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SUMMARY

ELECTROCHEMICAL SENSOR OF PANi-CNTs COMBINED WITH NiO
FOR RAPID ANALYSIS OF METHANOL IN WATER

Rapid analysis of methanol content in food, especially alcoholic beverages, is currently gaining many
attentions. In this study, the Fluorine-doped tin oxide (FTO) electrode which was modified with
nanocomposite of polyaniline-carbon nanotubes (PANi-CNTs) and electrochemically functionalized
with NiO catalyst was employed to detect methanol in aqueous environment. The morphology and
structure of as-prepared material were analyzed using FESEM, FTIR, and Raman techniques. The
results showed that the FTO/PANIi-CNTs/NiO electrode has good catalytic activity with methanol in
alkaline environment. The sensor has a linear range of 200 to 500 mM, detection limit of 10 mM (S/N =
3), sensitivity of 0.0004 mA.mM-1.cm?, and high selectivity with methanol.

Key words: nanocomposite, polyaniline - carbon nanotubes (PANi-CNTSs), electrochemical sensor,
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1. GIOI THIEU

Methanol tan tét trong nuéc va la nguyén nhan
chinh gay ngd doc ruou bia trong thoi gian qua
tai Viét Nam, dac biét 1a dd udng c6 con ton tai
lwong methanol cao can dwoc kiém soat [1, 2].
Vi vay, phan tich methanol trong moéi truong
long, dac biét 1 trong nudc la nhu cu thiét yéu
hién nay. Phuong phap phan tich héa Iy nhu sic
ky khi (GC), sic ky long hiéu ning cao (HPLC)
c6 d6 chinh xac cao nhung doi hoi thoi gian
phan tich lau va trang thiét bi tén kém. Céc bo
kit methanol hoat dong theo nguyén Iy oxi hda
methanol thanh formaldehyd bing KMnO, va
hién mau vaéi thude thir acid chromotropic (mau
hong tim) doi hoi ham luong methanol cao va
chi cho két qua dinh tinh. Phat trién cam bién
cho phép phan tich nhanh va c6 chi phi thap da
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va dang thu hat quan tdm nghién ctu hién nay
trén thé gigi [2-6].

Gan day, nhiéu nghién ctru tap trung vao phat
trién cac cam bién dién héa va cam bién sinh
hoc trén co s& nano compozit cia polyme dan
va oxit kim loai. Do cac polyme din nhu
polyaniline (PANi), polythiophene (PTh) va
polypyrrole (PPy) c6 tinh én dinh nhiét- héa hoc
cao, kha niang dan truyén dién tich va do dan
dién tét [7-10], con céc oxit kim loai nhur NiO,
Zn0, TiO,, SNO2, WO3, Fe;0s... cau tric nano
c6 tinh én dinh héa hoc, d& ché tao, kich thudc
c6 thé kiém soat, dic tinh xuc tac tuyét voi va
dong hoc chuyén dién tir thuan loi [11-13].
Trong nghién cu nay, ching toi phat trién
cam bién dién hoa trén co s& vat liéu polymer
dan polyaniline (PANi) phu trén dién cuc thiy
tinh dan (FTO) bang phuong phap dién héa va



chirc nidng héa bé mat véi xuc tac NiO bang
phuong phap dién héa. Cam bién c6 do chon
loc cao ddi v6i methanol trong méi truong
nudc va ¢é trién vong tng dung trong ché tao
cam bién dién hda phan tich tryc tiép methanol
trong thuc pham.

