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In this research, we describe a new type of sulfamethoxazole electrochemical sensor based on a carbon
paste electrode (CPE) modified with NiO nanoparticle (NiO-NPs) and 1-methyl-3-octylimidazolium
tetrafluoroborate (LM3OIMZTFB). The NiO nanoparticle was biosynthesized with a diameter of ~ 18.0
nm by Mentha aquatic extract and characterized by AFM, FESEM, XRD and EDS methods. The
oxidation peak of sulfamethoxazole was recorded at +1130 mV and +995 mV at surface of CPE and
1M30OIMZTFB/NiO-NPs/CPE. Meanwhile, the oxidation signal of sulfamethoxazole was improved by
~20.32 times compared to unmodified CPE. The IM30OIMZTFB/NiO-NPs/CPE exhibited good catalytic
activity toward sulfamethoxazole with a dynamic range 0.003-400.0 uM and limit of detection 1.0 nM.
The 1IM3OIMZTFB/NiO-NPs/CPE was used as useful tool for determination of sulfamethoxazole in
real samples.
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1. INTRODUCTION

Sulfamethoxazole is an important antibiotic prescribed in the treatment of a variety of bacterial
infections such as intestinal infections, middle ear and respiratory infections in combination with the
trimethoprim under the brand name Bactrim [1]. Excessive consumption of sulfamethoxazole is
associated with many health effects such as shortness of breath, feeling light-headed, and rapid heart rate
[2]. The determination of sulfamethoxazole could be useful for controlling drug dose in human body and
determination of drug dose in tablet and other pharmaceutical samples. There are many published papers
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on determination of sulfamethoxazole using HPPLC [3,4], capillary zone electrophoresis [5], visible and
UV spectrophotometry [6] and electrochemical methods [7,8]. Due to fast response and low cost of
electrochemical analysis, electrochemical sensors have found more popularity compared to other
analytical sensors for drug analysis in recent years [9-12].

Although the electrochemical sensors are of choice for fabrication of drug sensors [13-15], the
high overvoltage and weak oxidation current of sulfamethoxazole are the main problems for
determination of this drug at low level concentrations [16]. For overcoming to these problems, modified
sensors are appropriate choices given their high conductivity and low charge transfer resistance [17].

Nanomaterials and especially metal oxide nanoparticles (MONSs) have shown a high surface [18-
21] area and good electrical conductivity for modification of electrode surfaces in recent years [22-24].
According to papers, MON could improve the oxidation/reduction signals of drugs and also reduce the
redox over-potential of electroactive compounds [25-32]. On the other hand, ionic liquids (IL) with high
electrical conductivity have been suggested as high performance mediator for modification of
voltammetric sensors and especially a good choice for replacing paraffin oil in carbon paste matrix [23-
36].

Herein, we used the coupling of 1-methyl-3-octylimidazolium tetrafluoroborate and
biosynthesized NiO nanoparticle for fabrication of 1M30OIMZTFB/NiO-NPs/CPE as a powerful
electrochemical sensor in sulfamethoxazole. The NiO/NPs were biosynthesized by Mentha aquatic
extract and revealed high electrical conductivity for fabrication of LM3OIMZTFB/NiO-NPs/CPE.

2. EXPERIMENTAL

2.1. Reagents and apparatus

For synthesis of NiO nanoparticles: The Mentha aquatic plant was prepared from Mazandaran
Province, Iran. Nickel nitrate hexahydrate and sodium hydroxide were purchased from Merck Co.

For electrochemical investigation: sulfamethoxazole, paraffin oil, phosphoric acid, graphite
powder, and1-methyl-3-octylimidazolium tetrafluoroborate were purchased from Sigma-Aldrich Co.

The electrochemical optimization and determination of sulfamethoxazole were initiated by p-
Autolab via NOVA software. In all of the voltammetric investigations, the Ag/AgCI/KClsat was used as
a reference electrode. The NAMA AFM nanotechnology system corporation (ATSYCO) machine, Iran
and the FESEM model Mira 3-XMU were used for morphological investigation of the biosynthesized
NiO/NPs.

2.2. Biosynthesis of NiO/NPs using Mentha aquatic extract

Mentha aquatic leaves were collected from, Qaemshahr, Mazandaran, Iran. The collected leaves
were washed with distilled water ten times and then dried for 12 days at room temperature. Next, 5.0 g
of dried leaves were grinded for 1.5 h into pestle and mortar. Thereafter, the powder obtained from the
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dried leaves was added into 150 mL distilled water and then boiled for 150 min. The Mentha aquatic
extract was filtered and kept at 4 °C.

Subsequently, 15 mL Mentha aquatic extract was placed in Erlenmeyer flask after which 5 mL
nickel nitrate hexahydrate (0.05 M) was added dropwise to the previous solution under stirring for 2
hours at 65 °C. The solution changing color from black-green to black confirmed the biosynthesis of
NiO-NPs. The black sediment was then filtered and dried at 80 "C for 10 h and eventually annealed at
350 °C.

