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SUMMARY

Polvaniline (PANI) has been electrochemically synthesized on stainless steels electrode in
H S0, solution using CV technigue with maximum polarisation potential E,, = 1.0 VISCE,
During the synthests 3 couples of PANI redox reactions occur at suitable potentials. The redox
reactions have been affected increasing corresponding energy barrier leading 1o displace forward
the characteristic CV peaks according to CV scanning direction. The redox peaks modification
has been studied in detail using a variation of peak potentials and currents as a function of CV
cycles number. Some redox reactions can be continnously propagated but the others have been
degraded during CV polarisation. It is found that af suitable E,,,,. the disappeared redox peaks
can be restored to their sites at nearly original potential. Correlation between redox modification
and striccture of PANI has been also discussed.

1 - GIOI THIEU

Polyanilin (PANi) la polyme dan dién quan trong nhal trong s6 cdc polyme dan dién, cé
cong thite cdu tao ¢ ban dang

gdm cédc don vi khir hoan toan

H H

Dang khir hoan todn cd céu triic cd ban cua polyanilin thong thudng khong dan dién, dugc
goi la leucoemeraldine (cong thic (1) véiy = 1)

vi oxi hod hoan toan

dan xen nhau [1 - 4].
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V@i cdu tric nay PANI khong din dién, thé hién trén dudng CV (hinh 1) ¢6 dong dién bing
khong tir —0,2 V dén 0,16 V trudce khi xudt hién pic la (Pla).

Tai dién thé duong hon, PANI bi oxi hod tao thanh pic la (a k¥ hiéu anot), ciu tric mach
PANI mot phédn bign doi tir nhan benzen thanh ciu tric quinon (céng thic (3)).
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Hinlt I Dudng CV dac trung cta PANI trong dung dich H,S0,

C6 nhiéu muic oxi hod PANI, 0% la cdu triic co ban (4) trén day, 50% mach bi oxi hod tao
thanh emeraldine (y = 0,5. cong thitc (5)) va 100% goi 1a pernigranilin (y = 1, cong thic (6)).

HOAO- OO, o

Emeraldine, (ox1 hod 50%)

Pernigraniline, (oxi hoa 100%)

Trong thuc 1€ mach PANi ¢6 thé bi oxt hod
¢ nhiéu mifc do khac nhau, ¢é tinh lién tuc trai
tir 0 dén 100%, khong hoan toan chi 1a hai mic
50% hay 100% néu trén [4].

Nguoce lai v6i qud trinh oxi hod, qui trinh
khir sé dua PANI i trang thai oxi hod cao vé
trang thai oxi hoa thadp dan, dén 0%. M6i pic
khir trén nhdnh catét cha phé CV tuong dng véi
mot pic oxi hed trén nhanh anot, tao thanh cip
pic oxi hod-kh, vi du pic catot Plc tao cap véi
pic anét Pla (hinh 1) hinh thanh qua trinh oxi
hod-khir ¢6 tinh thuan nghich, ap di lap lai theo
$6 vdng phéan cuc CV.

Chuyén hod tir dang oxi hod ndy sang dang
khic cin ¢6 mot mitc ning luong nhat dinh,
tuong Gng véi mot dién th€ phan cuc trén dién
cuc. Gia tri nang luong - dién thé nay phu thuée
vao nhiéu yéu 16, va cé thé bi thay déi suy bién
theo diéu kién, qud trinh ché tao.

Trong qud trinh tong hgp dién hod PANi ¢6
cac qud trinh oxi hod sau:

1) Oxi hod - polyme hoi ANi tao thanh
PANi [5]):

nC,Hs-NH, — (C;H,-NH)n +2nH" + 2ne (7)
2) Oxi hod mang PAN], theo 2 bac:
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- T trang thai
leucoemeraldine  (LE),
Emeraldine (EM) (pic al)

- Tir EM oxi hod ti€p thanh dang oxi hod
hoan toan, goi 1a pernigraniline (PE).

khong dan
oxi hod

dién
thanh

Trong thuc t€, qud trinh oxi hod PANI xay ra
phitc tap, chiu nhiéu tic dong cta diéu kién
phan ting va xir 1§ san phim. Vi vay ¢6 thé t6n
tai mang PANi ¢4 cdu tric hdn hop clia ca ba
dang cau tric LE, ME, PE trén. D6i véi qui
trinh tdng hop dién hod, & mot dién thé polyme
hod nhét dinh trong dung dich di¢n ly, PANI ¢6
thé bi oxi hod - pha tap véi mic do khdc nhau
din dén cdc dang ciu tric dan xen hén hop [4 -
o].

