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Abstract—We investigated electrochemical sensing of ascorbic acid by Au-MoS,/NiO modified glassy carbon elec-
trode. The MoS,, NiO, MoS,/NiO were prepared by hydrothermal , and Au-MoS,/NiO was prepared chemical reduc-
tion method. The characterization of Au-MoS,/NiO composite was carried out using X-ray diffraction, Fourier transform
infrared spectroscopy, X-ray photoelectron spectroscopy and field emission scanning electron microscopy. The electro-
chemical characteristics of the Au-MoS,/NiO composite were examined by cyclic voltammetry and electrochemical
impedance spectroscopy. Then, differential pulse voltammetry responses of Au-MoS,/NiO modified glassy carbon elec-
trode were detected towards the ascorbic acid in phosphate buffer (0.1 M, pH=7). The ascorbic acid sensor represented
low detection limit of 0.13 pM with linear range of 2-50 uM, revealing that this sensor gave satisfactory responses. The
practical feasibility of the obtained sensor was assessed for the detection of ascorbic acid in Vitamin C tablet. We
believe that this study could help different studies for producing commercially ascorbic acid sensors.
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INTRODUCTION

Ascorbic acid (AA) is a prominent water-soluble vitamin and
vital ingredient in individual nutrition [1,2]. However, an abnor-
mal level of AA is usually a symptom of an illness, such as mental
and scurvy. So the improvement of sensitive and selective detec-
tion techniques for its biological investigation is significant [1,2].
The usual ingredients of AA in the human body should maintain at
70-90 mg [3]. The toxicity of AA is very rare, and more than 2,000
mg/day is not advised as it can cause stomach upset and diarrhea
[4]. For this reason, it is of great relevance to evolve proper and
influential ways to detect AA in medicine and food [5]. So far,
many different methods, such as capillary electrophoresis [6], gas
chromatography [7], colorimetry [8,9] and chemiluminescence [10],
have been stated for the determination of AA in scientific studies
carried out. But, these techniques have disadvantages such as high
cost, operational complexity and laborious sample treatments [4].
In recent years, electrochemical methods have been considered in
the determination of AA due to its benefits, such as good selectiv-
ity, rapid response, high sensitivity, and low cost [2,11]. Although
AA is an electroactive material, its use alone is difficult because of
direct detection using traditional electrodes such as glassy carbon,
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graphite, and platinum due to fouling of the electrode and poor selec-
tivity [12]. To prevent these, studies are of interest using nanomate-
rials modified electrodes for AA detection.

Molybdenum disulfide (MoS,) has been commonly investigated
owing to its superb optical and electrochemical features [11,13].
Mo, has a similar structure to graphene and can be considered a
semiconductor, which can be effectively combined with metal nano-
particles [14]. Moreover, MoS, has been recognized as a support-
ing material used to stabilize metal nanoparticles and create spe-
cially designed structures [15]. Murugan et al. improved a flower-
structured molybdenum disulfide (MoS,)-decorated functional-
ized multiwall carbon nanotube (FMWCNTs)/zinc oxide (ZnO)
for detection of AA [11].

Transition metal nanoparticles, metal oxides, and alloy nano-
particles have become the most preferred nanomaterials in bio-sens-
ing studies [1]. Nickel oxide (NiO) is a transition metal oxide with
interesting electronic, low toxicity; optical, electrochemical, and elec-
tro-catalytic features [16]. NiO has a large surface-to-volume ratio
and reversible electrochemical reaction, suggesting it is suitable for
use as electrode material in electrochemistry [17]. Swamy and
coworkers studied NiO/graphene modified graphite electrodes for
the detection of dopamine (DA), tyrosine (Tyr), and AA [18].

