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Abstract

Polycrystalline Pt electrode was employed to selectively convert nitrite ions (NO3) into useful
nitrogenous compound through electrochemical reduction reaction in neutral medium. According
to adsorptive stripping analysis, the reduction process produced nitric oxide (NO) on the surface
of Pt electrode. The spectroscopic test and gas chromatographic studies discovered the presence
of ammonia (NH3) in the electrolyzed solution, suggesting the transformation of adsorbed NO into
NH3 during the reverse scan. Scan rate dependent investigation was performed to elucidate kinetic
information relating to this reaction on Pt surface. From E, vs scan rate (v) and j, vs v (logarithmic

plot), it was found that the conversion of NO; ion into NO is an irreversible reaction which relies
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on the diffusion of NO; ions to electrode surface. The Tafel analysis unveiled that the first electron
transfer sets the overall reaction rate, having formal reduction potential, £ =—0.46 V and standard
heterogeneous rate constant, X° = 1.07 x 10™2 cm s~ !. Reductive transfer coefficient (a) is another
kinetics parameter, which was found to be approximate 0.77 from the difference between E, and

E,/> of the voltammograms obtained over scan rate range 0.005 V s ! t0 0.250 V 57!

, indicating a
stepwise process. According to temperature-dependent voltammograms, the nitrite reduction
reaction on Pt had a calculated activation energy of about 19.8 kJ mol ! and a pre-exponential

factor of about 8.39 x10° mA cm 2.

Key words: Nitrite, nitric oxide, ammonia, platinum electrode, kinetics, activation energy

1. Introduction

Nitrite ion (NO5) is regarded as a toxic nitrogenous species which is ubiquitous in ecosystem and
is evolved as a stable intermediate from other nitrogenous species used in agriculture, aquaculture,
chemical industries, and pharmaceutical industries [1-3]. Due to excessive use of nitrogenous
compounds in agriculture and aquaculture, the aquatic lives, mainly fish, are exposing to high level
of nitrites which adversely affects fish growth, blood oxygen carrying capacity, molting,
osmoregulation, water balance and causing endocrine disruption [3].

Humans are also directly exposing to nitrite ions by consuming meat and fish that are preserved
with nitrite salts [2]. Drinking of nitrates/nitrites contaminated groundwater is another reason
behind nitrite accumulation in human body [2]. The primary physiological impact of nitrite ions
on people is its role in the conversion of regular Hb to metHb, which cannot carry oxygen to cells
[4-8]. Due to nitrite ion exposure, lack of oxygen supply in tissues becomes evident when the
concentration of metHb hits 10 % of the regular Hb concentration and this condition is known as
methemoglobinemia in clinical terminology. As a result of this blood condition, the color of body
tissues begin to appear blue, which is called cyanosis and acute nitrite exposure often leads to
breathing difficulties, called asphyxia [4—8]. Humans typically have metHb levels of less than 2%,
and babies younger than 3 months typically have levels of less than 3%.[4-8]. It has been

established that nitrite and nitrosatable substances in the human stomach can combine to create N-



nitroso compounds. Even though some of the most readily formed N-nitroso compounds, like N-
nitrosoproline, are not carcinogenic in people, many of these N-nitroso compounds have been
found to be carcinogenic in all the animal species examined [4-9]. The N-nitroso chemicals that
cause cancer in some animal species also most likely cause cancer in human [4-8].

Besides being a potential carcinogenic substance, nitrite ion is an indirect driver of global warming
since nitrous oxide (N20) is generated as main product from nitrite ion in biological denitrification
and microbial nitrification processes [3,10]. N2O is regarded as one of the most dangerous
greenhouse gases after methane (CHa) and carbon dioxide (CO2). Even some reports claim that the
gas has 310 times more global warming potential than carbon dioxide over 100-years’ time span
[3].