2. THUC NGHIEM VA PHUONG PHAP
NGHIEN CUU

2.1. Hoa chét, vat liéu

Isopropyl alcohol (CH3),CHOH, IPA, > 90%),
Sodium hydroxide (NaOH), Acid Sulfuric
(H2SO4, 98%), Carbon nano tubes (CNTs, >
99%, dai 20 um, duong kinh trong ~5nm,
duong kinh ngoai 6~14 nm), Aniline (CsHsNH.,
99,9%), Nickel (Il) chloride hexahydrate
(NiCl,.6H,0, >98%), Potassium chloride (KCI,
99%), Ethanol (CyHsOH, 96%), Methanol
(CH3OH, 98%) dugc cung cap bsi Cong ty
Sigma-Aldrich (Puc), dién cuc thuy tinh dan
FTO ((TECS, 8 Qcm?, 10x50%2,2 mm, ) dugc
mua tir Cong ty Dyesol (Uc).

2.2. Cac phuong phap phan tich

Céc thi nghiém dién hoa dugc tién hanh trén
thiét bi Gamry Interface 1010T (My). Hinh théi
hoc bé mat mang PANi-CNTs truéc va sau khi
bién tinh NiO duoc phan tich bang phuwong phap
kinh hién vi dién tir quét (FE-SEM) sir dung
thiét bi JSSM-6480LV (Jeol, Nhat Ban). CAu trdc
vt liéu dugc phan tich bang cac ky thuat FT-IR
(Microscope Lumos, Bruker — Buc); Raman
(Labram 300, Jobin Yvon- Anh Quéc).

2.3. Ché tao cam bién

2.3.1. Tong hep mang PANI-CNTs trén bé
mt dién cuc FTO

Mang PANi-CNTs duoc tong hop trén bé mat
dién cuc FTO bang phwong phap quét thé vong
tuin hoan (CV) trong dung dich dién ly chira
0,1 M aniline, 0,3 mg CNTs duogc hoa tan —
phan tan trong dung dich H,SO, 0,5M trong
dung mdi IPA:H,0 (ti & 1:1 v/v), khoang thé
quét tr — 0,5 V dén 1,3 V, téc d6 quét 30
mV/s, 10 chu ki véi hé 3 dién cuc gdm dién
cuc lam viéc (WE) FTO, dién cuc so sanh (RE)
Ag/AgCl (KCI 3,5 M) va dién cuc déi (CE)
luéi platin.

Bé mit dién cuc sau khi phia PANi-CNTs (ky
hiéu FTO/PANI-CNTSs) duoc rira lai ba lan voi
ethanol nham loai bo hoan toan cdc monomer
va oligomer, dé khd tu nhién va bao quan &
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nhiét do phong truge khi chiic nang héa voi
xuc tac NiO.

2.3.2. Bién tinh bé mar di¢n cuc FTO/PANi-
CNTs

Bé mat dién cyc FTO/PANI-CNTs dugc chiic
nang hoa vai xuc tac NiO bang phuong phap CV
theo quy trinh hai buéc: (i) Két tua Ni 1én bé mat
dién cuc FTO/PANI-CNTs bang phan tng khu
Ni%* tir hdn hop dung dich mudi NiCl,.6H.O
0,025 M va 0,1 M, khoang thé quét — 0,9 dén —
0,3V, toc do quét 100 mV/s, 20 chu ky; (i) Oxi
hoa cac kim loai Ni nay thanh NiO trong dung
dich NaOH 1M, khoang thé quét 0 dén 0,8 V, téc
d6 quét 50 mV/s, 5 chu ky. Dién cuc sau chirc
nang héa xac tac (ky hiéu FTO/PANI-
CNTs/NiO) duoc rira ba 1an véi ethanol va dé
kho ty nhién ¢ nhiét ¢ phong.