Noble metal-based nanoparticles (NPs), such as gold (Au), plat-
inum (Pt), and silver (Ag), are quite glamorous nanomaterials due
to pore size, large volume to the surface area, good conductivity, and
great electro-catalytic activity [1,19]. The composite conduction of
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Au, Pt, and Ag on electrodes has been evidenced as an influential
way to decrease the charge transfer resistance and accelerate elec-
tron conduction [1,19]. Ngo et al. reported that a non-enzymatic
glucose sensor is fabricated using Ag/NiO/rGO nanostructure [20].
So, they proved that Ag nanoparticles could boost the electrocata-
Iytic efficiency by increasing electron-hole separation throughout
the electro-oxidation/reduction processes [20]. Chen and colleagues
improved the MoS,/Au nanocomposites for electrochemical detec-
tion of dopamine [21]. They preferred Au nanoparticles because
of their large surface area or high catalytic activity [21]. Au was
preferred to increase the conductivity of metal oxide semiconduc-
tor nanocomposite in this study with this in mind.

In this work, we advanced a new electrochemical sensor for the
desirable detection of AA utilizing gold nanoparticle-decorated MoS,/
NiO. We doped with Au metal on MoS,/NiO because of increasing
the active surface area and improving the electronic properties of
the composite, which may lead to a higher sensor response than that
of pure nanostructures. First, a novel Au-MoS,/NiO composite was
prepared and dropped onto a glassy carbon electrode (GCE) sur-
face and then evaluated to detect AA. So, the advantage of the Au-
MoS,/NiO/GCE sensor is the precise control of AA for determin-
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ing conspicuous reproductivity and excellent stability.
EXPERIMENTAL

The details of chemicals and apparatus are contained within Sup-
plementary Material.

1. Synthesis of Au-MoS,/NiO Composite

First, MoS, was prepared using a hydrothermal method reported
by Yu et al. [22]. 2.2 g of (NH,)iMo,0,, and 2.0 g of thiourea were
dissolved in 80 mL of distilled water (DW) under ultrasonication
for 30 min. After that, the mixture was taken into a Teflon-lined
autoclave and maintained at 200 °C for 16 h in the oven. Finally,
the obtained black precipitate was washed with water and ethanol,
centrifuged, and dried at 60 °C for overnight.

For the fabrication of MoS,/NiO, 0.06 g of MoS, was dispersed
in deionized water (DW, 20 mL) under ultrasonication for 15 min.
Then, 0.12 g of NiCl,-6H,0 was dissolved in DW under sonica-
tion. The mixture was transferred into a Teflon-lined stainless steel
autoclave and kept at 120 °C for 2h [14]. Finally, the MoS,/NiO
composite was washed with DW and ethanol, respectively, and dried
at 60°C for overnight. For comparison, the preparation of the pure
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NiO was carried out using the same above method without using
MoS,.

To prepare Au-MoS,/NiO composite, the authors used the chem-
ical reduction method reported by the Atacan study [23]. 50 mg of
MoS,/NiO composite was suspended in 20 mL of DW utilizing a
sonicator for 15 min. Next, 1,250 UL of the gold standard solution
was added into the dispersion and stirred for 30 minutes. 1,250 pL
of NaBH, (0.2 M) as a reduction agent was added into the mix-
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ture. The solution of Au-MoS,/NiO was centrifuged and washed
with, dried at 60 °C. The preparation of Au-MoS,/NiO composite
is illustrated in Scheme 1.
2. Preparation of the Au-MoS,/NiO Modified GCE

GCE (with a geometrical area of 0.071 cm’) was polished with
0.3 um co~alumina powder and sonicated with DW and ethanol,
respectively. Au-MoS,/NiO (3 mg mL™") containing 0.5% Nafion
was dispersed under ultrasonication for 10 min. Au-MoS,/NiO
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(8 uL) was dropped on the clean GCE and dried at room tem-
perature. Different volumes of the nanocomposite were dropped
on GCE such as 3, 5, 8, 10 puL (Supplementary Material, Fig. S1).
The optimal volume of Au-MoS,/NiO nanocomposite coating on
the surface of GCE was found to be 8 pL. This result may be due
to the excessive increase in the amount of Au-MoS,/NiO on the
electrode surface, negatively affecting the electron transfer process
between the sensor and the analyte [24]. The process of fabrica-
tion of Au-MoS,/NiO on GCE is delineated in Scheme 2. In addi-
tion, the modified electrode was denoted as Au-MoS,/NiO/GCE.
Similarly, MoS,/GCE, NiO/GCE, and MoS,/NiO/GCE were fabri-
cated in the aforementioned method. All experiments were con-
cluded by measuring three times. The data were represented as the
averaged value (standard deviation is +3%).
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RESULTS AND DISCUSSION

