dugc st dung nhiéu trong céng nghiép. Ca hai déu 13 chat rén,
twong d6i bén vitng nén dé thao tic.

Co ché phan 1tng khit hod nhém carbonyl nhur sau:

=0 N @ @
/ . F
a > IR M=LiAH; ; NaBH;
H M

Tuong tu nhur trén, todn bo cdc anion hydrid khac déu tham gia phan ing

tao phiic alcolat: '
® 6
Li[AH,] + 4 P

®@ O . @ I ©
Na[BHJ; + 4 C=0 —>= Na[B(OCH)]

' @ | ©
=0 — LJ[AI(O?HM

Thuy phan céc phitc alcolat cho alcol twong dng:
@ | o J
Li [AI(O(|3H)4] + 4H,0 —> 4 (I3H—0H + LiOH + AOH)

|
@ | © |
Na [B(OCJIH),;] + 4H,0 ——> 4CH—OH + NaOH + B(OH),

Phan tng khr hod v6i LiAlH, tién hanh trong dung moi diethylether,
tetrahydrofuran khan. N6 cé thé khi aldehyd, ceton, epoxyd, acid carboxylic,
ester thanh alcol; amid, nitril, nitro thinh amin; din chat halogen thanh
hydrocarbon.

NaBH, 1a chat khir nhe, c6 thé khir trong moi trudng nudc, alcol,
tetrahydrofuran, ether... NaBH, khit chon loc aldehyd, ceton va halogenid acid.
Khi dge hoat hod bang céc clorid kim loai (AlCl,, ZnCl,, MgCl,...) n6 c6 thé
khtr acid, ester, anhydrid thanh alcol; amid, nitro, nitril thanh amin; C-halogen
thanh C-H.



2.1.7. Hydrazin (NH,-NH,): |
Hydrazin 12 tic nhan khir h6a manh. N6 c6 thé khir hop chét carbonyl
thanh hydrocarbon (phan dng Wolff-Kishner):

o

&

H
| G

NH,—NH: - B0
R—CO—R, —————» | R-C—N=N | — R—CH~R; + N
KOH I
1

HAu hét cdc phan tng khir hda déu diing hydrazin-hydrat, ft diing hydrazin
khan, mac dii kha nang khir héa ctia hydrazin khan t6t hon. Phan iing thudng ti€n
hanh & nhiét d¢ cao (150-250°C), nén phéi thyc hién trong néi chiu 4p luc hoic
diing dung moéi ¢6 nhiét do séi cao (ethylen glycol, diethylen glycol, triethanol-
amin). '

2.1.8. Cdc hop chdt cia luu huynh:

-Natri sulfid (Na,S): |

Thuong ding loai k§ thuit, ham lugng 60-65%. Dang tinh thé ngam 9
“phan tir néc, dé hit 4m. Natri sulfid c6 thé khir hod nhém nitro v2 nitroso thanh
amin. ' .

Trong t6ng hop paracetamol, ngudi ta di ding tic nhan khir hod nay dé
khir para nitrophenol hoic para nitrosophenol thanh cdc amin tuong ng:

HO-C,H,-NO, + Na,S.9H,0 - HO-CH,-NH, + NaOH + Na,S,0;
HO-C,H,-NO + Na,S9H,0 — HO-CH,-NH, + NaOH + Na,S,0,

Trong moéi trudng kiém, khit hod hgp chét nitro 1a qda trinh phifc tap, qua
nhiéu hop chat trung gian nhu: nitroso, hydroxylamin, azoxy, azo, hydrazo-
benzen va cudi cing thanh amin:

a-No, — o arno —H. aenmom Bl 4 nm <

(H]
Ar-NO + Ar-NHOH —> Ar-N=N—Ar B Ar-NH-NH-Ar —

°

Ar-N=N-Ar




Néu khir hod & 0°C thi chi tao thanh hydroxylamin, cdn khi dun néng thi
thu duge amin.

Diém dic biét 1a Na,S c6 tic dung khir hoé chon loc, ¥6i din xudt
polynitro n6 chi khit nh6m n1t:ro & vi tri para so véi nhom thé'

NO,
Nags

-Natri disulfid (Na,S,):

Khit bang natri disulfid khong tao ra NaOH, nén céc polisulfid dwoc chon
cho cdc phén dng khong chiu dugc do kiém manh nhw diing Na,S. Céc polisulfid
(Na,S,, Na,S;...) ¢6 t6c d¢ thay phan kém Na,S vii l4n, phan ting khir hoa ciing
nhe nhang hon.

Céc tdc nhan nay ciing dugc dung dé khir cic nitro thom thanh amin:

Ar-NO, + Na,S, + H,0 — ArNH, + Na,S,0,
Ar-NO, + Na,S; + H,O — Ar-NH, + Na,5,0, + 38 .

Trong céc polisulfid, thudng dimg Na,S, vi n6 khong giai phéng S nén
khong gay tré ngai cho viéc phan lap san phdm. |

-Natri sulfit va natri bisulfit (Na,SO, va NaHSO,):

Cac tdc nhan nay ton tai & dang tinh thé khong mau hoic mau tring, dé bi
oxy hoa thanh sulfat nén cdn béo quan trong lo kin, trénh ti€p xiic 1au v6i khong
khi. .

Dugc diing d€ khir c4c din cht nitro thanh amin:

Ar-NO, + Na,SO, + 0 - AnNH, + NSO, + H,0
Cén chd ¢ khi ding tic nhan bisulfid, thanh phdm amin s& phan g véi
no tao ra acid sulfamic.

Ar-NH, + NaHSO, — ArNH-SONa + H,0

2.2. Khir héa bing hydro phan tir véi xiic tc:



O diéu kién thudng, hydro phan tir it c6 khd nang phén ing. Khi ti€p xtic
véi xiic tic, hydro dugc hoat h6a va c6 kha ning tham gia phén dng. Vi vay phan
ting hydro ho4 bao gid cling cén xiic téc.

D0 hoat hod clia cdc chét xic téc duge thé hién bing luong hydro hap phu
trén mot don vi khéi luong. -

Hydro hod xdc tic c6 thé xay ra & hai trudng hop: déng thé va dj thé.
Trudng hop hydro ho4 xiic t4c di thé duge ting dung nhiéu trong cong nghiép.

2.2.1. Cdc xtic tdc cho phdn ting:

Xic tac ¢ thé sit dung riéng hodc dur .en mot Cuay ...~ ng. Sir dung chét
mang khong chi d€ tiét kiém, ma ch4t mang con anh huéng dén hoat tinh, d¢
chon loc, tudi tho, d6 nhay cdm véi nhiét d¢ va céc chét gy ddc xiic tac...

