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LOI NOI DPAU

Téng hop dién héa hitu co da duoc Faraday va Kolbe nghién ciru
& cubi thé ky 19 va duoc phat trién manh & thé ky 20. Ngay nay, qua
trinh téng hop cac hop chit hitu co bang phuwong phap dién hoa dugc
xem 13 mot cong nghé “xanh” cta nén “Héa hoc xanh” (Green
Chemistry) vi chi str dung electron cua dong dién lam tac nhan oxi hoa
— khtr, khong sir dung cac chat oxi hoa, khir doc hai véi moi truong,
phan Ung xay ra trong diéu kién ém diu so voi phuong phap hoa hoc
truyén thong. Cac qua trinh chuyén d6i cac chat hiru co nhu hydro héa
hydrocarbon, oxi hda alcohol, aldehyde, ketone, qué trinh khur acid
carboxylic, oxi hoa - khir cac hop chat hitu co chira N, S va halogen...
c¢6 thé duoc thyc hién bang phuong phap dién hoa trén cac dién cuc
anode, cathode trong h¢ dién phan. Mot s6 qua trinh tong hop dién hoa
hiru co da duoc tién hanh & quy mé cong nghiép dé san xuat cac hop
chét cho céc nganh hoa chit, huong li€u, dugc li€u,... Ngoai ra, trén co
s cua phan ung khir va oxi héa dién hda, nguoi ta rng dung cac qua
trinh nay dé xt 1y cac hop chit hitu co doc hai c6 trong mai truong.

Ttr nhitng wu diém va Gng dung ctia phuong phap dién hoa trong
tong hop cac hop chat hitu co, ching t6i bién soan gido trinh Téng hop
cac hop chit hiru co bang phwong phap dién hoa dé lam tai licu
giang day cho hoc vién sau dai hoc chuyén nganh Hoa hiru co, Hoa ly
thuyét va Hoa 1y nham trang bi mot sO kién thirc co s vé tng dung ky
thuat dién phan trong tong hop cac hop chét hitu co. Gido trinh gdm 6
chuong, mdi chuong dugc trinh bay gém phan 1y thuyét va cac cau hoi
- bai tap on tap.

Dé bién soan gido trinh phuc vu cho cong tac giang day, chiing t6i
da tham khao tir nhiéu tai lidu cla cac tac gia trong va ngoai nudc.
Chung toi guri 16 cam on dén céc tac gia cua cac tai liéu tham khao ma
chung t6i chua cé dip trao doi.

Mic du di c6 nhiéu cb gang trong bién soan, nhung giao trinh chéc
chén khéng tranh khoi nhirng thiéu sét, tic gia rit mong nhan duoc nhing
y kién déng gbp ciia cic doc gia dé gido trinh duoc hoan thién hon.
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Chwong 1
MOT SO KHAI NIEM CO BAN

MUC TIEU

1. Trinh bay khai niém vé dién cuc, thé dién cuc, phuong trinh
thé dién cyc va cau tao mot so dién cuc trong dién hoa.

2. Trinh bay khéi niém su phéan cuc, qua thé va ¥ nghia cia qua
thé trong dién hoa.

3. Trinh bay c4u tao cua binh dién phan trong tong hop dién hoa
hiru co.

4. Trinh bay mot s6 dic diém vé dién hoéa hitu co.
St dung phuong trinh Faraday trong tinh todn qud trinh
di¢én phan.
1.1. Mot s6 khai niém co ban trong dién phén
1.1.1. Pién cuc va thé dién cuc
1.1.1.1. Khai niém dién cuc
bién cuc la hé gém vat dﬁq loai 1 (kim loai, thanh graphit) tiép xuc
véi vat dan loai 2 (dung dich chat dién ly hodc chat dién ly ndng chay).
1.1.1.2. Thé dién cuc cin bang va phwong trinh thé dién cuc

Xét h¢ dién cuc tong quat gdm hai cdu tir oxi héa (Ox) va khir
(Red). Can bang hé Ox va Red nhu sau:

Ox+ne S Red (1.1)

Trén ranh gidi dién cuc - dung dich xuat hién mot gia tri thé, goi
la thé dién cuc.

Phuong trinh thé dién cuc hay con goi 1a phwong trinh Nernst
nhu sau:



o RT, —aox (1.2)
o° - thé dién cuc tiéu chuén;
a0x, aRed - hoat d6 chat oxi héa va chét khir.
O 25°C, thay T =298 K, R = 8,314 J/mol.K, F = 96.500 C,

In 20x_ _ 7 303]og 20X
dRed dRed

0 0059, 0 B0x (1.3)
n 4Red

¢=¢

1.1.2. Mt s6 loai dién cuwc
1.1.2.1. Dién cwc kim logi
D6 14 hé gdm kim loai dong vai tro chat khir dwoc nhung vao dung

dich chtra cation cua kim loai do.

Su oxi hda

Hinh 1.1. Pién cuc kim loai



Phan tng dién cuc:
M*+ne S M

Phuong trinh Nernst ddi vai dién cuc kim loai:

RT 4
+ M
nF

@+ (P n+ (1.4)
M" /M M™ /M ay
Nguoi ta xem hoat d§ ¢ nhiét d¢ da cho cua cac chét rin nguyén
chat 1a khong do1 va dua vao thé tiéu chuan. Do do, phuong trinh (1.4)
duoc viet lai:
RT

1.1.2.2. Dién cwe kim loai — hop chit khé tan

La hé dién hoa g6m mot kim loai dugc phu mdt hop chat kho tan
(mudi, oxide hodc hydroxide) va nhung vao dung dich chira anion cua
hop chat kho tan do.

bién cuc kim loai — hop chit khoé tan duoc biéu dién nhu sau: M,
MA/A™.

Phan trng dién cuc:
MA+ne S M+ A™

Dang oxi héa ¢ day 1a hop chit kho tan MA va dang khir 13 kim
loai M va anion A™.

1

RT
¢p=¢°+—1In (1.6)

nF a Al

Nhu vay, thé cua dién cuc kim loai - hop chit khé tan duoc xéac
dinh bdi hoat dd ctia anion hgp chat kho tan. Thé cta dién cuc kim loai
- hop chat kho tan dé 1ap lai va 6n dinh, nén dugc st dung lam dién cuc
so sanh.

Mot sb dién cuc kim loai - hop chat khé tan thuong sir dung trong
cac phép do dién héa nhu: dién cuc calomel, di¢n cuc bac — bac
chloride.



a) Dién cuc calomel

Dién cuc calomel gdm dién cuc Hg ¢6 phu bot calomel HgoCla va
nhung vao dung dich KCI: Hg, Hg>Cly/ CI.

KCl dong vai tro chat dién ly, lam tang do dan dién cua dung dich,
lam cho nong do anion CI" va Hg»** on dinh.

)
Day Pt
Hg,Cl,
Hg
Dung dich KCl
< Mang x6p

Hinh 1.2. Pién cuc calomel

Phan tng dién cuc:

Hg:Clho+2e S 2Hg+2CI

Phuong trinh Nernst:
RT 1
PCalomel =¢° +-In 5 (1.7)
CI”

025°C:  @cy =0,2678—0,0591loga (1.8)

Cl
bién cuc Calomel thuong dugc st dung voi dung dich KCl1 bao
hoa hoac 1N hoac 0,1N.
b) Dién cuc bac - bac chloride: Ag, AgCl/CI
Phan tng dién cyc:
AgCl+e S Ag+CI
4



Phuong trinh Nernst:

(|)=(|)O+§lnL (1.9
F -
025°C:  ¢=0, 2224-0,059loga .- (1.10)
. AgCl
__i _Ag - 1 5

KCl, 3.5 mol dm”

=

Vg

Hinh 1.3. Pién cuc bac - bac chloride

1.1.3. Lop dién kép trén ranh gigi dién cuc — dung dich
1.1.3.1. Sw hinh thanh lop dién kép

Khai niém 16p dién kép dugc sir dung dé mo ta sy phan bd cac
dién tich hay céc ludng cuc trén ranh gidi ti€p xuc gitta hai pha dién
cuc - dung dich, hay dinh huéng trén bé mat tiép xuc gitra hai pha.

Muc dich nghién ctu 16p dién kép dé ung dung trong viéc xac
dinh tdc do phan tng dién héa va co ché cua cac phan tng do, lam
phuong tién nghién ctru dong hoc cac qua trinh di¢n hoa.

L6p dién kép trén ranh gidi pha dién cyc - dung dich c¢6 thé dugc
hinh thanh trong cac truong hop sau:
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a) Su trao doi ion gitta hai pha dién cuc va dung dich dién ly

Néu héa thé caa ion kim loai trong kim loai 16n hon héa thé cua
ion kim loai trong dung dich thi ion kim loai tir kim loai s& chuyén vao
dung dich, do do bé mat kim loai sé& tich dién am va hat vé phia minh
cac ion kim loai tir dung dich va tao thanh 16p dién kép.

Nguoc lai, néu héa thé cua ion kim loai trong kim loai nho hon
héa thé cua ion kim loai trong dung dich thi ion kim loai s& chuyén
tir dung dich 1én bé mat kim loai 1am cho bé mit kim loai tich dién
duong, do d6 hut vé phia minh cac anion tir dung dich va tao thanh
16p dién keép.

Néu héa thé cua ion kim loai trong kim loai bang héa thé ciia ion
kim loai trong dung dich thi sy chuyén ion khong xdy ra. B&é mit kim
loai s€ khong tich dién. Dung dich d6 dugc goi 1a dung dich khong.

b) Lop dién kep xuat hién do kim logi hdp phu mot loai ion cua
chat dién ly khdc

Ching han trén bé mit cta dién cuc thuy ngin ngm trong dung
dich KI s& c6 céac ion I bi hap phy. Céc anion I nay s& hut lai gan minh
cdc cation K* va tao thanh 16p dién kép.



c) L6p dién kép xudt hién do sw hdp phu dinh huéng cdc phén tir
phdn cuc, cdc chat hitu co phan cuc lén bé mat kim logi

Ngoai ra, ta ciing c6 thé dung dong dién bén ngoai dé tao thanh
16p dién kép. Cho kim loai vao dung dich chat dién ly chtra ion kim loai
nay, chiang han cho Hg vao dung dich KCI, nhd dong dién bén ngoai,
bé mat Hg s€ tich dién am. Du6i tac dung cua lyc hut tinh dién, cic
cation K* sé b1 hut lai gﬁn bé mit dién cuc va tao thanh 16p dién kép.

6+

1.1.3.2. M6 hinh lop dién kép Stern

Theo thuyét Stern, cac ion c6 kich thudc xac dinh; do d6 tam diem
cua cac ion khong tién dén sat bé mat dién cuc mot khoang cach bé hon
ban kinh ion. Gitra cac ion va bé mat dién cuc cdé mdt tuong tac dac biét

7



khong c6 tinh chat dién. Tuong tac d6 1a do truong luc phén tir gdy ra
tai mot khoang cach rat bé cach bé mit dién cuc. Do vay, 16p ion trong
dung dich dau tién bi hut vao bé mat dién cyc boi dién truong va truong
luc hép phu tao ra tu dién phéng nhu trong thuyét Helmholtz, nén thé
giam nhanh theo duong thang. Phan ion con lai dwgc phan bd khuéch
tan tao nén 16p khuéch tan cua 16p kép nhu thuyét Gouy - Chapmann,
do d6 thé giam tur tir. Nhu vay, mo hinh cau trac 16p dién kép cia Stern
12 m6 hinh téng hop cua hai thuyét Helmholtz va Gouy-Chapmann.

|
|
|
|
|
|
|
|
l
Helmholtz : ’
1© . ©
|
|
|
|
|
|
|
|
|

/— Lép Helmholtz

' Ton dbi

|
x— Ldp kép

khuéch tan

— B¢ mat

Ao

k

Hinh 1.4. So do 16p dién kép va sw bién doi thé theo mé hinh Stern [5]

1.1.4. Sw phén cue dién cuc va qua thé

1.1.4.1. Sw phan cuc dién cuc

Su phan cyc dién cyc 1a sy Iéch thé dién cyc ra khoi gié tri theé can
bang. Sy phan cuc dién cuc dugc gdy nén boi nhiéu nguyén nhan nhu

8



su thay doi néng do chét phan ung & gén bé mat dién cuc, hodc bdi cac
giai doan cham quyét dinh toc do phan ng.

Su phan cuc dién cuc co thé 1am cho thé dién cuc 16n hon (duong
hon) hay nhé hon (dm hon) so v&i thé can bang. Khi sy phan cuc dién
cuc xay ra thi can bang dién cuc s€ bi pha vo va dich chuyén vé mot
phia nao do.

Xét can bang:

M™+ne S M Qo

- Néu ¢ > @ goi la su phan cuc anode va can bang s¢€ dich
chuyén vé phia trai (qué trinh oxi héa chiém uu the).

- Néu ¢ < @cb goi 13 su phan cuc cathode va cin bang s& dich
chuyén vé phia phai (qua trinh khir chiém uu thé).

-1.4

E (Vssp)

-1.5

-1.6

T T T T T TTTT T T T T T TTT] T T T T T 1717
10° , 10" 10°
i(A/cm”)

-6

10
Hinh 1.5. Dang do thi dwong cong phan cuc Tafel

1.1.4.2. Qud thé

Néu ban chat cua giai doan chdm quyét dinh toc d6 phan tng
duoc bict thi khi d6 khai niém sy phan cuyc dugc thay bang khai niém
qué the. Va qua thé 1a sy phan cuc cua mot phan ung dién cyc don.

9



Nhu vay, qua thé 1a d6 16m cua su phan cuc dién cuc dugc gay nén
boi giai doan cham quyét dinh toc do cia mot phan ing di¢n cuc.

Sy phan cuc dién cyc chi 1a khai niém vé sy 1éch thé ra khoi gia
tri thé can bﬁng. Con qua thé 1a do 16n cua su chénh léch gitra thé dién
cuc va thé can bﬁng sao cho can béng dién cuc thyuc té dich chuyén vé
mot phia nao dé ma ta co thé quan sat dugc vé mit thuc nghiém trén bé
mat dién cuec.

Qua thé duoc ky hiéu 1a 1 va c6 gia tri: 1 = ¢ - Qeb.

E E

Hinh 1.6. Dang do thi dwong cong qud thé anode va cathode

Khai ni¢m qua thé d6i khi cling dugc st dung kém véi tén cia mot
phan trng dién cuc nghién ctru nhu: qua thé hydrogen, qué thé oxygen.

Thiét bi do sy phan cuc va qua thé nhu Hinh 1.7.

i[1]
R
4 L N —
Dién thé @
ké \
AN /
1- Pién cuc so sanh
_______________ 2- Pién cuc lam viéc
1 3 5 ’ 3 3- D%t;:n cu:: pAhu
g 4- Dién thé ké
5- Mao quan Luggin

Hinh 1.7. So do hé théng dién hoa do sy phan cuc va qua thé
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a) Qud thé khuéch tan
Ta xét phan tmg dién héa khur ion kim loai hydrat M™".mH-O.
Phén tmg tong quat xay ra theo so do sau:

M™*mHO+ne S M + mH>O

Qua trinh nay gom mot s6 giai doan ndi ti€p nhau: giai doan
khuéch tan ion t&1 dién cyce, giai doan phong dién cua ion M™, giai doan
két tinh.

Nhu d3 néi trén, tde do ctia toan bd qué trinh s€ dugc quyét dinh
boi giai doan nao cé tdc d6 cham nhat. Néu giai doan cham nhat 1a giai
doan khuéch tan ion M™*.mH»O dén dién cuc thi su phan cyc s€ do giai
doan nay quyét dinh; ndng d6 ion M™ & bé mat dién cyc s& thay doi khi
c6 dong dién chay qua. Vi thé dién cuc bi khdng ché boi néng d6 ion
gén bé mat dién cuc, nén sy bién thién néng d6 chat tham gia vao phan
ung dién cuc lam cho thé dién cuc bi thay doi, co nghia la dién cuc bi
phan cuc.

Vi vy, qua thé dugc gay nén boi su phan cuc nay goi 1a qua thé
khuéch tan; va sy phan cuc trong truong hop nay goi 1a sy phan cuc
nong do.

b) Qud thé héa hoc

Hau hét cac qua trinh dién cuc déu c6 kém theo su bién doi héa
hoc thuan tdy. Sy bién do6i héa hoc nay xay ra trudc hodc sau qua trinh
dién héa va theo co ché dong thé hoac di thé.

Chinh sy bién doi héa hoc niy da lam thay d6i ndng do chat phan
ung ¢ bé mat dién cuc va lam cho thé dién cuc 1€ch khoi gia tri can bang.
Do dd, qua thé xuat hién trong truong hop nay goi l1a qua thé héa hoc.

Qua thé khuéch tan va qua thé héa hoc thudc loai phan cuc
nong do.

¢) Qud thé dién héa

Néu trong qua trinh dién héa giai doan phan tng dién héa thuan
tuy (giai doan chuyén electron ¢ bé mat di¢n cuc) la giai doan cham
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quyét dinh téc d6 qua trinh, thi sy phan cuc dién cuc dugc gay nén boi
giai doan nay goi la sy phan cyc dién hoéa. Qua thé xuét hién trong
truong hop nay goi 1a qua thé dién héa.

Nhu vay, qua thé dién hoa 1a su léch thé dién cuc khoi gia tri can
bang do cac phan ung dién hoa ¢ di¢n cuc gay nén.

Co6 hai loai phan cuc di€n héa: phan cuc anode va phan cuc
cathode.

Su phan cyc anode (qua thé anode) dic trung cho kha ning bat
thudn nghich cua qua trinh anode.

Sy phan cuc cathode (qué thé cathode) dic trung cho kha ning bat
thudn nghich cua qua trinh cathode.

NK =0 - Qcb Mk <0) (L.11)
NA=Q - Qcb (ma>0) (1.12)

Qua thé phu thuoc vao mat do dong, ban chat cua cac ti€u phan
tham gia phan ng dién cuc, vao vat liéu va tinh chat cia bé mat dién
cuc, vao su ¢ mat cua chat hoat dong bé mat, vao nhiét do...

Sy phu thudc ciia 1 vao cac yéu té dugc biéu thi qua phuong trinh
kinh nghiém Tafel:

N = a+ blogi (1.13)
trong do:
i -matdo dong; a, b la héng s0.
a - phu thudgc chu yéu vao vat liéu dién cuc;

b - dic trung cha yéu cho ban chit cac qua trinh dién héa.

Y nghia ciia qud thé

Vi qua thé 1a do 16n ctia su chénh léch giita thé dién cyc trén bé
mit dién cuc vai thé dién cuc can b?lng, nén dé mot phan tng dién cuc
xay ra dugc vé mit thuc nghi¢m thi ta phai &p vao dién cuc mot gia tri
thé ¢ = @cb + 1. Do d6, qua thé cua phan tmg dién cuc cang 10n (cang
am hoic cang duong) thi phan tmg s& kho xay ra. Nhu vy, qua thé c6
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¥y nghia 10n trong dién héa tng dung. Vi du, do qué thé cua hydrogen
trén mot sé dién cuc 16n ma ngudi ta c6 thé giai phong kim loai tir dung
dich muéi trong qua trinh dién phan. Ngoai ra, nhiing gia tri 16n cta qua
thé hydrogen va oxygen con la co so cua nhiéu phan tmg khir hoic oxi
héa bang con dudng dién héa.

1.1.5. Thé phan hay

Trong qué trinh dién phan, dé cho cac qua trinh xay ra & bé mat
dién cuc thi nguoi ta phai ap dat vao trong hé mot hic¢u theé:

V = (@a® - k) + (Na - k) + IR (1.14)

Vi dai luong IR 1a d6 sut thé Ohm cua dung dich. Thé V goi 1a
thé phan huy cua chat phan ung.

Nhu vay, thé phan huy la thé ap dat 1én bé mat dién cuc dé cho
cac phan ng dién hoéa xdy ra dugc trén dién cuc & mirc d§ vi mo.

40

30

j/mA cm”

10

I I I
0,0 -0,5 -1,0 -1,5 2,0
EW.SCE/V

Hinh 1.8. D6 thi biéu dién thé phan hiy
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1.1.6. Sy dién phan

bién phan 1a qua trinh oxi héa — khir xdy ra trén bé mat dién cuc
khi cho dong dién mot chiu chay qua dung dich chira cac chat dién ly
hodc chat khong dién ly hodc chat dién ly nong chay.
1.1.7. So' d6 hé théng dién phin

So db hé thong dién phan duoc trinh bay ¢ Hinh 1.9.

Dong electron

Cathode Ngudn dién Anode

O
© o
Phan ing O- Phan tng
Khir W, oxi héa

Dung dich

Hinh 1.9. So dé hé thong dién phén

Hé thdng dién phan gom:

Binh dién phan chta chat phan tng.

Nguon dién mot chiéu.

bién cuc cathode, anode.

Mang ngin (c6 thé c6 hoic khong).

1.1.8. Cac giai doan xdy ra trong qua trinh dién phan

Trong qué trinh dién phan ludn kém theo sy chuyén electron cia
dién cuc vdi chat phan tng trong dung dich. Qua trinh nay xay ra la do
su tuong tdc bé mat cua chat phan ing véi dién cuc va xdy ra qua hang
loat cac giai doan ndi ti€p nhau.
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Vi du vé qud trinh nhén electron cua chét oxi héa (chit phan Gng)
dé thanh chat khwr (chat san pham) trén dién cuc cathode nhu mo ta &
Hinh 1.10.

Chét phan tmg San phdm
©) R)
O+ —» R Pién cuc
f /
| e e e |

Hinh 1.10. So @6 qud trinh phan iing ¢ dién cuwc cathode

cua chat oxi hoa

Nhu vay, khac v6i cac phan timg héa hoc dong thé binh thudng,
chung xay ra & moi diém trong long dung dich, ¢ noi c6 chat phan tng;
phéan tng dién hoa x4y ra trén ranh gidi gitta di€n cuc va dung dich, tic
1a phan tmg di thé.

Céc giai doan cua phan img di¢n hda nhu sau:

1- Giai doan chuyén chat phan tng (ion hodc phén tir) tir trong
long dung dich dén mit ngoai cua 16p kép, chuyén chat qua 16p kép
khuéch tan. Tai day ion s& tham gia vao ban dung dich cua 16p kép
Helmholtz ndm cach bé mat dién cuc mot khoang bﬁng ban kinh ion.

Giai doan chuyén chat nay 1a do 3 yéu t6 gay nén: sy khuéch tan,
sy doi luu va dién chuyén.

- Su khuéch tan ludn xay ra trong moi dung dich va xuét hién do
su chénh léch néng do. Su khuéch tan doéng vai trd quan trong
trong qud trinh dién phan, va phan ting chuyén héa céc chat chi
xay ra & bé mit dién cuc. Do do6, nong do chat phan tng & bé
mat dién cyc lu6n nho hon ndéng do chit phan mg trong long
dung dich va nguoc lai nong do chat san pham & bé mit dién
cuc thi 16n hon néng do ciia nd trong dung dich.
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- Sy ddi luu xuét hién 1a do tac dong cia mot luc vao dung dich.
D6 c6 thé 1a do sy bom dung dich, dong chay cia chit khi hoic
1a do trong lyc. C6 hai loai d6i luu 1a ddi luu ty nhién va ddi
luu cudng buec. Péi luu tu nhién xuit hién do su chénh léch
nhiét d6 hodc khoi luong riéng cia dung dich va co6 tac dong
dén sy tron 1an dung dich, nghia 12 dan dén su chuyén chat. i
lru cudng birc nhu bom hodc khudy dung dich ciing dan dén su
chuyén chat dén dién cuc

- Dién chuyén la su chuyén chit dén dién cuc do tac dong cua
dong dién giy nén; cac ion 4m di chuyén vé cuc duong va cac
ion duong di chuyén vé cyc am. Tuy nhién, anh hudng cia dién
chuyén dén qua trinh chuyén chat dén bé mat dién cuc rat nho,
va n6 chi co tac dong manh trong vung phan cach pha ¢ gan bé
mat dién cuc.

2- Giai doan phan tng dién hoa thuén tay.

Trong giai doan nay, cac chit phan ung tham gia 16p kép
Helmbholtz s& bi mat 16p vé solvate va tham gia vao cdc qua trinh trao
doi electron trén bé mat dién cuc.

3- Giai doan tao thanh tudng mai, tao san phém cudi cung cua
phan tng di¢n phan.

Néu san pham 1a chat khi thi giai doan 3 c6 thé chia thanh 3 giai
doan nho:

- Cac nguyén tir khi hap phu trén dién cuc s& lién két voi nhau
dé tao thanh cac phan tu.

- Céc phan tr tap hop v6i nhau tao thanh bot khi.
- Céc bot khi tach khoi bé mit dién cuc.

Néu san phém 1a chét ran, giai doan 3 1a giai doan tao mang ludi
tinh thé.

Néu san pham 14 cic chat con nam trong dung dich thi giai doan
3 1a giai doan hinh thanh phan tir cdc chat va tach khoi bé mat dién cuc
di vao dung dich.
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1.1.9. Cac phan @ng xay ra trén dién cuc cathode va anode
a) Phdn wng trén dién cuc cathode

Dudéi tac dong cua dién trudong, cac cation chuyén dich dén dién
cuc cathode va tham gia vao qua trinh nhan electron.

Thtr ty nhan electron cua céc cation tai dién cuc cathode phu thudc
vao thé can bang va qua thé cathode cua ion do: ek = @b + Nk (Nk < 0).

ok cang l6n (cang duong) thi qué trinh nhan electron cua ion cang
de va nguoc lai.

Day thé dién hoa cua cac cap oxi hoa/khir cia mot so cation ¢ di€u
kién chuan dugc sap xép nhu sau:

K*/K Ca’*/Ca Na*/Na Mg?*/Mg AP*/Al Mn**/Mn Zn**/Zn Cr’*/Cr
Fe’*/Fe Ni**/Ni Sn**/Sn Pb’*/Pb H*/H; Cu?*/Cu Fe’*/Fe’t Ag*/Ag
Hg?*/Hg Pr**/Pt Au’*/Au

Pdi v6i qua trinh dién phéan trong dung dich dién ly nudc thi trén
dién cuc cathode, ngoai qua trinh nhan electron cua cation kim loai, con
c6 qua trinh nhén electron cia ion H* (md1 truong axit) hodc cua H2O
(moi truong trung tinh hay kiém).

M™ + ne > M™*
2H* + 2e > H»
(2H20 + 2e — H> + 20H))

Nhu vy, néu chi dira vao thé chuin can bang cia cac cip oxi hda
- khtr thi chi c6 cac ion dung sau ion H* trong day dién hoa méi nhan
electron trén dién cuc cathode khi dién phan dung dich dién ly nudc.
Tuy nhién, do qué thé ciia qué trinh khir H*— H» thudng 16n; con qua
thé khr ion M* — M thudng rit nho; nén trong thuc té dién phan dung
dich dién ly nuéc thi céc cation kim loai tir Mn?* tré vé sau c6 thé nhan
electron trudc ion H*. Céc cation tir A3 tré vé trude, do co thé rat Am
nén khong nhan electron tai dién cyc cathode trong qua trinh dién phan
dung dich nu6e (ngoai trir mot sO trudng hop véi qua thé hydrogen rat
am). Vi vay, mudn diéu ché cac kim loai tir Al tro vé trude thi nguoi ta
thuong dién phin néng chay cac hop chit cua ching.
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Chu y:

- Qua trinh chuyén cac ion dén dién cuc cathode con c6 thé do
khuéch tan, nén trong mot sd truong hop tai cathode ciing xay ra qua
trinh nhén electron cua ion kim loai ton tai duéi dang anion. Khi d6 céc
anion nay dén dién cuc cathode khong phai do dién chuyén ma do
khuéch tan.

Vi du: CrO4* + 6e + 8H* — Cr + 4H,0

- Trong qua trinh dién phan, gia tri thé ctia cap oxi hoa/khtr co the
thay doi phy thudc vao su thay d6i ndong do ion, trang thai ton tai cua
ion, mat do dong, pH,... Diéu nay co thé 1am thay ddi trat tu nhan
electron cua cac ion. Tuy nhién, trong truong hgp don gidn ta coi nhu
6 thé khéng ché su thay doi nay. Do vay, thir ty nhan electron cua cac
ion tai dién cuc cathode van phu thudc chil yéu vao (@cb + Mx).

b) Phan vwng trén dién cuc anode

Céc anion dién chuyén dén di¢n cuc anode va tham gia vao qua
trinh nhuong electron.

Thtr ty nhuong electron cua cac anion tai di€n cyc anode phuy
thudc vao thé can bang va qua thé anode cua ion do:

OA = Qcb + Ma (Na>0)

@a cang nho (cang Am) thi qua trinh nhudng electron ctia ion cang dé
va nguoc lai.

Trong qud trinh oxi hoa tai dién cuc anode, thi ngoai qué trinh
nhuong electron cua cic anion con c6 qua trinh nhuong electron cua
ion OH" (hoic H20) ciia dung méi nude. Do vay, qua thé thodt oxygen
trén dién cuc anode 1a dai lwong quan trong anh hudng dén tht tu
nhuong electron. Vi qua thé thoat oxygen tuwong ddi 16n nén tai dién cuc
anode, thtr tu nhuong electron ctiia anion nhu sau:

S > T >Br >Cl'>RCOO > OH >NO;3 > S04 > COs2 ...
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Cac phan ng nhuong electron cua anion A™ va ion OH (moi
truong kiém) hay H-O (moi trudng axit hay trung tinh):

A™ > A+ me
40H — Oz + 2H20 + 4e
(2H20 — Oz + 4H* + 4e)

Nhu viy, trong qua trinh dién phan dung dich dién ly nude chi co
cac ion dung trudc ion OH™ madi nhuong electron trén dién cyc anode
truéc OH™ hay H20, con cac anion gdc axit co chira oxygen rat kho
nhuong electron tai anode.

Chu y: Vi ¢ dién cuc anode xay ra qua trinh oxi hda, nén cac dién
cuc anode béng kim loai thuong dé bi hoa tan hon so vdi qué trinh
nhuong electron cua ion OH (hay H20). Do vay, trong qua trinh dién
phan, dién cuc anode dugc phan Iam hai loai: Dién cuc anode tro (nhu
Pt, C, PbOs,,...) va dién cuc anode tan (cac dién cyc kim loai).

1.1.10. Céac loai hé dién phan

Khi dién phan nhiéu binh dién phan, thi hé dién phan dugc mic
theo hai loai:

- H¢ dién phan mic ndi tiép.
- Hé dién phin mic song song.
1.1.10.1. H¢ dién phén mdc néi tiép

So d6 h¢ dién phan mac ndi tiép duoc trinh bay ¢ Hinh 1.11.

Trong h¢ dién phan mac ndi tiép thi cuong do dong dién ciia hé
dién phan bang cuong do dong dién di qua cac binh:

I=li=h=L=...
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Hinh 1.11. Hé dién phdn mdc néi tiép [5]

1.1.10.2. H¢ dién phén mic song song
So db hé dién phan mac song song dugc trinh bay ¢ Hinh 1.12.

Trong h¢ dién phan mic song song thi cudng do dong dién cuia hé
dién phan bang tong cudng d6 dong dién di qua cac binh:

I=hi+L+Iz+...

Hinh 1.12. Hé dién phdn mdc song song [5]

1.1.11. Dinh luat Faraday
1.1.11.1. Pinh lugt Faraday thir nhit

“Khi cho dong dién mot chiéu di qua dung dich chit dién ly (hay
chat dién ly nong chay) thi khéi luong cac chat thodt ra & anode hay
cathode ty 1¢ véi dién luong Q di qua dung dich (hay qua chét dién ly
nong chdy), tic 1a ty 1€ véi cuong do dong I va thoi gian t”.
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m=K. Q=K.It (1.15)
trong do:
m - khbi lugng chat thoét ra trén mét dién cuc, tinh theo gam,;
I - cuong do dong tinh theo ampe (A);
t - thoi gian dién phan (h);
K - duong lugng dién héa (g/A.h).

1.1.11.2. Dinh ludt Faraday thir hai

“Nhiing lugng dién nhu nhau khi dién phéan s€ 1am thoét ra nhirng
lugng tuong duong céac chat khac nhau”.

’Dé 1am thodt ra mot duong luong gam mot chat bat ky nao d6 can
ti€u ton mot dién lugng 1a 96.500 Coulomb (1 C=1A.s); va 1F =96.500
C=26,8 A.h

Ta c6 biéu thirc chung cho dinh luat Faraday:

A
m=—1It 1.16
n.F ( )

Néu t tinh bang gid (h) thi F = 26,8 A.h va t tinh bang gidy (s) thi
F = 96.500 C.

A 12 khi lugng mol nguyén tir hay mol phan tir ciia chét.

1.2. Khai quét vé tong hop dién héa hiru co
12.1. Pic diém chung ciia phén wng dién hoéa hiru co

Tir thé ky 19, hai nha khoa hoc Reynol va Irman di biét sir dung
dién héa vao viéc tong hop cac chat hitu co nham nang cao hiéu suét
phan g htru co. Grothus dé quan sat dugc mot hién tugng 1y tha: Khi
dién phan indigo tring trong moi truong kiém, trén dién cuc anode c6
can mau xanh. Cin nay mat di khi d6i chiéu dong dién. Nhung nguyén
tic clia phan tng khir va oxi héa cac hop chit bang phuong phap dién
hoa chi dugc thiét 1ap tir sau phat hién ciia Kolbe nim 1845 khi 6ng
nghién ctu viéc thé chlorine bang hydrogen trong acid
chloromethanesulfonic.
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Trong nhirng nam cudi thé ky 19 Gatterman, Haber va Tafel dd c6
cong déng gop rat nhiu vao viéc nghién ctru cac quan h¢ dinh luong
khi nghién ctru phan tng khtr hop chat hitu co bang phuong phap dién
hoa. Ngay nay phuong phap oxi hoéa - khu dién héa dugc su dung kha
phd bién & nhleu nuée dé san xuat cac hop chét hitu co co gia tri cao,
dap tng nhu ciu cho cac nganh dugc phadm, my phidm va cong nghiép
héa chat.

Phan Umg dién héa hiru co c6 nhiing dac diém sau:

- Phan Gmg dién héa thuong 13 cac phan tmg di thé, trong d6 cac phan
ung oxi héa va phan tmg khir x4y ra ¢ hai khong gian khéac nhau.

- Do céc phan trng dién héa dung tadc nhan oxi héa, khir 1a dong
dién mot chiéu nén phan tng xay ra ma khong can dung tac
nhan oxi héa, khir bén ngoai.

- San pham ciia phan Gng dién héa thuong cé d6 tinh khiét cao,
dd chon loc cao, dé tach so véi phan tmg héa hoc; do dé cho
phep ha gia thanh va nang cao hiéu qua kinh té, k¥ thuat cua
phan tng tong hop cac hop chét hitu co.

- Phuong phép tong hop dién héa cac hop chat hitu co ¢6 tinh wu
viét hon so véi cac phuong phap héa hoc nhu tiét kiém héa
chat, dé diéu khién, phan tng xay ra trong diéu kién nhiét do
va ap suit binh thuong.

Khac v&i phan ing héa hoc xay ra & moi diém trong 1ong phan
ung thi phan trng dién héa chi x4y ra trén ranh giéi pha dién cuc —
dung dich.

