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Abstract: A novel concept was successfully evaluated for the electrochemical quantitative analysis of
zinc oxide nanoparticles originally in aqueous suspension. An aliquot of the suspension was first
placed on the working area of a graphite screen-printed electrode and the water was evaporated
to form a dry deposit of ZnO nanoparticles. Deposition of ZnO nanoparticles on the electrode was
confirmed by energy-dispersive X-ray spectroscopy. A probe solution containing KCl and sodium
metabisulfite was added on top of the deposit for electrochemical analysis by cyclic voltammetry.
The anodic peak current (Ipa) for metabisulfite, measured at +1.2 V vs. Ag/AgCl, afforded a lower
detection limit of 3 µg and exhibited a linear dependence on the mass of deposited ZnO nanoparticles
up to 15 µg. Further, the current increased nonlinearly until it reached a saturation level beyond 60 µg
of ZnO nanoparticles. The diffusion coefficient of metabisulfite anions through the electrical double
layer was determined to be 4.16 × 10−5 cm2/s. Apparently the surface reactivity of ZnO originated
from the oxide anion rather than the superoxide anion or the hydroxyl radical. Enhancement of the
metabisulfite oxidation peak current can be developed into a sensitive method for the quantitation of
ZnO nanoparticles.

Keywords: cyclic voltammetry; electrochemical analysis; nanoparticles; sodium metabisulfite; surface
reactivity; zinc oxide

1. Introduction

Transition metal oxide nanoparticles are produced in large quantities for the manufac-
turing of many consumer and industrial goods. The band gap and electronic structure of
these oxides can be controlled by their nanoparticle size, resulting in wide applications for
microelectronics, energy storage, and electrochemical sensors due to their tunable chemical
and physical properties [1,2]. Among transition metals, zinc oxide (ZnO) nanoparticles are
applied in a variety of antibacterial materials, biosensors, catalysts, paints, personal care
products, pharmaceuticals, photodynamic therapy, sunscreens and supercapacitors [3–11].
ZnO also exhibits high charge carrier mobilities for solar water splitting [12] and can be
an active catalyst for water oxidation reaction to generate H2O2 [13]. Applications of ZnO
extend to photoelectrochemical water splitting and microwave absorption, considering
its photoactivity and dielectric properties [14,15]. Irradiation of ZnO aqueous suspension
by UV light enhances the photocatalytic generation of hydroxyl radicals in water [16,17].
Interestingly, ZnO can be reduced within the nanoparticles when in direct contact with
an electrode [18]. As an alternative to chemical preparation, green synthesis and physi-
cal methods [19,20], microorganisms have recently emerged in the biosynthesis of ZnO
nanoparticles due to their low cost and ecofriendly nature [21]. A previous assay using
1,1-diphenyl-2-picrylhydrazyl (DPPH) indicated that ZnO nanoparticles have oxidant ac-
tivity with an IC50 value of 128 µg/mL [22]. These nanoparticles can produce reactive
oxygen species (ROS), and the oxidation capacity towards γ-L-glutamyl-L-cysteinyl-glycine
(GSH) oxidation stress accounts for their antimicrobial behavior [23]. The toxicity of ZnO
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nanoparticles may be attributed to their dissolution in water to produce Zn2+ ions. The gen-
eration of ROS causes oxidative stress in biological cells and induces cytotoxicity in cancer
cells [24], depending on their size and shape [25–27]. The accumulation of ZnO nanopar-
ticles in biological cells can alter cellular membranes [28] and bring about undesirable
antitumor activity [29].

Zinc oxide is an essential chemical in the rubber and pharmaceutical industries.
At the nanoscale, zinc oxide has shown antimicrobial properties which make it potentially
excellent for application to water disinfection [30]. Due to the toxicity of ZnO nanoparticles
to environmental organisms, the development of analytical methods that can determine
the residual concentration of ZnO nanoparticles in water samples after membrane filtra-
tion is needed to meet the increasing demand. Several instrumental methods of analysis
are found to be useful for the quantitation of nanoparticles, including single particle in-
ductively coupled plasma mass spectrometry (SP-ICP-MS) [31], cloud point extraction
ICP-MS [32], energy dispersive X-ray spectroscopy [33,34], electrochemical impedance
spectroscopy [35–37], nonlinear optical spectroscopy, transmission electron microscopy
(TEM) and UV-visible absorption spectroscopy [38]. Electrochemical analysis can detect
and quantify nanoparticles, based on the measurement of Faradaic charge transfer when
nanoparticles were reduced or oxidized by a microelectrode [39]. Cyclic voltammetry
(CV) is a major electrochemical technique that is commonly used for analyzing redox
chemistry in industrial and research settings. It has recently been applied to investigate
the antioxidant activity of polyphenols in wine [40] and assess the antioxidant capacity
of biological samples [41] that was traditionally measured by enzymatic biochemical and
biological tests [42].

