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Tém tit:

Methanol (MeOH) 1a mét trong nhirng dung méi hiru co dwoc sir dung rong rii nhit trong cac sin pham cong nghiép
va gia dung ciing nhw 1a mdt trong nhirng ng cir vién tiém ning nhat cho nhién liéu 6 té thay thé. MeOH c6 gia thanh
ré va 1a dung méi phd bién, do vay rat dé bi lam dung hoic c6 tinh cho vao dd udng dé ting cwong tac dung ciia rwou vi
muc tiéu loi nhuan. Hién nay, viéc phat trién céc thiét bi c6 thé phan tich nhanh ham lwgng methanol trong dé udng cé
¢on va nhién liéu xiing dang 13 vin dé cin dwoc quan tAm ¢ nhiéu nwéc dang phat trién. Trong nghién ciru nay, dién cue
FTO dwoc bién tinh bang polianilin-6ng nano carbon (PANI-CNT) va ¢ dinh NiO 1én bé mit bang phuong phap dién
héa. Dién cuc nay dwgc trng dung lam cam bién phat hi¢én nhanh methanol trong nwoc. Dién cwe cam blen NiO/PANI-
CNT/FTO ché tao duge ¢6 cau truc xop va thé hién hoat tinh xuc tac tot ddi voi phan trng 0xy hoa truc tlep methanol
v6i hai viing tuyén tinh rong (0-300 mM), dd chon loc, dd nhay cao véi methanol. Két qua nay hira hen kha niing ing
dung cao cia dién cwe cam bién ché tao dwoc cho viéc phat hién MeOH trong nwoc voi do nhay va do chon lgc cao.

Tir khéa: cam bién dién hoéa, nikel oxit, phin tich methanol, polianilin - ong nano carbon (PANI-CNT), xtic tac dién héa.
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Abstract:

Methanol (MeOH) is one of the most widely used organic solvents in industrial and household products as well as
one of the most potential candidates for an alternative automobile fuel. MeOH is less expensive and is a common
solvent, thus it is easy to be abused or intentionally added to beverages to strengthen the effects of alcohol for more
profit. Nowadays, the development of devices that can quickly analyse the methanol content in alcoholic beverages
and gasoline fuels is a matter of concern in many developing countries. In this study, fluorine-doped tin oxide (FTQO)
electrode was modified with polyaniline-carbon nanotubes (PANI-CNT) and NiO was immobilised on the surface by
electrochemical method. This electrode was applied as an electrochemical sensor for rapid detection of methanol in
water. The fabricated NiO/PANI-CNT/FTO sensor electrode has a porous structure and exhibits good catalytic activity
for the methanol direct oxidation reaction with two wide linear regions of 0300 mM, selectivity and high sensitivity to
methanol. This result promises the high applicability of the fabricated sensor electrode for the detection of MeOH in
water with high sensitivity and selectivity.

Keywords: electrochemical catalyst, electrochemical sensor, methanol detection, nickel oxide, polyaniline-carbon
nanotube (PANI-CNT).
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1. it van de

