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Abstract: A platinum electrode was coated with Sn in order to study the electrochemical behavior of the Sn-
based modified electrode in an acidic electrolyte. A deep eutectic solvent consisting of ethylene glycol and
choline chloride (called Ethaline) was used as a deposition electrolyte by applying different voltage and time at
two different temperatures (room temperature and 55 °C). The tin-coated platinum electrode was immersed in
Na,SO, and KOH solutions for the formation of tin oxide and tin hydroxide, respectively. Tin hydroxide and tin
oxide films cycled in H,SO, were not electroactive and these films cannot be used in acidic media for
electrochemical devices. Sn electrode electrodeposited at high temperature was more than 500 times thicker than
that at room temperature (20+2 °C). Thick SnO and Sn(OH), films were not electroactive in acidic media the
same as thin ones. Sn electrode electrodeposited from deep eutectic solvent at 55 °C and treated with an acidic
solution was cycled in alkaline electrolyte. The reduction of the resulted film in KOH appeared at higher
potential. This electrode could be used for the hydrogen evolution reaction in alkaline media.

Keywords: Electrodeposition, lonic liquid, Tin, Tin oxide, Tin hydroxide

Sulu Olmayan Ortamlarda Katodik olarak elde edilen Kalay Esash Filmin
Elektrokimyasal Davranisi

Oz: Platinum elektrot, Sn bazli modifiye edilmis elektrodun asidik elektrolit i¢indeki elektrokimyasal davranisini
incelemek igin Sn ile kaplandi. ki farkli sicaklikta (oda sicakligi ve 55 °C) farkli voltaj ve zaman uygulanarak
kaplama elektroliti olarak etilen glikol ve kolin kloriir (Ethaline olarak adlandirilan) igeren derin bir 6tektik
¢oziicii kullanildi. Kalay kapli platin elektrot, sirasiyla kalay oksit ve kalay hidroksit olusumu i¢in Na,SO,4 ve
KOH ¢ozeltilerine daldirildi. H,SO, i¢inde taranan kalay hidroksit ve kalay oksit filmler elektroaktif degildi ve
bu filmler asidik ortamda elektrokimyasal cihazlar i¢in kullanilamaz. Yiksek sicaklikta elektrokaplanmig Sn
elektrodu, oda sicakligindakinden (20+2 °C) 500 kat daha kalindi. Kalin SnO ve Sn(OH), filmleri, asidik
ortamda ince filmler gibi elektroaktif degildi. 55 °C'de derin oOtektik ¢oziiciiden elektrokaplanmig ve asidik
¢ozelti ile muameleye maruz birakilmis Sn elektrodu bazik elektrolit iginde tarandi. Nihai filmin KOH igerisinde
yiiksek voltajda indirgenmesi ortaya ¢ikti. Bu elektrot, bazik ortamdaki hidrojen ortaya ¢ikma reaksiyonu i¢in
kullanilabilir.

Anahtar kelimeler: Elektrodepolama, Iyonik sivi, Kalay, Kalay oksit, Kalay hidroksit
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1. Introduction

Electrolytes (changing additives) and deposition conditions (applied potential, time, and
temperature) are critical for electrodeposition [1-2]. Different electrolyte and deposition conditions
have been researched for the electrodeposition of tin and tin alloys [3]. Electrodeposition could be
applied either constant potential (potentiostat) or constant current (galvanostat). Pulsed
electrodeposition could also be used to obtain metals and alloys. As electrodeposition is a simple
and inexpensive method, it is widely used in industry for metal plating. The thickness and surface
morphology of coating could be tailored by changing deposition parameters [4-5]. It is well known
that the mass of metals/alloys (reduction of materials in electronics) is directly proportional to
charge passed through clectrode (Faraday’s Law) [6]. Nucleation and growth of tin have been
studied in detail depending on additives and deposition methods [7].

Sn and its alloys have been studied in the electronic industry instead of Pb which is highly toxic. Sn
has been used as an alternative solder [8]. Tin coatings can protect the surface of bulk material from
corrosion [9]. Tin and tin alloys have can be used as anode materials in lithium-ion batteries instead
of graphite [10]. Metals including steel, copper have been coated by tin and tin alloys in order to
improve not only corrosion resistivity but also to the appearance of bulk materials.

