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In this work, the CuO@Ta20s nanocomposite was synthesized, and the chemical stability and sensing
capabilities of the CuO@Ta2Os nanocomposite as a chrysin sensor were improved. The nanocomposite
was electrodeposited on a glassy carbon electrode (GCE), and structural analyses using SEM and XRD
indicated that the GCE was uniformly coated with high porosity CuO@Ta>Os nanoparticles. The
amperometry and cyclic voltammetry experiments showed the high sensitive, selective, stable and
accurate response of CuUO@Ta2Os/GCE to chrysin determination because of the formation of a hetero-
interface between CuO and Ta>Os nanostructures, which facilitates charge migration and enhances the
catalytic activity of CuO@Ta20s/GCE. Results showed that the linear range, detection limit and
sensitivity were obtained at 10 to 100uM, 0.008uM and 0.92921uA/uM, respectively. The practicality
of the proposed electrochemical sensor in real samples was studied and results indicated the obtained
recovery (96.00% to 98.00%) and RSD (2.77% to 3.11%) values were acceptable, illustrating that
CuO@Ta20s/GCE can be used as a practical sensor to detect chrysin in pharmaceutical and biological
samples.

Keywords: Chrysin; Electrochemical sensor; Nanocomposite; Amperometry; Voltammetry

1. INTRODUCTION

Chrysin (5,7-Dihydroxy-2-phenyl-4H-1-benzopyran-4-one) is a hydroxylated flavone found in
honey, bee propolis, and various plants such as carrots, mushrooms, passion flowers,
Passifloracaerulea, Pelargonium crispum, Passifloraincarnata and Oroxylumindicum [1, 2]. Studies
have shown chrysin can act as a promising anticancer and phytochemical agent for the treatment of
various neurodegenerative disorders such as Parkinson, Alzheimer, Huntington, amyotrophic lateral
sclerosis and multiple sclerosis [3, 4].
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Many studies have indicated inhibitory, anti-inflammatory functions and cytotoxic activities of
chrysin on hepatocellular, breast, prostate and pancreatic carcinoma adenocarcinoma cells [5, 6].
Chrysin can help to improve memory in older adults through attenuating the increase in reactive
species levels and the inhibition of the activities of superoxide dismutase, catalase and glutathione
peroxidase [7, 8]. This flavonoid, as an antioxidant compound, also protects against hippocampal
neuronal cell damage by free radical scavenger action [9, 10]. Therefore, chrysin has been widely used
in dietary supplements and pharmaceutical applications.

Accordingly, many researchers have been focused on the synthesis, extracting and
determination of chrysin in plants and medications [11-15]. Studies have indicated that identification
and determination of chrysin levels has been conducted using liquid chromatography tandem mass
spectrometry (LC—MS/MS), ultra-performance liquid chromatography—tandem mass spectrometry
(UPLC-MS/MS), and electrochemical techniques such as cyclic voltammetry (CV), linear sweep
voltammetry (LSV) and square wave voltammetry (SWV) [16, 17]. Electrochemical techniques are
among the most effective, low-cost, and fast-responding methods for determining flavones in
pharmaceutical and biological samples [18, 19]. For example, Xie et al. [11, 20] modified the carbon
paste electrodes by activating Ta;Os particles and Ta>Os-chitosan composite, and showed that the
prepared electrochemical chrysin sensors were selective. There have been few studies into the stability,
high sensitivity, and wide range of chrysin sensors. Therefore, this study was carried out for the
synthesis of CuO@Ta20s nanocomposite and improvement of chemical stability and enhancement of
sensing properties of CuUO@Ta20s nanocomposite as a chrysin sensor.