Lay vi du phan tng oxi héa — khir giita chat A va chat B. Hinh
1.13a md ta phan tng khir chat oxi héa B bang chat khir A. Khi A va B
tién lai gén nhau va tao ra mdt phuc chat hoat dong thi A chuyén
electron cho B dé tao thanh C va D. Su chuyén electron qua phtc chét
duoc goi 1a chuyén electron bén trong qua cau hodc chuyén electron
lién két. Do d6, qua trinh oxi héa - khir héa hoc déu xdy ra ¢ ciing mot
vi tri. Trong trudong hop phan ting oxi héa - khir dién héa thi qua trinh
trao doi electron xay ra riéng bi¢t trén cac dién cuc duong va cuc am
cua hé dién héa (Hinh 1.13Db).
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(a) ®)
Hinh 1.13. Sy khdc nhau gitra phan ung héa hoc (a)
va phan ung dién héa (b) [12]

1.2.2. Cac giai doan cia phan tng dién héa hiru co

Tong hop dién héa hitu co thudng 1a sy két hop ciia 2 qué trinh:
qua trinh dién héa (E) va qud trinh héa hoc (C). Thir ty ndy c6 thé dugc
1ap lai hodc qua trinh (C) va (E) c6 thé duoc két hop trong nhiing cach
khac nhau nhu E.E.C, E.C.E, E.C.E.C; ciing ¢6 thé 1a C.E.

Co s0 cua qua trinh dién hoa (E) 1a sy trao doi electron gitra dién
cuc va cac chat phan tng, va thudc loai qué trinh oxi héa - khur.

Cic qué trinh (E) c6 thé xay ra nhu sau:

-C

24 £ -C +e - _te 2.
A =—> A — A == A =xZA
+e +e = -e
— +e ® -C +
-e c

Néu tat ca cac yéu td cua diéu kién thi nghiém trong tong hop dién
héa dugc gitt khong doi, thi yéu to6 co ban anh huong dén qua trinh dién
héa (E) 1a the dién cuc.
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Co s¢ cua qua trinh héa hoc (C) trong qué trinh dién héa 1a sy
tham gia phan (g cua cac chét trung gian dugc hinh thanh tir qua trinh
(E). Céc chat trung gian nay c6 thé tham gia phan ng cong, tach, phan
g thé,... dé tao thanh cac san pham c6 ciu tric mong muodn. San pham
cudi cung tao thanh phu thudc vao dung mdi, ban chat cua chét dién ly,
vat li¢u dién cyc, mat do dong hay thé dién cuc, nhiét do, pH.,...

Vi du cho mét qua trinh dién héa xay ra theo co ché E.C.E.C la
phan rng acetoxyl héa hydrocacbon thom nhu sau:

E: Ar-H _— Kr'H + &
H
e iy
C: Ar-H+ OAS —» A
OAc
H H
E: A[’< —_— +AFH/ +e
OAc “OAc
/H
“OAc

So dd chung cho qué trinh dién héa c6 thé dugc md ta nhur Hinh 1.14.
Phén tng

héa h
i @ —— @+ @

H +e : trao ddi e

\ héa hoc
Chuyén chlt O - 0o-@

Hinh 1.14. So @6 chung cho qud trinh tong hop cdc chat hitu co bang
phwong phap dién hoa

SONNNNNN

Pién cuc

Phan g

AN
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1.2.3. Orbital phan tir va sw chuyén electron trong dién héa hiru co

Tu quan diém cua orbital phan tu, sy oxi hda dién hda co thé duoc
giai thich bang cich chuyén electron tir orbital phan tir bi chiém cao
nhat HOMO (Highest Occupied Molecular Orbital) ciia phén tir chat
phan tng dén dién cuc anode; con qué trinh khir dién héa duoc giai
thich béng su chuyén electron tir dién cyc cathode sang orbital phan tir
trng thip nhit LUMO (Lowest Unoccupied Molecular Orbital) cta
chét phan ng, nhu dugc minh hoa trong Hinh 1.15.

LUMO —— LUMO

HOMO T = . HOMO —f—
- -
- -

Chét phan (g Cation gbe

Hinh 1.15. So d6 orbital phén tir cho sw chuyén electron

Trong trudng hop chit phan tng 13 hydrocarbon thi su chuyén
electron xay ra tir lién két khong no va lién két o ctia cac hop chat dén
dién cuc anode. Tuy nhién, cdc hydrocarbon no thong thuong hiém khi
tham gia phan tmg oxi héa - khir dién héa. D6i v6i cac hop chét cé chia
cac di nguyén t6 nhu N, S, O thi qud trinh oxi héa dién héa dé xay ra
hon vi ¢6 su chuyén electron tir cic ddi electron chua tham gia lién két
cua cac di nguyén t6 dén bé mit dién cuc.

Ngoai ra, tuy thudc vao ban chat ctia di nguyén té (Z), ma lién két
C-Zvalienkét Z —Z c6 the bi bé gay ¢ cathode. Nhin chung cic
olefin khong dugc hoat héa thi rat khé bi oxi héa; nhung céc olefin dugc
hoat héa boi cac di nguyén td, vi du nhu enamines, enol ethers va silyl
enol ethers (Hinh 1.16), goi 1a c4c olefin giau electron, thi c6 thé oxi
héa giam dang ké va d& b oxi héa dién héa.
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Hinh 1.16. Cdc olefin giau electron rt dé bi oxi héa

Hon nita, cac di nguyén td con cé vai trd quan trong trong viéc
1am bén vitng cac san pham trung gian dugc tao ra trong qua trinh dién
héa (Hinh 1.17). Anh huong nay la dic tinh quan trong cua cac di
nguyén td trong phan tng dién héa hitu co.

—C—N—" - — =0 y ——C=8—"
| | |
—T:é— —T:énMe3 ——C==SiMe,
—0C—X —é—r!l— —C—0— —C—8— —C—S5nMe; —C—SiMe,

Hinh 1.17. Vai tro ciia cdc di nguyén (6 trong viéc lam bén viing cdc
san pham trung gian cua qud trinh dién héa
1.2.4. Phan loai phan @ng dién héa hiru co

Phan Umg dién héa hitu co co thé duoc phan thanh céc loai co
ban sau:

1) Phan tmg chuyén d6i dién héa cac nhom chirc: Loai phan Gmg
nay tuong tu nhu phan tng chuyén do6i nhom chirc bang phwong phap
héa hoc. Trong phan g nhom chirc niy bi oxi héa hodc bi khir dé tao
thanh nhom chure khac, vi duy —-NO> thanh -NHOH hay -NH»>, -CH,OH
thanh -COOH hay -CHO, CONH> thanh -CH>NHa,...

2) Phan tng thé dién héa: Phan ung thé dién héa co thé xdy ra ¢
dién cuc anode hay cathode.

Qua trinh thé anode thudng xay ra véi tac nhan nucleophil:

R-E + Nu — R-Nu+ E*" + 2¢e
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E =H hoac —OCH3

Vi dy cho qua trinh thé anode 14 phan g cyanat héa hydrocarbon
thom:

Ar-H + CN" — Ar-CN + H* + 2e

Qua trinh thé cathode x4y ra véi tic nhan electrophil:
R-Nu + E* +2e > R-E + Nu

Trong d6 electrophil c6 thé 1a H*, COa, SO,,...

3) Phan trng cOng dién hoa:

Trong phéan (g cong anode, hai nucleophil ¢6 thé dugc cong vao
mot lién két d61 va nhuong ra 2 electron.

N_/ |

c=c *+2Nu — 5 Ny—C—C—Nu +2¢-

/ 0\ |

Phan Umg cfng trén dién cuc cathode co thé xdy ra nhu sau:

\ /-|—2E++2e—> l l

c—C E—C—C—E

/N |

Phan tng cong dién héa dong vai trd quan trong dbi véi cac hop
chat hiru co khong no.

4) Phan tng tach dién héa: Phan Ung tach dién héa thuong tréi
nguoc voi phan ing cong dién hoa.

5) Phéan tng ghép doi dién héa:
Phéan tng ghép doi dién héa 1a phan @ng hitu ich nhét trong s6

cac loai phan tng dién hoa hitu co. Qua trinh ghép doéi trén dién cuc
anot c6 thé xay ra theo hai kiéu sau:

JR-E — > R-RH2E +2¢"
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\ /o ]

2¢c=C *2Nu — > Ny—(C—C—C—C—Ny *2¢
/ 0\ ||

O dién cuc cathode, cac phan tng ghép doi co thé dugc thue hién
nhu trong cac phuong trinh sau:

2R-Nu+2¢e ——>» R-R+2 Nu

\C=C/+ 2E"+2¢€ —>» E—C—C—C—C—E

/ N\ [ N
6) Phan g phan cat dién héa:

Thuong khong c6 so dd chung cho cac phan tng phan cat dién
hoa. Trong nhiéu truong hop, chung c6 thé dugc xem nhu 1a cac qua
trinh thay thé; hodc giéng nhu qua trinh phan tach dién héa.

Vi du cho phan ng phan cat dién héa:

2e, 2H"

R-S-S-R » OJR-SH
_(I:_(': -2e, 20H . 0 \C=O
[ -HX, -HY /

¥ ¥

(X,Y = NR,, RO)

7) Phan ting polymer héa
Phén tmg polymer héa trén dién cuc cathode thuong xdy ra véi
cac olefin hoat héa nhu sau:

e
CH,=CH-Y > 1/n—CHyCH
(xtc tac) \I{ N

(Y = COOR, CN, CONH,, Ph, AcO,alkyl)

28



Phan tmg polymer héa trén dién cuc anode thuong xdy ra véi cac

hop chét hitu co lién hop c6 di nguyén té nhu pyrrole, thiophene,.. .

/ \ -2ne, -2nH" / \
————> 1/n

Y
(Y=NH, S)

Noi dung on tap

1.

Trinh bay khai ni¢m dién cuc, phan img dién cuc va phuong trinh
thé dién cuc.

Trinh bay cAu tao cua dién cuc kim loai, dién cuc kim loai — hop
chat kho tan. Cho vi du.

Trinh bay khai niém sy phan cuc va qua thé. Cho biét ¥ nghia cta
qué thé trong cac qua trinh di¢n hoa.

Hay cho biét cac giai doan xay ra trong qua trinh tong hop dién
héa hiru co.

Hay cho biét nhitng vu diém cua tong hop cac hop chét hiru co
bang phuong phéap di¢n héa so véi cdc phuong phap héa hoc khéc.

Dién phan 1a mot phuong phép truc tiép c6 hiéu qua dé thu nhan
kim loai tir quang ctia nd. Tuy nhién, mot ) cap ion kim loai/kim
loai nhu Na*/Na, Mg?*/Mg va AI**/Al ¢6 thé dién cuc chuan 4m
hon nhiéu so véi thé khir ctia nude & pH 7.0 (-0,42 V), cho thdy cac
kim loai nay khong thé thu duoc bang phuong phap dién phan dung
dich mubi ciia chung, Hay giai thich diéu nay va cho blet phan g
xay ra trong qué trinh dién phan dung dich cta cac mubi nay.

Cha me thudng phu dong 1én nhitng d6i gidy dau tién cua tré dé
luu gitr chung 1am ky niém. Mot loai bot dan dién, chéng han nhu
than chi, dugc co xat trén giay, va sau do déng duoc ma dién trén
gidy. Khéi luong ddng bam trén mot chiée giay 1a bao nhiéu néu
qua trinh dién phan dugc thyc hién trong 60 phut & cuong do dong
1,2 A tir dung dich CuSO4 1,0 M?
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Mot trong nhitng qua trinh dién phan quan trong nhat dugc sir
dung trong cong nghi€p la qua trinh khir dién héa acrylonitrile
(CH2CHCN) thanh adiponitrile [NC(CH2)4CN]. San phém sau do
dugc hydrogen héa thanh hexamethylendiamine
[H2N(CH2)sNH:], thanh phﬁn chinh cia mot dang nylon. Str dung
quy trinh ndy, céng ty Monsanto san xudt khoang 200.000 tan
adiponitrile hang ndm. Phan tng cathode trong hé dién phan xdy
ra nhu sau:

2CH2CHCN + 2H* + 2e” — NC(CH2)4CN

Tinh téng s6 kWh dién ma cong ty Monsanto sir dung mdi nim
trong qgé trinh nay, gid st di¢n thé dat vao lién tuc 1a 5,0 V va
hiéu suat dién hoa 1a 50% (1 kWh = 3,6 x 103 kJ.).
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Chuong 2

PHUONG PHAP NGHIEN CUU
PONG HQOC PHAN UNG
PIEN HOA HUU CO

MUC TIEU

1. Trinh bay cdc phuong phép nghién ctru dong hoc dién hoa
nhu: phuong phap do duong cong phin cuc dong - thé,
phuong phéap cuc phd, phuong phap dong - thé tuan hoan
(cyclic voltammetry).

2. Trinh bay phuong phap xac dinh ndng lugng hoat dong hoa
cua phan ng.

2.1. Po dwdng cong phén cwe dong - thé

Do duong cong phan cuc dong - thé 1a budc dau tién trong nghién
ctru dién héa nham muc dich xé4c dinh thé xay ra phan trng dién hoa cua
hop chat can khao sat.

Phép do dudng cong dong - thé dugc tién hanh trong hé do gom 3
dién cuc: dién cuc lam viéc WE (Working Electrode), dién cuc so sanh
RE (Reference Electrode) va dién cuc ddi CE (Couter Electrode) (con
goi 1a dién cyc phu AE: Auxiliary Electrode). Trong d6, thé duoc xdc
dinh gitra dién cyc lam viéc va dién cuc so sanh; con dong dién luu
thong gitra dién cuc lam viéc va dién cuc doi.

So d6 hé do duong cong phan cuc dong - thé dugce trinh bay &
Hinh 2.1.
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Ngudn dién

WE ZACE

Hinh 2.1. So d6 hé do dwong cong phdn cuc dong - thé

2.1.1. Pién cuc lam viéc

Vi phan tng dién hoa xdy ra ¢ dién cuc lam viéc, nén viéc lya
chon dién cyc l1am viéc rat quan trong trong phép do phan cuc dong -
thé. Trong cac dung dich dién ly nudc, thi phan tng thoat hydrogen va
thoat oxygen can duoc xem xét khi lua chon vt liéu dién cuc. Do vay,
dién cyc cathode c6 qué thé hydrogen cao va dién cyc anode c6 qua thé
oxygen cao thuong dugc lya chon cho cac nghién ctru dudng cong phan
cuc dong - thé trong dung dich dién ly nuéc. Dién cuc platin, vang 1a
nhimng dién cuc anode tot vi ¢ qua thé oxygen cao; trong khi d6 thiry
ngan, k&m, chi 1a nhiing dién cuc cathode t6t vi c6 qua thé hydrogen
cao. Tuy nhién, vi ¢6 dgc tinh cao nén dién cyc thuy ngan thuong bi
han ché su dung lam di¢n cuc cathode.

Dbi v6i qua trinh nghién ctru dudng cong dong - thé trong dung
dich dién ly khong nudce thi dién cuc phd bién dugce s dung la vang,
platin va carbon.

Dién cyuc 1am viée c6 thé dudi dang ddy, dia hodc dang tim. Kich
thudc dién cuc khoang vai cm? (déi voi dién cuc dang tém) hoac vai
um dén vai cm ddi véi dién cuc dang dia. Cac dién cuc lam viéc dang
ran trong phép do dong - thé thuong dugc gin trong dng thuy tinh hoic
trong vat liu polymer tro nhu Teflon, Kel-F (poly-
chlorotrifluoroethlyene) hodc PEEK (poly-etheretherketone). Dang
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dién cuc lam viéc phé bién nhét duoc s dung 1a dién cuc dang dia
(Hinh 2.2a va b). Bién cuc nay thuong c6 duong kinh tir 1 pm dén 1
cm. Cac dién cuc lam viéc bé’mg kim loai dang tAm thuong dugc ndi voi
mot day chi (hodc diy dong) va phan ddy dugc dua vao dng thuy tinh
hoac vat liéu polymer tro.

Day kim loai I Day kim loai ] Day kim loai
c : ~ Ol}g . . ) Ong e Ong
| thity tinh " thiy tinh ¥ thay tinh
At Piém nbi
# I‘[hug_gpoxy _ Ong |/
3, gan dién cuc chiu nhiét i,a Day Pt
- - Paste Ag -

-
Paste Ag l
L~ Day kim loai « Pfia kim loai r - ’ TAm kim loai
)

@ (b) (c
Hinh 2.2. M{t s6 mau dién cuc lam viéc (WE)

trong phép do dong - thé [11]

Dién cyc lam viéc 1y tuong phai cé tinh chat dién hoa dong nhat
& cac lan do. Yéu t6 anh hudng dén tinh chét dién hoa cua bé mit dién
cuc 1a d6 sach ciia bé mat, sy c6 mit cac chit ban trén bé mat (ké ca
dang oxide cua dién cuc) va cAu trac té vi cta dién cuc. Trudce khi tién
hanh do dudng cong dong - thé thi bé mit dién cuc phai duoc xir 1y k¥
dé sao cho bé mit dién cuc & cac 1an do 1a tuong tu nhau. Vi¢c xur ly
dién cuc co thé dugc thuc hién bang cac phuong phap danh béng bé
mat, nhung dién cuc vao dung moi hodc cac dung dich dé hoat héa dién
cuc hodc co thé quét thé dién cuc trong mot vung thé nao do dé lam
sach bé mat dién cuc.
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2.1.2. Pién cwce so sanh

Pién cuc so sanh phai thoa méin yéu cau 1a thé phai 6n dinh va
co tinh 1dp lai. Trong cac dung dich nudce thi trude day nguoi ta dung
dién cuc hydrogen tiéu chuin (SHE) lam dién cuc so sanh. Tuy nhién,
trong thuc té thi hién nay cac phép do dién hoa st dung dién cuc
calomel bao hoa (SCE) hay dién cuc bac - bac chloride (Ag/AgCl) lam
dién cuc so sanh.

Day Cu Day Ag
- -
Ong thuy tinh ' Ong thuy tinh
- -
 S— 1 1
(S - (| . = Ong thuy tinh
i i Hoi = 1 DayAg
cau muo1 cau muo1
=+ Dung dich Ag/AgCl -+ 0,IM Bu,NCIO, +
KCl1 bdo hoa o 0,IMAgNO,/MeCN

QE Hg + Hg,Cl, < Dung dich
v KCl bao hoa
] Hg I <3 Boéng thuy tinh

Hinh 2.3. Mt s6 mau dién cuc so sanh [11]

béi véi cac dung dich khong nudce thi viée st dung cac dién cuc
so sanh phtec tap hon. Néu sir dung dién cuc so sanh 1a calomel bao
hoa hay dién cuc bac - bac chloride thi khéng dwgc nhung truc tiép
cac dién cyc nay vao dung dich do dién hoa, boi vi luc dé dung dich
s& bi nhiém ban nudc va chat dién ly (thuong 1a KCI). Trong trudng
hop nay dién cuc so sanh dugc dua vao mot ngan ri€ng va c6 mot cau
mudi duoc st dung cho sy dan dién ion gitra di€n cyuc lam vi¢c va dién
cuc so sanh. Pau mao quan cua dién cyc so sanh dugc nap day dung
dich dién ly khong nudc va dugc nhing vao dung dich khong nude.
Néu sir dung dién cuc so sanh hé nudc thi thé tiép xtc 1ong - 10ng giira
dung dich khong nudc va dung dich nude phai dugc dua vao tinh toan.
Pé cai thién tinh trang nay, Uy ban IUPAC vé Dién héa di dé xuat
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rang cip Fc*/Fc nén duge do trong cing mot hé tuwong tu va thé dién
cuc ghi duoc la gia tri thé so v&i thé tiéu chuin biéu kién cua hé. Trong
hé do nay, dung moéi1 twong ty nhu ctia dung dich dang nghién ctru
dugc st dung lam dung méi bén trong dién cyc so sanh. Dién cuc
Ag/Ag*1a dién cuc so sanh pho bién duoc sir dung trong cac dung dich
khéng chtra nuée, va no cd thé duge st dung trong nhiéu loai dung
moi (Hinh 2.3c¢).

Ong f)ng
thuay tinh thay tinh
— RE WE — RE WE
AE 1 B W
Khi ra ; ——" ( ) Khira |
] [ | [ | | EEE
| |
g I =1 |
- S .
(@ (b)
f)ng
thfly tinh WE Céu muéi RE
AE — y —
Khi ra [

= =

="

(c)
Hinh 2.4. M{t sé6 mau binh do dién héa [11]

2.1.3. Pién cuc phu

bién cuc phu (AE), con dugc goi 1a dién cuc ddi (CE), 1a mot dién
cuc dugc st dung trong hé dién hoa ba dién cuc dé do duodng cong dong
- thé, trong do dong dién di qua gitra di€n cyc lam viéc va dién cuc phu.
Do d6, dién cuc phu hoat dong nhu dién cuc cathode khi dién cuc lam
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viéc hoat dong nhu mdt anode va nguoc lai. Bién cyc phy thuong cé
dién tich bé mat 16n hon nhiéu so véi dién cuc lam viéc dé dam bao
rang ban phan mg xay ra ¢ dién cyc phu c6 thé xay ra du nhanh dé
khong han ché qua trinh & dién cuc lam viéc. Platin (vi dy: day Pt, tAm
Pt) 1a mot loai vat liéu tdt dé 1am dién cuc phu do tinh bén cao trong cac
moi truong.

2.1.4. Ky thuat do dwong cong dong - thé

Phép do dudng cong phan cuc dong - thé cé thé dugc thyc hién
theo phuong phap dong tinh (Galvanostatic) hodc thé tinh
(Potentiostatic). Phuong phap nay duoc ap dung cho h¢ dién hoa khong
can bang, ¢ d6 tdc d6 phan tng dién hoéa 1a nho, do d6 dong trao d01 io
nho, qua thé hoat hoa 16n hon nhiéu qua thé ndng do, cac thong sé dién
hoa nhu hé sb chuyén o, dong trao doi o, cling nhu cac hé sb Tafel ba,
be,... duoc xac dinh dé dang tir cac doan Tafel ctia dudng cong phin
cuc. Trong truong hop nay khi cho qua h¢ dién hoa mot dong dién céd
mat d6 dong dang ké trong mot thoi gian kha dai thi ndng do chat trén
ranh gidi dién cuc — dung dich ciing khong bi thay doi dang ké.

-100 -

E/mV

-200 -

-300 -

-400 v s s s Y y M 1 ]
1 10 100 1000

i, (WA/cm’)

Hinh 2.5. Do thi dwong cong dong - thé
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Truong hop khi tdc d6 phan (mg dién hoa 1a dang ké (dong trao
dbdi ion kha 16n) thi qua trinh dién cuc dugce xem 1a can bang (toc d6
phan tng thuan va nghich gan bang nhau khi c6 dong luru thong). Khi
do béng phuong phap dong tinh hay thé tinh ta khong do dugc céac
thong so dién hoa cua qua trinh. Trong truong hop nay ta dung phuong
phap hoi phuc ‘hay con goi la phuong phap xung. Thuc chét cua
phuong phap hdi phuc 13 trong mét thoi gian cyuc ngin (10-5 - 10-4
gidy) nho mot dong xung dién vudng ta lam chuyén dich thé can bang
roi gitt ¢6 dinh thé ndy, do bién thién mat do dong theo thoi gian.
Phuong phap do nay goi 1a phuong phép thé tinh xung. Phép do dugc
thue hién nho mot thiét bi chuyén dung goi 14 Potentiostat. Ngoai ra,
ta co thé thyc hién phuong phap dong tinh xung dé do thé theo thoi
gian nho thiét bi Gavanostat.

Pudng cong phin cyc dong - thé con co thé duogc ghi theo ché do
thé dong (Potentlodynamlc) hoac dong dong (Galvanodynamic). Trong
ché @6 thé dong, thé duoc quét tuyén tinh theo thoi gian va ghi lai nho
thiét bi Potentiometer. Tdc do quét thé hay dong dugc chon tuy thude
vao muyc dich ctia phép do va cé thé thay d6i trong mot gisi han rong.

Vi cac phan tng dién hoa hitu co thuong xay ra qua nhiéu giai
doan va theo nhiéu cach khac nhau, nén phuong phap do dudng cong
phan cyc dong - thé con c6 thé cho ta biét dugc cac giai doan xdy ra cua
phan ung dién hoda dya vao su xuét hién cta cac thé. T d6 co thé cho
phép ta tién hanh dién phan cac chat & cac thé khic nhau dé thu dugc
cac san pham mong mudn. Vi du qua trinh dién phan cac hop chét
aldehyde hoic ketone trong moi trudng acid cé thé thu duoc 2 loai san
pham nhu alcohol va pinacol nhu sau:

+ - . Dimerizati
A== —'—'Ee-ﬂr—tl}—n —Eﬂ"-ﬁ.r—{ll—ﬂ —= 1 ArCR-CRAT
OH -7 OH CH OH
E_l £, pinacaol
Ar—IIE—Ft et e Ar=CHF
OH OH

aleohol
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Puong cong phan cyuc dong - thé cua qua trinh khir dién hoa nay
dugc trinh bay ¢ Hinh 2.6.
. ) Sy khir ciia dung m6i
Dong khir hoic chit dién ly
Su khir cia céu tir :
trung gian

Su khir cda cau tir
proton hda

E) E, Thé khir
Hinh 2.6. Buong cong dong - thé ciia qud trinh khir hop chat
carbonyl thom

Tir duong cong dong - thé thiy ring, song thir nhat Gng véi qué
trinh khir 1 electron cta san pham proton héa dé tao thanh gbc trung
gian tuong Ung. Trong khi d6 séng thr hai ing v&i qué trinh khu 1
electron thir hai ciia gdc trung gian dé tao thanh alcohol. Do dé, néu thé
cua dién cuc lam viée duoc gitt ¢ thé E ° trong diéu kién dién phan thé
khong doi thi qua trinh khir 1 electron ctia nhom carbonyl s& xay ra va
ta thu duogc san phém la pinacol. Con néu thé cua dién cuc lam viéc
dugce giit & thé E2° thi sy khir 2 electron va khir 1 electron s& xdy ra, khi
d6 ta co thé thu duoc ddng thoi ca hai san pham alcohol va pinacol.

2.2. Phwong phap cuc pho
2.2.1. Co sé ciia phwong phap cuce phd

Phuong phap cuc phd do nha Bac hoc ngudi Tiép Khic 1a Jaroslav
Heyrovsky phat minh nam 1922 va dua trén qué trinh phan cuc &
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cathode Hg. Noi dung ctia phwong phép 13 theo ddi sy bién doi giira
cudng d6 dong va thé trong qua trinh dién phan trén dién cuc giot Hg
(DME: Droping Mercury Electrode). Dién cuc giot thuy ngan bao gobm
1 mao quan ndi v6i binh chtra thiy ngan. Tdc do chdy cua giot thity
ngan duoc diéu chinh chinh x4c bang viéc thay ddi chiéu cao ctia binh
chtra thiy ngan va thuong c6 téc do khoang 20 giot/phut. Dic diém
quan trong cuia DME la bé miat dién cuc ludn sach khi mdi giot thuy
ngan dugc tao ra. Phuong phap cuc phd duoc tién hanh trong diéu kién
dung dich khong khudy va dudi diéu kién d6 chat phan Gmg chuyén dén
dién cuc béng su khuéch tan; déng thot loai bo su chuyén chit dén dién
cuc bé“tng cac hién tuong ddi luu va dién chuyén.

. Binh = Potentiostat
diéu chinh ———*
thiy ngan <V>
Mao quan Sy ——
N,

Pt

Dung dich

Ong thiy ngan

bién cuc
so sanh

Giot thily ngan

Béu thuy ngan

Hinh 2.7. So dé thiét bi phan tich cwc phé [5]

Trong thiét bi cuc pho thi DME 1a dién cuc phéan cuc c6 thé dong
vai tro l1a dién cuc cathode hoac anode. Con 16p thuy ngan dong vai tro
nhu dién cuc phu va la dién cuc anode néu DME la cathode hodc nguoc
lai. Pién cuc phu la dién cuc khdng phan cuc.
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Dién cyc phu 16p Hg c6 dién tich 16n gap 100 lan dién tich DME.
Khi dién phan, dién ap E dat vao 2 cuc la: E = @pa- ok + IR

R 1a dién tré thudn dung dich chét dién ly. Do nff)ng do chat dién ly
nén rat 1én nén dién tré R rat bé va do giam thé IR rat nho co6 thé bo qua.

Cuong do dong dién phan rat bé, khoang 10°A nén mat do dong
anode rat nho. Khi thay doi dién ap E trong gidi han nhat dinh, mat do
dong anode coi nhu khong doi, do do thé @a coi nhu khong doi.

Trai lai dién tich cta dién cuc cathode rat bé nén mat do dong
cathode rat 16n; vi vay coi nhu dién ap E tac dung chu yéu cho qua trinh
phan cuc cathode.

Phuong phap cuc phd dugc st dung dé nghién ctru phan img cua
cac chat hitu co trén cac dién cuc; nghién ctru dong hoc va co ché cac
qua trinh dién cyec.

Buong cong dong - thé cuc phd cho qua trinh khir hay oxi hoa cua
chat phan tng cho thay dong tang khi thé cua dién cuc giot thity ngan
tang trong vung thé ma & d6 chat phan ing tham gia phan tng dién hoa.
Ving thé ma trong d6 dong ting 1én goi 1a sdng cuc phd (Hinh 2.8).

15
Dong giéi han
<
310 |
E
L% KX ta
5 -
A B
0r .
R I Thé ban song ¢,
| 1 | |
0 -0,3 -0,6 -0,9 -1,2
EvsSCE/V

Hinh 2.8. Cyc phé dé cho phan iing thudn nghich: O + ne =R
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Hai van dé c6 lién quan dén séng cuc phd, thé ban séng (Ein) va
dong gi6i han (ir) 1 van dé 1y thuyét va kinh nghiém trong nghién ctru
cic qué trinh dién héa ¢ dién cuc giot thuy ngan. Thé ban song 1a thé
cia DME ma & d6 dong bang 1/2 dong gidi han.

Doi v6i phan tng thuan nghich: O + ne 2 R, trong d6 khong c6
cdc phan tng tng héa hoc trudc va sau qué trinh chuyén dién tich, dong
gi6i han bi khong ché boi sy khuéceh tan chat phan img dén bé mat dién
cuc va do d6 con goi 1a dong khuéch tén (ia). Phuong trinh Inkovic cho
dong khuéch tdn & DME nhu sau nhu sau:

Ls = 607n.m?>.t16 Do 2.0° (2.1)
trong do:
n - sd electron tham gia phan tng;
m - tbc do chdy cua thuy ngan (mg/s);
t - tho1 gian roi cua giot (s);

Do - hé sé khuéch tan cua chit phan tng (cm?/s);
O - ndng do trong long dung dich ctia O (mM/L).
Thé ban song cho qué trinh thuan nghich (dugc khéng ché boi qua

trinh chuyén chit) c6 thé lién quan dén E° (thé dién cuc chuan) cho phan
ung & dang phuong trinh Nernst:

RTxlnDO—RTx nfi
nF Dr nF fo

E1/2 = EO — (22)

trong do:
R - hing sd khi;
T - nhiét do tuyét doi;
n - sd electron trao doi;
F - hﬁng sb Faraday;
Do, Dr - h¢ s6 khuéch tan cua dang oxi héa va khi;

fo,fr - hé sb hoat dd.
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I§hi hé sd khuéch tan va hé sd hoat do cua dang ox,i héa va dang
khir bang nhau thi E1» = E°, va Ei2 khi d6 s€ lién quan dén nang lugng
tu do Gibbs bang phuong trinh:

AG®
nF

Ei/p= (2.3)

Phuong trinh (2.3) 1a co s cho sy hinh thanh mdi quan hé giira
phuong phap cuc phd va nhiét dong hoc.

Doi véi qua trinh dién hoa bét thuan nghich thi giai doan chuyén
dién tich quyét dinh téc d6 phan ung dién cuc hon giai doan chuyén
chat. Phuong trinh thé ban song tuong ung la:

Ei» = E° — RT/onF In 0,866k°(t; — Do)'? (2.4)
trong do:
k- hing s6 tdc do phan ung di thé & dién cuc tai E°;
o - hé sd chuyén;
ti - thoi gian roi cua giot.

Dong cho qué trinh bat thuan nghich dugc dua ra boi phuong

trinh sau:
. o,1/2
In| — | = 987K L —(OLHF)E (2.5)
(ig 1) pl/2 RT

trong d6 14 12 dong gidi han tai thé rat 4m va khi d6 téc d6 chuyén dién
tich rat nhanh nén qué trinh phan tng bi khong ché boi giai doan
chuyén chat.

D6 thi quan hé cta gln

1 L \ \ A s e
- so voi E la dudng tuyén tinh véi
ld —1

do déc an.
C6 bdn loai dong gidi han thuong xuat hién trong cuc phd hitu co,

gom:
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(a) Dong khuéch tan (ia) bi gioi han boi tdc do chuyén chat cua
chat phan tng dén bé mat dién cuc.

(b) Dong dong hoc (ix) bi gid1 han b1 mot giai doan hoa hoc xay
ra trudce giai doan dién hoa.

(c) Dong xuc tac (ic) bi gidi han boi anh hudng xtc tac cua chét
xuc tac khong hoat dong dién hoa.

(d) Dong hép phu (1.) dugc géy nén boi su hép phu cua dang oxi
héa hodc dang khir cua chat phan img ¢ bé mat dién cuc giot
thiy ngan.

Dong gi61 han cua cuc phé c6 thé duge dic trung bdi cac truong
hop sau:

(1) Su phu thudc ctua dong giéi han i vao néng d6 chat phan Umg.

(2) Su phu thudc cua dong gidi han iL vao chiéu cao cua cot
thuy ngén.

Dong gi6i han ia va ix ting tuyén tinh theo su ting ndng do. Dong
khuéch tan iqg phu ghucf)c vao vh ; trong khi do dc‘)ng dong hoc ix khong
phu thudc vao chiéu cao h. Dong hap phu tang tuyén tinh theo h. Dong
xtc tc ic khong phu thudc vao h.

2.2.2. Ung dung phwong phap cwc phd trong nghién ciru phan ing
dién hoa hiru co

Do c6 qua thé hydrogen cao nén DME dugc sir dung thich hop
cho nghién ctru qua trinh khir cathode. Tuy nhién, do thé hda tan anode
ctia thiy ngan thap nén DME bi han ché trong nghién ctru qua trinh oxi
hoa anode.

Trong nghién ctru dong hoc dién hoa thi phuong phap cuc phé
clng la mot trong cac phuong phap thuong duoc st dung. Tur cuc phd
dd nguoi ta xac dinh thé ban séng va dong gi6i han. Thé ban song do
dugc trong dung dich dién ly dugc lwa chon s& la mét thong s6 quan
trong giup xac dinh gia tri thé s& duogc ap dung trong qua trinh dién phan
bang phwong phap thé  khong dobi 601 voi dung dich nghién ctru. Gia tri
dong giéi han cung cip thong tin vé sb electron tham gia trong phan

43



tmg khir dién hoa. Néu pho d6 cho thiy c6 nhiéu song cuc pho Xuat
hién, thi diéu nay cho thdy c6 nhiéu giai doan dién hoa ndi tiép xay ra.