In order to address these environmental and health issues, the presence of nitrite ions in water has
raised concerns among scientists, prompting them to research effective methods for their removal
from water. Conventional physicochemical techniques, such as ion exchange, reverse osmosis, and
electrodialysis, enable efficient removal of nitrate/nitrite ions but typically fall short of their total
disposal. On the other hand, the majority of environmentally friendly techniques rely on
microorganisms that selectively convert nitrate/nitrite to nitrogen [9,11-13]. The biological
process is lengthy, intricate, and frequently necessitates expensive post-treatment of effluents.
However, electrochemical or electrocatalytic treatment is fast and product selective because of
specific electrode and potential selection. Consequently, it is possible to covert nitrite ions into
useful nitrogenous compounds like NHj or, NH3;, N2, NO,, HNO2, NH,OH, by performing
electrochemical reduction reaction [14—17]. Conversion of nitrate/nitrite to nitrogen is a mostly
desired root in the context of wastewater treatment since nitrogen is a harmless species [18]. Other
than water purification, the generation of ammonia/ammonium ion from nitrite/nitrate is also
appreciated in various aspects [19-21]. For instance, ammonia is an important component for
producing ammonium nitrate (NH4NO3), which is widely used as fertilizer [20]. In the textile
industry, ammonia is used to soften cotton and to fabricate synthetic fiber [20]. In recent times,
ammonia has been highly appreciated as a clean energy source because it can provide hydrogen
without emitting any carbon [21]. Note that ammonia in its liquid state has greater volumetric
hydrogen than liquid hydrogen, and it is easily storable as well [21,22]. In the field of energy
production, ammonia is indirectly utilized in developing a battery called an aqueous ammonium

ion battery, as the ammonium ion, conjugate acid of ammonia, is able to move rapidly in an



aqueous medium under the influence of a potential gradient [19]. It is worth noting that the rapid
movement of the ammonium ion is due to its light weight and small hydrodynamic radius [19].
Moreover, ammonia is also utilized for organic syntheses, refrigeration, and antimicrobial drug
production [20].

Over the years, various electro-catalysts have been evolved to investigate the reduction of nitrite
ions and frequently used electro-catalysts are generally based on transition metals such as, titanium
(Ti) [23-25], nickel (Ni) [26], copper (Cu) [27], ruthenium (Ru) [28], rhodium (Rh) [17,29,30],
palladium (Pd) [31-34], silver (Ag) [35], platinum (Pt) [36—42]. Pt has garnered the most attention
among these catalysts for use in the nitrate/nitrite reduction reaction because of its ability to
transform nitrite ions selectively into products that are not toxic and have added value. For instance,
M. Duca et al., [37] looked into the mechanism behind the nitrate reduction reaction that took
place on a polycrystalline Pt electrode at varying pH levels. They found that adsorbed nitric oxide
(NO) acted as an intermediate species in acidic and slightly acidic medium, converting into N>O
and NH>OH as the reaction progressed. In contrast, the sole product produced was NH7 ion
through the generation of NH2OH as an intermediary in basic medium. In a separate study, M
Duca et al., [39] demonstrated the reduction of NO3 ion to N2 on Pt electrode having 110 facets in
0.1 M NaOH solution. Based on voltametric and online electrochemical mass spectrometry, they
proposed a tentative mechanism for N> formation. In brief, the initial step of NO3 ion reduction
results in the formation of adsorbed NH; species, which subsequently undergoes further reduction
reaction with NO; ion present in the solution phase, ultimately yielding N». In order to gain insight
into the denitrification of nitrates/nitrite, Chun et al., [41] conducted an investigation on electro-
reduction of NO, a crucial intermediate in the denitrification process, on the surface of a Pt 100
electrode in acidic medium. The conversion of NO to NHZ was observed through the formation of
adsorbed NOH species, as determined by density functional theory (DFT) and kinetic Monte Carlo
(kMC) analyses.

The preceding discourse indicates that scholars have conducted thorough investigations into the
mechanistic pathway of NO; electro-reduction on Pt electrode in both acidic and basic media. To
date, no scholarly research has been conducted that provides a comprehensive explanation of the
conversion of NO; ions into a specific product under neutral conditions, accompanied by a
thorough analysis of the kinetics involved. Therefore, in this work, we endeavored to perform the

electrochemical reduction of NO; ions on Pt electrode in neutral medium. Herein, we took
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advantage of voltammetry, UV-visible spectroscopic method, and gas chromatography to identify
the resultant product generated during the process of NO; ion electrochemical reduction.
Moreover, the voltametric technique was utilized to elucidate the proper kinetic and
thermodynamic information regarding the electrochemical reduction of NO; ions in neutral

condition.