2. EXPERIMENTAL

The electrodeposition method was applied for modification of GCE by a nanocomposite of
CuO@Ta20s [21]. First, to obtain a mirror-like surface of GCE, the GCE surface was successively
polished on a fine micro cloth with 0.3 um and 0.05 pum alumina slurries (99%, Dongguan Y utian New
Materials Co., Ltd., China) for 10 minutes, respectively. The polished electrode was washed with
deionized (DI) water and ethanol (99%, Shandong Aojin Chemical Technology Co., Ltd., China) after
each polishing step. Then, the electrodeposition electrolyte was prepared from 1mM TaCls (99.99%,
Sigma-Aldrich) and 1mM CuCl; (99.99%, Sigma-Aldrich) which were ultrasonically dissolved in an
equal volume ratio of a mixture of DI water and 0.1mM HCI (33%, Qingdao Hot Chemicals Co., Ltd.,
China) at 45°C for 20 minutes. Electrodeposition and all electrochemical measurements were
performed in a system Autolab PGSTAT 30 (Eco Chemie, Metrohm, Autolab B.V., Utrecht, The
Netherlands) containing three-electrode cell using a platinum wire as auxiliary, GCE as working, and
Ag/AgCl as reference electrodes. Electrodeposition was conducted at an applied voltage of -0.8 V to
+0.7 V at a scan rate of 15mV/s for 20 minutes under magnetic stirring at 45°C.

Amperometric and CV measurements were performed in 0.1 M phosphate buffer solutions
(PBS), which were prepared from H3PO4 (85%, Shandong Baovi Energy Technology Co., Ltd., China)
and NaH2PO4 (99%, Merck, Germany) at pH 7.5. In order to prepare the real sample, the chrysin
capsules were purchased from a local pharmacy. The powder of the capsules was extracted and
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ultrasonically dissolved in 0.1M PBS at pH 7.5 at 40 °C for 45 minutes. The obtained suspension was
filtered and stored in the refrigerator at 4 °C for amperometric measurements on CuO@Ta205/GCE
under successive addition of chrysin solution with a rotation speed of 1000 rpm at 0.43 V. For
determination of chrysin content in capsules, high performance liquid chromatography (HPLC, Tianjin
Kermel Chemical Reagent Co. Ltd., China) was also employed for comparison between the obtained
results. The analytical study was performed by a standard addition method.

Scanning electron microscopy and X-ray diffraction (XRD; D5005, Siemens AG, Munich,
Germany) with 1.5404 A (Cu Ka) were applied for morphological and structural analyses of
electrodeposited samples.

3. RESULTS AND DISCUSSION

3.1 Morphological and structural analyses of electrodeposited samples

Figure 1. SEM images of electrodeposited CuO, Ta>0Os and CuO@Ta20s nanocompositeon GCE.

SEM images of electrodeposited CuO, Ta.0s and CuO@Ta20s nanocomposite on GCE are
shown in Figure 1. Figure 1a displays the formation of CuO nanoparticles with an average size of 60
nm, which indicates appropriate homogeneity, good separation and a spherical shape. The SEM image
of TaxOs in Figure 1b shows that the electrodeposited Ta>Os nanoparticles are also highly dispersed
and uniform. The average size of Ta,Os nanoparticles is about 50 nm. The SEM image of the
CuO@Ta20s nanocomposite in Figure 1c reveals the nanoparticle size is clearly smaller than that of
the electrodeposited CuO and Ta>Os nanoparticles and the morphology of the surface is more
homogeneous and porous. The average particle size is 45 nm.

The results of structural analysis of powders of prepared samples using XRD are presented in
Figure 2. XRD pattern of CuO shows the diffraction peaks at 20= 32.42°, 35.65°, 38.66°, 48.84°,
53.39°, 61.64°, 66.30°and 67.97° that is consistent with the formation of monoclinic structure of CuO
according to standard JCPDS card No. 48-1548 which attributing to formation (110) , (002), (111),
(202), (020), (113), (311) and (220) planes, respectively [22, 23]. Figure 2b depicts the XRD pattern
of Ta>Os that exhibits the diffraction peaks at 20 = 22.95¢, 28.440, 36.81°, 44.97°, 47.05°, 49.79¢,
50.97°,55.68°, 58.39 and 63.71¢, corresponding to the (001), (1110), (1111), (340), (002), (0220),
(2151), (1112), (2220), and (2221) planes, respectively. The result indicates the formation of the
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orthorhombic phase Ta.Os according to standard JCPDS card No. 25-0922 [24]. The XRD pattern of
CuO@Ta20s nanocomposite shows the domain diffraction peaks of tetragonal CuTa2Oe at 20 =
23.11°, 29.01° and 37.22° corresponding to (200), (211), and (310) planes, respectively, which are in
agreement with standard JCPDS card No. 00-024-0380 [25]. The difference between the XRD pattern
of electrodeposited CuO, Ta20s and CuO/Ta.0Os nanocomposite is evidence to introduction of Ta** in
CuO lattice and formation of new crystal phase of tetragonal CuTa>O¢ in CuO@Ta>Os nanocomposite
which will push the Cu?* out of the grain [26, 27]. Therefore, tantalum will enter into grains and
improve grain conductivity [26, 28].
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Figure 2. XRD patterns of powders of electrodeposited CuO, Ta>0s and CuO@ Ta.Os nanocomposite.

