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Abstract: Morphology-controlled synthesis of copper vanadate nanocrystals is of great significance in electrochemical sensing
applications. A facile hydrothermal process for synthesizing copper vanadate nanocrystals with various morphologies (e.g.,
nanoparticles, nanobelts and nanoflowers) was reported. Phase, morphology and electrochemical performance of the as-synthesized
copper vanadate nanocrystals were characterized by X-ray diffraction (XRD), scanning electron microscope (SEM) and
cyclic-voltammogram (CV) techniques. The results revealed that the morphologies of the Cu3V,0,(OH),'2H,0 (CVOH)
nanocrystals could be controlled by changing copper salts, surfactants and pH values. The CVOH samples showed enhanced
electrochemical response to ascorbic acid. Comparatively, the CVOH nanobelts had the higher electrochemical sensing performance
than those of CVOH nanoparticles and nanoflowers. The CVOH-nanobelts-modified GCEs had a linear relationship between the
peak currents in their CVs and ascorbic acid concentration. The CVOH nanocrystals can be used as potential electrochemical active

materials for the determination of ascorbic acid.
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1 Introduction

Ascorbic acid (AA) is one of the most important
vitamins due to its antioxidant and other benefits for
human bodies [1]. AA is often added to various foods
and pharmaceutical products for prevention of some
diseases. The detection and quantitative determination of
AA for the quality control in producing pharmaceuticals
is essentially important. Therefore, there is an urgent
need in developing easy-to-use and inexpensive methods
to detect AA [2]. Electrochemical methods for accurate
determination of analytes have attracted increasing
attention because of their intrinsic advantages of rapid
response, high sensitivity, easy operation and low
cost [3]. Glassy carbon electrodes (GCE), carbon paste
(CP) electrodes and gold arrays microelectrodes, which
were functionalized by various active materials, have
been used to detect various analytes [4—6]. Nanocrystals

of metal oxides, carbon and metals were widely used to
modify the electrodes’ surfaces to facilitate the electron
transfer between target analytes and electrode surfaces
and then to improve their performance [7—12]. The
morphologies and sizes of the nanocrystals highly affect
the modification [13] and electrochemical property of
electrodes [7]. Metal vanadate nanocrystals have been
reported in electrochemical applications [14—18]. Among
those metal vanadates, copper vanadate nanocrystals
showed a great potential in the surface modification of
electrodes because of their unique electrochemical
performance [11,16].

Controlled  synthesis and  electrochemical
applications of copper vanadate nanocrystals with unique
morphologies and sizes are the most interesting research
topics. Their electrochemical properties are highly
influenced by the morphologies and sizes that are largely
determined by synthetic processes and starting reactants.
As a typical phase, CuV,0¢ nanocrystals have been
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synthesized via various processes (i.e., solid-state
reaction, sol-gel process, hydrothermal method) using
different starting materials (i.e., V,0s + Cu(NOs), [19],
NH,VO; + Cu(NOs3), [20], V,05 hydrogel + Cu,O [21]).
Hollow  Cug95V,0s microspheres and CuV,0q
nanoparticles have been synthesized using VO, and
Cu(NO3j), as precursors in the polyvinyl pyrrollidone
solutions [22]. Also, Cu,V,0; nanoparticles have been
synthesized using a thermal-decomposition method [11].
Recently, Cu;(OH),V,0;-nH,0 nanoparticles have been
synthesized by hydrothermal methods using V,0s5 +
Cu(NOs), [23] or V,0s5 + CuSO47H,O [24] as the
starting materials. Cu3(OH),V,0,-2H,0 samples with
different morphologies and sizes by a sol-gel process or

chemical precipitation method were also reported [25,26].

In addition, Cu;V,0g nanoparticles have been gotten
with CuSO,4-5H,0 and NH,VO; as materials under the
assistance of different Schiff base ligands via a simple
precipitation approach [27,28]. However, the synthesis of
copper vanadate nanocrystals with  controlled
morphologies using simple and cost-effective methods is
still full of challenges.
In this work, a new and facile hydrothermal process
developed to synthesize copper vanadate
nanomaterials with various morphologies, and their
applications in electrochemical detection of AA were
systematically investigated. The optimal hydrothermal
conditions were explored by adjusting acid radicals,
additives and pH values, which are the key factors

was

affecting the morphologies [29-32]. The copper
vanadate  nanocrystals  with  typically  unique
morphologies (i.e., nanoparticles, nanobelts, and
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nanoflowers) have been used as the active materials to
modify GCEs, which were used as the working
electrodes to detect ascorbic acid on the basis of the
electrochemically sensing mechanism.

