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Toém tat:

Trong bdo cdo nay, mang polyaniline (PANI) dwoc phii truc tiép trén bé mdt ciia vi dlen cye P/SiO,
bang phirong phdp quet thé vong (Voltammetry Cyclic) don gian. Phwong phdp nay, gitip tong hop nhwng
mang PANI tinh khiét véi sy pha tap ciia cac ion H' trong dung dich axit H,80, vao trong mang PANI. Su
thay doi vé 1y 1¢ mol ciia monomer aniline va chatpha tap cung voi thoi gian phan ing da dwoc 16i wu héa
aé tao ra cac hinh thai bé mdt ctia cdc méau PANI 16t nhat. Su bién doi tir cac dam hat nano toi cac day nano
dong déu, véi dwong kinh khodng vao chuc nano mét (nm) va chiéu dai khodng vai um dé dwoc chi ra boi

anh SEM. Cadu triic phin tir ciia PANI dwoc xem xét qua phé hap thu hong ngoai (FT-IR).

Tir khéa: Polyaniline, H,SO,, quét thé vong.

I. Gi6i thiéu
Polyaniline 1a mdt trong sé nhimg polymer
dan d& dang tong hop dwoc bang phuong phap hoa
hoc hoac phuong phap dién hda trong cac dung
dich axit. Ngoai ra, PANI con thu hat sy tap trung
nghién ciru cua rat nhiéu cac nha khoa hoc boi cac
thudc tinh wu viét cua ching nhu: 6n dinh trong
moi truong, gia thanh ré, thudc tinh dan dién dugc
diéu khién thong qua qua trinh pha tap va d& dang
tich hgp voi céc linh kién dién t&. Vi vay, PANI
duogc tmg dung trong rat nhidu cac linh vue, ching
han: tich trit va chuyén hoa ning luong nhu lam vat
lidu catdt cho pin sac [1], cam bién dién - hoéa nhu
xéc dinh PH hay khi NH, [2, 3], c¢b dinh enzim [4]
.. TAt ca nhimg tng dung nay déu lién quan dén
qua trmh pha tap, co ché dan dién, trang thai oxy
hoa khir va cdu tric cia mang PANI. Cac thong tin
vé tinh chit hoa 1y ciia cic mang PANI dugc chi
ra rd nhét khi cac mang PANI duoc tong hop bang
phucmg phap dién hoa, vi n6 don gian, c6 do lap lai
t6t, diéu khién dugc d6 day cia mang va che phu
duoc kin bé mat hoat dong. Trong phuong phap nay:
dién cuc lam viéc dugc nhung ¢ trong binh dién hoa
chtra dung dich dién phan cung véi dién cuc so sanh
va dién cuc dbi. Do d6, cac monomer bi oxy hoa
dién héa s& dugc dua dén vi tri tring hop xay ra trén
bé mit dién cuc. Bude dau tién cua qua trinh témg
hop 14 sy hinh thanh gbc cation CGHS-NHZ* thong
qua viéc chuyén electron tir orbital sp® cua nguyén
tur nito t01 dién cuc khi xay ra qua trinh Xy hoa.
Trong sudt qua trinh tring hop, su lan truyén cua
chudi bit diu v6i sy hinh thanh ciia PANI khong
dan 14 leucoemeraldine (n = 1) & trang thai khir hoan
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toan va chdm dat v6i sy hinh thanh cua PANI dan
dién tot nhat 1a emeraldine (n = 0,5) & trang thai oxy
hoa. Trong mot sb truong hop, khi sir dung phuong
phap nay, qua trinh trung gian xay ra va hinh thanh
trang thai oxy hoa hoan toan la pernigraniline (n=
0) [5]. Ddi v6i phuong phap nay viéc thay ddi cac
diéu kién thi nghiém nhu chudn bi bé mit cua dién
cuc, dung dich dién phan, thé quét, cuong do dong,
tbc do quét, nhiét do, v.v... s& anh huong rat 16n
dén hinh thai bé mat, trang thai oxy héa va sy dan
dién cua mang PANI. Gertrude Fomo va cong su
[6], da chi ra rang nhitng mang PANI c6 thé duoc
trung hop dién hoa trén cac dién cuc khac nhau (Pt,
Au, carbon thuy tinh, than chi pyrolytic (PG) va
bach kim (GC)) trong axit perchloric / acetonitril
& nhiét d6 phong. Toc do trung hop ty 1¢ thuan voi
s6 Iuvgng PANI hinh thanh trén bé mat dién cuc va
PANI dugc hinh thanh trén PG va GC trong moi
truong hiru co nhiéu hon trén dién cuc Au va Pt. B9
dan cua polymer PANI trén céc dién cyc Pt 13 7.10°8
cm/s =~ GC> Au > PG (0.6 x 10 cm/s). Trong mot
bao cao khac cia Gaikwad va cong su [7], da chi
ra rang khi mang PANI dugc pha tap véi cic dung
dlCh axit khac nhau (H,SO,, HCI va HNO,) thi vi¢c
tong hop PANI trén dién cuc Pt cho do dan 16n nhat
khi duoc pha tap v6i H,SO,. Mot sy so sanh duoc
chi ra bdi nghién clru cua nhom J. Vivekanandan
(81, d6 dan dién ciia mang PANI dugc tong hop
bang phuong phap dién hoa ¢ 1,5V 1a 0,58 S/cm va
trong khi bang phuong phép oxy héa, do dan 14 0,27
S/cm. Piéu nay chi ra phuong phap dién hoa phu
hop hon. Do do, trong nghién clru nay nhom tac gia
mudn chi ra rd hon vé cac diéu kién nhu ti 1& mol
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giita cac chét trong dung dich dién phén, thoi gian
quét da anh huong nhu thé nao dén trang thai oxy
hoa, sy hinh thanh ctia mang PANI va sy thay doi
hinh thai bé mat mang PANI.