2.4. Kha nang phat hién methanol

bién cuc FTO/PANI-CNTs/NiO dugc danh gia
kha nang phat hién methanol trong dung dich
NaOH 0,1M bang phuong phap CV voi
khoang thé quét tir 0 V dén 0,8 V, tc do quét
100 mV/s. Cac ddc trung cua cam bién gom
gidi han phét hién, ving tuyén tinh, do chon
loc dugc xac dinh bang phuong phap dong —
thoi (CA). Cac chat ethanol, IPA, acetone duoc
sir dung dé kiém tra d6 chon loc ciia cam bién.
3.KET QUA VA THAO LUAN

3.1. Két taa dién héa mang PANI-CNTs Ién
dién cuc FTO

Puong CV dic trung cho qua trinh hinh thanh
mang PANi trén dién cuc FTO duoc trinh bay
& hinh 1.
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Hinh 1. Burong CV qua trinh két tia mang
PANi, toc dé quét thé 30 mV/s, 10 chu ky
Két qua tai chu ky 1 thé hién 15 cac pic dic
trung cho qud trinh oxi hoda anilin thanh



polyaniline va céac pic dac trung cho cac trang
thai oxi hod — khir cua san pham PANi véi hai
pic oxi hod tai Ox;, Ox; va hai pic khu tai
Reds, Red,. Ngoai ra, khi tang s6 chu ky quét,
pic oxi héa cang dich vé& phia thé dwong, pic
khtr cang dich vé phia thé am va cuong do pic
tang cho thay c6 sy hinh thanh mang PANi Ién
dé FTO [11, 14]. Két thGc phan ung, bé mat
dién cuc FTO xuat hién I6p phu mau xanh dac
trung ctia PANI.

3.2. Chitc ning héa bé miat mang PANi-
CNTs véi xuc tac NiO

Db thi CV qué trinh két tia va oxi héa Ni trén
bé mat mang PANi dugc trinh bay trén hinh 2.
D6 thi CV cho thay pic khir ¢6 cuong do lon &
ving thé tir — 0,3 V dén — 0,9 V trong chu ky
dau va giam dan trong cac chu ky tiép theo dac
trung cho phan ung khir ion Ni?* thanh Ni
(hinh 2A). Phéan &ng oxi hoa dién hoa Ni trong
mai truong kiém khéng cho pic dic trung. Tuy
nhién cuong do pic oxi héa giam dan theo sb
chu ky quét thé (hinh 2B).
®)

<
E
= 44
-6
-8 T T T T T T T
-09 -08 -07 -06 -05 -04 -03
E (V vs. Ag/AgCl)
1.6 (B)
1.4
1.2
1.0
< 0.8+
£
= 0.6
0.4
0.2 1
0.0 A
-0.2 T T T T T
0.0 0.2 0.4 0.6 0.8

E (V vs Ag/AgCl)

Hinh 2. Puong CV qué trinh két tiza Ni lén
mang PANi tzr dung djch NiCl,.6H,0 0,025 M
va KCI 0,1 M, tée d@é 100 mV/s, 20 chu ky (A)

va oxi héa Ni thanh NiO trong dung dich
NaOH 1M, téc dg quét thé 50 mV/s, 5 chu ky
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3.3. Pic trung hinh thai hoc va ciu tric
mang PANI-CNTs trwéc va sau khi mang
NiO

Két qua phan tich hinh anh FE-SEM cho thiy
mang PANi-CNTs hinh thanh trén d¢é FTO c6
dang soi kich thuéc 100 nm dan xen 1an nhau
tao thanh bé mat co do go ghé cao (hinh 3A).
Mang PANi sau khi chirc nang héa véi NiO van
giit dugc hinh thai ciu tric ban dau. Tuy nhién
bé mat mang hinh thanh thém Iép phi 1am cho
soi PANi ¢6 kich thuéc I6n hon, cac diém giao
nhau giita cac soi PANi bi che lap mot phan do
sy hinh thanh 16p phu NiO (hinh 3B).