2. Experimental

2.1. Chemicals

To conduct this experiment, analytical grade chemicals e.g., sodium nitrite (NaNO.), Potassium
Chloride (KCI), Hydroxylamine (NH2OH), Sulphuric acid (H2SO4) and Alumina slurry (Al,0O3)
were purchased from Germany’s renowned Sigma Aldrich and Merck. These chemicals were used
without further refining. Milli-Q water (resistivity >18.2 MQ cm™!) was used to prepare all the
required solutions for this experiment.

2.2. Instrumentation

In order to carry out electrochemical experiments, three different electrochemical Potentiostats
e.g., CHI 660E (CHI Instruments, USA), Autolab PGSTAT20 and Wavedirive20 (PINEIncorp.
USA), were utilized. For the purpose of carrying out the electrochemical investigations, a one-
compartment electrochemical cell that was outfitted with a conventional three-electrode system
was used. A Teflon covered polycrystalline Pt electrode with a diameter of 3 mm was used as the
working electrode for each measurement. Pt wire was used as the auxiliary electrode, and Ag/AgCl
(sat. KCI) was used as the reference electrode.

2.3. Electrode pretreatment

A series of treatments were performed to achieve a Pt electrode surface that is free of
contamination. The pre-treatment process was involved the utilisation of alumina slurry (0.03 um)
to polish the surface of Pt electrode for a duration of 10 minutes. Subsequently, the electrode
underwent a thorough rinsing process with deionized water, followed by a 10-minute sonication
treatment in deionized water. Finally, the electrode was voltammetrically pretreated via continuous
cycling within the potential range of —0.2-1.5 V in a 0.1 M H2SO4 solution at a scan rate of 0.1 V
s~! for a duration of 30 minutes.

2.4. Electrochemical experiment



All of the experiments except temperature effect on nitrite reduction reaction were performed at
25 °C. As supporting electrolyte, solution of KCl salt was used for all of the investigations. For
voltametric experiments, the cleaned Pt electrode was first scanned in 2.0 M KCl solution by
applying 0 to —1.0 V against A/AgCl (sat. KCI) reference electrode. Then the electrode was
scanned in 2.0 M KCI containing 1.0 M NaNO; solution in the similar potential range. Note that

the scan rate was 0.005 V ™!

in both cases. For XPS experiment, the linear sweep voltametric data
were taken by applying potential of —0.4 V to —0.95 V against Ag/AgCl (sat. KCl) reference
electrode to a Pt wire in 2.0 M KC1 + 1.0 M NaNO: solution at scan rate of 0.005 V s ™!,

For scan rate dependent experiment, the linear sweep voltammograms were obtained by scanning
the Pt electrode in 2.0 M KCI solution having 1.0 M NaNO; by gradually increasing the scan rates
from 0.005 to 0.250 V s ™.

In the case of both spectroscopic and chromatographic experiments, the voltametric experiments
were performed in a similar fashion. Concisely, a volume of 10 mL of 2.0 M KCI containing 1.0
M NaNO:; solution was placed in an electrochemical cell to perform the voltametric experiment.
Following that, the solution was electrolyzed using a three-electrode setup, with Pt serving as the
working electrode, Ag/AgCl (sat. KCl) as reference electrode, Pt wire as counter electrode and the
Pt electrode was scanned for 200 cycles in the potential range of 0 to —0.95 V at 0.005 V s !scan
rate.

During the temperature dependent investigation, in which temperatures ranged from 20 °C to 60 °C,
the electrochemical set-up was submersed in a small water tank and voltametric experiments were
carried out once the desired temperature was reached and maintained within the cell. The
temperature was validated by measuring the temperature of the solution within the electrochemical
cell.