3.2. Electrochemical studies of electrodeposited electrodes

The electrochemical characterization of bare GCE, and modified GCE with electrodeposited
CuO NPs, Ta,0Os NPs and CuO@Ta20s nanocomposite in 0.1 M PBS pH 7.5 at scan rate of 15 mV/s
are shown in Figure 3. As observed, there are not any peaks in the CV of the bare GCE. However, the
CVs of CuO NPs, Ta;Os NPs and CuO@Ta20s nanocomposite modified GCE show a small
background current. After the addition of the 5 uM chrysin, the CV of the bare GCE shows a small
increase in background current. The CVs of CuO NPs, Ta,Os NPs and CuO@Ta2Os nanocomposite
modified GCE display one anodic peak indicating irreversible modified electrode reaction with chrysin
and corresponding to the oxidation of the 5,7-dihydroxyl moiety at ring A of chrysin [29].

The CV of CuO NPs/GCE shows a shoulder like anodic peak at 0.51 V, while the CV of Ta>Os
NPs/GCE shows a single, broad, and obviously irreversible anodic peak at 0.47 V. The CV of
CuO@Ta20s/GCE has an anodic peak current of 0.43 V, which is three times greater than CuO
NPs/GCE and two times greater than Ta2Os NPs/GCE. Accordingly, the peak potential shifts to a
lower potential value and the oxidation peak current is greatly enhanced at CuO@Ta.Os/GCE.
According to research, morphology and surface structure play a significant role in the electrochemical
response of electrodes [30, 31]. The smaller grain size and higher porosity of well-ordered porous
metal oxide nanocomposite increase the effective surface area and its interaction with chrysin because
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protons and electrons can diffuse into the pores and enhance electron transfer between the redox probe
and the electrode surface [32, 33], which agrees with the results of SEM analysis of electrodeposited
chromium. Moreover, good chemical stability and electro-catalytic activity of Ta2Os NPs and CuO
NPs could promote nanostructured materials' adsorption of chrysin on the modified electrode surface,
and thus facilitate the electrocatalytic process of chrysin [34]. The high electrical conductivity and
morphology of Ta,Os and CuO enhance the easier electron transfer rate and the signal of redox
reaction, which can shift the peak potential to a lower value [35, 36]. Therefore, synergistic effect of
Ta20s NPs and CuO NPs in the composite enhances the catalytic sites of the modified electrodes,
consequently accelerating the reaction of chrysin [37, 38].
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Figure 3. CV curves of bare GCE, and modified GCE with electrodeposited CuO NPs, Ta,Os NPs and
CuO@Ta20s nanocomposite in 0.1M PBS pH 7.5 at scan rate of 15mV/s in (a) absence of and
(b) presence of 5 uM chrysin