Sodium metabisulfite (Na2S2O5) is an inorganic salt of sulfurous acid that dissolves in
water to form sodium, bisulfite and sulfite ions: Na2S2O5 + H2 O = 2Na+ + 2HSO3

− and
HSO3

− = H+ + SO3
2− [43]. When oxygen is present, bisulfite anions are converted to sulfate

anions: 2HSO3
− + O2 = 2H+ + 2SO4

2−. The salt is commonly used as an antioxidant agent in
a variety of pharmaceutical formulations and dental base materials [44–46], cosmetics and
personal care products [47,48], cookies and crackers [49], reverse osmosis systems [50], food
packaging films [51] and aluminum alloys [52]. A glassy carbon electrode was modified
with a porphyrin complex film for the analysis of sodium metabisulfite in pharmaceuticals.
A unique anodic peak at 0.5 V was attributed to the oxidation of sulfite to sulfate [53].
The influence of metabisulfite on the platinum electrode had previously been analyzed
by CV. An anodic peak was observed in the region −0.6 V to −0.3 V vs. SCE in the anodic
potential direction and a corresponding cathodic peak in the region −0.5 V to −0.8 V when
the scan was reverted in the cathodic direction. Those peaks could be ascribed to the
hydrogen adsorption/desorption reactions [54]. Cyclic voltammetry, linear sweep voltam-
metry and differential pulse voltammetry were used to investigate the electrochemical
performance of an Au/F-rGO sensor for the quantification of sodium metabisulfite [55].
In this research work, a new electrochemical method was developed to attain simple and
cost-effective quantitative analysis of ZnO nanoparticles in aqueous suspension for envi-
ronmental science and engineering applications. The general detection principle involves
the pre-deposition of the ZnO nanoparticles from an aliquot (150 µL) of water sample on
a graphite screen printed electrode (SPE) by overnight evaporation at room temperature
in a controlled environment. A test solution containing KCl and sodium metabisulfite
was added on top of the deposit for analysis by CV. Sodium metabisulfite was used as
a redox probe with unique electrochemical behavior for sensitivity enhancement in the
quantitative analysis of ZnO nanoparticles. The anodic peak current (Ipa) for metabisulfite
was measured at +1.2 V vs. Ag/AgCl to establish a linear relationship with the mass of
deposited ZnO nanoparticles.
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2. Materials and Method
2.1. Materials

Zinc oxide nanoparticles (<50 nm, >97%), sodium metabisulfite, potassium chloride,
L-glutathione, potassium ferricyanide and ascorbic acid were purchased from Sigma-
Aldrich (Oakville, ON, Canada).

2.2. Electrochemical Analysis

An electrochemical analyzer (Homiangz µEA160C, Longman, CO, USA) was used for
all electrochemical analysis by cyclic voltammetry (CV). Specific experimental parameters
were: initial potential: 0.0 V, high potential: 1.4 V, low potential: 0.0 V, scan rate: 0.1 V/s,
scan initial direction: positive, segments: 2, sample interval: 0.001 V, quiescent time: 2 s,
and sensitivity: 10 mA. Measurements were carried out using Zensor TE100 screen printed
electrodes (SPE) produced by EDAQ (Colorado Springs, CO, USA) with a graphitic working
electrode, a graphitic auxiliary electrode, and an Ag/AgCl pellet reference electrode. Every
aqueous suspension of ZnO nanoparticles was homogenized with an ultrasonic probe
operating at 100 Watts for 1 min before CV analysis at 25 ◦C.

2.3. Sample Preparation

Standard aqueous suspensions of ZnO nanoparticles (22–860 µg/mL) were freshly
prepared to avoid suspension stability problems, by serial dilution of a stock with ultrasonic
homogenization, before CV analysis [56]. An aliquot (150 µL) was dispensed on each SPE
and allowed to evaporate at room temperature overnight in a controlled environment.
A solution of Na2S2O5 (0.003 or 0.010 M), glutathione (0.003 M) or ascorbic acid (0.090 M)
in KCl (1.0 M) was then added on top as the sample for CV analysis to measure the
anodic oxidation peak current. Nanomaterials had previously been analyzed by CV in
1.0 M KCl solution [57,58].