2 Experimental

2.1 Materials and methods

NH4VO; (AR grade) and Cu(CH;COO),-H,O (AR
grade) were purchased from Tianjin Guangfu Fine
Chemical Research, China. CuSO4 5H,O (AR grade,
Tianjin Kemiou Chemical Reagent Co., Ltd, China),
CuCl,'H,O (AR grade, Tianjin Fengchuan Chemical
Reagent Co., Ltd., China) were also used as copper
Cu(NO3),:3H,0 (AR grade) and poly-
vinylpyrrolidone (PVP) were obtained from Sinopharm
Chemical Reagent Co., Ltd., sodium dodecyl benzene
sulfonate (SDBS) and hexadecyltrimethy ammonium
bromide (CTAB) were purchased from Tianjin Fu Chen
Chemical Reagents Factory and China National
Pharmaceutical Group Corporation, respectively. All
chemicals were used as received.

Copper vanadate samples were synthesized under
different conditions, by varying copper sources (CuSOy,
Cu(NO3),, Cu(CH;C0OO0),, or CuCl,), Cu*" concentration
(0.03—0.075 mol/L), surfactants (PVP, SDBS or CTAB),
pH values (3—11) and hydrothermal reaction time
(12-24 h). The details for hydrothermal synthesis of
copper vanadate nanocrystals are listed in Table 1.

In a typical synthesis (S6 in Table 1), 0.1404 g
(~1.2 mmol) of NH4;VO; was dissolved in 30 mL of
distilled water at 80 °C under magnetic stirring, and

sources.

Table 1 Summary of experimental parameters for hydrothermal synthesis of copper vanadate nanocrystals

Sample Copper Cu*" concentration/ Surfactant/ . Morphology of
No. source (mol-L ™" concentration/% Time/h - pH products
S1 CuSO4 0.03 PVP/2.7 24 4 Nanoflowers
S2 CuSOy4 0.03 PVP/3 24 3 Broken nanobelts
S3 CuSO, 0.03 PVP/3 24 5 Irregular flakes and particles
S4 CuSO, 0.03 PVP/1.5 24 4 Nanobelts with particles
S5 CuSO, 0.03 PVP/0.3 20 5 Nanobelts with particles
S6 CuSO, 0.03 PVP/0.3 24 3 Nanobelts
S7 CuSO, 0.03 PVP/0.3 24 7 Non-uniform nanoparticles
S8 CuSOy4 0.03 PVP/0.3 24 11 Irregular particles
S9 CuSO, 0.03 SDBS /0.3 20 5 Pieces with particles
S10 CuSOy4 0.03 CTAB /0.3 20 5 Pieces with particles
S11 CuSOy 0.03 - 20 5 Strings with particles
S12 CuSOy 0.075 - 12 5 Irregular particles with microrobs
S13 Cu(NOs), 0.075 - 12 5 Irregular particles
S14 Cu(CH;CO0), 0.075 - 12 5 Nanoparticles
S15 CuCl, 0.075 - 12 5 Irregular particles
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0.4494 g (~1.8 mmol) of CuSO4 5H,O was simulta-
neously dissolved in another 30 mL of distilled water at
room temperature. The above NH,;VOj; solution was then
added slowly to the CuSO, solution under a strong
magnetic stirring, and then 0.18 g of PVP was finally
added into the above mixture, in which the
concentrations of Cu®" ([Cu®]), VO; ([ VO3 ]), and
content of PVP (w(PVP)) were 0.03 mol/L, 0.02 mol/L,
and 0.3%, respectively. The pH value of the solution was
adjusted to ~3 wusing sulfuric acid. The resulting
suspension was stirred for another 10 min, and then
transferred into a Teflon-lined stainless steel autoclave
with a volume of 100 mL. After carefully sealed, the
autoclave was heated to 180 °C and kept at 180 °C for
24 h, followed by natural cooling in air. The dark green
precipitate was collected by centrifugation, washed with
water and then freeze-dried in air. The obtained sample
with a dark green color was marked as S6 in Table 1,
consisting of copper vanadate nanobelts, and then used
for further characterization.