Metanol (CH,OH, ky hiéu MeOH) 1a ruou c6 cong thirc
phan tir don gian nhat nhe, dé bay hoi, khong mau, dé chay.
O nhiét do phong, MeOH 1a mét chét long phan cuc, duoc
str dung nhu mot chat chong dong, dung méi, nhién liéu,
hodc dung 1am phu gia bién tinh cho ethanol (EtOH) trong
san xut cong nghiép. MeOH 1a mot trong nhitng dung moi
hitu co dugc su dung rong rai nhit va 1a mot trong nhiing
ung cu vién tiém nang cho nhién li¢u 6 t6 thay thé [1]. EtOH
va MeOH c6 cac dic tinh hoa Iy twong ty nhau, 14 san pham
phu sau qua trinh chung cat. Tuy nhién vi MeOH ré hon nén
n6 ¢6 thé duge ban vo tinh thay cho EtOH hodc ¢b ¥ thém
vao d6 udng dé ha gia thanh hodc ting cudng tac dung cia
ruou. MeOH ciing ¢6 thé bi lam dung nhu mot chét thay thé
cho xang. MeOH 1a mét chéat doc vo cing nguy hiém véi co
thé ngudi va c6 kha ning gy dn mon kim loai, dic biét 1a
d01 v6i nhom (kim loai duge st dung nhiéu nhét trong san
xuét xe ¢d) [2]. Khi nhlem MeOH, co thé s& chuyén hoa nd
thanh formaldehyde va tiép dén 12 6xy hoa thanh axit formic
r0i tAn cong ndo bd, mat, day than kinh thi gidc va cic bo
phan mé mém khac nhu than va gan. Trudng hop nhiém doc
nang sé co d4u hiéu thd nhanh, hon mé, suy tho, tut huyét
4p nang, ngung tim va c6 thé dan dén tir vong. Trong bia,
lugng MeOH c6 khoang 6-27 mg/l, trong rugu (manh) 1a
10-220 mg/l. Ruou pha ché c6 ham lugng MeOH rat cao, dé
gy ngd doc va gy chét nguoi. Ham luong MeOH c¢6 trong
rugu ethylic (ruou uong) phai thap dudi muc 0,1%. Theo
Quy chuan ky thuat qubc gia dbi V0l cdc san pham ) uong
c6 con ham lvong MeOH trong cdn thyc phim ding dé
pha ché cac dd udng c6 cdn khong duge 16n hon 300 mg/l
(QCVN 6-3:2010/BYT) va 100 mg/l (TCVN 7043:2013)
[3, 4]. Tuy nhién, vi l¢i nhudn nén nguoi ta thuong tao ra
céc loai ruou trdi ndi c6 ham luong MeOH rat cao, dé giy
ng doc. MeOH ciing 1a san pham phuy ciia qua trinh chung
cat ruou va la chat long dau tién ngung tu khi rugu dugc nau
theo cach chung cat truyén thong.

Céc phuong phép truyén thong dé phan tich dinh lwong
ctia MeOH bao gdm sic ky - khdi phd (GCMS), séc ky khi.
Tuy nhién, nhitng phuong phap nay doi hoi thiét bi phirc tap
va dat tién nén khong thich hop dé giam sat MeOH thuc té
[5]. Hon mot thap ky qua, cic cam bién MeOH di thu hut
su quan tdm nghién ctru do ¢6 d¢ nhay cao, don gian, nhanh
chong va chi phi thap [5-7]. Cam bién sinh hoc x4c dinh
MeOH duya trén phan tmg 6xy hoa dién héa MeOH trén bé
mit dién cuc bién tinh béng enzym. Han ché cua cac dién
cuc cam bién sinh hoc nay la tinh on dinh kém va gia thanh
cao. Dé han ché nhitng nhuogc diém nay, mot sb loai vat lidu
nhu graphen (Gr), dng nano carbon (CNT), oxit niken, oxit
kém, oxit déng, oxit sat, oxit titan, Pt/Ru. .. da dugc st dung
lam chat xuc tac dién hoa dé xac dinh MeOH [8-14].

Hién nay, polyme dan polianilin (PANI) dugc lua chon
lam vat liéy bicn tinh di¢n cyc nham tang glr(‘mg do nhz;iy
cho cam bién. Ong nano carbon ¢6 dic tinh dan dién, tinh 6n
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dinh co hoc, dién tich bé mit 16n va xtic tac dién tdt, thuong
st dung lam 16p phu trén dién cyc. Ngoai viée dung cac kim
loai quy lam xuc tac, viéc s dung kim loai chuyén tlep phén
nhém d gitp giai quyét bai toan gia thanh khi phat trién cam
bién MeOH. Nicken va oxit cua kim loai nay c6 hoat tinh
xuc tac tot cho phan tmg 6xy hoa MeOH va c6 trién vong
trong ing dung ché tao cam bién phén tich tryc tiép MeOH
[12, 13]. Chinh vi vay, trong nghién ctru nay, dién cuc FTO
thuong mai di dugc bién tinh vi PANI-CNT, ¢6 dinh xtc
tac NiO 1én bé mit bang cac ki thuat dién hoa va ting dung
lam cam bién _phat hién MeOH. Anh huong cua cac yéu
t6 diéu kién tong hop dén cac tinh chit dic trung cia vat
liéu cam bién NiO/PANI-CNT/FTO ciing s& duoc trinh bay
trong bai bao nay.