Mot trong nhimg cong trinh méi day khao
sat ¢6 hé théng vé qua trinh oxi hoa polyme hod
aniline (ANi) trong dung dich axit sunfuric trén
thép khong gi (SS) [6] cho thdy c6 t&i 4 pic oxi
hod anét, va 3 pic khir catot trén dudng cong
phan cyc vong da chu k¥ (CV). Cic pic oxi hod
v khir xdy ra trén dién cuc Pt tai cdc dién the
tuong tng la [6, 7]

- Tai dién th€ 0,2V/SCE LE bt oxi héa thanh
EM, va dién thé pic oxi hod nay c6 thé bién doi,
vi du giam dén 0,17 V/SCE va tang lén dén 0,26
V/SCE.

- Tai 0,5 V/SCE xuat hién pic oxi héa khir
mot s6 san phdm trung gian (nhu p-
benzoquinon, paminophenol...), cdc san pham
nay ¢6 thé duge cai vao mach PANi

- Tai 0,8V xudt hién oxi hod ME thanh PE
véi chiéu rong khd 16n kém theo oxi hod ANi

- Pic thi 4 tai lan can 1,0 V/SCE kéo dai dén
cudi phan cuc anét duge cho la oxi hod ANI
(nhu vay theo [6] dién thé oxi hod ANi trén dién
cuc SS trdn va trén dién cuc bién tinh SS/PANI
dugc coi 1a ¢6 gia tri twong ty nhu nhau, khong
bi bién dong do tic dong cua dién cyc nén va
qué trinh téng hop dién hod).

- Cic pic khir xuat hién tai 0,6 ;0,5; 0.4 va
0,0V.

Céc pic hdu nhu khong thay doi vi trf (E,.)
theo s6 chu k¥ quét (10 chu k), trir pic anot ddu
tién tai 0,2 V. .

Viéc xdc dinh dién th€ oxi hod ANI trén
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mang PANi mdi hinh thanh bang phuong phip
vi phan dudng CV [8] cho thdy dién the oxi hod
nay co chiéu huéng bién doi theo s6 chu ky
phan cuc CV (d¢n 40 chu ky). Nhu vay khong
chi cic pic oxi hod khir PANi bién d6i theo qua
trinh phan cyc, ma ca dién thé polyme hod ANi
ciing bi tdc dong bdi qud trinh va thoi gian phén
cuc. Hién tuong bién dong nay cho dén nay
chua duge khao sdt chi tiét, trong khi qué trinh
nay c6 thé lién quan chat ché dén thanh phan va
ciu triic cha mang PANI, tinh chit cia dién cuc
bién tinh SS/PANI néi riéng, ciing nhu dén dac
diém cha toan bo hé dién cuc bién tinh ndi
chung.

Bai bdo nay gidi thiéu két qua khao sat hién
wong bién dong dién th€ phan ing dién cuc
trong qua trinh polyme hod ANi t6ng hop mang
PAN;] va oxi hod khir mang nay trong dung dich
axit H,S0, tren dién cyc nén thép khong gi.

2. Phuong phép va thiét bi nghién ciu

Thig&t bi do dién hod chinh 12 may
AUTOLAB PGSTAT 30 (Eco Chemie B.V.
Utrecht, The Netherlands) v6i chuong trinh ghi
va xi 1y s8 lidu tw dong GPES 4.9 for Windows
cai san trong mdy tinh [9].

Phuong phdp phén cuc vong tuan hoén da
chu k¥ {cvclic voltammetry CV) dugc ap dung
dé nghién ctiu quéi trinh polyme hod ANi. Dién
th¢ phan cuc duge quét trong khoang 0,2 V dén
1,0 V, van (8c quél the 30 hoac 50 mV/s. S§ chu
ky quét phu thudc vao yéu cau cua phép do, ¢
thé 1t mot vai dén hang tram chu ky.