2.2 Characterization
2.2.1 Phase composition and morphology

The phase composition was recognized using X-ray
diffraction (XRD) patterns, recorded on a D3 X-ray
diffractometer equipped with a graphite mono-
chromatized Cu K, radiation source (A=1.5406 A) at a
scan rate of 0.05 (°)/s in a 26 range of 11°-50°. The
morphology was observed by scanning electron
microscopy (SEM) using a JSM-7001F microscope. The
sample was coated with a thin Au film prior to SEM
observation.

2.2.2 Electrochemical measurement

To prepare electrodes, the suspensions containing
copper vanadate nanocrystals were firstly prepared: 1 mg
of the as-obtained copper vanadate nanocrystals and 5 pL
of nafion solution (5%) were mixed with 1 mL of
N, N-dimethylformamide (DMF) with a ultra-sonication
treatment for 15 min. A glassy carbon electrode (GCE)
with a diameter of 3 mm was polished to a mirror finish
using polishing papers containing alumina powders with
different sizes of firstly 50—70 pm and then 30—50 nm,
respectively. The polished GCE was sequentially washed
using alcohol and distilled water with an ultrasonic
cleaner. Approximately 10 pL of copper vanadate
suspensions was finally carefully coated on the surface
of the polished GCE. After the solvents evaporated at
room temperature, the modified GCEs were used to
evaluate their electrochemical properties.

The electrochemical (EC) measurement was
performed on an electrochemical working station (model
CS310, Wuhan Correst Instruments Co., Ltd., China).
The GCEs modified with copper vanadate nanocrystals
were served as the working electrodes, and the platinum

plate and saturated calomel electrode (SCE) were served
as the counter electrode and reference one, respectively.
All potentials were with respect to the SCE. Cyclic
voltammograms (CVs) were recorded in a potential
range of —1.0 V to +1.0 V at a potential scan rate of
50 mV/s in an aqueous solution consisting of 0.1 mol/L
KCl and ascorbic acid with a given concentration
(0.005—2.0 mmol/L). All electrochemical measurements
were carried out at room temperature.

3 Results and discussion

3.1 Effects of copper sources on morphology of
copper vanadate nanocrystals

Copper vanadate (Cu3V,0,(OH),-2H,0) nano-
crystals were synthesized via the reaction between acidic
radical copper sources and ammonium met-vanadate
under a hydrothermal condition. We firstly checked the
effects of acidic radical copper sources on the formation
of copper vanadate nanocrystals.

Figure 1 shows the XRD patterns of the samples
(S12, S13, S14 and S15 in Table 1) obtained by
hydrothermal treatment at 180 °C for 12 h using
ammonium met-vanadate and different copper sources
(Cu(CH3C0O0), 'H,0, Cu(NO;),-3H,0, CuCl,-2H,O or
CuSO,-5H,0) as the reactants (no surfactants and pH=5).
As Fig. 1 shows, the characteristic peaks of the four
samples are similar, and all the diffraction peaks can be
readily indexed to the pure phase of
Cu3V,07(OH),2H,0 with a monoclinic structure
(JCPDS card No.80-1170, a=10.607 A, 5=5.864 A,
c=7.214 A). No other impurities are detected, suggesting
that the samples obtained are highly pure. The crystallite
diameter of Cu3V,0,(OH),:2H,0 nanostructures
obtained using the Scherrer equation [33]: D=KA/fcos0;
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Fig. 1 XRD patterns of Cu3V,0,(OH), 2H,0O nanocrystals
synthesized using various copper salts as precursors:
(a) CuSO45H,0; (b) Cu(NO;),'3H,O; (c) CuCl,'HyO;
(d) Cu(CH;C00),-H,0
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where £ is the breadth of the observed diffraction line at
its half intensity maximum, K is the so-called shape
factor, which usually takes a value of about 0.9, and 4 is
the wavelength of X-ray source used in XRD. Calculated
crystalline domain sizes have been found to be 51 nm for
sample S14. The peak intensities of sample S14 derived
from Cu(CH3COO),-H,0 are stronger than those of the
other samples, whereas peak intensities of sample S15
from CuCl,-H,O are the weakest ones. The intensities in
the XRD peaks indicate that the sample derived from
Cu(CH3COO0),'H,0 is of higher crystalline degree than
that from CuCl,-H,O.