Cic chit mang c6 dién tich bé mat nhd gém thily tinh, oxyd nhom, d4 bot,
bauxit. Loai ¢6 bé miit 16n gém caolanh, titan dicxyd, than hoat, silicagel...

Thong thudng c6 khoang 5% chat xic tdc duge dua 1én chét mang. Ngoai
ra ngudi ta c6 thé thém chat 1am tang hoat tinh xiic tdc (promotor) hodc chdt e
ché& xtc téc (inhibitor). '

2.2.1.1. Cdc xiuc tac kim loai:
-Niken (Ni):

La xiic tac sit dung phé bién nhat, c6 thé sit dung mot minh hoac dua len
chit mang.

Ni-Raney (Niken xuong) dugc ddng nhi€u vi do hoat héa rit 6t cha nd.
Ni-Raney duoc diéu ché nhu sau:

Nung hén hop nhom va niken (ty lé 1:1) dén 1200-1500°C thanh hop kim,
1am ngudi va tén nhod. Sau d6 ding dung dich NaOH hoa tan hét nhém trong bot
hop kim vita diéu ché duge. Niken cdn lai & dang bot toi x6p. Rita nuéc nhiéu
14n dén hét kiém. Rira lai bing alcol va bio quan trong alcol tuyét d6i. Trong qua
trinh diéu ché xic tac, khi hydro duoc giai phong, chi § dé phdngchdy nd.

Mot gam xiic tdc ndy c6 thé hép phu 25-150 cm’ khi hydro. Khi dé kho,
Ni-Raney tu b6c chay trong khong khi.

Xic t4c Ni-Raney c6 thé ding d€ hydro hod céc alken, alcol, ceton, nitril
va cac hop chdt thom.

Xic t4c niken hodc niken trén chit mang (dang bot hodc hat), hoat luc
thudng thap hon Ni-Raney. Do d6 phan ng hydro hoa thuong phdi tién hanh &
nhiét d6 cao hon.



-Péng (Cu):

Bot déng dugc st dung 1am xc tic dé khit cic hop chét nitro thom thanh
amin (xic tic ndy khong anh huéng nhéan thom).

C6 thé sit dung mot migh hoic ciing chat mang. Di€u ché bing cich khir
hod déng oxyd, hydroxyd hoaé&carbonat base v6i khi hydro & 150-300°C.

Hén hop Cu:cromit 1 xiic tic c6 gid tri thye t€ I6n. Xic tdc ndy c6 thé
hydro hod céc ester va amid. Cu-cromit 13 hén hop dang b6t min ctia déng kim
logi, CuO, CuCr, 0, va Cu,Cr;0,. Phan ting hydro hoé duge tien hanh & diéu kien
4p sudt, nhi¢t do trén 100°C .

-Céc kim loai quy:

Xiic tdc nhdm nay gém ¢6: platin, palladi, rutheni va rhodi. Vi gi4 thanh
cao nén thudng tron v6i chat mang (dat sét, silicagel, than hoat.,.), Xtc tic chifa
khoang 3-10% kim loai.

*Platin xidc tdc hydro hod nhiéu loai nhém chitc mét cich dé dang (trix
acid carboxylic, amid va ester). Platin oxyd, platin clorid cing duoc sir dung lam
Xuc tdc hydro ho4.

*Xuc téc palladi vé hoat tinh ciing giéng nhu platin nhung tinh chon loc
16t hon va c6 thé thay ddi tuy cdch diéu ché. C6 thé six dung dé khir hoa hiu hét
cdc nhém chifc, nhung hoat tinh y&u hon platin khi ding dé khir ceton mach
thang va nh4n thom. Phan tng hydro hoé thudmg tién hanh & 4p sust thudng.

*C4c xiic tac rutheni va rhodi khong tham gia qu4 trinh hydro phan, nén
| khoéng so n6 cét loai nhém hydroxy ho#c amin trén nhan thom,

Duy nhit rutheni c6 thé xdc téc khit hos acid carboxylic. N6 ¢6 vu diém 13
khong bi doc bdi luu hugnh. |
2.2.1.2. Cdc hgp chdt phi kim logi:

Céc oxyd-kim loai (kém, crom, vanadi...) hoac sulfid-kim loai (molipden,
sit, coban, niken...) va boron-kim loai (sat, niken, bac, crom...) it khi st dung
lam xiic t4c cho phén ting hydro ho4.

Céc sulfid-kim loai khong bi nhiém ddc v6i luu huynh va cdc hop chat cia
Ity huynh. Do d6 ¢6 thé sir dung hydro hod hay hydro phan c4c hop chét chita
ke huynh. _

2.2.2. Cdc yéu t6 dnh hudng dén phdn img hydro hod:

-Nhiét do:

Cling nhur cac phén tng ho4 hoc khac, khi nhiét d¢ tang thi t6c d6 phan
ting hydro hod cling tang, nhung phén ting dehydro hod khéng mong mu6n ciing
xudt hién. Mt khéc, nhiét do tang lam giam tinh chon loc clia xic tic.



Trong thuc t€ cdn phai tim mot nhiét do thich hop thdp nhat dé phan ing
¢6 thé thyc hién dugc.

Théong thidmg, véi xdc tic 1a cdc kim loai quy (Pt, Pd), Ni-Raney phan
ting ti€n hanh tr nhiét d6 phong dén 150°C; vé6i Ni, Cu & nhiét do tir 150-250°C.
Céc kim 1081 khéc va oxyd kim loai tir 250-400°C.

-Ap suét:

Ap sudt 1am ting tdc do phan dng va dnh hudng dén tinh chon loc clia xic
tic. Ap sudt tang, can bing phan tng chuyén vé bén phai.

Vi du:

Khi diing xdc tic Ni-Raney dé hydro hod acetylen, néu thuc hi€n phan
ting & 4p sudt khi quyén ngudi ta thu duge olefin. Khi ting 4p sudt 1én 3 bar thi
chi thu dugc parafin.

2.2.3. Ky thudt an toan trong phdn ting hydro hod xic tdc:

Hydro 1a chat khi nhe nhat, né d& bj o ri qua nhitng chd ma cédc khi khdc
khbng thé qua duoe. Do d6 phai chd ¥ cén than & cdc chd n6i, he théng ong dén,
c4c van.

Hydro tao hén hgp nd véi khong khi & khoang néng do rit rong (4,1-
74,2%). Vi vy truSc khi din khi hydro vao thi€t bi phan tng, phai dudi hét
khong khf trong thiét bi bang khi tro nhiéu l4n.

