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SUMMARY

A CYLIC VOLTAGE METHOD FOR GLUCOSE ELECTROCHEMCIAL
SENSOR BASED ON CuO/ITO ELECTRODE

CuO/ITO electrode was fabricated by electrodepostion of copper sulfat solution
(CuSOy) using three electrode system to form copper thin film onto ITO substrate
followed by oxidation to convert copper to copper oxide at 400°C. Cu was deposited
onto ITO electrode using CuSOy 0.1M under current density of -6mA/cm’. The surface
structures and morphology of CuQ thin film onto ITO was characterized by X-ray
diffraction (XRD), energy dispersive X-ray spectroscopy (EDS) and scanning
electrode microscopy (SEM). The cyclic voltage method was used to investigate the
electrochemical properties of CuO/ITO electrode to glucose in alkaline medium of
NaOH solution and to determine the glucose concentration. The dependence of
glucose response to CuO/ITO electrode in the IM, 0.IM and 0.0IM of NaOH solution
showed that the optimum of NaOH concentration is 0.0IM. The optimum deposition
time of Cu onto ITO is 90 minutes. The cylic voltage method to determine the
concentration of glucose showed that the linear range detection of 0-3mM with high
sensitivity of 470.6 (uAcm™ M) and detection limit of 0.02 mM with signal to noise
S/N=3/1.
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1. MOPAU , dé 16n cua toan thé gioi. Theo wéc tinh
Hién nay bénh ti€u duong dang la van bénh tiéu duong da anh hudng dén 350
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triéu nguoi trén thé giéi va 350 tridu
ngudi cd nguy co cao mic bénh tiéu
duong. Theo hiép hoi tiéu duong du
doan dén nam 2030, khoang nira ti
ngudi s& phai chung séng v6i bénh tiéu
duong. Trén thuc té bénh ndy co thé
kiém soat dugc nhung hau hét déu
khong biét minh mic bénh cho dén khi
qua mudn. Viéc phat hién va diéu tri
dang ngay cang tré nén khoa hoc hon
v6i viée st dung thiét bi cAm tay ngay
cang nhd gon, chinh xac hon va theo
ddi duoc lién tuc. Cam bién glucose cho
phép x4c dinh ndng do glucose trong
mau tir d6 c6 thé chan doan bénh tiéu
duong khi nong do glucose ¢ murc cao
cling nhu ung dung trong cong nghi¢p
thue phém do doi hoi sy kiém soat
luong glucose trong thuc pham [1, 5, 8].
C6 nhiéu phuong phap xac dinh nong
do glucose nhu phuong phap dién hoa,
phuong phap quang, phuong phap cong
huong plasma bé mit, v.v. Cam bién
glucose dua trén nguyén tic gia tri ndng
do glucose dugc xac dinh qua tin hi¢u
do duoc. Trong s6 d6 phuong phap dién
hoa duoc tap trung nghién ciru nhiéu
trong 40 nim qua do do nhay cao, dé str
dung va dic biét co thé ché tao thiét bi
cam tay [9]. Tur khi cam bién sinh hoc
glucose déau tién dua trén dién cuc ezim
duoc ché tao nim 1962 bai Clark va
Lyon [2], dén nay cam bién glucose
dua trén dién cuc enzim da trdi qua ba
thé hé [12]. Hién nay cam bién glucose
khong st dung enzim dang dugc xem
nhu 14 cam bién glucose thé hé tht tu
trong d6 glucose bi oxi hoa truc tiép tai
dién cuc va duoc chuyén thanh tin hiéu
dién do dugc thong qua céc ki thuat
phan tich khac nhau. Loai cam bién nay
nhanh chéng thu hat nhiéu nghién ctu
boi su On dinh, gia ca thip, d& ché tao
va d& hoi phuc. D6 1a cac kim loai quy
nhu Pt, Au cling nhu cac hop kim chura
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Pt, Au, Pb, Ir, Pd, cac kim loai chuyén
tiép khac nhu Cu, Ni v.v. Loai dién cuc
nay tuy c6 do nhay cao nhung d6 chon
loc thfip va dac biét nhanh chong bi mat
hoat tinh boi su hdp phu va tich lity cta
san phim phan tng va ion clorua [7, 10,
11]. Do d6, viéc phat trién cam bién
glucose voi do chon loc, do nhay cao,
kha ning hodi phuc nhanh chéng va do
tin cdy cao dang la doi hoi 16n va thach
thire. Hién nay cam bién glucose thé hé
thr tu dua trén oxit kim loai cua déng
dang phat trién manh mé boi kha ning
vuot trdi & pham vi do, su on dinh va
kha nang chéng lai su dau doc dién cuc
boi ion clorua [7]. C6 nhiéu phuong
phap ché tao CuO nhu phuong phap
thuy nhi¢t [3], phuong phép nhiét [6],
phuong phap phun xa [4], tuy nhién dé
ché tao thanh cong dién cuc dua trén
CuO véi mot dé dan dién thi kha ning
bam dinh gitta vat liéu va dé dan dién la
mot thach thuc lon. Vi vay, trong
nghién ctru nay chung toi da tién hanh
ché tao dién cuc CuO/ITO bang phuong
phap két taa dién hoa trong d6 Cu duoc
két taa trén dé dan ITO bing phuong
phap dién phan dé tao thanh dién cuc
Cu/ITO, sau d6 duogc 0 nhiét dé chuyén
héa Cu thanh CuO va nghién ctu cam
bién glucose dua trén di€n cuc
CuO/1TO.