II. Thuc nghlem

Tat ca cac hoa chét nhu anilin va H,SO, Xuét
XU tir cac cong ty hoa chdt Merck co do tlnh khlet
cao (> 99%) duogc sir dung khong can tinh ché 1a1

Céac mang PANI pha tap H,SO, dugc tong
hop bang phuong phap quét thé vong CV trong hé
dién hoa 3 dién cyc: gom dién cuc lam viéc (working
electrode - WE) 1a vi dién cuc Pt co cAu tao kiéu
rang lugc; dién cuc so sanh (reference electrode -
RE) Ag/AgCl trong dung dich KCI bao hoa va dién
cuc dbi (counter electrode - CE) Pt. Trudc khi tong
hop vat liéu, cac dién cuc lam viéc da dugc lam
sach trong dung dich dién phan loang H,SO, 0,05M
bang quét thé vong CV.

Thi nghlem I: Téng hop cac mang PANI tir
su thay doi ti 16 ndng d6 mol giita ax1t H,SO, va
aniline. Cac monomer aniline véi cac nong do khac
nhau (0,1M; 0,2M; 0,5M; 1M) dugc lan lugt thém
vao trong dung dich H,SO, IM va tao ra mot thé
tich tong ¢& 50 ml. Trong th1 ngh1em nay, thé quét
duoc dat tir -200 mV dén 1000 mV, toc do quét 1a 20
mV/s, s6 vong quét 1a 12 vong va cac miu thu duoc
dit tén twong (mg véi cac ndng do aniline 1a PA-0,1;
PA-0,2; PA-0,5; PA-1.

Thi nghi¢gm 2: Tong hop cic mang PANI
trong dung dich dién phan c6 thé tich 50 ml véi ti 16
ndng d6 mol giﬁ'a axit H,SO, va monome aniline la
10 (1/0 1), s6 vong quét lan 1u01 la4;7; 12 vongva
cac mau duge goi tén twong ng theo sé vong quét
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1a PA-4; PA-7; PA-12, thé quét va toc d6 quét gidng
vo6i thi nghiém 1.

Tét ca cac mau thu dugc lai tiép tuc dién hoa
mot lan nita trong dung dich H,SO, 0,05M nhim
6n dinh tinh dién hoa cia mang Sau do, rira bang
nude cat hai 1an va dem sdy & nhiét d6 50 °C trong
30 phut. Quan sat thiy cac mang PANI trén bé mat
céc vi dién cuc déu c6 mau xanh sam.