2.5. X-ray photoelectron spectroscopic investigation

The presence of N 1s and O 1s of NH,OH was investigated by using X-ray photoelectron
spectroscopy (XPS). Just after the linear sweep voltammetry, Pt electrode was thoroughly washed
with deionized water, dried in air and immediately measured. Delay-line detector (DLD)
spectrometer (Kratos Axis-Ultra; Kratos Analytical Ltd.) with an Al Ka radiation source (1486.6
eV) was used eject electron from the target species. The conductive carbon tape was used to attach

the sample, and each spectrum was calibrated against C 1s peak at 284.8 eV as the inner reference.



Obtained spectra were fitted using XPSPEAK 4.1 software with the subtraction of the background
by Shirley method.

2.6. Absorptive stripping experiment

Initially, a clean Pt electrode was used in a freshly solution of 2.0 M KCI containing 1.0 M NaNO;
for multiple linear sweep voltametric studies in the range of —0.5 V to —0.95 Vat scan rate of 0.005
V s~1. After that the electrode surface was rinsed with deionized water to ensure the NO; ion free
surface and transferred to another electrochemical cell where only 2.0 M KCl solution was present.
Subsequently, the Pt electrode was subjected to potential scanning in the range —0.5 V to —0.95 V
at scan rate of 0.005 Vs,

2.7. Spectroscopic investigation

To detect the presence of NH3 in solution, the investigation involved the utilization of a Milwaukee
MI 405 ammonia medium range meter. Briefly, the electrolyzed solution was taken into a cuvette,
which was thereafter inserted into the holder of the ammonia meter. Subsequently, the meter was
initialized by pressing the zero button on the meter, following the usual operational method
provided with the instrument. Afterwards, the cuvette was detached from the holder and 4 droplets
of reagent-1 (provided by Milwaukee) and 4 droplets of reagent-2 (also provided by Milwaukee)
were sequentially introduced into the solution. Once the reagent was added correctly, the cuvette
was gently swirled to achieve a uniform mixture. The cuvette was again positioned in the holder,
and the measurement was promptly recorded. It is important to mention that the same procedure

was followed to confirm the existence of NH3 in the sodium nitrite solution.

2.8. GC-Mass investigation

The Gas Chromatography-Mass Spectrometry (GC-MS) instrument utilized to identify the
solution phase species in electrochemical reduction of nitrite ion on a Pt electrode was the GCMS-
QP2020 type manufactured by Shimadzu Corporation, Japan. The solution electrolyzed solution
was used for GC-MS experiment. During the identification process, the oven and injection
temperature were 35 and 270 °C, respectively. The detection process was performed in split mode

with a split ratio of 90:1.

3. Results and discussion

3.1. Reduction of NO3ion on Pt electrode
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Figure 1. Cyclic voltammograms of polycrystalline Pt electrode in 2.0 M KCI and 1.0 M
NaNO: at scan rate of 0.005 V sl

Figure 1 portrays the cyclic voltammogram of Pt electrode recorded in 2.0 M KCI solution
containing 1.0 M NaNO at scan rate of 0.005 V s~!. An intense reduction wave is seen to appear
at around —0.822 V vs Ag/AgCl (std. KCl) during forward scan, indicating the reduction of nitrite
ions on Pt electrode surface, whereas another intense reduction wave is appeared at ca. —0.806 V
in reverse scan. Primarily, it could be assumed that the reverse wave appeared due to reduction of
adsorbed species on Pt surface formed in forward scan. According to previous literature, most
probable adsorbed species are nitric oxide (NO), hydroxylamine (NH2OH) or, ammonium ion
(NHJ) under acidic pH [37,38,41]. In this regard, we took advantage of XPS to confirm the
formation of adsorbed species on Pt surface by taking XPS spectra of Pt before and after
performing nitrite reduction reaction via LSV method. At first, the XPS of a freshly Pt surface was
taken and no nitrogenous species were found in the spectrum. Then the LSV experiments were
performed for 50 times by utilizing the Pt surface in 2.0 M KCl solution containing 1.0 M NaNO;
at 0.005 V s~!scan rate. After that, the XPS experiments were performed and the obtained spectra
revealed the presence of nitrogenous species on the Pt surface (see Fig. S1 in supporting

information).
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Figure 2. (A) and (B) Fitted XPS spectra of N 1s and O 1s Pt plate after performing reduction

reaction.