O+ne=R
R+me=2R

Trong dung dich nudc hoac trong cdc moi truong acid khac, Ei
khong chi phy thudc vao E° ma con phy thudc vao hoat do proton. Do
vay, dbi v6i phan Gng thuan nghich chung: O + ne + mH* 2 R thi sy
phu thudc cua Ei2 vao pH dugc dua ra béi phuong trinh sau:

0.059m

Ei/2=Ej/n— pH (2.6)

trong d6 Ef,, 1a thé ban séng & pH = 0.

Do do, nguoi ta thuong ghi cuc phd d6 trong khoang pH tuong
do1 16n khi nghién ctru phan tng khtr cathode trong méi truong acid.

Qua trinh khtr phthalimide (PM) trong dung dich dém cua dung
moi nuée 13 mot vi du vé sy anh huéng cia pH dén hai giai doan chuyén
dién tich sau:

PM+H" ——=PMH"

PMH +e PMH
PMH + H+ PMH2+
PMH, + e ===S4nphdm

hoac PMH +e Sanphim

Téc d6 proton hoéa cia PMH phu thudc vao pH. O pH thap, giai
doan nay nhanh. Sy khir cia PMH," (E2) xdy ra dé dang hon sy chuyén
dién tich PMH* (E1), do d6 & pH thép, pho ciia sy khir xuat hién nhu
song don 2 electron. O céc gia tri pH cao hon, k nho va cac qué trinh
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proton héa khong xay ra. Vi PMH kho bi khu (E3) hon chat phan tng
PM nén pho chi xuat hién 2 séng don le. O cac gia tri pH trung gian,
chi€u cao cua song thur nhat ty 1€ nghich vé1 pH.

Cuc phd dd cho qua trinh khir cia PM & cac pH khac nhau duoc
trinh bay ¢ Hinh 2.9.

1) 2

®3) “4)
Hinh 2.9. Cyc phé dé ciia sw khit phthalimide & cdc gid tri pH:

(1)4;(2)5,5; (3)6; (4) 7,5

2.3. Phwong phap dong - thé tuin hoan

Phuong phap do dong - thé tuan hoan (cyclic voltammetry: CV)
con goi la phuong phap volt - ampe vong quet xung tam giac 1a phuong
phdp dién hoa hién dai dugc str dung dé nghién ctru tinh chat dién hoa
cling nhu dong hoc va co ché phan Gng ctia chét phan mg trén cac loai
dién cuc khac nhau. Trong phuong phap dong — thé tuan hoan, thé dién
cuc duoc thay d6i lién tuc tir E1 dén Ex hodc nguoc lai tir E» t6i By voi
téc do bién ddi thé V theo chu ky:

Ex=E| -
v6i v 1a tbe do quét thé (mV/s).

45



Qua trinh quét thé duoc mo ta nhu Hinh 2.10.

E

T, T, t
Hinh 2.10. So d6 quét thé trong phirong phdp dong - thé tuan hoan

Ciing nhu cac phuong phap do duong cong dong - thé khéc,
phuong phap CV sur dung hé dién hoa gdm 3 dién cuc: dién cuc 1am
viéc (WE), dién cuc ddi (CE) va dién cuc so sanh (RE). Trong phuong
phap CV, mot potentiostat duoc sir dung dé quét tuyén tinh thé giita
dién cyuc lam viée va dién cuc so sanh cho dén khi dat dén gia tri da
duge dit trude va sau d6 thé duoc quét nguoc trd lai. Qua trinh quét thé
c6 thé duoge 1ap lai nhiéu 1an va sy thay ddi cua dong gitra dién cuc lam
viéc va dién cuc phu dugc ghi lai theo thoi gian thuec. Két qua thu duoc
ctia phép do duoc thé hién trén duong cong cyclic voltammogram.

So d6 khdi cua phuong phap dong - thé tuan hoan diéu khién bang
mdy vi tinh dugc biéu dién & Hinh 2.11.

CE
RE — o - . .

— | 3 || 4 |z/—| s
WE

(1) Binh dién hoa; (2) Potentiostat
(3) Bo bién dbi tin hiéu twong tu thanh tin hiéu sé (ADC) va tin hiéu sd
thanh tin hiéu tuong tu (DAC)
(4) Mady vi tinh; (5) B0 phan luu trt thong tin
CE: di¢n cuc phy, WE: dién cyc lam viéc, RE: dién cuc so sanh
Hinh 2.11. So d6 khéi ciia phiong phdp do dong - thé tuan hoan
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LT~/

Potentiostat

;
LLLL

Hinh 2.12. Hé do dién héa ciia phirong phdap dong — thé tudn hoan [9]

Puong biéu dién dong (i) theo thé (E) la duong cong c6 dinh
(pic) déc trung cho tung qua trinh khir hodc oxi hoa. Tu moi quan hé
dong - thé, ¢6 thé xac dinh duoc tinh chit cia cc qua trinh da xay ra

trén dién cuec.

Potential/V

Current/pA

Hinh 2.13. Dang dwong cong dong - thé ciia phwong phdp dong - thé
tudan hoan
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C6 ba dang dudng cong dong - thé tuan hoan twong tng dugc
minh hoa & Hinh 2.14.

-i -i -i

Tpe

i

(b)

Hinh 2.14. Céc dang dwong cong tiéu biéu ciia
phirong phép dong - thé tuan hodn

(a) Qua trinh dién hoa thudan nghich

(b) Qud trinh dién hoa bat thudn nghich

(c) Qud trinh dién héa két hop véi qud trinh héa hoc

- Néu (Epa - Epe) <0,058/n (V) thi qua trinh xay ra 1a qua trinh
dién hoa thuan nghich:

O + ne= R

- Néu (Epa - Epe) > 0,058/n (V) thi qua trinh xay ra gdm qua trinh
dién hoa kem theo qué trinh hoa hoc:

O +ne =R
R—> P

D41 voi cac qué trinh dién hoa thuan nghich va cé sy khuéch tan
tuyén tinh, Randle va Sevcik da dua ra moi quan hé gitra dong cuc dai
va cac thong so6 thuc nghiém nhu sau:

ip=2,687. 105 n%2. A . D2, C,. v!? 2.7)
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trong do:
v -tdc do quét thé (V/s);
n - sd electron trao doi;
A - dién tich dién cuc (cm?);
Co, -ndng dd ban dau chat phan ing (mol/L);
D - hé sd khuéch tan (cm¥s).

Néu qua trinh dién hoa 14 bat thuan nghich thi mbi quan hé gitta
dong cuc dai va cac thong s6 thuc nghiém tuan theo phuong trinh
Nicholson - Shain nhu sau:

ip=2,99.10°. 0% A.D".C,. v (2.8)
& day o 1a hé s6 chuyén.

Trong cé hai truong hop trén, khi tit ca cac thong sd khéc, ngoai
trir v, dugc giilt co dinh thi ip phu thudc tuyén tinh vao v!’2. Néu qua trinh
dién hoa c6 kém theo phan tng hoa hoc thi moi quan hé gifta ip va v/
khong con 1a ham tuyén tinh.

b E

CE

12
\4

Hinh 2.15. Dé thi quan hé cua i, —v'” ciia co ché E va CE

Phuong phap dong - thé tuin hoan dugc sir dung dé nghién ciru
tinh chit dién hoa ciing nhu dong hoc va co ché cua cac phan tmg dién
hoa. Bang phuong phap ndy, ngudi ta co thé xac dinh duge khoang thé
xdy ra qua trinh oxi hoa hodc khur céac chat, tinh chat thuin nghich hay
bat thuan nghich ctia phan tng dién hoa...
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Puong cong dong - thé tuan hoan cling c6 thé xuat hién nhiéu pic
oxi héa va khir ciia chat tham gia phan ung va cho biét cac giai doan
cua phan tng dién hoa.

R,

0,
Hinh 2.16. Puong cong dong - thé tudan hoan ciia phdn img thudn
nghich R = O + ne duoc kem theo phan ung hoa hoc O — O’

Co ché cho phan tng dién hoa cua dang dudng cong dong - thé
trén nhu sau:

Ri = O1+e

0O - O

O:+e = R
Nicholson - Shain da phan loai mot s co ché cua phan tmg nhu sau:
1. Phéan Umg di¢n hoa thuan nghich:

O +ne = R
2. Phan tng dién hoa bt thuan nghich:

O+ n - R
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3. Phan tmg héa hoc xdy ra trudc phan Gmg dién hoa bat thuan nghich:
Z —> 0O
O+ne = R

4. Phan g hoa hoc xay ra trudc phan tmg dién hoa bat thuan nghich:
Z —> 0

O +ne—>R

5. Phan mg dién hoa thuén nghich kém theo phan tmg hoa hoc
bat thuan nghich:

O+ne = R
R=Z
6. Phan Ung dién hoa thuén nghich kém theo phan tng hoa hoc
bat thuan nghich:

O+ne = R
R > Z

7. Phéan ing xtc tac v&i phan irng dién hoa thuan nghich:
O +ne =R
R+7Z -0

8. Phan tmg xuc tac voi phan tmg dién héa bat thuan nghich:
O +ne > R
R+Z —> O

Duya vao tiéu chuan Nicholson - Shain thong qua viéc xay dung
do thi (ip — v'2), (ip/v'?> — v) cho phép ta xac dinh tinh chat dong hoc va
khuéch tan cling nhu co ché cia phan tng di¢n hoa.
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Vi du vé Tinh chit dién hoéa ciia pyrocatechol trong mdi
treomg nudc

Hinh 2.17 m6 ta dudng cong dong - thé tudn hoan cua pyrocatechol
trong dung dich sodium acetate lam chét nén. Pudng cong CV cho thiy
xuat hién mot pic anode va mdt pic cathode, ty 1€ dong pic anode va
cathode gan bang mot cho thiy qua trinh chuyén héa pyrocatechol thanh
o-quinon 14 qua trinh thuén nghich. Lip lai qué trinh quét thé lién tuc
(Hinh 2.17b) khong thay c6 sy phat sinh dang ké do su hydrogen héa
hay phan tng khac, diéu d6 cho thdy phan Gng xay ra rat cham ty 18 voi
thot gian thi nghiém.

500 225 950 -500 225 950

Hinh 2.17. Puong cong dong - thé tudan hoan ciia catechol ImM trong
dung dich sodium acetate o dién cuc glassy carbon voi toc do quét the
100 mV s! (a), lap lai 10 lan quét (b) [6]

2.4. Phuong phap dién cuc dia quay

bién cyc dia quay (RDE: Rotating Disk Electrode) la mdt dia kim
loai tron, tAm dia gin vao mot truc quay (Hinh 2.18). Do dia quay nén
dung dich ¢ tAm dia s& bi chuyén ra thanh dfa. Dung dich ¢ giita binh
phén rng s€ x6 vao tadm dia. Do do, xuét hién mot gradient néng do tai
bé mat dién cuc va dung dich. Vi vay, tdc do quay di¢én cuc anh hudng
dén mat 46 dong cua phan tng.
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Levich da dua ra phuong trinh mat d§ dong cuc dai nhu sau:
ip=0,62.n.F. D*? oy (C,- Cy) (2.9)

trong do:

ip - mat do dong cuc dai (A/m?);

n - 86 electron trao ddi;

F - hing sb Faraday;

D - hé s6 khuéch tan (cm?/s);

Y - d0 nhét dung dich (cm?/s);
®

- toc d6 quay cia dia va bang 27n (n 1a s6 vong quay dién
cuc tinh theo giay);

Co,Cs - nong do chat phan (mg dién hoa trong dung dich va & bé
mat dién cuc (mol/L).

Nho dién cuc dia quay ta co thé tinh dugc hé sb khuéch tan cua
ting ion riéng biét, xac dinh dugc s6 electron z tham gia vao qua trinh
dién cuc. Phuong phap dién cuc dia quay ciing dugc dung dé giai thich
nhiéu van dé khac lién quan dén co ché cac qua trinh dién cuc nhu giai
thich duoc ban chét giai doan cham cua qué trinh dién hoa. Néu giai
doan chuyén chat cham thi i, ty 1& thuan véi o',

TN

o . CE

Hinh 2.18. So do dién cuc dia quay [9]
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Trong mot s trudng hop, dé nghién ciru sau hon vé co ché cia
cac phan Gng dién hoa xay ra qua nhiéu giai doan oxi hoa, khtr thi nguoi
ta con sir dung dién cuc dia - vanh quay (RRDE: Rotating Ring Disk
Electrode). Khi d6 chat tham gia phan tng ¢ dia, sau d6 tiép tuc tham
gia phan tng & vanh voi cac thé ap dit ¢ dia va vanh khac nhau.

Pién cuc dia

S e
¢ Qua 5
'\.,__ ¥ __,/
- — ‘.-
Pién cuc vanh Pién cuc vanh

| lle' el f 1

e_

--\) Red Red => Ox=!-Red

42/

Ox
Red Red
Hinh 2.19. Phan ung oxi hoa - khur xay ra trén dién cuc dia - vanh
quay [9]

Gia sir xét phan ung xdy ra theo co ché ECE sau:
O+e =R
R £ X
X+e > Y

Nguoi ta 4p dat vao phﬁn dia mot thé dé khtir O va hé dién cuc
vanh - dia dugc quay. Khi d6 R duoc hinh thanh tir dia s€ bi phan huy
mot phan thanh X. San phim X tao thanh c6 thé tham gia phan tmg &
vanh véi mot gia tri thé duoc dp dat dé tao thanh Y. Ngoai ra, ngudi ta
c6 thé xdc dinh dugc hing sb k ciia phan tng héa hoc bang viée khao
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sat néng d6 ciia R va X nhu mot ham cua tdc dod quay dién cuc. Nhu
vay, do duong cong CV trén dién cyc dia - vanh quay cho ta nhiéu thong
tin vé cac qua trinh dién héa.

2.5. Xac dinh niang luwgng hoat dong héa ctia phan trng di€én cuc

Phuong phap do duong cong phan cuc dong - thé phu thudc vao
nhiét do dé xac dinh nang luong hoat dong hoa duogc quét don tuyén
tinh ¢ cac nhi¢t d§ khac nhau. Theo phuong phap nay, hé¢ do dién hoa
duoc nbdi véi thiét bi didu nhiét dé giir nhiét d6 cua phan tng dién cuc
khong doi.

Puong cong phan cyc 1 — E dugce ghi tai cac dién cuc nghién ctru
khéc nhau c6 dang nhu Hinh 2.20.

i A

1, /
13

—_— 0

E, n E -E

Hinh 2.20. Dang dwong cong phan cuc dong - thé ¢ cdc nhiét do
khdc nhau

Tu duong cong phan cyc phu thuge vao nhiét do, theo phuong
phap dong hoc Gorbachev ching ta c¢6 thé xac dinh dugc nang lugng
hoat dong hoa cua phan ung dién cuc:

Ini = B - AG/RT (2.10)
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Tai mdi gia tri E x4c dinh, quan hé Ini — 1/T s& 1a dudng thrflng:
Ini =B - Wo/RT (W, 1a ndng lugng hoat dong hoa) (2.11)
V& d6 thi logi = B - W4/2,303RT ta xdc dinh dugc Wa. Tir gia tri

ctia ning lugng hoat dong hoa cd thé phan doan dugce dong hoc cua qua
trinh. Thong thuong voi1 Wa=10.000 dén 30.000 cal/mol thi phan tng
nam trong mién dong hoc; con Wa = 3.000 dén 6.000 cal/mol thi phan
ung nam trong mién di€n hoa.

Noi dung 6n tap

L.

Tai sao trong cac phép do duong cong phan cuc di¢n hoa nguoi ta
thuong st dung h¢ do gom 3 dién cuc va vai tro cua tung dién cuc?

Co s& khoa hoc va y nghia ciia phuwong phap phén tich cuc phd
trong dién hoa hitu co.

Hay cho biét co s& khoa hoc va ¥ nghia ctia phuong phap cylclic
voltammetry trong nghién ctru dong hoc dién hoa.

Hay cho biét vai tro, y nghia cua dién cyc dia quay va dién cuc
dia - vanh quay trong nghién ctru dong hoc dién hoa.

Trinh bay phuong phdp xac dinh ning lugng hoat dong hda cua
phéan tng dién cuc va y nghia cua no.

Trinh bay phuong phap xac dinh dién tich bé mit hoat dong cia
dién cuc, sb electron tham gia trong cac phan tng dién cuc bang
phuong phap do dudng cong dong - thé.
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Chwong 3
THIET BI TONG HOQP PIEN HOA
CAC HQP CHAT HU'U CO

MUC TIEU

1. Trinh bay tinh chét chung cua dién cuc, dung moéi, chat dién
ly va mang ngén trong qua trinh dién hoa.

2. Trinh bay cédc loai binh di¢n phan st dung trong qua trinh di¢n
hoa hitu co.

3. Trinh bay céac cach tinh hiéu suat trong qua trinh tong hop
dién hoa.
4. Trinh bay cac vu, nhuoc diém cua cac qua trinh dién phan ¢
thé khong do6i va dong khong doi.
3.1. Pién cuc trong qua trinh dién hoa
3.1.1. Tinh chét chung ciia vt liéu dién cue

Vit lidu dién cuc 1a mot trong nhing yéu t6 quan trong trong vi¢c
xac dinh ch1eu hudng cua phan ung dién cyc, quyét dinh téc do phan
g, hiéu suat phan tmg va chét lugng san pham dién phan.

Vit liéu dién cuc phai thdéa man cac diéu kién sau:

- Dén dién tét.

- €0 tinh chét xuc tac dién hoa hiéu qua voi mot sé phan tng

can thiét.

- Chiu su tac dong cua hoa cht.

- Chdng an mon.

- Bén co hoc, dé tao dang.

- C6 gia thanh hop 1y.
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Viéc lya chon dién cuc phai dugc xem xét can than, boi vi vat liéu
dién cyuc va viéc xir Iy hodc thay doi bé mit cta né co thé 1am thay doi
hoan toan co ché phan g, tinh chat ctia san pham trung gian, cac phan
g phu va do d6 sé& lam thay do6i dic tinh cta san pham cudi cing.

Nhiém vu cua dién cuc la dam bao hép phu hoa hoc céc chét phan
ung, xuc tac cho viéc tach phan tir hay nhom hoat dong, lam giam nang
lwong hoat dong hoa, khir hdp phu nhanh san phim phéan tmg va khong
kim ham qua trinh chuyén chat.

Tinh chit cta vat liéu dién cuc thuong duogc thé hién boi qua thé
cua dién cuc, d6 1a dai lugng biéu thi sy thich hop gilta kha nang cua
dién cuc v6i chat tham gia phan Gng trén dién cyc. Pbi véi qua trinh
khtr thi quéa thé hydrogen cua dién cuc 1a mot yeu t6 quan trong trong
cdc dung moi proton, vi né xdc dinh gié tri thé am cua dién cuc trude
khi phan tng khir ciia moi truong xay ra dé canh tranh v&i phan Gng
dién cuc cta chit phan tng.

Nhin chung, dién cuc c6 qua thé hydrogen cang cao s& cho san
pham khur cao nhat. Trong cac dung dich nudc va trong cac dung moi
proton, proton c6 thé bi khir va hydrogen thoét ra:

2H,0 +2e — H, + 20H (3.1)

Vi Iy do nay, khoang thé cua dién cuc trong ving cathode dugc
xac dinh boi thé cua dién cuc H*/H2 va qua thé hydrogen cua no.

Thi ty vé do 16n qua thé hydrogen ctia mot sb dién cuc nhu sau:
Hg > Zn, Pb, Cd > graphite > Cu > Fe, Ni > Ag > Co > P, Pd.

Trong qua trinh oxi hoa anode, qua thé oxygen cua dién cyc la
mot yéu té quan trong va c6 y nghia nhu qua thé hydrogen ddi voi qua
trinh khir. Khoang thé cua dién cyc trong ving anode cho cac dung dich
nuée duoc xac dinh boi thé cia phan tng O2/H,0 va qua thé oxygen
cua no:

2 H20 = Oz + 4e + 4H* (3.2)

Thu tu d6 16n qua thé oxygen cuia mot s6 dién cuc nhu sau: Au >
Pt, Pd, Cd, Ag > PbO; > Cu > Fe > Co > Ni. Tuy nhién, viéc lya chon

vat li€u dién cuc anode c6 qua thé oxygen khac nhau bi han ché khi xem
xét dén tinh chat an mon cua vat lidu.
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Mic khac tinh chat xtic tic cia phan Gmg dién cuc cling anh hudng
dén chiéu hudong cia phan tng, dac biét doi1 voi cac phan ung khur trén
cac kim loai c6 qua thé hydrogen thap.

Bé mit dién cuc anh hudng dén hoat tinh xtc tac cia dién cyc va
su hap phu cua chét phan Gmg. Vi du trong qua trinh khur hop chét nitro
& dién cuc thiéc, bé mit ciia né bi thay doi trong qua trinh phan tmg khi
kim loai bi hoa tan va hinh thanh tr¢ lai trén bé miat dién cuc.

Tinh chét khong tinh khiét cta vat lidu dién cuc co thé bién d6i
tinh chat cta dién cuc theo hai chiéu hudng bat lgi va thuan loi. Chiéu
hudng thuan loi dugc ap dung khi str dung cac dién cuc hop kim, nham
dé tdng do cung co hoc, hoat tinh xtc tac cling nhu kha nang chéng an
mon cua dién cuc. Song trong mot sb truong hop, su ¢ mat cac tap
chét trong dién cyc di lam ting luong san pham phu trong phan (g
dién hoa.

C6 mdi quan h¢ gitra vat liéu dién cuc va co ché phan ung di¢én
héa hitu co. Su chuyén electron chi xay ra qua ba cach sau:

- Phan tng xay ra qua mat lién két voi bé mat dién cuc.

- Phan tng xdy ra khong c6 su hinh thanh lién két ma chi don
thuan 13 sy chuyén electron.

- Phan ung xay ra qua sy hinh thanh hydrogen hap phu trén
dién cuc Pt, Pd hodc Ni. Qué trinh nay giong nhu hydrogen
héa xuc téc.

3.1.2. Mot s loai dién cue
3.1.2.1. Dién cuwc Hg

Thuy ngan 1a dién cuc c6 qua thé hydrogen 16n va do tinh khiét
rat cao. Do thily ngan & trang thai 1ong tai nhiét do thuong nén viéc
khqu dién cuc thuy ngéan lam cho bé mat dién cuc ludn sach va co tinh
1ap lai. Chinh vi vy, thily ngan 13 dién cuc cathode cho nhiéu qua trinh
khur dién hoa. Tuy nhién, vi thiy ngan c6 d§ doc cao nén can phai chu
y khi st dung lam dién cyc trong tong hop dién hoa. Ngoai ra, trang
thai 16ng cua Hg ciing c6 mdt sb han ché trong viéc thiét ke hinh dang
dién cuc cho cac loai binh phan tmg. Vi vay, trong mot sb truong hop
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nguoi ta sir dung cac dién cuc hdn hong cua Hg nhu: Cu/Hg, Pb/Hg,
Zn/Hg,... Pién cyc Hg khong dugc sur dung lam anode vi n6 dé bi hoa
tan trong cac qua trinh dién hoa.

3.1.2.2. Dién cuc Pb

Chi da dugc sir dung lam dién cuc cathode ngay tir budi dau cua
dién hoa hitu co. Pién cuc Pb c6 qua thé hydrogen cao va dé tao ra cac
hinh dang dién cuc khac nhau do tinh chit co hoc mém cua no. Trong
nhiéu qua trinh khur, cathode Pb cho san pham tuong tu nhu Hg; va
trong mot sb trudong hop su hap phu dic biét ciia chat phan ung ¢ dién
cuc c6 thé loai trir mot phan phan tmg phong dién cua ion H, do d6
lam ting viéc chuyén electron dén chét phan tmg.

Chi ciing duoc sir dung lam anode dudi dang nguyén chat hoic
hop kim trong dung dich acid sulfuric; sy c6 médt cua 1% Ag, 0,3% Sn
va mot lugng nho Co s€ tang kha nang chéng an mon cta anode Pb.
Trong nhiéu truong hop, bé mit cua anode Pb bi oxi hoa thanh PbO, ¢
tinh chat xtic tic rat tot cho cac qud trinh dién hoéa.

Cac dién cuc kim loai khac nhu: Zn, Sn, Al, Fe, Cu, Pt, Ni,
Au,... cling dugc st dung lam dién cuc trong mot sb qua trinh khu
va oxi hoa. Pién cyc Sn dugc su dung rong rai trong phan ung khi
hop chét nitro. Pt va Ni rat thich hop trong phan Gmg hydrogen héa
xuc tac.

Viéc lya chon vat liéu anode thudong bi han ché, vi hau hét cac kim
loai bi an mon trong phdn tng anode. Trong trudng hop nay Pt, Au
thuong dugc st dung.

3.1.2.3. Dién cuc graphite

Dién cuc graphite c6 qua thé hydrogen va qua thé oxygen cao
duoc su dung trong ca phan ung khir va oxi héa. Pién cuc graphite c6
gia thanh ré, co tinh dan dién cao, chong dn mon hoéa hoc cao, do bén
co hoc dang ké.

Dién cyc graphite thuong c¢6 dudi mot sé dang nhu graphite x6p,
graphite thuy tinh va graphite bdt nhao.
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3.1.2.4. Dién cuc oxide

Mot s6 oxide kim loai nhu TiO2, MnQO2, PbO2, RuO2 duoc st
dung lam dién cyc trong qua trinh dién hoa, dic bi¢t la qua trinh oxi
héa nho co tinh din dién cao, chdng in mon tt va qua thé thoat
oxygen 1on.

Trong céac dién cuc oxide thi PbO; thuong dugc st dung hon va
c6 kha ning thay thé cac vat liéu anode quy nhu Pt, Au. Anode PbO»
duoc str dung trong cong nghiép dién hoa dé san xuit perchlorate,
periodate, hydroquinone, hydroxylamine, acid carboxylic,...

3.1.2.5. Dién cuc PbO;

PbO; 12 mot chat ran, mau niu thdm, bi acid dic phan huy, tan
cham trong kiém dic khi dun soi, ton tai ca dang vo dinh hinh va tinh
thé. Dang v6 dinh hinh trong sudt, kém bén, d& tan trong acid nén it
dugc chid y. Dang tinh thé bao gom 2 dang thi hinh chu yéu: a-PbO,
va 3-PbO:.

Dang a-PbO: ¢6 ciu triac 6 mang kiéu orthorombic (hé tryc thoi),
c6 thé thu duoc bang phuong phap hoa hoc khi cho acetate chi tac dung
v6i persunfat amoni trong méi truong nude amoniac; hodc bang cach
nau chay PbO v&i hdn hop NaClOs3 va NaNO:s.

_ Dang B-PbO; co cAu trac 6 mang kiéu tetragonal (tr dién), ¢ thé
diéu ché bang phuong phap hoa hoc khi cho Pb(CH3COO); tac dung
véi CaOCls .

Ciing c6 y kién cho rang t6n tai mot dang thu hinh y-PbO, gan
gidng B-PbO> (gia tetragonal) khi cho Pb3Oa tac dung véi hon hop acid
nitric va acid acetic.

Mot s6 tinh chat héa 1y ctia a- va B-PbO, dugc dua ra trong
Bang 3.1.
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Bing 3.1. Mt s6 tinh chdt héa Iy cia 2 dang PbO:

STT Cic thong sb Dang a-PbO: | Dang 3-PbO:2
1 | Dang tinh thé Orothorhombit | Tetragonal
s

Hé¢somang |A| a 4,98 4,945

2 35,969 4,955
b 5,486 3,377
3 | Khéi lugng riéng (g/cm?) 9,75 9,56
0 3

4 | Thé tich nguyén tir {AJ 40,3 41,7
5 | Dién trd suit (Qcm) 4,0 x 107 1,0 x 103
6 | Matdo dién tu (e/cm’) 1,4 x 10! 0,7 x 10!
7 | Do linh dong electron (cm?/S.V) 10 100
8 | Nong do oxy (%) 0,48 0,63
9 | AH;(kJ/mol) -265,95 -276,83
10 | AG (kJ/mol) -217,46 -219,14
11 | UHacia) (V) 1,698 1,69
12 [(cil_l”l{)p (m¥V /%) -0,36 -0,20

trong HoSO4 4,62M
13 | V=0 1,06 £0,01 | 1,15+0,01

(Pién thé diém khong tich dién) ’ ’ ’ ’
14 ?{E’)Sé’ b (phuong trinh Tafel) 0,05+0,07 | 0,12+0,14
15 1o trong H2SO4 va 31,8°C ) 6

(nA/cm?)
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Vé ban chat din dién ciia PbO, cho dén nay van chua thong nhat.
Coy kién cho rﬁng PbO; dan dién kiéu dién tir vi hé s6 Holl ¢6 gia tri
am. Nhung ciing ¢6 ¥ kién cho réng PbO: dan dién kiéu 6 trong (ban
dan kiéu P). Song cac cong trinh déu khang dinh rang, nguyén nhan cua
d6 dan dién tét 1a do khuyét tat trong ciu triic 6 mang tinh thé PbO, (sur
thiéu hut ham luong oxygen so véi ty 16 hop thuc).

Phuong phéap dién hoa c6 thé diéu ché duoc ca o va B hoic (a +
B)-PbOs.

Chi dioxide dan dién tét, ddc biét 1a PbO, két tia bang phuong
phép dién hoa c6 dd dan xap xi voi kim loai (Bang 3.2).

Bdng 3.2. Dién tro cdc dang chi dioxide va mot vai kim loai

Dang vat liéu Pi¢n tré suat (Qcm)
Bang cyc duong acquy (do x0p 46%) 74,0 x 104
Bot PbO» ép (d6 xp 32%) 142,0 x 10

PbO; két tia dién hoa tir dung dich perchlorate (0,94 + 4,05) x 10™
PbO; két tia dién hoa tir dung dich sulfamate 12,0 x 104

B- PbO: (16p day 2,5 pm) 7,0 x 10™*
o-PbO> (16p day 2,5 um) 8,0 x 104
Graphite 0,96 x 10
Thuy ngan 1,2x10*
Bismut 0,22 x 10
Chi kim loai 74,0 x 10

PbO» twong ddi cing (khoang 5 theo thang d6 cimg) nén c6 kha
nang chéng lai sy mai mon. PbO, tro vé mit héa hoc d6i voi hau hét
nhirng tdc nhan oxy héa va nhirng acid manh. Dién cuc PbO; c¢6 qua thé
thoat oxygen cao.

Mic dit PbO; ¢6 nhirng wu diém trong st dung, nhung qué trinh
san xudt PbOs lai twong dbi kho khin. Ferland di tong hop PbO> tir
dung dich Pb(NOs), thu duoc két tia rat gion va dé v&. Tinh chat gion
va khong dong nhit ctia PbO; 12 do su ting giam cta dong két tia va
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anh hudng cua dung dich dién phan (dac biét 1a pH va néng do ion
Pb2*). Mot vai loai dung dich d3 duoc sir dung dé diéu ché két tia PbO,
va d3 tim duoc diéu kién t6i uu cho qua trinh dién két tinh PbO,. V&i
viée st dung ky thuat ma dién hién dai va nhiing chat phu gia thich hop,
da tong hop duoc két tia PbO; c6 do bén cao, ty trong cao va bé mit ¢
dd min cao. Nhiéu nha khoa hoc da nghién ctru tong hop PbO; trén dién
cuc nén hinh tru béng kim loai (Fe, Cu, Ni,...) nhung két quéa khong
kha quan. Pién cuc thu duoc bi thu dong hoda, chat két tua PbO; dé bi
tdch khoi vat liéu nén do hé sb gian nd nhiét cia chung khac nhau. bé
khic phyc nhuoc diém nay, nhiéu nghién ciru da huéng dén tong hop
PbO: 1én dién cuc nén hinh tru bﬁng vat liéu phi kim loai. Tuy nhién,
véi vat liéu phi kim loai thi kha niing dan dién cua ching lai 13 mot van
dé dang quan tam. Mot trong nhitng vat liéu nén khic phuc dugc cac
nhuge diém trén 1a than chi. Do do, than chi da duoc st dung lam véat
liéu nén dé tong hop PbOx.

Su thay thé anode Pt boi PbO; trong viée san xuat mudi Cl O, da

dugc khao sat trudc ndam 1950, nhung phai cho t61 khi mubi NH4ClO4
dugc sir dung 1am chat oxy héa thudc nd ran trong dong co tén lira, thi
viéc nghién ctru st dung PbO2 méi nhén dugc mot sy quan tam moi.
Angel va Mellquist d3 dat dugc hiéu sudt dong 72-79% ma khong c6
chét phy gia. C4c nha khoa hoc Nhat di dung dung dich NaF 2g/L dé
lam tang hiéu suat dong va thu duogc PbO: c6 tinh chét tot tuong tu
anode Pt.

Dién cuc PbO> c6 kha nang hap phu tdt cdc chat nén thuong duge
str dung trong cac qué trinh dién phan téng hop cdc hop chét vo co va
hitu co. Ngoai ra, mot trong nhitng irng dung quan trong va hira hen cho
két qua tot 12 str dung PbO 1am anode trong dién phan oxy hoa cic hop
chat hitu co kho phan huy. Mot s6 nha dién héa méi trudng da nghién
clru qué trinh xtr 1y phenol va hop chéit cua phenol trén anode PbO»,
Ti/PbO; va dat két qua tét khi san phidm cua qud trinh oxy héa chu yéu
la CO2 va HO.

3.1.2.6. Pién cwe bdn din

bién cuc ban dan duoc ché tao tir cac chat ban dan, da duoc s
dung rdng rai trong nghi€n ctru phan ung chuyén electron. Cac phéan
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tmg & dién cuc ban dan khac rat nhiéu so véi dién cuc kim loai. Trén
dién cuc kim loai toc do cta céc qua trinh dién hoa bi khéng ché bai
truong dién tir cao & bé mat dién cuc, con trén dién cuc ban dan toc do
qua trinh chu yéu duge diéu khién boi ndng do vat mang dién tich trong
bé mit. Do do, loai vat ‘mang (electron hay cac 16 trong) trong cht ban
dan c6 thé anh huong rat 16n dén toc do phan img. Mot trong nhing yéu
t6 quan trong cho qua trinh trao ddi electron giita cap oxi hoa - khir va
chét ban din 1a thé cta cdp oxi hoa - khir va mire ning luong ciing nhu
day hoa tri ciia chat ban dan.

Mot s6 dién cuc ban dan c6 tinh chit xuc tac quang goi la dién cuc
quang héa (photoelectrode) dugc st dung trong qua trinh tich Hz va O;
tir nudc; cling nhu duoc st dung trong cic qué trinh tong hop hodc xir
Iy cac chét hitu co trong mdi trudng bang phuong phap quang dién hoa.

So d6 hoat dong cua h¢ quang dién hoa dugc trinh bay & Hinh 3.1.

F——

Dién cuc ban dan Dién cuc ddi

&
g Dung dich

B
Dice

B

Photon

Hinh 3.1. So d6 hoat dong cua hé quang dién hoa [11]

Khi anh sang duogc hép thu trén dién cuc ban dan, cac electron
duoc kich thich dén mirc nang lugng cao hon. Cac electron va cac 16
trng dugc tao ra trén dién cuc ban dan s& tham gia phan ing oxi héa -
khir & hai dién cuc. Cac 16 tréng trén dién cyc ban dan s& tham gia phan
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g oxi héa trén ranh gisi dién cuc ban dan/dung dich; con céc electron
duogc tao ra tir di€n cyc ban dan di chuyén dén dién cuc doi dé tham gia
phan tng khtr.