The morphologies of the Cu;V,0,(0OH),-2H,0O
samples obtained with various copper precursors at
180 °C for 12 h were observed by SEM microscopy.
Figure 2 shows the typical SEM images. One can see that
the surfaces of Cu3V,0,(OH),-2H,0O nanoparticles are
greatly affected by the sources of copper salts. Figures
2(a) and (b) show the SEM images of sample S14
derived from Cu(CH3;COO), -H,0, and this product is
mainly composed of nanoparticles with an average size
of ~75 nm. Its corresponding particle-size distribution
determined by the Nano Measurer software according the
SEM result in Fig. 2(b) is shown in Fig. 3. The
Gaussian-fitting curve of the particle-size distribution

indicates that the diameters of the nanoparticles range
from 55 to 80 nm. NI et al [23,24] reported a similar
result, but they used different starting materials and
reaction conditions (i.e., V,0s, hexamethylenetetramine,
CuS0y-7H,0 or Cu(NOs), and sodium sulfate, at 140 °C
for 24 h). The SEM images of the Cu;V,0,(OH),-2H,0
samples derived from CuSO,4, Cu(NOs),, and CuCl, are
shown in Figs. 2(c), (d), and (e), respectively. One can
see that these samples mainly consist of nanoparticles
with some of one-dimensional species (Fig. 2(c)).
According to the SEM images, one can find that copper
salts highly influence the morphology of copper vanadate
samples. ZHANG et al [34] reported similar influence of
copper salts, and thought that the acidity played a key
role in the formation of the copper vanadate nanocrystals.
The acidity may cause the products to become more
agglomerated under special conditions but the purities of
them were little affected [29].

3.2 Effects of surfactants and pH values

Various surfactants, including anionic surfactant,
cationic surfactant and nonionic surfactant, were used for
the growth of copper vanadate nanocrystals. In this
work, sodium dodecyl benzene sulfonate (SDBS),
hexadecyltrimethy ammonium bromide (CTAB) and

Fig. 2 Typical FE-SEM images of Cu;V,0,(OH),-2H,0 nanocrystals using various copper salts as precursors (pH=5, at 180 °C for
12 h): (a, b) Cu(CH;COO), H,0; (c) CuSO4-5H,0; (d) Cu(NOs), 3H,0; (e) CuCl, H,O
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Fig. 3 Particle-size distribution of Cu;V,0,(OH),-2H,0

nanocrystals obtained using Cu(CH3COO),'H,O as precursor

(pH=5, at 180 °C for 12 h)

polyvinylpyrrolidone (PVP) were selected as the anionic,
cationic and nonionic surfactants, respectively [35—38].
Figure 4 shows the typical SEM images of the
Cu3V,0,7(OH), 2H,0 samples. Figure 4(a) shows the

SEM image of the Cu;V,0,(OH), 2H,0 sample obtained
with PVP, and the sample consists of copper vanadate
nanobelts, 30—50 nm in width and more than several
micrometers in length. Figures 4(b)—(d) show the SEM
images of Cu;V,07(OH),-2H,0 samples obtained with
SDBS and CTAB. One can see that the
Cu;3V,04(OH), 2H,0 nanocrystals obtained with SDBS
and CTAB consist of small nanoparticles and some large
particles of irregular morphologies.

The effects of the contents of PVP w(PVP) and pH
values on the morphology of Cu;V,0,(OH),2H,0
nanocrystals were further investigated. Figure 5 shows
the typical SEM images of copper vanadate samples
obtained using CuSO, as the Cu source at 180 °C for
24 h with different pH values and PVP concentrations.
As Figs. 5(a)—(b) show, the Cu3V,0,(OH),-2H,0
samples obtained with conditions of pH=3 and w(PVP)=
0.3%—3% take on a belt-like morphology, several-
micrometers long and less than 100 nm in the apparent
width. The change of the PVP concentration shows a
slight impact on their morphology at pH=3, and a higher
PVP concentration results in shorter nanobelts [35]. As

Fig. 4 Typical FE-SEM images of copper vanadate nanocrystals obtained with various surfactants (CuSQ,, at 180 °C for 20 h, pH=5,
w(surfactant)=0.3%): (a) Without surfactant; (b) PVP; (c) CTAB; (d) SDBS
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Fig. 5 Typical FE-SEM images of copper vanadate samples obtained using CuSO, at 180 °C for 24 h with different pH values and
PVP contents: (a) pH=3, w(PVP)=0.3%; (b) pH=3, w(PVP)=3%; (c) pH=7, w(PVP)=0.3%; (d) pH=11, w(PVP)=0.3%

Figs. 5(a)—(d) show, the pH value is a key factor that
influences the morphology of the copper vanadate
nanocrystals. When the pH value is 3, uniform nanobelts
are obtained (Fig. 5(a)), whereas when the pH value is 7,
small nanoparticles with a size range of 50—100 nm are
the major products (Fig. 5(c)); when the pH value
increases to 11, irregular particles with a sheet-like
morphology are formed (Fig. 5(d)).