2. Vat liéu va phuong phap nghién ciiu
2.1. Vit ligu

Axit sunfuric (H,SO,), anilin (C.H,NH,)), éng nano
carbon (CNT), MeOH (CH OH), EtOH (C H,OH), axeton
(C,H,0), con isopropyl ((CH ),CHOH, IPA) niken (II)
clorua hexahydrat, (NiCl,.6H O) kali clorua (KCl), natri
hydroxit (NaOH) la cac san phdm cua Sigma-Aldrich
(Puc). Cac hoa chit déu thudc loai tinh khiét phan tich, su
dung truc tiép ma khong can tinh ché thém. Dién cuc thiy
tinh din FTO (TECS, 8Qcm?, day 2,2mm) dugc mua tir
Cong ty Dyesol (Uc).

Céc thiét bi sir dung trong nghién ctiru bao gébm: Can
phan tich 5 s6 Mettler Toledo (Purc), may khudy tir VELP
(Y), may siéu am S60H Elmasonic (Pirc) va may do dién
héa Biologic VSP 300 (Phap).

2.2. Ché tao cim bién

Téng hop mang PANI-CNT lén dién cyc FTO [12]: bién
cuc FTO (1x5 cm) la mang mong dan dién trong sudt SnO,
pha tap F dugc phu Ién dé thuy tinh. Sau khi xac dinh mat
dan bang ohm ké, bé mat dién cuc FTO dugc phii polyaniline
bang phuong phap quét thé tuan hoan (CV). Té bao dién hoa
gém 3 dién cuc: dién cuc lam viéc (WE) FTO, dién cuc so
sanh (RE) Ag/AgCl (KCl 3,5 M) va dién cuc d6i (CE) luéi
platin. Dung dich dién ly chira 0,1 M anilin, 0,3 mg CNT
dugc phan tan trong dung dich axit sunfuric 0,5 M trong
hon hop dung m6i IPA:H,O ty 1¢ 1:1 theo thé tich. Qua trinh
dién két tia mang PANI- CNT dugc thuc hién bang phuong
phap quét CV trong khoang thé tir -0,5 dén 1,3 V, téc do
quét 30 mV/s, 10 chu ky. Bién cuc PANI-CNT/FTO sau khi
téng hop duogc rua lai ba lan v&i EtOH nham loai bé hoan
toan cac monome va oligome, dé kho tw nhién va bao quan
0 nhiét dd phong trudce khi chirc nang hoa véi xuc tac NiO.

Co dinh xuc tac NiO trén bé mat dién cuc PANI-CNT/
FTO [12]: Bé mat dién cuc PANI-CNT/FTO duoc bién tinh
véi xuc tac NiO bang phuwong phap quét thé tuyén tinh theo
quy trinh hai bude: (i) Két tia Ni 1én bé mat dién cuc PANI-
CNT/FTO bang phan tmg khtr Ni2* tir hon hop dung dich



mubi NiCl,.6H,0 0,025 M va KC1 0,1 M trong khoang thé
quet (0,5 dén - 1 ,3 V), toe do quét 50 mV/s, 15 lan quét; (ii)
Oxy hoa cac kim loai Ni nay thanh NiO trong dung dich
NaOH 1 M, khoang thé quét 0 dén 0,8 V, téc do quét 50
mV/s, 5 chu ky. Dién cuc sau khi chic ndng hoda xuc tac
(NiO/PANI-CNT/FTO) dugc rira ba lan véi EtOH va dé kho
ty nhién ¢ nhiét do phong.

2.3. Phédn tich cdc dac trung ciia cdm bien

Bdc tring hinh thai va cdu tric: Cac lién két dic trung
cua PANI va PANI-CNT trong vung budc séng 600-4000
cm’ duge phan tich trén thiét bi NICOLET IS10 (Thermo
Scientific - My). Hinh thai hoc bé mat mang PANI-CNT
trude va sau khi bién tinh NiO dwoc phan tich bing phuong
phap kinh hién vi dién tir quét (FE- SEM) sur dung thiét bi
JSM-6480LV (Jeol, Nhat Ban). Thanh phan cac nguyén tb
trong mang PANI-CNT trudc va sau khi bién tinh NiO duoc
phan tich trén thiét bi IMS6510MV.