2.4. Scanning Electron Microscopy

Scanning electron microscopy (SEM) imaging of SPEs, without and with a deposit of ZnO
nanoparticles, was performed on a TESCAN Vega II XMU system (Brno, Czech Republic).
An INCA X-Act detector (10 mm2) from Oxford Instruments (Bucks, UK) was attached for
elemental analysis of the SPEs by energy dispersive X-ray (EDX) spectroscopy.

3. Results and Discussion

Oxidation of sodium metabisulfite directly by ZnO nanoparticles in aqueous suspen-
sion was tested first. As shown in Figure 1, the metabisulfite oxidation peak currents were
observed to decrease with increasing ZnO nanoparticle concentrations up to 0.4 mg/mL.
This steep downward trend indicates either adsorption of metabisulfite by the nanoparticles
before CV analysis of each suspension. For nanoparticle concentrations above 0.4 mg/mL,
the peak currents reverted to a gentle upward trend probably due to the agglomeration
of ZnO nanoparticles and hence the reduction of available surface area for metabisulfite
adsorption. The trend observed in the first test was confirmed by repeating the CV anal-
ysis with freshly prepared suspensions in the second test. The aggregation of spherical
ZnO nanoparticles exhibits a strong dependence on the ionic strength of the solution; the
critical coagulation concentration increases significantly as the pH goes away from the
point of zero charge [59]. Due to various interactions between nanoparticles of different
surface morphologies and size distributions, further experiments will be needed to gain
further insight for a better understanding of the challenges with the quantitative analysis
of nanoparticles in aqueous suspension.

The oxidation peak currents for metabisulfite were compared with those obtained
for ascorbic acid, one of the standard antioxidants that are capable of terminating a chain
oxidation reaction by eliminating free radical intermediates. They act as antioxidants by
being oxidized, hence antioxidants can be considered as reducing agents [60]. However,
unlike metabisulfite, the ascorbic acid oxidation peak currents did not change significantly
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with increasing ZnO nanoparticle concentrations up to 0.75 mg/mL. These results suggest
that ascorbic acid, albeit well known to be an antioxidant providing protection against
oxidative stress-induced cellular damage by scavenging of ROS, does not react quickly
with ZnO nanoparticles in an aqueous suspension during a contact time of 5 min.

Figure 1. Cyclic voltammetric measurement results of metabisulfite and ascorbic acid (0.003 M
in 1.0 M KCl) oxidation peak currents vs. concentration of ZnO nanoparticles dispersed in
sample solution.

The difference in oxidation peak currents between ZnO nanoparticles in suspension
and ZnO nanoparticles deposited on the SPE was studied by CV for metabisulfite and AA
solutions. For sodium metabisulfite in Figure 2, its oxidation peak current obtained with
ZnO deposited on the SPE was significantly higher than that obtained with ZnO suspended
in the KCl electrolyte. On the contrary, Figure S1 (Supplementary Materials) shows that
for a 0.003 M AA solution, the voltammograms obtained with ZnO in suspension and
deposited on the SPE did not result in a big difference of oxidation peak currents (measured
at their respective peak potentials).

The difference in oxidation peak currents between SPEs with and without ZnO
nanoparticles (115 µg) deposited was also studied by CV. As shown in Figure S2, the
ZnO deposit produced a strong oxidation peak current for metabisulfite at 1.2 V, with little
overlap with the oxidation peak current of water molecules at 1.4 V. Energy dispersive
X-ray spectroscopy (EDX) analysis in Figure 3 verifies the deposition of ZnO nanoparticles
on the SPE, for comparison with a blank electrode that does not show any deposit of
Zn nanoparticles.

Next, SPEs deposited with different amounts of ZnO nanoparticles were tested using
potassium ferricyanide solution (0.006 M in 1.0 M KCl) as a negative control. The results in
Figure S3 show nearly constant ferrocyanide oxidation peak currents (mean = 3.5 × 10−5 A)
that did not increase with increasing amounts of deposited nanoparticles. As presented
in Figure 4, the Zn element % by weight on each SPE measured by EDX verifies that
there were ZnO nanoparticles deposited on all the SPEs to exhibit a direct proportional
relationship. These two trends suggest that the electrode surface was fully covered by as
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little as 13 µg of nanoparticles and more nanoparticles did not increase the effective surface
area for ferrocyanide oxidation. Obviously, potassium ferricyanide cannot be used as a
sensitive probe to facilitate CV detection or quantification of ZnO nanoparticles deposited
by drying an unknown suspension on the SPE.