Hinh anh vé& tng dung dién cuc quang héa duoc trinh bay &
Hinh 3.2.

e

H-0 '\ I-!'( O @ /‘ a

Nafion \
Photoanode Cathode Ti0;

Hinh 3.2. Ung dung cua dién cuc quang héa [11]

3.1.2.7. Pién cwe kim cwong bién tinh boron (BDD: Boron Dope
Diamond)

Dién cuc BDD 1a mét vt lidu dién cuc méi dugc didu ché bing
phuong phap thém boron vao diamon. BDD thuong dugc st dung dudi
dang mang méng bang phuong phap lang dong pha hoi (CVD). Dién
cuc BDD c6 hoat tinh xtc tac thip, c6 qua thé oxi cao nhit trong cac
dién cuc va ciing ¢6 qua thé hydro cao. Do vay, khoang thé ap dung,
cling nhu kha nang trng dung 1am dién cuc cho cac phan trng oxi hoda
va khir dién ctia caa BDD rét cao. Dién cuc nay thuong duoc st dung
cho cac qua trinh xtr 1y cac chit 6 nhidm méi truong bang phuong
phép dién hoa.

3.1.2.7. Dién cuc so sanh

bién cuc so sanh 1a mgt ban pin c6 thé phan irng xac dinh va dugc
su dung 1am thé so sanh trong cac phép do di¢n hoa. The cua dién cuc
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so sanh khong bi thay do1 16n khi c6 dong dién di qua. V€ mat 1y thuyét
bat cit mdt di€n cuc nao ma c6 phan irng dién hoa & bé mat dién cuc do
xay ra vo1 dong trao doi 16n déu c6 thé st dung lam dién cuc so sanh.

bién cuc so sanh 1y tuwong 1a dién cuc c6 do on dinh cao, khong bi
phan cuc khong phu thudc nhiét dg, dé di€u khién, c6 tro thap va khong
lam nhiém ban dung dich nghién ctru.

bién cyc so sanh dugc st dung trong cac qua trinh nghién ctu
dién hoa nhu cuc pho, cyclic voltammetry,... cling nhu trong qua trinh
tong hop dién hoa dung thé diéu khién.

3.2. Mang ngan
3.2.1. Tinh chit chung ciia mang ngin

Mang ngin c6 vai tro quan trong ddi voi mot s qué trinh tong hop
dién hoa, nham ngan cach 2 vung catholyte va anolyte, can tré phan
ung gitra chat tao ra & vung nay va chat tao ra ¢ vung khac dan dén su
xuat hién san pham khong mong muodn, cling nhu han ché mdt s6 phan
ung phu.

Mang ngan 1y tudng c6 mdt s6 dic tinh sau:

- C6 tré nho @i voi sy chuyén dong ion.

- Can tr6 t6i da qua trinh chuyén chat phan tng va san pham.

- Khong bi bit kin trong qua trinh dién phan kéo dai.

- Chiu dung dugc moi truong va nhi¢t do cao.

- Khéng dan dién electron.

- C6 kha ning thim udt tot.

- Bén co hoc, dé tao dang.

- Gia thanh hop ly.

Di nhién, trong thuc té khong ton tai mot loai ‘mang ngan ly tuong;
tuy nhién ciing c6 mot s6 vat liéu théa man mot so tinh chat trén.

Mang ngin dugc chia thanh hai loai chinh: mang ngin x6p va
mang trao doi ion.
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3.2.2. Mang ngin xop (Diaphram)

Loai mang ngin nay chu yéu I ngin kiéu vat 1y, kha ning caa loai
mang nay phu thugc vao kich thudce 16 va d6 xp cia mang. Mang ngin
x6p khong ngin can qua trinh dién chuyén cia cac ion, nhung lam tang
dién tro dung dich dién ly. Do vay, khi sir dung mang ngan x6p can cha
¥ toi sy ti vu gilta chyén dong va giam thé. Kich thude 16 cia mang
phai du nho dé khong cho khi lot qua mang, dong thot sy phén b phai
ddng déu dé 1am tang sy phan bd dong va hiéu suat dong. Piéu nay ciing
6 nghia 1a mang ngin phai dong nhat.

Mang ngin x6p bao gom cac loai sau: mang xenlophan, mang su
x6p, vt liéu amidng, cao su xop, mang compozit vo co.

Mang xenlophan c6 thé duoc st dung ¢ dang hinh 6ng hodac cac
dang khac, thich hop cho cac phan mg dién phan trong mdi
truong acid hodc trung tinh. Mang nay ciing c6 thé dugc dung
v6i moi trudng 50% methanol hodc ethanol, tuy nhién néu nong
do alcohol ddc, mang s€ bi hong. Mang xenlophan c6 tro d6i
v6i chuyén dong nhd, ngan can chat phan mg tot, gia reé.

Mang s X6p chiu dung véi moi truong tot va chiu nhiét do cao,
c6 thé tao dugc nhiéu dang khéac nhau, ngan can chat tot. Song
c6 nhugc diém tré 16n do chiéu day mang.

Mang amiing dugc st dung rong rii dudi dang soi, dang tam
vai,... né bi tan cong cham trong moi trudng acid. Dé ting cac
tinh chét ciia mang amidng, ngudi ta da bién tinh cu tric mang
bﬁng cach tron amiang vdi cao su, than, CaF> hodc S va mot
polymer ctia hgp chat ethylene khong no.

Mang cao su x6p hay con goi la mang compozit vo co - hiru co
dua trén co sé phéi lidu giita cao su v6i cac phu gia tro va tao 16
l1a SiO2 hodc BaSO4 dugc luu hdéa ¢ nhi¢t do cao. Loai mang nay
dap tng nhu cau vé dién tré, do bén héa ciing nhur do bén co.

Mang compozit vo co duge didu ché dua trén cac phdi lidu xi
mang, amiang, cac phu gia tao 16 NaCl, BaSO4. Mang nay dat
cac yéu cau vé do xop, do bén hoa va dién tré. Tuy nhién do
bén co ctia mang compozit vo co thap.
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Ngoai cac loai mang néu trén, mot s6 vat liéu méi da duoc tao xép
v6i mot sb tinh chét tot cua vat liéu mang dé stir dung 1am mang ngin
trong cac qua trinh dién phan nhu: nhua polymer acrylic, P.V.C chloride
héa, P.V.C xdp, polyolefin xdp, polytetrafloethylene, graphite dang vai,
thép khong gi xp....

3.2.3. Mang trao doi ion

Mang trao doi ion 1a cac polymer trao ddi ion ¢ dang tim, chi
c6 kha ning cho céc ion di qua. Mang trao d6i cation chi cho cation
di qua va mang trao doi anion chi cho anion di qua. Mang trao doi
ion c6 do dan dién cia dung dich KC1 0,1 N va ngin can triét dé su van
chuyén cta cac phan tir ciing nhu cac ion ddi. Tdc do khuéch tan cia
mang trao doi ion ndi chung 1a thap hon so véi loai mang ngin xdp.
Mang trao ddi ion it bén co hoc, chiu dugc nhiét d6 nhé hon 70 °C, gia
thanh cao.

Néu mang trao doi ion khong cé cau truc polymer dong nhat, thi
kha nang tham chon lgoc ion cia mang s€ giam.

Mot diéu dang chu y khi sir dung mang trao d6i ion 1a phai ngam
mang trong dung dich dién phan it nhat hai gio trudc khi ti€én hanh
phén Ung.

3.3. Dung dich dién ly, dung méi va chét dién ly thém
3.3.1. Dung dich dién ly

Dung dich dién ly dung trong dién phan phai théa man mot sb yéu
cau sau:

- Dén dién tét.

- Khéng dugc phép din dién electron, vi néu nhu thé thi khong
c6 phéan tng dién héa ¢ di¢n cuc.

- Thé phan huy cua dung dich dién ly phai 16n hon dién thé cac
dién cuc.

- Khong phan tng voi vat ligu thiét bi va chat phan tng.
- Hoa tan vat Iy chit phan tng, ngoai trir hé hai pha.
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- Bén nhiét.

- Ap suét hoi nho, diém séi cao.

- Ty trong nho.

- Giaré.

Dung dich dién ly c6 thé bao gom cac loai sau:

- Mudi néng chay NaCl — LiCl, KCI — LiCl,. ..

- Dung dich dién ly ran.

- Dung dich dién ly long gom dung méi va chat dién ly thém.

3.3.2. Dung moi

Qua trinh dién phan chi c6 thé xdy ra trong mot moi truong dan
dién, va ban chat cua dung moi 1a yéu t6 quan trong. Cac yéu t6 nhu
hoat d¢ proton, khoang thé c6 thé sir dung, hang s0 dién moi, kha nang
hoa tan chat dién ly va chat phan tng, khoang nhiét d6 cho phép, ap
suét hoi, dd nhét, do doc va gia thanh phai dugc lya chon khi xem xét
lga chon dung moi.

3.3.2.1. Tinh chit dung méoi
a) Hoat do proton

Tinh chét ctia proton 1a mdt trong nhitng tinh chit quan trong nhat
clia mdi truong, né c6 thé anh huong dén phan tng dién héa, dic biét
1a phan trng khtr. Nhin chung cac phan trng anode it chiu anh hudéng cta
proton, tuy nhién kha ndng phan Gng ciia mdt vai nucleophile trong
phan tng thé anode c6 thé phuy thudc vao hoat d6 proton.

O ndng d6 proton cao, mdt qua trinh proton chit phan tmg c6 thé
xay ra trude giai doan chuyén di¢n tich. Phan tir proton héa bi khir ¢ thé
kém am hon so v&i phan tir khong proton héa.

Trong dung dich nudc, su thay ddi pH c6 thé 1am thay dbi thir tir
kha nang khu cua cac chat dién hoa, mirc d§ phan ung, cic phan ung
phu cling nhu hoa 1ap thé cua san pham.
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b) Khodng thé dp dung ciia dung méi

Khoang thé ctia dung moi hay con goi 14 cira s6 thé ctia dung méi 1a
thé phan huy cua dung méi trong phan g anode hoac cathode. Thé phan
hay cia dung moéi cang 16n, kha nang st dung ciia dung moi cang cao.

c) Hang so dién moi
Hang s6 di€n moi cua dung moéi anh hudng dén di¢n tré cia méi
truong, kha nang hoa tan cac chat. Cac dung moi c6 hang s6 dién moi

cao 1a rat thich hop, vi cac mudi thudng phén ly tdt trong dung mdi do.
Cac dung moi1 dugc chia thanh 3 nhém chinh:

- Nhom c6 hing sé dién méi cao (D > 60) gdm: nude, formamite,
N-methylamine va propylencarbonate.

- Nhom c6 hang s6 dién méi trung binh (20 < D < 50) gom:
acetonitrile, dimethylformamite, dimethylsunfoxide, methanol,
nitromethane va amoniac.

- Nhém c6 hing sé dién moi thip (D < 13) gdm: acid acetic,
methylendiamine, dioxane, tetrahydrofuran, methylchloride.

d) Kha nang hoa tan cua dung moi

bay la yeu t6 quan trong cua dung moi. Mot vai dung moi co kha
nang hoa tan t6t ca chat hiru co va mudi vo co.

Tinh chét dan dién cia nudce bi han ché boi kha nang hoa tan céc
chat hitu co. Kha ning nay c6 thé dugc ting bang cach sir dung mot hon
hop ctiia nude voi cac dung moi hiru co khac nhu: acetonitrile, dioxane,
ethanol,...

e) Khodng nhiét dg va cdc yéu té khéc

Trong cdc qud trinh dién hoa thi dung méi thuong c6 yéu cau 1a
chat 1ong trong mot khoang nhiét do thich hop va ¢ ap suat hoi khong
cao qua ¢ diéu kién lam viéc.

b3J ddc va mui cia dung méi cling can phai duoc xem xét khi Iya
chon dung méi. P9 nhét ciia dung moi thap sé thich hop vai tinh chét
khuéch tan ciing nhu st dung trong binh dién phan dong chay.
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Gia tri hang s dién méi va khoang thé ciia mot s6 dung moi hiru
co duogc trinh bay & Bang 3.3.

Bing 3.3. Hing sé dién méi va khodng thé ciia mét s6 dung méi hitu
co (dién cuc Pt, 0.IM (C4H9)4NClO4, SCE)

Dung moi Hing s6 dién moi Khoang thé (V)
Tetrahydrofuran 7.6 +1.10 -2.10
Methylformiate 8.5 +1.20 -1.60
Methylenechloride 9.08 +1.35 -1.70
Pyridine 12.0 +1.20 -2.10
Acetone 21.0 +1.00 -1.60
Ethanol 243 +0.65 -1.20
Benzonitrile 25.5 +1.70 -1.96
Methanol 32.6 +0.70 -1.00
Nitromethane 35.7 +1.15 -1.15
N,N-dimethylformamide 36.7 +1.30 -2.60
Acetonitrile 37.5 +2.10 -2.30
N,N-dimethylacetamide 37.8 +1.10 -2.30
Dimethylsulfoxide 46.6 +1.20 -2.70
Propylenecarbonate 64.4 +1.20 -1.50

3.3.2.2. Cac loai dung moi

a) Dung moi sinh proton

Dung moéi sinh proton 13 cac dung madi cé cac proton lién két vai
cac nguyén tur khac loai va bao gom: dung méi acid, dung mdi trung
tinh, dung moi base.

1- Dung moi acid

Dung méi acid gdm cac acid nhu: HxSO4, CH;COOH, HF mét sd
acid khéc: SbFs-SO2, SbFs-FSOsH.
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- Acid sulfuric dic hay lodng 1a dung méi t6t cho mot s6 qua
trinh dién hoa. N6 hoa tan nhiéu hop chét hiru co va phan ly tot
Acid sulfuric proton héa nhiéu hop chat, ngay ca cac base rat
yéu dé tao ra cac dang proton héa bi khir & thé dwong hon so
v61 phan tir trung hoa. Acid sulfuric dugc st dung lam moi
truong cho phan mg oxi héa va khir. Mot hén hop cua acid
sulfuric va ethanol véi ty 1¢ 1:2 12 dung méi rat pho bién cho
cac qua trinh khir dién hoa.

- Acid acetic 1a dung mdi t6t cho nhiéu hop chat hiru co va mot
s0 muoi vo co, nhung c6 hang s6 dién moi1 thap. Acid acetic la
dung moi cho phan trng acetyl hoa.

- Acid hydrofluoric dugc str dung cho phéan tng flo hda dién hoa,
c6 hang sd dién mdi cao. HF ciing hoa tan nhiéu hop chét hitu
co va 1a dung méi proton héa manh. Diém bat loi chinh cta
acid hydrofluoric 1a d6 doc, kha ning dn mon thay tinh va diém
s0i thap.

2- Dung mdi trung tinh
Loai dung moi nay gom nudc, rugc don va da chirc, monoether.

- Nudc 1a dung méi tét cho cac qua trinh dién hoa véi cac uu
diém vé héng sb dién méi, do nhot khong ddc,... Tuy nhién,
kha ning hoa tan cic hop chit hitu co cua nudc kém, do vy
mot hon hop cia nudce va ruou thuong duoce sir dung.

- Methanol c6 tinh chét dién hoa giéng nudc, rat thich hop cho
phéan tng oxi héa loai Kolbe va phan trng methoxyl hoa. Véi
cic qud trinh khir, methanol c6 kha ning thay nudc dé lam ting
d6 hoa tan cac hop chét hitu co.

Ngoai ra, cdc alcohol khéc nhu ethanol va alcohol bac cao cling
c6 thé su dung trong hon hop voi nude dé lam dung moi.

3- Dung moi base

Dung modi base sinh proton gdom amoniac va cdc amine bac mat,
bac hai. Cac dung méi nay duoc st dung trong dién héa nho kha nang
solvat hoa electron cua chiing va céc electron solvat héa nay c6 tinh khu
dac biét.
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- Amoniac dugc sir dung lam dung moi trong khoang nhiét do rat
thdp (-77,7 dén -33,4°C). Amoniac ¢o hang s0 dién moi trung
binh va c6 kha ning hoa tan t6t cac mudi vo co. Amoniac duoc
stt dung hau hét trong cac phan tng khir cathode va mot vai
phan rng oxi héa.

- Methylamine c6 tinh chat dién hoa giéng nhu amoniac, mic du
n6é c6 mii khé chiu va diém soi thip. Hang sé dién moéi cua
methylamine réat thap (11,4 & -10°C), nhung ciing c6 thé sir
dung lam dung mdi trong qua trinh dién phan mutc d6 san xuat
khi dung LiCl lam chat dién ly thém. Methylamine chi duogc str
dung cho cac qué trinh khtr, dac bi¢t lam dung moéi cho phan
ung tao electron solvat hoa.

- Ethylendiamine (EDA) 1a mot amine bac mot c6 hang sd dién
moi giong methylamine. N6 hoa tan nhiéu mudi vo co va la
dung moi tot hon amoniac cho nhiéu hop chat hitu co.

Ethylendiamine dé bi oxi héa & anode, do vay chi dugc dung trong
qué trinh khur.

b) Dung moi khong proton

Dung moi khong proton duge st dung trong nhiéu truong hop
khi cac dung dich nudc c6 nhitng tinh chat khong mong mubn. Co ché
phan Ung trong cac dung moéi khong proton don gian hon trong dung
moi proton.

- Acetonitrile la dung m6i khong proton c6 cuc, thuong dung
trong phan tng oxi hoéa va khu. N6 la dung moi rat tot cho
nhiéu chét hitu co va mdt s6 mudi vo co, acetonitrile tron 1an
v&i nude.

- Dlmethylformamlte (DMF) 1a dung méi phén cyc ¢6 hang sb
dién moi gan bang hang s0 dién mdi cua acetonitrile. N6 1a
dung moéi tét cho nhiéu hop chét hiru co. Nho ¢6 tinh chét
nay DMF duoc str dung rong rai trong dién hoa, tuy nhién
DMF dé bi thuy phan tao thanh dimethylamine c6 kha ning
bi oxi hoa.
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N. methylpyrrolidone (NMP) 1a dung méi it bi thity phan, c6 hang
s6 dién méi trung binh va c6 kha ning hoa tan mot sé mudi va
hop chét hitu co. Ciing nhu DMF, NMP chi duge dung trong qua
trinh khtr cathode va bi han ché d6i v6i phan timg oxi héa anode.

Hexamethyl photphoamite (HMPA) la mot dung moéi ¢6 cyc va
c6 kha ning dang ké dé solvat hod electron. Ngay cé trong hdn
hop vd&i ethanol, qua trinh khir qua electron solvat hod cling co
thé xay ra. HPMA tron 1in hoan toan véi nudc va cling nhu
DMF, HPMA khong thich hop cho phan img anode vi nguyén
tr nito amit dé dang bi mat electron.

Pyridine 1a mot bazo manh va 1a nucleophile tdt. Miac du co
hang s6 dién moi thip, nhung pyridine hda tan nhiéu mudi nén
dung dich c6 d6 dan dién tot. Pyridine 1a dung mai tot cho nhiéu
chat hitu co, va dugc ding trong phéan tng cathode.

Dimethyl sulfoxide (DMSO) la dung mdi cho nhiéu mudi vo
co va hop chat hitu co, co hang s6 dién moi cao, co do doc thap;
tuy nhién n6 chuyén qua da rat nhanh. DMSO dugc st dung
trong qua trinh oxi héa va khir.

Ngoai ra con mot s6 chat duoc sir dung 1am dung méi khong
proton nhu: sulfolane, propylene glycol sulfite, nitromethane,
nitrobenzene, propylencarbonate, cic ether, methylchloride. Tuy
nhién vi cac dung mdi nay c6 hang sd dién moi thap va thuong
bi gi61 han trong phan tng cathode hay anode, nén it dugc diing
rong rai.

3.3.3. Chit dié¢n ly thém

Trong dung dich dién phan ngoai dung méi va chét phan g con

c6 mot sd chat dién ly va co thé c6 cac chat doéng vai tro xac tac cho
phan tng. Chét dién ly thém dugc dua vao dung dich nhu mot chat dién
gidi, lam tang do dan dién cua dung dich. Su lya chon chét dién ly thém
phu thudc vao céc tinh chat nhur d hoa tan ctia n6 trong dung méi, hang
s6 phan ly, d6 linh dong, thé phong dién va hoat do proton.

Trong dung dich dién phén, cac chit dién ly thém duogc phan ly

thanh cdc cation va anion. Cac ion nay phai c6 tinh chat di¢n hoa thoa
man yéu cau cia mdt qua trinh dién phan.
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3.3.3.1. Anion

Trong cac phan tmg oxi héa anode, lya chon anion 13 mot yéu to
quan trong nhat. Céc anode phai c6 thé anode cao, ngoai trir trong phan
mg oxi héa anode gian tiép, khong tham gia phan tng hoa hoc véi cac
chat phan tng.

Mot s6 anion thudng duoc sir dung trong cac phan Gng anode nhu
perchlorate, tetrafluoborate, hexafluophotphate, nitrate,...

- Perchlorate: Ion perchlorate (C1047) c6 thé phong dién rat cao,
dugc dung trong nhiéu dung moi httu co dudi dang muoi
NaClOys, LiClO4, R4NC1Os4.

- Tetrafluoborate: Thé phong dién cua ion tetrafluoborate duong
hon so v&i ion perchlorate. Mubi tetrabutyl
amonitetrafluoborate chi tan nhe trong nudc, nhung tan trong
cac dung méi hiru co. Tinh chat hoa tan ctia n6 rat thich hop dé
str dung trong cac qua trinh dién phan san xut.

- Hexafluophotphate: Ion hexafluophotphate co thé phong dién
duong hon tetrafluoborate, dugc st dung nhiéu trong dung moi
hitu co.

- Benzene sulfonate: Cac benzene sulfonate dugc su dung trong
dung dich cac chat hitu co trong moi truong nude. Hi¢u Gng
hudng nudce cua no6 tdng khi & dang muoi vao1 amoni bac bon,
benzene sulfonate dugc st dung cho qua trinh oxi héa va khu.

Ngoai ra con c¢6 mot sO anion nhu ion carbonate,

tetramethylaluminate, tetraphenylborate,... cling dugc st dung lam
anion trong cic qud trinh oxi hda anode.

3.3.3.2. Cation

Thé khtr cathode cua cation 1a yéu té xac dinh kha nang su dung
cuia né trong phan ng dién hoa, vi vay trong thyuc té chi c6 cac ion
kiém, kiém thd cing v6i ion NHy* va BusN* dugce sir dung.

- Ion lithium: Nhiéu mubi lithium nhu LiClO4, LiCl hoa tan trong
cac dung moi khong nude. Thé khur ciia Lit phu thude vao dién
cuc va dung moi.
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- lon sodium: Trong dung dich dém nudc ion Na™ la cation phd
bién nhung trong cac dung mdi khong nudc, thuc t€ chi co
NaClO4 dugc st dung.

- Ion tetraalkylammoni: Nhitng mubi amoni bac bodn R4N* dugc
sit dung phd bién 1a tetrabutylammoni perchlorate (TBAP),
tetrabutylammonihalogen (TBAC, TBAI, TBAB) va mot sb
mudi alkyl khdc. Ion tetraalkylammoni hoa tan trong nhiéu moi
truong khong nudc, thé khir ciia cac ion ndy rat Am. Trong dung
dich nudc, cac ion tetraalkylammoni dugc hép phu ¢ dién cuc,
hinh thanh 16p ¢6 hoat d proton thap. Tinh chat hp phu cua
ion phuy thudc vao thé dién cuc, vat liéu dién cuc, thanh phén
cua moi truong va kich thude cua cation.

Bdng 3.5. Thé oxi héa va khur cua cdc anion va cation trong

acetonitrile
Anion Thé oxi héa (V) | Pién cwe lam viée | Dién cwe so sanh
CNS- +0.55 Pt SCE
Cr +1.10 Pt SCE
Br +0.70 Pt SCE
I +0.30 Pt SCE
ClO4 +0.60 Hg SCE
ClO4 +2.10 Pt SCE
BEy +2.91 Pt Ag/10”M Ag*
PFe +3.20 Pt Ag/10”M Ag*
Cation Thé khir (V) Dién cuc lam viéc | Dién cuc so sanh
Li* -1.95 Hg SCE
Na* -1.85 Hg SCE
K* -1.96 Hg SCE
Rb* -1.98 Hg SCE
Cs* -1.97 Hg SCE
NH4* -1.83 Hg SCE
(C4Hg)aN* -2.20 Hg SCE
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3.4. Binh dién phan

Mot s6 van dé can duoc xem xét khi thiét ké binh dién phan nhur
sy phan bd thé & dién cuc lam viée, vi tri cia dién cuc so sanh, dién tré
ctia binh, qué trinh chuyén khdi va chuyén nhiét, yéu ciu ctua mang
ngan,...

Trong qua trinh tong hop dién hoa cac hop chat hitu co cling nhu
vO co nguoi ta thuong st dung hai loai binh dién phan: di¢n phan gian
doan va dién phan lién tuc.

3.4.1. Binh di¢n phan gian doan

bién phan gian doan 1a qua trinh di¢n phan tirng mé va dugc chia
thanh hai loai: c6 mang ngan va khong mang ngan.

3.4.1.1. Binh dién phdn khong mang ngan

Do 1a binh thuy tinh hodc plastic, chtta dung dich di¢n phéan va céac
dién cuc nbi vai nguén dién mét chiéu DC. Cac dién cuc 1am viéc cé
thé 1a dién cuc ran dudi dang ludi, tAm phéng, tru,... hoac la dién cuc
long nhu Hg. Khodng cach ciia dién cuc cang nho cang tot nham dé
giam dién tr¢ cua binh (Hinh 3.3).

w
= ey

=

1. bién cyc phu

2. bién cuc lam viéc
3. Canh khudy

4. Binh phén ting

5. Binh lam lanh

TR M e P, s

Hinh 3.3. So do binh dién phén khéng mang ngan [8]
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3.4.1.2. Binh dién phdn co mang ngdan

a) Binh dién phdan chit H

bay la loai binh dién phan co kich thuéc nho va chi dugce s dung
trong cac qua trinh dién phan ¢6 nho. Binh chir H gdm 2 ngin cich nhau
bang mot mang ngin. Viéc thiét ké binh tiy thudc vao loai dién cuc va

mang ngan st dung. Trong binh dién phan chir H, dong va thé phan bd
khong déu (Hinh 3.4).

V/F Pién cuc \V

Mang ngén

v
|

Hinh 3.4. So do binh dién phan c6 mang ngan chit H [12]

b) Binh dién phan hinh tru

Pé khic phuc tinh chit phan b6 dong va thé ciia binh dién phan
c6 mang ngan chitr H, nguoi ta st dung binh dién phan mang ngén hinh
tru. Trong binh di¢n phan hinh try, cac di¢n cuc ran dang tru dugc ngan
cach boi mdt mang ngédn hinh try. Loai binh di¢n phan nay da duoc su
dung trong viéc nghién ctru mot sd qué trinh khir cathode (Hinh 3.5).

Mang ngén \
| e

Pién lam viéc

Dién cuc phy

Hinh 3.5. So' do binh dién phdn co mang ngan hinh tru [12]
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3.4.2. Binh dién phan lién tuc

Qua trinh dién phan lién tuc dugc sur dung trong cong nghiép dién
héa dé thay thé cho qua trinh gidn doan.

Trong qua trinh dién phan lién tyc, dung dich dugc bom tuan hoan,
qua trinh trao doi nhiét duoc thyc hién bén ngoai binh phan ting, nong
d6 chat phan tng dugc bd sung va san pham dugce tach lién tuc tao didu
kién thuén lgi cho phan tng dién hoa.

Binh dién phan lién tuc cling dugc chia thanh hai loai ¢c6 mang
ngan va khong mang ngin, véi cac thiét bi duge phan bd nhu binh dién
phan gian doan. So do chung cho binh dién phén lién tuc dugc trinh bay
o Hinh 3.6.
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Hinh 3.6. So do dién phan lién tuc [12]

3.5. Hi¢u suit khong gian - thoi gian, hi¢u suat dong

Muc dich cudi cing cua cic qua trinh tong hop 1a dat hiéu suat
cao nhét trong dleu kién phan tmg. Dbi vé6i tong hop dién hoa hiru co,
khai niém hiéu suat khong gian - thoi gian va hiéu suat dong thuong
duoc quan tam.

3.5.1. Hiéu suit khong gian - thoi gian

Hiéu suat khong gian - thoi gian 1a ty sd giita lugng san pham
mong muon thu dugc trong mdt don vi thoi gian trén don vi thé tich
dung dich d6i voi hé phan rng da cho.
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Vo= (3.3)
v.t

trong do:
m - khéi luong san pham;
v - thé tich thiét bi phan tng;
t - tho1 gian phan Gng.

3.5.2. Hiéu suat dong phan \ng

Hiéu suat dong phan ung 1a ty sO tinh theo phan trim giita luong
san pham mong mudn thu duoc tir ‘thuc nghiém trong qua trinh dién
phan voi lugng san pham mong mudn tinh theo phuong trinh Faraday:

Mgy

Y% = .100 3.4)
My
\ZH
mm - luong san phém thu duogc tr thuc nghiém:;
myi - lwong san pham tinh theo phuong trinh Faraday.
my = q.I.t (3.5)
trong do:
I - cuong do dong dién phan (A);
t - thoi gian dién phan (s);
q - duong luong dién hoa cua chét dién phan.
_A A
7 0F ~ nx96500

A - khbi luong mol phan tir chat dién phan;
n - s6 electron tham gia phan tng.

Vi du xét phan ung khtr acetone sau:

HaC 2e, 2H* HsC
)zo >—DH
HiC HaC
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Dién luong can thiét dé tao ra 1 mol isopropylalcohol 14 2 x 96.500
(C). Khi n mol isopropylalcohol dugc tao thanh tir 1 mol acetone khi
cho dién lugng di qua la Q (C) thi hi¢u suat dong phan ung la

Y= %.100%. Hiéu suét dong phan tng nho hon 100% vi

dung moi, chit dién ly thém,... c6 thé tham gia qua trinh dién hoa trén
dién cuc.

3.6. Piéu khién dién tich dién curc

Dién tich dién cyc 1a tinh chat dic trung cho kha nang tiép xuc
ctia dién cuc véi cac chat phan tng trong dung dich. Pién cuc co6 dién
tich cang 16n thi khé nang tiép xuc cang cao. Dién tich bé mat dién cuc
phu thudc vao hinh dang | thiét ké cua dién cuc. Ngoai cac dién cuc dang
thong thuong nhu dang tam, dang long, ngudi ta con tao ra cac loai dién
cuc ludi, dién cuc x6p, dién cuc dang vién bi xép chdong 1én nhau dé
tang dién tich cua dién cyc.

3.7. Phwong phap dién phan

Tir cac két qua ctia nghién ctru dudng cong phan cyc dong - thé,
cuc pho va cyclic vontammetry, nguoi ta tién hanh dién phan dung dich
v6i thiét bi cung cap dong mdt chi€u, do 1a chinh luu c6 diéu chinh dong
va the.

Tong hop dién hoa cac hop chat hitu co ¢ thé dugc tién hanh bqﬁng
phuong phap dong khong doéi hodc bang phuong phép thé khong doi.

3.7.1. Phuong phap dién phan dong khong doi

Phuong phap dién phan dong khong d6i duoc tién hanh trong mot
thiét bi don gian. Hi¢u suat phan (mg va do chon loc san pham dugc
diéu khién bang mat do dong dién va lugng di¢n tiéu thy. Vi mat do
dong c6 lién quan dén thé ap dit, do do sy thay d6i mat déng dong dan
dén su thay doi thé. Mat do dong str dung phu thudc vao néng do chat
phan tng. Khi ndng d6 chat phan tGng thap thi mat do dong thap va
nguoc lai. Luong dién di qua h¢ dién phan duoc tinh todn theo phuong
trinh sau: Q =1 (A) . t (s). Vi du néu qua trinh dién phan ctia chat phan
ing c6 trao doi 2 electron, lugng dién 1y thuyét 1a 2F (2 x 96.500 C).
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Khi lugng dién nay chia dong dong dién 4p dat I (A) thi ta co thé tinh
dugc thoi gian cua qua trinh dién phan.

Hinh 3.7a cho thay thé dién cuc thay doi khi nong d6 chat phan
g giam theo thoi gian dién phan (thé dich vé phia dwong ddi v6i qua
trinh oxi héa va dich vé phia am dbi voi qua trinh khtr). Do d6, &6 chon
loc san pham va hiéu suat dong giam trong dién phan dong khong doi.
Tuy nhién, phuong phap dién phan dong khong d6i co thiét bi don gian
va dé diéu khién nén trong tong hop dién hitu co & muc do san xuat
ngudi ta thudng sir dung phuong phap dong khong doi.

Dong (I)

Hiéu suat dong
—

~

N ~
" Néng 4 (ON ;
~. \ The (E)
. P
\.,\“ \ "’_/
—-—.—-_l_'_\.h\—k‘
.\..\,.5\.._
Thoi gian di¢n phan Thoi gian dién phan
@ (b)

Hinh 3.7. Sy thay doi ciia mét sé théng soé theo thoi gian trong qud
trinh di¢n phan theo phirong phdp dong khong doi (a) va the khong
doi (b)

3.7.2. Phuong phap di¢n phan thé khong doi

Dbi v6i phuong phap dién phan thé khong doi, ngudi ta ding thiét
bi potentiostat dé gilr thé ctia dién cuc lam vi¢c & giad tri mong muon so
vO1 dién cuc so sanh (Hinh 3.8).

Phuong phap dién phan thé khong d6i cho phép thu dugc san
phém c6 do chon loc cao tuy thude vao thé ap dat ¢ dién cuc. Trong
mot sd trudng hop cua dién phan thé khong doi, ngudi ta con sir dung
thiét bi dién luong ké (coulometer) dé do dién luong tiéu dung trong
qua trinh dién phén, tir d6 c6 thé xac dinh gi4 tri n ctia phan tng dién
cuc va hiéu suit dong cua qua trinh tong hop dién hoa.
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Ngoai ra, mot sb thiét bj tw dong nhu may diéu chinh pH, may
di€u nhiét cling dugc s dung trong qua trinh dién phan tong hop céc
chat hitu co.

: Potentiostat
90 9 O T
‘ O OoOoooo
Cau mudi
Dung dich KC1 .
Nhiét ké
Hg + Hg,Clo
Hg Valve
[ T p——
Pién cuc so sanh Calomel bdo hoa
WE e
|~ CE
Mao quan Luggin 1] .
TanSes | . Thanh khudy 6
! .l
)

Hinh 3.8. So do thiét b hé dién phén bang phiong phap thé khong
doi [8]

3.8. Uu diém ciia phwong phap tong hop dién hoéa hiru co

Téng hop céc chat hiru co bang phuong phap dién hoa c6 mot sO
vu diém so véi phuong phap hoa hoc truyen thong nhu: phan Ung thyc
hién trong cac thiét bi don gian, d& diéu khién, xdy ra ¢ nhiét do va ap
suat thuong. Phan tng dién héa co tinh chon loc cao vi qué trinh oxi
hoa va khur dién hoa xdy ra & mot gia tri thé x4c dinh; do d6 nguoi ta cd
thé khéng ché thé trén bé mit dién cuc dé phan ing xay ra theo hudng
tao ra san pham mong mudn. Tong hop dién hoa hitu co duoc xem 1a
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mot phuong phap hoéa hoc xanh vi chi st dung tac nhan phan Umg la
dong electron cua nguon dién, khong can chit oxi héa hodc chat khir
bén ngoai nén han ché t6i da viéc gdy 6 nhiém méi truong, it co san
pham phy, san pham tao ra d& tach chiét, gia thanh thap hon so voi
phuong phap tong hop hoa hoc.

