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Abstract

Background: Highly selective and sensitive analysis of hydrogen peroxide (H,0.) has attracted considerable interest in the fields
of clinical diagnostics, food industry, and environmental analysis.

Objectives: In the present study, an efficient electrochemical sensor, based on V,05/VO, nanostructures, was introduced for mea-
suring hydrogen peroxide (H,O,) in human serum samples.

Methods: The characterization of the prepared V,05/VO, nanostructures was investigated by X-ray diffraction (XRD), Fourier trans-
form infrared (FT-IR) spectroscopy, scanning electron microscopy (SEM), and energy dispersive X-ray spectroscopy (EDX). A carbon
paste electrode (CPE) modified with V,05/VO, was applied for the electrochemical detection of H,0,.

Results: The prepared sensor depicted a good linear range from 8 to 215 ©M and a low detection limit of 5 4M. Moreover, the modified
electrode showed notable anti-interference property and high sensitivity toward H,O, detection. The suggested method was also
successfully applied for the determination of H,O, in human serum samples.

Conclusions: The V,05/VO, embedded CPE offers good simplicity, sensitivity, and selectivity toward H,0, determination. In addi-

tion, the suggested assay revealed good reproducibility and anti-interference property in the measuring of H,O,.
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1. Background

H,0, plays a prominent role in different areas includ-
ing clinical diagnostics, food industry, pharmaceutical,
and environmental protection (1). An excessive accumula-
tion of H,0, in the human body can lead to some diseases
such as DNA fragmentation and tissue damage (2). Conse-
quently, the accurate measuring of H,0, in biological sam-
ples is very important. To date, various analytical methods
have been developed for determination of H,0,, including
chromatography (3), spectrophotometry (4), and chemilu-
minescence (5). However, above mentioned techniques are
high costs, complex, and time-consuming.

Electrochemical H,0, sensing has attracted growing
attention due to the intrinsic advantages such as simple
operation, cost effective, rapid response, and suitability for
real-time H,0, analysis (6). In view of this, the design and
fabrication of novel electrochemical sensors for H,0O, de-
termination has attracted considerable interest in recent
years (7, 8).

2. Objectives

In this study, novel V,05/VO, nanostructures were suc-
cessfully prepared with the hydrothermal method. The
V,05/VO, nanostructures were utilized for modification
of a simple and cheap carbon paste electrode (CPE). The
main experimental factors, calibration range, and detec-
tion limit of the V,05/VO,-CPE was also explored in detail.
Moreover, the proposed sensor was applied for quantifica-
tion of H,0, in human serum samples.

3. Methods

3.1. Materials and Apparatus

All materials including thiourea, vanadium chloride
(VCly), ethanol, ethylene glycol, paraffin oil, graphite pow-
der, and H,0, were obtained from Merck (Darmstadt,
Germany). XRD pattern was recorded via a PANalyti-
cal Empyrean X-ray diffractometer (Almelo, Netherlands).
SEM image and EDX analysis were performed on a MIRA3
LM TESCAN microscope (Brno, Czech Republic). FT-IR
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spectrum was measured on a Bruker Equinox 55 spec-
trometer (Karlsruhe, Germany). All electrochemical data
were recorded on a potentiostat galvanostat impedance
meter (OrigaState100, OrigalLys, Rillieux-la-Pape, France).
A standard electrochemical cell including the modified
CPE (working electrode), the platinum wire (counter elec-
trode), and the Ag/AgCl (3 M KCl) electrode (reference elec-
trode) was used for electrochemical tests.

3.2. Preparation of V,05/VO, Nanostructures

The V,05/VO, nanostructures were synthesized via a hy-
drothermal approach. Typically, 7.8 g of VCl; was dissolved
in a mixed solution of ethanol (50 mL) and ethylene gly-
col (25 mL) under vigorous stirring. Afterward, 7.6 g of
thiourea was added to the above mixture vigorous stirring.
The mixture was transferred into a 100 mL Teflon-lined
stainless-steel autoclave and then heated at 160°C for 12 h.
The black precipitates were collected via centrifuge separa-
tion, followed by repeated washing with ethanol, and then
heated at 350°C for 3 h under air condition.