2.3. Fabrication of IM3OIMZTFB/NiO-NPs/CPE

The 1IM30OIMZTFB/NiO-NPs/CPE was prepared by mixing 0.96 g graphite powder + 0.04 g
NiO-NPs in the presence of suitable amounts of paraffin oil and 1IM3OIMZTFB as binders into pestle
and mortar through hand mixing for 2 h.

2.4. Real sample preparation

The Bactrim tablet and pharmaceutical serum samples were selected as real sample for
investigation of 1IM3OIMZTFB/NiO-NPs/CPE ability in real sample analysis. The tablet sample was
grinded into pestle and mortar and then dissolved in ethanol/water solution. The sample was filtered and
utilized for real sample analysis. The pharmaceutical serum sample was added into buffer solution and
used directly for real sample analysis.

3. RESULTS AND DISCUSSION

3.1. Characterization of the biosynthesized NiO nanoparticles

The NiO nanoparticle biosynthesized by Mentha aquatic extract was evaluated by XRD method.
The presence of six planes with miller indexes [111], [200], [220], [311] and [222] at 2e ~37.240°,
43.287°,62.823°, 75.345° and 79.274° matched the XRD pattern for NiO-NPs with JCPDS file No. 22-
1189 (Figure 1A) [37]. The mean value of NiO diameter was calculated as ~18 nm using Scherrer
equation. In addition, the elemental analysis was used to investigate the purity of biosynthesized NiO-
NPs via the Mentha aquatic extract. The presence of Ni and O elements in the biosynthesized NiO-NPs
confirmed the high purity of nanoparticles (Figure 1B).
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Figure 1. XRD (A) and EDAX (B) pattern of biosynthesized NiO nanoparticles
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Figure 2. FESEM (A) and AFM (B) images of biosynthesized NiO nanoparticle
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The biosynthesized NiO-NPs morphology was investigated using FESEM and AFM methods
(Figure 2A). The spherical shaped biosynthesized NiO-NPs can be observed in the results obtained in
Figure 2B.

3.2. Electrochemical oxidation of sulfamethoxazole at the surface of sulfamethoxazole

The electro-oxidation of sulfamethoxazole was investigated by cyclic voltammetric method with
the recorded signals being available in Figure 3 inset. The characterization of oxidation potential of
recorded signals vs. pH is seen in Figure 3 with the results confirming a linear relationship between Epa
vs. pH with slope 0.0534 mV/pH for one electron and one proton oxidation mechanism (Scheme 1) [38].

E/V

y = -0.0534X+1.3759
R* =0.9909

Figure 3. A) The plot of Epa vs. pH for electro-oxidation of 700 uM sulfamethoxazole at a surface of
1M30OIMZTFB/NiO-NPs/CPE in the pH range 4.0-8.0. Insert) the cyclic voltammograms of 700
uM sulfamethoxazole at a surface of IM30OIMZTFB/NiO-NPs/CPE in the pH range 4.0-8.0.
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Scheme 1. The electro-oxidation mechanism of sulfamethoxazole.
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In addition, with elevation of pH from 4.0 to pH=7.0, the oxidation current of sulfamethoxazole
increased and then decreased. This point could be useful for selection of the best pH value for next
voltammetric investigation of sulfamethoxazole on the surface of LIM3OIMZTFB/NiO-NPs/CPE.

In the next step, the electro-oxidation signal of sulfamethoxazole was recorded on the surface of
CPE (Figure 4, curve a), NiO-NPs/CPE (Figure 4, curve b), IM3OIMZTFB/CPE (Figure 4, curve c) and
1M30OIMZTFB/NiO-NPs/CPE (Figure 4, curve d).

650 -

0.4 0.6 0.8 1.0 1.2 1.4 1.6
E/vV

Figure 4. The cyclic voltammograms of 700 uM sulfamethoxazole (pH=7.0) at a surface of CPE (a);
NiO-NPs/CPE (b); IM3OIMZTFB/CPE (c) and 1M30IMZTFB/NiO-NPs/CPE (d).

The oxidation current and potential relative to the above electrodes have been 1030 mV, 1030
mV, 1000 mV, and 995 mV and 15.6 pA, 201 pA, 237 1A and 317 pA, respectively. As can be seen,
the oxidation potential of sulfamethoxazole was reduced with the transition from curve a to curve b.
Further, the oxidation current of sulfamethoxazole was also improved through modification of CPE with
biosynthesized NiO/NPs and 1IM30OIMZTFB/CPE. These changes in the oxidation current and potential
of sulfamethoxazole have occurred with regards to the good electrical conductivity of NiO-NPs and
1M30IMZTFB/CPE at surface of CPE. In addition, the reducing resistance charge transfer of CPE could
be observed after modification with NiO/NPs and 1IM30IMZTFB.