Qua trinh tong hop dién hoa co thé dugc tién hanh trén thiét bi lién
tuc va trén day chuyén gdm nhiéu binh phan tmg mic ndi tiép hoic mic
song song. Pong thoi viéc chuyén tir quy md phong thi nghiém sang
quy md cong nghiép twong ddi dé dang thuc hién.

Noi dung 6n tap

1. Trinh bay cac tinh chat va yéu cau cia dién cuc trong tong hop
dién hoa hiru co.

2. Hay cho biét nhitng yéu cau cia chat dién ly thém trong nghién
ctru dong hoc va tong hop dién hoa hitu co.

3. Trinh bay cic tinh chét va vai trd ciia mang ngin trong tong hop
dién hoa hiru co.

4.  Trinh bay cac tinh cht va vai tro ciia dung mdi trong téng hop
dién hoéa hitu co.

5. Trinh bay vu va nhuoc diém cua hai phuong phap tong hop dién
héa hiru co:

- Phuong phap dién phan dong khong doi.
- Phuong phap dién phan thé khong doi.
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Chwong 4
QUA TRINH KHU CATHODE
CAC HQP CHAT HU'U CO

MUC TIEU

1. Trinh bay co ché qua trinh khir truc tiép, gian tiép trén dién
cuc cathode.

2. Trinh bay cac qua trinh khir cathode trong tong hop dién hoa
hiru co.

3. Ung dung cua qua trinh khir cathode trong san xuat cac hoa
chat cho cong nghiép va trong xtr ly moi truong.
4.1. Co ché qua trinh Khir cathode

Qua trinh khir dién hoa cac hop chét hitu co trén cathode c6 qua
thé hydrogen cao va thap trong dung dich xay ra theo hai co ché chinh:

- Co ché kht truc tiép;
- Co ché khtr gian tiép.

So dd qua trinh khir cathode tryc tiép va gian tiép dugc trinh bay
0 Hinh 4.1.

Cathode Cathode
Chét phan (mg ox Chét phan g
e €
Chim \ Nhanh Nhanh
San phim Red Séan phim
(@) (b)

Hinh 4.1. So do qud trinh khir cathode truc tiép (a) va gidn tiép (b)
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4.1.1. Co ché qua trinh khir truec tiép

Phan tGng khir trire tiép cac hop chét hitu co & cathode 14 phan Gmg
dién hoa di theé, xdy ra qua hang loat cac giai doan ndi ti€p nhau. Toc
do phan tng dugc xac dinh bang mot trong cac giai doan sau:

- Chuyén chat hitu co téi bé mit dién cuc bang khuéch tan hodc

dién di.
- Céc chit hitu co tham gia vao 16p dién kép.
- Céc chat hitu co nhan electron tir dién cuc dé tao anoin géc.

- Anion gdc hitu co két hop véi proton dé tao thanh hgp chat méi.

Co ché chung cho qua trinh khir truc tiép:
R+e— R
R+ H30* — RH + H,0
Ngoai ra, trong qua trinh phan irng con c6 nhirng giai doan trung
gian cua céc phan ing hda hoc xdy ra trudc hodc sau phan ung dién
héa, do d6 1am thay do61 ban chat cia phan ing dién cyc cling nhu dnh
hudng dén toc do cua qua trinh khir.
Ving thé khir ciia mot s6 nhém chire dugc trinh bay ¢ Hinh 4.2.

+0.5 0 0.5 -1.0 2.0 3.0
I l

Quinone Ketones ‘

Nitro Quaternary Ammonium
| Gem polychlorides |

Mono chlorides l

Gem polybomides

| Benzyl, allyl bromide | Mono-bromides

I
Activated olefins

| Todies |
Aromatics I

| Organo — sulfur

| | |

T T T

+0.5 0 -0.5 -1.0 -2.0 -3.0
Potential (V vs SCE)

Hinh 4.2. Ving thé khir ciia mot s6 nhém chire
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Bang 4.1 trinh bay thé khtr ctia mot s6 hop chat hiru co dién hinh.

Bing 4.1. Thé khir ciia mét s6 hop chat hitu co dién hinh

Hop chit Chit dién ly/dung méi  Thé  Dién cuc
V) so sanh
Halogen
Chloromethane EtsNCIO4/DMF -2.76 SCE
t-Butyl chloride EtsNC104/DMF -2.60 SCE
t-Butyl bromide EtsNBr/DMF -2.19 SCE
t-Butyl iodide BusNBF+/DMF -1.91 SCE
Carbonyl
Acetone EtsNBr/DMF -2.84 SCE
Acetophenone LiOH/75% Dioxane -1.26 SCE
Formaldehyde pH=38 -1.22 NHE
Acetaldehyde pH=9.1 -1.51 NHE
Benzaldehyde NH4Cl/40% EtOH -1.32 SCE
Quinones
1,4-Benzoquinone 50% EtOH 0.71 NHE
1,4-Naphtoquinone 50% EtOH 0.49 NHE
9,10-Anthraquinone 95% EtOH 0.16 NHE
Olefins
Styrene BusNI/DMF -2.45 SCE
trans-Stilbene BusNI/DMF -2.30 SCE
cis-Stilbene BusNI/DMF -2.07 SCE
Aromatic
Benzene BusNBr/Me.NH -342  Ag/Ag”
Naphthalene BuwNB1r/Me>NH -2.53  Ag/Ag*
Anthracene BusNBr/MeNH -2.04  Ag/Ag*
Pyrene BusNBr/Me.NH -2.29 Ag/Ag*
Biphenyl NaBPh4+/THF -2.68 Ag/Ag*
Furfural Britton — Robinson/HO  -1.04  Ag/Ag*
Nitrogen va sulfur
Nitromethane pH =7/H,O -0.88 SCE
Nitrobenzene pH = 7/80% dioxane -0.62 SCE
Diphenyl disulfide BusNI/DMF -2.75 Ag/Ag*
Benzenesulfonic acid MesNCl/dioxane -1.50 SCE
Methyl phenyl sulfone ~ BusNBr/DMF -2.40 SCE
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4.1.2. Co ché qua trinh khir gian tiép

Trong qua trinh khtr cathode gian tiép, cac chat hitu co 'khong tham
gia phan ng trao d6i electron ¢ dién cuc, ma bi khir gian tiép théng qua
mot chit trung gian. Chit trung gian c6 thé 13 mot cau tu cua dién cuc
cathode (qua trinh xtc tac khir dién hda) hodc mot cAu to duge hinh
thanh trong dung dich dién phan.

Quia trinh khir xtc tac dién hoa 1a qua trinh khir boi cathode hon
héng. Cac dién cuc hon héng dugc hinh thanh nho phan ung khir cua
cac mudi kim loai hodc mudi tetraalkylamoni ¢ cathode thuy ngan. Hon
héng tao thanh s& khir cac hop chat hitu co.

Co ché qua trinh khir gian tiép bang dién cuc hdn héng nhu sau:
Me* +e — Me
Me + Hg — Me(Hg)
Me(Hg) + R — R+ Me* + (Hg)
R + H3O* — RH + H>0

Kha niang khir ciia hdn héng phu thudc vao ban chat kim loai, ndng
do kim loai va trang thai bé mat cia hon hong.

Su ¢ mit ctia mdt sd ion kim loai ton tai & hai trang thai oxi hda
va phan (mg chuyén hai muc oxi héa cia n6 & dién cyc ciing nhu trong
dung dich ciing 1a mot phurong phéap khir gian tiép. Ion kim loai c6 mirc
oxi héa cao bi khtr ¢ cathode dé tao thanh ion c6 mirc oxi héa thip va
ion nay sé& khtr chét hitu co.

Co ché phan tng:
Me™ +xe — Me®»*
Me™¥* + xR — Me™ + xR-
R+ H3O0* — RH + Hx0

Mot sO cap oxi héa/khir thuong duge str dung trong qué trinh khir
gian tiép nhu: Ti*/Ti**, Cr’*/Cr**, Cr®/Cr**, Sn**/Sn**, Fe**/Fe**,
Cu?*/Cut,...
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Ngoai ra, phan tmg khtr ciia hop chat hitu co R & cathode qua thé
hydrogen thap trong moi truong proton ciling cé thé xay ra bang con
duong hydrogen héa dién hda nhu sau:

H;0" +¢ Hags +HyO

Hads + R—— RH

Co ché phan ung dién hoa hydrogen héa giéng co ché hydrogen
hoa xuc tac va dugc img dung trong qua trinh khur cac hop chat hitu co
khong no nhu lién két bdi C-C, aldehyde, ketone,... véi cathode c6 tinh
Xuc tac.

4.2. Qua trinh hydrogen héa

4.2.1. Hydrogen héa cac ndi ddi, néi ba mach thing

Qud trinh hydrogen hoa cac néi d6i, nbi ba trong hé mach thang
6 thé xay ra qua con duong gian tiép (hydrogen héa xuc tac dién hoa)
hoic bang qua trinh chuyén electron tryc tiép dén lién két d6i C = C.

Trong phuong phép xuc tac dién hoa, dau tién hydrogen dugc hinh
thanh trong méi truong acid trén dién cuc Pt, Pd hoat hoa hoac trong
moi truong kiém trén cathode Ni — Raney. Sau d6 nguyén tir hydrogen
hap phu hydrogen héa xiic téc lién két doi.

2Hads

2H* + 2e

/\C = C< + 2H, 45 L»/\%_ (E{(

Con trong phuong phap hydrogen héa truc tiép, qua trinh xay ra
theo co ché ndi tiép dién hoéa (E) — hoa hoc (C): E.C.E.C. Electron o
dién cuc tan cong vao lién két doi C = C dé tao thanh anion gbc, anion
gbe nay cong proton trong dung dich dé tao thanh goc va bi khur sau
hon dé tao ra anion, sau d6 anion dugc proton héa tiép dé cho din xuét
dihalogen.
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Co ché hydrogen héa tryc tiép lién két d6i xay ra nhu sau:

>C=C< +e—» [>C- C<](_._) (E)

l>’C - (.2<](_'_) + H——>>CH-C< (O

>CH-C<+ ¢ ——[ >CH-C4 “ (E)

(=)
[>CH-C<] + H——» >CH-CH< (C)

Co ché khac nhau ¢ hai phuong phap hydrogen héa ciing dugc
phan anh trong hoa lap thé ciia san pham. Qua trinh hydrogen héa xiic
tac cho san pham 1a cis-dihydrogen; con qud trinh hydrogen héa truc
tiép theo co ché E.C.E.C thi san pham chinh 1a trans-dihydrogen.

2e,2H" Pt
= e e Yo
H H
(7] 4 H H (=1
*e >-. ,: H }I _;‘ +e 2 H"
—_— e —
E C E &

Tuy nhién, néu phan tir olefin khong duoc hoat hoa thi qua trinh
hydrogen héa khong thé xay ra, bai vi ning lugng & orbital trong thap
nhit ciia phan tir olefin ndy rat cao, do d6 thé can thiét cho qua trinh
khir khong thé xay ra trudc khi phan ing khir ctia dung méi va chét dién
ly bat dau.

Qui trinh hydrogen héa lién két d6i >C = C< ctia olefin chi xay ra
dbi voi cac olefin hoat héa, nghia 1a cac lién két d6i phai duoc lién hop
véi cac lien két doi khac hodc véi cac nhom hat electron khac nhu:
COR, CN, COOR, C¢Hs,...
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Vi du phan trng khir cua acid cinamic trén cathode thuy ngan:
COOH COOH
=
©/\/ ze ©/\/
Qua trinh khtr alkyl acetylene tao thanh cis-olefin & cathode Ni

x6p trong dung méi proton va tao thanh trans-olefin trong cdc dung moi
solvat héa electron nhu LiCl trong methylamine.

2e.Ni,H* Ri (<R2
1} " \H

Rl-CE C-R2

2e, LICUMeNH, RH\I)C C< H
R,

4.2.2. Hydrogen héa mach vong thom

\J

\

Qua trinh hydrogen héa néi d6i trong mach vong thom phy thudc
vao moi truong phan tng. Trong dung mdi proton, giai doan dau tién 1a
su chuyén mét electron dén hydrocarbon R tao thanh anion géc bén
vitng R". O thé am hon, anion goc bi khir tiép dé cho mot dianion voi
thoi gian ton tai rt ngdn va phan tmg véi proton ctia dung moi dé hinh
thanh mot dan xuét dihydro cua hydrocarbon ban dau. Néu qua trinh
khir dugce tién hanh trong dung méi proton, thi lic d6 anion géc R vira
hinh thanh s& bi proton héa nhanh dé cho géc RH. Goc RH bi khir va
proton héa tiép dé cho dan xuit dihydro ctia vong thom.

Co ché qua trinh khir mach vong thom trong dung méi proton
gidng nhu co ché qua trinh khir cua lién két d6i C = C, d6 1a co ché
E.C.E.C. Co ché nay d3 dugc chimg minh bdi Santhanan va Bard khi
nghién ctru cyc pho cua 9,10-diphenylanthraxene trong DMF.

Hoijtink da nghién ctru phan ing khir cia acid benzoic trong moi
truong kiém & cathode ¢6 qua thé hydrogen cao thu dugc A2
tetrahydrobenzoic:
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+
@ ocog-2e+4H,_ @ OCOH

Phenol ¢6 thé bi khir & dién cuc Pt pht mudi trong dung dich nuédce
acid sulfuric thu dugc cyclohexanol:

OH OH
@ 6e + 4H* @
—_—

Trong cidc dung moi amine bac mot (ethylamine, methylamine)
vo1 sy ¢6 mat cua LiCl, qua trinh khitr dién hoa cia benzene va cac dan
xuét ctia nd ¢ thé thu dugc cac san pham giéng nhu qué trinh khir héa
hoc ctia hgp chat thom dudi anh hudng ciia kim loai kiém (Na, Li) trong
amine bac mot.

Benzene c6 thé bi khir dién hoa dudi cac diéu kién trén thanh 1,4-
cyclohexadiene trong binh dién phan khong mang ngan hoac thanh

cyclohexene trong binh c6 mang ngan.
+ 2e MeNHLl + ze
o SH

Nguyén nhan khic nhau cua san pham phéan mg 13 do su dong
phén héa cua 1,4-hexadiene trong binh dién phan c6 mang ngan dudi
tac dung cua LiNHCH3; tao thanh 1,3-cyclohexadiene lién hop va co thé
bi khir tiép thanh cyclohexene. Trong binh dién phan khong mang ngin,
qua trinh d6ng phan héa khong xay ra.

Mit khac, kha ning phan tng cua lién két doi co lap cho phép tién
hanh qué trinh khtr dién hoa chon loc cuia cadc nhan thom trong cac
alkenyl thom v&i1 mét lién két doi khong lién hop.

Y Y/
©/\/ + 2C,L1C1 ©/\/
— T
MeNH,

93



O muc d6 cong nghiép, qua trinh khir cathode cac lién két doi
trong hop chat thom dugc tmg dung dé san xuét acid dihydrophtalic tir
phtalanhydride:

0
+2e, Pb COOH

; - X
H>0, H2SO4 COOH

0

Hoic qué trinh san xuat piperidine tir pyridine:

4.3. Qua trinh khir cac hop chit carbonyl

Nhém carbonyl ctia cac hgp chat hitu co aldehyde, ketone,
quinone, acid va cac dan xuat 1a nhitng nhoém c¢6 cuc va c¢6 kha nang
phan cuc, nén dé bi anh huong boi dién trudng.

R:C=0 & R,CH - O

Dudi tac dung cua dién trudng, nhom carbonyl ¢ bé mit dién cuc
co hoat tinh dién hda va bi khir tai cathode. Sy khir dién hoa cua cac
hop chit carbonyl 13 mot qua trinh phtre tap, trong d6 cac budc dién hoa
xen k& voi cac giai doan héa hoc thuan tily, xay ra mot phan trén bé mat
dién cyc va mot phan trong long dung dich.

Nhin chung, phan ng khtr dién hoa ctia nhém carbonyl can mot
cathode c6 qua the hydrogen cao nhu Hg, Pb. Song, tuy thudc vao san
pham mong mudn d6i khi can thiét phai thuc hién phan tng ¢ dién cuc
c6 tinh chét xuc tac dé cho phan tng khir hoan toan, mic du qua thé
hydrogen ctia né thip hon qua thé hydrogen cuia Hg hodc Pb.

4.3.1. Qua trinh khir aldehyde va ketone

Bang cic phuong phap cuc phd, cyclic voltammetry va cdc
phuong phap khac, nguoi ta da d€ nghi cac budc khir chung cho cac
hop chat carbonyl cia aldehyde va ketone nhu sau:
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- Mai truong acid:

RCOR' + H=== RC"(OH)R'

RC*OH)R’ + e — RC(OH)R’ Ei
2RC*(OH)R’ — RR’C(OH)C(OH)R’R
RC*(OH)R’ + e — RC(OH)R’ Ex
RC(OH)R’ + H* —- RCH(OH)R’
- Trong moi trudng trung tinh:
RCOR' + ¢ —= RCOR' E3
RCOR' 4 [* —» RCO(OH)R!

>RCO(OH)R'___». RR'C(OH)C(OH)RR'
RCO(OH)R' +e¢ —= RCO(OH)R'  E,
RCO(OH)R' + H* — RCH(OH)R'
- Trong moi truong kiém:

RCOR' + ¢ —» RCOR'

JRCOR' —__» RR'COCORR'

RCOR' 4 ¢ —» RCOR'

RR'COCORR' + 2H* === RR'C(OH)C(OH)RR'
RCOR' + H¥ —> RCOR'

RCOR' +H* === RCH(OH)R'

trong d6 |Eil < I[Eal, IE2l < [Esl, IEsl < [E4l

Qua trinh khir ciia aldehyde xay ra dé dang hon qua trinh khir ctia
ketone va thu dugc san pham khéc nhau tuy thudc vao diéu kién phan
ung, dién cuc su dung va cau tric cua chat phan tng.
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R2C:O

R,CHOH Rzii - ?Rz R,CH,
HO OH
2e
Vi du:
OH
2 +2e, (Hg)
HC"\[)‘\ 10°L NaHCO5  HO
66 /.

San pham hydrocarbon thu dugc khi qua trinh khir duoc tién hanh
trong moi trudng acid manh, trén cac dién cyc xuc tac (Pt, Pd, Cd). Céc
glycol thuong thu dugc trong moi truong kiém voi gbe R ¢6 kich thude
khong gian cong kénh nhu gbc thom, con cac aldehyde mach thang bi
khtr thanh ruou tuong tng.

Qua trinh khtr cac aldehyde c6 thé tao thanh alcohol néu nhom thé
khong tham gia phan ing kht.

qx +2e, 2H% (Zn) qx
0 HZD _ KzHFU&ING zHFD{,] OH

Nhoém carbonyl ctia cac polyhydroxyl bi khir & dién cuc cathode,
vi du nhu glucose thanh sorbitol.

CHoOH CH=0
- +2e,(Ra-Ni) —

Eim 80-100 */ [t

CH20H CHo0H
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Cic aldehyde thom va alkylarylketone ciing ¢ thé bi khir thanh
alcohol hodc glycol tuy thdc vao pH ctia moi truong. Trong moi trudong
acid, sy khur 2 electron thu dugc alcohol, con trong moi truong kiém
thu dugc san pham glycol chiém ty 1¢ kha 1on.

0 OH OH
- : *
@)’\R +e ©)\H +e H @)\H

Nhom carbonyl cia cac aldehyde di vong bi khtr thanh hydroxyl.
Tuy nhién, sy héa nhya trong méi truong acid c6 thé 13 mot phan Gng
phu khong mong mudn, vi du phan ung kho furfural thanh
furfurylalcol. Céc aldehyde di vong ton tai & dang gem-diol hydrat
khong bi khtr nhidu hon dang gem-diol cua aldehyde mach thang va
thom; do vay trong qua trinh khir trudc hét chung phai duoc chuyén
thanh dang khong hydrat hoa. Trong méi trudng kiém manh, aldehyde
di vong bi khir thanh glycol.

Qua trinh khtr dién hda cac ketone thanh alcohol bac hai xay ra
dudi cac diéu kién twong tu nhu qua trinh khir aldehyde. San pham thu
duoc ngoai alcohol, con co thé 13 pinacol hodc hydrocarbon. Két qua
nay duoc Stocker va Jenevein giai thich 13 do sy két hop cta gdc trung
tinh va anion gdc cua ketone.

Doi véi cac ketone ma trong d6 nhom thé nam & cac vi tri khac
nhau trén nhan steroid thi nguoi ta thay rang kha nang khir ¢6 li€n quan
té1 sy anh huong khong gian cua nhom carbonyl.
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4.3.2. Qua trinh khir cia cac quinone

Trong moi trudong proton, quinone bi khir thudn nghich thanh
hydroquinone:

o:@ —O +2e + 2Ht =—— Ho_® OH

Con trong mdi trudng kiém, semiquinone trung gian duoc hinh
thanh qua phan ung khir 1 electron, goc nay c6 thé tham gia phén ing
dime héa goc tao thanh quinhydrone.

Mot sb dan xuat o, B-anthraquinone ciing bi khir & dién cuc Hg
trong DMF theo co ché tao anion goc dé di€u ché cac hop chat khac nhau.

4.3.3. Qua trinh khir cia acid carboxylic

Phan g khir cua acid carboxylic x4y ra kho hon aldehyde va
ketone. Acid carboxylic va nhitng acid khong dugc hoat héa béi nhém
hut electron manh s€ khong bi khir tai cathode. Qua trinh khir cathode
clia cac acid carboxylic c6 thé tao thanh hai loai san pham: aldehyde
twong ing trong mot qua trinh 2 electron hodc alcohol tuong g trong
mot qué trinh 4 electron tuy thudc vao diéu kién cua phan ng dién hoa.

OH
2e + 2H -
R?=o e RC g | 2O, reno
OH OH 2H" | 2e

RCH,OH

Nguoi ta thay rang rat kho dimg phan img & giai doan aldehyde,
vi aldehyde dé bi khir hon acid carboxylic. Tuy nhién, Iversen va Lund
d3 dwa ra nhitng tinh chat can thiét cho cac qua trinh khir acid carboxylic
thanh aldehyde nhu sau:

- Nhoém carboxyl phai dugc hoat hoa bdi nhom hiit electron manh.

- Nhém carboxyl phai 1a nhom dé bi khir nhét trong phan tir.
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- Aldehyde tao thanh ph'cii~ du’cycrbéo Ve chéng lai sur 7kh1’r sau hon
bang cach tao ra mdt dan xuat khong bi khur, chang han nhu
hydrat hodc hemiacetal hodc nhiing hop chat cong khac.

Mot sb acid théa mén yéu cau trén va c6 thé bi khir tai cathode
thanh aldehyde la acid oxalic, acid lactic,... Acid oxalic bi khir trong
moi truong acid sulfuric ¢ cathode thuy ngan hoac Pb s€ cho acid
glyoxylic khi phan tmg duoc tién hanh dudi 10°C va tao thanh acid
glycolic ¢ nhiét d¢ trén 40°C.

COOH
2e+2H' CHO ¢4 op+ (H2OH
0 0
COOH 10°C COOH 40°C COOH
Trong moi trudng acid manh cac acid thorp dé bi khir thanh
aldehyde hodc alcohol tuong tmg ¢ dién cyc qua thé hydrogen cao nhur
Pb, Hg. Phuong phap nay da dugc ap dung thanh cong dé diéu ché cac

benzyl alcohol thé, chit ma trong nhiéu trudng hop rat kho dugce tong
hop bang phuwong phap hoa hoc thuan tay.

te,4H", (Pb) @\/\DH
| H20 - HpS0, NH2
COOH
@ X = OH, NH>
X
I 2e,2H" [Hg) @:CHD
HEU : NGESU;' £ NaH 504 i OH

HaPOy , Haztﬂg

1[

Vi céc hydrat cta cac aldehyde thom kém bén trong dung dich, do
vy dé thu dugc aldehyde thom tir phan tng khir acid thom, ngudi ta
phai chuyén aldehyde thanh dang hop chét cong bisunfit hodc phirc
borat khong bi khur.

Céc acid dicarboxylic thom bi khur thanh phthalite hoac dihidric
alcohol tuong trng tuy thudc vao vi tri ciia cac nhém carboxyl trén vong.
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Acid phthalic bi khur ¢ cathode Pb trong moéi truong acid yéu va trung
tinh tao thanh phthalide v6i anhydride phtalic 1a san pham trung gian.

0 0
/ /I
COOH C\/O C\/o
de+4H*
@—COOH —>©—c L»C;—c + H,0
N N
0] H,

Acid isophthalic bi khtr & cathode Pb thanh alcohol tuwong tng:
COOH CH,OH

8e+8H*
COOH ——» CH,OH + 2H,0

4.3.4. Phan wng khir cia ester, lactone va anhydride

Trong mdt s6 trudng hop, céc ester ciia acid béo c6 thé bi khir dién
héa. Tuy nhién ban chat ciia acid trong ester c6 anh huong dén kha nang
khtr cua nd. Ciac ester ethyl cua acid acetic, phenyl acetic va acid
xyanoacetic khong tham gia phan Gng khur. Trai lai céc ester ethyl cua
acid oxalic, malonic, aceto acetic, benzoic va acid phtalic bi khu dé
dang & dién cuc qua thé cao trong moi truong acid.

Giai doan dau tién trong phan ung khir cathode cua ester trong
moi trudng acid tao thanh aldehyde, néu aldehyde khong duogc bao vé
thi s& bi khur tiép dé cho cacbinol twong tng. Tuy nhién, mot phan tng
canh tranh trong qua trinh khir ester & moi truong acid manh 1a sy hinh
thanh eter.

2e + 2H'

RCOOR-2T 2, RCH(OH)OR' === RCHO +R'OH

+
RCOOR—Z+4H_ RCH,OR’

Nhin chung, céc ester kho bi khir hon so v6i acid cua chung.

Cling nhu céc ester vong, lactone bi khur thanh hydroxyaldehyde.
Phan tng nay dugc ap dung do6i vai mat so lactone cua acid dudng.
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Céc anhydride cling b1 khtr & cathode, tuy nhién con phai dugc
nghién ctru. Cuc phd cia cac anhydride vong trong dung moi khong
proton (DMF, acetonitrile) cho thdy mdt electron tham gia phan ng
dién hoa cho cdc anhydride dé bi khir nhat.

4.4. Qua trinh khir cac hop chét nitrogen
4.4.1. Phan \ng khir hop chit nitro

Qua trinh khir ctia céc hop chat nitro dong vai trd quan trong trong
su phat trién cua dién hoda hiru co. Cac hop chat nitro da dugc nghién
curu rong rai hon cac loai chat khac.

Céc hop chét nitro alkane bac 1 va bac 2 bi khir trong dung dich
trung tinh va acid. Qua trinh khir cua nitroalkane trong dung dich acid
& nhiét do thap thu dugc san pham chinh 13 alkylhydroxylamine twong
g, mot chat bj khir sdu hon trong vung pH hep (khoang pH = 7). Phan
ung dién hoéa cua nitroalkane trong acid hydrochloric 1a mdt phuong
phap tét dé diéu ché alkylhydroxylamine. San pham phu kém theo 1a
mot luong nhé cua alkylamine va hop chat carbonyl hinh thanh trong
phan tng. Alkylhydroxylamine khong bi khir thanh amine trong céac
diéu kién khao sat. Iversen di tién hanh phan ung Kkhu
N-methylhydroxylamine ¢ -1,15V (SCE) trong HCI & 20°C-30°C voi
thoi gian 1,6 gid, nhan thy & cathode chi c6 hydrogen thodt ra, khong
phat hién dugc methylamine.

Co ché cho phan tmg nitro alkane nhu sau:

+ +
RR'CHNO, M{»[ RR'CHNOI H+ 26 2H_ RR'CHN*H,0H

D (1) (IID)

|

l RR'C=NOHI H*

l (IV)

RR'CO + HsN*OH

+
e +AH_ RR'CHN'H,
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Qud trinh tautome héa cua dan xuat (II) thanh oxyme (IV) canh
tranh v6i phan tmg khir sdu hon cua (II) thanh alkylhydroxylamine (IID).
Néu qua trinh khir nitroalkane tién hanh & nhiét do cao, thi tao diéu kién
thun loi cho qud trinh tautome héa, con & nhiét d6 thap thi san pham
chu yéu 1a alkylhydroxylamine.

Phan Gng cua nitroalkane bac 3 khac voi nitroalkane bac 1 va bac
2 & chd din xuat nitroso trung gian (II) khong bi tautome hoa thanh (IV)
do vay khong c6 san pham phy hinh thanh, hiéu suat cia
alkylhydroxylamine rat cao.

Céc hop chét cia nitro thom ciing da dugc nghién ciru nhicu va
thu dugc cdc sdn pham khac nhau. Phan g khu dién hinh cua nitro
thom la phan tng khtr ctia nitrobenzene.

Trong dung dich nudc, nitrobezene dau tién bi khir thanh
nitrosobezene. Sau d¢ thanh phenylhydrogenxylamine va cudi cung
thanh aniline tuy thudc vao thé dién cuc dugc st dung trong thi nghi¢m.

CeH5NO; +2e +2H* — CsH5NO + H,O
Ce¢HsNO +2e + 2H* — C¢HsNHOH
CéHsNHOH +2e +2H* — C¢HsNH» + H.O

Co ché cua phan img khir nitrobenzene rat phtrc tap, cac giai doan
dién hoa va hoa hoc canh tranh va dan xen lan nhau.

Qua trinh khtr ciia nitrobenzene ¢ gan nhém thé nhin chung ciing
x4y ra qua cac giai doan gidng nhu nitrobenzene, vi nhom nitro thudng
12 nhém dé bi khir hon. Tuy nhién, cc halogenua nitrobenzyl bi khir &
mach nhanh hon nhém nitro va san phdm thu duoc 13 dinitrobenzyl
halogenide va nitrotoluene.

Céac dinitrobenzene ciling tham gia phan Ung kht nhu
nitrobenzene, song san pham thu dugc con tuy thude vao vi tri cia nhom
nitro cling nhu nhom thé khéac cua phan tu.

Trong dung dich acid lodng, o-dinitrobenzene c6 thé bi khir thanh
o-nitro phenylhydroxylamine hodc o-phenylendiamine.
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X X X
NO
NO, NHOH NH,
4.4.2. Phan wng khir imine va cac ester imite

Hop chat imine va cdc ester imite d& dang bi khir thanh cac amine
tuong tmg trong moi truong acid hodc kiém trén cac cathode co qua thé
hydrogen cao nhu Pb, Hg. Law d cong bd qué trinh khir cia mot s6
benzalanilin thé thanh benzylanilin twong Gng.

e+ 2H*
R@- CH=NCH; 222, R@_ CH,NHCH;

Céc ester imite, nhu ethyl acetimidate bi khir thanh ethylamine
trong dung dich H>SO4 2N & nhiét o 0°C.

NH

V4 de + 4H*

CH3 EEEE—— CH3CH2NH2 + C2H50H
\ OC,H;

Mot s tac gia cling di tién hanh phian Ung khir cua cac
ethylbezimidate dé diéu ché cadc amine tuong trng vdi hiéu suat tuong
doi cao.

4.5. Qua trinh khir mdt s6 hop chat hiru co khac

4.5.1. Phan tng khir hop chit chira Sulfur, Sunfonyl chloride va
Arsen

Phan tng khur cua cac hop chét chtra S con it dugc nghién ctru va
chua c6 mot ly thuyét tong quan vé tinh chat dién héa phan tng khu
cua cac phan ung khur cac hop chat do.

Tong hop acid thioglycolic

Acid thioglycolic ¢6 kha nang lam yéu cau truc keratin mo cac
cau ndi disulfide trong cu trac 16ng va toc. Acid thioglycolic ton tai
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0 dang chat 16ng, khong mau, c6 mui dac trung, cong thirc hoa hoc la
C2H40:S. N6 c6 thé tan trong nuée, dé dang bay hoi nén can duoc bao
quan trong binh kin. Nho dac tinh cua minh thioglycolic acid c6 tac
dung lam mém ciu tric soi toc, tao didu kién cho cac hoat chat khac
ngam sau vao toc nham dé dang trong viéc tao kiéu va dinh hinh soi
téc. Trong mot so loai my pham, acid thioglycolic 1a thanh phan chong
oxy héa. Pé tong hop acid thioglycolic bang con duong dién hoa,
nguoi ta cling da tién hanh qua trinh khir acid a,0’-dithiodiglicolic &
dién cuc Pb trong moi truong H2SO4 2N thu dugc acid thioglycolic
acid v6i hiéu suit cao:

S——CH,COOH e+ OH*

» 2 HS-CH,COOH
S——CH,COOH

Co ché phéan ing xdy ra nhu sau:

Cathode
S-CH2COOH

S-CH.COOH

2e;

Ho o
\vz s ¢

A
OH
2H<

2HSCH2COOH

Tong hop homoxysteine
Str dung cathode Hg va mdi trudng kiém, ngudi ta co thé chuyén

hoa homocystine thanh homocysteine:

S-CILCILCHNI)COOH 45, | oyt

——— 2HSCH,CH,CH(NH,)COOH
S-CH,CH,CH(NH,)COOH
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Co ché phan Gmg nhu sau:

e
S——CH,CH,CH—COOH

S——CH,CH,CH—COOH

; |
2e NH,

NH,
© I
S—CH,CH,CH—COOH

2H"
il
H-S—CH,CH,CH—COOH
Téng hop mercaptan

Sulfonyl bi khir & cathode qua nhiéu giai doan, truéc hét hinh
thanh acid sulfinic tuong ung sau d6 thanh mercaptan. Vi dy phan tng
cua p-toluen sulfonylchloride & dién cuc Pb trong méi truong acid -
alcohol tao thanh p.toluensulfinic acid va mercaptan nhu sau:

2¢+2H" 4e"+4H"
H3C S0O,CI ———— HC SO,H ————> HyC SH  +H,0

Co ché phan tng:
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H 04®7\\S/40 + HCl

4-methylbenzenethiol

Tong hop thiosulfonate

Vao nim 2018, Chen va cac dong nghiép ciing da cong bd phuong
phap téng hop thiosulfonate thong qua qud trinh sulfonyl hoa dién hoa
ctia thiols v&i sulfonyl hydrazides véi su 6 mit cua iodua lam chat xuc
tac oxy hoa khu.
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%P RVC (+) /Pt (=), 10 mA %P
el . +) /Pt (=), 10m ‘g’
R“S'NHNH, + HS-R > R-ope

NH,! (10 mol%)
CH4CN, 3 h
Co ché phan tmg:
Anode Cathode
3
3e (IB) . \\S//
" 172N »"
\,3/2|2_._3| 21 + 2R"SH R” SR 2H,
RV 2Hl l 2R'S* Q‘ép i \
+ W, +4e
"l RS NHNH, R yNe
00
Y 3 99 00"
Rt ﬂ’ R Ne NH7‘T’R" NeN'
I’ R'S" R'SH

Phan g Khir hop chit chira Arsen

Trong méi trudng acid & dién cuc qua thé hydrogen cao nhu Pb,
Hg, Zn(Hg) céc acid arsenic bi khir thanh arsine twong tng, cac arsine
thu dugc dé dang chuyén sang hop chit arseno dudi tac dung cua
khong khi.

