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Abstract : A highly sensitive and selective non-enzymatic glucose sensor has gained great
attention because of simple signal transformation, low-cost, easily handling, and confirming the
blood glucose as the representative technology. Until now, glucose sensor has been developed
by the immobilization of glucose oxidase (GOx) on the surface of electrodes. However
although GOx is quite stable compared with other enzymes, the enzyme-based biosensors are
still impacted by various environment factors such as temperature, pH value, humidity, and
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toxic chemicals. Non-enzymatic sensor for direct detecting glucose is an attractive alternative
device to overcome the above drawbacks of enzymatic sensor. Many efforts have been tried
for the development of non-enzymatic sensors using various transition metals (Pt, Au, Cu, Ni,
etc.), metal alloys (Pt-Pb, Pt-Au, Ni-Pd, etc.), metal oxides, carbon nanotubes and graphene.
In this paper, we show that Ni-based nano-particles (NiNPs) exhibit remarkably catalyzing
capability for glucose originating from the redox couple of Ni(OH),/NiOOH on the surface of
ITO electrode in alkaline medium. But, these non-enzymatic sensors are nonselective toward
oxidizable species such as ascorbic acid the physiological fluid. So, the anionic polymer was
coated on NiNPs electrode preventing the interferences. The oxidation of glucose was highly
catalyzed by NiNPs. The catalytically anodic currents were linearly increased in proportion to
the glucose concentration over the 0~6.15 mM range at 650 mV versus Ag/AgClL

Keywords : Non-enzymatic sensor, Nickel nanoparticles, glucose
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Ni + 20H- -2¢ — Ni(OH),

Ni(OH), + OH -e — NiO(OH) + H,0

_If

v

Ni(OH), + OH — NiO(OH) + H,0 + ¢
NiO(OH) + glucose — Ni(OH), + glucolactone

Scheme. 1. (a) Schematic fabrication procedures of the nickel nanoparticles (NiNPs)-modified electrode. (b) NiNPs-
electrodeposited electrode can catalyze the electrooxidation of glucose to glucolactone.
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2.1 AleF 2 A=
gl A& Akl Nickel(Il) chloride hexah-

ydrate, Poly(acrylamide-co-acrylic acid), partial
sodium salt, D-(+)-Glucose, Sodium hydroxide=
Aldrich(Milwaukee, WDAIS] AFS A glo] 2df
2 ARSI S0l AMEE BE AR EAAF F
olgith. mE golo] Azsh 4B 95l 33 FR
%= (Millipore, Bedford, MA; A3 18 M-Qcm)E A}
&3ttt

A71sket AFeA 29 HFOZ ITO (Indium
Tin Oxide) M=E dAg A7 (7omx2.5 cm)E
A2 T oeked} 7, 3 AlFle] AL A
ZA)Z1 Fo Pirana solution (H,SO4: H,0,: 55
T =1:3:3)02 ] AlHATH AlH §F A 5
FrE AFT o ARelM A2AA ARSI
At A= 71E AFo2E WF (Platinum)d 3
Ag/AgCl A= (ESA, EE009)S AM&3F3th.

<=3k A AFH (Cyclic Voltammetry; CV)S =
A& 3=t AH8-E 7171% CH Instruments (Austin,
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tionS AREEINTE A HHe] xS Folsh=d] A
4% 7171 SEM (Scanning Electron Microscopy,
JEOL/JAPAN)S ARE-3ISiTE.
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sition) & Y-S gAZ T AlfkE YR e 4R}
7F IHE AF5E g 9 st HdriskerHgl
ANeE 243 A3 Ag/AgClolA 470 mve] Ni(OH),/
NiOOH 2Fs}3hd A&7t Yehues 2e 391 & &
AR, 40 cycles oA 7 A7 2155 YeRY
= AL AT = AT (Fig. 1(a). °ole ¥
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Fig. 1. (a) Cyclic voltammograms of S0 mM NaOH on the electrodeposited NiNPs-ITO electrodes at different scan cylces
(2~50 cycles). Inset: plot of obtained anodic currents versus number of voltammetric cycles. Reaction condition : fixed
NiCl, concentration of 100 mM at a scan rate of 100 mV s™! on ITO electrodes. (b) Cyclic voltammograms of the 40 cycles
electrodeposited NiNPs-ITO electrodes in S0 mM NaOH solution at different concentration of NiCl, (10.0~500.0 mM) at a
scan rate of 10 mV s on ITO electrodes. Inset: plot of obtained anodic currents versus NiCl, concentration.
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Supplementary Figure 1. FE-SEM images showing (a) the surface of the electrodeposited nickel-nanoparticles on ITO
electrode at 50 cycles in 100 mM NiCl, and (b) the surface of the electrodeposited nickel-nanoparticles on ITO electrode
at 40 cycles in 500 mM NiCl,. The scale bars were 1000 nm.
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Fig. 2. FE-SEM images on bare ITO electrode of X50 K (a), and those of electrodeposited nickel-nanoparticles on ITO
electrode of x10 K (b), x30 K (c¢) from 100 mM solution of NiCl, in distilled water. The number of cycles was 40 cycles
using the cyclic voltammetric technique.
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Fig. 3. (a) Anode currents at 650 mV versus Ag/AgCl as a function of pH ranging between 12 and 14.602. Reaction

condition : fixed glucose concentration of 7 mM at a scan rate of 10 mV s*
of glucose 7 mM using nickel-nanoparticles deposited ITO electrode at a scan rate of 10 mV s .
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Fig. 4. Cyclic voltammograms of the polymer-modified
NiNPs-ITO electrodes at different concentrations of
polymer (0.05~10.0 wt%). The scan rate was 10 mV s! in
50 mM NaOH solution.
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Fig. 5. The graph comparing the glucose signal and
ascorbic acid signal in the polymer-modified NiNPs-ITO
electrodes. Reaction condition: fixed glucose concentration
of 7mM and ascorbic acid of 1 mM at a scan rate of
10 mV s™' on ITO electrodes.
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Fig. 6. (a) Cyclic voltammograms of the 0.1 wt% polymer-modified NiNPs-ITO electrodes in 50 mM NaOH containing
1mM ascorbic acid at scan rate of 10 mV s’ (b) Anode currents at 650 mV versus Ag/AgCl as a function of glucose

concentration ranging between 0 and 6.15 mM.
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