From figure 2(A) and (B), it is seen that there are two N 1s peaks at 398.19 eV and 399.71 eV,
respectively and two peaks for O 1s at 531.29 eV and 532.73 eV on Pt surface. The appearance of
these peaks after voltametric experiment confirms the formation of adsorbed nitrogenous species
on Pt surface in nitrite reduction reaction. The spectra, however, do not identify if the species is
NO, NH>OH or NH} . It is worth mentioning that, within these group of species, the probability of
NH7 ion as an adsorbed species can be excluded due to its non-reducible nature. Therefore, the

probable adsorbed species on Pt after voltametric experiment is either NO or NH,OH.



1
' (B)
o -1 9 0 )
5 E
<
E -2 E 1
~ 1.0 M NaNO,+0.002 M NH,OH| -3 E,
3 1.0 M NaNO,+0.001 M NH,OH
1.0 M NaNO, ok S0.760 V
-4 y ' r v . r r
-1.0 -0.9 -0.8 -0.7 -0.6 -0.9 -0.8 -0.7 -0.6
E/V vs Ag/AgCl (sat. KCI) E |V vs Ag/AgCl (sat. KCl)
1
©)
0 ] e
'E éyf’ﬁy @ﬁ‘yyﬁmﬁ
< / —
/ ~
E 1. ; / E, o~
=3 %‘%{f
-0.806 V
=2
-0.9 -0.8 -0.7 -0.6

E /' V vs Ag/AgCl (sat. KCI)
Figure 3. (A) Cyclic voltammograms of polycrystalline Pt electrode in 2.0 M KCI containing
1.0 M NaNQOz2, 1.0 M NaNO: + 0.001 M NH2O0OH and 1.0 M NaNO: + 0.002 M NH:0H; (B)
Cyclic voltammogram of NH20H reduction in 2.0 M KCI solution on Pt electrode after
adsorption of NH20H by soaking the electrode in 0.5 M NH20H solution for 5 minutes.; (C)
Stripped cyclic voltammogram in 2.0 M KCl solution recorded by means of Pt electrode after
performing several linear sweep voltametric experiments in another cell containing 2.0 M

KCI and 1.0 M NaNOsz. In all cases the scan rate was 0.005 V s71.

Assuming that the species being NH>OH, we investigated nitrite reduction reaction by adding
NH>OH dropwise in the electrochemical cell containing 2.0 M KCl and 1.0 M NaNO; solution. It
was found that the height of the peak in the reverse scan decreases rather increasing. This
observation rules out NH>OH as the anticipated intermediate, formed in the forward scan during
nitrite reduction reaction. To further validate this finding, a clean Pt electrode was immersed in

freshly prepared 0.5 M NH>OH solution for 5 minutes to form an adsorbed layer of NH>OH on Pt.
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Subsequently, the electrode was transferred to another electrochemical cell containing N saturated
2.0 M KClI solution and CV was taken in the potential range of —0.6 V to —0.90 V at scan rate of
0.005 V s!, as shown in Figure 3 (B).

Next, we performed adsorptive stripping experiment to check the resemblance between NH2OH
and adsorbed layer on Pt surface in nitrite reduction reaction. As shown in Figure 3 (C), the peak
potential of the obtained stripped CV is the same as that of the reverse scan in NO3 ion reduction
(Figure 1).

It is obvious from the Figure 3 (B) & (C) that the NH2OH reduction CV does not resemble stripped
CV found due to reduction of adsorbed species formed during electrochemical reduction of NO;
ion. More specifically, the shape of stripped CV, onset potential, peak potential, charging current
density as well as Faradic current density are completely different from the CV of adsorbed
NH>OH reduction. Thus, it can be inferred that the adsorbed species formed on Pt surface is, in
fact, NO, as per equation (1). It is worth mentioning that the adsorbed species being NO in this
context is also supported by transition metal nitrosyl coordination bond through some back-
bonding hypothesis [43].