Vi du phan Uung khtr ciia 4-aminophenyl arsenic acid trong mdi
truong HCI 2N ¢ cathode Zn(Hg) thu dugc 4-aminophenyl asine:

H2N® ASO3H2 —— H2N® ASH2

Vi nong do acid cao hon, san pham thu dugc tir phan tng khu
trén la p-arseno aniline:
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HCI 11N
H2N ASO3H2 ——— H2N As - AS@ NHZ

Trong mdi trudng acid lodng, p-arsenoanilin c6 thé bi khir tré lai
thanh 4-aminophenylasine.
4.5.2. Phan wng dehalogen héa

Qua trinh tach cac halogen tir dan xuat hydrocarbon no d& dang
thyc hién trong moi truong acid ¢ dién cuc qua thé thap nhu Cu va dién
cuc qua thé cao nhu Pb, Hg.

O dién cuc qua thé thap, phan ing dehalogen héa chi xay ra ting
phan, con & cathode qué thé cao phan tng tach halogen xay ra sau hon
hoac hoan toan. Tetrachloride carbon bi khitr & cathode Cu thu duoc
chloroform va & cathode Pb thu duogc dichloromethane.

Cu Pb

Tuong tu cho phan rng khir ctia acid trichloroacetic.

Cu
CC1;COOH—> CHC1l,COOH—> CH,CICOOH

Trong nhiéu truong hop dédc biét khi nguyén tu gin 1én cac nguyén
tr C canh nhau, san pham cta phan Gng dehalogen héa s& 13 hop chét
khong no. Nhu vay, hexachloroethane bi khir thanh tetrachloroethylene:

CCl;- CCl; —— CCl, = CCl,

Va dibromoethylen bi khtr thanh ethylen & cathode Pb:
CH,Br- CH,Br—> CH, = CH,
Qua trinh tach cac halogen trong dan xuét cua hydrocarbon thom

bang phuong phap dién hoa 1a rat phirc tap va thu duoc nhiéu loai san
pham khéc nhau.
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4.6. Qua trinh khir cathode gian tiép

Trong qua trinh khir cathode gian tiép, chat trung gian c6 thé la
mot thanh phan cua dién cyc cathode (khtr xuc tdc dién hoa) hodc la
mot thanh phan ctia dung dich dién ly.

Céc qua trinh khir xtic tac dién hoa bao gém tit ca cac qua trinh
khir trén cathode hon héng. Cac dién cuc hon héng duoc hinh thanh
béng su khir cac mudi kim loai hodc mudi tetraalkylammoni ¢ cathode
thuy ngan. Su khu béng dién cuc hon héng c6 thé duoc thue hién theo
phuong phap trong binh dién héa (in cell) hodc c¢6 thé & bén ngoai binh
dién héa (ex-cell). Kha nang khir ciia cac hdn héng kim loai gidam theo
thir ty sau: Li > Na > K > Ba > Sr > Ca. Kha nang khir ctia cac hdn hong
c6 thé thay doi ¢ murc d6 nao d6 tiy thudc vao ban chét kim loai, ndng
d6 ctia kim loai trong hdn hong va trang thai bé mit ctia hon hdng nhu
vi du & phéan ng sau:

O o Qoc

l,?H CH CH
NaH I ALH Il

[:Hz i a O CH gx - CH

| 1 Et50 - Hz0 [

CH2 CH CH2

| | I

Ph Ph Ph

Céc hdn hdéng duge diéu ché bang phuong phap dién hoa co thé
duoc st dung trong phan tng hydrodime héa cac hop chat co lién két
doi1 hoat hoa.

KHgy 62 %

7 AN i
e R

e NaHgy yd 37,
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Hodic str dung trong phan tmg khtr khong hoan toan hop chat thom:

OH 0

Trong phan tng khtr dién héa theo co ché gian tiép, mot s6 kim
loai (Zn, Sn) hoac cac ion kim loai c6 trang thai qxi héa thap nhu Ti(111),
V(III), Sn(IT), Cr(III), Ce(IIl) doéng vai tro la chat khur.

Trong mot s6 hé dién hoa hai pha, cac kim loai (Zn, Cu, Fe, Sn) ¢
dang bot c6 thé dugc tong hop bang con duong dién hoa véi hiéu suat
dong cao & mat o dong 16n (= 0,5 Acm2). Céc kim loai thu dugc bang
phuong phap nay c6 kha ning phan Gng rit cao va dugc st dung trong
qua trinh khir cathode céc hop chit nitro va phan tmg dehalogen héa
clia cac dan xuat vis-dihalogeno.

CHRCL=CHEly ———=  CHp=CCly + 2C07
Zn an oL

w Mubi Cr(I) 1a tac nhan khir chon loc dugc sir dung rong rai trong
tong hop hiru co. Trong phan ung khu dién hoa gian tiép, cap
Cr(IT)/Cr(IIT) dugce st dung cho mot s6 qua trinh khir nhu sau:

s
Cr2+ cr3+
P R
HMEr —_— RW
77 - 81°.
o OH 0

e 5

+ +

CCEB erﬁr‘ - m
Cl
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RO U N HO
2 L cel M \I<G 1
e S .
2. 5% AcOH |
OR Br OH OH H
l

R = CH3CHOCHs , U= j’:’ﬁ
0N
|

Mudi Ti(IlI) dugc tao ra bang con duong dién hoa ciing dugc sur
dung lam chat khur trong phan tng khir hgp chat nitro thom.

60 °s

COOH COOH
ST
o

|

NO2 NH»

Cap Cu*/Cu** duoc sir dung trong phan ting khtr dién hoa gian tiép
hydroxyl héa hydrocarbon thom cua toluene vi hi€u suat dong 36%.

c?t 4+ e — Cut

CH, cH,
2cut+0, +2u" 4+ @ e T @ + H,0
RO
(R=H or Ac)

Mot s phirc chit ciia cac cation kim loai c6 nhiéu trang thai oxi
hoéa cling tham gia trong phan g khtr cathode gian tiép.

Vi du phutc chit cua cobalt (cyanocobalamine — vitamin B12)
trong cac phan Gng sau:
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RX

>_\ :
*ca‘thode Ze M
-0.9V vs SCE
X

- x"

g
/ cathoders;
/‘1 5}’/",'15:?9?/, é

1or Ze
0 I 1
@,(CHZ n=Br . itamine Byp @:Hzln
70-95°%
& 0
f vitamine B4z %
{CHz)n=Br im:ln o

Qua trinh khir cathode gian tiép voi cip phirc chat cua
Co(III)/Co(I) s& dugc thuan loi khi phirc chit cua Co(IIl) véi phdi tir
alkyl hoac acyl dugc hoat héa bdi anh sdng (goi 1a phan tng xuc tac
quang dién hoa — photoelectrocatalysis). Vai tro cta xac tac tuan hoan
trong phan tng acylhalogenide bdi vitamin B12 dugc trinh bay trong
so d0 sau:

hv
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Phan ng khur cathode gian tiép thong qua vitamin B12 cling dugc
st dung trong tong hop cac hop chit ty nhién nhu cac pheromone,
steroid:

0 0
Pan o+ QA e -05VISCE)
0 2 H' hy, Biz (4 mol %)

0
COOMe 0
—a 0 COOMe
65"
H gﬂ -F'I-

4.7. Ung dung ciia qua trinh khir cathode

Qua trinh khtr cathode céc hop chat hitu co di ¢6 tng dung trong
thuc tién nhu tong hop mdt s6 hgp chat cho cong nghi¢p, huong liu,
duogc pham va ung dung trong xur Iy moi truong.

4.7.1. Tong hop cac chit cho cong nghiép héa chit, hwong liéu va
dwgc pham

Qua trinh tong hop cac hop chat hitu co biang phuwong phap dién
héa da dugc ung dung rong rai nhu qua trinh khir axetilen thanh etylen,
khir acid phtalic thanh hydrophtalic. Mot s6 hop chét co kim da duoc
diéu ché khi tién hanh phan Gng khir cac aldehyde, ketone va mot sd
hop chit chura no trén cathode kim loai. Vi du: isopropyl thily ngan dugc
tao thanh khi khur acetone trén cathode thuy ngan.

4.7.1.1. Téng hop p-aminophenol

p-aminophenol 12 hgp chat hitu co c¢6 cong thuc phan tir 1a
HoNC6H4OH, 1a mét hop chat quan trong dé san xudt paracetamol.
p-aminophenol c6 thé duoc diéu ché bang phan tng cathode cua
p.nitrophenol trong dung dich acid sulfuric manh trén cathode Pt. Nguoi
ta chi ra rang hiéu suat cia p — aminophenol va mat d6 dong dién cuc
dai cho phan tGng phu thudc vao dung méi, kim loai 1am cathode, thé
dién cuc, n@)ng do acid va toc do khqu cua cathode.
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NO, NH,

OH OH

4.7.1.2. Tong hop adiponitrile
Adiponitrile 13 mot hop chat hiru co dinitrile c6 cong thirc ciu tao:
NC—CH,—CH,—CH,—CH,—CN
Adiponitrile dugc sa  dung chu yéu dé sép Xuat
hexathylenediamine, mot monome dugc sir dyng trong san xuat nylon-

6,6. Ngoai ung dung trén, gan day adiponitrile con dugc su dung dé
tong hop adipoguanamin trong san xuat nhya amino.

Tir ndam 1940, qua trinh khir dién hoa acrylonitrile dé tao thanh
adiponitrile da dugc rng dung & quy mo cong nghi¢p. Phuong phap san
xuat adiponitrile tir acrylonitrile st dung céng nghé dién phan dé dime
héa phan tir acrylonitrile tao ra san pham adiponitrile.

2CH=CH-CN +4e +4H" > NC-CH,-CH2-CH; - CH> - CN

Nam 1960, Baizer ¢ cong ty Monsanto da tang hi¢u suat dong phan
ng bang viéc su dung mudi amoni bac bon lam chat dién ly thém va tur
d6 lam gidm gid thanh qua trinh san xuat. Dién cuc cathode dugc su
dung trong qua trinh khur dién hoéa acrylonitrile 1a Hg, Pb hoac Cd. Day
l1a nhitng cathode c6 qué thé hydrogen cao nham han ché qua trinh phuy
thodt hydrogen trong qua trinh khtr dién héa.

Diéu kién cho qua trinh tong hop adiponitrile nhu sau:

- Cathode: Pb
- Anode: Fe (N1 9%)
- Chat dién ly thém: (EtBusN)HPO4 + KoHPO4 + K2B4O7

- Mat do dong: 2 kA/m?
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- Nhi¢t do: 55°C
- Hiéu suét dong: 90,7%
Hién nay, hon 300.000 tan adiponitrile dugc san xuat hang nim
trén thé gidi bang phuong phap khir dién héa acrylonitrile.
4.7.1.3. Téng hep citronellol

Citronellol 12 hop chat terpenoid, c6 trong tinh ddu ciia mot s6 loai
thuc vat.

Citronellol c6 cong thirc cu tao:

H,C
AN

__C==CH——CH,—CH,—CH—CH,—CH,0H
H,C
CH,

Trong cong nghiép, citronellol 14 san phim cta qué trinh khir
citronellal, mot thanh phan chinh trong tinh dau sa. Citronellal bi khir
tryc tiép trén cathode trong khoang thé tr -1,62V dén -2,00V.
Citronellal khong tan trong nudc nén qua trinh dién phan dugc tién hanh
trong hé nhii twong hiru co - nudc v6i chat dién ly 1a mudi
tetraalkylamoni.

CH, CH,

CH,OH

H,C CH,4 H;C CH3

4.7.1.4. Téng hop aldehyde salixylic

Aldehyde salixylic 1a chat dau trong téng hop céc chat quan trong
nhu cumarin (I) dung trong huong li¢u thuoc 14, phu gia, lam bong,
trong cong nghi¢p ma,...
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Aldehyde salixylic dugc téng hop bang phan tng khir truc tiép acid
salixylic trén dién cuc cathode Pb.

OH OH

COOH CHO

4.7.1.5. Téng hop sorbitol

Ngoai 1a mot loai thudc nhuin trang tham thau, sorbitol con 13 mot
hop chat c6 rat nhiéu ng dung trong thyc t& nhu san xuat vitamin, my
phém, kem danh rang, chat hoat dong bé mat, keo dan, dugc phém, giay
da, dét va nhiéu nganh khéc,...

Trong cong nghi¢p, sorbitol dugc diéu ché tur qua trinh dién héa
D-glucose. Qué trinh tong hop sorbitol tr D-glucose véi dién cuc Pb
¢ nhi¢t d¢ 40°C va trong qué trinh dién phan c6 mang ngan xop:

-
H (o}

Y/
1 \\c’/ 1  He——C = OH
2 H—C——OH 2 H—C—0OH
3 HO——C——H 3 HO = C we H

+2e+2H"

4 H——C——OH P 4 H——C——OH
5 H—C——OH S H—C——OH
6 H—C——OH 6 H——C—OH

H H

D-Glucose Sorbitol

4.7.1.6. Téng hop menthol

Menthol 1a mot hop chét dugc tim thiy rt nhiéu trong cdy bac ha
va nhiing loai thuc vat thudc ho bac ha khac. Menthol ¢6 rat nhiéu cac
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dac tinh khac nhau, tuy thudc vao muc dich stir dung. Tuy nhién, vé co
ban, hop chit ndy c6 mot sé cc tac dung nhu: tinh khang khuan, h tro
1am thong thoang duong ho hip, phu tro giam dau va gop phan tao nén
mui huong thom bac ha thom mat, giap thu gian. Menthol thu duoc
bang phuong phap két tinh tir tinh diu bac ha. Ngoai ra menthol con
duoc tong hop bang phuong phap khir dién hoa methone.

+2e+2H" >
O - OH

Menthone Menthol

Ngoai cdc qua trinh tong hop trén thi trong cong nghiép hoa chat
con ¢6 nhiéu tmg dung cta qua trinh khir cathode nhu dién phan
ethyliodide trong méi truong kiém trén cathode Pb thi thu duoc
tetracthyl chi, mot chat duoc sir dung nhiéu trong cong nghiép san xuat
nhién liéu cho dong co ddt trong, phan tng khtr pyridine trong H2SO4
1a phuong phap dé tong hop piperidine.

4.7.2. Xir Iy méi trudong bang phwong phap khir dién héa

Su nhiém ban ciia nudc thai gia dinh va cong nghiép véi cac chat
hitu co c6 anh huong dén van dé méi trudng sinh thai. Cac hop chét
hitu co halogen ctia cac hydrocarbon giy 6 nhiém méi trudng nghiém
trong, vi chiing rat doc, bén hoa hoc va durgc san xuat trong cong nghiép.

Mot sé phuong phap duoc tng dung dé pha huy chung nhu
phuong phap thodi héa sinh hoc, phurong phép oxi héa bang ozone. Tuy
nhién, cac dan xuat chloro cta hydrocarbon khong bi pha huy bang cac
phuong phap néu trén. Do d6 phuong phap khur dién hoéa dugc xem la
phuong phap c6 hiéu qua va khir doc hoan toan. Cac dan xuit chloro
ctia hydrocarbon bi khir thanh Cl- khong gay doc va hop chit carbon c¢6
thé bj tiéu huy bang con dudng sinh hoc.
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Mot sé dan xuat chloro trong nudc thai duoc xir Iy bang phuong
phap khu dién hoéa nhu pentachlorophenol, tetrachloroethylene,
trichloroethane, dichlorophenyl, dichloroethane (DDT),
chlorobenzene,...

4.7.2.1. Xir Iy chlorofluorocarbons (CFCs) bing phwong phdp
khir dién hoa

Nam 1974, Rowland va Molina cho rang CFCs la nguyén nhan
pha hily ozone ¢ tang binh luu. Cac nghién ctru cho thay rang, mdi goc
chloro tao ra tir mot phan tir CFCs c6 thé pha huy 100.000 phan tir ozone
va gdy nén hién twong thing ting ozone. Nam 2009, trir lvgng CFCs
trén thé gii khoang 2,5 megaton va day 1a ngudn nguyén liéu de doa
dén an toan cia trai dat. CFCs c6 thé dugc xir Iy bang phuong phap dot
& nhiét do cao, nhung phuong phap nay tén nang lugng. Cac nha khoa
hoc da nghién ciru xir Iy CFCs bang phuong phap dién héa. Phan ung
xay ra trong diéu kién ém diu (nhiét do, ap suat binh thudng), it tén
nang luong va cé chi phi thap. Nhiéu nghién ctru trong d6 CFC dugc
chuyén dbi dién hoa thanh hydrofluorocarbon (HFCs) va fluorocarbons
(FC) dé dugc bao cao; cac hop chat flo héa nay vo hai déi vG1 ozone &
tang binh lru va dong vai tro 13 vat lidu c6 gid tri cho tong hop polyme
va céac chat hoat tinh sinh hoc nhu ciing nhu cac hop chét thay thé cho
nganh cong nghiép chat 1am lanh.

Cong thirc cdu tao va cac ky hiéu viét tat cia mot sé CFCs va
san pham phan huy bang phuong phdp khur dién hoéa duogc trinh bay
nhu sau:

CCIF CCLLF; CCIF; CH,F, CHsF
(CFC-11) (CFC-12) (CFC-13) (HFC-32) (HFC-41)
trichlorofluoro- |dichlorodifluoro- |chlorotrifluoro- |difluoro- fluoro-
methane methane methane methane methane

FCL,C-CCLF |CCI:C-CCIF; FCLI,C - CCIF, |ClI3C —-CF; F.CIC - CCIF,

(CFC-112) (CFC-112a) (CFC-113) (CFC-113a) (CFC-114)
1,1,2,2- 1,1,1,2- 1,1,2-trichloro- |1,1,1-trichloro- |1,2-dichloro-
tetrachloro- tetrachloro - 2,2-11,2,2- 2,2,2- tetrafluoroethane
12- difluoroethane triluoroethane | trifluoroethane

difluoroethane
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FCIC = CF, FCIC = CF, CHCI,F CH-CIF F.,C =CF,
(CFC-1113) (CFC-1113) (HCFC-21) (HCFC-31) (HFC-114)
Chloro- Chloro- dichlorofluoro- |Chlorofluoro- |Tetrafluoroethene
trifluoroethane |trifluoroethene methane methane
F,C = CHF FHC = CHF F,C = CHF F;C - CHCl, |F,CIC — CHCIF
(HFC-1123) (HFC-1132) (HFC-1132a) (HCFC-123) (HCFC-123a)
Trifluoroethene |1,2- 1,1- 2,2-dicholoro- |1,2-dichloro-
difluoroethene difluoroethene |1,1,1- 1,1,2-
trifluoroethane |trifluoroethane

CFCs c6 thé dugc xur 1y bang phan tng khir dién héa tryc tiép trén
cac dién cuc cathode nhu Hg, Pb, Zn, Ni, Ag, Pt, C,... trong cac moi
truong dién ly khac nhau. Ngoai ra, CFCs con c6 thé duogc xir 1y bang
phan tng khr dién héa gian tiép thong qua cac chét trung gian 13 cac
cation kim loai nhiéu trang thai oxi héa tao ra trén bé mit dién cuc.

4.7.2.2. Xir Iy thuéc triv sau, thuoc dié¢t ndm bang phwong phdp
khw dién hoa

Nhiéu loai thuéc trir sdu nhém photpho hitu co
(Organophosphate), nhém chloro hitu co nhu DDT c6 thé bi khir dién
héa ¢ dién cuc cathode khac nhau nhu Hg, Pb, Ni, graphit,... San phém
cua qua trinh xtr ly phu thudc vao vat liéu dién cuc, moi truong phan
ung, mat do dong dién phan,...

Cong thirc cdu tao va cac ky hiéu viét tat cia DDT va san pham
phan huy bang phuong phéap khtr dién hda dugc trinh bay nhu sau:
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H
|
Cl C
4,4°-(2,2,2-trichloroethane-1,1-diyl)-
Bis(chlorobenzene) (DDT)

~ OO OO~ OO

CH,CI Ccl,
4,4’-(2,2-dichloroethane-1,1- 4,4’-(2-chloroethane-1,1-diyl)- 4,4’-(2,2-dichloroethene-1,1-
diyl)-bis(chlorobenzene) (DDD) bis(chlorobenzene) (DDMS) diyl)-bis(chlorobenzene) (DDE)

~00~ ~00~ 070~

4,4°-(2-chloroethene-1,1-diyl)- 4,4°-(ethene-1,1-diyl)- Bis(4-chlorophenyl)methanone
bis(chlorobenzene) (DDMU) bis(chlorobenzenc) (DDNU) (DDDE)

H

I

C cl c C

| Il Il

CH, CH, CH,
1,1’-ethylidenebisbenzene 1-chloro-4-(1-phenylvinyl)benzene) 1,1-diphenylethene (DPE)

(EBB) (PVB)

Noi dung on tap

1.

Trinh bay co ché phan tg khir truc tiép va gian tiép hop chét hiru
co bang phuong phéap dién hoa.

Trinh bay co ché chung cua phan tmg hydro héa hydrocarbon
khong no bang phuong phap dién hoa.

Trinh bay kha nang tham gia phan Ung khir cua alken va anh
huong cta co ché phan tng dén dong phan 1ap thé cia san pham.

So sanh kha nang tham gia phan ting khtr dién hoa nhém carbonyl
cua aldehyde, ketone va acid carboxylic.

So sanh kha nang khur dién hoa cua nhém amin bac 1, 2, 3.

Hay cho biét cac yéu td anh huéng dén qua trinh khir dién héa hop
chat hitu co chtra luu huynh.

120



10.

Trinh bay mét sé Gmg dung cta qua trinh khtr dién hoa trong cong
nghiép.

Trinh bay mét sb tng dung ciia qua trinh khtr dién hoa trong xtr Iy
moi truong.

Citronellal 1a thanh phan chinh c6 trong mét sb loai tinh dau sa.
Tir citronellal, ngudi ta c6 thé tién hanh phan tmg khir dé tong hop
citronellol, mot hop chit co trong tinh dau hoa hdng, tir d6 ning
cao gia tri ciia san pham. Hay dé xuat cac co ché cua phan ing va
phuong phép dé nang cao hiéu suit qu4 trinh. Biét rang citronellal
khong tan trong nudc.

Sorbitol c6 thé duoc tong hop tir phan tmg dién héa glucose.

a) Trinh bay phan ing khtr dién hoa glucose thanh sorbitol trén
cac loai dién cyc cathode c6 qua thé hydro cao va thap.

b) Tinh lugng sorbitol tao thanh trong qua trinh dién phan cé
mang ngan dung dich chtra 1 kg glucose trén cathode Pb c6
dién tich 50 dm?, mat d6 dong 2A/dm?, thoi gian dién phan 8
gid. Gia st hiéu suat dong cua phan tmg 1 75%.
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Chwong 5
QUA TRINH OXI HOA ANODE
CAC HQP CHAT HU'U CO

MUC TIEU
1. Trinh bay co ché qué trinh oxi hoa tryc tiép, gian tiép trén dién
cuc anode.

2. Trinh bay céc qué trinh oxi héa anode trong tong hop dién hoa
hitu co.

3. Ung dung ctia qua trinh oxi hoa anode trong san xuat cac hoa
chat cho cong nghiép va trong xtr ly moi truong.
5.1. Co ché qua trinh oxi héa anode

Qui trinh oxi héa anode cac hop chit hitu co trong dung dich xay
ra theo 2 co ché chinh:

- Oxi héa anode truc tiép;
- Oxi héa anode gian tiép.
5.1.1. Co ché qua trinh oxi h6a anode truc tiép

Phan rng oxi héa truc tiép cac hop chat hiru co ¢ dién cuc anode
la phan ung oxi héa di thé, x4y ra qua nhiéu giai doan ndi ti€p nhau.
Tdc dd phan trng dugc xac dinh bang mdt trong cac giai doan sau:

- Chuyén chét hitu co t6i dién cuc bang khuéch tan hoic dién di.
- Céac chit hitu co tham gia vao 16p dién kép.

- Cac chat hitu co nhuong electron ¢ bé mat dién cyc dé tao thanh
carbocation.

- Carbocation tham gia vio cac phan mg ké tiép nhu chuyén vi,
tach proton hoac cdng nucleophile dé tao thanh san pham.
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Co ché chung cho qua trinh oxi héa truc tiép:
R-e—R*
R*+ Nu — RNu
(Nu: Nucleophile)

Co ché ctia qu4 trinh oxi héa truc tiép phu thudc vao cdu trac chat
phan Gng, moi truong, vat licu dién cyec,... d€ tao thanh cac san pham
khac nhau.

5.1.2. Co ché qua trinh oxi héa anode gi4n tiép

Phan trng oxi héa anode gian tiép duoc thue hién boi mot chat trung
gian. Chat trung gian c6 thé 1a mot cau tir cua dién cyuc (qué trinh oxi hda
xuc tac) hoac mat cau tir dugc hinh thanh trong dung dich di¢n phan.

Trong qua trinh oxi héa xtc tac, tic nhan oxi héa (Mox) dugc tao
ra trén bé mat dién cuc nhu phan tng dién két tinh kim loai, sau dé Mox
phan g véi cac chat phan ung (S) dé€ tao thanh san pham (P), va ban
than né dugc chuyén lai thanh tadc nhan khir ban dau (Mieq) tan trong
dung dich.

Co ché phan tng oxi héa xdc téc:

Mied - € — Mox
Mox+s—>P+Mred

So d ctia qua trinh oxi héa anode gian tiép dugc trinh bay ¢ Hinh 5.1.

Mox
S %
/ (&
"
/
/
4
P /' Anode
Mred

Hinh 5.1. So dé qud trinh oxi héa anode gidn tiép
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Loai dién cuc thuong dugc st dung trong qua trinh oxi héa xic
tac 1a dién cyc nickel oxide hydroxide. Loai dién cuc nay dugc diéu ché
bang phuong phap dién két tinh hydroxide oxide - nickel (IID) (NiOOH)
trén bé miat anode Pt hodc Ni trong dung dich kiém ctia mudi Ni%

bién cuc nickel oxide hydroxide dugc st dung thich hgop cho qua
trinh oxi héa alcohol bac 1 thanh acid alkaloid va amine bac 1 thanh nitrile:

RCH,OH + NiOOH — R-CH-OH +Ni(OH),
R-CH-OH + 2NiOOH + H,0 — RCOOH + 3Ni(OH),

RCH,NH, R-C=N

-€ -e
Nioor™ | RCH=NH| <750
Qud trinh oxi héa anode gian tiép cling c6 thé xay ra bang cach sir
dung cac chat oxi héa trung gian hoa tan trong dung dich dién ly. Co
ché cua _phan ng nay la sy chuyén hai trang thai oxi héa ctia cac ion tir
miuc thap M:ed V€ mirc cao Mox va Mox tham gia phan ing oxi héa cac
hop chat hitu co.

Pé cho hiéu suat phan tmg oxi héa gian tlep dat két qua tot thi cac
chat trung gian Mox v Mred phai thoa man mot sb didu kién sau:

- Ca hai trang thai oxi héa (Mox) va khit (Mreq) phai bén oxi héa.

- Sy trao doi electron gitta Mrea va anode, cling nhu phan g
gitra Mox va chat phan tng phai du nhanh d€ han ché san
pham phuy.

- Céac chét trung gian khong tham gia phan tmg v6i chit san phdm
hodc dung moi.

- Ca hai trang thai oxi héa, khir cia chat trung gian phai tan
trong dung dich dién ly, ngoai trir trong phan tng oxi hda cua
hé hai pha.

- Chat trung gian phai d& tach hodc tinh ché trudc va sau khi
dién phan.

Mot sd ¢dp oxi héa - khir duge st dung trong qué trinh oxi héa

gian tiép nhu: Mn**/Mn3*, Fe?*/Fe**, Cr3*/Cr®*, V3*/V>*, Ce**/Ce**, Br
/Br*, CI'/Cl1O4, I'/TH,...
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Phan tmg oxi héa anode gian tiép véi cip ion Br/BrO™ duoc img
dung dé oxi hda glucose thanh acid gluconic.

Bang viéc lwa chon céc chat trung gian thich hop va diéu kién tdi
uu cua phan ing, ngudi ta co thé tién hanh phan irng oxi hdéa anode gian
ti€p c¢6 do chon loc cao va thu dugc nhiéu loai sdn pham khac nhau.

K§ thuét thich hop dé thuc hién qua trinh oxy hoa anode gian tiép
dugc xac dinh bdi loai phan tach cua ca hai qua trinh: sy dién hoa cua
chat trung gian tir Mrea d€n Mox va qua trinh oxy héa hoa hoc cua chat
phan trng hitu co bdi tdc nhan trung gian Mox.

C4 hai qua trinh c6 thé tién hanh cung nhau trong mgt hé dién
phan don gian, goi la phuong phap “in-cell”.

Chung cét

-

£ £
6 Téch pha hitu co va pha nuée
Pién phéin ]
MnZte Mn3*

Hinh 5.2. So do qud trinh oxi héa anode gidn tiép bang phwong phdp
“Iin-cell” [12]
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Hodc 1a phuong phéap “ex-cell” nhu Hinh 5.3.

Chat trung gian didc biét thi vi cho qua trinh oxy héa gian tiép la
cac ion phi kim. Thong thuong nhét 1a cac cap Br/Br*, I/ I*, 10"/ 104",
CI/ClO,... dugc st dung. Cac thé oxy hoa - khir clia cac cip c6 thé
thay d6i trong méi trudng kiém tir + 1,09 V 1én dén + 1,64 V. Cac cip
oxi hoa khir ctia cic chét trung gian nhu vdy co thé 13 dugc tao bang
phuong phap in-cell. Chung dugc ap dung trong qua trinh oxi h6a anode
gian tiép. Vi du, qua trinh oxi héa anode truc tiép cia alcohol bac hai
xay ra & thé 2,8 V (so v6i SCE).

Phan img —~

H3CO

llce30 C L+

e
Tach hop chat hiru
H3 co CHO j——
co tir pha nuéce

Dién phan

Ce3teCeb*

Hinh 5.3. So do qud trinh oxi héa anode gidn tiép bang phwong phdp
“ex-cell” [12]

Tuy nhién, chiing c6 thé bi oxi hoa gian tiép thanh ketone trong

dung dich nudc cua alcohol tert-butyl voi kali iodide bang cach tao ra
ion I* trén dién cyc anode & thé 0,6 dén 0,8 V (so voi SCE).
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+* +
o ~H * -
CGH-'IB‘EH'CHQ + lt )_._ CSH.IB-(I:H-CHE —e CBH,IS—(I_':I.. CH3 + 1( b

0l O
CH 99°.

anode +0,68Y

Ving thé oxi héa cua cac nhom chirc dugc trinh bay ¢ Hinh 5.4
va bang thé oxi hdéa cua mdt s6 hop chat hitu co dugce trinh bay &
Bang 5.1.

-0.5 0 +0.5 +1.0 +2.0 +3.0
i i

Aromatic hydrocarbon I

| Phenols

| RCOO" |

| Aromatic halide |

| Aromatic amines

Organo metalic

Organo sulfur

Amides

Ketones

-0.5 0 +0.5 +1.0 +2.0 +3.0
Potential (V vs SCE)

Hinh 5.4. Ving thé oxi héa ciia cdc nhém chirc
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Bing 5.1. Thé oxi héa ciia mot s6 hop chit chivu co

Hop chat Chit Thé | Pién cuc
dién ly/dung moi (V) so sanh
Aromatics
Benzene NaClO4/MeCN 200 | Ag'/Ag
Toluene NaClO4/MeCN 1.93 | Ag'/Ag
Anisole PrsNC1O4/MeCN 1.76 SCE
Biphenyl NaClO4/MeCN 148 | Ag'/Ag
Fluorene NaClOs/MeCN 1.25 | Ag'/Ag
Naphthalene NaClO4/MeCN 1.31 SCE
Pyridine NaClO4/MeCN 2.2 SCE
Thiophene NaClO4/MeCN 2.10 SCE
Pyrrole NaClOs/MeCN 0.46 SCE
Olefins
Ethylene BusNBF4+/MeCN 290 | Ag'/Ag
Cyclohexene NaClO4/MeCN 1.95 | Ag'/Ag
Styrene NaClO4/MeCN 1.90 SCE
Nitrogen va sulfur
Acetamide EtsNC104/MeCN 2.00 SCE
Aniline Buffer/H,O 1.04 SCE
N-Methylaniline Na;S04/H20 0.70 SCE
Nitrobenzene 0.1M HC1/50% acetone/H>O | 0.58 NHE
Thiophenol CF;CO2H/CH2Cl, 1.65 | Ag/Agt
Diphenyl sulfide 0.1 M HCI/MeOH 0.86 | Ag/Ag*
Diphenyl disulfide | LiC104/MeCN/CH:Cl, 1.75 | Ag/Agt
Alcohols
Methanol BusNBF+/MeCN 2.73 Fc/Fc*
Ethanol BusNBF4+/MeCN 2.61 Fc/Fc*
Isopropyl alcohol | BusyNBF4/MeCN 2.50 Fc/Fc*
t-Butyl alcohol BuwNBFs/MeCN 2.60 Fc/Fc*
Allyl alcohol BusNBF+/MeCN 2.65 Fc/Fc*
Benzyl alcohol NaClO4/MeCN >2.00 | Ag/Agt
Phenol NaClOs/MeCN 1.04 | Ag/Agt
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5.2. Qua trinh oxi héa anode hydrocarbon
5.2.1. Qua trinh oxi héa hydrocarbon no

Trong phan tir cia cac hydrocarbon no, ca hai lién két C — H va
C — C déu c6 thé bj oxi héa va hinh thanh carbocation. Carbocation nay
tham gia céc phan g tiép theo nhu phan tng chuyén vi, tich proton
va phan rng nucleophile.

- H-(:;-(:;(+) + H*

>2H-(:;-¢ (+)

Quad trinh oxi héa anode truc tiép cua cac alkane xay ra & thé rat
duong. Vi Iy do nay, phan tmg oxi héa anode cua alkane dugc tién hanh
trong cac dung moi bén oxi héa nhu acetonitrile, sulfolane, methylene
chloride, propylene carbonate,... véi cic mudi tetraalkylammoni cia
cdc ion F-, C104, BF4 lam chat dién ly. Phan rng oxi héa cua cac nhom
CH; va CHa xay ra ¢ thé 16n hon 3,4 V (so v&i SCE) va phan g oxi
héa cia nhém CH x4y ra ¢ khoang thé tir 3,0 — 3,4 V (SCE).

Su c6 mat cua cac acid vO co manh nhu acid florosulfonic
(HSO3F) co6 tac dung 6n dinh carbocation tao thanh va do vay giam thé
oxi héa cua cac hydrocarbon no tir 3,00 V; 3,01 Vva3,04 V dén 1,8V;
1,68 V va 1,64 V cho 2-methylbutane, 2-methylpentane va octane
tuong Ung.

