TAP CHi CONG THUONG - CAC KET QUA NGHIEN CUU KHOA HOC VA UNG DUNG CONG NGHE

PIEN PHAN LANG PONG PIEN CUC HQP KIM NI-CU
TRONG MOI TRUONG SULFAT-CITRAT VA UNG DUNG
TRONG QUA TRINH OXY HOA GLUCOSE
KHONG DUNG ENZYME

TRAN THI TUYET MAI
Khoa Khoa hoc trng dung, Truong Dai hoc Kinh té - Ky thuat Cong nghiép
Faculty of Applied Sciences, University of Economics - Technology for Industries

Ngay nhén bai: 10/7/2026
Ngay stra bai: 27/7/2026
Ngay duyét dang bai: 12/8/2026

Tém tit:

Trong nghién ciru nay hop kim Ni-Cu dirge ché tao bang phwong phdp dién phén lang dong trong méi trrong
sulfat - citrat nham tao vt liéu dién cuwc ¢é hoat tinh cao cho qud trinh oxy héa glucose khéng ding enzyme.
Anh huong cua diéu kién dién ld'ng dong dén hinh thdi bé mat, thanh phﬁn hop kim va tinh chat dién héa ciia
dién cuc dwoc phan tich thong qua cdc phirong phdp déc trung vt liéu va ky thudt dién héa. Két qua cho
thdy, méi truwong sulfat-citrat tao diéu kién hinh thanh 16p phit Ni-Cu dong déu, bam dinh tot va cé dién tich
bé mat hoat dong lon. Dién cuc hop kim thé hién hoat tinh xiic tac cao doi véi phan ung oxy héa glucose
trong moi truong kiém nho sy phoi hop giira cap oxy héa khir Ni(I)/Ni(IIl) va kha ndng ting cuong truyén
dién tich ciia Cu. Nhitng két qua nay cho thdy dién cuc Ni-Cu cé tiém ndng vmg dung trong ché tao cam bién
glucose khong ding enzyme véi dé nhay va dé on dinh cao.

Tir khéa: Hop kim Ni-Cu, dién lang dong, méi truong sulfat - citrat, oxy héa glucose, cam bién khéng ding

enzyme.

Electrodeposition of Ni-Cu alloy in a sulfate-citrate medium and its application
in non-enzymatic glucose oxidation

Abstract:

In this study, a Ni-Cu alloy was fabricated by electrodeposition in a sulfate-citrate medium to develop
a highly active electrode material for non-enzymatic glucose oxidation. The effects of electrodeposition
conditions on the surface morphology, alloy composition, and electrochemical properties of the electrode
were investigated using material characterization methods and electrochemical techniques. The results
showed that the sulfate-citrate medium facilitated the formation of a uniform, well-adhered Ni-Cu coating
with a large electrochemically active surface area. The alloy electrode exhibited high catalytic activity toward
glucose oxidation in an alkaline medium due to the synergistic effect of the Ni(1l)/Ni(Ill) redox couple and
the enhanced charge-transfer capability provided by Cu. These findings demonstrate the potential of Ni-Cu
electrodes for the development of non-enzymatic glucose sensors with high sensitivity and stability.
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1. Pit van dé

Cam bién glucose khong ding enzyme dang tré thanh hudng nghién ctru duoc quan tim nham khic phuc
nhitng han ché cia cam bién sir dung enzyme nhu do bén thap, chi phi ché tao cao va hoat tinh dé suy giam
dudi tac dong ctia moi trudng. Trong sb cac vat liéu dién cuc duge nghién ctru, hop kim Ni - Cu dugc danh
gia co nhiéu vu diém nho hoat tinh dién héa cao, kha ning dan dién tt va gia thanh thép. Dic biét, sy két
hop giita Ni va Cu tao hiéu Gng hiép dong, lam ting sb luong tim hoat dong va thiic ddy qua trinh truyén
dién tich, tir d6 nang cao hiéu qua oxy hoa glucose trong méi truong kiém.

Phuong phap dién phan ling dong duoc sir dung rong rai dé ché tao dién cuc Ni - Cu vi quy trinh don
gian, d& kiém soat chiéu day 16p phu va thanh phan hop kim. Mai truong sulfat - citrat khong chi cung cép
ngudn ion kim loai 6n dinh ma con gitip didu hoa tc do ling dong thong qua su tao phtrc cua ion citrat, gop
phan tao 16p phu dong déu va bam dinh tét trén bé mit dién cuc. Trén co sé do, bai béo tap trung khao sat
qué trinh dién phén ling dong hop kim Ni - Cu trong mi truong sulfat - citrat, ddng thoi ddnh gia kha ning
g dung cua dién cuc thu dugc trong phan img oxy hoa glucose khong dung enzyme, gop phan dinh hudng
phat trién cac cam bién dién hoa c6 dd nhay cao va chi phi thap.

