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The electrodeposition of tin fromSnO in ionic liquid 1-butyl-3-methylimidazoliumhydrogen sulfate ([Bmim]HSO
4
) in the presence

ofwater at different cathodic potential was investigated.With the addition ofwater to [Bmim]HSO
4
ionic liquid, the electrochemical

window of the electrolyte decreases and the reduction potential of Sn(II) positively shifts. The water content of ionic liquid
electrolyte has a distinct effect on morphology of the deposits. As water content increased from 0 to 50% (v/v), the morphology
of deposits varies from granular to hexagonal rod-like, then to hollow tubular, and finally to wire-like. The XRD phase analysis
showed that both Sn and CuSn alloys were deposited in ionic liquid/water mixtures. However, in dried ionic liquids only Cu

3
Sn

was obtained, surprisingly. The difference in the structure might be attributed to the various interactions of the ions with the Cu
substrate. In addition, the deposition potential was found to play a significant role in the morphology of deposits.

1. Introduction

The electrochemical deposition of tin and its alloys is of great
practical importance and widely used in the semiconductor
industry and field of energy storage devices [1–4], like lithium
ion batteries; e.g., traditional electrodeposition of tin and its
alloy is performed in aqueous electrolytes including sulfate,
fluoborate, and citrate [5–7]. Such electrolytes are susceptible
to complex electrolyte composition and quite corrosive and
can possibly have a negative impact on the environment.
Therefore, it is of interest to find alternative electrolytes for
tin deposition.

In recent years, the electrodeposition of metals and
alloys from ionic liquids has attracted significant attention.
Compared with aqueous solutions, ionic liquids have some
unique properties such as negligible vapor pressures, good
thermal stability, acceptable electrical conductivity, and wide
electrochemical windows [8, 9]. In aqueous solutions the
electrodeposition of tin and its alloys is usually accompanied
by decomposition of organic additives and often low current
efficiencies. Problems associated with organic additives can
be avoided by employing ionic liquids because they can be
used as electrolyte without any additives. For example, many

metals like Au, Pt, and Cu and their alloys can be prepared
in ionic liquids without any side effects [10–13]. Furthermore,
the use of ionic liquids as electrolyte might offer environmen-
tally benign conditions compared with conventional aqueous
baths.

The electrodeposition of tin has been investigated in
some ionic liquids [4, 14], especially AlCl

3
-based ionic liquids

[15]. However, this kind of ionic liquid is sensitive to air
and water; therefore the experiment must be carried out
under inert gas conditions. For this reason, air and water
stable ionic liquidswere applied for tin electrodeposition [16].
Tachikawa et al. [17] have investigated the electrochemical
behaviors of Sn(II)/Sn in 1-n-butyl-1-methylpyrrolidinium
bis(trifluoromethylsulfonyl) imide (BMPTFSI). Smooth and
dense tin deposits were obtained [17]. Leong et al. [18] have
studied the electrodeposition of Sn from 1-ethyl-3-methy-
limidazolium dicyanamide (EMI-DCA) ionic liquid.

Up to now, most of the work on the electrodeposition of
tin in ionic liquids was performed under inert gas conditions
in a glove box. Nevertheless, the electrodeposition of tin
under air conditions is of considerable interest for industrial
production of Sn film and powders. There are no studies
focusing on the effect of air andmoisture on the deposition of
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tin in ionic liquids. In addition, some protic ionic liquids are
capable of dissolving various metal oxides, which can be used
as electrolytes to recover metals through electrowinning [19].
In the present paper, we focus on the fundamental aspects
of tin deposition from SnO in a protic ionic liquids 1-butyl-
3-methylimidazolium hydrogen sulfate ([Bmim]HSO

4
) ionic

liquid in the presence of water. The influence of water is of
interest as in an open bath where would be water uptake in
any case.

2. Experimental

The ionic liquid [Bmim]HSO
4
was prepared and purified

according to the established literature procedures [20]. SnO
powder (Aldrich, 99%) was used as a tin source. The dis-
solution of SnO in [Bmim]HSO

4
was performed in ionic

liquid without and with water (10–50%, v/v). The cyclic
voltammetry and electrodeposition experiments were carried
out in a three electrodes system using an electrochemical
workstation (Shanghai Chenhua, CHI760E). The cell was
kept closed by a Teflon cap during experiments to avoid
the loss of water content via evaporation. The GC electrode
(S=0.1256 cm2) was used as a working electrode in the cyclic
voltammetry measurements. The electrodeposition experi-
ments were conducted on copper substrate (Aldrich, 99%,
s=2 cm2). A platinum electrode and a silver wire were used as
counter and reference electrode, respectively. The reference
was directly immersed in the [Bmim]HSO

4
ionic liquid

using a separate compartment. The GC working electrode
was polished with 0.05 𝜇m alumina paste, rinsed, and dried
prior to all measurements.The copper electrode was polished
successively with increasingly finer grades of emery paper
and finally to a mirror finish with aqueous slurry of 0.05𝜇m
alumina rinsed with distilled water.