Xyclohexane bi oxi hda trong h(:)nv hop acid acetic va acid
florosulfonic ¢ thé anode 1,85 V (SCE) dé chuyén thanh 1-axetyl-2-
metylxyclopentan vi hi¢u suat 35%:

CH;COOH + FSO;H CH;CO™FS0;” + H,0
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(+) (+)
O 2e,-H*Pt _H
HSO5F, McOH ’

(+) 0
CH:CO N

-H*

~ Trong céc hydrocarbon no thi kha nang phan trng oxi héa cua lién
két C — H bac ba cao hon so véi CHa.

5.2.2. Qua trinh oxi héa hydrocarbon khong no

Thé oxi héa cua alkene va cac dan xuét ciia nd 4m hon so véi thé
cta alkane va phu thudc vao cdu tric cua hop chat khong no. Nhin
chung cac nhom thé day electron (phenyl, alkyl, amino, alkoxy) lam
giam gié tri thé oxi héa; con cac nhom thé hat electron (COR, COOR,
CN, NO», CFs, F) 1am ting gia tri thé va c6 thé 1am thay d6i kha ning
oxi héa anode cia cac hydrocarbon khong no.

Phan (mg oxi héa anode truc tiép cua lién két doi tao thanh cation
gbc, cation gde nay s& tham gia cac phan tng ké tiép tuy thudc vao cau
tric cuia hop chat khong no va chat dién ly dé hinh thanh cac san pham
cong nucleofil, dime héa, san pham chuyén vi va thé alyl.

H H
[ / -e,+2Nu I B |
—C=C=C - =—C=C—C—
| \ N
Nu Nu
L-E
H H
1 & 7/ 2 Nu [ I O
i - SERCECRCRC
I 1 | Nul | Nul
-e -H* + bV 7 Nu (|
! \ |



Thé oxi héa ctia cac hop chat khong no duoc trinh bay & Bang 5.2.

Bing 5.2. Thé oxi héa ciia mét sé hop chat khéng no

Hop chit Ei» Diéncuc Chitdiénly Dungméi Dién cue
so sanh
C¢H,;-CH=CH, 28 SCE LiClO, CH,C(N Pt
CsH,,~-CH=CH-CH, 23 SCE LiClO, CH,CN Pt
(C,H,),C=CH, 217 SCE LiClO, CH,CN Pt

O 214 SCE LiCIO, CH,CN Pt

% 202 SCE LiClO, CH.CN Pt
% 154  SCE LiClO, CH,CN Pt

© 1.36 SCE LiClO, CH,CN Pt

Qud trinh oxi héa anode cua xyclohexen trong moéi trudng
methanol sé& thu duoc cac dan xuat thé alyl ciing v&i cac san pham cong
nucleofile:

+)
e, -H'_ @ ©/ OR
> —»
ROHl -€

O + ROH, _a+ OR ROH
. * T
OR
ROH
OR _H+ OR

+)
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Qua trinh oxi héa cyclohexene trong dung mdi acetonitrile va c6
mit polyme trao d6i ion (polyvinylbenzenesulfonic acid), chat lam bén
viing carbocation tao thanh, s€ thu dugc 3-acetamidocyclohexene véi
hiéu suit 63%; trong trudng hop khong c6 mit polyme trao ddi ion thi
hiéu suét 1a 17%.

4 (43
-2e,-H MECN m
— N=C=Me
MeCHN,(Pt)

Bu,NBF; 503

Hy0 '
63

Qua trinh oxi héa anode cua hydrocarbon khong no c6 anh hudng
dén héa 1ap thé ciia san pham tao thanh. Vi du trong phan tng acetoxy
hoa cua 3-methylcyclohexene trén anode thi dong phan cis thu dugc
chiém ty 18 16m so v6i dong phan trans; trong khi do bang phuong phap
oxi héa thi ddng phan trans chiém wu thé.

AcCOH,-e é, -p d
————— —— —_—
+ -—H+

_+-'- e
-H AcOCu
OAc

Su khac nhau vé héa 1ap thé dugc giai thich bang s hap phu chon
loc héa 1ap thé cua carbocation cyclohexene trén bé mat dién cuc anode.
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lc}[

-H CH
\“‘A &
HF

\/

LR AEA AT RO A AT,

Cac arylalkene cling tham gla phan ing cong oxi hoa nucleophile.
Dien lién hop dé bi oxi héa hon rat nhiéu so véi alkene, tuy nhién thé
oxi héa cua cac dien v6i lién két doi tach roi twong duong véi thé cua
cic alkene. Trong dung méi methanol hodc acid acetic cac san pham
oxi héa 1, 4 va san pham cong nucleophile duoc hinh thanh:

OR

-2e,ROH (C)
i +*
O Et,NOTs m::’@\{m OR
R=Me 50,6 % 6.1
Ac 45,0 "% 6.0%

Qua trinh oxi héa cac dien mach hd thuong kém theo phan ing

dime hoda:
= ze /\H N
MeOH

OMe OMe
/Y\/l\/ + M)
OMe OMe
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5.2.3. Qua trinh oxi héa hydrocarbon thom

Mot sb hydrocarbon thom don gian nhu benzene, toluene, xylene,
naphtalene c6 thé oxi héa rat cao, do d6 chi thich hop cho cac qua trinh
oxi héa dién hoa gian tiép hon. Trong qua trinh oxi héa dién héa truc
tiép ctia hydrocarbon thom, si chuyén electron xdy ra tir hé electron pi
dén dién cuc anode tao thanh mot géc cation, géc cation nay co thé tham
gia phan tmg dime héa hodc phan tmg véi mot nucleophile dé tao thanh
san pham.

Ar=H
L-e
= +)

ArH (+o) 5 H - H | -4
AFwhp e DAl i (R | 2R 1B | e enl
=2e,~2H ~Nu > Nu

Qua trinh thé anode nucleophile cia nhan thom (acetoxylation,
acetamidation, methoxylation, v.v.) thuong dugc giai thich bang co ché
ECEC. Su thay thé chon loc héa hoc trén nhan dién ra chi véi
hydrocarbon thom va nhitng din xuét cia ching ma nhém thé cua
ching khong chtra nguyén tir hydrogen & vi tri benzylic.

Qua trinh acetoxyl hoa anode cia hydrocarbon thom chi tao thanh
cac dan xuat acetoxy tuong trng vdi hi€u suat vuot qua 50%:

OAc
@ G -Ze, AcONa @ e
—_—
AcCOH
Phan tng oxi héa cua alkylhydrocarbon thom co6 chira cac nguyén
tu hydro ¢ vi tri benzylic c6 thé xdy ra theo hai huéng canh tranh nhau,

d6 1a sy thé nucleophile ¢ nhan thom hodc sy thé nucelophile & vi tri
benzylic cua nhom alkyl.
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[+) R N u

CHoR CHoR

OO

- R
CHoR

=g

Su uu tién cua san phém tao thanh phu thudc vao diéu kién tién
hanh phan ung.

Nhom methyl trong hydrocarbon thom c¢6 thé bi oxi héa tryuc tiép
& dién cuc anode. Ty thudc vao thé ciia dién cuc lam viéc, thanh phan
dung dich dién ly, lugng dién di qua h¢ dién phan ma san phém cua
phan tng c6 thé 1a benzyl alcohol, aldehyde hoic acid.

-2e = =
Ar=CHz — Ar =CHo= OH —z—e—- Ar - CHO i---

—= Ar - COOH

5.3. Qua trinh oxi héa acid carboxylic

Phén tmg oxi héa anode cia acid carboxylic dudi dang mudi kim
loai kiém trong céc ‘dung mo6i thich hop da dugc nghién ciru tir 1au va
c6 ¥ nghia trong tong hop dién hoéa hitu co. Phan tng oxi hoéa ion
carboxylate tao thanh 2 san pham trung gian: cac goc va gbc sau do két
hop v6i nhau tao ra cac dime (phan ing Kolbe); cdc carbocation, sau
d6 carbocation déng phan héa va phan tng voi cac nuclophile (goi 1a
phan ung Hofer — Moest).
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Co ché ciia phan tmg dugc mé ta nhu sau:
RCOO -e —» RCOO
RCOO — » } +CO,
2R — > R-R

o
Hay R-e— » R*

r+ B eNut + RH

Nu 1a nucleophile va B 1a mét base.

Qua trinh oxi héa 1 electron hay 2 electron cua ion carboxylate bi
anh huong bdi mot ) yéu t6 nhu: vat liéu dién cuc anode, thé dién cuc,
mat d§ dong, dung moi, nhiét d§ phan tng, chat dién ly thém va cau
truc cua acid carboxylic.

‘ Phan Uimg Kolbe thuong xdy ra & plét do dong cao, nhi¢t do thép
va nong d¢ acid carboxylic cao. San pham chinh trong phan trng Kolbe
la R-R, do vay phan tng Kolbe 1a phuong phép dé diéu ché hydrocarbon
R-R tr RCOO'. Ngoai ra, ty thudc vao moi truong phan irng ngudi ta
con ¢o thé thu dugc mot s6 sain pham ROH, RCOOR, RH, RNu*,...

Mot s6 phan (mg oxi héa acid carboxylic:
2CH3COO - 2¢ — CHeg + CO2
2C>H5COO - 2e — C4Hio + CO»

Phan tng oxi héa cdc acid hitu co xay ra & thé rat duong. Hi¢u
sudt cua san pham R-R ¢ phan tng Kolbe thu dugc cao khi phan ung
duoc tién hanh ¢ mat do dong 16n hon 0,25A/cm?.

7 Khi hon hop hai acid carboxylic bi oxi héa sé& tao thanh ba loai san
pham chinh:

RCOO +R’COO" - 2¢ - R-R+ R’-R” + R-R’ +2CO>

Ham luong ctia mdi loai dime tao thanh phu thudc vao ham lugng
cua moi acid c6 mat trong moi truong phan Gng.
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Phuong phap oxi héa anode bang co ché phan tng Kolbe ciing
dugc ung dung dé tong hop cac polymer, dac biét trong cong ngh¢ ma
polymer hay son dién héa hoac son dién di. Co ché€ qua trinh dién phan
xdy ra trén anode theo Bongenschutz nhu sau:

- Phan tng khoi mao gbc ty do:

M-e — » N.I+
[ ] [ ]
M* + OH"—— HOM
OH -6 —» 6]—[
RCOO" - e —» RCOO

L]

RCOO — » R +CO,

[ ] [ ]

R+M —> RM
- Qua4 trinh polymer héa cdc ion:

ClO; -e—(I0,
[ 3
ClOy + M —— 10, + M*
- Qua trinh phat trién mach:
+M

° ° °
RM +M —>RM-M —>RM-M-M —> ...

° * + M °
HOM +M ——> HOM-M —>HOM-M-M —» .

o ° +M o
M"+M——M"-M — M-M-M ——> ...
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- Qua trinh cit mach phan tng:
° °
RM+RM-M_>RM-M-MR

[ o
HOM + HOM-M ——> HOM - M - MOH

e (chat cho) + M-M* — M-M + chit cho
Trong d6 M la CH.=CH-X, hop chit vinyl,. ..

Céc acid carboxylic khong no & vi tri a, B va BB, y cling nhu cac
mudi cta acid thom khi bi oxi héa anode khong tudn theo co ché cia
phan tng Kolbe. San pham thu dugc khong phai 1a dime ma 1a cac hop
chét hiru co khac.

Vi du:
2CH,=CHCOO -2¢ —— CH=CH + CH,=CHCOOH + CO,

Acid dicarboxylic cling khong tham gia phan ing Kolbe, nhung
bi oxi héa & anode dé tao thanh cac san pham giam mach. Vi du qua
trinh oxi héa acid malonic ¢ dién cuc Pt trong moi trudng kiém thu
duoc acid oxalic va acid fomic:

COOH

I COOH

(|3H2 — | + HCOOH
COOH COOH

Mubi ciia acid dicarboxylic monoester tham gia phan g Kolbe
v&i san pham la céc ester acid dicarboxylic c6 mach 16n hon:

?OO_ ?OOR
D(CH,), —2%» (?HZ)” +2C0,
' (CHz)n
COOR |
COOR

Phan (g nay gidng phan (mg tong hgp oxi héa ctia Brown-Walker.
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5.4. Qua trinh oxi hda alcohol, ether, ketone va aldehyde
5.4.1. Oxi hoa alcohol

Phéan rng oxi héa anode cua alcohol bac mdt trong moi trudong
acid thuong thu dugc aldehyde va aldehyde nay bi oxi héa sau hon
tao thanh acid. Tuy nhién, tily thudc vao cu tric cta alcohol va dung
dich dién ly, qud trinh oxi héa alcohol c6 thé thanh aldehyde, acid,
ester va acetal.

Co ché cua phan ung oxi héa xay ra nhu sau:

RCH(OCH,R),
“H,0
(+)e _ o+ e H*
RCH,0OH —<—» RCH,0H ——> RCHOH 2> RCH——oOH
l _ H+ OCHzR
L0 -e ° -e, -H*

Dé thu duoc aldehyde tir qua trinh oxi héa cua alcohol, ngudi ta
can tién hanh & mat do dong thép & nhiét do cao dé dudi aldehyde tao
thanh ra khéi méi truong phan tmg. Néu ta mong mudn thu dugc acid
thi aldehyde m61 hinh thanh phai dugc git lai trong dung dich phan trmg
dé tham gia phan tng oxi héa tiép.

Nhu vay, ethanol bi oxi héa trong H>SO4 loang & anode Pt s€ cho
acid acetic voi mat do dong 0,2A/cm? va nhiét do phan tmg gan 30°C.
Hiéu suit dong ciia phan tng 1 78%. Phan g oxi héa anode cia
isopropyl alcohol dudi diéu kién twong tu thu dugc acetone.

Khi phan tng oxi héa alcohol duoc tién hanh trong méi truong
kiém manh thi san pham thu duogc 13 polymer va san phim ngung tu ctia
aldehyde. Cac alcohol c6 mach hydrocarbon 16n thuong bi oxi héda
thanh acid carboxylic twong ung trong méi trudng acid. Vi dy, propyl
alcohol bi oxi hdéa & anode PbO> hodc Pt trong moi trudng acid sulfuric
lodng cho acid propyonic v&i hiéu suat 90% va mét lugng nhd cua
aldehyde propionic. Alcohol isoamyl bi oxi héa trong mdi truong H* &
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anode PbO> hodc Ni v6i mat do dong thap thu dugc aldehyde isovaleric,
tuy nhién néu phan tng thyc hién ¢ mat dd dong cao thi sdin pham chinh
1a acid isovaleric.

(CH3)>CHCH>CH>OH — (CH3)>CHCH>CHO
— (CH3)CHCH,COOH

Cac alcohol bac hai nhu menthol, borneol va tropin bi oxi héa
trong moi truong acid tao thanh cic ketone: menthone, campho va
tropinol tuong tng.

e ——
OH iO

C|3H3 (|3H3
HaC——C——CH(OH) HQC—C—C -0
|HsC C-CH, |H3C C-CH,
H2C—(H)—CH2 HQC—IC_|)—CH2

H
H C_CH)_CHz HQC_C_CHQ
|HSC N CH(OH) |HsC N C 0
Hzc—ﬁ—oH2 HzC—(HJ—CHz

Trong dung dich acid ¢ dién cuc PbO,, glycol bi oxi héa cho
glycolaldehyde, acid glycolic, formaldehyde, trioxymethylene, acid
formic tuy thudc vao diéu kién di¢n phan:

HOCH,CH,0H—>HOCH,CHO— HCHO — (CH,0);

HCOOH
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5.4.2. Oxi hoa ether

Cic ether gbc hydrocarbon no bi oxi héa ¢ anode theo co ché
gidng nhu alcohol. Qua trinh oxi héa tryuc tiép cac ether trong dung dich
methanol v&i su c6 mit cua cac chat dién ly nhu natrimethoxy,
(C2H5)sNTsO, amonitrate thu dugc a-methoxylate véi hi¢u suit thép:

-€ -€

M{» RCHTOMe

_H*
OR'

Theo co ché trén, tetrahidrofuran dugc chuyén thanh
2-methoxytetrahidrofuran & anode carbon trong moi truong MeOH:

OMe
MeOH,MeONa
'
@) 2e, C O
16,3 %

5.4.3. Phan @ng oxi hoa aldehyde

Trong moi truong acid, nhin chung cic aldehyde bi oxi héa thanh
acid twong mg, cuing v&i san pham phy 1a CO2 va CO. Nhu vay, tir
aldehyde acetic va aldehyde propionic biang phuong phap oxi héa dién
héa ngudi ta thu dugc san pham chinh 14 acid acetic va acid propionic.

CH3;CHO - 2e — CH3COOH
CH;CH>CHO - 2e — CH3CH>COOH

Trong mdi truong kiém, aldehyde acetic bi oxi héa thanh acid
formic, con céc aldehyde cao hon s€ tao thanh hydrocarbon no.

Tuy nhién, aldehyde formic bi oxi héa trong méi truong kiém trén
cathode Cu tao thanh CO; va Ha. Co ché phan ing nhu sau:
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OH ol
= /- -2HY = -2
H,C=0 —> H2C=(_)| _H20_>H2c\ —_— HZC\_ _e>(j()2 +H,

OH o]

5.4.4. Oxi hoa ketone

Phén g oxi héa anode cta ketone cho cic san phim khac nhau
phu thudc vao dién cuc va mat d¢ dong phan tng. Vi du phan tng oxi
héa acetone ¢ anode Pt voi mat do dong thap trong moi trudng acid s&
thu duoc acid acetic va acid formic, nhung néu phan tng duoc tién hanh
vo1 mat d§ dong cao thi ngoai cac acid trén con thu dugc methane,
ethane, hydrocarbon khong no, CO; va CO.

5.5. Qua trinh oxi héa cac hop chit hiru co khac

5.5.1. Phan trng oxi héa hop chit chira Sulfur

Phan tmg anode hop chét sulfur cia thiol, dialkyl hodc diaryl xay
ra v&i cac muc do khac nhau phy thude Vég dién cuc, vat li€u dién cuc
(carbon, platin, thép khong gi) va thanh phan cia dung dich dién ly.

Co ché phan tng:

-4e
RSH—>R'§'OR R-SO,0-0S0, -R

_e O
-1&
-4e

R-S-S-R —=— RS0,0"
_H+ O
, Il
R-S-R 2_6» R-S-R —2_6» R-S-R

I
O @)

Thiophenol bi oxi héa thanh diphenyldisulfur va ester cua
benzensulfonic ¢ anode platin véi cac dung dich dién ly khac nhau:

AcOH-ROH ]
Ph-S-OR € phsH —MeOH-H0 ) o o ppy
I AcONa KOH-KH,PO,
0 100%
95%
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Diphenyldisulfur cling bi oxi héa tao thanh ester cua acid
benzensulfonic, phenyl bezenthiosulfonat va natribenzensulfonat:

o)

I MeCN, H,0 AcOH-ROH
Ph-S-S-Ph <— Ph-S-S-Ph > Ph-S-OR
Il LiClOg4, Pt AcONa, Pt I

o)
80% NaClO,| MeCN 74%
PhSO,ONa
60%

Phan g ngat mach cua lién két C-S duogc ap dung trong cac dan
xuat dithian dé di€u ché aldehyde:

\
A S MCNHO by cH=0 77%
H s NaClO,, Pt
- 2e
(+)
Ph g "h\ OH

X 20 S
H s H*
@ >
S

5.5.2. Qua trinh oxi héa hop chit Selen

Trong nhirng nim gan ddy, cic din xuit cta benzenselenic
(Ph-Se-X, X: Cl, Br, OCOCH3, NR»>) dong vai tro quan trong trong
phan Gng véi alkene. Cac hop chat nay duogc tong hop bang phuwong
phép oxi héa anode diphenyldiselen:

e >C=C/\R'

Ph-Se-Se-Ph >
W Ph-Se-OR OR

SePh
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5.5.3. Qua trinh oxi héa din xuét halogen

Dan xuat halogen cua hydrocarbon (R-X; X: CI, Br) bi oxi hoa
tryc tiép ¢ anode. Co ché phan ung 1a sy chuyén tryuc tiép electron tir
orbital khong lién két cua halogen dén anode va su bé gy lién két C-X
hinh thanh carbocation dé tham gia phan mg véi nucleophile c6 mit
trong dung dich.

Vi du cho co ché ctia phan ing sau:

' P [D\/('ﬂ L@ oL (+)

CH;CN

NHAc

1. CH,CN NHA

—_— D C

2. H,0, HY DoV *
90%

Phan g trén goi 1a phan ung acetamite hda, phan img nay khong
xdy ra voi dan xuat floro va chloro cia hydrocarbon.

Trong phan Ung oxi héa anode cua aryl iodide, nguyén tir iode
khong bi tach ra khoi lién két C-I va goc cation hinh thanh tham gia
phan Ung the electrophile tao thanh 4-iodo phenyl iodonium:

LiClO,,MeCN +)
CeHsl = -~ I I

CeH;l
-e, H*

CeHs TV

5.5.4. Qua trinh oxi hoa amine

Céac amine no mach ngan co6 thé oxi hda thap va do do dé bi oxi
héa ¢ anode. Qua trinh oxi h6éa phu thudc vao cau tric ciia amine, vat
liéu dién cyc va thanh phan cua dung dich dién ly.
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Phan trng oxi héa anode cua amine no bac 3 trén dién cyc carbon
hodc platinum vdi sy ¢ méat ciia nude dan dén sy bé gay lién két C-N
thu dugc amine bac 2 va aldehyde.

Co ché phan ting oxi héa cho mot s6 amine bac 3 nhu sau:

] -H*
(RCH;);N—=< (RCH;3);N® ——» (RCHj;),N - CH-R

+) (+)
—— (RCH3),N - CH-R === (RCHj),N = CH-R

0 _ (RCH;),NH + RCH=0

-H*

Téc d6 cta phan ing va hiéu suat cia aldehyde thu duoc giam khi
dd bén cua carbanion gidm theo tht tu: CH3z > CoHs > CsHy >>
cyclohexyl > isopropyl.

Phan tmg oxi hoa benzyl dimethylamine ¢ Pt tao thanh san pham
chinh 1a bezylmethylamine va mot s6 san pham phu.

-2e,MeOH

Ph-CH, -NMe, —— ———= Ph-CHO + PhCH,NHMe + PhCH,NH,
1Bl 7% 71% 10%

Céc amine bac 1 cling tham gia phan ing oxi héa anode tao thanh
dan xuat azo va nitrile tuy thudc vao di€u kién ti€n hanh phan tng:
_H,0, MeCN, KOH THF, LiClOy4

C17H;C=N = RCH,NH
7 Ni(OH),, -6e 277 e Pt

» C 4H9N=NC4H9

R=C;H;5 R=C;H;

Co ché cua qua trinh oxi héa amine bac 1 1a do su chuyén electron
tu do cua nguyén tur nitrogen dén anode.
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RCH,-NH -NHCH,R ——RCH,-N=NCH,R

_ (H)e 1+
RCH,NH, —— RCH-NH ——> RCH,-NH

l .
g -e _H+ (+)
RCH=N <«=—— RCH=NH-+—— RCH,-NH

RCH-N ——RC=N

b

Qua trinh oxi héa ctia cdc amine thom phu thudc dang ké vao diéu
kién phan tmg. Vi du phan trng oxi héa aniline trong moi truong acid
manh tao thanh hdn hgp cua 1,4-benzoquinone va benzidine, trong moi
truong trung tinh thu dugc p-Aminodiphenylamine va trong dung dich
alcohol cho azobenzene.

—»

Et,NCIO, N <:> NH 0
H

B - !
ROH

Phan tmg oxi héa cua céc alkyl-aryl amine c6 y nghia quan trong
trong tong hop hiru co. N-N- dimethylamine c6 thé bi oxi héa dé diéu
ché N-metoxymethyl N-methylaniline hay N-N-bis-
metoxymethylaniline:

OCH,8 OCH, OCH,8
/ CH:OH e /
C6H5N E—— C6H5N EEE— C6H5N
2e N CH;OCN N
OCH,8 OGH, OCH,8

Céc hop chit aminoalcohol va amino acid ciing tham gia phan Gmg
oxi héa anode tao thanh céac hop chat khac nhau phu thudc vao dién cuc
anode va di€u kién mdi truong phan tng.
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R R

| —_— §
CH,NCH,CH,OH Ph—<o + PhCH;N._O

R-(IIH-COOH — RCHO +NH; + CO,

¢
R-COOH

5.6. Ung dung ciia qua trinh oxi héa cic hop chat hiru co

Quad trinh oxi héa anode cac hop chat hiru co ¢ tng dung to 16n
trong thyc tién nhu tong hgp cac hgp chat cho cong nghiép, dugc liéu,
huong li€u va ing dung trong xur 1y moi trudng.

5.6.1. Tong hop cac hop chit cho cong nghiép héa chit, duwge pham
va hwong liéu

Mot s6 qué trinh oxi héa anode dugc Gmg dung trong tong hop cac
hop chat hitu co nhu qua trinh oxi héa propylene diéu ché propylene
oxide v&i anode carbon va cathode thép khong gi, hiéu suat phan tng
dat 80 - 88%. Phan trng brom héa hydroxyanua ¢ anode C trong binh
dién phan mang ngin duoc tmg dung trong céng nghiép san xuét
cyanogen bromide dat hiéu suit 98%.

Céc nha khoa hoc Anh d tién hanh oxi héa tinh bot thu dugc
dialdehyde véi hiéu suat cao.

B OH | B OH |
0 O
—-G UH — ‘J,#-—--‘ ~ Lo _— G H H s
0 103
. OH_|n — —n

Phuong phap oxi héa anode duge s dung dé thay thé phuong
phdp oxi hda trong san xuat cac aldehyde thom nhu anisaldehyde va
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p-tolualdehyde. Qua trinh oxi h6éa nhom methyl trén vong thom dé
di€u ché aldehyde thom nhu benzaldehyde tur toluene to ra c6 uu the
hon so v61 phuong phap oxi hoa vi khong tao ra sdn pham phu la acid
thom.

CHa C(OMe),

CHO
—de, —4H"
- _—
MeOH
R

R = Me, OMe

Acid phthalic va o-naphtal c6 thé thu dugc khi oxi héa
naphtalene. Acid nicotic, mot chat ding dé tong hop vitamin PP, c6
thé dugc diéu ché bang phan g oxi héa nicotin hodc B-nicolin trén
anode Pt hoac Pb.

~Thuc hién phan tng Kolbe dong tu anode A. Brow va J. Walker
da tong hop dimetyl sebaxinate tir mono metyladipat voi anode Pt/Ti
dat hiéu suat 75%.

Acid sebacic va din xuat ctia no rat can cho cong nghiép nhua cao
cép va cong nghiép chat thom. O cac nudc phat trién, cong nghiép san
Xut cac hop chat sebatinic bang phuong phap dién hoa da dugc sur dung
dé  thay thé phuong phap oxi héa hiéu suat thap diing nguyén liéu 1a dau
thau dau.

Qua trinh oxi héa cac ruou cé6 mach cacbon tir C3 - Cs nhu
propylalcohol, n-butyl alcohol, isobutyl alcohol dé diéu ché cac acid
tuong tng ¢6 ¥ nghia quan trong trong tong hop duoc phim, thude trir
sdu va nhat 1a dé diéu ché cac ester lam dung mdi va 1am nguyén liéu
cho thyc pham, my pham.

Mot s6 duoc pham ciing duoc tong hop bang phuong phép oxi héa
dién hdéa nhu calcium gluconate tir glucose, calcium lactobionate tir
lactose,...
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CH=0 COOH C00Ca

g "ZE,H::I — —
- —>
taBrz . T

frmren. ‘oo =

CHo0H CH,OH CHo0H

Qua trinh fluor hoa dién hoa 1a qua trinh ma trong dé cac nguyén
tr hydrogen ctia chit ban dau duoc thay thé bang nguyén tir F ma khong
tao thanh F». Phuong phap nay dé duoc J. H. Simon nghién ctru nam
1941 va duoc goi 1a phuong phap Simon dé tong hop cac hop chét fluor
c¢6 nhiéu tng dung trong cong nghiép héa chat.

—ne
CaH=1.N s (CaF=12N
(Caliz)s Anhydrous HF{ 3F7)s

Cong ty hoa chat Otsuka di thuong mai hoa qua trinh tong hop
dan xuat B-lactam lam thubc khang sinh bang phuong phap oxi héa
anode h¢ hai pha sau:

RIOCHN,  S-SO.Ar R'OCHN.  S-SO.Ar R'OCHN
A e
aq. NaCIa‘CHECIQ g N cl
COOR? il COOR? 000':*2

(GCLE)

Ngay nay, trong cong nghiép polymer nguoi ta da st dung phuong
phdp oxi héa anode dé tong hop mot sé polymer nhu polypyrrole,
polyaniline, polythiol,... c6 tinh chat dan dién, lam vat liéu tao mang
va senor dién hoa cé gia tri ung dung cao.

Phén tmg oxi héa dién héa pyrrole tong hop polypyrrole:
H

@ . \N/ /N\

& H

n
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Co ché phan ing xay ra qua cac giai doan sau:

Oxi hoa pyrrole
- > + -+,
C -/\ - +/ ( ;/)
| }
H H
Hinh thanh dimer
H
— |
2 O+ +
W %
H wo M

Oxi hoa, két hop va sap xép vong:

H
/ \ | I
0 H h

Phat trién manh:

T

AN N
ol =
7\ T

5.6.2. Xir Iy moi truong biang phwong phap oxi héa dién hoa

Bén canh nhirng hop chit v6 co nhu kim loai nang, acid, base,...
trong nude thai cong nghiép va gia dinh con chira nhitng hop chat hiru
co gay 0 nhiém moi trudng.

Phuong phép sinh hoc té ra ¢6 hiéu qué trong xir Iy mot s6 chat 6
nhiém. Tuy nhién c6 mdt s6 hop chat hitu co khong bi pha huy bang
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phuong phap sinh hoc, do d6 mot s6 phuong phap khac duge st dung
nhu hap thy bang than hoat tinh, oxi héa véi tac nhan HyOz c6 mit Fe?*
ozon hoac chloro.

Phuong phéap oxi héa dién héa ciing dugc ing dung dé xir 1y céc
chit 6 nhiém va thu hit sy quan tam cua cac nha khoa hoc nho tinh hi¢u
qua cao, dé diéu khién va khtr doc triét dé.

Hop chét hiru co gay 0 nhiém dugc xir Iy bang phuong phap oxi
héa anode 13 cac din xuét cua benzene voi nhém thé -OH, -NHa,
-COOr, SO3%, -NO, thudc nhudm azo, sunfide va thiol. Cac qué trinh
oxy hoa dién hoéa dan dén sy phan hiy hoan toan cac hop chét c6 trong
nude thai thanh CO2, NH3 va nude hodc hinh thanh cac chét khong doc
hai don gian hon, c6 thé duoc loai bo béng cac cach khac. Cac dién cuc
duoc lam béng vat liéu dan dién khong hoa tan khac nhau nhu than chi
hodc hon hop oxit kim loai (chi dioxide, manganese, ruthenium,
iridium... dugc ap dung cho chit nén titan) duogc s dyng lam cuc
duong. Cyc 4m thudng duoc 1am bang molypden, hop kim vonfram véi
sat hodc niken, than chi, thép khong gi, va cac kim loai va hop kim kim
loai khac.

Vi du qua trinh xi¥ ly phenol trong nwéc

Phenol va hop chat caa phenol dugc dung nhu mot chat tay ué
thong thuong, thudc thir trong oxi héa phan tich va diung trong cong
nghiép tong hop nhya nhan tao, dugc pham, cic hop chat hitu co ding
trong cong nghiép va thuéc nhudém. Phenol va nhiéu hop chét cia
phenol, dic biét 12 cdc hop chat chira clo rat bén trong méi trudng. Vi
vay, viéc danh gia, xir 1y phenol va cdc hop chét cua phenol trong nude
thai 1a rat quan trong. Phenol va céc hgp chét ctia phenol ¢6 kha ning
phan huly sinh hoc thap (khé phan huy sinh hoc), gdy thiét hai cho mbi
truong song dudi nudce. Viée xir Iy nude chira mot ham luong phenol
> 200 mg/l bang k¥ thuat sinh hoc 1a rat kh.

Phenol c6 thé dugc xir 1y bang phuong ‘phap oxi hoéa nang cao.
Day 14 qua trinh oxi héa phan huy cic hop chit hiru co dua vao gbc tu
do hoat dong hydroxyl (HO") dugc tao ra ngay trong qua trinh xu ly
(in-situ). Tuy nhién, cac phuong phap oxy hoéa nang cao nay gap phai
mot s6 mit han ché nhu hiéu qua xu 1y thap, gid thanh cao.
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Dé giai quyét cic han ché trén, phuong phap dién héa da duoc st
dung dé xtr 1y phenol va céc hop chét ctia phenol trén anode PbO2 0 mat
d6 dong 75 mA/cm? d6 chuyén héa ciia phenol dat gan nhu hoan toan
(trén 98%) va kha nang khoang hoa thanh CO» + H>O dat trén 80%.

Co ché phan tng oxi héa phenol trén anode PbO, nhu sau:

@@@@@ﬁ

géc phenoxy
hydroqw none  cathecol
O HOOC COOH O ) 0]
S N4 4
ho /E c=C. —» C—C, — H—C
+ 2e 7 N / \ AN
H H OH
acid maleic acid oxalic acid formic
p- vp 0- benzoquinone —
. o, +HO C. ¢ chit c& thOph@ hud sinh héc

Noi dung 6n tap

1. Trinh bay co ché phan tng oxi héa tryc tiép va gian tiép hop chat
hitu co bang phuong phap dién hoa.

2. Trinh bay co ché chung cua phan g oxi héa hydrocarbon no,
khong no bang phuong phap dién hoa.

Trinh bay phan trng oxi hoa dién hoda alcohol.

Trinh bay phan rng oxi hoa dién hoda acid carboxylic.

Trinh bay phan trng oxi hoa dién hoa aldehyde va keton.
Trinh bay phan tng oxi hoa dién hoa hop chét hitu co chira S.

L

Trinh bay phan tng oxi hoa dién hoa hop chat halogen.
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10.

11.

12.

Trinh bay phan tng oxi hoa dién héa hop chét hitu co chira N,

Trinh bay mot sb tmg dung ciia qua trinh oxi hoa dién hoa trong
cong nghiép.

Trinh bay mét sb tmg dung cia qua trinh oxi héa dién héa trong
Xt Iy moi trudng.

Acid izovaleric duoc sir dung dé tong hop este izoamyl izovalerat,
mot hop chat c6 mui huong tio. Acid izovaleric dugc diéu ché tir
qua trinh oxi h6a rugu izoamylic bang phuong phap dién hoa. Hay
trinh bay phuong phéap tong hop dién hoa trén, viét phuong trinh
phan tmg va néu cac yeu t6 nham ning cao hiéu suat dong phan
ung. Biét rang rugu izoamylic it tan trong nudc.