Electrolytes used to electrodeposit tin and its alloys could be the aqueous and non-aqueous solution.
Aqueous electrolytes commonly used for tin growth are acidic or alkaline. Non-aqueous electrolytes
can be ionic liquids that have studied commonly last decade [11]. Tin is electrodeposited from Sn**
electrolyte by applying direct current. It is known that alkaline baths having hydroxide ions could
be used without adding ligands. However, complexing agents are necessary to add acidic bath used
for Sn deposition [12]. In this study, an ionic liquid that has only ions have been used to obtain Sn.
Generally, current efficiency is low when an aqueous bath is used. However, the current efficiency
for metal/alloy deposition in the ionic liquid is high [13]. A deep eutectic solvent has been used as
an ionic liquid electrolyte for Sn electrodeposition in this work.

Deep eutectic solvent consists of a quaternary ammonium salts and hydrogen bond donor. Physical
properties of ionic liquids and deep eutectic solvents are similar [14]. Tin and tin alloy (with zinc)
were electrodeposited form choline chloride-based deep eutectic solvent (with ethylene glycerol and
urea) containing Sn salt [15]. Structure, morphology and deposition kinetic of tin obtained from
ionic liquid were different than these of tin electrodeposited from aqueous solution [16]. However,
the electrochemical behavior of resulting films was not studied in different media.

Hydroxides and oxides form of manganese, cobalt, nickel are commonly studied for energy storage
devices (supercapacitor and batteries) [17-18]. However, the study of energy storage devices
regarding tin-based materials is limited. In this work, Sn was electrodeposited from a deep eutectic
solvent and it was treated in an aqueous electrolyte to obtain SnO and Sn(OH),. After hydroxide
and oxide forms of Sn were obtained, they were transferred to acidic media in order to understand
their electrochemical performances.

2. Materials and Methods

Na,SO, (Sigma-Aldrich), KOH (Tekkim), H,SO, (Merck), choline chloride (Merck), ethylene
glycol (Merck), SnCl, (Sigma-Aldrich) were used directly. All experiments were carried out using
Versastat 3 (AMATEK, Princeton Applied Research, USA). Pt flag (99.9% purity) and platinum-
coated mesh were used as working and counter electrodes, respectively. The platinum working
electrode was used because the potential window which is selected to study the electrochemical
behavior of tin-based coating is not overlapped by the reaction of Pt. Silver wire and silver-silver
chloride reference electrodes were used in non-aqueous ionic liquid and aqueous electrolyte. All
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deposition potentials reported here are against the Ag wire reference electrode because the ionic
liquid was used for electrodeposition. Sn coated Pt electrodes electrodeposited from ionic liquid
were transferred to aqueous solutions (alkaline, acidic and neutral) for polarization treatment and
cycling. Silver-silver chloride reference electrode having saturated potassium chloride was used in
aqueous electrolytes. Before each electrodeposition of Sn, Pt electrodes were immersed in saturated
HNO; in order to remove all coating from the surface. Then, the electrode was rinsed with
deionized water and by ethanol. During the potentiostatic deposition, two constant potentials were
applied at room temperature (20£2 °C) for 300 sec and 55 °C for 500 sec in Ethaline. Ethaline was
prepared by mixing one-part choline chloride with two-part ethylene glycol at 50 °C for 45 minutes.
The Sn** solutions were prepared by dissolving tin chloride in Ethaline. Chronoamperometric and
chronocoulometric data of Sn growth were obtained. The polarization of electrodes was performed
operating at a scan sweep of 20 mV s™ at 20+2 °C.