Kha nang phat hién MeOH: Pién cuc NiO/PANI-CNT/
FTO dugc phén tich kha nang phat hién MeOH trong dung
dichNaOH 0,1 M bang phuong phap quét thé ving tuan hoan
(CV) trong khoang thé tir 0 den 0,8 V, toc do quét 100 mV/s.
Cac ddc trung cua cam bién gdm gidi han phat hién, ving
tuyén tinh, o chon loc dwoc xac dinh bang phuong phap
xac dinh shc ky phan tich (CA). Cac chit EtOH, IPA, axeton
dugc sir dung dé kiém tra @6 chon loc ciia cam bién.

3. Két qua va ban luan
3.1. Két qud téng hop mang PANI va PANI-CNT trén dé FTO

Dau tién, tién hanh dién két tia mang PANI hoic PANI-
CNT Ién bé mat d¢ FTO bang phuong phap quét CV. Thanh

(A) (B)
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phén dung dich dién ly bao gdm: dung moi la hdn hop nude
citva IPA v6i ty 1€ H,O:IPA (1:1 ml/ml), nong do H,SO, 0,5
mol/l, nong d¢ anilin 0 1 mol/l. Ham lugng CNT du'oc them
vao 0,3 mg str dung phuong phap siéu am trong thoi gian 8
gio & nhiét do phong. Tién hanh quét thé trong khoang dién
thé tir -0,5 dén 1,3 V véi tde do quét thay doi 20, 30 va 40
mV/s sau 10 chu ky quét thé. Diéu kién tién hanh thi nghiém
nghién ctru dnh huong ciia toc do quét thé ciia qua trinh dién
két tia PANI va PANI-CNT duoc thé hién ¢ bang 1.

Bang 1. Diéu kién tong hgp mang PANI va PANI-CNT véi céc toc
d6 quét the khac nhau.

Didu kién Gia tri
Thé tich dung moi (H,O, TPA) (ml) (1:1 ml/ml) 30

Néng d¢ H,SO, (mol/l) 0,5

Nbng d6 anilin (mol/l) 0,1

CNT (mg) 0,3
Khoang thé quét (V) -0,5-1,3
S6 chu ky quét (chu ky) 10

Tée do quét (mV/s) 20, 30, 40

Anh chup bé mit cac vat liéu PANI/FTO va PANI-CNT/
FTO téng hop sau 10 chu ky quét thé véi tc do quét thé
khac nhau (20, 30 va 40 mV/s) ¢ hinh 1 va 2 cho thdy: Céc
mau vat liéu téng hop voi toc do quét 20 va 30 mV/s bé
mat mang deu min, & toe do quét 40 mV/s nhin chung bé
mat mang tot, tuy nhién c6 mot s6 diém trén bé mit mang
bi bong tréc. Nguyén nhén c6 thé 1a do véi tée do quét 16n
hon, toc do hinh thanh mang nhanh dan dén mang tao thanh
day, su lién két giita mang voi nén kém géy ra hién tugng

(€)

Hinh 1. Anh chup dién cwc PANI/FTO sau 10 chu ky quét thé véi téc do quét 20 (A), 30 (B) va 40 (C) mV/s.

(A) (B)

(€)

Hinh 2. Anh chup dién cwc PANI-CNT/FTO sau 10 chu ky quét thé véi téc do quét 20 (A), 30 (B) va 40 (C) mVis.
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Hinh 3. Phé CV ciia PANI/FTO téng hop véi 10 chu ky quét thé, toc do quét thé 20 (A), 30 (B) va 40 (C) mVis.
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Hinh 4. Phé CV ciia PANI-CNT/FTO téng hop v&i 10 chu ky quét thé, toc do quét thé 20 (A), 30 (B) va 40 (C) mV/s.

bong mang. Do d6, nhém nghién ctru Iya chon tde do quét
30 mV/s 1a phi hop trong nghién ctru nay. Phé CV cia cia
qué trinh tong hop mang PANI/FTO va PANI-CNT/FTO &
cac toc do quét khac nhau dugc thé hién trén hinh 3 va 4.