3. UNG DUNG CUA PHAN UNG KHU HOA:
3.1. Khir hoa lién két carbon-carbon khong no:

Khit hoa olefin:

C4 thé khir ho4 lién két C=C v6i natri kim loai trong alcol, natri kim loai
trong amin, hydro hoé xvc téc (Pd, Pt, Ni-Raney) & nhi¢t 49 phdng va dp sudt khf
quyén. Mach carbon cang di, nhiéu mach nhdnh cang khé khir. Cis-olefin dé
hydro hod hon trans-olefin.

Qua4 trinh khir hod n6i déi tao ra déng phan khong gian. Vi du khi hydro
ho4 acid dimethyl maleic, xtc tdc palladi trén chét mang than hoat (Pd/C) hodc
niken tao thanh dimethyl succinic véi déng phan mezo chi€m 86% va racemic 12
14%: :



COOH COOH

HsC_ ,COOH i |
C HyPdC H—C—CH; H—ip—=CH
» + .
8 H_(I:_Cﬁs I{3C—(13— H
LN :
H;C COOH _ COOH .- COOH

&

(mezo 85%0) (racemic 14 %5)

Khong chi xtdc tdc ma dung moi v moi trudng phan tng cling dnh hudng
dén ty 1¢ cdc dong phan.

Khir ho4 acetylen:
| Acetylen c6 thé hydro hod d& dang thanh parafin, cling c6 thé khir chon
loc thanh olefin bang tdc nhan hod hoc hay hydro hod xic téc.
Vi du: Hydro hoé acetylen thanh etan v&i xiic tic Ni-Raney. Nhung khi
xtic t4c 12 Ni hoic Pd trén chit mang d4t sét thi sdn phim chii yéu 12 ethylen.
Hydro ho4 lién két C=C & cu6i mach carbon d& hon & gitta mach.
Khi hydro ho4 néi ba thanh olefin thi thu dugc hén hop cis-trans.

Vidu:
R_ H = H R
C C
I e | St I
/C\ . C' H!’ \R‘
H R R
Hydro hoa nhan thom:

Khir hod nhan thom khé hon céc hgp chdt khong no mach thang. Bang téc
nhan khir hod hoc khéng thé no ho4 toan b nhan thom.

Khir hod benzen béng natri trong amoiac tao san phdm chinh 12 cyclohexa-
1,4-dien. Sin phdm phu cyclohexa-1,3-dien sau d6 bi khir nhanh thanh
cyclohexen.

L
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Nhém hiit dién tif trén nhan 1am tang kha ning khir hod, nhém ddy dién tr
thi nguoc lai 1am giam kha nang nay.

Hydro ho4 benzen va din chét thu dugc cyclohexan va céc din ch4t twong
tng. Phan tng cdn 4p suft va nhiét d9 cao. Tuy nhién, nhi¢t 40 khong duogc vuot
qu4 giGi har#¥i khi d6 phan iing dehydrd hod d6ng thai xdy ra.

C4c aldehyd, ceton, amin thom, néu mu6n hydro hod nhan thom cdn bio
vé nhém carbonyl (tao hydrazon hoic base Schiff). Sau khi hydro hod thi thuy
phan dé logi cic nhém bio ve.

Csc hop chét thom da vong dé hydro hod hon benzen. Kha ning phan tng
theo thit tu sau: benzen <naphtalen < phenantren.

3.2. Khir ho4 hop chét nitro:

Pay 1a phuong phép quan trong nh4t d€ diéu ché c4c amin, dic biét Ia cdc
amin thom bac nhat. Tuy téc nhan vA méi trudng khir, c6 thé thu dugc san phdm
c6 mic do khir hod khéc nhau. .

3.2.1. Khir hod véi Fe trong méi truong acid:

Phén ng khit hop chét nitro thanh amino trong moi trudng nudc-acid
(phan tng Bechamp) xay ra theo co ch€ nhir sau:

Trong moi trudng acid, nhém nitro 14y hai dién tir cia sit, dong thdi ldy
thém hai proton va loai di mét phan tit nuSc tao thanh nitroso:

@ O/\ (‘
N ,OH *
R- N\ef T H ———— R—NO tH R—N=0
0: [ . 7o H,0 N

2e
Sau d6 ciing tuwong tu, tir nitroso tao ra hydroxylamin;

X ;

R—N=0 + 2:H ——» R-NH—OH

Cu6i cing 12 khit hod hydroxylamin thanh amin:



Phan ting x4y ra & ba pha: pha hitu co (hop chat nitro), sit va nude acid,
Do d6 téc do phin tg phu thudc rat 16n vio kich thudc bot sét va 16c do khusy
tron. D1 v6i céc chat khé hoa tan trong nudc, cin sir dung thém dung moi trg
tan (cthanol, methanol...). b o
3.2.2. Khit hod véi kim logi (Fe, Zn) trong moi truong kiém:

~ Chu yéu diing kim loai kém, mic dd k&m c6 gid thanh dét hon. Qua trinh

khir hod xay ra nhu sau:

Trudc hét nitro bj khir thanh nitroso, sau d6 thanh hydroxylamin.

2Ar-NO, + 7Zn NOH_ H 4 NO + 70O

Ar-NO + Zn+ H0 NOU_ ' NHOH + 700

Duéi tac dtjng_ cia moi trudng kiém, nitroso phan ing v6i hydroxylamin
tao ra azoxy benzen:

Ar-NO + Ar-NHOH —NeOH_ Ar-1;1=N*—Ar + H0
0

Sau d6 azoxy benzen bi khir thanh azo (Ar-N=N-Ar) va hydrazobenzen
(Ar-NH-NH-Ar). :

Hydrazobenzen duoc diing d€ san xust céc din chat diamin-diphenyl bing
phan ting chuyén vi trong moi trudng acid:

@
H
O o

3.2.3. Khit hod bdng cdc hop chat cva luu huynh:

Cac chét khir luu huynh (sulfid, disulfid, hydrosulfid) c6 thé khir hgp chat
nitro thanh amin. Natri va amoni sulfid dugce sl dung dé khir chon loc cic hop
chat polynitro thanh cdc din xuft amin-nitro. Vi du, v6i mot duong luong chét
khit Na,S c6 thé khit hod m-dinitrobenzen thanh m-nitro-anilin:



NO; ~ NH,
Na; S
—  *

NO, - NO,

Néu diing thira Na,S thi né s& khit t4t ca cac nhém -NO, thanh -NH,.
Céc sulfid con duge ding dé khir hod cdc hop chdt nitrophenol, halogen-
nitrobenzen, nitro-azobenzen va diéu ché amino-antraquinon.

3.2.4. Khit hod bdng hydro phdn t cé xdc téc:

bay la phuong phdp phd bién nhdt dé diéu ch€ cdc amin trong cong
nghiép. Phuong phédp nay tao ra anilin c6 d0 tinh khiét cao hon va loai dugc
- nhitng kho khian khi st dung phuong phdp Bechamp. Hydro hod nitrobenzen c6
thé tién hanh & ca pha hoi 1dn pha 16ng, xiic tdc 14 niken va dong.

