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Abstract
This article reports the fabrication of Acid Violet 34 (AV34)/nickel hydroxide nanosheets ultrathin film on the
glassy carbon electrode (GCE) via the electrostatic layer-by-layer (LBL) technique, and its electrocatalytic oxida-
tion for glucose was demonstrated. UV-vis absorption and electrochemical impedance spectra indicate the uniform
deposition of the LBL film, with a continuous and smooth film surface observed by SEM and AFM. The electro-
chemical performance of the ultrathin film was studied by cyclic voltammetry and chronoamperometry. The (AV34/
Ni(OH)2)5 ultrathin film modified electrode displays a fast direct electron transfer attributed to the Ni2+/Ni3+ redox
couple as well as remarkable electrocatalytic activity towards the oxidation of glucose. The linear response was ob-
tained in the range 0.5–13.5 mM (R=0.9994) with a low detection limit (14 mM), high sensitivity
(25.9 mAmM�1 cm�2), rapid response (less than 1 s) and excellent anti-interference properties to the species includ-
ing ascorbic acid (AA), uric acid (UA), acetamidophenol (AP) and structurally related sugars. Therefore, the AV34/
Ni(OH)2 ultrathin film can be potentially used as a feasible electrochemical sensor for the determination of glucose.
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1 Introduction

Glucose sensing is of practical importance in clinical
chemistry, biochemistry, environmental and food chemis-
try [1–3]. Many approaches have been developed for pre-
cisely monitoring glucose including surface plasmon reso-
nance [4], Raman spectroscopy [5–7], fluorecence [8],
electrochemiluminescene [9,10] and electrochemical tech-
nique [11–13]. Among these methods, electrochemical
sensors for glucose have attracted great attention, owing
to the advantages of fast response, time efficiency, easy
operation and low cost. Most previous studies on this sub-
ject involve the use of glucose oxidase (GOD), which cat-
alyzes the oxidation of glucose to gluconolactone in the
presence of oxygen, producing H2O2 simultaneously
[14,15]. However, it is known that the operation stability
of the GOD sensors strongly depends on the activity of
GOD, which is seriously influenced by the pH value, tem-
perature, humidity and toxic chemicals. To solve these
problems, direct electrooxidation of glucose on different
electrodes modified by metals (platinum [16], gold
[17,18], copper [19]) and alloys [20–23] has also been ex-
plored. Unfortunately, these electrodes generally suffer
from low sensitivity and surface poisoning from the ad-
sorbed intermediates and chloride. Therefore, the devel-
opment of suitable nonenzymatic electrochemistry sen-
sors for glucose still remains a challenge.

Nickel hydroxide (Ni(OH)2), as one of the most impor-
tant transition metal hydroxides, has received increasing
attention in recent years on account of its application in
catalysis and energy field [24–26]. Ni(OH)2 has a hexago-
nal layered structure with two polymorphs, a- and b-
Ni(OH)2 [27,28]. The layered a-Ni(OH)2 is a hydroxyl-
deficient phase with analogous structure of hydrotalcites
[29–31], which consists of stacked positively charged
Ni(OH)2–x layers with anions and water molecules in the
interlayer gallery to restore charge neutrality. Recently,
the delamination of a-Ni(OH)2 into nanosheets with uni-
form lateral shape and homogeneous thickness has been
reported by Ida et al. [32]. One of the most important
and attractive applications of exfoliated nanosheets is
that they serve as building blocks to construct ultrathin
films with superior functionalities to traditional materials
[33,34]. This therefore inspires us to take the challenge of
fabricating electrochemical sensors through alternate as-
sembly of positively charged a-Ni(OH)2 nanosheets and
negatively charged functional dye via the electrostatic
LBL technique [35], which would exhibit the following
advantages: (1) the nanometer scale control of the assem-
bly will result in a high dispersion of a-Ni(OH)2 nano-
sheets with uniform orientation, facilitating the electron
transfer; (2) the film components and thickness can be
precisely controlled with simple manipulation and versa-
tility.
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Being important electrochemical functional materials,
anthraquinone (AQ) and its derivatives have already
been used as mediators for the electrocatalysis of oxygen
reduction [36–38], potentiometric pH sensor [39] and
emitting dye material [40]. However, the application of
AQ and its derivatives in aqueous solutions is greatly lim-
ited owing to the unsatisfactory stability, water pollution
and biological toxicity. In this work, a new type of nonen-
zymatic electrochemical sensor was fabricated by alter-
nate deposition of positively charged a-Ni(OH)2 nano-
sheets and negatively charged Acid Violet 34 (an AQ de-
rivative) on the glassy carbon electrode (GCE) via the
electrostatic LBL assembly technique. The resulting
AV34/Ni(OH)2 ultrathin films (UTFs) exhibit uniform
and smooth surface, whose thickness can be controlled
precisely at the nanometer level by a simple, inexpensive
procedure. The electrochemical behavior of the UTF
modified electrode was tested and a couple of well-de-
fined reversible redox peaks were observed and were at-
tributed to the Ni2+/Ni3+ couple in the a-Ni(OH)2 nano-
sheets. In addition, the modified electrode exhibits elec-
trocatalytic performance towards the oxidation of glucose
with fast response, high sensitivity, good stability, low de-
tection limit as well as selectivity in the presence of inter-
fering compounds. This work provides a facile approach
by incorporation of electroactive species into an inorganic
matrix, which can be used as a promising method for the
detection of glucose.