Tiép theo, cac dac trung, tinh chit cua vat lieu PANI/
FTO va PANI-CNT/FTO dugc danh gia. Hinh thai hoc bé
mat cua vat liéu dién cuc PANI/FTO va PANI-CNT/FTO
dugc thé hién trén hinh 5 va 6 cho thdy, di tong hop thanh
cong mang PANI va PANI-CNT trén d¢é FTO bang phuong
phap dién két tiia. Trén anh SEM quan sat thiy mang duoc
hinh thanh dan dan va lién két véi nhau thanh c4c sgi PANI
c6 duong kinh 50 nm, dai tir 0,2 dén 0,5 um, cac sQi nay
lién két chit v6i nhau va véi bé mit dién cyc FTO. Cac day
PANI sip xép khong theo trt ty ma phan bé mot cach ngiu
nhién tao ra mot mang x6p v6i bé mit riéng 16n. Nho hinh
thai dang soi bam ty do trén bé mat mang tao 191 thé 16n
cho phan ung dién hoa xay ra trén bé mat dién cuc, do vay
st dung mang PANI lam 16p vt liéu nhay trong cac nghién
ctru ché tao cam bién dién hoa. Hinh 6 cho théy, khi c6 su
xuat hién caa CNT trong thanh phan mang, mang PANI-
CNT khéng co su khac biét dang ké vé mit hinh thai hoc
so voi mang PANI thuan. Hinh anh SEM khong quan sat
thiy su khéc biét giira cac day PANI va cac dng CNT, mang
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Hinh 5. Anh FE-SEM cua vat liéu PANI/FTO & cac dé phéng dai
khac nhau.

PANI-CNT sau khi téng hop van c6 cau trac xdp nhiéu tao
cho vét liéu c6 bé mat riéng so voi mang PANI thuan. Do
do, su c6 mat cua cac éng nano CNT s€ dugc xac nhan bﬁng
phép do phd tan xa nang luong tia X (hinh 7).
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Hinh 6. Anh FE-SEM cua vat liéu PANI-CNT/FTO & cac dé phong
dai khac nhau.

Nguyén tb %Khoi | % Nguyén tir
lrgng

€ 12,57 16,57
N 29,96 33,88
0 4353 43,09
N 12,58 6,22

1,36 0,24

Ni NillZn

Hinh 7. K&t qua phé EDX dién cwe PANI-CNT/FTO.
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Hinh 8. Phé FT-IR cuia vat liéu PANI/FTO va PANI-CNT/FTO.
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Nguyéntd | % Khéi | % Nguyén tit
lrgng

€ 9,34 12,71
N 2820 3292
0 4538 46,38
S 13,88 708

32 0,91

Hinh 9. Két qua phé EDX dién cwc PANI/FTO.

Két qua do phé FT-IR cua mang PANI va PANI-CNT
tong hop dugc (hinh 8) cho thay xudt hién pic hap thu ¢
s6 song khoang 1495 va 1583 cm™! dic trung cho lién két
C=C tuong ung trong vong benzen. Bén canh do, cac dai
dao dong co din C-N cua cac dang amine quinone thir cdp
ciing duoc quan st trong ving sé song khoang 1152-1230
cm!, vi tri 1230 em™ ddc trung cho lién két C-C cua vong
benzen, tai tan sb song 1294 cm! 1a dao dong C-N* kéo dan
ctia dang amine thir cap dugce tao thanh trong sudt qua trinh
proton héa chudi PANI cung véi su dich chuyén bipolaron
trong vung quinone. Cudi cting 13 cac pic xuat hién tai vi tri
926 va 800 cm™! ddc trung cho qua trinh ghép d6i metha va
ortho ctia nhan benzen [14, 15].

Két qua phd EDX cuia vat liéu mang PANI va PANI-CNT
trén d& FTO (hinh 7 va 9) cho thiy ca 2 mau c6 nguyén t6 C,
N la thanh phan nguyén t6 chinh ciia PANI. Phan tram khoi
lwong va phan trim nguyén tir ciia nguyén t6 C va N ctia mau
PANI-CNT/FTO cao hon mang PANI/FTO. Két qua nay la
do sy ¢6 mit cua CNT trong thanh phan ctia mang.