Khi hydro ho4 nitrobenzen trong acid sulfuric xic tc Pt hodc Co, c6 mit
molipden-sulfid tao thanh N-phenyl-hydroxylamin, trong moéi trudng acid
sulfuric ch4t ndy chuyén vi thanh p-aminophenol. Pay la nguyén liéu tng hop
paracetamol:

NHOH

Sadnd

Hydro hoé cac hop chét nitro thudng thuc hién & dp sudt khi quyén, nhiét
do 150-300°C.

3.3. Khir hoa cac aldehyd va ceton:

Tuy tdc nhan va diéu kién khir cé thé thu dugc alcol, khir vi dimer héa
thanh pinacol hodc khir t6i hydrocarbon.

Khir aldehyd thanh alcol c6 thé sir dung hén héng natri, hén h6ng nhom
hay kim loai trong amoniac. Ceton mach thing véi kim loai kiém trong alcol c6
thé khir thanh alcol bac hai.



Téc nhan khit nhém carbonyl dac hieu nhat 13 hydrid kim loai. LiAIH, 13
chat khir manh, ngoai nhém C=0 ciia hgp chét carbonyl n6 con khir dwrge nhiéu
nhém chic khic. NaBH, 12 chdt khir nhe nhang, n6 c6 thé khir chon loc nh6ém
C=0 thanh alcol.

Vi du: khir hod ceton trong moi trudng kiém hoac trung tinh v6i hén héng
(nhoém hodc magie), san phdm 14 pinacol:

N i
O=C + (|;:0 M HO—(I3—~(13—-OH

|

CH3 CH3 CH3CH3

Céc aldehyd thom c6 thé hydro hod thanh alcol tuong dng v6i xtic tic 1a
Ni-Raney & nhiét 4o phong va 4p sudt khi quyén.

3.4. Khit hoa acid carboxylic, ester, amid:

Khir hod acid carboxylic thanh alcol thudng diing cdc hydrid kim loai
(LiAlH,, NaBH,) hodc alcoxyhydrid kim loai [LiAlH(t.BuO),]. Trong d6 hay
ding nhat 1a LiAlH, trong tetrahydrofuran hodc ether. Acid carboxylic rét it tan
trong c4c dung méi trén, nén t6t nhat 13 chuyén thanh ester truéc khi khir hos.

Trong cong nghi¢p, dé khir acid carboxylic thanh alcol, ngudi ta thudng
diing phuong phap hydm hod v6i xic t4c Cu-cromid & 250-400°C, 4p sudt 200-
300 bar.

Dé khir ho4 chon loc cic ester, hay diing LiAlH, hoat hod véi AlCH,. Téc
nhan LiAIH,-AICl, chi khir nhém ester thanh alcoi, khoéng 4nh huéng dén cac
nh6ém halogen, nitro hodc ndi kép trong phan ti ch4t cén khir.

Hydro hod céc ester dé dang hon hydro hoé céc acid carboxylic (xic téc
Cu-cromit).

Vi du: Hydro hod ester clia acid adipic, xic tdc Cu-cromit, & 250°C, 4p
sudt 120-200 bar, thu duge 1,6-hexandiol véi hi€u suft 85-90%:

EtOOC-(CH,),-COOEt —>  HOCH,{(CH,),-CH,0H

C6 thé khir hod céc amid, lactam thinh amin tuong ting hozic amid thanh
aldehyd, sau d6 thanh alcol bac nh4t véi hydrid kim loai (LiAlH,).



i 3.5. Khir hoa céc hop chat chia nito khong no:
; Nhém hop chdt chita nito khéng no gém nhiéu loai: nitril, isonitril,
hydrazon, oxim, imin, azoxy, azo. Tmng d6 viéc khir hod nhém nitril thanh amin
. c6 ¥ nghia thuc t& nhat.
Tag nhan khir nitril thich hep 12 hydro phan tir va hydrid kim loai
(LiAIH,). Hydro hod nitril v6i xdc tdc, thu duoc hén hop amin bac mét va bac
hai:

H
R—CN. —2 » R—CH=NH —2» R—CH,NH,

R—CH=NH + R—CH,-NH,

R—CHy NH—CH—R
. NH;
NH; + R—CH,-N=CH—R —2» R—CH,~NH-CH,-R

C6 thé han ché phin Gng tao thanh amin bac hai bing céch hydro hod
trong amoniac.

Trong céng nghiép dugc phﬁm khir hod nitril thanh amin bang LiAlH,
hoac B,H, duge sir dung nhiéu.

4. HYDRO PHAN (HYDROGENOLYSIS):

Hydro phan 12 phdn tng cét cdc lién két carbon-carbon, carbon- -0XY,
carbon-nito vi carbon-halogen nhd tic dung clia hydro. Phan iing c6 thé thu'c
hién bang tdc nhan khir ho4 hoc hoidc hydro ho4 xiic téc.

Céc tac nhan khu hod hoc hay sl dung 12 kim loai kiém-alcol, kim loai-
amoniac, LiAlH,. C4c xic tdc hydro hod gém Pd, Ni-Raney.

Hydro phan lién két C-C it gap trong thuc t&. Hydro phan C-O gap khi khit
hoa céc ester, alcol, ether, epoxyd, acetal.

Céc alcol khi hydro phan thudng dung tdc nhan LiAlH,-AlCl..

Vé6i céc ether thudng khé cét lién két carbon-oxy.

Hydro phan c4c benzyl-ether trong hod hoc hydrat carbon nham loai nhém
bao vé benzyl c6 thé ding céc tdc nhan: natri trong alcol, hén hop LiAIH,-AICI,
ho#c hydro hod v6i xic tac palladi.

Hydro phan lién k&t C-X dé hay khé phu thudc ban chét ciia halogen, cfu
triic ctia phan tif va tdc nhan st dung. Alkyl halogenid c6 kha ning phén ing yé€u
hon benzyl-, aryl-, allyl-, vA vinyl-halogenid. Tdc nhan hay ding 1a kim loai-
amoniac. Ngoai ra, c¢6 thé hydro phan lién két carbon-halogen bing phén ing
hydro hod véi xic tdc Pd.

10N



5.MOT SO Vi DU:
5.1. Diéu ch¢ anilin:

Anilin 12 nguyen liéu quan trong ctia coOng nghé phdm mau va téng hop
Héa duge. Nhiéu thube duoc tdng hop tir nguyén lién nay phu: Sulfamid, khdng
histamin, thu6c tri giun sén... Trudc day anilin dugc san xudt theo phwong phép
Bechamp. Hién nay, trong cong nghiép n6 dugc san xust bing con dudng hydro
héa nitro-benzen.