2 Experimental

2.1 Materials and Reagents

Acid Violet 34 (AV34) and an aqueous solution (20 %) of
poly(diallydimethylammonium chloride) (PDDA, MW:
100 000–200 000) were purchased from Alfa Aesar Chem-
ical Co. Ltd. All other chemicals including Ni(NO3)2, hex-
amethylenetetramine (HMT), sodium dodecyl sulfate
(SDS), NaOH and d-glucose were of analytical grade and
used without further purification. A solution of d-glucose
(0.01 M) was prepared and allowed to mutarotate in a re-
frigerator overnight before use. Water purified in a Milli-
Q Millipore system (>18 MW cm) was used throughout.

2.2 Fabrication of the (AV34/Ni(OH)2)n Multilayer UTFs

The suspension of colloidal a-Ni(OH)2 nanoplatelets was
prepared according to the method reported previously
[32]. This method involves the synthesis of layered a-
Ni(OH)2 intercalated with dodecyl sulfate ions (dodecyl
sulfate/a-Ni(OH)2) and the resulting exfoliation process.
The XRD pattern and FT-IR spectrum (Supporting Infor-
mation, Figure S1 and Figure S2) indicate that dodecyl
sulfate ions were successfully intercalated into a-Ni(OH)2

gallery with high crystallinity, which is very essential for
the subsequent exfoliation process. The transmission elec-
tron microscopy (TEM) image (Figure S3) reveals that
the size of the dodecyl sulfate/a-Ni(OH)2 particles ranges

in 400–600 nm. By dispersing the as-synthesized dodecyl
sulfate/a-Ni(OH)2 in formamide and heating at 40 8C for
2 days, a green colloidal suspension was obtained with
clear Tyndall light scattering (Figure S4). The well-dis-
persed colloidal suspension was transparent and stable
without any precipitation when stored in an N2 atmos-
phere for ten months. A typical AFM image and section
pattern of the nanosheets (Figure S5) show that the thick-
ness of the nanosheets was ~2 nm.

The (AV34/Ni(OH)2)n UTFs were fabricated via the
electrostatic LBL assembly technique. Prior to assembly,
the GCE (3 mm in diameter) was polished successively
with 1.0, 0.3, and 0.05 mm alumina powder, and sonicated
in 1 : 1 nitric acid/water solution, absolute ethanol and
Milli-Q water for 1 min respectively. Quartz glass
(3.0 cm � 1.0 cm) substrates were cleaned by immersing in
a fresh piranha solution (H2SO4:H2O2 (30%)=3 :1, v/v)
(warning: piranha solution is very corrosive and must be
treated with extreme care) for 30 min, followed by rinsing
in deionized water and drying with a N2 flow. The
cleaned GCE or quartz glass substrate was alternately im-
mersed into the negatively charged AV34 solution
(1 mg mL�1) and the colloidal suspension of a-Ni(OH)2

nanosheets (1 mg mL�1) for 10 min each time; the sub-
strate was rinsed with deionized water and dried with
a N2 flow after each step. Subsequently, deposition opera-
tions for AV34 and a-Ni(OH)2 nanosheets were repeated
n times to obtain the (AV34/Ni(OH)2)n UTFs (Scheme 1).
The (AV34/PDDA)5 UTF modified electrode, which was
used as a comparison sample, was obtained by alternately
immersing the GCE into the negatively charged AV34 so-
lution and positively charged PDDA solution for five cir-
cles.