Pién cuc 1lam viéc 1a thép khong gi 316L,
twong tu nhu tai liéu [6), duge ché tac va xir 1y
nhu trong (8, 10]. Bién cuc déi 1a Py, dién cuc so
sanh 13 calomen bao hoi, véi cdu do dién hod
K,SO, hoic H,SO,. Th¢ dién cuc trong bai déu
dugce so véi dién thé calomen biio hoa. Cic héa
chat déu ¢6é do tinh khi€t PA, duge dinh lugng
bing can phan tich c6 do chinh xic 10* g. Chi
tiét vé phuong phdp thi nghiém di duge gidi
thiéu trong mot 80 tai liéu da cong bo trude day
[5. 10].

I - KET QUA VA THAO LUAN



1. Pic oxi hoa-khir PANi trong nhitng chu Ky
CV dau tién

Phé CV giai doan khoi mao polyme héa
ANi trong dung dich H,SO, téng hgp PANi trén
dién cuc thép khong gi (S8) duge gidi thiéu
trong hinh 2 va 3.

Chu k¥ 1 ¢6 dong andt (tir 0,20 V dén 1,0
V) khd thap trong ving dién thé E < 0,80 V va
khong c¢ pic oxi hod nao. Tuy nhién trén nhinh
catot quét th& nguge lai dd xudt hién 3 pic khir
10 rét, ky hiéu cpi va api (pic catot va pic anot
thit 1, tinh tir trdi qua phai nguge chiéu quét cla
thé phan cue catot). Dién the va dong cla cic
pic lan lugt la:

Chu ki |
E, (V/SCE} ], (10*A/cm?)
En=0098  J, =-2,20,
E.=0286 JI,=-1,74,
Ecp3 = 0,5 12 JL‘I’-“ = ‘0,34.
Chu ki 2
E, (V/SCE) I, (10" Afem?)
Ep=0.075 1, =253
™ Ex 107 -
g chukicl,
§ c2 vac3
0
'j-
-5%107*4
cp1 cp2
~1x10° L= : : - :
-02 00 02 04 06 08
E, V/SCE

Hinh 2: Chuky CV 1 va 2 tong hop PANI trén
dién cuc S8 trong H,50, 1M, 1% ANi,
E =10V

E,n=0267 J,=-399
B, =049  J,=-0,54
Dén chu ky 2 trén nhédnh anot da cé dong
oxi hod ddu tién (4.10° Afem®) tai 0,10 V va pic
anot 2 tai E,, = 0,376 V véi dong pic J,,; =
8,11.10" Afem’ (hinh 2). Nhu vay ngay tir chu
ky 1, trong viung thé E > 0,95 V [8], di xuit
hién oxi hod ANi tao 16p PANi bdm trén bé mat
di¢n cyc va dong thoi oxi hod tao thanh dang
emeraldine (EM) hay pernigraniline (PE), IAm
xudt hién 3 pic khir trén nhdnh catot ngay trong
chu ky c1 [6, 8]. Lop PANI nay c6 thé chua phit
kin bé mat dién cuc, tuy nhién di xidc tic oxi
hoa ANi [6 - 8], mat khdc bé mit dién cuc dugc
bi€n tinh bdi PANi méi hinh thanh lam tang
nhanh dong anét ngay & dién thé khd thap (c3,
hinh 3).

Ngay tal chu ky ¢2, cic pic catét da cé
nhimg bién d6i dau tién so vdi cl: E,,, gidm con
0.275 va J, tang cao gdp hon 2 ldn J,,,, trong
khi cpl bi¢n dang thanh hai pic nh6 dich chuyén
vé phia dién the 4m hon (hinh 2).
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Hinh 3: Chu ky CV 1. 2 va 3 t6ng hop PANi trén
dién cuc SS trong H,S0, 1M, 1% AN,
Enx=10V

Dén chu ky thi 3 pic oxi hod PANi di c6 gid tri khd cao, ching t6 lugng PANi bj oxi hod
16, ¢6 thé néi da hinh thanh mang PANi dinh hinh trén nén dién cuc SS. Trén pho CV chuky ¢3 da
xudt hién 3 pic oxi hod (ki hiu ap) va 3 pic khir phan biét, hinh thanh 3 cap (da dugc mo ta trong
[6]) oxi hod-khir ctia PANA, it nhiéu ¢6 tinh d6i xing:

Cap I: E,,=0082V, J, =-3,8010"A, E,, =0,067V, ], =52010*A,

Cip2: E,,=0360V, J,=-33110°A, E.=0282V, J,,=82010"A,
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Cap 3:

Trong s6 3 cap pic trén, cap $6 2 dugc gin
cho qua trinh oxi hod cic hop chit trung gian
(p-benzoquinon, p-aminophenol,...), cap | 14
oxi hod LE/ME va cap 3 1a ME/PE [6}.