IIL. Két qué va thio luin
1. bac trung quét thé vong CV

Hai yéu t6 quan trong nhit quyét dinh cu
tric hoa hoc cua PANI la qua trinh oxy hoa trang
thai va mtrc d doping. Puong cong CV chi ra hai
cap oxy hoa khir riéng biét d6 chinh 1a hai cap dinh
ctia andt va cat6t (Hinh 1). Cap oxy hoa khir thu
nhit ndm trong khoang tir 0 mV dén 250 mV véi
dién cuc so sanh 1a Ag/AgCl chi ra qua trinh khu
hoan toan leucoemeraldine sang dang ban 6xi hoa
emeraldine. Cap oxy hoa khtr thur hai xay ra trong
khoang tir 500 mV dén 700 mV véi dién cuc so
sanh 1a Ag/AgCl chi ra qua trinh chuyén emeraldine
thanh pernigraniline bi oxy hoa hoan toan. Ngoai
ra, & cip oxy hoa khir thir hai lién quan rat nhiéu
dén sy hinh thanh qua trinh proton hoa. Nhing két
qua trén, chi ra rang cac mang PANI da dugc tong
hop thanh cong théng qua con duong ling dong
dién hoa. Sy thay ddi cuong do dong dién trong qua
trinh oxy héa dugc cho 1a sy dong gop cua cac ion
tap chét (H" va SO J) trong Xuét qua trinh téng hop.
Khi tang thoi gian phan ing oxy hoa khu lam cho
cuong do dong dién ting, dan dén kich thudc cua
mang tro 1én 16n hon.
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Hinh 1. Duong cong CV cua mang PANi trong dung dich H,SO, khi Ti I¢ nong dg mol H,S0,/CHNH, la
10; toc d quét 20 mV/s; thé quét tir -200 mV dén 1000 mV; véi s6 vong quét la 12 vong
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2. Hinh thai ctia mang PANi

Hinh thai bé mat cua cac mang PANi duoc
quan sat trén kinh hién vi dién tir truyén qua phat
xa truong (FE-SEM Hitachi S4800). Cac mang
PANI da duoc phu 1én trén toan bd dién cuc lam
viéc. Tuy nhién hinh thai bé mat va mat do phan
b6 1a khac nhau va dugc diéu khién thong qua viée
thay ddi cac nhan to nhu ti 1& ndng d6 mol giita
H,SO, va C.H,NH,; s6 vong quét duge khao sat
duoi day.

IMS-NKL 5.0kV 6.0mm x1.00k
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a) Anh hwong ciia ti I¢ nong dé mol giiva
axit HfSO , vd monome am'line~ i

Anh SEM ctia nhitng mau mang PANI tong
hop bang phuong phap dién hoa quét vong CV khi ti
1¢ ndng d6 mol giita axit H,SO, va monomer aniline
(Hinh 2). Quan sat thay, tir nhitng anh SEM phdng
dai thép (Hinh 2.g) hinh thai bé mat cia mau PA-1
phan b6 mang PANi trai déu trén bé mat cta vi dién
cuc Pt. Trong khi do, hinh thai bé mit cua nhiing
mau PA-0,1; PA-0,2; PA-0,5 phan b mang PANI
trén bé mat dién cuc mot cach thua thét va khong
ddng déu (Hinh 2.a, c, e).

IMS-NKL § O 11 3w x50 On

.

,k‘ I

IMS-NKL 5.0kV 11.1mm x50.0k
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1.00um
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(h)

Hinh 2. Anh SEM ciia mang nano PANI, tong hop trong H,50,, toc dg quét 20 mV/s, s6 vong quét 12 vong,
thé quét tir -200 mV dén 1000 mV, 1 1¢é nong do mol giita axlt H SO, va monome aniline thay doi: mau PA-
0,1(a,b); mau PA-0,2(c,d); mdau PA-0, 5(eﬁ mau PA-1(g,h)