2.3 Characterization and Amperometric Measurements

XRD patterns were recorded by a Rigaku XRD-6000 dif-
fractometer, using Cu Ka radiation (l=0.154 nm) at
40 kV, 30 mA. The UV-vis spectra were collected in a Shi-
madzu U-3000 spectrophotometer. The morphology of
thin films was investigated using a scanning electron mi-
croscope (SEM ZEISS) with the accelerating voltage of
20 kV. The surface roughness was studied using the
atomic force microscopy (AFM) software (Digital Instru-
ments, Version 6.12). The electrochemical measurements
were performed using a CHI 660C electrochemical work-
station (Shanghai Chenhua Instrument Co., China). A
conventional three-electrode system was used, including
a modified GCE as the working electrode, a platinum foil
as the auxiliary electrode and a saturated Hg/HgO as the
reference electrode. Electrochemical impedance spectros-
copy (EIS) measurements were performed on the (AV34/
Ni(OH)2)n modified electrodes in 0.1 M NaOH with
5 mM Fe(CN)6

3�/4� solution at a potential of +0.19 V vs.
Ag/AgCl. The EIS dispersions were recorded in the fre-
quency range 0.01–100 kHz. The solutions were purged
with highly purified nitrogen for 20 min prior to measure-
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ment. All measurements were performed at room temper-
ature.

3 Results and Discussion

3.1 Structural and Morphological Characterization of the
(AV34/Ni(OH)2)n UTFs

The fabrication process of the UTFs was monitored by
UV-vis absorption spectra of quartz glass substrates
coated with (AV34/Ni(OH)2)n UTFs (n=1–11) as depict-
ed in Figure 1A. The UTFs exhibit three strong absorp-
tion bands at 242, 271 and 325 nm, corresponding to the
p–p* absorption bands in the anthraquinone chromo-
phore of AV34. Another broad absorption band centered
at 548 nm (in the 400–680 nm region) is due to the long
axis transition of the anthraquinone ring [41]. Compared
with the UV-vis absorption spectrum of the pristine AV34
in aqueous solution (Figure 1A, inset a), no obvious ab-
sorption shift was observed for the UTFs, demonstrating
that AV34 molecules are accommodated between the a-
Ni(OH)2 nanosheets as monomer form [42]. Furthermore,
the intensities of the absorption bands at 242, 271, 325
and 548 nm increased linearly with the increase of the bi-
layer number n (Figure 1A, inset b), indicating a stepwise
and regular film growth procedure. In addition, a linear
correlation between the film thickness and bilayer
number was observed from their cross-sectional SEM
images (Figure 1B), confirming that the UTFs possess
a periodic layered structure. The thickness of one bilayer
was calculated to be ~3.7 nm from the linear slope.

Surface morphology and architecture of the (AV34/
Ni(OH)2)n UTFs were further investigated by SEM and

AFM. The top view SEM images (Figure 2A) for the
(AV34/Ni(OH)2)n UTFs show the film surface is continu-
ous and uniform and the surface coverage increases with
bilayer number n. The AFM topographical images
(2 mm�2 mm) show the value of root-mean square rough-
ness (rms) increases from 1.63 nm (n=1) to 3.95 nm (n=
10), indicating relatively smooth surface but decrease in
uniformity along with the assembly of LBL film (Fig-
ure 2B).

3.2 Direct Electrochemistry of the UTF Modified
Electrode

The electrochemical behavior of the UTF modified elec-
trode and several comparison samples were investigated
in alkaline medium. Cyclic voltammograms (CVs) of dif-
ferent electrodes are displayed in Figure 3. The bare elec-
trode, pristine AV34 modified electrode and the (AV34/
PDDA)5 UTF modified electrode (Figure 3, curve a,
b and c respectively) show no redox peaks; the pristine a-
Ni(OH)2 modified electrode (curve d) shows a pair of
rather broad peaks with a high DEp (98 mV), demonstrat-
ing a slow electron transfer which can be attributed to the
Ni2+/Ni3+ redox couple. In the case of the (AV34/
Ni(OH)2)5 UTF modified electrode, a couple of well-de-
fined oxidation peak at 0.534 V and reduction peak at
0.471 V were observed (curve e). Moreover, a rather low
DEp (63 mV) was obtained for the (AV34/Ni(OH)2)5 UTF
modified electrode, and the ratio between the anodic and
cathodic peak current was ~1.9.