In stark contrast to potassium ferricyanide, sodium metabisulfite was demonstrated
to be a sensitive probe for CV quantification of ZnO nanoparticles when a strong peak
current (2.1× 10−4 A) was obtained for 0.006 M sodium bisulfite. By measuring the HSO3

−

oxidation peak current from each first scan for different Na2S2O5 concentrations, a linear
relationship was observed between the two variables as shown in Figure S4. This finding
suggested that any concentration of Na2S2O5 within the range studied could provide a good
probe and no optimization would be necessary except for the possible increase of analytical
sensitivity. All SPEs had the same mass (either 60 µg or 115 µg) of ZnO nanoparticles
deposited on the SPEs. These two masses were selected out of a broad range that would be
required later to determine the linear dynamic range of this new method. Without ZnO
nanoparticles, no oxidation peak was observed for metabisulfite. Interestingly, there was
not much difference between the metabisulfite oxidation peak currents obtained with either
mass of ZnO nanoparticles. One plausible explanation is that as the ZnO nanoparticles
deposited on an SPE became larger than the monolayer amount, the SPE were fully covered
by ZnO to give the maximum possible oxidation peak current.

Figure 2. Cyclic voltammograms of sodium metabisulfite (0.003 M in 1.0 M KCl) on graphite
electrode with ZnO nanoparticles in suspension (0.21 mg/mL) versus ZnO nanoparticles deposited
on graphite electrode (150 µL of 0.21 mg/mL). Einitial = 0.0 V, Efinal = 1.4 V, scan rate = 0.10 V/s, scan
direction = positive.

It has been shown above (in Figure 3) that a deposit of ZnO nanoparticles on the SPE
produced a strong oxidation peak current for sodium metabisulfite. Further investigation
revealed that, for any given metabisulfite concentration, there was a dependency between
the oxidation peak current (measured at +1.2 V vs. Ag/AgCl) and the mass of ZnO nanopar-
ticles deposited on SPE, as exemplified by 0.003 M and 0.01 M shown in Figure 5. A nearly
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linear current response was attained from 3 µg up to 15 µg of ZnO nanoparticles for 0.01 M
metabisulfite. The lower detection limit of 3 µg is adequate for wastewater treatment
analysis. This novel electrochemical oxidation method is conceptually different from our
previous work that was based on surface catalytic activity and charge storage capacity [61].
Larger amounts (than 15 µg) of nanoparticles continued to increase the oxidation current
nonlinearly until it reached a saturated current level at 60 µg of ZnO and beyond. How-
ever, as ZnO is an insulator, the mechanistic process behind these enhancements of the
metabisulfite oxidation peak current was not simply based on the increments of SPE surface
area by the deposited ZnO nanoparticles. It might be related to the oxidation activity of
ZnO nanoparticles as reported previously by Al-Mohaimeed et al. [62].

Figure 3. Cont.
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Figure 3. Energy dispersive X-ray spectroscopy of (a) blank screen-printed electrode, and (b) screen-
printed electrode with a deposit of ZnO nanoparticles.
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Figure 4. Energy dispersive X-ray analysis results of Zn element % by weight vs. mass of ZnO
nanoparticles deposited on graphite electrode.

Figure 5. Cont.
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Figure 5. Cyclic voltammetric measurement results of sodium metabisulfite (0.003 M and 0.010 M
in 1.0 M KCl) oxidation peak currents with (a) 0 to 15 µg and (b) 0 to 140 µg of ZnO nanoparticles
deposited on graphite electrode.

Alternatively, the dissolution of ZnO nanoparticles produces free zinc ions and hy-
droxide ions [63]:

ZnO(s) + H2O 
 Zn2+
(aq) + 2OH−(aq).

However, other than the Pourbaix diagram for ZnO [64], not much scientific literature
can be found to explain how Zn2+ or OH− could enhance the metabisulfite oxidation
peak current. More research efforts will be needed to unravel the mechanistic process by
studying other transition metal oxide nanoparticles.