Cong thirc ciu tao cua acid izovaleric:
CH;— CH —CH, — COOH

CHj,

Gluconat canxi la mot trong nhirng hop chét dugc sir dung trong
y hoc nham ting lugng canxi cho co thé dong vat. Tir glucose va
mudi canxi co thé diéu ché gluconate canxi bang phuwong phap
dién hoa.

a) Trinh bay phan tUng dién hoa di€u ché gluconate canxi tu
glucose va mudi canxi.

b) Tinh lugng gluconate canxi tao thanh trong qua trinh dién phan
c6 mang ngan dung dich chura 1 kg glucose trén anode Pt c6
dién tich 50 cm?, mat @ dong 2A/dm?, thoi gian dién phan 8
gid. Gia st hiéu suat dong ctia phan tng 14 75%.
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Chwong 6
MOQT SO PHUONG PHAP MOI TRONG
TONG HQP PIEN HOA HU'U CO

MUC TIEU

Trong thé ky 21, cdc qua trinh san xuit thin thién vé1 moi
truong tré nén cuc ky quan trong va dugc quan tam rat nhiéu. Khai
niém va tdm quan trong ciia Hoa hoc bén viing xanh (Green
Sustainable Chemistry: GSC) di duoc thira nhan trén thé gigi. Ngay
nay, nhiéu qua trinh tong hop méi khong thé phat trién néu khong
quan tim dén GSC.

Chuong nay trinh bay mot sO phuong phap méi trong tong hop
dién hoa hitu co thoa man diéu kién GSC nhu:

- Dién phén véi chat dién ly ran.

- Dién phan trong h¢ hai pha.

- Dién phan trong chat 16ng ion.

- Dién phén trong chat 1ong siéu t4i han.

- Dién phan trong h¢ quang di¢n hoa.

6.1. Qua trinh dién phén vo6i chit dién ly polymer rin

Trong tong hop dién hoa hitu co thuong sir dung chat dién ly thém
dé ting d0 dan dién ctia dung dich dién phan. Tuy nhién, viéc sir dung
chat dién ly thém ciing ddn dén mot s6 van dé nhu khé khan trong tach
san pham ra khoi dung dich dién phan véi ndng d6 chat dién ly 16n; hon
nita cac chit dién ly thuong khong c6 kha ning thu hdi va tai st dung
va trd thanh chat thai sau khi dién phan. Do vay, dién phan tong hop
chat hitu co véi chét dién ly polymer ran (Solid polymer electrolytes:
SPE) dang dugc cac nha khoa hoc quan tam.
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6.1.1. Co sé cua phwong phap dién phan SPE

bién cyc cho phuong phap dién phan SPE dugc ché tao bang cach
ma cac hat kim loai 1én bé mat cia mang trao d6i ion nhu Nafion, sau
do6 1a mot dién cuc ludi hoac dién cuc x6p lam bang kim loai tuong tu
dugc ép trén bé mat ddi dién cua mang dé tao ra mot dién cuc composite
SPE c6 chtic ning dong vai tro kép cua dién cuc va mudi dién ly.

Phuong phap dién phan SPE c6 mét sé wu diém sau:

- Thuén lgi cho qua trinh tach san pham sau phan Gng va tai sir
dung chat dién ly thém.

- Khong c6 sy nhiém ban va khong c6 phan tmg phu gay ra boi
chat dién ly thém.

Co hai loai hé dién phan SPE: H¢ dién phan gém dién cuc duoc
¢p vao mot mdt cua mang trao ddi ion va hé dién phan gSm dién cuc
duoc ép vao hai mdt cia mang trao d6i ion. Hinh 6.1 mé ta hé dién phan
SPE véi dién cuc dugce ép vao hai mat ciia mang trao dbi ion.

Anode Cathode Anode Cathode
l e T e
: | e l
® “
H
4 @ &
2H* 2H*
o —
H H
og og
Mang trao ddi Mang trao dbi
cation cation
Pt xp Pt xép Pt x6p Pt xép
(a) (b)

Hinh 6.1. So do hé dién phan SPE véi dién cuee Pt [11]
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Chat phan ing AH> bi oxi héa & dién cyc anode, proton thu dugc
di chuyen qua mang trao doi ion dén dién cuc cathode. Nhu vay, su di
chuyen ctia H* dong vai tro dan dién ion trong hé dién phan. Tai dién
cuc cathode, ion H* bi khir tao thanh H, trong truong hop khong c6 chat
phan mg tai cathode (Hinh 6.1a). Néu tai cathode c6 chit phan Gmg B
thi B s& tham gia phan tng tao thanh san pham BH, nhu Hinh 6.1b.
Trong trudng hop nay, hai san pham A va BH» dugc tao thanh tir hai
chét tham gia phan tng AH> va B twong tmg. Do d6, phwong phap dién
phan nay dugc xem nhu phuong phap tong hop dién hoa kép (Paired
electrosynthesis).

Trong hé dién phan SPE ma chi c6 mdt dién cuc dugc ép 1én mot
mat cia mang trao ddi ion thi dién cuc ddi duge dat trong binh chtra
dung moi dién phan. Trong hé SPE nay thi chat hitu co khong phéan
cuc ciing c6 thé dugc st dung dung 1am dung méi dién phén, vi du
nhu hexane.

Ngoai ra, khi chit tham gia phan Ung dién phan ¢ trang thai khi
hay long thi qua trinh dién phan SPE c6 thé duoc thuc hién ma khong
can co6 dung moi. Hon nita, qua trinh dién phan SPE véi chat trung gian
oxi héa - khir dién héa c6 thé duge thue hién véi mot luong nho hon so
v6i qua trinh dién hoa binh thudng bang cach cb dinh cac chét oxi héa
- khtr trung gian Ién bé mat dién cuc SPE.

Mot sb qua trinh dién phan str dung h¢é SPE dﬁqduqc nghién ctru
nhu hydrogen hoéa olefin, khir nitrobenzene, tong hop Kolbe,
dimethoxyl héa furfural, tong hop ketone,...

Qua trinh téng hop dién hoa SPE 1a mot phuong phap tiét kiém
nang lugng so voi tong hop dién hoa binh thuong vi khoang cach dién
cuc duoc giam tbi da. Tuy nhién, d6 bén cua dién cuc composite SPE
khong cao, sy nhiém ban ciia mang trao dbi ion cling 1am gidm hiéu
suat dong phan mg. Vi cac van dé nay van chua duogc giai quyét triét
dé, nén phuong phap tong hop dién hoa SPE chua dugc thuong mai hoa
rong rdi. Co s& ban dau cua phuong phap tong hop dién hoa SPE dua
trén pin nhién liéu voi chat dién ly polymer. Nhu vay, viéc phét trién
cac vat liéu moi nhu mang trao d6i ion va cac nghién ctru vé pin nhiéu
liéu s& tao diéu kién cho su phat trién Gng dung ctiia phwong phéap tong
hop dién hoa SPE.
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6.1.2. Phuong phap dién héa SPE tong hop cac chit thong qua phan
rng pin nhién li¢u

H¢ dién phan SPE da dugc ap dung dé dién phan nudc va pin nhién
liéu & muc do thuong mai hoa. Pin nhién li¢u 1a hé chuyén hoa nang
luong ty do Gibbs trong phan tng héa hoc thanh nang luong dién thong
qua phan ung dién hoa. Trong pin nhién li¢u H> - Oz, dong dién thu
duoc thong qua phan ng tao thanh nudc tir Ha va Oz. Trén co so ly
thuyét nay, nguoi ta cho rang cac phan Umg oxi hoa, khir xtc tac trong
céc phan ung héa hoc c6 thé duge chuyén thanh cac phan Gmg pin nhién
liéu tai dién cyc cathode va anode. Vi du qua trinh oxi héa Wacker cua
ethylene dugc xtc tac boi cac cap oxi héa-khir nhu Pd**/Pd va Cu**/Cu*
nhu trinh bay trong Hinh 6.2.

H,C=CHa R Cut 05
H0 oH*
M‘Z?_'t'o PdC Cu* H,0

Hinh 6.2. So do co ché phdn irng oxi héa Wacker

Dua trén su di chuyén cua electron va proton trong so do phan
ung, nguoi ta cho rang phan rng oxi hda ethylene thanh acetaldehyde
c6 thé str dung pin nhién li¢u nhu trinh bay & Hinh 6.3.

Anode  Cathode

|
YR S

MeCHO i _ Hz0
>f \ H* i <
CH2=CH2, Hzo — — 3 - 02
B N -
Mang trao doi |
\ - cation - /

Pt xbp Pt xbp
Hinh 6.3. So do phan img trong pin nhién liéu [13]
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6.2. Tong hop dién hoéa sir dung acid va base rin

Thong thuong thi cac base tan dé bi oxi héa ¢ dién cuc anode,
nhung cac base ran thi khong bi oxi hdéa ¢ dién cyc anode. Dya trén tinh
chat nay, cac h¢ dién phan mai st dung céac acid, base ran c6 kha nang
tai tao va tai sit dung trong téng hop dién hoa hitu co. Vi du, base rin
piperidin (dwgc gin 1én silicagel hodc polystyrene xdp) phan ly cac
dung moi proton hiru co nhu methanol va acid acetic tao thanh proton
va anion; proton tao thanh déng vai trd nhu chat mang dién trong hé
dién phan (Hinh 6.4).

+
ROH + O/‘NHTFF ~——= RO~ + O/\NHFNF{E

(R = Meg, Ac)

+
Q) TNHR'R? === () "NR'R® 4+ H
Hinh 6.4. Sy phan ly dung méi proton béi base ran

Hé dién phan véi base ran duoc ap dung rong rii trong cac phan
g thé nucleophile & anode nhu methoxyl hoa, acetoxyl hoa cac hop
chat hitu co. Ngoai ra, sau phan tng thi cic base ran va san pham dé
duoc tach ra bang phuong phap loc va cac base rin c6 thé dugc tai st
dung nhiéu lan (Hinh 6.5).

S-H
—_—

ROH

S-H: Chit phan (mg

MeOH (R = Me)
MeCN+ACOH (R = Ac) -
+ Loc
Bay hoi
S-OR S-OR
ROH

Hinh 6.5. So do qud trinh tdi thu hoi va sir dung ciia base ran trong
phan ung methoxyl hoa va acetoxyl hoa anode hop chat hitu co [13]
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Mot s6 phan trng st dung base ran:

oo -2e, —-H* :
Chat phan {ng »  San pham
© 0
MeOH OMe
? (o]
PhS” “CFs prig” gry - 0®

CMe

I:/\N —Boc IjN—Boc (94%)
OMe

HO OMe 0 (94%)
OMe

6.3. Tong hop dién héa véi chit trung gian gin trén pha rin

Mic du cac chit trung gian véi cac trang thai oxi héa - khir da dugc
sir dung trong cac qué trinh oxi héa va khir dién hoa gian tiép. Tuy nhién,
cac chat trung gian nay thuong khong dugc tach ra khoi dung dich dién
phan dé tai su dung sau khi tong hop. Diéu nay da anh huong dén qua
trinh san xut sach hon va xanh hon theo tiéu chi GSC. Bé vuot qua van
dé nay, cac nha khoa hoc da nghién ctru sir dung cac chét trung gian gan
vao pha ran dé dé tach ra sau phan ting va c6 kha nang tai sir dung.

Mot trong céc chét trung gian loai nay l1a poly-4-vinylpyridine
hydrobromide da dugc nghién ctru st dung trong phan Ung oxi héa
anode gian ti€p alcohol bac hai thanh ketone.

T B —2¢ S I
\ INHBI‘ + H.O @ ——m \\ /NHOBI‘ + H-
N/ R R N " R
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Phén ung trén cho thay, Br tir base ran bi oxi héa ¢ anode trong
dung dich di¢én ly nudc thanh BrO . BrO™ oxi héa alcohol thanh ketone
va tao lai Br'. Nhu vay, chat trung gian c6 thé d& dang dugc tach nhu
mudi HBr ciia base ran.

Tinh chét oxi héa - khir thuan nghich cua gbe N-Oxyl ciing 1a mot
trong nhitng chat trung gian cho qua trinh oxi héa alcohol thanh ketone.

—e, —H* —e
—— —_—
¥
N . N % N
@]

] +
OH S

N-Oxyl duoc gin trén silicagel va sir dung lam chét trung gian cho
qud trinh oxi héa alcohol thanh ketone trong h¢ phan tan. Trong h¢ nay,
dau tién Br bi oxi héa & anode thanh Br*. Br* oxi héa N-Oxyl trén
silicagel thanh ion oxoamonium (N=0%"), sau d6 N=0" oxi héa alcohol
thanh ketone (Hinh 6.6). Trong truong hop nay qud trinh oxi hdéa xay ra
ma khong can dung méi hitu co.

Anode Dung dich

Br

2e B

Hinh 6.6. Oxi héa gian tiép alcohol véi N-Oxyl gan trén silicagel

6.4. Tong hop dién hoa trong hé hai pha

Nhin chung cac phan tng téng hop dién hoa thuong dugc tién
hanh trong hé dién ly dong thé. Tuy nhién, qua trinh téng hop dién hoa
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cling ¢ thé duoc tién hanh trong hé dién ly di the hay 1a hé dién phan
hai pha nhu dién phan hé nhii tuong, dién phan hé huyén phu, dién phan
st dung chuyén pha xuc tac.

6.4.1. H¢ dién phan nhii twong

Hau hét cac hop chét hitu co thudng rét it tan trong nudc, nén dé
tién hanh dién phan voi dung dich dién ly nudce thi ngudi ta thudng tao
hé nhii tuong hitu co - nudce. Trong trudong hop nay cac giot nhil tuong
phai c6 kich thudc nho va bén bang cach sir dung cac chat hoat dong bé
mat hodc siéu am. Cac giot nhil twong nho c6 thé tham gia phan tng &
dién cuc cathode hoac anode.

Vi du cho phéan tng dién phan hé nhil trong nhu Hinh 6.7.

Pha hitu co

Anode

Hinh 6.7. So do phdn vmg trong hé dién phan nhii twong

6.4.2. H¢ dién phan huyén phu

Qua trinh dién phan truc tiép hé huyén phu cia cic chat hitu co
khong dan dién rat kho xay ra, vi qua trinh chuyén electron gitra dién
cuc va cac hat huyen phu khong dan dién 1a rat kho. Tuy nhién, trong
dién phan gian tlep cac hat huyén phu st dung chat oxi héa - khir trung
gian hoa tan c6 thé xay ra, vi qua trinh ndy bao gém cac giai doan dién
héa - hoa hoc nbi tiép nhau gitra cac pha rin va 1ong (dién cuc: pha rin
- chét trung gian: pha 1ong - hat huyén phu: pha ran) nhu Hinh 6.8.
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San phim hoa tan

Anode

Hinh 6.8. So do phdn vmg trong hé dién phan huyén phi

6.4.3. Tong hop dién héa véi hé xiic tac chuyén pha

Phan ung thé hydrocarbon thom & di¢n cuc anode da dugc thuc
hién bang cach st dung su phan tan cia mot dung moi hiru co (thuong
la methylen chloride) trong moi trudong nudc. Dong dién luu thdng
trong hé dién ra cha yéu qua pha nudc voi do dﬁn dién tuong d6i cao
(do do6 giam chi phi dién ndng); con phan rng tong hop xdy ra trong
pha hitu co. Chuc nang cua chat xtc tac chuyén pha 1a chuyén céc
anion vao pha hitu co dé cung cap do dan dién thich hop cho giai doan
nay va dé cung cip céc tdc nhan tham gia phan tng (vi dy: CN” hodc

CH3COO) cho cac chét trung gian dugc tao ra tir chat nén hydrocarbon
thom (Hinh 6.9).

Anode
| __ .
—-e -e
ArH ——— ArH" ArCHCN' ArCN
7 §\ Pha
g + s hiru co
BusN* CN Bus,N* + H

Pha
nudc

Cathode

Hinh 6.9. So do phan img trong hé dién phan sir dung xiic tdc chuyén pha
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6.5. Phwong phap “hé boi cation” (cation pool)

Trong qua trinh oxi hoa dién hoa, cac carbocation tao thanh phan
ung voi nucleophile dé tao thanh lién két cong hoa tri ctia san pham.
Vi thoi gian séng cua carbocation ngin nén carbocation phai dugc tao
ra trong mdi trudng c6 san nucleophile va phan (ing giita carbocation
vo1 nucleophile xdy ra ngay tirc thi. Do vay, trong cac hé phan ting
nay nucleophile phai c¢6 thé oxi héa cao hon so v6i chat tham gia phan
mg. Vi carbon nucleophile dé bi oxi héa, nén sy hinh thanh lién két
C - C tu cac carbocation dugc tao thanh qua phan ing oxi héa anode
1a kho xay ra.

Trong phuong phap “hd boi cation”, cac carbocation tao thanh
dugc on dinh bén vitng ma khong bi phan huy nho lién két voi cac di
nguyén t6 hodc v6i nhan thom & nhiét do thap (-78°C). Sy thém
nucleophile vao “hd boi cation” s& thu duoc phan tmg nucleophile
mong mudn (Hinh 6.10).

| —2e —M* e |
—c-m  =e M | et U R, S
| -78°C | |
M=H or Si Cation poal
Hinh 6.10. Phan iing thé nucleophile bang phwong phdp cation pool

O nhiét d6 thap, d6 nhét cua dung dich dién ly ting din dén lam
giam kha ning dan dién ion ctia dung dich. Dichloromethane 1a mot
dung méi thich hgp cho phuong phap “hd boi cation” véi do dan dién
phu hop cho qua trinh dién phan.

Mot s6 “hd boi cation” dugc tao thanh nhu Hinh 6.11.

ts R
OR R+ Ar._Ar
j 7 +
R CDEME

Hinh 6.11. M4t s6 cation pool
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HO boi cation cua ion alkoxycarbenium thu dugc bang phan img
ox1 héa anode cua a-silyl ether ¢ nhiét do thap va vi¢e thém allylsilane
nhu carbon nucleophile s€ thu dugc san phdm mong mudn voi hiéu
suét cao.

Hinh 6.12 cho thdy mot sé phan tmg nucleophile cua “hd boi
cation” cua ion N-acylcarbenium.

R
R\N/J\ =
R O CO;Me R
R‘I‘I\I/K)]\R" OSiMe;
COsMe R"
_o~_SiMes
R' /
R‘N"'W
COMe //R
.

Hinh 6.12. Mét s6 phan ing ciia caiton pool N-acyliminium

6.6. Phuong phap dién phan trong chit Iéng siéu téi han

Bén canh nhiing uu diém thi phuwong phép tong hop dién hoa cling
con mot s6 nhuge diém nhu kha ning hoa tan han ché cua chét tham gia
phan tng va san pham trong dung dich dién phan thong thudng; kha
nang chuyén chit giita cac pha kém lién quan dén hé dién hoa hai pha,
trong d6 phan ing xay ra & ranh gidi pha: dién cuc - dung dich dién ly,
va qua trinh thu hoi san pham ciing khong don gian.
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Viéc str dung cac dung moi 16ng siéu toi han ¢ thé khic phyc cac
nhugc diém cia dung moi dién hoa thong thudng nhu nuée va cac dung
mdi hitu co. Cac chat 1ong siéu téi han da dugc ap dung rong rii trong
sdc ky, chiét tach, dung moi1 lam sach,... Ngoai ra, chat long si€u to1
han d3 duogc st dung trong tong hop hitu co & muc do phong thi nghiém
va trong cong nghiép do ching c6 do doc thap, dé tach dung méi va cd
kha nang tai st dung. Chét 16ng siéu t6i han 1 chat & trén nhiét do t&i
han (Tc), ap_ sudt t6i han (Pc) cua nd, trong do6 cac pha long va khi khac
biét khong t6n tai ma chi ton tai ¢ trang thai don pha (Hinh 6.13).

P
Rén Chét 16ng
siéu t&i han
Long
P C
C.P.
TP Piém t61 han
Khi
T¢ T

Hinh 6.13. Gian do pha dp sudt - nhiét d¢

Tinh chit hoa 1y cta chit 10ng siéu t6i han nim giira chat long va
chat khi, ching c6 thé thay ddi tir tinh chat ctia chét long dén tinh chat
ctia chat khi khi c6 sy thay doi nho vé 4p suat va nhiét do. Chat long
siéu t6i han thé hién kha nang khuéch tan 16n hon va do nhét thap hon
so v6i chit 16ng thong thuong. Do dé, su chuyén chét trong chat 1ong
siéu ti han tot hon so voi cac dung méi thuong. Ngoai ra, cac chat hitu
co kho tan trong dung méi thuong thi c6 kha nang hoa tan tot trong chat
16ng siéu téi han. Do viy, chét 16ng siéu téi han 12 mot dung moi tét
cho mot sb qua trinh dién hoa tong hop hitu co.

Mot s6 chét 10ng siéu téi han duge st dung trong tong hop dién hoa
htru co nhu CO», ethane, methanol, ethanol, acetone, acetonitrile va DMF
hodc hon hgp cua cac chat trén dé tao ra dung dich dién ly thich hop.
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Drombo va cong sy da tong hop dimethyl carbonate tir CO va
CH30H trong méi trudong dién ly cua CO2 — CH30H siéu tdi han.

Dién phan, 90°C
2CH3OH + CO (CH30),CO
BusNBF,4

scCO,-CH3;0H

Tokuda va cong su di tién hanh qua trinh carboxyl hoa dién hoa
cua benzyl chloride, cinnamy chloride va 2-chloronaphtalene trong moi
truong CO2 - DMF si€u té1 han. Trong céc phan ing nay vi CO2 dong
vai tro chat tham gia phan ng nén vige sir dung hé¢ CO2 -DMF siéu t6i
han con dong vai tro cung cap chat phan tng CO» dé tir 46 nang cao
hiéu suit phan tng.

Tuy nhién, céc chat 16ng siéu ti han thong thuong nhu CO; ¢
hang s6 dién moi thap nén rat kho hoa tan cac chat dién ly thém. Do do,
nguoi ta thuong thém cac dung moi hitu co phan cye vao chat 1ong siéu
t5i han dé tao dung dich dién ly thich hop. Song viéc thém cac dung
moi hiru co cling dan dén mot s6 van dé vé khoang thé dién hoa cua
dung moi,... can phai dugc xem xét.

- +

3 F mol™
cl Pt Mg 37.5mAcm™ COOH
+  scCO,
40°C, 80 kg cm™2 BuyNBr / scCO, + DMF
Yield: 81 %
(6.6)
= +
3 F mol™’
N Pt Mg 37.5mAcm? _~ S~ COCH
+  scCO,
46°C, 80 kg cm™2 BuyNBr/scCO, + DMF = -~
Yield: 64 %
(6.7)
= +
| 3F mol™
Z Cl Pt Mg 37.5mAcm* COOH
+ SCCOQ
N 43°C, 80 kg om2  BUsNBr/ scCO, + DMF
Yield: 61 %
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Ngay nay, viéc su dung fluoroform (CHF3) lam chat long si€u téi
han c6 mot s6 uu diém nhu kha ning hoa tan cao, hing s6 dién méi 16n;
do vay khong can phai thém cac dung méi hitu co phan cuc. Fluoroform
siéu t6i han di dugc s dung trong qué trinh tong hop cac polymer dan
dién nhu polypyrrole, polythiophene,...

6.7. Pién phan trong chit 16ng ion

Chat 16ng ion 1a mot dang mu01 nong chay ¢ nhiét do thap, trong
khoang 25-100°C, hop chat dugc ciu tao cha yéu boi anion hitu co két
hop voi cation hitu co/vo co hodc nguoc lai. Vi chét 16ng ion c6 mot
s6 tinh chat nhu khong chay, bén nhiét, khong bay hoi, c6 kha ning
tai st dyng nén ching thuong dugc lam dung mdi xanh trong cac qua
trinh tong hop cac chat. Chat 1ong ion ¢ thé st dung nhu dung moi
dé hoa tan, tach chiét, st dung nhu xuc tac, phu gia hay chat dién ly
trong nguon dién héa hoc (pin nhién liéu, pin sac lithi). Chit 16ng ion
chu yéu gdm cac ion nén ngoai kha ning c6 thé hoa tan cac hop chat
phan cuc thi co thé dan dién dugc dudi tac dong cua dién truong. Do
vdy, chat 16ng ion c6 thé tng dung lam chit dién ly trong tong hop
dién hoa hiru co.

H,C NN CHs HieN N-cHs  Hie-N N CHs  HiC NN CoHs

BF, PFe CF3S05 (CF3S0,):N
[emim]BF, [emim]PFe [emim]CF3S0, [emim](CF3SO,),N
or
[emim]TFSA

N-CiHy  (CHNC3Hr  (CH,CHy),N(CH3)CH,CH,OCHs

CLEE NON CH,CH=CH, e i (CF3S0,):N BF,
B
BF, TMPAJTFSA DEMEBF.
[BPJPF¢ TPA s
—\+ CH, .+ CHs ‘
4 N (CoHs5)3PCsHy 4
o, Ty CsHy (CF3SO0,)N
(CF1S0;),N (CF380;);N (Pyoys] TFSA
2225
[PP13]TFSA [P13]TFSA

Hinh 6.14. Cau tric ciia mét so chat long ion va ky hiéu ciia chiing
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Chat l6ng ion dugc phan thanh hai loai dya trén c4u tao ciia cation.
Mot loai bao gom cac cation di thom chira nitrogen va loai con lai bao
gom cac cation amoni béo. Chét 10ng ion béo dugc chia thanh loai mach
thang va mach vong. Dua trén céc loai anion, chat 1ong ion dugc chia
thanh nam loai: chloroalminat, fluoro v6 co, fluoro hiu co,
poly(hydrogen floride) va ion khong fluoro. Ngoai ra, gan day cac chat
long ion c6 chira photphine nhu mudi photphonium da dugc diéu che
véa nhiéu loai chat 16ng ion véi cac anion méi lién tuc dugc phat trién
(Hinh 6.14).

Chat long ion co thé duoc chia thanh hai loai: chat long ion ua
nudce va chat 1ong ion ky nudc. Tt ca cac chat 1ong ion vé6i anion 1a
BFs va CF3SOs 1a chat 16ng ion wa nudc; con chat 16ng ion voi anion
12 PFs va (CF3S0):N" 1a chét 1ong ion ky nudc.

Céc chat 16ng ion thudng c6 ving thé rong nén c6 thé duge st
dung ca trong quad trinh oxi héa va khir dién hoa hiru co. Mgt s6 qua
trinh tong hop dién hoa hiru co dugc nghién clru trong chat 1éng ion
nhu sau:

j\ LR " Ph
Ph” “Me Ph
OH

@O:Br [bmim]BF,
Br i

2 Co(lisalen 2 Co(ll}salen 68%
2e
0 OH
2e, 2H*
H r H
[emim]NTfs
0 0.11 F/mol 0
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CHg CHgF CHF, CHF»

—2g, -H" —2¢, -H* —2e, —H* | R
—_————— = —_———— = _— ™
EtyNF-4HF Et;NF-4HF Et;NF-4HF N

2.0 Fimol 2.0 F/mol 2.0 F/mol E

0, =
1.9 V vs. Ag/Ag* zelt 21V P 25V

6.8. Binh dién phan 16p méng

Maic du téng hop dién héa hitu co duge xem la mot phuwong phap
¢6 nhiéu wu diém so VOl tong hop hoa hoc hiru co. Tuy nhién, ngay nay
viéc nghién ctru cai tlen céc thiét bi trong tong hop dién hoa htru co van
dang tiép tuc phat trién nham dép tng yéu cua phuong phap tong hop
xanh theo tiéu chuan GSC. Trong qua trinh téng hop dién héa hitu co
thong thuong thi nguoi ta phai sit dung mot lugng 16n chit dién ly dé
dam bao tinh chat dan dién cua h¢ dién phan va viéc st dung luong lon
chat dién ly ciing c6 mot s6 nhuge diém nhu di noi trén. Do vay, ngay
nay nguoi ta phat trién cac binh dién hoa dudi dang cac mao quan nham
lam giam khoang céch tdi da giira cac dién cuc va han ché viéc st dung
chat dién ly thém. Binh dién phan loai nay gf’)m cac dién cuc dia tron
cach nhau khoang 1-2 mm dé giam thé roi gitta hai dién cuyc.

Binh dién phan

Dia graphite

Mao quén (1~2 mm) —

Dong chit dién ly

Pau vao

Dia graphite
Hinh 6.15. So' d6 binh dién phan mao quan [13]
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Ngoai ra, & muc d§ phong thi nghiém nguoi ta con str dung binh
dién phén dong chay 16p mong (thin-layer flow-cell) trong d6 dién cuc
1am viéc va dién cyc phu ddi mit truc tlep v61 nhau (cach nhau khoang
10 um) cho phép qua trinh dién phén tién hanh trong mé hinh dong chay
ma khong can su ¢ mit cua chét dién ly thém (Hinh 6.16).

Ong Teflon
7 N
Khoang trong
(10 pm) \\
Anode T
N

\+ T \

'\ Piu ra

Cathode

Bom syringe
Hinh 6.16. So d6 binh dién phdn dong chay 16p mong [13]

Str dung binh dién phan loai nay, nguoi ta da tién hanh phan (mg
methoxyl h(’)a, furane ¢ dién cuc anode trong dung dich methanol ma
khong can chat di¢én ly thém.

6.9. Dién phan véi sur hd tro ciia siéu am

Vi cédc qué trinh dién hoa xay ra trén ranh gidi pha dién cuc -
dung dich dién ly; dac biét ddi véi hé dién hoa nhil tuong thi si€u am
c6 vai tro quan trong trong viéc phan tan hat nhii twong, cling nhu hd
trg qua trinh chuyén chat dén bé mat dién cuc va tao diéu kién cho
qué trinh dién hoa xay ra dé& dang, tir ¢ 1am ting hiéu suit dong cia
phan ung.
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6.10. H¢ dién phan quang dién hoa

Hé dién phan quang dién hoa (photoelectrochemical: PEC) gom
mot dién cuc lam béng vat liéu ban dan va mot dién cuc thuong. Khi
dién cuc ban dgm dugc kich thich béi ngudn sang thi s& tao ra cip
electron va 16 trong quang sinh (e —h*). Cac electron tao thanh dong vai
trd nhu chat khi, con 15 tréng quang sinh déng vai trd nhu chat oxi héa
dé tham gia vao cac qua trinh oxi héa - khir trong hé dién phan. Honda
va Fujishima lan dau tién st dung TiO> va Pt lam dién cuc trong hé dién
phan quang héa dé tach 0> va Ha tir nu6e (Hinh 6.17).

hy .
VUV °
1
Dién cuc TiO, Pién cuc Pt

Mang ngéan
Hinh 6.17. Binh dién phan quang hoa voi dién cuc TiOz [13]

Khi bé mat dién cuc TiO, dugc chiéu boi anh sang tur ngoai thi tao
ra cap electron va 15 trong quang sinh. Cac 15 trong quang sinh & dién
cuc TiO; s€ tham gia phan ing vd1 H2O tao khi O». Electron tir viing
hoa tri & dién cuc TiO2 s& chuyén 1én vung din va theo diy din bén
ngodi chuyén dén dién cyc Pt. Tai dién cuc Pt, electron tham gia phan
g véi H* dé tao khi Ha.
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2" + H,O e T 2418 P S g

2 + 2H* ——> H,

Total:

£y

HQO R Ha + 1/2 02

Phuong phap quang dién hoa (PEC) duogc sir dung dé oxi héa c6
chon loc rugu thanh aldehyde dong mdt vai trd quan trong trong nganh
san xuat nudc hoa, duoc pham va hoa chat nong nghiép. Bang cach sir
dung cac ddy nano TiO2 duoc bién d6i véi 16p cacbon graphit 1am dién
cuc quang hod, benzyl alcohol (BA) da dugc oxy hoa thanh
benzaldehyde voi hiéu suat va do chon loc cao (> 99%) trong moi
truong nude ¢ nhiét d§ phong, vuot trdi so voi cdc qua trinh xuc tac
dién hoa hodc quang x1c tac riéng 1¢&.

Hon nfra, phuqng phép tong hop PEC nay co thé dugc mé rong
mot cach hi¢u qua dén qua trinh oxy hdéa mot so aryl alcohol khic thanh
cac aldehyde tuong tng cua chung trong diéu kién ém diu.

Oxi héa alcohol PEC

Photoanode

Hinh 6.18. So d6 hé dién phdn quang dién héa oxi héa alcohol [7]
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Hé dién phan quang dién héa duoc st dung trong san xuét
hydrogen, diéu ché NH; va khir CO2 (mét khi thai gy hiéu Gmg nha
kinh) thanh cac hop chat hitu co cho nhién lidu va nganh céng nghiép
héa chat.

Binh dién phan quang héa

|

-

I,

Nhién ligu
H;

C.HO, m 2

NH, Héa chét

: W a2z s
‘ aaa
Xic tdc quang di¢n hoa

Phén b6n Hoéa chit

Hinh 6.19. Hé dién phdn quang dién héa san xudt Hr, NH; va khi
CO:[7]

Ngoai ra, hé dién phan quang dién hoa c6 thé dugc thuc hién trén
mot vat liéu ban dan co doping mdt s6 kim loai, vi du nhu TiO: ¢6
doping Pt. Khi d6 cac hat TiO> c6 gan Pt giong nhu mét pin dién hoa.
Phan Ung oxi héa - khir xay ra dong thoi & hai vi tri gan nhau trén bé
mit hat TiO2 (Hinh 6.20). Trong d6 amine bac nhét bi oxi héa béi cac
16 tréng quang sinh (h*) trén TiO, khi ¢ sy chiéu sang dé tao thanh
aldehyde, aldehyde phan tmg voi amine ban dau tao thanh san pham
trung gian imine. Imine ngay lap ttc bi khtr trén kim loai Pt dé tao thanh
amine bac hai.
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v

RCHO

RCH,NH,
RHC=NCH;R 4 o

Hinh 6.20. Phan vung quang dién hoa trén TiO? doping Pt [13]

Gan day, cac vat liéu photoanode va photocathode di duoc quan
tdm nghién ctru dé lam dién cyc cho qua trinh oxy hoéa va khir quang
dién hoa hop chat hitu co dé tong hop cac hop chét ¢ gi tri. Qud trinh
quang dién hoa con duge Gng dung trong xir Iy cac hop chat hitu co doc
hai ma khong can st dung hoa chat; ciing nhu han ché st dung ning
lugng dién ma chi sir dung quang ndng nén gidm gid thanh va hoan toan
than thién v61 moi trudng.
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Noi dung 6n tap

1.
2.

Trinh bay co s& cuia phuong phap dién phan SPE.

Trinh bay mot sO phan g téng hop dién hoa véi chét trung gian
gan trén pha ran.

Trinh bay co sé cta phan Gmg tong hop dién hoa trong h¢ hai pha
va phuong phap dé nang cao hiéu suit phan tmg trong loai hé nay.

Trinh bay co s¢ cua phuong phap dién phan tong hop hitu co s
dung xtc tac chuyén pha.

Trinh bay co s& ciia phuong phap “hd boi cation” trong tong hop
dién hoa hiru co.

Trinh bay mot sé wu diém cua phuong phap dién phan trong chat
long si€u té1 han va néu so vi du.

Trinh bay co sé cta phuong phap dién phan trong chit 1ong ion.
Trinh bay co s& ciia phuong phap dién phan 16p méng.

Trinh bay co sé& cua phuong phap di¢n phan quang hoa, vai tro va
¥ nghia cua no trong cac qua trinh dién hoa hiru co.
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