Furthermore, the CVs of (AV34/Ni(OH)2)n modified
electrodes with different bilayer numbers reveal that the
peak current (both anodic and cathodic) increased along

Scheme 1. Schematic representation for the LBL assembly of (AV34/Ni(OH)2)n UTFs.
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with the increase of bilayer number (n=1–5); whilst an
obvious increase in DEp and small increase of the peak
currents were found with further increase of bilayer
number from 7 to 10 (Figure 4A). This phenomenon is at-

tributed to the enhancement of film impedance along
with the increase of film thickness [43]. Therefore, the
UTF with n=5 was chosen as the optimum electrode for
electrochemical determination of glucose in the following

Fig. 1. (A) UV-vis absorption spectra of the (AV34/Ni(OH)2)n UTFs along with different bilayers (n : 1, 3, 5, 7, 9, 11) on quartz glass
substrates. The inset (a) shows the absorption spectrum of pristine AV34 (5 � 10�5 gmL�1) and the inset (b) displays plots of the ab-
sorbance at 242, 271 325 and 548 nm vs. n respectively. (B) Side view of SEM images for the (AV34/Ni(OH)2)n UTFs (n=10, 20, 30 re-
spectively).

Fig. 2. (A) Top view SEM images for the (AV34/Ni(OH)2)n UTFs (n=1, 5, 10). (B) AFM images for the (AV34/Ni(OH)2)n UTFs
(n=1, 5, 10).
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section. In addition, the electrochemical performance of
the (AV34/Ni(OH)2)5 modified electrode was tested in
NaOH solution with various concentrations (Figure S6).
Negative shifts in both anodic and cathodic peak poten-
tials were observed upon increasing the concentration of
OH� , indicating that OH� plays a key role in the redox
process of nickel.

Electrochemical impedance spectroscopy (EIS) is
a powerful tool for studying the feature of a surface-
modified electrode. The EIS displays two characteristic
parts: the linear portion at low frequencies corresponds
to the diffusion-limited process and the semicircle portion
located in the higher frequencies may represent the elec-
tron-transfer limited process. In addition, the diameter of
the semicircle equals the electron transfer resistance Ret.
In this work, Ret reflects the restricted diffusion of the
redox probe through the multilayer system, and relates
directly to the accessibility of the underlying electrode or
the film permeability. The Nyquist plots of the (AV34/
Ni(OH)2)n UTF modified electrodes with different bilay-
ers are shown in Figure 4B. A semicircle part of the impe-
dance spectrum was observed for the (AV34/Ni(OH)2)n

UTF modified electrode and the semicircle diameter in-
creased significantly upon increasing the bilayer number.
The results above further confirm a successful LBL
growth of the (AV34/Ni(OH)2)n UTF on the surface of
GCE.

Figure 4C shows the effect of scan rate (0.02–0.14 V
s�1) on the electrochemical response of the (AV34/
Ni(OH)2)5 film modified electrode. It was found that
a linear relationship between the peak current and the
potential sweep rate was obtained, indicating a surface-
controlled process. Moreover, no obvious change in
anodic and cathodic peak potentials of the (AV34/
Ni(OH)2)5 UTF modified electrode was found as the scan
rate increased from 0.02 to 0.14 V s�1, demonstrating the

AV34 accelerates the electron transfer between nickel hy-
droxide nanosheets and GCE. In addition, the electro-
chemical kinetic parameters can be calculated for a diffu-
sionless cyclic voltammetric system. Based on Laviron
theory, the electron transfer coefficient (a) and the elec-
tron transfer rate constant (ks) for the (AV34/Ni(OH)2)5

UTF modified electrode were estimated by the following
equations [44, 45]:

Epa ¼ Eq0 þ 2:303½RT=ð1�aÞnF� log n ð1Þ

Epc ¼ Eq 0� 2:303 ðRT=anFÞ log n ð2Þ

log ks ¼ a log ð1�aÞ þ ð1�aÞ log a � log ðRT=nFnÞ
�nFDEpað1�aÞ=2:303 RT

ð3Þ

where a is the charge transfer coefficient; ks is the elec-
tron transfer rate constant; n is the scan rate; n is number
of transferred electrons; R is the gas constant; F is the
Faraday constant; T is the absolute temperature; Eq’ is
the apparent formal potential. From the linear relation-
ship between Ep and log (n/Vs�1) (Figure S7A), charge
transfer coefficient, a=0.65, was obtained. Introducing
the value of a in Equation 3, an apparent surface electron
transfer rate constant, ks =1.8 (�0.10) s�1 was estimated
for the (AV34/Ni(OH)2)5 UTF modified electrode. Com-
pared with the pristine a-Ni(OH)2 modified electrode
(ks =0.7 (�0.06) s�1) (Figure S7B), the much larger ks of
the (AV34/Ni(OH)2)5 electrode (1.8 (�0.10) s�1) indicates
that AV34 enhanced the electron transfer. Furthermore,
the stability of the UTFs was evaluated by consecutive
voltammetric sweep method. After 20 consecutive scan-
ning, the relative standard deviation (RSD) was 0.8 % for
the anodic current and 0.4 % for the cathodic current
(Figure 4D), indicating excellent stability of the (AV34/
Ni(OH)2)5 UTF modified electrode.

3.3 Electrocatalytic Behavior of the (AV34/Ni(OH)2)5

UTF Modified Electrode for Glucose

In this section, the (AV34/Ni(OH)2)5 modified electrode
was chosen as the optimum electrode for amperometric
determination of glucose by cyclic voltammetry and chro-
noamperometric measurement.

In order to study the electrocatalytic reaction process,
several comparison samples (the bare electrode, pristine
AV34 modified electrode and the (AV34/PDDA)5 UTF
modified electrode) were investigated firstly. The CVs for
the three comparison samples display no obvious current
response in the presence of 2 mM glucose in a 0.1 M
NaOH solution (Figure 5A, inset). However, in the case
of the (AV34/Ni(OH)2)5 UTF modified electrode, a re-
markable enhancement in oxidation current and decline
in reduction current were observed upon addition of
2 mM glucose (Figure 5A); moreover, the anodic peak in-
creases and the cathodic peak decreases gradually along
with the increase of the glucose concentration (Fig-

Fig. 3. CVs of (a) bare GCE, (b) pristine AV34 modified elec-
trode, (c) the (AV34/PDDA)5 modified electrode, (d) pristine a-
Ni(OH)2 modified electrode and (e) the (AV34/Ni(OH)2)5 modi-
fied electrode in 0.1 M NaOH at a scan rate of 0.1 Vs�1.
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ure 5B), indicating that glucose participates and acceler-
ates the redox reaction of Ni(OH)2 on the surface of
GCE. Meanwhile, positive shifts in both the oxidation
and reduction potentials were also found, which can be
attributed to the consumption of OH� in the electrocata-
lytic reaction process as well as the diffusion limitation of
glucose at the electrode surface [46]. On the basis of the
results in this work and previous reports [47], it is pro-
posed that the electrochemical reaction can be described
by the following equations:

NiðOHÞ2 þOH� ! NiOðOHÞ þH2Oþ e� ð4Þ

NiOðOHÞ þ glucose! NiðOHÞ2 þ glucolactone ð5Þ

Chronoamperometric measurement was used to deter-
mine the response time, response range and stability of
the (AV34/Ni(OH)2)5 modified electrode towards electro-

catalysis of glucose by successively increasing the concen-
tration of glucose at the constant potential of 0.6 V. A
good linear relationship between anodic current and the
concentration of glucose was observed as the concentra-
tion of glucose ranges from 0.5 to 13.5 mM, with the
linear regression equation: ipa(mA)=1.421+1.829c
(10�3 M), R=0.9994 (Figure 6B). The detection limit is
estimated to be 14 mM (signal over noise S/N=3). Taking
into account the time cost to reach 95% of the signal, the
response time was within one second (Figure 6A, inset),
indicating a fast diffusion of glucose through the UTFs. A
comparison study on the amperometric response of the
pristine a-Ni(OH)2 modified electrode showed a much
narrower linear response (0.5–3.5 mM) (Figure S8, inset)
and less stable electrocatalytic activity for the oxidation
of glucose (Figure S8), indicating that AV34 serves as
conductive mediator which enhances the stability and
conductivity of the (AV34/Ni(OH)2)5 UTF.