Nhu viy polyme hod ANi bang phong phép
CV wen thép khong gi tong dung dich axit
sunfuric xay ra tai dién the E > 0,95 V/SCE tao
16p din dien PANi oxi hod trén dién cyc ngay
trong chu k¥ phan cyc dau uén, mang PANi d-
voc dinh hinh trong chu ky phan cuc tha 3. Cic
pic oxi hod c6 the hinh thanh do oxi hod céc san
phdm trung gian (6], nhung khong nhidt thiét la
trén bé mat mang PANi méi hinh thanh, ma ¢
thé trong mang PANI x6p trén cdc mach polyme
dan di¢n (da duge oxi hod). Cic san pham trung

E,;=0550V, J,= 332100 AL B, = 0,505V, I = 1,3910™A.

gian c6 thé bi cai (implanted) trong mach, ké ca
monome ANi, hoac duge ‘pha tap’ trong PANI,
c6 thé tham gia phan dmg oxi hod dé dang hom,
v6i mifc nang lugng oxi hod 161 han thap hon, 50
v6i cac san phdm trung gian trén bé mat ming
PANI hay trong dung dich. Diéu nay néu xay ra
s& 1a mot trong nhitng nguyen nhan guan trong
din dén giam thap dién thé oxi hod hay ting cao
dien thé khir trong he dién ho4 dang xét.
2. Bién dong cia qua trinh oxi hoa khu

Véi cdc chu ky phan cuc ti€p theo, mang
PANi day thém, tuy nhién cdc pic oxi hod khu
bi¢n dong khd manh theo chu ky phan cuc (hinh
4,

E, V/SCE

Hinit 4: Phé CV trén dien cuc S, 1,80, IM +1% AN, Eq = 1OV,
58 chu k¥ 5-20 (ghi ben do thi)

C6 thé d& dang nhan thdy d6i véi pic anot |
(apl) dién thé pic E,, dich chuyén vé duong va
dong J,, chi tang & giai doan ddu, lam cho pic
din bi che 1an vao pic andt 2 c6 dong ting manh
(hinh 4). Nguoc lai pic anot ap2 va ap3 déu co
dong tang cao trong khi dinh pic E,; va Eg;
dich chuyén manh vé phia duong, E,p.; vUot ra
ngoai khoang do Eq. = 1,0 V (chu ki 20 hinh
4).

Bi¢n dong trén day cla pic an6l dugc mo ta
chi tiét hon bang d6 thi bién thién cia dién thé
pic E,, va dong pic J,, theo 56 chu ki (hinh 5 va
6). Dién thé oxi hod PANI, & ca ba mic oxi hod
apl dén ap3, déu tang theo s6 chu ky phan cuc
(hinh 5) cho thay:
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- Mitc do thuan nghich cla qud trinh giam
dén.

- Quéa trinh oxi hod anot LE thinh EM, cdc
chat trung gian va EM thanh PE, ngay cang khd
hon, & mitc dién thé cao hon.

Dong oxi hod tang theo s chu ky thé hién
téc do oxi hoa mang PANI tang len, khong phu
thuoc vao chiéu day hay khoang cich khuéch
tAn cac thanh phan tham gia phan (ng. Dong pic
anét 1 J,,, dat gid tri tGi han sau 10 chu ky (hinh
o).

Déi v6i pic catot, qua trinh bién doi dién ra
cham & giai doan ddu, E.p v Eg; déu 6n dinh.
Sau d6 dien thé pic déu giam vé am, trong khi



E.. va E_; giam nhanh thi E_; giam kha cham,
mat Khac dong pic ), tang nhanh, I, ting
cham (phd hop véi dién bién cha J,,), ddn dén
su chéng chap lam mit pic cpl va cp3 (hinh 4, 7
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Hinh 5: Bién thién coa dién th€ pic anot I,
theo chu ki CV
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Hinh 7: Bién thién cta dién the pic catot E
theo chu ki CV