Figures 6(a)—(b) show the SEM images of
Cu3V,0,(0OH),-2H,0 samples obtained when the pH
value is 4 and the PVP content is 2.7%. As Figs. 6(a) and
(b) show, the product takes on a flower-like morphology,
formed by assembling Cu;V,0,(OH),-2H,0 nanosheets.
The diameters of the copper vanadate flowers are
3—5 um. The formation of flower-like morphology is
influenced by the w(PVP) and pH values [35]. Figures
6(c) and (d) show the SEM images of the
Cu3V,04(OH),-2H,0 samples obtained when the pH
value was changed to 5 and when the PVP content was
changed to 1.5%, respectively. It can be seen that

as-obtained samples consist of broken nanorods and
particles.

The formation of the Cu3V,0,(OH),2H,0
nanocrystals in the present hydrothermal process may be
controlled by the synergistic effects of Ostwald ripening
and PVP adsorption growth [16,34,35,39,40]. The tiny
crystalline nuclei are formed at the initial stage in a
supersaturated medium, followed by a crystal growth.
With the increase of reaction time, the irregular particles
disappear and the long rods grow. Figures 2(c) and 4(a)
indicate that the long rods grow at the expense of smaller
particles due to the energy difference between them
based on the Gibbs—Thompson law [41]. In addition,
PVP can act as the rod-like micelle template which plays
a critical role in the formation of nanobelts and flowers.
The PVP content can influence the length of nanobelts.
The pH value is also a vital factor influencing the
formation of Cu;V,0,7(OH), 2H,0 nanocrystals. Firstly,
the reaction for the formation of Cu;V,0,(OH),-2H,0
nanocrystals involves H" ions; thus when the pH value is
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Fig. 6 Typical FE-SEM images of copper vanadate nanocrystals obtained at 180 °C for 24 h (using CuSO, as raw material):
(a, b) pH=4, w(PVP)=2.7%; (c) pH=5, w(PVP)=2.7%; (d) pH= 4, w(PVP)=1.5%

high, i.e., there is a large amount of OH ions in the
reaction medium, the reaction rate is accelerated greatly
and the morphology is hard to control. Secondly, the
behavior of the PVP species may greatly change with the
change of the pH value, and then the growth of
Cu3V,04(OH), 2H,0 nanocrystals is influenced by the
pH value.

3.3 Electrochemical performance of copper vanadate

nanocrystals

Copper vanadate nanocrystals can act as an
electrode-modifying material to accelerate -electron
transport because of theirs low internal resistance and
high discharge capacity [11,16,42]. Ascorbic acid (AA)
is sensitive to the physical and chemical properties of the
glass carbon electrodes [43,44]. We therefore use copper
vanadate nanocrystals to modify the glassy carbon
electrodes (GCEs) to modulate the -electrochemical
response to AA molecules. The as-synthesized
Cu;3V,0,(OH),"2H,0  nanocrystals ~ with  various
morphologies (i.e., nanoparticles, nanobelts and

nanoflowers) were used to modify the GCEs.

Figure 7 shows the electrochemical redox behavior
(CV profiles) of ascorbic acid at the interfaces of the
Cu;3V,047(0OH),-2H,0/GCEs in the presence of the
ascorbic acid aqueous solution (2 mmol/L). As Fig. 7(a)
shows, the bare GCE has no redox peaks. The GCE
modified with Cu;V,07(OH), 2H,0 nanobelts (Fig. 7(d))
shows double well-defined redox peaks (i.e., peaks 1 and
', peaks 2-3 and 2-3') with enhanced peak-current
intensities, and their anodic and cathodic peak potentials
are 0.39 V and —0.17 V, respectively. As Figs. 7(b) and (c¢)
show, the GCEs modified with Cu;V,0,(OH),-2H,0
nanoparticles and nanoflowers are lowly sensitive to
ascorbic acid, and only one pair of redox peaks are
observed in their CVs. This suggests that the
Cu3V,07(OH),-:2H,O  nanobelts show the best
electrochemical activity and the fastest electron transfer
under the present neutral conditions. Some similar results
with only one pair of relatively weak redox peaks have
been reported in the literature [1,2,12]. The electro-
chemical behavior of the electrodes modified by CuGeO;
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nanowires and CuGeOs/polyaniline nanowires to tartaric
acid has also shown similar characteristic [45,46]. PEI et
al [16] reported that the Cu,33V40;, nanobelts/GCEs
show two pairs of redox peaks located at different
voltages. The difference in the electrochemical redox
behavior may result from the difference in the
morphology and size of the active materials used to
modify their GCEs.