O nhitng anh SEM phong dai cao ctia 4 mau
(Hinh 2 (b, d, f, h)) c6 thé thiy rd mot sy khac nhau
hoan toan vé hinh thai bé mit cu thé 1a mau PA-0,1
quan sat dugc ¢ hinh dang giéng nhu cac cuc san
ho moc trén bé mit dién cuc lam viée véi cac mam
nho nha & xung quanh. Nhitng mam nha & xung
quanh ctia mau PA-0,2 phat trién dai ra khi ting
ti 1& ndng d6 mol 1én 2 va mét do phan bd cua cac
cuc san ho trén bé mat dién cuc cling tang 1én kha
nhidu. Mot su thay dbi dang ké tim thdy ¢ trong
mau PA-0,5 d6 1a sy xuét hién cac day voi dudong
kinh van con kha 16n va chidu dai ngan. Dén khi
ti 16 ndng do mol dat dén 10 cac day PANI trong
mau PA-1 phat trién dai ra va dudng kinh giam
xudng dang ké. Co thé thay khi tang ti 18 ndng do
mol gitra axit H,SO, va monome amhne tir 1 dén
10 1am cho muc pha tap tiang 1én va toc do polymer
hoéa nhanh lam cho cac mang PANI thu dugc xop
va déng déu hon. Nhu vy, cac mang nano PANI
dad duogc tong hop thanh coéng bang phwong phap
dién hoa, hinh thai bé mat va sy phan b6 ciia mang
trén bé mat dién cuc phu thudc rit nhiéu vao ti 18
ndéng do mol gitra cic chat trong dung dich dién
hoa. Trong sé nhitng mau trén, miu PA-1 dugc
xem nhu 1 c6 htra hen nhiéu trong linh vuc tng
dung cam bién khi.

b) Anh hwéng ciia so vong quét

Anh SEM ctia nhitng miu day PANI tong
hop & nhitng s6 vong quét 4; 7; 12 vong va thoi gian
clia qua trinh phat trién day & cac thoi diém khac
nhau dugc chi ra & Hinh 3. C6 thé quan sat thay
hinh thai bé mat va sy phan bd ciia cac day trén bé
mit dién cuc cua ba mau 1 kha khac nhau. Véi cac
mau PA-4 va PA-7 1a sy hinh thanh mét cach khong
lién tuc trén bé mat vi dién cuc Pt, 1am cho chung
phan bb khong déu. Hinh thai bé mit thu dugc 1a
nhitng thanh nano ng'Zin. Trai lai, hinh thai bé mat
clia mau PA-12 1a nhitng ddy nano dong nhét voi,
duong kinh day khoang tir 50 nm dén 100 nm véi
d6 dai khoang vai pm, phan bd kha dong déu trén bé
mat dién cuc. V&i muc dich ting dung cho cam bién
khi, yéu cau 16p mang nhdy phai c6 do xdp, 6 dong
déu, kha nang bam dinh tét vao dién cuc. Vi vay,
nhiing 16p mang dang dy nano véi dinh huéng tot
cho dn dién tir s& cho hira hen nhiéu trong linh vyc
cam bién [9]. Khi ting s6 vong quét CV thi luong
day PANi bam Ién vi dién cuc Pt cang nhiéu. Tuy
nhién, néu ting sé vong quét CV qué nhiéu theo su
phat trién cua cac day PANi sé& xay ra kha nang két
dam va chong chéo 1én nhau va hinh thanh nén mot
hé thong khdi mang 16n, ¢6 thé dan dén san pham
khong con bam duogc 1én dién cuc lam viéc nira ma
¢6 kha nang bong ra khoi dién cuc lam viéc.

5.00um|

Hinh 3. Anh SEM ciia mang nano PANI tong ho’p trong HSO khi ti 1¢ nong do mol gitta axit H,SO, va
monome aniline la 10; thé quét tir -200 mV dén 1000 mV: toc do quét 20 mV/s; s6 vong quét: mau PA 4 4
vong(a); mau PA- 7: 7 vong(b); mau PA- 12:12 vong(c)
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3. Phé héng ngoai (FT-IR)