1. Characterization of Samples

The crystal structure of samples was also analyzed by XRD (Fig.
1(a)). The XRD pattern of NiO depicts peaks at 37.1°, 43.3°, 62.7°,
75.2°, 79.4°, which correspond to (111), (200), (220), (222) and
(311) the crystal planes, respectively (JCPDS no. 04-0835) [25-27].
For MoS,, the observed peaks at 14.1°, 33.2°, 39.4°, and 58.6° are
indexed to (002), (100), (103) and (110) planes of the single-phase
MoS, (JCPDS no. 37-1492) [14]. For MoS,/NiO, the diffraction
peaks represented in Fig. 1(a) evidence the presence of both NiO
and MoS, in the nanocomposite. The XRD pattern of Au-MoS,/
NiO is similar to that of MoS,/NiO, but there are also Au peaks
observed at 44.5° and 64.5° corresponding to the planes (200) and
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Fig. 2. SEM photographs of NiO (a), MoS, (b), MoS,/NiO (c), Au-MoS,/NiO (d) and EDX spectrum (e) of Au-MoS,/NiO.
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(220) in the XRD pattern of Au-MoS,/NiO [28,29]. The detected
diffraction peaks of NiO, MoS,, and Au in the Au-MoS,/NiO nano-
composite prove that the Au-MoS,/NiO has been successfully pre-
pared in Fig. 1(a).

Fig. 1(b) demonstrates the FTIR spectra of the synthesized prod-
ucts. The FTIR spectrum of NiO indicates a strong band at 429
cm™' corresponding to the vibration of the Ni-O bond [30-32],
but the absorption bond between 497 and 677 cm™" is associated
to Ni-O-H stretching bond [30,32]. The peak at about 564 cm™

for MoS, was assigned to Mo-S vibration [33]. The peaks between
730 cm ™' and 900 cm ™" are attributable to the stretching vibrations
of Mo-O. Also, the peaks at 1,115cm™ and 1,030 cm™ correspond
to the bending vibrations of O=S=0 and S-O-S, respectively [34].
In the case of the MoS,/NiO and Au-MoS,/NiO, the prominent
peak at 1,043 cm™" belongs to S-O stretching, and a peak at about
600 cm™" confirms the presence of metal-oxygen bond in these com-
posites. The characteristic peaks of the Au-MoS,/NiO composites
are consistent with that of MoS,/NiO.
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Fig. 2 depicts the SEM photos of NiO (a), MoS, (b), MoS,/NiO
(c) and Au-MoS,/NiO (d). As shown in Fig. 2(a), NiO exhibits the
structure of flake and wrinkle morphology. The image of MoS,
illustrates the nanosheet-like structure in Fig. 2(b). Fig. 2(c) shows
the SEM image of MoS,/NiO, both MoS,/NiO in which NiO
nanoparticles are incorporated into the nanocomposite and also
shows that MoS,/NiO has a wrinkled structure, possibly caused by
hydrothermal processing [14,35,36]. Au nanoparticles are doped
only to a minor extent on MoS,/NiO binary nanocomposite in Fig.
2(d). EDX was carried out showing the elemental composition of
Au-MoS,/NiO (Fig. 2(e)), which verified the presence of Ni, O,
Mo, S, and Au without any other impurities. Also, the weight and
atomic percentages of all elements were described at the table of
elemental compositions of Au-MoS,/NiO in Fig. 2(e) inset. Thus, the
results prove the formation of the Au-MoS,/NiO nanocomposite.