0.10

2 3
0.05F
0 L
£
£ -0.05F
5 1
£ -0.10f
O Nanoparticles
-0.15F
-0.20( Nanoflowers o Nanobelts
-0.25 2-3’
-1.0 -0.5 0 0.5 1.0
Potential (vs SCE)/V

Fig. 7 Cyclic voltammetric profiles of various electrodes at
scan rate of 50 mV/s in 0.1 mol/L KCI solution containing
2 mmol/L ascorbic acid

Figure 8 shows the oxidation process of ascorbic
acid (AA). AA molecules firstly diffuse to the nearest
active sites, and then they are adsorbed onto the surfaces
of the copper vanadate nanobelts. The AA molecules
adsorbed are finally oxidized to be dehydroascorbic acid

with the catalytic effect of the copper vanadate nanobelts.

The enhanced electrocatalytical performance of GCEs
modified with Cu;V,0,(0OH),:2H,0 nanocrystals can be
attributed to the enlarged surface areas of the
Cu3V,04(OH), 2H,0 nanobelts.

Fig. 8 Schematic of oxydehydrogenation of ascorbic acid oxide

Figure 9 shows the effect of scan rates on the
electrochemical behavior of the GCEs modified with
Cu3V,04(0OH), 2H,0 nanobelts in the presence of AA
and KCI aqueous solutions ([AA]=2 mol/L and [KCI]=
0.1 mol/L). As Fig. 9(a) shows, when the scan rate
increases from 25 mV/s to 125 mV/s, the anodic peak
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Fig. 9 Cyclic voltammetric profiles of Cu;V,0,(OH), 2H,0
nanobelts/GCE in 0.1 mol/L KCI solution containing 2 mmol/L
ascorbic acid at different scan rates (a) and plot of peak
cathodic current (1) versus root square mean of scan rate (b)

potentials shift positively slightly, whereas the cathodic
peak potentials move negatively. Figure 9(b) shows the
plot of the cathodic peak current versus the square root
of the potential scan rate in the range of 25 to 125 mV/s.
The obtained linear fitting equation is described as
Eq. (1), and its linear correlation coefficient is as high as
0.993. The good linear relationship between the cathodic
peak current and the mean square root of the scan rate
indicates that the overall oxidation of ascorbic acid at the
GCEs modified with Cu;V,07(OH),-2H,0 nanobelts is
controlled by the diffusion of AA molecules under the
present conditions. The peak potentials are not changed
obviously, suggesting that the electrode system is
reversible to some extent. Thus the diffusion coefficient
at room temperature can be calculated using the
Randlese—Sevcik equation (Eq. (2)) [7,47,48].

[=-0.001v'?~4.63572x10° A (1)

i, =(2.69x10°)n* 4D Cv'? A (2)
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where i, is the peak current, » is the number of electrons,
A (ecm®) is the electrode area, c; (mol/em®) is the
concentration of ascorbic acid, D, (cm?/s) is the diffusion
coefficient, and U(V/s) is the potential scan rate.

When n, A, cS , Dy and v are constants, the
i, oc DY* . 1t can be concluded that the diffusion
coefficient of AA molecules at the Cu;V,0,(OH),-2H,0
nanobelts/GCE interface is much larger than those of the
other two electrodes modified with Cu;V,0,(OH),-2H,0
nanoparticles and nanoflowers, judged by the larger
cathodic peak current (i, in Fig. 9).