NO; + 4H* + 1e~ - NO + 2H,0 (1)

Next, to determine the species present in the solution phase, we employed the Nessler reagent after
completing 200 cycles using a Pt electrode in a 2.0 M KCl solution in presence of 1.0 M NaNOa.
Upon the addition of Nessler reagent solution, a product of brown hue was observed in the Nessler
test. And the reading on the spectrometer at 430 nm revealed that the electrolyzed solution
contained approximately 1.50 parts per million (ppm) of NH;. In order to validate the finding, the
freshly produced electrolyzed solution was again studied using gas chromatography-mass
spectrometry (GC-MS). The spectrum unambiguously demonstrated the existence of NH3 ion
within the electrolyzed solution (see Fig. S2 in supporting information). Thus, it may be inferred
that the reverse scan shown in Fig. 1 occurred as a result of the conversion of adsorbed NO into
NHj; as the final product as per equation (2).

NO + 5H* + 5e~ - NH; + H,0 ()

3.2. Kinetics of NO3ion Reduction on Pt electrode
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Figure 4. (A) Scan rate dependent cyclic voltammograms of 2.0 M KCI + 1.0 M NaNO:
solution at Pt electrode obtained in the range of 0.005 V s7! to 0.225 V s71. (B) Dependence of
peak potential on scan rate at Pt electrode. (C) Relation between log (—j,) and log (v) of nitrite

reduction reaction at Pt surface.

To unravel the kinetics of nitrite reduction reaction on Pt electrode, scan rate effect on the reaction
was carefully studied since scan rate dependent voltammograms bears important kinetic and
mechanistic information like, electron transfer coefficient, heterogeneous rate constant, formal
potential for an electrochemical reaction. Therefore, linear sweep voltammograms of 1.0 M
NaNO; in 2.0 M KCI were recorded by means of polycrystalline Pt electrode at varying scan rates
(0.005 Vs~'t00.225 V s7), as shown in Fig. 4(A). From figures 4(A) & (B), it is obvious that the
peak current density (j,) increases with the increase in scan rate, while peak potential (E,) shifts
negatively. The observed features indicate that the nitrite reduction reaction on Pt surface is fully
irreversible reaction [44]. The logarithmic form of Randle's-Sevick equation is frequently
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employed to determine whether an electrode process is governed by diffusion or adsorption in the
case of an irreversible electrode reaction [45,46]. Therefore, logarithmic current densities were

plotted against logarithmic scan rates (see Fig. 4(C)), as per equation (3) [45,46]
logj, = log v+ %logv 3)
1
Here,y = (2.99 X 10°)nCaD?
Where, n = number of electron transfer, C = bulk concentration (mol cm~), D = diffusion
coefficient (cm? s7!), & = reductive transfer coefficient and v = scan rate (V s~'). From regression

analysis, the slope value of the logarithmic plot was found to be 0.49 (r* : 0.99), inferring that the

nitrite reduction reaction on Pt electrode is diffusion-controlled electrode process [45,46].
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Figure 5. (A) Dependence of AE,; on scan rate (v) for nitrite reduction reaction on Pt

electrode. (B) Tafel plot. Data were derived from Fig. 4(A).

Next, the difference between peak potential (£,) and half peak potential (E,»), that is, AE,» was
calculated from scan rate dependent voltammograms to unfold the kinetics of the electrode process
and was evaluated to be 61+1 mV in the range of 0.005 V s~! to 0.225 V s~!, as shown in Fig. 5(A).
As the value of AE,» remained almost unchanged over the scan rates, so the nitrite reduction
reaction on Pt electrode followed Butler-Volmer Kinetic model [44,47,48]. Hence, Tafel slope was
estimated within the kinetic limited region of voltammogram regarding nitrite reduction reaction.
From scan rate dependent voltammograms, the Tafel slope (see Fig. S(B)) was found to be 128 +
10 mV dec™! which signifies the involvement of an electron transfer in rate determining step [44].
In previous studies, it has been shown that reduction of nitrite ions takes place through the
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formation of nitric oxide (NO) on Pt electrode surface in acidic and neutral media [37,38]. In
present case, the value of Tafel slope also supports the formation NO which determines the overall
reaction rate.

In relevance with Fig. 4(A), the Tafel equation was fitted to calculate the formal reduction potential
(E%) of nitrite reduction reaction on Pt electrode since applied potential (E) is related to the
logarithmic faradic current (log (j)) as per equation (4) [45,47].