3.3. Electrode Fabrication

The modified CPE (V,05/VO,-CPE) was fabricated by
mixing of graphite powder (65% wjw), V,05/VO, (10% w|w),
and paraffin oil (25% w|w). Then, a portion of the obtained
paste was packed into a glass tube (3 mm in diameter) in
contact with a copper wire for electrical connection.

4. Results

The FT-IR spectrum of the V,05/VO, nanostructures
is presented in Figure 1. Absorption peak appearing at
1013 cm™ is attributed to the stretching vibrations of V=0
groups (9). The peaks at 529 and 828 cm™ are related to the
symmetric and asymmetric stretching of the V-O-V groups,
respectively (10). The peak at 620 cm™ can also be assigned
to the stretching of the V-O groups (11).

XRD pattern of the V,05/VO, nanostructures is shown
in Figure 2. The observed characteristic reflections were
matched well with the standard XRD data of V,05 (vana-
dium pentoxide; JCPDS No 76-1803) and VO, (vanadium
dioxide; JCPDS No 73-2362) (12).

The SEM photograph of the V,05/VO, nanostructures
is shown in Figure 3A. As can be seen, the prepared
V,05/VO, product has a nano-sized structure. Moreover,
the EDX spectrum of the V,05/VO, nanostructures (Figure
3B) shows the existence of vanadium and oxygen elements
in the prepared material. According to these results, the
V,05/VO, nanostructures have been successfully prepared
by hydrothermal method.
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Figure 1. FT-IR spectrum of V,05/VO, material
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Figure 2. XRD pattern of V,05/VO, nanostructures

5. Discussion

The ability of the V,05/VO, nanostructures for electro-
chemical reduction of H,0, was investigated. Figure 4 dis-
plays the cyclic voltammograms of unmodified CPE and
V,05/VO,-CPE in phosphate buffer (0.1 M, pH = 7) contain-
ing100 uM of H,0,. As can be seen, the V,05/VO,-CPE shows
a notable reduction peak current, indicating that the re-
duction of H,0, was improved compared to unmodified
CPE.

To improve the sensitivity of the V,05/VO,-CPE toward
H,0, detection, amperometry method was used at applied
potential of -450 mV. The amperometric responses of the
V,05/VO,-CPE to the successive addition of H,0, were stud-
iedasshownin Figure 5. The amperometric signal currents
vary linearly with H,0, concentration over the range of 8
to 215 pM with a detection limit (30’) of 5 zM. The detection
limit of the prepared sensor is lower than some reported
H,0, sensors (13-17), as listed in Table 1. The effect of some
interfering species including glucose, uric acid, dopamine,
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Figure 3. A, SEM image and B, EDX spectrum of V,05/VO, nanostructures
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Figure 4. Cyclic voltammograms of the unmodified CPE and the V,05/VO,-CPE in

phosphate buffer (0.1 M, pH =7) containing 100 M of H,0, with scan rate of 50 mV
-

s

and ascorbic acid was also investigated. The experimental
results (Table 2) show that the prepared V,05/VO,-CPE can
measure H,0, with recoveries more than 95% in the pres-
ence of such interfering molecules.

The suggested V,05/VO,-CPE was validated for the H, 0,
quantification in biological samples. Human serum sam-
ples were collected from a local hospital in Kerman. Stan-
dard addition protocol was used in the recovery experi-
ments and the obtained results are listed in Table 3.

5.1. Conclusions

In summary, a novel electrochemical sensor for deter-
mination of H,0, was presented. The fabricated H,0, sen-
sor showed a wide linear range and low detection limit.
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Figure 5. Amperometric responses of V,05/VO,-CPE to successive addition of H,0,
at the potential of -0.45 Vin 0.1 M buffer solution (pH=7.0). Inset: Calibration curve
of sensor.