The surface element composition and chemical state of the Au-
MoS,/NiO nanocomposite were studied by X-ray photoelectron
spectroscopy (XPS). As represented in Fig. 3(a), the XPS survey
spectrum supplies the existence of Ni, O, Mo, S, and Au elements
in the nanocomposite. In Fig. 3(b), two main peaks at 8559V and
873.8 eV were attributed to Ni 2p,, and Ni 2p, ,, respectively, and
their corresponding satellite/shoulder peaks were observed at 862.1

2177

eV and 881.1eV [37]. The observed two peaks at 530.4 eV and
531.6 eV can be assigned to the lattice oxygen of NiO and the ad-
sorbed hydroxyl group on the surface of NiO, respectively in Fig.
3(c) [38]. Fig. 3(d) specifies the XPS spectrum of Mo 3d. The peaks
at 2284 eV (Mo 3ds,) and 231.6 eV (Mo 3ds;,) correspond to the
Mo(IV), while the peak at 236.1 eV is ascribed to Mo(VI), owing
to partial oxidation of Mo(IV). Additionally, the peak at 225.6 eV
depicts S ions [38]. S 2p spectrum (Fig. 3(e)) depicts that two peaks
at 161.1 and 1624 eV correspond to S 2p,;, in MoS,, respectively
[39]. The peak at 168.2 corresponds to SO; /SO3 , which is formed
by the oxidation of sulfur throughout the hydrothermal process
[39]. From Fig. 3(f), it can be observed that the Au 4f region indi-
cates obvious peaks at 87.14 and 83.4 eV, ascribed to 4f;, and 4f,,
of Au’. Furthermore, two peaks at 88.6 and 84.3eV could be
assigned to 4f;;, and 4f;, of Au’, respectively [40]. The XPS analy-
sis reveals that Au-MoS,/NiO nanocomposite has been success-
fully produced in this process.
2. Electrochemical Measurements of All Modified GCEs
Electrochemical impedance spectroscopy (EIS) is a strong tech-
nique for the electrode modification process. The Nyquist plots for
GCE, NiO/GCE, MoS,/GCE, MoS,/NiO/GCE, Au-MoS,/NiO/GCE,
and the equivalent circuit utilized to comply with the acquired EIS
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Fig. 4. (a) Nyquist diagrams of EIS in 0.1 M KCl containing K;,Fe(CN), for GCE and all modified GCE (AC frequency range: 0.01 Hz to
1,000 Hz; AC amplitude: 5.0 mV). Inset: The Randles equivalent circuit model, where the parameters such as R, R, C and W symbol-
ize the solution resistance, the electron transfer resistance, the constant phase element corresponding to the double-layer capacitance
and the Warburg constant, respectively, (b) CV curves in 0.1 M KClI containing K, Fe(CN), at scan rate 50mV s for GCE and all
modified GCE, (c) CV curves in the presence of 1 mM AA in 0.1 M phosphate buffer (pH=7) at scan rate 50mV s and (d) CV
curves in the absence of AA in 0.1 M phosphate buffer (pH=7) at scan rate 50 mV s ' for GCE and all modified GCE.
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result are displayed in Fig. 4(a) and Fig. 4(a) inset, respectively.
The experiments were performed in 0.1-1,000 Hz frequency range
and at 0.005 V amplitude. The semicircle diameter found in Nyquist
plots is equal to the electron transfer resistance (Rct), checking the
electron transfer properties of the redox probe on the electrode sur-
face [41]. From Nyquist plots from the diameter of the semicir-
cles, it was found that the Au-MoS,/NiO/GCE (152 Q) has a low
Ret compared to GCE (1,420 ©2), NiO/GCE (805 €2), MoS,/GCE
(580 Q) and MoS,/NiO/GCE (329 Q). Rct was found that it is
lower because Au nanoparticles have both good conductivity and
a large surface area on the GCE surface [16]. The EIS results con-
firmed that the conductivity of the nanocomposite was boosted
owing to available affirmative interactions between Au-MoS,/NiO/
GCE and the electrolyte.