3. Results and Discussion

Sn was electrodeposited from ethylene glycol and choline chloride mixture called Ethaline
containing 0.1 M SnCl,. As the electrochemical behavior of tin coating was aimed to study, the
substrate was platinum flag because platinum generally is electroinactive in the different
electrolytes at a wide potential window [19]. It is known that deep eutectic solvent can be used for
metal and alloy deposition generally at high temperatures [20]. However, Sn was deposited on a
platinum working electrode at 20+2 °C. The deposition potential of -0.9 V was applied to a
platinum electrode immersed in Ethaline electrolyte containing 100 mM SnCl, for 300 seconds. The
deposition potential was against the Ag wire reference electrode because the water in the Ag-AgCl
reference electrode can contaminate the ionic liquid. Chronoamperometric and choronocolumetric
responses of a platinum electrode in Ethaline ionic liquid are presented in Figure 1. The current
density of the electrode was around 55 pA cm™ as soon as -0.9 V was applied and the current
density increased to 10 pA cm™ after around 150 seconds. The response of the current density of
the electrode became linear after that point. Negative current can occur when a reduction reaction
occurs. The negative current shown in Figure 1 indicates that tin was electrodeposited on the
substrate. Ethaline was used as a deposition electrolyte because hydrogen evolution does not occur
when deposition potential around -1 V was applied. Hydrogen evolution reaction during
electrodeposition can cause the growth of metal hydroxide especially in aqueous solutions and
decrease current efficiency. The charge density of tin deposition (blue line of Figure 1) was
approximately 3.2 mC cm™ after 300 seconds. The charge was calculated from the integration of the
current time graph. After Pt was polarized cathodically in Ethaline solution by application of -0.9 V,
the surface became black and indicated that Sn coated Pt surface. A tin-coated platinum electrode
was transferred to the different aqueous electrolytes for electrochemical characterization.
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Figure 1. Chronoamperometry and chronocouloumetery of Sn growth on Pt working electrode from
Ethaline containing 0.1 M SnCl, by applying -0.9 V for 300 seconds at 20+2 °C.
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Sn modified Pt electrode was immersed firstly in Na,SO,4 solution in order to obtain a form of tin
oxide. Cyclic voltammetry response of the Sn coated Pt electrode in Na,SQO, electrolyte is given in
Figure 2a. In aqueous electrolyte, the reference electrode was Ag-AgCl having a saturated KCI
solution as it is more stable than Ag wire which was used during electrodeposition of Sn in ionic
liquid media. Oxidation of Sn started at around 0.25 V and reached to around 8 pA cm™ at 0.7 V
(see the first cycle of Figure 2a). Although obvious oxidation of Sn was observed, a reduction
related to that oxidation was not seen because the tin film was oxidized but not reduced. The
oxidized form of Sn was stable in Na,SO, electrolyte. Sn was cycled again in the same electrolyte
to elucidate its electrochemical response and that time oxidation was also not observed. The tin
oxide coated platinum electrode was taken out and washed with deionized water and immersed in
H,SO, for cycling. The cyclic voltammogram of SnO coated Pt is shown in Figure 2b. Oxidation
and reduction reaction of the modified electrode in H,SO4 was low (around 2 pA cm™ at 0.7 V). It
can be said that SnO modified electrode is not electroactive in acidic media. Tin was firstly
electrodeposited on platinum and that electrode was treated in Na,SO, electrolyte to obtain tin
oxide. As tin oxide film cycled in H,SO4 was not electroactive, tin oxide films cannot be used in
acidic media for electrochemical devices.

0.008 | 0.002 b)
0.006 | 0.000 (-
0.004 - -0.002

0.002 | -0.004 |

Current densty (mA cm?)
Current density (A cm™?)

0.000 -0.006

-0.002 -0.008 -

0.2 0.0 0.2 0.4 0.6 0.8 0.2 0.0 0.2 0.4 0.6 0.8
Potantial (V) Potantial (V)

Figure 2. a) Cyclic voltammogram of Sn (electrodeposited on Pt from a deep eutectic solvent at
20+2 °C) in 0.5 M Na,SOq. b) Cyclic voltammogram of SnO (Sn treated in Na,SO, given in panel a
of this figure) was immersed in 0.1 M H,SO,. The S\iveeping speed for both cyclic voltammetry is
20mVs—.