The applicability of the V,05/VO,-CPE for quantification of
H,0, in biological samples was successfully investigated.
The good simplicity and anti-interference performance of
the present method indicates that the V,05/VO,-CPE has
great potential working as an efficient H,0, sensor for clin-
ical applications.
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Table 1. Comparison of Some Different Electrochemical Sensors for Determination of H,0,

Electrode Modifier* Linear Range, ©M Detection Limit, M Ref.
Cuprous oxide-reduced graphene oxide (Cu,0-rGO) nanocomposites 30-12800 217 (13)
Poly (p-aminobenzene sulfonic acid) (PABS) 50-550 10 (14)
Magnetite (Fe;04) nanoparticles 25-5000 7.4 (15)
Hematite (a-Fe,0;) nanoparticles 50-3145 22 (16)
Iodide 10-60000 10 (17)
V,05/VO, nanostructures 8-215 5 This work

Table 2. The Effect of Interfering Species

Co-existing Molecule Recovery, %
Glucose 96.7
Uric acid 98.5
Dopamine 983
Ascorbic acid 96.9

Table 3. Determination of H,0, in Human Serum Samples (n =3).

Sample Added, 1M Found, M RSD Recovery, %
Male serum

15 14.8 4.2 98.6

30 29.5 3.6 98.3

45 463 5.0 102.8
Female serum

15 15.6 4.5 104.0

30 28.9 5.2 96.3

45 44.2 3.9 98.2

Funding/Support: This workis not funded by any univer-
sity or company.

References

1. Baghayeri M, Alinezhad H, Tarahomi M, Fayazi M, Ghanei-Motlagh
M, Maleki B. A non-enzymatic hydrogen peroxide sensor based
on dendrimer functionalized magnetic graphene oxide decorated
with palladium nanoparticles. Appl Surf Sci. 2019;478:87-93. doi:
10.1016/j.apsusc.2019.01.201.

2. Guler M, Turkoglu V, Bulut A, Zahmakiran M. Electrochemical sens-
ing of hydrogen peroxide using Pd@Ag bimetallic nanoparticles dec-
orated functionalized reduced graphene oxide. Electrochimica Acta.
2018;263:118-26. doi: 10.1016/j.electacta.2018.01.048.

3. Gimeno P, Bousquet C, Lassu N, Maggio AF, Civade C, Brenier C, et al.
High-performance liquid chromatography method for the determi-
nation of hydrogen peroxide present or released in teeth bleaching
kits and hair cosmetic products. ] Pharm Biomed Anal. 2015;107:386-93.
doi: 10.1016/j.jpba.2015.01.018. [PubMed: 25656490].

4. Cai H, Liu X, Zou J, Xiao ], Yuan B, Li F, et al. Multi-wavelength spec-

trophotometric determination of hydrogen peroxide in water with
peroxidase-catalyzed oxidation of ABTS. Chemosphere. 2018;193:833-9.

doi: 10.1016/j.chemosphere.2017.11.091. [PubMed: 29874756].

10.

11.

12.

13.

14.

15.

16.

. Sheng Y, Yang H, Wang Y, Han L, Zhao Y, Fan A. Silver nanoclusters-

catalyzed luminol chemiluminescence for hydrogen perox-
ide and wuric acid detection. Talanta. 2017;]166:268-74. doi:
10.1016j.talanta.2017.01.066. [PubMed: 28213233].

. Chen S, Yuan R, Chai Y, Hu F. Electrochemical sensing of hydro-

gen peroxide using metal nanoparticles: A review. Microchimica Acta.
2012;180(1-2):15-32. doi: 10.1007/500604-012-0904-4.

. Yuan |, Xu S, Zeng HY, Cao X, Dan Pan A, Xiao GF, et al. Hy-

drogen peroxide biosensor based on chitosan/2D layered dou-
ble hydroxide composite for the determination of H202. Bioelec-
trochemistry. 2018;123:94-102. doi: 10.1016[j.bioelechem.2018.04.009.
[PubMed: 29734031].

. Chen X, Chen Z, Zhu ], Xu C, Yan W, Yao C. A novel H(2)O(2) am-

perometric biosensor based on gold nanoparticles/self-doped
polyaniline nanofibers. Bioelectrochemistry. 2011;82(2):87-94. doi:
10.1016/j.bioelechem.2011.05.004. [PubMed: 21664881].