2. THUC NGHIEM

2.1. Héa chét

NaOH rin, glucose ran, nudc cit hai
1an, CuS04.5H,0. Tét ca déu ¢ do tinh
khiét PA.

2.2. Phuwong phap nghién ctiru thuc
nghiém

2.2.1. Ché tao dién cwc CuO/ITO

DéE ITO dugec cit véi kich thude 0,5x2,0
cm sau d6 dé ITO duoc 1am sach b?mg
cach lan luot rung si€u am vadi acetone,
methanol va cudi cing 13 nudc cit. Cu
duoc két toa dién hoa trén dé ITO st



dung hé ba dién cuc trong do dé 1TO
dong vai tro nhu dién cuc lam viéc,
thanh Pt 1am dién cuc dbi va dién cuc
Ag/AgCl déng vai tro la di€én cuc so
sanh trén may Autolab 302 N. Bé ITO
dong vai tro 1a dién cyc lam viéc duoc
dat trong dung dich CuSO4 0,I1M, mat
d6 dong 1a -6mA/cm’ véi cac thoi gian
khéc nhau 1a 30; 60; 90; 120; 150 phut
dé hinh thanh céc dién cyc Cw/ITO voi
do day khac nhau. Pién cuc Cu/ITO
duoc ché tao sau khi rira sach trong
nude cat duge nung & cac nhi¢t do
400°C dé chuyén thanh dién cuc
CuO/ITO. Trudc khi tién hanh khio sét
tinh chit dién hoa cua dién cuc, dién
cuc dugc phu moét 16p cach dién epoxy
va dé lai mot dién tinh CuO 14 0,5x0,5
(cm) tuong dwong 0,25 cm’ dién tich
cua dién cuc lam viéc.

2.2.2. Cdu tritc, hinh thdi hoc bé mat
cia vit liéu CuO trén dé ITO

Hinh thai hoc bé mit cua vat lieu duge
xac dinh bing phuong phdp SEM,
thanh phin nguyén t6 ctia nd dugc xac
dinh bang phuong phap EDS duoc tién
hanh khao sat trén may Hitachi S-4800.
CAu truc tinh thé cua vt liéu duoc duge
xac dinh bang phuong phap XRD trén
may Brucker D8 Advance.

2.2.3. Nghién ciru tinh chdt dién héa
ciia di¢n cuwe CuO/ITO déi véi glucose
trong méi truwong kiém ciia NaOH
Tinh chét dién hoa cua dién cuc duge
ché tao d6i voi glucose dugc khao sat
bang phuong phap quét thé vong tir 0 —
0,7 (V) trong cac dung dich NaOH nong
do 1a 0,01 M; 0,1M; IM. Su phu thudc
mat d§ dong di¢n cua pic oxi hoda
glucose vao noéng do glucose trong moi
truong chit dién 1i NaOH ciing duoc
khao sat dua trén quét thé vong va duoc
ding dé xay dung dudng chuan xac
dinh ndng d6 glucose.
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Hinh 2. Phé EDS ciia CuO trén

dé ITO

3.1. Pic diém hinh thai hoc bé mat,
thanh phan nguyén t6 va ciu tric bé
mat cua vat liéu

Hinh 1 13 anh hién vi dién tor quét bé
mit (SEM) ctia mang CuO/ITO. Két
qua cho thay hinh thai bé mit cua CuO
duoc ché tao kha déng déu véi clu tric
dang 14 chiéu rong ¢ kich thude 100-
200 nm va chiéu dai 1én vai trim
nanomet.