Fig. 4(b) indicates CV curves of GCE, NiO/GCE, MoS,/GCE,
MoS,/NiO/GCE, and Au-MoS,/NiO/GCE in 0.1 M KCI contain-
ing [Fe(CN)s]"™* at scan rate 50mV s, As illustrated in Fig, 4(b),
Au-MoS,/NiO/GCE indicates the largest peak current values, indi-
cating greater conductivity than GCE, NiO/GCE, MoS,/GCE and
MoS,/NiO/GCE. Well-defined redox peaks for [Fe(CN),*"*, the
couple is clearly observed on all the modified electrodes. The low-
est redox peak is sighted on the CV curve of NiO/GCE, depicting
weaker conductivity than the other modified electrodes. More-
over, the electrochemical surface areas of all modified electrodes
were calculated using Randles-Sevcik equation (Eq. (1)) [24,42].

L,=(2.69x10°)n"’AC'D"»'"* (1)

where I, represents the redox peak current (LA); n is the number
of electrons transferred in the redox reaction; D belongs to the dif-
fusion coefficient in solution (K;,Fe(CN)=7.6x10"° cm® s '); A is
the effective surface area of the electrode in cm? C' is the concen-
tration of K;,,Fe(CN), in mol cm™ which is 0.1; v is the scan rate
(50mV s™7). The effective surface areas of modified electrodes were
calculated from the slope of the I, versus 0'”* plot. The electroac-
tive surface area of Au-MoS,/NiO/GCE was computed as 0.3518

cm’ in comparison with GCE (0.071 cm®), indicating the highest
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value than the other modified electrodes. After Au nanoparticles
were modified, the anodic and cathodic currents were stronger
than before, owing to the relatively poor conductivity of NiO or
MoS, [43]. The electroactive surface areas of MoS,/NiO/GCE, MoS,/
GCE, and NiO/GCE were estimated to be 0.2905 cm’, 0.2840 cm’,
and 0.2646 cm’, respectively. This result can be estimated as high
dispersion of NiO nanoparticles on MoS, nanosheets increasing
the active sites [43]. These results indicate that Au-MoS,/NiO/GCE
has an extensive surface area on the bare GCE surface [44]. It is
compatible with, and further verifies, the result found from EIS tests.

Fig. 4(c) represents the CVs of GCE, NiO/GCE, MoS,/GCE,
MoS,/NiO/GCE, and Au-MoS,/NiO/GCE in 0.1 M phosphate buf-
fer (pH=7) in the existence of 1 mM AA. Compared to the other
modified GCE, Au-MoS,/NiO/GCE exhibited the highest peak
current, which represented Aus contribution because of its superb
electrical conductivity, large surface area, and more electroactive
interaction sites [16,44]. Fig. 4(d) depicts the CVs of GCE, NiO/
GCE, MoS,/GCE, MoS,/NiO/GCE, and Au-MoS,/NiO/GCE in
0.1 M phosphate buffer (pH=7) in the absence of AA. Au-MoS,/
NiO/GCE had the highest current, but no oxidation peak was
sighted due to the absence of AA. If we look at the data in both
the presence and absence of AA, the results demonstrate that the
Au-MoS,/NiO/GCE possesses a high current for the detection of
AA compared with the other modified GCEs.

For electrochemical behavior, the scan rate and pH effect of AA
on Au-MoS,/NiO/GCE were studied in the range from —0.2V to
1.2V using the CV method. The scan rate effect of the Au-MoS,/
NiO/GCE toward the oxidation of 1 mM AA in 0.1 M phosphate
buffer (pH=7) was analyzed at the variation of scan rates (20.0-
3000mV s™') in Fig. 5(a). The plot of anodic peak currents against
square root of scan rates (U'?) is depicted in Fig. 5(a) inset. The
results indicate that the peak current increased with increasing
scan rate. This result indicates that the oxidation of AA is a diffu-
sion-controlled electrochemical process on the Au-MoS,/NiO/GCE
[11,45]. The fitting equation was calculated as I,,=1.3541x0"*~
6.9641 (R*=0.9981). Fig. 5(b) displays the evaluation of Au-MoS,/
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Fig. 5. (a) CV curves of Au-MoS,/NiO/GCE in 0.1 M phosphate buffer (pH=7) containing 1 mM AA at different scan rates (20, 40, 50, 60, 80,
100, 120, 150, 180, 200, 240, 280, 300 mV s ') Inset: The plot of anodic peak currents against square root of scan rates, (b) CV curves
of Au-MoS,/NiO/GCE in 0.1 M buffer containing 1 mM AA at different pH (5, 6, 7,8, 9) at scan rate 50mV s . Inset: The plot of