Phuong trinh phan ng:

CH;-NO, + 3H, —» C¢HNH, + 2H,0

Nitrobenzen dugce hoé hoi r8i din vao c6t phén @ng chifa xiic tic dong-
amonium-nitrat. Khi hydro dugc ddn vio cling chiéu véi hoi mtrobenz;an Phén
tng dugc thue hién & 200°C.

Hén hop hoi sau phan tng duge ngung tu, d€ yén cho tach pha. Pha trén 1
nudc chifa 4% anilin hoa tan trong nitrobenzen, chiét thu héi d€ dua lai phan
ting. Pha du6i 1a anilin ¢6 chia 0,5% nitrobenzen va 5% nuéc, cit phan doan dé
thu anilin.

Ci 1kg xic tdc dong-amonium-nitrat c6 thé sit dung dé diéu ché€ duoc
khoang 1500kg anilin.

5.2. San xu4t sorbit tir glucose:
Sorbit 12 hop chat trung gian trong qué trinh 18ng hop vitamin C. Qua trinh
d6 tém tat nhu sau:

d-Glucose HJMil d-Sorbit __[O] , 1-Sorbose aceton diaceton-

sorbose __0,/NaOH | diaceton-2-ceto l-gulonic acid _enolhod , Vit C

Phuong trinh khir hod glucose thanh sorbit:

CH,OH o CH,0H
HO-CH  H/Ni-Raney  HO-CH
HO-CH ~ HO-CH

HC-OH HC-OH
HO-CH HO-CH

HC=0 CH,0H



Céch ti€n hanh hydro hod nhu sau:

Thiét bi phan tng 1a autoclav bing thép, c6 hai vo, méy khuﬁy mo neo,
van thoat khi, 6ng nhiét k€...

Dung dich glucose néng d6 50-55% duoc cho vao autoclav, diéu chinh
dén pH = 8,348,4. Tiép d6 cho Ni-Rangy-vira diéu ché (khoang 5% so vdi trong
lugng glucose) vao n6i phan tng. Pudi hét khong khi trong ndi va nén khi H,
(ham lugng 99,5%) vao dén khi 4p sudt dat 80 atm. Cho hoi néng vio vo néi va
dva nhiét d6 1én 135°C. Luén giff 4p sudt trong noi 12 80 atm bing céch b6 sung
H,. Thoi gian phan ing khodng 40-60 phiit. Ngimg dun néng va lam lanh vd néi
dén nhi¢t d6 75-80°C. M& van cho thoét H, thira, giam 4p sudt cdn 5 atm. Ddy
khéi phén ¢ng ra ngoai qua phin loc. Thu h6i chét xiic téc va bao quan dudi 16p
nuéc cdt. Dung dich socbit duge dua qua c6t trao déi ion Wolfatit d€ loai Fe, Cu,
Ni... Sau d6 cét chan khong ¢ 650 mmHg dén khi chi con do 4m 5%. Cin dwoc
hoa tan trong c6n 96° & 78°C. Két tinh (khufly) & 18-20°C. Loc 14y tinh thé, rita
béng cdn, sdy khé & 35-40°C.

CAU HOI LUUNG GIA

1. Khdi niém va myc dich cta qué trinh khir ho4 trong ho4 hoc hitu co va téng
hop hod dugc. : |

2. Trinh bay c4c loai tic nhan cia phan dng khit hod va co ché khir clia ching.

3. Néu céc phan dng khir hod va phuong phdp hydro phan cdc nhém hop chét co

bén.
4. Trinh bay phuong phdp san xu4t anilin tir nitrobenzen va sorbit tir glucose.



Chzm"ng 11
DIAZO HOA

Muc tiéu hoc taps. - e

I. Khdi niém vé phdn ving diazo hod va cdc ddc diém ciia mudi diazoni.

2. Cdc thuyét vé co ché ciia phdn img diazo hod.

3.Cdc yéu 10 dnh hudng dén qud trinh diazo hod va nguyén tdc tién hanh phdn
ung.

4. Cdc phdn vmg ciia mudi diazoni.

1. PAI CUONG:
Diazo hod 12 qud trinh hod hoc tao hgp chét diazo (-N*=N) tir amin thom
bac nhit va acid nitro. Phuong trinh phan dng nhur sau:

Ar-NH, + NaNO, + 2HX — Ar[N*=N]X + 2H,0 + NaX
Trong d6: Ar: aryl
X: -Q, -Br, -NO,, -HSO,.... (tity loai acid sit dung).

Phan {ing nay dugc P.Griss phét hién vao nam 1858. C4u tao ca cation
diazoni 14 sy tdc dung tuong hé clia hai dang sau day:

Ar-N® =N ¢  Ar-N=N®

Qua trinh diazo hoa c6 ¥ nghia quan trong trong téng hop Hoa duge, vi n6
tao ra hgp chét c6 kha nang phan ing cao. NG 12 qué trinh hod hoc trung gian dé
chuyén nhém -NH, clia amin thom thanh c4c nhém -H, -OH, -Cl, -1, -Br, -F, -
CN, -NO,, -SH, -AsO.H,...

Diazo hod 1a phan ing chii yéu dugc diing trong cong nghiép san xudt cdc
phidm mau azoic. Hang ndm ngudi ta sin xuéit hing trdm ngan t&n phdm mau
azoic tir cée hyp chéll diazo. Qué trinh diazo hod ciing 12 mot trong nhitng qué
trinh dugc sir dung nhiéu nh4t trong t6ng hgp hitu co, hod duoc.

2. PAC PIEM CUA MUGI DIAZONTI:
Muéi diazoni c6 céc dac diém sau:
- Tén tai & dang bét it tan trong nudc.



- La hop chat khéng bén, ¢d tinh phan @ng rat manh (dang bot kho cé thé
gy n6 do phan huy giai phéng N,). Cdn bao quén dudi 16p nu6c acid. Thudng
1am xong thi dem diing luén do khong bio quan duge 1au.

-Duéi tic dung ciia nhiét 46, 3o &m mudi diazoni phan huy thanh phenol:

T
ke

[Ar-N® =NICI + H,0 — Ar-OH + N, + HCI

-Trong moi trudng kiém mudi diazoni chuyén thanh diazotat & hai dang
“Syn” va “a.n.t.i”:
: . Ar—N
Ar—N=N—OH + NaOH — N 4] + H,O
NaO—N N—ONa

Syn-diazotat kém bén hon, dé bi thuy phan. Dang nay dugc ding trong
phin tng ngung tu, st dung trong cong nghé phdm nhuom. O nhiet do 100-
105°C syn-diazotat chuyén thanh dang anti-diazotat 13 hgp chét bén viing, khong
tham gia phan ing ngung tu.