The oxidation peak potential of sodium metabisulfite, as shown in Figures 6 and 7,
seems to depend both on its concentration and the mass of ZnO nanoparticles deposited on
the SPE, within a variation of ±0.04 V. This dependency can probably be explained by the
impact of sodium metabisulfite concentration on the ionic strength in each sample tested.
Nevertheless, the obtained results for ZnO quantitative determination remained significant
because they were based on the measurement of metabisulfite oxidation peak current.

Changes in the cyclic voltammograms acquired at different scan rates can be used as
diagnostic criteria for the investigation of various electrochemical reaction mechanisms,
even for processes with a complex stoichiometry [65]. The peak current Ip (A) measured
in the forward potential scan, is given (for the case of reversible electron transfer) by
the Randles–Sevcik equation: Ip = (2.69 × 105)n3/2AD1/2Cν1/2, where n is the number of
transferring electrons, A is the surface area of the graphite electrode (cm2), D is the diffusion
coefficient (cm2 s−1), C is the bulk concentration (mol·cm−3), and n is the potential scan
rate (V·s−1). We obtained information regarding the nature of the metabisulfite electrode
process (if it is diffusion or adsorption controlled) by measuring the anodic peak current
(Ipa) at different potential scan rates (ν) from 0.006 to 0.150 V/s. As shown in Figure 8a,
a correlation coefficient of 0.9888 shows that the electron transfer was fast enough to
maintain the equilibrium ratio between the reduced and the oxidized forms of the redox
couple [66]. In Figure 8b, the logarithmic representation of ln(Ipa) versus ln(ν) generates
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a slope parameter that indicates whether the electrode process is diffusion or adsorption
controlled. Indeed, the slope result of 0.5504 indicates a diffusion-controlled process for the
oxidation of metabisulfite rather than one being controlled by adsorption.

Figure 6. (a) Cyclic voltammograms of 0.003 M sodium metabisulfite on graphite electrodes deposited
with different masses of ZnO nanoparticles. (b) Metabisulfite oxidation peak potential vs. mass of
ZnO nanoparticles deposited.
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Figure 7. (a) Cyclic voltammograms of sodium metabisulfite at different concentrations on graphite
electrodes deposited with 60 µg of ZnO nanoparticles. (b) Metasulfite oxidation peak potential
vs. metabisulfite concentration tested.
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Figure 8. (a) Linear dependence of metasulfite oxidation peak current (Ipa) on square root of po-
tential scan rate (ν); (b) dependence of ln(Ipa) on ln(ν). Mass of ZnO nanoparticles deposited on
SPE = 129 µg; metabisulfite concentration in 1.0 M KCl for CV analysis = 0.003 M; potential scan
rate = 0.006 to 0.15 V/s.

Chronoamperometric measurements of sodium metabisulfite at the graphite screen-printed
electrode were carried out by setting the working electrode potential 1.40 V vs. Ag/AgCl for
various concentrations as presented in Figure 9a. The metabisulfite oxidation current
observed for the hydrolysis reaction (S2O5

2− + H2O→ 2HSO3) followed by electrochemical
oxidation: HSO3

− + H2O→ SO4
2− + 2e− + 3H+) under mass transport-limited conditions

can be described by the Cottrell equation with a diffusion coefficient (D) [67]. Experimental
plots of I vs. t−1/2 were drawn, and the best straight-line fittings for different concentrations
of metabisulfite were determined. The slopes of the resulting straight lines were then
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plotted against metabisulfite concentrations in Figure 9b. From the resulting slope and the
Cottrell equation, the value of D was found to be 4.16 × 10−5 cm2 s−1.

Figure 9. (a) Chronoamperograms obtained at graphite screen-printed electrode (0.3 cm diameter,
deposited with 120 µg of ZnO nanoparticles) at 1.0 M KCl for different concentrations of sodium
metabisulfite (from 0.00 to 12.1 mM). Applied potential = 1.40 V vs. Ag/AgCl reference electrode.
(b) Plot of Cottrell equation slopes against sodium metabisulfite concentrations.
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A further comparison was made by measuring the oxidation peak current of ascorbic
acid (0.090 M in 1.0 M KCl) versus the mass of ZnO nanoparticles deposited on SPE. As
shown in Figure S5, the ascorbic acid oxidation peak current did not vary significantly with
increasing mass of ZnO nanoparticles deposited. Such a lack of dependency is in marked
contrast to the metabisulfite peak current presented in Figure 5 above. This difference in
electrochemical oxidation behavior between metabisulfite (a reducing agent) and ascorbic
acid (an antioxidant) suggests that the oxidant activity of ZnO originates from the oxide
anion (reactive towards reducing agents) rather than the superoxide anion or the hydroxyl
radical (reactive towards antioxidants). In the scientific literature, some researchers called
Na2S2O5 an antioxidant and others called it a reducing agent. Here, we are clarifying
it to be a reducing agent. This makes sense because Na2S2O5 is a chemical that donates
electrons, but not a biochemical that generates ROS as free radicals. Free radicals accept
electrons donated by antioxidant, deactivate quickly, and convert to a less-active molecule
by oxidation [68].