2. Thuc nghiém

2.1. Héa chiit va thiét bi

Dung dich dién phan dugc pha tir cac hoa chit c6 do tinh khiét phan tich gdm niken sunfat ngdm nudc
(NiSO4-6H:0), ddng sunfat ngdm nudc (CuSOs-5H:0), natri citrat (NasCsHsO-) va axit boric (HsBOs).
Dung dich NaOH duoc st dung dé diéu chinh pH va 1am méi truong khao sat qua trinh oxy hoa glucose. Tat
ca dung dich dugc pha bang nude khir ion.

Qua trinh dién hoa dugc thuc hién trén hé do dién hoa 3 dién cuc, gdm dién cuc lam viée 1a dién cuc hop
kim Ni - Cu sau khi dién ling dong, dién cuc d6i la tim platin va dién cuc so sanh Ag/AgCl (KCl bdo hoa).
Hinh thai bé mat va thanh phﬁn nguyén tb cla 16p phu duoc khao sat bﬁng kinh hién vi dién tir quét (SEM)
két hop phd tan sic nang luong tia X (EDX). Céu trac tinh thé duoc xac dinh bang phuong phap nhiéu xa tia
X (XRD). Hoat tinh dién hoa cua dién cuc dugc danh gia bﬁng phép quét thé vong (CV), phé té)ng tré dién
hoa (EIS) va phép do dong theo thoi gian (chronoamperometry).

2.2. Chudn bi dién cwc hop kim Ni - Cu

Dién cuc nén duoc lam sach co hoc be"mg giéy nham min, sau d6 ria siéu 4m lan luot trong dung dich
ethanol va nudc khir ion nhiam loai bé ddu md va céac tap chit bam trén bé mat. Trudce khi dién ling dong,
dién cuc dugc hoat hoa trong dung dich axit loang, rira sach béng nudce khirion va séy kho ¢ nhiét do phong.

Dung dich dién phan duoc chuén bi tir NiSO4 v&i ndng d6 0,20 mol/L va CuSOa4 v6i ndng do 0,02 mol/L.
Natri citrat dugc bd sung voi néng d% 0,10 mol/L dé tao phure véi ion kim loai, gop ph?m on dinh dung dich
va diéu chinh téc do lzfmg dong. Axit boric co néng d6 0,30 mol/L dugc st dung lam chat dém nham han ché
su thay d6i pH trong qué trinh dién phéan. Gia tri pH cua dung dich dugc diéu chinh trong khoang 4,5 - 5,0.

Qué trinh dién ling dong duoc tién hanh theo phuong phép thé khong ddi & nhiét do phong. Thé dién cuc
duoc lya chon trong khoang tir -0,90 dén -1,00 V so véi dién cuc Ag/AgCl va thoi gian léng dong tir 10 dén
20 phut. Sau khi két thic qua trinh dién phan, dién cuc duogc l:?iy ra khdi dung dich, rua nhiéu lan béng nudc
khir ion dé loai bo cac ion con bam trén bé mit, sau d6 siy kho va bao quan trong binh hat am trude khi tién
hanh céc phép do dic trung.

2.3. Khdo sdt hoat tinh dién hoa

Hoat tinh xtic tac cua dién cuc Ni - Cu dugc danh gia trong dung dich NaOH 0,10 mol/L ¢ bd sung
glucose véi cac ndng do khac nhau. Phép quét thé vong duoc thuc hién trong khoang thé tir 0 dén 0,70 V voi
tbc do quét 50 mV/s nham khao sat qua trinh oxy hoa khir trén bé mit dién cuc va xac dinh ving thé xay ra
phéan ing oxy hoa glucose.

Pho téng tré dién hoa dugc do tai thé mach ho trong dai tan s6 tir 100 kHz dén 0,1 Hz véi bién d6 dao
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dong 5 mV dé danh gia kha nang truyén dién tich cua dién cuc. P9 nhay va kha niang dap Gng cta dién cuc
duoc xac dinh bang phép do dong theo thoi gian sau khi bo sung lién tiép cac lugng nho dung dich glucose
vao hé dién hoa dang khudy déu. Kha ning chong nhidu ctia dién cuc duoc dénh gia bang cach bo sung thém
cac chat thuong co trong dich sinh hoc nhu axit ascorbic, axit uric va fructose, sau d6 so sanh sy thay ddi tin
hiéu dong dién vai tin hi¢u thu duogc tir glucose.