3.2. Két qua tong hop xiic tic NiO lén vit liéu PANI-
CNT/FTO

NiO duoc tong hop 1én vit ligu PANI-CNT/FTO bang
phuong phap quét thé tuyen tinh. Qua trinh téng hop NiO
gdm hai giai doan: (i) tong hop Ni trén mang PANI-CNT/
FTO va (ii) 6xy hoa Ni thanh NiO.

Pau tién, cac hat kim loai Ni dwoc ling dong dién hoa
trén bé mat PANI-CNT/FTO bing phép do dién ap quét
tuyén tinh tir -0,5 dén 1,3 V (so véi dién cuc Ag/AgCl) véi
téc d6 quét 50 mV/s va 15 1an quét thé. Hinh 10A duoc quan
sat thdy pic twong Gmg véi qua trinh khir Ni2* thanh kim loai
Ni xdy ra & dién thé khoang -0,5 V. Sau d¢, tién hanh quét
thé tir 0 dén +0,8 V trong dung dich NaOH 1 M, Ni trén dién
cuc bi 6xy hoa dé tao thanh NiO/PANI-CNT/FTO (quét thé
v6i the do quét 50 mV/s va 5 1an quét) voi pic 6xy hoa xuat
hién 6 khoang dién thé 0,5 V (hinh 10B).
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Hinh 10. DPwéng CV cuda qua trinh tao Ni trén PANI-CNT/FTO (A) va qua trinh 6xy héa niken tao NiO/PANI-CNT/FTO (B).

Co ché hinh thanh Ni va NiO duoc thé hién qua cac phan
ung sau [12, 16]:

NiZ* + 2e — Ni¢ (1)
Ni® + OH — NiOH + & )
NiOH + OH" — NiO + HO + ¢ 3)

3.3. Phan tich hinh thdi bé mdt mang NiO/PANI-CNT/
FTO

Anh FE-SEM ciia mang NiO/PANI-CNT/FTO quan sat
thdy cac hat NiO bam 1én mang c6 d6 dong déu cao, va bé
mit mang van cd cAu tric 1 xép thuén loi cho cac phan ung
dién héa (hinh 11). Két qua phé EDX ctia mang NiO/PANI-
CNT/FTO cho thiy rd nguyén tir C chiém thanh phan chii
yéu trong mang (hinh 12). Trén phd x4c nhan sy c6 mat cia
nguyén t4 Ni trong thanh phan mang véi ham luong 1,22%.
Sy xuét hién nguyén t6 O ciing x4c dinh ring céc tinh thé
bam lén mang la NiO.
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Hinh 11. Anh FE-SEM ctia mang NiO/PANI-CNT/FTO.
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Hinh 12. Anh phé EDX phan tich mang NiO/PANI-CNT/FTO.

3.4. Két qud vé hoat tinh xiic tic dién héa ciia NiO/
PANI-CNT/FTO doi voi phan wng 6xy héa methanol
trong moi truong kiém

Céc thi nghiém khao sat vai tro hoat tinh xuc tac voi
phan ting 6xy héa MeOH trong méi truong kiém NaOH 0,1
M duoc thuc hién véi 3 loai vat liéu dién cuc: PANI-CNT/
FTO, Ni/PANI-CNT/FTO va NiO/PANI-CNT/FTO, nong
d6 MeOH 100 mM, trong khoang dién thé tir 0 ¢én 0,8 V,
tée do quét 100 mV/s. Két qua duong CV (hinh 13) khong
quan sat thay sy xuat hién pic 6xy hoa MeOH & hai dién
cuc PANI-CNT/FTO va Ni/PANI-CNT/FTO, voi su c6 mat
cua Ni trén mang, cuong d¢ dong tang cao hon mang PANI-
CNT. Vi dién cuc co6 chira xtic tac NiO, tin hi¢u cuong do
dong cao hon ddng thoi cé xuét hién pic oxy hoa MeOH &
khoang 0,7 V. Két qua nay khing dinh vai trd xuc tac cho
phan tmg 6xy hoa MeOH cua NiO. Co ché xuc tac phan tng
dugc mo ta nhu sau [12]:

Buoce 1: Ni** trong NiO bi 6xy hoa thanh Ni** ¢ dang
NiOOH

NiO + OH- — NiOOH + ¢ 4)
Bude 2: Ni** xtic tac 6xy hoa MeOH thanh acid formic

NiOOH + CH,OH — CH,0 + Ni(OH), 5)
CH,O + NiOOH — HCHO + Ni(OH), (6)

HCHO +NiOOH + OH — HCOOH + Ni(OH), + ¢ (7)
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Hinh 14. Phé CV khao séat nong d6 MeOH tir 0 dén 300 mM va
dwong tuyen tinh (hinh chén) doi véi dién cwe NiO/PANI-CNT/FTO.