Further studies were carried out by the amperometry technique in the investigation of modified
GCE with electrodeposited CuO NPs, Ta,Os NPs and CuO@ Ta.Os nanocomposites in response to the
addition of 10 uM chrysin solutions in 0.1 M PBS pH 7.5 and a rotation speed of 1000 rpm at 0.51 V,
0.47 V and 0.43 V, respectively. Figure 4 displays the amperometric responses of all electrodes before
(first 120 s) and after the addition of 10 pM chrysin solution (120 to 600s). As shown, the
electrocatalytic response of CuO/GCE, Ta,Os/GCE and CuO@Ta.0s/GCE are obtained 3.17, 5.20,
and 9.47 YA, respectively. In addition, the electrocatalytic signals decreased by 10, 14 and 2% for
CuO/GCE, Ta20s/GCE and CuO@Ta.0s/GCE, respectively. Moreover, the amperometric responses
of Ta20s/GCE and CuO@Ta20s/GCE reveal a faster response to the addition of the chrysin solution
than the CuO/GCE. Consequently, CuO@Ta.0Os/GCE indicates faster, stable and stronger
electrocatalytic response to the addition of 10 uM chrysin solution which related to high electrical
conductivity and chemical and mechanical stability of CuO and Ta.Os [24, 39]. It is suggested that an
inhibited charge transfer controlled electrode reaction takes place at the Cu/Ta20Os interface [40, 41].
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Thus, the formation of a hetero-interface between CuO and Ta>Os nanostructures can facilitate
charge migration and enhance the catalytic activity of CuO@Ta.Os/GCE [42-44]. Therefore, the
CuO@Ta20s/GCE was selected for the following amperometric study for the detection of chrysin.
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Figure 4. Amperometricresponsesof modified GCE with electrodeposited CuO NPs, Ta>Os NPs and
CuO@Ta20s nanocomposite to addition 10 uM chrysin solution in 0.1 M PBS pH 7.5 and
rotation speed of 1000 rpm at 0.51 V, 0.47 V and 0.43 V, respectively.

Figure 5 shows the amperometric responses of CuO@Ta>Os/GCE to successive addition of
10uM chrysin solution in 0.1 M PBS pH 7.5 and rotation speed of 1000 rpm at 0.43 V. Figure 5a
exhibits the fast response and enhancement of the electrocatalytic current step by step after the addition
of each 10 uM chrysin solution. Figure 5b shows the resulting calibration plot, indicating the linear
range, detection limit and sensitivity are obtained at 10 to 100 uM, 0.008 uM and 0.92921uA/uM,
respectively.
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Figure 5. (a) Amperometric responses of CuO@Ta>Os/GCE to successive addition of 10 uM chrysin
solution in 0.1 M PBS pH 7.5 and rotation speed of 1000 rpm at 0.43 V; (b) calibration plot.
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Table 1 shows the comparison between the analytical parameters of the CuUO@Ta»Os/GCE and
other chrysin sensors. It is observed that the CuO@Ta.Os/GCE shows a wide linear range and a higher
sensitivity than the other reported chrysin sensors. It can be related to the high chemical stability of
CuO and Ta20s NPs, and the high density of electrochemical sites of metal oxide on the electrode
surface [24, 45]. High porosity and small size of metallic nanoparticles can increase the effective area
and improve electron transfer in the oxidation of chrysin [46, 47]. Furthermore, at the Cu/Ta20s
interface, Cu atoms migrate into the Ta>Os layer by bonding with two O atoms and Cu atoms. Cu is
slightly ionized with the average charge transfer from Cu to O atom[48]. With the increase in the
interface O concentration, several Ta—O—O bonding structures are formed at the interfaces which
correspond to the formation of negative charges on these O ions with O—O bonds rather than those
bonding with metals[48]. On the other hand, the downward bending of the band, and thus the
accumulation of negative charges, should occur near the Cu/Ta2Os interface which is attributed to the
electrostatic interaction of CuO@Ta20s with the positively charged chrysin ions in the solution
electrolyte [48, 49].