Céc phép do dugc thyc hién lap lai it nhit 3 lan dé danh gia do lap lai cia két qua. Gia tri trung binh va do
léch chuén duoc st dung dé xu ly s6 liéu va so sanh hoat tinh dién héa cta cac dién cuc duge ché tao dudi
céc diéu kién ling dong khac nhau.

3. Két qua va thao luin

3.1. Ddc trung bé mdt dién cuwc hop kim Ni - Cu

L&p phu hop kim Ni-Cu thu dugc bang phuong phap dién phéan ling dong trong méi truong sulfat-citrat
cd bé mit tuong dbi déng déu, bam dinh tét trén nén dién cuc va khong xuét hién hién tuong bong troc sau
qua trinh rira hodc khao sat dién hoa. Két qua quan sat bang kinh hién vi dién tir quét (SEM) cho thay, 16p
phi dugc tao thanh tir cac hat kich thudc nho phéan bd kha dong déu, tao nén céu triic bé miat go ghé véi nhiéu
khe ranh va 15 xép kich thudc micromet. Céu trac nay lam tang dién tich bé mat hoat dong cua dién cuc, tao
diéu kién thuan loi cho su hap phu glucose va ting sd lugng tam phan tng dién hoa.

Su ¢6 mit cua ion citrat trong dung dich dién phan déng vai trd quan trong d6i v6i qua trinh hinh thanh
16p phu. Citrat tao phtrc v6i ion Ni2* va Cu?*, lam giam tdc d6 khir tu do ctia cac ion kim loai, tir d6 qua trinh
két tinh dién ra chdm va déng déu hon. Nho do, l6p phu thu duoc co cAu tric hat min, han ché hién tuong
két ty thuong gap khi dién ling dong trong dung dich chi chira mudi sulfat. Dong thoi, sy tao phirc con gitip
thu hep sy khac biét giira thé khir cia Ni va Cu, tao diéu kién dé hai kim loai ddng ling dong véi thanh phan
tuong ddi 6n dinh.

Két qua phan tich EDX xéac nhan 16p pht gdm chu yéu 2 nguyén t6 Ni va Cu, ngoai ra chi xuat hién mot
lwong nho oxy do su hinh thanh 16p oxit hodc hydroxide mong trén bé mat khi dién cuc tiép xuc véi khong
khi. Ty 1& nguyén tir Ni lu6n 16n hon Cu, phu hop véi thanh phan dung dich dién phan. Khi ting nong do
CuSO: trong dung dich, ham lugng Cu trong 16p phu ting 1én, tuy nhién néu ham luong Cu qué cao thi cau
trac 16p phu tré nén kém ddng nhit va xuét hién cac cum tinh thé 16n. Diéu nay cho thiy, can Iya chon ty 1
Ni/Cu thich hop dé dat dugc su can béng gitra hoat tinh xuc tac va do bén co hoc cua dién cuc.

Gian d6 nhiéu xa tia X ctia 16p pht xuét hién cac dinh dic trung ctia pha hop kim Ni-Cu c¢6 cau tric 1ap
phuong tdm dién. Cac dinh nhidu xa c6 cudng do twong ddi rong chimg to kich thudc tinh thé nho va do
két tinh & mirc trung binh. So voi dién cuc Ni nguyén chét, vi tri cac dinh nhiéu xa c6 su dich chuyén nhe,
phan 4nh sy thay ddi hing s6 mang do nguyén tir Cu tham gia vao mang tinh thé ciia Ni. Sy hinh thanh
pha hop kim thay vi hdn hop co hoc cua 2 kim loai gop phan tao hiéu tng hiép dong, cai thién tinh chét
dién hoa cua vat liéu.

3.2. Hoat tinh dién héa cua dién cuc Ni- Cu

Hoat tinh dién hoa cua dién cuc dugc danh gia bang phuong phap quét thé vong trong dung dich NaOH.
Trén dudng cong CV cua dién cuc Ni - Cu khong chira glucose xuat hién cip dinh oxy hoa khtr dic trung
ctia hé Ni(OH)/NiOOH. Pay 1a cip phan ting dong vai trd trung tam trong qua trinh xiic tac dién héa ddi véi
glucose. Khi bd sung glucose vao dung dich, cudng d6 dong oxy hoa ting manh va dinh oxy hoa dich chuyén
nhe vé phia thé duong, chimg t6 glucose di tham gia phan tng trén bé mit dién cuc.