A freshly prepared Sn modified Pt electrode (its typical growth response in Ethaline is presented in
Figure 1) was transferred to a new aqueous KOH solution to oxidize tin to tin hydroxide by
cathodic polarization before cycling in acidic medium. It was shown in Figure 2 that tin oxide was
not electroactive in acidic media. In order to observe if Sn(OH), is electroactive or not in acidic
media, Sn coated Pt electrode was firstly polarized in alkaline media to obtain a tin oxide-based
electrode. Cyclic voltammetry response of the Sn modified electrode in KOH is presented in Figure
3a. As KOH was also an aqueous electrolyte, Ag-AgCl having saturated KCI was used as a
reference electrode. Immediate application of 0 V to Sn electrode caused oxidation which could be
the formation of tin hydroxide (around 0.03 mA cm™) and had a plateau-like current response from
0.1 V to 0.5 V (approximately 0.02 mA cm™) (shown in the first cycle of Figure 3a). Obvious
oxidation of Sn was observed also here but a reduction peak was not seen as the tin film was
oxidized and tin hydroxide film was formed. The hydroxide based tin film became stable in the
KOH electrolyte. Sn coated Pt electrode was scanned again in an alkaline electrolyte to understand
its electrochemical behavior. Oxidation of tin hydroxide film was again observed at around 0.45 V
but this is not related to the transformation of tin to tin hydroxide. It is more related to the oxygen
evolution reaction because bubbles were formed on Sn-based Pt electrode. Tin hydroxide based
modified electrode was washed with deionized water after cycled in alkaline media and the treated
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film was immersed in H,SO, in order to understand its electrochemical properties in acidic media.
Cyclic voltammogram data of Sn(OH), film is shown in Figure 3b. Oxidation and reduction peaks
of tin hydroxide modified electrode in H,SO, were also low (around 2 pA cm™ at 0.7 V). Cyclic
voltammogram of Sn(OH); in H,SO,4 (Figure 3b) was the same as that of bare Pt in H,SO,.
Therefore, it can be said that Sn(OH), modified electrode was not electroactive in acidic media. Tin
was firstly electrodeposited on platinum and that electrode was treated in KOH electrolyte to obtain
tin hydroxide. As tin hydroxide film cycled in H,SO, was not electroactive, tin hydroxide films
cannot be used in acidic media for electrochemical devices.
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Figure 3. a) Cyclic voltammogram of Sn (electrodeposited on Pt from a deep eutectic solvent at
20+2 °C) in 1 M KOH. b) Cyclic voltammogram of Sn(OH), (Sn treated in KOH given in panel a
of this figure) was immersed in 0.1 M H,SO,. The S\iveeping speed for both cyclic voltammetry is

20mVs—.

Sn was electrodeposited from ethylene glycol and choline chloride mixture at 20+2 °C (Figure 1)
and oxidized in Na,SO, to form tin oxide (Figure 2a). The tin oxide was cycled in H,SO,4 (Figure
2b) and it was not electroactive in acidic media. Tin deposited platinum electrode was also
immersed in the KOH solution (Figure 3a) and tin hydroxide was formed and then tin hydroxide
was cycled again in the acidic electrolyte (Figure 3b). All these coatings electrodeposited from
choline chloride and ethylene glycol were thin. Sn was electrodeposited from Ethaline solution at
high temperature in order to obtain electroactive tin-based film in acidic media. The substrate was
again platinum the same as Figure 1. Deep eutectic solvents are usually used for metal and alloy
deposition at high temperatures. The deposition potential of -0.6 V was again applied to a platinum
electrode which was immersed in Ethaline media having 0.1 M SnCl; for 500 seconds. The time
applied to electrodeposit Sn at high temperature was longer than that at 20+2 °C (Figure 1) because
it was aimed to obtain a thicker film.

Chronoamperometric and choronocolumetric responses of a platinum electrode in choline chloride
and ethylene glycol mixture (Ethaline) are shown in Figure 4. The current density of the electrode
was 5 mA cm™ immediately after the application of -0.6 V (see Figure 4) which was about 100
times greater than the current density of electrode obtained at 2042 °C. The current density reached
around 2 mA cm after approximately 50 seconds and cathodic current increased to about 10 mA
cm™ after 500 seconds. There was not hydrogen evolution and the current was directly related to the
reduction of Sn?* in Ethaline to tin metal. Cathodic current density (negative) shown in Figure 4
indicates that Sn was electrodeposited on the Pt working electrode at high temperature. The charge
density of tin deposition at room temperature (blue line of Figure 1) was about 3.2 mC cm™.
However, the charge density of tin deposition at high temperature (blue line of Figure 4) was 1750
mC cm. It means that the Sn film electrodeposited in Ethaline at 55 °C was 500 times thicker than
that at room temperature. After Pt was polarized cathodically in Ethaline solution by application of -
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0.6 V at 55 °C, the modified electrode was transferred to the different aqueous electrolytes for
electrochemical characterization.
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Figure 4. Chronoemperometry and chronocouloumetery of Sn growth on Pt working electrode from
Ethaline containing 0.1 M SnCl, by applying -0.6 V for 500 seconds at 55 °C. b) Cyclic
voltammogram of Sn (electrodeposited on Pt from a deep eutectic solvent at 20+2 °C) in 1 M KOH.
¢) Cyclic voltammogram of Sn(OH), (Sn treated in KOH given in panel b of this figure) was
immersed in 0.1 M H,SO,. Sweeping speed for panel b and panel c of this figure is 20 mV s,