Table 1.Comparison between the analytical parameters of the CuO@Ta,Os/GCE and other chrysin

Sensors.
Electrodes Technique detection [Linear rangeSensitivityRef.
limit (UM)(LM) (LA/UM)

CuO@Ta20s/GCE Amperometry |0.008 10-100 0.9292  [This
work

TaOs/chitosan/carbon paste electrodelLSV 0.03 0.08-4.0 0.8802  [11]

Activated TaxOs/carbon pasteLSV 0.02 0.05-7.0 0.7008  [20]

electrode

Mercury drop electrode LSV 0.5 1-40 — [13]

Mercury drop electrode CV 0.1 0.37-26 - [50]

Hypersil Gold-C18 analytical column LC-MS/MS  |0.004 0.004-2 — [51]

ACQUITY UPLC BEH C18 column [UPLC-MS/MS[0.0004 0.0004-0.2 |- [14]

The selectivity of CuO@Ta>Os/GCE as a chrysin sensor was studied through an amperometric
technique at 0.1 M PBS pH 7.5 and a rotation speed of 1000 rpm at 0.43 V under successive injections
of 1 uM chrysin and 7 pM of other analytes as interferences. Table 2 demonstrates the significant
response of the chrysin sensor to the addition of 1uM of chrysin and there are no remarkable
electrocatalytic signals for the addition of other analytes. As a consequence, the CuO@Ta0s/GCE did
not exhibit any interfering effect with determination of chrysin in presence of the interferences which
are given in Table 2, and we can consider CuO@Ta20s/GCE as a selective chrysin sensor under
amperometric measurements at 0.43 V.
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Table 2. Results of study the interference effect of CuO@Ta2Os/GCE as chrysin sensor through
amperometric technique in 0.1 M PBS pH 7.5 and rotation speed of 1000 rpm at 0.43 V

Analyte Added Electrocatalytic RSD (%)
(UM) current (UA)
Chrysin 1 0.91 +0.09
Ca? 7 0.08 +0.03
Cu?* 7 0.10 +0.05
K* 7 0.05 +0.04
Na* 7 0.09 +0.02
SO4* 7 0.06 +0.03
Zn%* 7 0.08 +0.05
Folic acid 7 0.12 +0.07
Ascorbic Acid 7 0.08 +0.04
Uric Acid 7 0.09 +0.05
Citric Acid 7 0.11 +0.04
Urea 7 0.11 +0.03
Glucose 7 0.10 +0.05

The chrysin capsules were used to study the practicality of the proposed electrochemical sensor
in real samples [52]. The obtained results from amperometric and HPLC measurements are presented
in Table 3. The comparison reveals a good agreement between the amperometric and HPLC results.
Moreover, the analytical analyses are indicated to obtain recovery (96.00% to 98.00%) and relative
standard deviation (RSD) (2.77% to 3.11%) values of sample are acceptable, illustrating that
CuO@Ta20s/GCE can be used as a practical sensor for the detection of chrysin.

Table 3. Results of determination of chrysin in real sample using amperometric and HPLC techniques

Amperometry HPLC
] Content
Content in Added | Measured | RSD .
Recovery (% in sample| RSD (%
sample (UM) | (uM) | (M) | (%) y 0o fineed )
1.58 - - 2.30 -

1.00 2.54 2.77 96.00

2.00 3.51 2.53 96.50 1.61 1.98

3.00 4.49 3.07 97.00

4.00 5.50 3.11 98.00

4. CONCLUSIONS

This study presented the synthesis of the CuO@Ta>Os nanocomposite and enhancement of the
sensing properties of CuUO@Ta20s as a chrysin sensor. The nanocomposite was electrodeposited on
GCE, and structural and morphological analyses showed that high porous CuO@Ta20s nanoparticles
were electrodeposited on GCE. The electrochemical analyses showed the high sensitive, selective,
stable and accurate response of CuO@Ta>0s/GCE to chrysin determination due to the synergistic
effect of Ta2Os NPs and CuO NPs in the composite, which enhances the catalytic sites of the modified
electrodes, consequently accelerating the reaction of chrysin. The results indicated that the linear
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range, detection limit and sensitivity were obtained at 10 to 100 puM, 0.008 puM and 0.92921pA/pM,
respectively. The practicality of the proposed electrochemical sensor in real chrysin capsule samples
was studied and the results illustrated that the obtained recovery (96.00% to 98.00%) and RSD (2.77%
to 3.11%) values were acceptable. It indicates the CuO@Ta20s/GCE can be used as a practical sensor
to detect chrysin in pharmaceutical samples.
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