Figure 10(a) shows the CV curves of the GCEs
modified with the copper vanadate nanobelts in the
presence of 0.1 mol/L KCl aqueous solutions containing
ascorbic acid with wvarious concentrations (0.005—
2 mmol/L) with a potential scan rate of 50 mV/s. Figure
10(b) shows the plot of the cathodic peak current versus
the AA concentration. One sees that the absolute values
of the peak currents increase linearly with the increase in
AA concentrations. The linear fitting equation obtained

0.1
(a) 0.250 mmol/L
0.125 mmol/L /‘
0F 0.005 mmol/L /}/,/_:Q—,‘-——";’—/
<
£
s
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e 2 mmol/L
-0.2}
0.3~ : ; ; ;
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Fig. 10 Cyclic voltammetric profiles of copper vanadate
nanobelts modified GCE in 0.1 mol/L KCI solution containing
ascorbic acid with different concentrations with scan rate of
50 mV/s (a), plot of the peak cathodic currents (1) versus
ascorbic acid concentrations (b)

according to the parameters of peak 1 is shown as Eq. (3),
where ¢ (mmol/L) is the concentration of ascorbic acid,
with a linear correlation coefficient (R?) as high as 0.994
in the [AA] range of 0.005—2 mmol/L. The comparison
of the liner range of the electrochemical determination of
ascorbic acid with other electrodes and modifiers is
shown in Table 2, indicating that every research done in
recent years had their own characteristics. The copper
vanadate nanobelts obtained in the present work can be
used as a potential sensing platform for electro-
chemically quantitative detection of ascorbic acid.

I=—1.02(4)x10*c—6.9(3)x10~° A 3)

Table 2 Comparison of liner range of electrochemical
determination of ascorbic acid other researches

Linear .
. Time/
Electrode Modifier range/
1. Ref.
(mmol-L )
PAH/polysaccharide
Au films confined 1-50 2007/[49]
Fe(CN);~
Carbon nanotube Silver
i 0.03—2 2009/[50]
paste electrode nanoparticles

Glassy carbon .
Pd nanowire 0.025-0.9 2010/[51]

electrode
Palladium

Glassy carbon nanoparticles
0.02-2.28 2012/[52]
electrode supported on

graphene oxide

0.00043—
3D graphene foam  CuO nanoflowers 2014/[2]
Hierarchical
Glassy carbon
nanoporous (HNP) 0.2—1 2016/[53]
electrode .
PtTi alloy
Glassy carbon  Cu3V,0,(OH),-2H,0 0.005—2 This
electrode nanobelts ' work

The electrochemical behavior of the GCEs modified
with the copper vanadate nanobelts in the presence of
ascorbic acid aqueous solution was also investigated
under various pH conditions, e.g., in the electrolytes
including NaOH (pH=12) and H,SO, (pH=2). Figure 11
shows the typical results. The ascorbic acid molecules in
the acidic or alkaline conditions have no redox peaks,
indicating that the [H'] concentration in the solution
influences the oxidation of ascorbic acid. Ascorbic acid
is an acid relatively stable under the acidic condition,
less prone to oxidation—reduction reactions. AA is not
stable in the alkaline environment, leading to the
irreversibility — of  oxidation—reduction  reactions.
Therefore, the determination of AA using the GCEs
modified with the copper vanadate nanobelts should be
limited to a neutral condition.
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Fig. 11 Cyclic voltammetric profiles of copper vanadate
nanobelts modified GCE electrodes in H,SO, (a) and NaOH (b)
solutions containing 2 mmol/L ascorbic acid with scan rate of
50 mV/s

4 Conclusions

1) The Cu3V,0,(OH),-2H,O nanocrystals with
various morphologies (e.g., nanoparticles, nanobelts and
nanoflowers) have been synthesized via a hydrothermal
process by adjusting the experimental conditions.
Cu(CH3COO0),'H,0 is the suitable copper source for the
synthesis  of  nanoparticles.  Cu3V,0,(OH),-2H,O
nanobelts are synthesized using CuSO, 5H,O as the
copper source with PVP (0.3%—3%) and pH=3. The
Cu3V,04(OH), 2H,0 nanoflowers are formed under the
condition of pH=4 and w(PVP)=2.7%.

2) The GCEs modified with the
Cu;3V,04(OH),-2H,0 nanobelts show higher
electrochemical activity to ascorbic acid than those
modified with Cu;V,0,(OH),2H,0O nanoparticles and
nanoflowers. The absolute values of the peak currents in
the CVs increase linearly with the ascorbic acid
concentrations in the range of 0.005—2 mmol/L.

3) The Cu3;V,0;(0OH),'2H,0O nanobelts can be a
promising candidate of electrochemically active material
to modify glassy carbon electrodes that are applied in

electrochemical determination of ascorbic acid or other
organic molecules qualitatively or quantitatively.
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