Hinh 2 thé hién két qua phan tich EDS
cua vat liéu CuO duoc ché tao. Két qua
phan tich thanh phin nguyén té cho
thdy rang ti 18 nguyén tir O 1a 55,3% va



ctua Cu la 44,7% la khéa phu hop voi ti 1¢
hop thurc ctia CuO. Tuy nhién ti 1€ O co
cao hop mot chut so voi Cu co thé do su
gy ra boi su dién k& cua O vao mang
tinh thé CuO hodc sy hinh thanh mot
luong nho Cu(Ill) dudi dang CuOOH
ma chung ta s€ khao sat sau day.

Trén hinh 3 13 gian d6 XRD cta CuO
trén dé ITO. Nhanthdy cac pic nhidu xa
tai cac goc 20 30,37; 35,49; 42,32 thudc
vé dé ITO trong khi dé cac pic nhidu xa
36,47; 38,74; 48,88; 50,54; 53,64 lan
luot thudc phd nhidu xa ciia cac ho mit
(002); (111); (-202); (112) va (202) dua
trén dir liéu JCPDS (48-1548) cho thiy
CuO thudc mang tinh thé don nghiéng.
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Hinh 4. Qud trinh quét thé vong ciia
dién cuc CuO/ITO trong NaOH 0,01M
khi khong va khi co glucose 1 mM
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3.2. Tinh chét dién héa cia dién cwe
CuO/ITO ddi véi glucose trong chat
dién li NaOH

Hinh 4 1a sy phu thudc cua pic oxi hoa
glucose dbi véi dién cuc vao néng do
glucose trudc va sau khi thém 1 mM
glucose trong dung dich NaOH 0,01M cho
thdy mat do dong khi co glucose 1 mM
ting manh d6i voi khi khong co glucose
trong dung dich chét dién 1i NaOH 0,01
M. Su tang manh cua dong anot (dong
duong) ching té c6 su oxi hdéa manh
glucose tai dién cuc theo phuong trinh:

CeH206+20H = CH ;O +H,O+2¢

Chiéu quét duong cho thdy mot pic oxi
hoa 0,659 V trong khi d6 chiéu quét am
c6 dong thdp hon va khong co co su
xudt hién pic. Ca chiéu quét duong va
am déu 1a dong anot chimg t6 1 ca hai
chiéu quét thé glucose déu bi oxi hoa.
Khac voi céc cdp oxi héa khur thuan
nghich, khi quét chiéu duong s& cho
dong anot va nguoc lai khi quét chiéu
am s€ cho dong catot, & day glucose
phan tng voi dién cuc ¢ ca hai chiéu
quét déu 1a dong anot. Piéu nay chimg
t6 rang qua trinh phan tng cua glucose
tai dign cuc la qua trinh bat thuan
nghich, san phim oxi héa 1a axit
gluconic khong c6 qua trinh khur tré lai
thanh glucose khi quét chiéu 4m. Do d6
khi quét thé theo chiéu am, khi thé dang
duong hon van c6 quéa trinh oxi hoa
glucose cho dong anot, khi thé giam dan
qua trinh oxi hoa giam dan va do do
dong anot giam dan. Dong quét theo
chiéu 4m ludén nhoé hon quét theo chiéu
duong c6 thé do khi quét theo chiéu 4m
tai thé duong cao glucose khong kip
khuéch tan dén dién cuc dé phan ung,
trong khi d6 chiéu quét thé lai giam
dan. Dbi voi quét theo chiéu duong thé
ting dan, glucose c6 du thdi gian tich
Iy tai bé mat dién cuc do d6 cho dong
cao hon va xuit hién pic oxi hoa. Dé so
sanh vo1 dién cuc ITO khi khong phu
CuO, qué trinh quét thé vong cua cua



dién cuc ITO dbi véi glucose ciing dugc
khao sat. Két qua duoc thé hi¢n trén
hinh 5.
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Hinh 5. Qud trinh quét thé vong
cuia dién cuc “tran” ITO trong NaOH
0,1M khi khong co va khi co glucose 1

mM.
C6 thé nhan thdy mat do dong ting 1én
khong dang ké so voi thé hién trén hinh 4.
Diéu d6 ching t6 CuO dong vai tro chit
xuc tac dién hoa rat manh cho qua trinh
phan tmg cta glucose tai dién cuc. Diéu
nay duoc giai thich rang trén bé mat dién
cuc CuO/ITO xuét hién mot cap oxi hoa
khir ciia dong oxi hoa +3 va dong c6 oxi
hoa +2 la CuOOH/CuO déng vai tro nhu
la c@p oxi hoa trung gian.
CuOOH + e 2 CuO + OH’
Cap oxi héa khir CuOOH/CuO dugc
cho 13 déng vai trd nhu chat van chuyén
trung gian gitta glucose va di€n cuc
theo so do hinh 6