Tiép theo, tién hanh quét thé trong khoang thé 0 dén 1
V véi toe do quét 100 mV/s voi dién cuc NiO/PANI-CNT/
FTO trong dung dich NaOH 0,1 M. MeOH dugc thém vao
bang phwong phap thém chuan véi dai nong do tir 5 dén
300 mM (hinh 14). Két qua pho CV cho thdy, khi nong do
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Hinh 15. D6 chon loc cua dién cwc NiO/PANI-CNT/FTO.

MeOH ting, cudng do pic 6xy hoa ting va thé 6xy hoa co
xu hudng 1éch vé phia thé duong, ddng thoi c6 thé thdy dién
cuc ché tao duge cho tin hiéu véi MeOH ngay khi nho 5
mM MeOH déu tién. O khoang nong d6 MeOH tir 0 dén 50
mM thi cudong do dong tang tuyén tinh nhung khi tiép tuc
tang ndong d6 MeOH thi cuong do dong giam va tiép tuc
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tuyén tinh trong khoang thtr 2 tir 50 dén 300 mM. Tir cac
duong CV, chung t6i da xay dung duoc dudng tuyén tinh
vé khao sat ndng d6 MeOH, vit liéu NiO/PANI-CNT/FTO
tong hop trong nghién ctru nay ¢ 2 dai tuyén tinh trong
khoang 0-300 mM v6i d§ nhay 2,5 mM MeOH.

Tiép theo, tién hanh khao sat do chon loc cta vat liu
dién cuc NiO/PANI-CNT/FTO véi IPA, axeton, EtOH trong
dung dich NaOH 0,1 M tai thé ap dat 0,5 V (hinh 15). Thi
nghiém duoc tién hanh véi su thém néng do 3 mM cua
MeOH va mot s chit gay nhidu. Két qua cho thay, khi thém
MeOH dién cuc c6 tin hiéu véi su tang cuong d6 dong va
khong c6 tin hidu ddi v6i cac chat nhiéu IPA, axeton, EtOH.
Diéu nay chimg to yéu t6 chon loc MeOH ciia cam bién
NiO/PANI-NT/FTO ché tao duoc.

4. Két luan

Nghién ctru da ché tao thanh cong cam bién dién hoa
trén co s& dién cuc FTO bién tinh nano composite PANI-
CNT mang xuc tic NiO. Két qua phan tich cho thay, 16p phu
composite hinh thanh dang soi, sip xép xen k& tao ra mot
cAu trac xép trén bé mat dién cuc FTO. Xuc tac NiO duge
mang 1én bé mit 16p phit PANI-CNT/FTO cho thiy vai tro
xuc tac cho phan img 6xy héa MeOH. Dién cuc NiO/PANI-
CNT/FTO c6 hoat tinh xtc tac tot ddi v6i phan tmg 6xy hoa
truc tiép MeOH véi pic 6xy hoa trong ving thé khoang 0,7
V. Cam bién c¢6 2 vung tuyén tinh trong khoang tir 0 mM
dén 300 mM, d6 chon loc, do nhay cao va gidi han phat
hién thip ddi véi MeOH.

LO1 CAM ON

Nghién ctru nay duogc tai trg boi Vién Han 1am Khoa hoc
va Cong nghé Viét Nam thong qua dé tai cap co s6 ma sb
NCXS 01.01/22-24 va dé tai co s& tré nam 2022. Nhom téc
gia xin tran trong cam on.

TAI LIEU THAM KHAO

[1] N.G. Patel, P.D. Patel, V.S. Vaishnav (2023), “Indium tin oxide
(ITO) thin film gas sensor for detection of methanol at room temperature”,
Sens. Actuators B Sensors and Actuators B: Chemical, 96(1-2), pp.180-
189, DOI: 10.1166/jnn.2018.14306.