anodic peak currents against pH.
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NiO/GCE for AA detection in 0.1 M phosphate buffer at scan rate
50mV s at different pHs. The effect of pH value was essential for
modified electrode materials to display great pH stability pending
detection. Fig. 5(b) inset illustrates the peak currents of pH solu-
tions, and 0.1 M phosphate buffer pH 7 was chosen as electrolyte
solution in this experiment with the highest current response. In
similar studies, pH 7 was found suitable for ascorbic acid detec-
tion [3,46]. The peak current intensity boosted with the pH value
changing from 5 to 7 and started to reduce from 7 to 9. The oxi-
dation peak potential shift in the potential direction and the change
in the current with the pH increase indicate the participation of
protons during the oxidation of AA at the electrode surface [4]. It
can be deduced that the oxidation of AA was performed by the
mechanism given below on electrode and chemical reactions (Egs.
(2) and (3)) [447].
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3. Analytical Performance of the Au-MoS,/NiO Composite
Modified GCE for Ascorbic Acid

Differential pulse voltammetry (DPV) is an important technique
used in biosensors because of the main advantage of the low capaci-
tive current, which can develop the sensitivity of the voltammetric
procedure. So, the DPV technique has preferred the detection of
AA. Fig. 6(a) shows the DPV current responses of the Au-MoS,/
NiO/GCE for AA at diverse concentrations (2-50 uM) in 0.1 M
phosphate buffer (pH=7). With the increase in AA concentration,
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the peak potential of AA shifts to the right, indicating that pro-
tons have participated in the electrode reaction process of AA [48,
49]. Fig. 6(b) demonstrates the corresponding calibration curve
plotted from DPV response data. Fig. 6(b) inset depicts that the
calibration curve of the Au-MoS,/NiO/GCE sensor trails a hyper-
bolic trend at high AA concentration [50]. The first linear regression
equation of current response vs. AA concentration was I (—-mA)=
—0.1579 Ciuay (MM)—3.689 (R*=0.9946), corresponding sensitivity
was 2.23 pA pM ™' cm™ from 2 puM to 10 uM. The second linear
regression equation of current response vs. AA concentration was
I (—pA)=—0.084 C4) (UM)—5.758 (R*=0.9560) is from 12 uM to
50 uM. The calibration graph shows a good linear relationship be-
tween the concentrations of the AA and oxidation currents from 2
to 50 uM with a linear correlation coefficient of R*=0.9946.The
detection limit was determined by considering the equation gener-
ally utilized for electrochemical sensors (LOD=307S, where o is
the standard deviation of the ten parallel blank signals and S is the
sensitivity of the calibration curve) [24,42,51]. The produced sen-
sor demonstrated a linear detection range from 2 uM to 50 pM,
with an LOD of 0.13 M.

The analytical performance of the presented Au-MoS,/NiO/GCE
electrochemical sensor was also compared with the previous sen-
sors based on AA determination in Table 1. In particular, compared
to the AA sensors based on NiO and MoS, in Table 1 [11,18,52],
the LOD value of this study was found to be quite low;, which can
be explained by synthesizing an excellent nanocomposite mate-
rial, and the modification on GCE was created very well. This low
detection limit is significant for detecting of low amounts of AA in
some real samples [50]. According to Table 1, it can be seen that
the modified electrode has superiorities in detection limit.