Fig. 4. (A) CVs of the (AV34/Ni(OH)2)n modified electrode with different bilayer numbers (n): 1, 3, 5, 7 and 10 in 0.1 M NaOH at
a scan rate of 0.1 V s�1. (B) Nyquist plots of electrochemical impedance spectroscopy for the (AV34/Ni(OH)2)n UTF modified GCE
with different bilayer numbers (n): 1, 3, 5, 7 and 10 in 5 mM Fe(CN)6

3�/4� solution. (C) CVs of the (AV34/Ni(OH)2)5 modified elec-
trode with scan rate ranging from 0.02 to 0.14 V s�1. Inset: plots of peak current vs. scan rate in 0.1 M NaOH. (D) The stability of the
(AV34/Ni(OH)2)5 modified electrode in 0.1 M NaOH at a scan rate of 0.1 V s�1 for 20 consecutive cycles.
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Selectivity plays a vital role for sensors in practical ap-
plication owing to the presence of various interfering sub-
strates. In the present work therefore, the interference
effect of ascorbic acid (AA), uric acid (UA), acetamido-
phenol (AP) and structurally related sugars (maltose,
fructose, galactose and xylose) was evaluated respectively
during amperometric response for glucose at the (AV34/
Ni(OH)2)5 UTF modified electrode. Figure 7 shows that
the addition of these interference compounds does not in-
fluence the current response of glucose significantly, dem-
onstrating that the modified electrode can selectively cat-
alyze the oxidation of glucose. In addition, the (AV34/
Ni(OH)2)5 UTF modified electrode exhibits high thermal
stability (95% of its initial electrocatalytic current re-

mained after heating at 60 8C for 1 h) and long-term sta-
bility (93% of its initial current remained after two
weeks). Furthermore, the reproducibility was evaluated
by fabricating five sensors independently. An acceptable
reproducibility was obtained with RSD of 1.9% for direct
electrochemical performance.

To evaluate the practical application of the (AV34/
Ni(OH)2)5 UTF modified electrode, five sensors were fur-
ther applied for the determination of glucose in blood
serum samples, respectively. The serum was freshly dilut-
ed by adding 0.5 mL of serum sample to 10.0 mL of 0.1 M
NaOH solution, and the current response was obtained at
0.6 V. Table 1 lists the data of glucose determination by
the (AV34/Ni(OH)2)5 modified electrode, from which sat-

Fig. 5. (A) CVs for the (AV34/Ni(OH)2)5 UTF modified GCE in the absence and presence of 2 mM glucose, respectively. Inset: CVs
for bare GCE (a), pristine AV34 modified electrode (b) and the (AV34/PDDA)5 modified electrode (c) in the presence of 2 mM glu-
cose. Scan rate: 0.1 Vs�1. (B) CVs of the (AV34/Ni(OH)2)5 UTF modified GCE electrode in 0.1 M NaOH solution with different con-
centrations of glucose (from bottom to up: 0, 1, 2, 3.5, 5, 6.5, 8 and 9.5 mM). Scan rate: 0.1 V s�1.

Fig. 6. (A) Typical amperometric response of the (AV34/Ni(OH)2)5 modified electrode to successive additions of 0.5 mM glucose
into 0.1 M NaOH solution. Applied potential was 0.6 V. (B) The calibration curve of I–c obtained by chronoamperometry.
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isfactory results were obtained compared with the hexoki-
nase method (spectrophotometry). The above results
demonstrate that the (AV34/Ni(OH)2)5 UTF modified
electrode can be potentially applied in the determination
of glucose.

4 Conclusions

In conclusion, multilayer films containing negatively
charged AV34 and positively charged hexagonal nickel
hydroxide nanosheets were successfully fabricated by
electrostatic LBL technique. The structural and surface
morphology studies show that the surface of UTFs are
continuous and uniform. The as-prepared (AV34/
Ni(OH)2)5 UTF modified electrode shows direct electro-
chemical performance with a couple of well-defined
redox peaks attributed to Ni2+/Ni3+ in a-Ni(OH)2 nano-
sheets. Furthermore, the (AV34/Ni(OH)2)5 UTF modified
electrode displays remarkable electrocatalytic activity to-
wards the oxidation of glucose with a linear response
range of 0.5–13.5 mM (R=0.9994), a low detection limit

(14 mM), high sensitivity (25.9 mAmM�1 cm�2), rapid re-
sponse (less than 1 s), good stability as well as excellent
anti-interference properties to other species including
AA, UA, AP and structurally related sugar. Therefore,
the results demonstrate that a-Ni(OH)2 nanosheet can
serve as one promising building block for fabricating
hybrid UTFs used as electrochemical sensor for the deter-
mination of glucose.
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