[2] H. Ghorbani, A. Nezami, B. Sheikholeslami, et al. (2018),
“Simultaneous measurement of formic acid, methanol and ethanol in
vitreous and blood samples of postmortem by headspace GC-FID”,
Journal of Occupational Medicine and Toxicology, 13(1), DOI: 10.1186/
$12995-017-0184-3.

[3] Ministry of Health (2010), QCVN 6-3:2010/BYT, National
Technical Regulations for Alcoholic Beverage Products (in Vietnamese).

JHOAHOC -

[4] Ministry of Science and Technology (2013), Vietnam Standard
TCVN 7043:2013 on White Wine (in Vietnamese).

[5] H. Zhao, J. Shen, J. Zhang, et al. (2006), “Liquid methanol
concentration sensors for direct methanol fuel cells”, Journal of Power
Sources, 159(1), pp.626-636, DOI: 10.1016/j.jpowsour.2005.09.067.

[6] J.V.D. Broek, S. Abegg, S.E. Pratsinis, et al. (2019), “Highly
selective detection of methanol over ethanol by a handheld gas sensor”,
Nature Communications, 10(1), pp.1-8, DOI: 10.1038/s41467-019-
12223-4.

[7TA. Genner, C. Gasser, H. Moser, et al. (2017), “On-line monitoring
of methanol and methyl formate in the exhaust gas of an industrial
formaldehyde production plant by a mid-IR gas sensor based on tunable
Fabry-Pérot filter technology”, Analytical and Bioanalytical Chemistry,
409, pp.753-761, DOI: 10.1007/s00216-016-0040-9.

[8] Z. Yang, X. Zhang, J. Guo (2022), “Functionalised carbon-based
electrochemical sensors for food and alcoholic beverage safety”, Applied
Sciences, 12(18), DOI: 10.3390/app12189082.

[9] D.S. Park, M.S. Won, R.N. Goyal, et al. (2012), “The
electrochemical sensor for methanol detection using silicon epoxy coated
platinum nanoparticles”, Sensors and Actuators B: Chemical, 174, pp.45-
50, DOI: 10.1016/j.snb.2012.08.017.

[10] N.S. Ferreira, L.P.T. Carneiro, C. Viezzer, et al. (2022),
“Passive direct methanol fuel cells acting as fully autonomous
electrochemical biosensors: Application to sarcosine detection”, Journal
of Electroanalytical Chemistry, 922, pp.116710-116719, DOI: 10.1016/j.
jelechem.2022.116710.

[11] Z. Karimi, M. Shamsipur, M.A. Tabrizi, et al. (2018), “A highly
sensitive electrochemical sensor for the determination of methanol based
on PANPs@ SBA-15-PrEn modified electrode”, Analytical Biochemistry,
548, pp.32-37, DOI: 10.1016/ j.ab.2018. 01.033.

[12] N.X.A. Nguyen, V.H. Le, T.K.N. Nguyen, et al. (2021),
“Efficient nickel or copper oxides decorated graphene-polyaniline interface
for application in selective methanol sensing”, RSC Adv., 11(46), pp.28573-
28580, DOI: 10.1039/D1IRA04164A.

[13] T.K.N. Nguyen, T.T. Nguyen, N.X.A. Nguyen, et al. (2021),
“Design of NiOOH/PANI-Gr and NiOOH/PANI-CNTs interfaces for
sensitive and selective methanol electrochemical sensors”, Journal of The
Electrochemical Society, 168(10), DOI: 10.1149/1945-7111/ac2d44.

[14] V. Saadattalab, A. Shakeri, H. Gholami (2016), “Effect of CNTs
and nano ZnO on physical and mechanical properties of polyaniline
composites applicable in energy devices”, Progress in Natural
Science: Materials International, 26(6), pp.517-522, DOI: 10.1016/j.
pnsc.2016.09.005.

[15] M. Bera, P. Gupta, P.K. Maji (2018), “Facile one-pot synthesis of
graphene oxide by sonication assisted mechanochemical approach and its
surface chemistry”, Journal of Nanoscience and Nanotechnology, 18(2),
pp.902-912, DOI: 10.1166/jnn.2018.14306.