Next, 0.003 M L-glutathione in 1 M KCl solution was tested on SPEs deposited with
various amounts of ZnO nanoparticles. As shown in Figure S6, although metabisulfite
and glutathione have the same number of electrons transferred (n = 2), glutathione has
actually a smaller oxidation current signal [69,70]. Similar to the trend presented for
metabisulfite in Figure 5, the oxidation current increased nonlinearly until it reached a
saturation level beyond 60 µg of ZnO. This similarity strongly suggests full coverage of the
SPE by nanoparticles. Larger amounts of ZnO nanoparticles might just pile up on the first
monolayer to increase its oxidation activity.

4. Conclusions

In this research, cyclic voltammetry was used to study the electrochemical oxidation
of sodium metabisulfite by a deposit of ZnO nanoparticles on SPE. The metabisulfite oxida-
tion peak currents increased with increasing mass of ZnO nanoparticles deposited. Based
on the relationship between the metasulfite oxidation peak current and the mass of ZnO
nanoparticles deposited, quantitative electrochemical analysis of ZnO nanoparticles in
aqueous suspension was demonstrated up to a deposition mass of 60 µg. Metabisulfite
proved to be a promising redox probe to determine the concentration of ZnO nanopar-
ticles suspended in water. Our study of metabisulfite oxidation current as a function of
voltammetric scan rate indicated that the electrochemical process on the ZnO-deposited
SPE was probably controlled by both adsorption and diffusion processes. No interference
studies were conducted as the redox probe is selective toward ZnO nanoparticles due to
the favorable interaction between Zn and S. The proposed method can be optimized in
accordance with the target environmental study of interest to analyze various types of
water. Future research and development of chemosensors for ZnO nanoparticles in our
lab would evaluate other reducing agents that can attain a higher mass sensitivity for ZnO
nanoparticles in aqueous suspension. Different electrode materials, supporting electrolytes,
and pH levels can be evaluated to improve the sensing method for better detection limits.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/chemosensors10040145/s1, Figure S1: Cyclic voltammograms of
ascorbic acid (0.003 M in 1.0 M KCl) on graphite electrode with ZnO nanoparticles in suspen-
sion (0.25 mg/mL) versus ZnO nanoparticles deposited on electrode (150 µL of 0.25 mg/mL).
Einitial = 0.0 V, Efinal = 1.4 V, scan rate = 0.10 V/s, scan direction = positive; Figure S2. Cyclic voltam-
mograms of sodium metabisulfite (0.0057 M) for 0 µg and 115 µg of ZnO nanoparticles deposited
on graphite electrode. Einitial = 0.0 V, Efinal = 1.4 V, scan rate = 0.10 V/s, scan direction = positive;
Figure S3. Cyclic voltammetric measurement results of potassium ferricyanide (0.006 M in 1.0 M KCl)
oxidation peak current vs. mass of ZnO nanoparticles deposited on graphite electrode; Figure S4.
Cyclic voltammetric measurement results of oxidation peak current vs. sodium metabisulfite concen-
tration in 1.0 M KCl. Mass of ZnO nanoparticles deposited on graphite electrode = 60 µg or 115 µg;
Figure S5. Cyclic voltammetric measurement results of ascorbic acid (0.003 M in 1.0 M KCl) oxidation
peak current vs. mass of ZnO nanoparticles deposited on graphite electrode; Figure S6. Cyclic

https://www.mdpi.com/article/10.3390/chemosensors10040145/s1
https://www.mdpi.com/article/10.3390/chemosensors10040145/s1
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voltammetric measurement results of glutathione (0.003 M in 1.0 M KCl) oxidation peak current vs.
mass of ZnO nanoparticles deposited on graphite electrode. Each data point represents the average
current measured between 1.19 V and 1.21 V versus Ag/AgCl reference electrode.
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