3.CO CHE CUA PHAN UNG DIAZO HOA:

C6 nhiéu t4c gia d4 dua ra gia thiét vé co ch€ phan g diazo hod, ding
chi y 12 nhimg co ch€ sau:
-Bamberger (1894):

Téc gia nay cho rang phan ing diazo ho4 thuc chat 1a qua trinh nitroso héa
N-amin bdng acid nitro dd duge proton héa.

Tdc nhan nitroso h6éa khi diazo hod trong acid hydrocloric gom c6:
nitrosil-clorid, dinitrogen-trioxyd. Ching dugc tao thanh tif nitroso-acidium theo
cdc phan tng sau:

HO-NO + H® — H,0®-NO
H,0%-NO + CI” - ON-C1 + H,0
H20(+]"N0 + NO:;'(—} o 4 ON‘N02 + HQO

Céc tdc nhan nay déu c6 thé tao thanh cation nitrosil (NO™) dé tham gia
phan tng véi thanh phin amin theo co ché€ ai dién tu.
So d6 qué trinh phan ing diazo héa nhu sau: -



HO—NO
i H
H% NC
,0—
N& \CPh
No—"}qfﬁ;/,czh/ NO**E‘I

,\,\M E ‘A*Nﬁz

Ar-NH,-NO
(Nitroso-arylamin) pH<2

e

Ar-NH-NO
(Nitrosamin)

I

Ar—N=N—OH (Diazoni hydroxyd)
i HX

®
[Ar—=N=N] ;(? (Diazoni salt)

-Ingold (1958):

- Khi nghién citu dong hoc clia phan ding diazo héa, tic gia cho ring
phan Ung ndy ciing bit ddu bing sy proton héa acid nitro. Sau d6 nitroso héa
amin bing phén ting thé 4i di¢n tir cia ion nitroso-acidium hoac nitrosil. Day 1a
giai doan cham quyét dinh t6¢ do phan ting. Tiép theo 13 dong phan héa hop chat
nitrozo va loai nhém -OH cua diazo hydroxyd trong m6i trrong acid, tao thanh
mudi diazo:

@ & @
HO—N=0 + H === H,0—N=0 === N=0 + H,0
H
A e ch @ "
Ar—N\:\ +3iN=0 —» Ar-~1f NO——*—* Ar--ITI N =)
H H H

T H@ ®
== Ar—N=N—-OH —=» Ar—N=N + H,0

4. CAC YEU TO ANH HUGNG DEN QUA TRINH DIAZO HOA:

4.1. Anh huéng cua PH méi truong:
Phan ing diazo hod bao gi0 cling thyc hién trong moi trudng acid. Mei
trudng t6i wu d€ diazo ho4 thudng & pH =1-3.



Acid trong phan ing diazo hod giit vai trO quan trong vi:

- Hoa tan amin du6i dang mu6i dé tham gia phan @ng.

- Giai phéng HNO, tix natri nitrit dé cung cap cho phan tng.

- Han ché phan iing ngung tu giita mudi diazoni v6i amin tu do tao thanh
hop ch4t diazo-atnin khong tan (phan ung fir ngung tu nay chi xay ra trong moi
trudng acid yéu va trung tinh).

[Ar—-NEN]Cl + H;]N—~Ar === Ar—N=N—Ar + HC

- M6i trudng acid 1am ting d6 bén viing ctia mudi diazoni.

Trong nhiing trudng hop khong thé ding néng d6 acid vé co qué 16n thi
phdi ding phuong phap “diazo hod ngugc™; Lam lanh hén hgfp amin-natri nifrit
truGe, sau d6 cho dan hén hgp nay vao dung dich HCl 43 lam lanh. Nhu vay
trong méi trudng phan tng khong t6n tai amin ty do, phan dng “tu nglm,g tu” sé
khong xdy ra.

4.2. Anh hudng ctia nong do nguyén liéu:

Thudng sir dung néng d6 amin trong phan immg tir 0,2-2,0 N. Néng d6
lodng lam phan ing x4y ra cham, néng d0 dic s€ khé khong ché nhiét phan ing,
vi day 14 phan @ng toa nhiét manh.

Luong NaNO, thudng sit dung khong céan thira, V‘l néu thira sé lam giam
d6 bén cia mudi diazoni va gay ra phan ing phu (oxy hod hay dua thém nhém
nitro vao san phdm...). Két thic phan ing néu lugng acid nitra con thira cdn phai
phan huy bing ure hoic acid sulfamic.

NH,
O0=C_ +2HNO; — CO, +2N» +3H0
NH;
OH
0,8, + HNO; —— H,804 + N> + H;0
NH,

4.3.. Anh hudng ciia nhiét do:

Trong phan ting diazo ho4, nhiét d¢ 12 yéu t6 quyét dinh dén hiéu sudt san
phdm. Thong thudng phén tng tién hanh & nhi¢t 4o khoang 0-5°C. O nhiét do
nay HNO, it bi phan huy, mat khédc mu6i diazoni cling bén viing hon. V1 nhu



~ chiing ta da biét, diazoni 12 hop chat khong bén, rat dé bi phan huy bai nhiét do
va moi trudng. R4t it trudng hgp diazo hod & nhiét do cao hon15°C.

Dé dam béo nhiét d6 thdp, ngudi ta phai 1am lanh bang cach cho nuéc dd
trye ti€p vao hén hop phén tng, mét khéc phai duy tri [am lanh bén ngoai lién
tuc.

4.4. Anh huéng ciia cdu triic phan t& amin:

Cic nhém the trén nhén c6 dnh hudng manh dén tinh base, d6 tan cia
amin thom. Do d6 ¢6 anh hudng dén viéc thyc hién phan tng diazo hod. Cac
amin thom c6 nh6m hiit dién i trén nhan rt khé diazo hoa.

Céc diamin thom khi diazo hod khong x4y ra d6ng thdi vi nhém diazo tao
thanh hdt dién ti, gdy kh6 khin cho viéc diazo hod nhém amin thi hai.

Céc déng phan ortho-diamin khi diazo hod tao ra sin phdm déng vong do
phén ing tyngung tu:

NH, N,Cl
@I HNO, @: HCI @N
. — Il
NH; NH2 N’"N
| |
H

Mu6n trdnh hién tugng tr ngung tu phai bdo v& mét nhém amin bing cich
acyl hod trude khi tién hanh diazo hoa.