Glucose CuOOH

ITO

Axit gluconic CuO

Hinh 6. So' d6 co ché xiic tac ciia
dién cuc CuO/ITO doi voi qua trinh oxi
hoa Glucose

Qua trinh quét thé vong cua di¢n cuc tai
cac néng dd chat dién li khac nhau cua
NaOH 1a 0,001M; 0,1M; 1M ddi véi
glucose 1mM duoc thé hién trén hinh 7.
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Hinh 7. Qud trinh quét thé vong ¢ cdc
nong do NaOH khdc nhau cua dién cuc
doi voi glucose ImM.

Trén hinh 7 ta thy pic oxi hoa cia
glucose ImM & cac ndng do chat dién li
14 0,01M; 0,1M; 1M lan lugt 1a 0,50V;
0,57V; 0,66V goi ¥ rang mdi trudong pH
cang cao thi qua trinh oxi hoa glucose
cang dé xay ra hon. Mt khac ta co thé
thay khi ndong do chit dién li cao (1M)
thi sau khi xuét hién pic oxi hoa cia
glucose thi dong ting manh khi thé vé
phia duong hon. Piéu d6 c6 thé giai
thich 1a do qua trinh oxi héa OH" thanh
oxi tai thé dwong hon. Tién hanh quét
thé vong cua dién cuc tai cac néng do
khéc nhau cua glucose trong cac dung
dich chat dién li NaOH 0,01M; 0,1M va
IM. Két qua duoc thé hién trén hinh 8.
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Hinh 8. Suw phu‘thuéc thé pic oxi hoa
glucose vao nong do glucose trong
dung dich NaOH noéng do khac nhau



Trén hinh 8 c6 thé thay ring khi nong
do glucose cang cao thi pic oxi hoa
glucose cang chuyen vé phia duong
hon. Dleu nay cé thé duoc giai thich 1a
khi nong d6 glucose cao, qué trinh oxi
hoa glucose tai dién cuc dién ra nhiéu
hon din dén c6 nhiéu san pham phan
ung sinh ra tai bé mat dién cuc da ngan
can su tiép xuc cua glucose voi dién cuc
do do thé oxi hoa glucose bi day vé phia
duong hon. Khi ndng d6 chat dién li
NaOH thap 1a 0,01M va 0,1M thi mat
do dong dién giam khi qua dinh oxi hoa
trong khi d6 véi néng do chat dién li
NaOH cao thi mat do dong dién tang
manh tai thé duong hon thé tai dinh oxi
hoa co6 thé 1a do néng d6 OH 16n din
dén qua trinh oxi héa OH tao thanh oxi
theo phan ung
40H - O, + 2H,0 +4e

Su phu thuoéc mat d6 dong cua pic oxi
hoa glucose vao ndong do glucose trong
cac dung dich dién 1i NaOH khac nhau

duoc thé hién trén hinh 9.
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Hinh 9. Sy phu thuoc mat do dong dién
ciia pic oxi héa vdo nong do glucose
trong dung dich NaOH nong dé khdc

nhau

Hinh 9 cho thdy do dbc cta duong phu
thugc dinh oxi hoa glucose vao néng do
c6 do doc 16n nhét ¢ nong do chit dién
li NaOH 0,1M ching to rang tai nong
do chat dién li nay kha ning phat hién
glucose cho do nhay 16n nhat. Mic du
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tai ndng do chat dién li cao (1M) thé oxi
hoa glucose thdp hon & ndng do chat
dién 1i thdp (0,1M) nhung d6 nhay &
néng dd nay nho hon, sy xuét hién cua
dinh oxi héa o rang hon va khong bi
anh hudéng nhiéu boi qua trinh oxi hoa
OH' thanh O,. Do d6 ndng do chat dién
li NaOH 0,1M duoc chon la néng do toi
wu. Pé dé dang xac dinh ndéng do
glucose dya vao pic oxi hoa, ching t61
st dung phuong phap tror dong nén tirc
1a 1y dong do glucose & cac ndng dd
khéac nhau trir di dong do khi khong c6
glucose thé hién trén hinh 10.
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Hinh 10. Qud trinh quét thé vong ciia
dién cue CuO/ITO doi véi cdc néng do
glucose khac nhau trong NaOH 0, IM
sau khi trir dong nén va ldy theo chiéu
quét duwong

Trir dong nén gitp pic oxi héa cia
glucose 0 rang hon va pic ¢6 kha nang
xuit hién ¢ néng do thip hon. Do do
phuong phap trir dong nén duoc ching
toi su dung dé khao sat su phu thudc
mat do dong pic oxi hoa glucose vao
ndng do cua no.