4. Studies of the Sensor Reproducibility, Stability and Inter-
ference

To investigate the reproducibility of the Au-MoS,/NiO/GCE,
the current responses of AA were studied using five electrodes under
the same circumstances performed with comparing the DPV peak
signals of 50 uM AA in 0.1 M phosphate buffer, pH 7.0 (Supple-
mentary Material, Fig. S2). The result demonstrates that the rela-
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Fig. 6. (a) DPV curves of different concentrations (2-50 uM) of AA at the Au-MoS,/NiO/GCE immersed in 0.1 M phosphate buffer (pH=7),
(b) Calibration curve of DPV current at the Au-MoS,/NiO/GCE as a function of AA concentration (Error bars represent triple evalua-

tions of standard deviation calculation, n=3).
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Table 1. Comparison of the Au-MoS,/NiO/GCE with the different studies of AA detection

Technique Linear ranges (M) LOD (uM) References
MLN/Ag-GCE Amperometry 30-1,000 15 [2]
Molybdophosphate/ GCE Amperometry 1-1,500 0.04 [5]
MoS,/f-MWCNTs/ZnO Amperometry 10-100 0.24 [11]
NiO/graphene modified graphite electrode Amperometry 1-100 0.1 (18]
(Au/Ag/Pd)NPs/EPGrO/GCE DPV 5-650 1.65 [45]
Nitrogen-doped reduced graphene oxide (N-rGO) DPV 100-4,000 9.6 [51]
Hierarchical NiO/ITO DPV 25-800 1.127 [52]
Mesoporous CuCo,0,/GCE Amperometry 1-1,000 0.21 [53]
GQDs/IL-SPCE DpPV 25-400 6.64 [54]
GCE/Bi DPV 10-70 0.697 [55]
Ti-C-Tx/GCE DPV 100-1,000 4.64 [56]
Au-MoS,/NiO/GCE DPV 2-50 0.13 This study
Table 2. The recovery results of AA determination in Vitamin C tablet (n=3)
Sample Added (uM) Found (uM) RSD (%) Recovery (%)
0 - - -
10 11.04 4.07 110.49
Vitamin C tablet 20 16.57 3.77 82.87
30 30.93 2.83 103.13
40 39.77 244 99.44
tive standard deviation (RSD) of the Au-MoS,/NiO/GCE sensor CONCLUSION

was estimated to be 2.9%. This demonstrates the impeccable repro-
ducibility of the modified electrode. For the stability of the Au-
MoS,/NiO/GCE, Au-MoS,/NiO/GCE was stored at 4 °C for four
weeks. After one month of storage time, the sensor retained 82.7%
of its primary response, representing good long-term stability (Sup-
plementary Material, Fig. S3). The selectivity of the prepared Au-
MoS,/NiO/GCE was tested with the DPV response in the existence
of various interfering reagents such as oxalic acid (OA), glucose (G),
cysteine (C), and urea (U) (Supplementary Material, Fig. S4). Also,
the selectivity of the Au-MoS,/NiO/GCE toward AA was studied
by calculating the peak current. The produced current responses
were not significantly affected by the added interfering species.
The above results show that Au-MoS2/NiO/GCE has remarkable
selectivity, reproducibility, and superb stability for AA detection.
5. Application in Vitamin C Tablets as a Real Sample

The feasibility of the developed Au-MoS,/NiO/GCE sensor for
convenient application was appraised by detecting the AA concen-
tration in Vitamin C tablets Vitamin C tablets (1,000 mg/tablet) uti-
lized for the determination of AA were supplied from a local phar-
macy. A vitamin C tablet was dissolved with 125 mL of deionized
water. Subsequently; 20 pL of this solution was diluted 10 mL within
0.1 M phosphate buffer (pH=7.0), and AA was detected by the
standard addition technique [12]. Recovery of AA was studied by
the addition of five diverse concentrations of AA (10, 20, 30, and
40 uM) in Vitamin C tablet (Supplementary Material, Fig. S5). The
recovery of the Vitamin C tablet was found in the range of 82.87-
110.49% (Table 2). The obtained results showed that the applica-
tion of the improved method was successfully implemented for
the detection of AA in pharmaceutical and biological products.