5. NGUYEN TAC TIEN HANH DIAZO HOA:

Qu4 trinh diazo hod duge ti€n hanh theo trinh tu sau:

-Tru6c hét cho nude vao néi phan tng, ti€p d6 cho acid vo co, 16i dén
amin. Khudy cho tan hét, cho nu6c d4 tryc ti€p vao dé 1am lanh khéi phan ting
dén 0°C.

-Sau d6, vira khudy vita cho din dung dich natri nitrit vio (thudng diing
dung dich 30-35%) sao cho nhiét d6 <5°C. Khi d cho duoc 2/3 hwong natri nitrit,
phéi lu6n kiém tra do pH ctia phan tng (pH=1-3) va luong NaNO, thita. Phén
tng ket thic khi miu thir ¢6 phan @ng duong tinh véi gidy tdm tinh bot 14n KI.
Hén hgp duge lgc, dich loc duge ding ngay cho phan tng tiép theo.



6. CAC PHAN UNG CUA MUOI DIAZONI:

C4c mu6i diazoni ¢6 kha nang phan ting rét I6n. N6 dugc ding 1am trung
gian trong san xu&t H6a dugc va nhiéu nganh héa hoc khéc. Cic phan ting clia
mu6i diazoni duoc chia thanh hai nhom:

bl

-

6.1. Céc phan éng cé gidi phong nito:
6.1.1. Thuy phdn nhém diazoni thanh -OH:

Phéan ting thity phan tao ra phenol thyc hién trong méi truong acid, xic tic
1a CuSO,, Cu,Cl;: |

[Ar-N® =N] SO,H” + H,0 — Ar-OH + N, + H,50,

6.1.2. Thé nhém diazoni bang nhom -OR va H:

Mus6i diazoni tdc dung véi alcol & nhiét do trén 5°C, qué trinh phan Gng
d6ng thoi xdy ra theo hai hudng: Tao ra alcoxybenzen va khir diazo thanh
benzen:

[Ar-N®=N]SO,H® + R-CH,0H — Ar-OCH,R + N, + H,S0,
[Ar-N®=N]SO,H+ R-CH,0H — Ar-H + N, + H,80, + R-CHO

Phan iing theo huéng nao phu thudc vao nhém th€ irén thom cia hop chét
diazo va d6 16n cia g6c R trong alcol. Cic alcol don gian thi kha nang tao dén
chat alcoxy cang cao.

Phan ing niy ¢ ¥ nghia quan trong trong viéc dinh huéng cdc nhom thé.
" Vi du diéu ch€ 1,3,5 tribromobenzen:

NH; . NHj
Br Br Br. Br
3 Br; : \©/
O] — —
Br Br

6.1.3. Thé nhém diazoni bang halogen va nitril:
Pay 1a phuong phép diéu ché c4c dan xuét iod va fluor thom.



[Ar—N—-N]SO4I{ L 4 QR LN Na + KO,

® 1
[A—N=NBF, —Y » Ar-F + N, + BF;

_— -
LS

Phén ting thé diazoni bing -Cl, -Br hodc -CN thu duoc hieu sudt cao néy
¢6 xiic tac Cu,Cl,, Cu,Br,, hojc Cu,(CN), twong ting (phan Ung Sandmeyer).

Cu,yBry/ t0
—_22

@
[Ar—N=N1BY Ar-Br + N,

®
[Ar—N=NICR 2% A oN+N,

Phén tng ndy c6 ¥ nghia khi muén dua halogen vao nhan thom tai céc vi
trf ma khong thé halogen ho4 truc tiép dugc.

6.1.4. Thé nhém diazo bing -NO,, -SH, AsO,H,: .

Khi mu6n dua nhém nitro vao vi trf c4n thigt ma khong thé nitro hod truc
ti€p dugce (vi du diéu ch€ para-dinitrobenzen ti meta- -nitroanilin), ngudi ta ding
phuong phép qua trung gian diazo:

®
[ Ar—N=NJBF, +NaNO, CUEG, N, + N; + NaBF;

Phin ting the nhom -SH va diéu ché céo hop chdt hifu co chia asen i
muéi diazo theo c4c phuong trinh sau:

@ ? tﬂ'
[Ar—N=N]CI' +kSH —b1 o Ar-SH+ N, + KCI
® 0
{AI‘_NEN] 5841'1 + NazAsQy ——» Ar-AsO;Na + Ny + NaySOy4

Cac hop chdt hitu co chifa asen truéc day duge ding tri li, giang mai nhu
Stovason, Carbason...Hién nay do doc tinh manh nén khong con duge sit dung.

6.2. Cac phan img khong giai phéng nito:
6.2.1. Phdn ting khit tao arylhydrazin:




Khit ho4 nhém diazoni v6i tdc nhan khir SnCl, trong acid HCI tao thanh
hydrazin.

@
(ar—N=N1cP + sncp,  —HCL o Ar-NH-NH,HCI+ SnCl

B L
wiF ) e

Trong cOng nghiép, ngudi ta terE:ﬂ;g diung phuong phédp cia E. Fischer
(1877):

Nﬂz SO 4
-_—l

@ : .
[ar—N=N]cP Ar-N=N—S0;Na 210, Ar-NH-NH-SO;Na

HARO, A+ NH-NH,HCI

Phenylhydrazin 13 nguyén liéu san xuft thu6c ha nhiét gidm dau nhém
pyrazolon.

6.2.2. Phdn ling ngung tu:
Phin tng gifta mu6i diazoni v6i amin thom hay phenol tao thanh hgp chét

azoic:
e i

X=ClL: Br. SO,H
Y=OH, NHz, NHR, NR;

®
[ Ar—N=N

Phén tng ndy thudc loai the 4i dién tir Sg. Sy ngung tu thudng xay ra & vi
tri para so véi nhém amin hoac -OH.

Phén tmg ngung tu véi c4c din chét clia phenol & pH=7-9, véi cic dan chat
amin & pH=4-7.

Phan tng nay ding d€ diéu ch€ c4c p-aminophenol ho4c p-diamin thom
khi khir hod dén chdt azobenzen:

C6H5_'N=N—<C:>>7X T @NHZ + HoN @X

X=0OH,NHy,N(CHs),



7. THIET BI VA AN TOAN LAO DONG:

V1 céc ion kim loai xdc tdc cho qué trinh phan huy muéi diazoni, nén
ngudi ta khéng ché tao thiét bi phan dng bing kim loai hozc hop kim, ma thudng
1am béng g6. Thiét bi phan tmg 1a nhimg thiing g6, canh khuly cfing lam bing
g5 hoic bing nhya. N&u lam bing kim loai thi dtoc boc bing cht déo. |

Muéi diazoni thudng rdt nhay cam véi 4nh sing, cho nén qué trinh san |
Xudt can tranh tic dung cla 4nh sing (c4c 6 kinh cira s nha Xudng phai quét
bing son dd, cdc qua trinh loc hit tranh 4nh sdng...)