Co ché xuc tac dugc giai thich thong qua su chuyén hoa thuan nghich gitra Ni(OH). va NiOOH. Trong
qua trinh quét thé theo chiéu duong, Ni(OH): bi oxy hoa thanh NiOOH. Dang NiOOH c6 tinh oxy hoa manh
s& nhan electron tir phan tir glucose, xuc tac qua trinh chuyén glucose thanh gluconolacton, dong thoi ban
than NiOOH bi khir trd lai thanh Ni(OH).. Chu trinh oxy héa khir nay dugc lap lai lién tuc trong sudt qua
trinh do, tao nén tin hiéu dong dién ty 18 v6i nong do6 glucose.

Céc thong so trén cho thiy dién cuc hop kim Ni - Cu dién ling dong trong mdi truong sulfat - citrat co
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hiéu sudt phén tich cao, dap umg tot cac yéu cau Bang 1. Thong s dién héa ciia dién cue Ni - Cu
d6i voi cam bién glucose khong dung enzyme. -

Khi so sanh véi cac dién cuc Ni hodc Cu don kim Théng so Gia tri

loai da duoc cong bo, dién cyc hop kim thé hién | Khoang tuyén tinh 0,01 - 5,0 mmol/L
i thé & 40 nhay,the d0 dip img va 40 ndinh [ 125 pArmor o
lau dai. Két qua nay khang dinh hi¢u tng hiép

ddng gitra Ni va Cu dong vai trd quan trong trong Gidi han phat hién 2,8 umol/L
viéc nang cao kha nang xuc tac dién hoa, déng Thoi gian dap tng 4s

thoi mo ra trién vong trng dung vat li¢u trong cac . X

thiét bi phan tich siih hic Véghé théng thef dsi | ¢ sotuong quan (RY) 0,998
glucose cim tay. DO gil tin hiéu sau 30 ngay 94,3 %

3.3. Kha nang phat hién glucose

Puong cong dong dién - thoi gian cho thy tin hiéu dién hoa ting gan nhu tirc thoi sau mdi 1an bd sung
glucose vao dung dich dién phan. Dong di¢n dat trang thai on dinh chi sau vai gidy, chiing to dién cuc co tde
d6 dap ung nhanh. Trong khoang nong do khao sat, cuong d6 dong ting gan tuyén tinh theo ndng do glucose,
cho théy kha nang dap Gng dinh lugng cua dién cuc dbi vai glucose.

Mot trong nhirng yéu ciu quan trong dbi véi cam bién glucose 1a kha ning chdng nhidu tir cac hop chét
c6 trong dich sinh hoc. Khi b sung acid ascorbic, acid uric va fructose vdi nong d6 twong dwong hoic thap
hon glucose, tin hiéu dong dién chi thay d6i khong dang ké so véi tin hiéu thu duoc khi thém glucose. Két
qua nay chimg t6 dién cuc Ni - Cu ¢6 tinh chon loc tdt trong méi trudng kiém, chu yéu do thé oxy hoa cua
glucose khac voi cac chat gay nhidu va nho hoat tinh xuc tic dic trung ctia hé Ni(OH)./NiOOH.

Kha ning 6n dinh cua dién cuc cling duogce danh gia thong qua cac phép do lip lai lién tiép. Sau nhiéu chu
ky quét thé, tin hiéu dong dién chi suy giam & mirc nho, ching t6 16p phu hop kim c6 do bén dién hoa cao
va it xay ra hién tugng hoa tan hodc bong trdc trong moi truong kiém. Do lap lai gitra cac dién cuc dugc ché
tao trong cung diéu kién ciing dat két qua tét, cho thiy phuwong phap dién phan ling dong trong méi truong
sulfat - citrat c6 kha ning tao ra cac 16p phu c6 tinh ddng nhét cao.

Nhin chung, cac két qua thu dugc cho théy moi truong sulfat - citrat khong chi tao diéu kién thuén loi
cho qua trinh dong ling dong Ni va Cu ma con gdp phan hinh thanh 16p phii ¢6 cdu tric hat min va dién
tich bé mat 16n. Sy két hop giita hoat tinh oxy héa khir cia Ni va kha ning ting cudng truyén dién tich
ctia Cu tao nén dién cuc co hiéu suat xuc tac cao ddi véi phan tng oxy hoa glucose. Nhing dic diém nay
khang dinh hop kim Ni - Cu 1a vat liéu dién cyuc c6 nhiéu trién vong trong ché tao cam bién glucose khong
dung enzyme, dap Gmg yéu cau vé& d6 nhay, d6 6n dinh va kha nang timg dung trong cac hé théng phan tich
dién hoa hién dai m
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