August, 2022

Au-MoS,/NiO/GCE indicates high electrocatalytic activity towards
the oxidation of AA. This Au-MoS,/NiO/GCE represents a much
better electrocatalytic response for AA, with linearity from 2 to
50 uM and an LOD of 0.13 puM. It can be clearly concluded that
the Au-MoS,/NiO/GCE exhibited remarkable reproductivity and
excellent stability, which could be related to the large surface area
and high electrical conductivity of Au nanoparticles. In addition,
the Au-MoS,/NiO/GCE was successfully applied for the detection
of AA in Vitamin C tablets. Also, the compositions of composites
consisting of nanoparticles have major importance for developing
the activity of nonenzymatic electrochemical sensors in the future.
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Reagents and Apparatus

Ammonium molybdate tetrahydrate (NH,)sMo,0,,, 99%), thi-
ourea (CH,N,S, 99%), nickel(I) chloride hexahydrate (NiCL-6H,0,
97%), gold standard solution (1,000 ppm), sodium borohydride
(NaBH,, >96%) and ethanol (>99.2%) were obtained from Merck
(Germany). NaH,PO, and Na,HPO, were provided from Sigma-
Aldrich (USA). For the aqueous solutions, deionized water (Water
Pro BT purification system, Labconco) was used.

All the prepared samples were confirmed by X-ray diffraction
(XRD) pattern with PAN-alytical Empyrean diffractometer using
Cu Ke irradiation (1=0.1542 nm) at 60kV. Fourier transform infra-
red (FTIR) spectra of all samples were obtained from a Perkin Elmer
FTIR Spectrometer (Spectrum Two) with the transmission mode.
The morphological characterization of all samples were performed
on the scanning electron microscope (SEM, ZEISS SIGMA 300).
Electrochemical impedance spectroscopy (EIS) was acquired on a
CHI 660C electrochemical workstation (CH Instruments, USA)
in 0.1 M KCl containing K;/,Fe(CN), for all modified GCE with
AC frequency range from 0.01 Hz to 1,000 Hz. All electrochemical
measurements were carried out using an electrochemical worksta-
tion (CHI 660C model potentiostat,) connected to a computer with

modified glassy carbon electrodes as the working electrode, an Ag/
AgCl (1 M KCl) as reference electrode and a platinum (Pt) wire as
counter electrode, respectively. All experiments were performed at
room temperature.
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Fig. S1. DPVs of Au-MoS,/NiO/GCE fabricated with various vol-
umes (3, 5, 8 and 10 pL) of the composite for the detection
of 50 uM AA in 0.1 M phosphate buffer (pH 7.0).

Current (nA)

0.1 02 03 0.4
Potential/V vs.(Ag/AgCl)

(b)

(1) (2) (3) (4) (5)
Electrode number

Fig. S2. (a) Reproducibility of five different electrodes by measuring the response to 50 UM AA in 0.1 M phosphate buffer (pH 7.0) by con-
ducting the DPV technique (b) Column graph of DPV signals of AA recorded at Au-MoS,/NiO/GCE at five different electrode pre-

pared under the same conditions.
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Fig. S3. Stability of Au-MoS,/NiO/GCE at 4 °C for a period time of four weeks.
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Fig. S4. (a) The interference studies with the DPV response in 0.1 M phosphate buffer (pH 7.0) (b) Column graph of DPV signals of
recorded at Au-MoS,/NiO/GCE in 0.1 M phosphate buffer (pH 7.0) containing 50 uM AA; the mixture of 50 uM AA and 100 uM
OA; the mixture of 50 UM AA, 100 tM OA and 100 M G; the mixture of 50 UM AA, 100 uM OA, 100 uM G and 100 uM GC; the
mixture of 50 uM AA, 100 uM OA, 100 uM G, 100 tM C and 100 uM U.
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Fig. S5. (a) DPV responses of Au-MoS,/NiO/GCE in diluted 20 L of Vitamin C tablet within 0.1 M phosphate buffer (pH=7.0) by the addi-
tion of five diverse concentrations of AA (0, 10, 20, 30, and 40 tM) and (b) Determination of AA in Vitamin C tablet by using the
equation derived from the calibration curve.