Hinh 3. Anh FESEM bé mgt mang PANi —
CNTs trén dé FTO truéc (A) va sau khi mang
xuc tac NiO (B)

Phé FTIR cua mang PANi-CNTSs (hinh 4) xuét
hién céc pic dic trung cua PANi tai cac sé
séng 3382 cm? (dao dong N-H), 1590 cm?
(dao dong C=N), 1500 cm™ dao dong C=C),
1300 cm (dao dong C=N), 1170, 830 va 590
cm? (dao dong C-H) [15, 16]. Két qua phan
tich phd Raman cho thdy mang PANi-CNTs
Xuit hién céc pic dic trung cho vat liéu CNTs
& sb song 1330 cm™ (D-band) va 1580 cm'*
(G-band) [12]. Ngoai ra, phd Raman ciing xuét
hién cac dao dong C-H va C-C & s6 song 1150
va 1480 cm dic trung cho PANi. Mang sau



khi chirc nang véi NiO xuat hién pic 520 cm™
dic trung cho san pham NiO [12, 13] (hinh 5).
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Hinh 5. Phé Raman mang PANi-CNTss trén dé

FTO trueoc (A) va sau khi mang xuc tac NiO (B)
Tir céc két qua phan tich hinh théi va ciu trc,
c6 thé khing dinh mang composite PANi-
CNTs da dwoc phu thanh cong 1én bé mat dé
FTO va bé mat mang da dugc chirc niang hoa
thanh cbng vai xuc tac NiO.

3.4. Kha niing phat hién methanol ciia dién cuc
Hoat tinh xdc tac cua dién cuc FTO/PANI-
CNTSs/NiO ddi véi phan tng oxi hoa methanol
dugc khao sat trong khoang thé quét tr 0 V
dén 0,8 V véi ndng d6 methanol 300 mM trong
dung dich NaOH 0,1 M, téc d6 quét 100 mV/s.
Két qua duong CV cho thiy, so vai dung dich
nén NaOH, dd thi CV xuét hién mii oxi hoa
methanol trong ving thé 0,5 dén 0,8 V khi
thém methanol 300 mM. Biéu nay ching to
dién cuc c6 hoat tinh xtc tac tét ddi véi phan
g oxi héa methanol va c6 thé dung lam dau
do dién héa trong phat hién methanol. Két qua

khao sat cho thay viing tuyén tinh ciia cam bién
nam trong khoang nong do 200 dén 500 mM
(hinh 6). Cam bién c6 do nhay cao 0,0004
mA.mM=2.cm?, gi¢i han phat hién dat 10 mM
va c¢6 do chon loc cao ddi voi methanol (hinh 7).
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Hinh 6. D6 thj CV di¢n cuc FTO/PANi-
CNTSs/NiO trong dung dich NaOH 0,1M cé va
khdng cé 300 mM methanol (A) va duwong
dirong tuyén tinh thiét lap giza nong dé va tin
hiéu do ciia cam bién (B)
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Hinh 7. Két qua kiém tra d@é chon loc ciia cam
bién bang phép do CA khi cho lan hrot 25 mM
methanol (ba lan) va 50 mM céc chat gay
nhiéu IPA, aceton, ethanol & dién thé 0,5 V



4. KET LUAN

D4 ché tao thanh cong cam bién dién hoa trén
co so dién cuc FTO bién tinh nano composite
PANi-CNTs va mang xuc tac NiO. Két qua
phan tich cho thay 16p phu composite hinh
thanh dang soi che phu hoan toan bé mat dé
FTO. Xuc tac NiO dwoc mang lén bé mat 16p
phu PANi-CNTs. Dién cuc FTO/PANI-
CNTs/NiO ¢6 hoat tinh xdc tac tét ddi voi
phan mg oxy héa tryc tiép methanol véi pic
oxi héa trong ving thé 0,5 V dén 0,8 V. Cam
bién c6 ving tuyén tinh tir 200 dén 500 mM,
d6 chon loc, dd nhay cao va giéi han phat hién
thip ddi vsi methanol. Pién cuc FTO/PANi-
CNTSs/NiO c6 trién vong trong phat trién thiét
bi cam bién dién hoa cho phan tich methanol
trong moi truong nuwdc noi chung va trong dd
udng nai riéng.
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