Phén iingdiazo hod thudng gidi phéng NO, N O, 12 nhitng khi rdt doc. Noi
san xufit phai c6 h¢ thdng thong khi 16t, phéi héfp thy hét khi giai phong dé trdnh
ngd déc cho ngudi 1am viée. Phai c6 di phuong tién béo ho lao dong va mat na
phong doc.

8. Vi DU: |
Tong hop thuéc ha nhiét gizm dau phenazol: .
Phenazon dugc téng hop theo phuong phép ctia Knorr:

_ Ngung tu acetoacetat ethyl véi phenylhydrazin thu dugc din chat
pyrazolon. Sau d6 methyl héa hgp chat nay véi methyl-iodid hoac dimethyl-
sulfat thu dugc phenazon. _ |

Nguyen liéu phenylhydrazin dugc di€u ché ti anilin qua trung gian diazo
theo so d6 phén ing sau:

N H NaHSO
CsHsNH, PO R, CsHNEN 1 SR CsHsNH—NH,
Na,S0;
CHy CH, CH;
e -CoHs0
r Q‘O P_NH: _HZSS H { s
. + NH 2 = 0 N =—= NI
O7™ocH, ¢, N N
CeHs CeHs

CH;,

CH;l -
> 0 _N—CH;s
N

hoic (CH3),S04

|
CeHs
(PHENAZOL)




CAU HOI LUONG GIA

1. Khéi niém vé phan tng diazo hod va dac diém clia mu6i diazoni?

2. Co ché phan tng diazo ho4? | :

3. Néu cic yéu # dnh hudng dén qiia trintf diazo hod va nguyén tic ti€n hanh
qué trinh diazo hoé. |

4. Trinh by c4c phan tng dién hinh cia muéi diazo?

5. Néu céc loai vat lieu c6 thé sit dung 1am thiét bi cho phan ing diazo hod va

céc chi ¥ vé& an toan lao dong trong san xudt.



Chuong 12
DECARBOXYL HOA

Muc tiéu hoc tap: g -
1. Khdi ni¢m va co ché phdn ting decarboxyl hoé
2. Cdc phdn ing decarboxyl hod ce bdn.

3. Cdc vi dy umg dung trong 16ng hop héa duoc.

1. PAI CUONG:
Decarboxyl hod 1a qu4 trinh loai phan tr CO, ra khdi hop chat carboxylic.
Phuong trinh phan ng nhu sau:
| R—COOH —— RH =+ (O,
Decarboxyl hod xdy ra duéi tic dung clia nhiét do va chiu 4nh huéng cila
moi trudng phan img. Phan tng phu thu6c vao c4u tric cla phan tir c4n
decarboxyl héa, dc biét 1a cdc nhém chifc ben canh nh6ém carboxyl.

Phan iing loai nhém CO, tir cic hop chat carboxyl duoe sit dung kha nl-uéu
trong tong hop hitu co, hod duoc.

2. CO CHE PHAN UNG:
Thong thudng anion carboxylat d& loai nhém CO,, do d6 dang mudi cia
acid carboxylic d& bi decarboxyl hod. Mit khéc, nhiét d6 cling giGp cho su
phan ly cla acid, nén c6 tic dung ddy nhanh qué trinh nay.

RCOOH

= (=] '
o c RCOO ——» R + CO,
RCOOMe—

(@) Q@
R + H —» RH



3. CAC PHAN UNG DECARBOXYL HOA CO BAN:
3.1. Decarboxyl hoa mudi kim loai kiém cua acid carboxylic :

- Dun néng acid carboxylic véi kiém thira thi CO, bi loai theo phuong
trinh sau: % -

o OH OH
V4 e} | © | . 20
R“*C\ o + QOH —_— R—C—-0 —> R + C=0 —> RH + CO;
O (1)(9 (_!,9

- Khi dun néng muoi kim loai kiém thé ca acid carboxylic, ceton dugc
tao thanh. Pay 1a mot trong cic phuong phip di€u ché€ ceton dugc st dung kha
phd bién:

R
e 20 | -
(RCH,CO0),Ca ——» RCH,COCHCO00.CaOH —*RCH,COCH,R + CaCO;

3.2. Decarboxyl ho4 acid dicarboxylic:

Khi dun néng cidc acid dicarboxylic hodc din xuft ciia né sé thu duge
ceton vong. Phan (ng nay dé thuc hién khi tao cdc vong 5, 6 hoic 7 canh.

Vi du: khi dun acid pimelic trong hén hgp acid va anhydric acetic, thu
duge cyclohexanon: |

/CHzCHzODOH 240°C <:>:
o + + H,O
H,C O COy 2
\c,c,coon  AcOH/Ae0

V6i nhig acid dicarboxylic khéng thé déng vong dugce, sdn phgm tao
thanh la acid monocarboxylic. V1 dy: |
-Véi acid oxalic:

(lfOOH
COOH

——>» HCOOH + CO,



-V6i acid malonic hoic din xu4t clia né, phan itng decarboxylic tao thanh

acid monocarboxylic:

i R"CIH"COOH + CO,
Rl

3.3. Decarboxyl ho4 acid carboxylic mang nhém thé:

Céc acid carboxylic mach thing, nh6m thé & vi trf o s& 1am ting kha nang
decarboxyl hod néu nhém th€ d6 lam ting kha nang phan ly chia acid. Vi du:

-Nhém nitro & vi tri o :

R-CH-COOH  §p
I& o, ——» RCH,NO, + CO,

-Véi céc acid a-halogen carboxylic, khi nguyén tit lugng hoic nguyén tir

s6 clia halogen cng tang thi kha nang decarboxyl hod ciing tang.

0
2
CCL—COOH ——Q.L CHC, + COy
Dun néng nhe
CI;—COOH — CHL + COy

Qua trinh decarboxyl cédc a-halbgcn carboxylic dugc tang cudng khi ¢
- mdt clia c4c base. Acid tricloracetic & nhiét d6 s6i clia benzen dudi tic dung cta
anilin, CO, loai ra m¢t cdch dé dang va thu duoc clorcform.

-Acid a-nitril carboxylic ciing dé dang decarboxyl hod dé tao nitril. Phan
Ung gidng nhu dccarboxyl héa cac dan chat halogen.

Vi du: khi dun cyanacetic & 165°C, thu duoc acetonitril:

(i‘,N 165 C (I: N3 . €O,



. -Véi céc a-aminoacid, CO, dugc loai ra & nhié¢t do cao hon so véi din chat
" halogen, qu4 trinh nay ciing dugc ting cudng bdi base:

e

R-CH-COOH
NH2 E(-S}?<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>