3.3. Su phu thudc thoi gian két taa
dién héa ciia ddng vao do nhay

Cu dugc két tia dién hoa trén dé ITO &
cac thoi gian khac nhau: 30; 60; 90;
120; 150 va sau d6 duoc U nhiét &
400°C dé chuyén hoéa Cu thanh CuO.
Két qua quét thé vong va ldy dir lidu
quét thé theo chidu duong va co trir
dong nén ta dugc két qua trén hinh 11.
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Hinh 11. Sy phu thuéc mdt do dong
theo chiéu dwong cia quét thé vong ciia
cdac dién cuc sau khi da trie dong nén
doi véi Glucose 0,5 mM vao thoi gian
két tia dién héa tao Cu
Hinh 11 cho thdy cudong do pic dbi voi
mau két tia & thoi gian 90 phit cho két
qua t6t nhat. Diéu nay co thé giai thich
1a khi thoi gian két tua chua du 16n, bé
mat ITO chua hoan toan dugc phu boi
CuO nén do nhay chua dat dén gia tri
cuc dai. Khi thoi gian két tua 16n thi
mang oxit CuO tr¢ nén day hon s€ can
trd sy chuyén dién tr cua glucose t6i
dién cuc nén do nhay sé gidm dan. Po
d6 thoi gian két tua dién hoa 90 phut
duoc chon lam thoi gian ti wu.
3.4. Su phu thugc pic oxi hoa glucose
ciia dién cwe CuO/ITO vao nong dd
glucose
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Hinh 12. Qud trinh quét thé theo chiéu

dwong cua dién cuc doi véi cde néng do

glucose khdc nhau sau khi trir dong nén

(a) va sw phu thuoc pic oxi hoa glucose
vdo nong do (b)

Dé xac dinh do nhay, pham vi do, gioi
han phat hién glucose ddi voi dién cuc
CuO/ITO, qué trinh quét thé vong va
léy dit liéu theo chiéu duong dién cuc
CuO/ITO dbi vé6i glucose trong NaOH
0,1M ddi véi glucose dugc khao sat va
v& duong chuan sy phu thudc pic oxi
hoéa vao néng dd dugc thé hién lan luot
trén hinh 12a va 12b. Hinh 12ava 12 b
cho thay mat d6 dong cia pic oxi hoa
phu thudc vao néng do co6 dang dang i=
42,2+470,6C voi hé sb R=0,99669. Cac
gia tri trén cho ta gid tri do nhay
S=470,6 (LAcm”M™) va giéi han do
ude luong véi tin hiéu trén nhiéu 1a 3/1
duoc ude lugng 1a 0,02 mM va khoang
tuyén tinh 13 0-3 mM.

4. KET LUAN

Pi ché tao thanh cong dién cuc
CuO/ITO bang phuong phap két tua
dién hoéa st dung hé 3 dién cuc trén
may di¢n hdéa Autolab 302N thong qua
ché tao dién cuc Cw/ITO theo sau u
nhiét trong khong khi tai 400°C dé
chuyén hoa Cu thanh CuO vdéi thoi gian
ti wru 13 90 phat.

Két qua cho thdy dung dich chat dién li
NaOH dé khao st tinh chat dién hoa
cua glucose tai dién cuc co néng do tdi



uu 1a 0,1M. Tir cac diu kién tbi vu trén
chung t6i khao sat va tién hanh xay
dung duong chuan cia su phu thudc
dinh oxi héa sau khi trir dong nén vao
néng d6 glucose. Két qua cho thiy
pham vi tuyén tinh cho viéc xac dinh
ndng d6 Glucose la 0-3 mM véi
R=0,99669 v&i do nhay la S=470,6
(nAcm™M™), gi6i han xac dinh 13 wdc
tinh theo ti 1¢ tin hi¢u trén nhiéu 3/1 la
0,02 mM.
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