Hinh 4 14 phd FT-IR cua miu mang PANi
téng hop trong diéu kién ti 16 ndng do mol giua
H,SO, va amhne 1a 10; thé quet tir -200mV dén
IOOOmV téc d6 quét 20 mV/s; sé vong quét 12 vong.
Cac dinh hap thu & vi tri 1557; 1488 va 1408 c¢cm’!
lan luot ddc trung cho lién két C=C va C-C trong
vong benzen ciia mudi emeraldine [10]. Dinh hip
thu tai 1594cm™ déac trung cho sy tdn tai cua vong
quinoid trong mang polyaniline. Nghia la dac trung
cho céc kiéu dao dong co din khong ddi ximg cua
vong 6 canh tuong ung vdi 6 nguyén tir cacbon. Pa
¢6 sy chuyén d6i tir vong benzen sang vong quinoid
chinh 13 sy chuyén d6i tir dang pernigraniline sang
dang mudi emeraldine trong mang polyaniline,
trong tmg véi viée bd sung proton [11]. O ving
tan sb cao, cac dai dao dong cua lién két N-H thudc
nhom NH," trong mach kéo dai -C.H,-NH,"-C H,-
dao dong 0’ tan s song 2534; 2585 va 2834 cm'.
Céc tan s6 dao dong trén chung té muc do qua
trinh 6xy hoa 16n va dan dén mot lugng 16n mudi
emeraldine tao ra trong qua trinh dién hoa. Cac pic
& vi tri 1326 va 1287 cm™! tuwong Uing vai cac dao
dong cua C-N* kéo dan cua dang amine thtr sinh
va C-N"* kéo dén, chung duoc tao thanh trong sudt
qua trinh poroton hoa chudi polyaniline cting véi sur
dich chuyén bipolaron trong vong quinoid. Ngoai
ra, ty sb cuong do gitra hai dai song (1326/ 1287)
xap x1 1, didu nay cho thiy s6 luong proton bang
v6i 56 blpolaron trong qua trinh proton hoa. Pho
FT-IR con cho thiy dao dong kéo dan manh & tan s6
1189 va 1112 cm™ dac trung cho lién két -NH*- va
-NH*= trong mang PANi. Céc pic ¢ vi tri 1086 va
1024 cm! dic trung cho dao dong C-H udn cong
trong mat phang. Cudi cung cac dinh xudt hién tai

Tai liéu tham khao

861, 835 va 741 cm™! dac trung cho dao dong C-H
bién dang bén ngoai mat phang.
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Hinh 4. Phé FT-IR ciia day polyaniline

IV. Két ludn

Mang PANI di duoc tong hop thanh cong
bang phuong phap quét thé vong. Két qua da ch1
ra rang hinh thai bé mat mang PANI phu thuoc rat
nhiéu vao ti 1& mol giita H,SO, va aniline, 56 Vong
quét. Nhung s¢i day nano thu du:oc bang viéc t6i wu
hoa cac didu kién cia phan ung voi ti 1€ mol gitra
H,SO, va anline 1a 10, s vong quét la 12. Céu triic
phan tu cua cac day nano dugc nghién ctru qua phd
FT-IR chi ra rang sy hinh thanh ciia mang PANI la
& trang thai dan dién tot voi sw xudt hién cua cac hat
mang dién bipolaron va polaron.

V. Loi cdm on

Nghién ctru nay duogc hd tro boi dé tai khoa
hoc cong nghé cép truong cua Truong Pai hoc Su
pham K¥ thuat Hung Yén nim 2018 ma s6: T2018-
21-10.
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SYNTHESIS AND CHARACTERIZATION OF POLYANILINE FILMS DOPED WITH H,SO,

Abstract:

In the report, the polyaniline (PANI) films were grown on Pt/SiO, microelectrodes surface directly
by a simple cyclic voltammetry method. This method has been helped the pure PANi films synthetic with
the dopand of H" ions in aqueous sulfuric acid (H,SO,) solutions into PANi matrix. The changing about
the mol ratio of aniline monomer and dopant and reaction time have been optimized to better surface
morphology of the PANI samples. The transformation from nano-seeds bunch to uniform nano-wires with
their diameter of a few dozen nm and length about um were indicated by Scanning electron microscopy
(SEM). The molecular structure of PANI was studied by FTIR spectroscopy.

Keywords: Polyaniline, H,SO,, Cyclic Voltammetry.
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