Sn electrodeposited from Ethaline at high temperature (shown in Figure 4a) was cycled firstly in
alkaline solution (1 M KOH) to transform thick Sn to Sn(OH),. It was shown in Figure 3b that thin
tin hydroxide was not electroactive in acidic media. In order to observe if thick Sn(OH), could be
electroactive or not in acidic media, thick Sn coated Pt electrode was firstly oxidized in alkaline
media to obtain tin hydroxide. Cyclic voltammetry data of Sn modified electrode electrodeposited
from hot (55 °C) Ethaline in KOH is given in Figure 4. Immediate application of -0.3 V to Sn
electrode caused oxidation which could be the formation of tin hydroxide (around 1.4 mA cm) and
had a plateau-like current response from -0.2 V to 0.5 V (approximately 6 mA cm™) (shown in the
first cycle of Figure 4b). The behavior of thick Sn coating in KOH (Figure 4) was the same as that
of thin Sn in KOH presented in Figure 3a but the only difference is the high current density value of
thick Sn. Oxidation of Sn with the absence of reduction was again seen (Figure 4) similar to the thin
Sn film shown in Figure 3a. The hydroxide based thick tin film was stable in KOH electrolyte as
repetitive cycles follow the same i-E route. Sn(OH)x coated Pt electrode was cycled in H,SO,
electrolyte to compare its electrochemical behavior with thin Sn(OH), in H,SO,. Before immersing
the electrode in acidic media, it was washed with deionized water. Cyclic voltammogram data of
Sn(OH); film in the acidic electrolyte is shown in Figure 4. Oxidation response of thick tin
hydroxide film in H,SO, (around 6 pA cm™ at 0.7 V) was greater than that of thin Sn(OH); film in
acidic media (around 2 pA cm™ at 0.7 V) which could be related to oxygen evolution reaction
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(compare Figure 4c and Figure 3) because the reduction of both Sn(OH), electrode was similar.
Sn(OH), modified electrode was not electroactive in acidic media. Tin was electrodeposited on
platinum at room temperature and 55 °C. These clectrodes were treated in the KOH electrolyte to
obtain tin hydroxide. As tin hydroxide film cycled in H,SO,4 was not electroactive, thick and thin tin
hydroxide films cannot be used in acidic media for electrochemical devices.

0.2

0.3 | a) b)
o« ¢ O01f
E o2t g
< <
£ E 00}
> O01fr >
7 ko)
5 g
0.1 |
T oo} °
c c
g o
5 5 L
O -01f o 02
0.2 | 03|
1 1 1 1 1 1 1 1 1 " 1 " 1 " 1 1 1 1 1
06 -04 02 00 02 04 06 08 10 0.2 0.0 0.2 0.4 0.6 0.8
Potantial (V) Potantial (V)

Figure 5. a) Cyclic voltammogram of Sn (electrodeposited on Pt from a deep eutectic solvent at 55
°C) in 0.5 M Na,S0O,. b) Cyclic voltammogram of SnO (Sn treated in Na,SO, given in panel a of
this figure) was immersed in 0.1 H,SO4. The sweelping speed for both cyclic voltammetry is 20 mV
s

Thick tin modified Pt electrode was immersed again in Na,SO, solution for the formation of SnO.
Cyclic voltammetry data of the Sn coated Pt electrode in Na,SO, electrolyte is presented in Figure
5a. Oxidation current of thick Sn electrodeposited from hot Ethaline was around 300 pA cm™ at 0.7
V in Na,SO, (see the first cycle of Figure 5a). This current density was more than 35 times greater
than the current density of thin Sn in Na;SO,4 (8 pA cm™ at 0.7 V shown in Figure 2a). Although
obvious oxidation of Sn was observed, a reduction related to that oxidation was not that high. The
oxidized form of Sn was stable in Na,SO, electrolyte. Sn was cycled acidic electrolyte to elucidate
its electrochemical response. Before cycling in H,SO,, thick tin oxide coating was washed with
deionized water. The cyclic voltammogram of thick SnO coated Pt is shown in Figure 5b. Oxidation
and reduction reaction of the modified electrode in H,SO4 was low (around 0.1 mA cm™ at 0.8 V).
The cycle voltammogram of SnO in H,SO,4 (Figure 5b) was similar to the 2nd and 3rd cycles of Sn
in Na,SO, (Figure 5a). Thick or thin SnO modified electrode is not electroactive in acidic media.
Thick and thin Sn electrodeposited on platinum from deep eutectic solvent at high (55 °C) and room
temperature (20+2 °C) was treated in Na,SO, electrolyte to obtain tin oxide. As tin oxide film
cycled in H,SO, was not electroactive, tin oxide films cannot be used in acidic media for
electrochemical devices.