E = (EY” — b x log(jo)) + b x log(j) 4)

2.303RT .

Where, b = is the Tafel slope and j, is exchange current density.

But, to evaluate E” from intercept of Tafel plot, it is necessary to know the value of jo, which in
turn is related to standard heterogeneous rate constant (k%) through the equation j, = nFCk°. In
case of irreversible electrode reaction, it is possible to determine the value of k° by using equation
(5) [49]. It is indeed worth mentioning that the equation (5) is applicable to the reduction (or,

oxidation) wave at the scan rate (v), where mass transfer limited current does not change

satisfactorily.
o _ 1.11VDV9
T ®

In this study, the linearity of j, vs v ”* deviated at around 0.3 V s7!, therefore, the value of k® was
estimated to be 1.07 X 1072 cm s~! by evaluating the peak width at this scan rate. Finally, the
value of formal potential for nitrite reduction reaction was calculated to be -0.46 V on Pt electrode.
To unfold reaction mechanistic pathway, transfer coefficient (o) was then evaluated from AE,, as

these parameters are related to each other by the equation (6) [44,48].
(0)

__ 1857RT
F |Ep—Epl|
2

The magnitude of a was estimated to be 0.77+0.02 in the range of 0.005 V s~! to 0.225 V s7!,
suggesting a step-wise mechanistic pathway in the peak region of the voltammogram, where the
reaction requires more energy to proceed and the change in reaction kinetics occurs [44,48].

3.3. Influence of temperature
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Figure 6. (A) Temperature dependent voltammograms of Pt electrode recorded in 2.0 M KCl
+ 1.0 M NaNO: solution at 0.005 V s7! scan rate. (B) Arrhenius plot for nitrite reduction

current at Pt electrode obtained from Fig. 7(A).

Finally, effect of temperature on nitrate reduction in KCIl medium was investigated on Pt surface
to evaluate the activation energy. For this purpose, change in current of nitrite reduction was
monitored at ca. —0.816 V in the temperature range 20 - 60 °C for 1.0 M NaNOz in 2.0 M KCI.
Figure 6(A) shows the dependency of CV regarding nitrite reduction reaction on Pt electrode
against various temperature. As the temperature increased, the diffusion of nitrite ions increased
thereby enhancing the NO3 ion reduction current. Note that in case of electrochemistry, current
response represents the reaction rate. Hence, Arrhenius equation (7) [50,51]:, in terms of current
density instead of conventional reaction rate, was employed to evaluate activation energy (i) of

nitrite reduction reaction under the experimental condition.

Inj = nA-= (7)

Here, J is the current density at a specific temperature observed at a fixed potential (—0.816 V in
this case), A is the pre-exponential factor, and other symbols have their own meanings. The
linearized form of Arrhenius equation, that is, the logarithm of peak current was linearly decreased
with the reciprocal of absolute temperature (293-333K) yielding a straight line (see Fig. 6(B)) with
a good correlation coefficient (i.e., 1> = 0.95). The slope of this plot yielded the activation energy
(Ea) of nitrite reduction at Pt electrode. The estimated activation energy of nitrite reduction reaction

on Pt was ca. 19.8 kJ mol~! with pre-exponential factor of ca. 8.39 x10°> mA cm2. The calculated

15



value is smaller than the nitrite reduction reaction on Rh and Rh deposited graphite electrodes,

indicating the reaction is more feasible on Pt electrode [50,51].

4. Conclusion

The present report represents the study of electrochemical reduction of NO; ions under aerated
condition using polycrystalline Pt electrode. From a fundamental point of view, reducing NO; ion
to a specific product is difficult due to competitive chemical steps. Maintaining neutral pH, we
found NO as the product on polycrystalline Pt surface from adsorptive stripping analysis. In
solution phase, NH3 was found from the studies of Nessler reagent test and gas chromatography.
Thorough kinetic investigation revealed that NO; ion receives an electron from Pt electrode
surface and converts into NO, which in turn forms NH3 on the electrode surface in reverse scan.
Our next objective will be to construct a reactor to expand the current understanding of the nitrite

reduction reaction because NH3 is important in synthetic industrial applications.
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