The current and potential changing of sulfamethoxazole was investigated by altering the scan
rate effect within the range 5.0-120 mV/s (figure 5). The linear relationship between lpa and v of
sulfamethoxazole and shift in Epa of sulfamethoxazole with elevation of v suggested the diffusion process
[39] as well as irreversible process for electro-oxidation of sulfamethoxazole on the surface of
1M3OIMZTFB/NiO-NPs/CPE.
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Figure 5. the cyclic voltammograms of 400 uM sulfamethoxazole at a surface of IM3OIMZTFB/NiO-
NPs/CPE at a scan rate a) 5; b) 10; ¢) 30; d) 60; e) 100 and f) 120 mV/s and pH=7.0.

The Tafel plot for oxidation of 400.0 uM sulfamethoxazole at surface of 1IM30OIMZTFB/NIiO-
NPs/CPE has been recorded in Figure 6. Using the slope of Tafel at scan rate 30.0 mV/s, the value of

electron transfers coefficient (o) was determined as ~0.68 confirming an irreversible process for
oxidation of sulfamethoxazole on the surface of 1IM30OIMZTFB/NiO-NPs/CPE.
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Figure 6. A) The plot of electro-oxidation 400 pM sulfamethoxazole at a surface of
1IM30OIMZTFB/NiO-NPs/CPE with scan rate 30 mV/s.

According to the results obtained from the scan rate investigation of sulfamethoxazole at the
surface of 1IM30OIMZTFB/NiO-NPs/CPE and confirming diffusion process for this drug, we tried to
determine the diffusion coefficient (D) using chronoamperometric method (Fig. 7A). The linear
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relationship between Ipa of sulfamethoxazole and t/> was used for determination of D in the aqueous
solution. Using the Cottrell equation, the mean value of D for diffusion of sulfamethoxazole was
calculated as ~ 5.24 * 10 cm?/s.

3.3. Analytical investigation

The differential pulse volatmmetric method was used as a strategy for determination of
sulfamethoxazole within the concentration rage 0.003-400 uM (LDR) with detection limit 1.0 nM
(LOD=3SB/m).
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Figure 7. (A) Chronoamperograms obtained at the IM30OIMZTFB/NiO-NPs/CPE in the presence of (a)
300; (b) 400; (c) 500 and (d) 400 uM sulfamethoxazole. (B) Plots of | vs. t*/2 for electro-
oxidation of sulfamethoxazole obtained from chronoamperometry.

3.4. Stability and reproducibility of 1IM3OIMZTFB/NiO-NPs/CPE

The DP voltammograms of 700.0 uM sulfamethoxazole were recorded on the surface of five
1M30OIMZTFB/NiO-NPs/CPEs fabricated under the same conditions. The results showed the RDS
values 0.31% and 0.6 % for the current and potential that confirm good reproducibility of
1IM3OIMZTFB/NiO-NPs/CPE for determination of sulfamethoxazole. In addition, the DP
voltammogram 700.0 uM sulfamethoxazole was recorded within 30 days. As can be seen in Figure S2,
93.7% of 700.0 uM sulfamethoxazole can be observed after 30 days compared to its first oxidation
signal. It suggests good stability of 1IM30OIMZTFB/NiO-NPs/CPEs for determination of 700.0 pM
sulfamethoxazole.
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3.5. Real sample analysis and selectivity study

The ability of 1IM30OIMZTFB/NiO-NPs/CPEs for determination of sulfamethoxazole in Bactrim
tablet and pharmaceutical serum was tested using standard addition strategy (Table 1). According to the
table, the recovery values within 99.06-103.9% confirm powerful ability of 1IM3OIMZTFB/NiO-
NPs/CPEs for determination of sulfamethoxazole in real samples.

The interference of trimethoprim, ascorbic acid, glucose, vitamin B2, as well as some anions
and cations was checked on the oxidation signal of 20.0 uM sulfamethoxazole. The obtained results
confirming high selectivity of 1IM30OIMZTFB/NiO-NPs/CPEs for determination of sulfamethoxazole.

Table 1. The real sample analysis of sulfamethoxazole

Sample Added Expected Founded Recovery %
(LM) (LM) (UM)
Tablet sample 5.00 4.96x+0.34 99.2
10.00 15.00 15.28+0.54 101.8
Pharmaceutical <LOD
sample
10.00 10.00 10.39+0.54 103.9
15.00 15.00 14.86+0.52 99.06

4. CONCLUSION

Herein, the NiO nanoparticle was biosynthesized using Mentha Herein, the NiO nanoparticles
were biosynthesized using Mentha aquatic extract with a diameter ~18 nm and used for modification of
CPE. Further, the 1M3OIMZTFB/NiO-NPs/CPEs was introduced as a two-fold amplified
electrochemical sensor for determination of sulfamethoxazole with a low detection limit (1.0 nM). The
1M30OIMZTFB/NiIO-NPs/CPEs was successfully used as a powerful sulfamethoxazole analytical
sensor. ThelM30OIMZTFB/NiO-NPs/CPEs revealed good stability and reproducibility for determination
of 700.0 uM sulfamethoxazole.
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