Sn modified electrode was also treated with H,SO, and then cycled in KOH. Thick Sn film
electrodeposited from a deep eutectic solvent at 55 °C (similar to the film shown in Figure 4) was
cycled in acidic media (see Figure 6a). Cycling started at -0.2 V and quick oxidation was observed
at around 80 mA cm™. This could be the dissolution of Sn as tin could be dissolved in acidic media.
As the main aim of this work is to characterize the electrochemical behavior of Sn-based film in
different electrolytes, the mechanism of Sn coated Pt in acidic media was not studied in detail.
Instead, Sn film which was treated in acidic media (Figure 6a) was transferred to 1 M KOH to
understand its cycling behavior in alkaline media. Cyclic voltammmetric response of Sn-based film
(after polarized in acidic media) in KOH electrolyte is shown in Figure 6b. Oxidation peak of Sn-
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based film in KOH was not observed but a strong reduction of the film in KOH appeared due to
probably of hydrogen evolution.
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Figure 6: a) Cyclic voltammogram of Sn (electrodeposited on Pt from a deep eutectic solvent at 55

°C) in 0.5 M H,S0O,. b) Cyclic voltammogram of tin-based electrode (Sn treated in H,SO,4 given in

panel a of this figure) was immersed in 1 M KOH. Thelsweeping speed for both cyclic voltammetry
is20mVs—.

This kind of electrode could be used for hydrogen evolution reaction in alkaline media which is an
important issue for fuel cell applications. However, Sn electrodeposited on Pt from deep eutectic
solvent at high temperature (55 °C) and treated in H,SO, electrolyte was not electroactive in KOH
electrolyte.

4. Conclusions

Sn was electrodeposited on a platinum substrate from Ethaline ionic liquid (ethylene glycol and
choline chloride mixture) containing 100 mM SnCl; by applying -0.9 V for 300 seconds. A tin-
coated platinum electrode was immersed in a different aqueous electrolyte to understand its
electrochemical behavior. As it is known that Sn can be dissolved in acidic media, Sn was firstly
electrodeposited from a deep eutectic solvent and then treated with Na,SO,4 (neutral) and alkaline
solution. Sn coating was immersed firstly in Na,SO, solution to form tin oxide. Oxidation of Sn
was observed but a reduction was not appeared as Sn was oxidized but not reduced and Sn was
stable in Na,SO, electrolyte. SnO coated modified electrode was immersed in H,SO,4. As oxidation
and reduction reaction of the modified electrode in H,SO,4 was low, SnO modified electrode is not
electroactive in acidic media.

Sn was electrodeposited on platinum and was treated in the KOH electrolyte to obtain tin
hydroxide. Sn(OH), coating became stable in the KOH electrolyte. As oxidation and reduction
peaks of tin hydroxide modified electrode in H,SO4 was low Sn(OH), modified electrode was not
electroactive in acidic media. As tin hydroxide and tin oxide film cycled in H,SO4 were not
electroactive, tin oxide and hydroxide films cannot be used in acidic media for electrochemical
devices.

Thick Sn was electrodeposited from Ethaline at 55 °C and hydrogen evolution did not occur. Mass
of Sn film electrodeposited at high temperature was more than 500 times greater than that at room
temperature (2042 °C). Sn coated Pt was oxidized in Na,SO, and tin oxide was formed. This thick
tin oxide was cycled in H,SO,4 and it was not electroactive in acidic media. Thick tin modified Pt
electrode was immersed in Na,SO, solution to form SnO. Sn film electrodeposited from hot
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Ethaline in Na,SO, electrolyte had higher oxidation current than Sn film electrodeposited from
Ethaline at room temperature. Thick and thin SnO modified electrodes are not electroactive in
acidic media.

Sn modified electrode electrodeposited from deep eutectic solvent at 55 °C was treated with an
acidic solution and then cycled in alkaline electrolyte. The oxidation peak of Sn-based film in KOH
was not observed but a strong reduction of the film in KOH appeared due to hydrogen evolution.
This electrode can be used for hydrogen evolution reaction in alkaline media which is critical for
fuel cell applications.
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