. Hsuan Chiang T, Chen TM. Synthesis and characterization of single-

crystalline vanadium pentoxide by the low-temperature of glycother-
mal method. Mat Lett. 2015;157:205-8. doi: 10.1016/j.matlet.2015.05.112.
Ragupathy P, Shivakumara S, Vasan HN, Munichandraiah N. Prepara-
tion of nanostrip V205 by the polyol method and its electrochemical
characterization as cathode material for rechargeable lithium batter-
ies. ] Phys Chem C. 2008;112(42):16700-7. doi: 10.1021/jp804182z.
Uchaker E, Zhou N, Li Y, Cao G. Polyol-mediated solvothermal synthe-
sis and electrochemical performance of nanostructured V205 hollow
microspheres. ] Phys Chem C. 2013;117(4):1621-6. doi: 10.1021/jp310641k.
Mjejri I, Rougier A, Gaudon M. Low-cost and facile synthesis of
the vanadium oxides V203, VO2, and V205 and their magnetic,
thermochromic and electrochromic properties. Inorg Chem.
2017;56(3):1734-41. doi: 10.1021/acs.inorgchem.6b02880. [PubMed:
28117981].

Xu F, Deng M, Li G, Chen S, Wang L. Electrochemical behavior
of cuprous oxide-reduced graphene oxide nanocomposites and
their application in nonenzymatic hydrogen peroxide sensing. Elec-
trochimica Acta. 2013;88:59-65. doi: 10.1016j.electacta.2012.10.070.
Kumar SA, Chen SM. Electrocatalytic reduction of oxygen and hy-
drogen peroxide at poly(p-aminobenzene sulfonic acid)-modified
glassy carbon electrodes. ] Mol Cat A Chem. 2007;278(1-2):244-50. doi:
10.1016/j.molcata.2007.09.023.

Lin M S, Leu H J. A Fe304-based chemical sensor for cathodic deter-
mination of hydrogen peroxide. Electroanalysis. 2005;17(22):2068-73.
doi: 10.1002/elan.200503335.

Cai |, Ding S, Chen G, Sun Y, Xie Q. In situ electrodeposition of
mesoporous aligned o-Fe203 nanoflakes for highly sensitive
nonenzymatic H202 sensor. Appl Surf Sci. 2018;456:302-6. doi:
10.1016/j.apsusc.2018.06.108.

. Miah MR, Ohsaka T. Cathodic detection of H202 using

iodide-modified gold electrode in alkaline media. Anal Chem.
2006;78(4):1200-5. doi: 10.1021/ac0515935. [PubMed: 16478112].

Ann Mil Health Sci Res. 2019;17(3):e96175.


http://dx.doi.org/10.1016/j.apsusc.2019.01.201
http://dx.doi.org/10.1016/j.electacta.2018.01.048
http://dx.doi.org/10.1016/j.jpba.2015.01.018
http://www.ncbi.nlm.nih.gov/pubmed/25656490
http://dx.doi.org/10.1016/j.chemosphere.2017.11.091
http://www.ncbi.nlm.nih.gov/pubmed/29874756
http://dx.doi.org/10.1016/j.talanta.2017.01.066
http://www.ncbi.nlm.nih.gov/pubmed/28213233
http://dx.doi.org/10.1007/s00604-012-0904-4
http://dx.doi.org/10.1016/j.bioelechem.2018.04.009
http://www.ncbi.nlm.nih.gov/pubmed/29734031
http://dx.doi.org/10.1016/j.bioelechem.2011.05.004
http://www.ncbi.nlm.nih.gov/pubmed/21664881
http://dx.doi.org/10.1016/j.matlet.2015.05.112
http://dx.doi.org/10.1021/jp804182z
http://dx.doi.org/10.1021/jp310641k
http://dx.doi.org/10.1021/acs.inorgchem.6b02880
http://www.ncbi.nlm.nih.gov/pubmed/28117981
http://dx.doi.org/10.1016/j.electacta.2012.10.070
http://dx.doi.org/10.1016/j.molcata.2007.09.023
http://dx.doi.org/10.1002/elan.200503335
http://dx.doi.org/10.1016/j.apsusc.2018.06.108
http://dx.doi.org/10.1021/ac0515935
http://www.ncbi.nlm.nih.gov/pubmed/16478112
http://ajaums.com

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Materials and Apparatus
	3.2. Preparation of V2O5/VO2 Nanostructures
	3.3. Electrode Fabrication

	4. Results
	Figure 1
	Figure 2
	Figure 3

	5. Discussion
	Figure 4
	Figure 5
	Table 1
	Table 2
	Table 3
	5.1. Conclusions

	Footnotes
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 

	References