3. Tac dong cua E_,, dén tinh chat pic oxi

hoa-khir

Sau khi tao mang PANI véi dién thé E_,, =
1,0 V, néu giam thé E,,,, vé 0,5 V, db phan cyc
CV nhiéu chu ki nhung céc pic oxi hod-khir déu
khong xuat hién. Tuy nhién tang lai E_, Ién
0,7V, tai dién thé mi & doé trén mang PANi xuit
hién oxi hod ANi [8], pic oxi hod-khlr {(tuong
ting v6i viing dién thé pic E,, va E,,, dac bi¢t la
viing the catot ¢6 ca 3 pic B, E.,, vd E;) dan
dan héi phuc va tang lén theo s6 chu ky CV
(dudng 3 va 4 hinh 9). Qud trinh oxi hod khir
mdi hoi phuc nay cd barie nang lugng oxi hod
(pic apl va ap2) thap hon, oxi hod xay ra & ving
thé& thap hon, Khir xay ra & viing thé duong hon,

va 8). Su dich chuyén dién thé pic I, vé phia
duong va E,, vé phia am trén phé CV biéu hién
tang dan muc do khong thuin nghich vi barie
nang luong cia qud trinh oxi hod khir.
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Hinh 6: Bi¢n thién cta dong pic anét J,,
theo chu ky CV
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Hinli 8: Bién thién cta dong pic catét J,,
theo chu ki CV

so véi qud trinh twong tu rén pho CV téng hop
PANi ban dau (dudng 1 hinh 9).

Phan cyc andt cao dén 1V lam xuat hién qud
trinh oxi hod EM thanh PE [6, 7], qua trinh nay
cd barie nang lugng cao hon, xay ra cham hon
vd kém thuin nghich hon so véi qud trinh oxi
hod LE thanh EM.

Nhu vay trén phé CV c6 thé nhan biét cic
qud trinh dién cuc lién quan dén oxi hod khu
PAN1, mitc do thuan nghich va barie nang lugng
clia méi qud trinh. Hon nira bign dong cua cic
qud trinh oxi hod-khr nay theo thai gian phan
cuc, theo gia tr1 dién thé phan cuc cao nhat E_,,,
... €6 thé duge phat hién dé ding théng qua dien
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thé dac trung ciia moi qué trinh dién cye, muc
do bién dong cua ching, vivige do clia phin ting
dién cuc thong qua gid tri va dién bién cla dong
dién twong tng do dugc tren pho CV.
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Hinh 9: Bién thién cua pho CV theo thé phin
cuc max L,
- Eae= 1.0V: 1- Chu ky ¢20:
-E,,=0.5V: 2-¢cl =cl0. pho CV khéng doi:

- Liy,= 0.7V: 3- cl<d- ¢9, dong tang manh :
£,..= 0.3V dong oxi hod khir khéng hoi phuce
hoac rat cham, véi B, = 0.7 V déng oxi hoa khir
tang déu (dudmyg 3. 4).

Mac dit qua trinh wng hop dién hod PANI
rat phUL tap, v6i nhiéu phan ing dién cuc lién
quan xay ra O cdc baric nang ]uang khic nhau,
nhuné, bing phuong phap CV co thé phian biét
va qua dé kKhao sdt, diéu chinh céc phan Ung
nay. Pay 1a mot trong nhing uu the noi bat cta
phuong phdp 16ng hop va pha tap PANi bang
phan cyc CV.

IV - KET LUAN

Qu4 tinh ong hogp dién hoa mang PANI
trong dung dich axit sunfuric trén dién cyc thép
khong gi SS bang phuong phip CV véi E,,, =
1,0 V xay ra phic tap véi nhiéu qua trinh dién
cuc oxi hod va khir khdc nhau, cdc qua trinh nay
bién dong manh vé muic barie nang lugng theo
6 chu ki phan cyc. Mot s6 qué trinh oxi hod va
khit ¢6 thé duge héi phuc vé mibc baric nang
luong thap hon néu giam dién thé £, phan cyc
CV vé gid tri thich hop.

Bi¢n dong clia qud trinh oxi hod khir xdc
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dinh dugc trén phd CV tong hop v pha tap
PANi, nhit 14 vé mic barie nang lugng phan
ing, 12 do bien dong ve thianh phin, cau tric va
tinh chat cia mang PANi. Nghién ciu moi
tuong quan nay cd thé din dén kiem sodt dugc
dac diém mang PANI ngay trong qua trinh 1ong
hop theo nhitng yéu ciu dinh trude.
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