After deposition, the samples were rinsed with ethanol
to ensure removal of the ionic liquid and subsequently dried
under vacuum. The scanning electron microscopy (SEM)
associated with energy-dispersive X-ray spectroscopy (EDS)
(FCI-quanta-200F) was used to characterize the surface
morphology and the composition of the deposits. X-ray
diffraction (XRD) analysis was performed using a Siemens
D-5000 diffractometer with Cu K𝛼 radiation.

3. Results and Discussion

3.1. Cyclic Voltammetry Analysis. The cyclic voltammogram
recorded at a GC electrode in the [Bmim]HSO

4
containing

40mM SnO was presented in Figure 1. For comparison,
the cyclic voltammogram of [Bmim]HSO

4
ionic liquids on

glassy carbon electrodes without and with water is also
included in Figure 1.The neat ionic liquid displays a cathodic
potential limit of −1.48 V (versus Ag), which results from the
reduction of imidazole ion (Bmim+) [21]. After the addition
of SnO to pure [Bmim]HSO

4
ionic liquid, the new reduction

and oxidation waves appear at potentials close to −0.38 V
(versus Ag) as a result of the deposition and stripping of
Sn. In addition, The second oxidation wave at about 0.46 V
corresponds to the oxidation of the Sn(II) ions. When the
[Bmim]HSO

4
is mixed with water (30%, v/v), the cathodic
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Figure 1: Cyclic voltammograms recorded at GC electrode in
[Bmim]HSO

4
: (a) pure [Bmim]HSO

4
, (b) [Bmim]HSO

4
containing

40mM SnO, and (c) [Bmim]HSO
4
containing 30% (v/v) H

2
O. Scan

rate: 50mV/s, 353K.
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Figure 2: Cyclic voltammograms of 40mM SnO in [Bmim]HSO
4

on GC electrode with different water content and local enlarged
image: (a) 0% H

2
O, (b) 10% H

2
O, (c) 30% H

2
O, and (d) 50% H

2
O.

Scan rate: 50mV/s, 353K.

potential limit of this mixture solution shifts to more positive
potential (-0.95 V versus Ag), but far more negative than the
reduction potential of Sn(II).

Figure 2 shows the cyclic voltammograms of 40mM SnO
in [Bmim]HSO

4
on glassy carbon electrode with different

water contents. With the increase of water content, the initial
reduction potential of Sn(II) gradually shifts to more positive
potentials, indicating the reduction of Sn(II) becomes easy.
The addition of water to the ionic liquid facilitates the
decrease in viscosity and a subsequent increase in conductiv-
ity. Furthermore, tin ions can be solvated by water to form
[Sn(H

2
O)
4
]2+ rather than being complexed with [HSO

4
]−
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Figure 3: SEM images of Sn deposits obtained on Cu substrates from the SnO-[Bmim]HSO
4
solution with different water concentration: (a)

0% H
2
O, (b) 10% H

2
O, (c) 30% H

2
O, and (d) 50% H

2
O. Deposition temperature: 353K; deposition potential: −0.6 V (versus Ag).

[22]. Compared to the complex ion formed between Sn(II)
ions and [HSO

4
]−, the smaller size of [Sn(H

2
O)
4
]2+ ion

facilitates diffusion. However, an increase in water content
also results in a reduction in the electrochemical window
of the ionic liquid. As demonstrated in Figure 2, the elec-
trochemical window is decreased when the water content
in the ionic liquids is increased. Similar results were also
observed by Compton et al. [23]. It has been reported that
the electrochemical window decreases in the following order:
vacuum-dried > atmospheric > wet [23]. Furthermore, the
CVs shown in Figure 2 reveal higher current densities for Sn
deposition/dissolution with increasing water content. With
the increasing of water content in electrolyte, the viscosity
of electrolyte decreases, and the diffusion rate of Sn(II) ions
increases. Thus, in ionic liquid/water mixture the concen-
tration of discharge ions near the cathode is high and the
reduction of Sn(II) speeds up.

3.2. Morphology of Deposits. The electrodeposition of Sn
was carried out in [Bmim]HSO

4
containing 40mM SnO

(SnO-[Bmim]HSO
4
) with different water content at various

deposition potentials (-0.45∼-0.60 V versus Ag) and 80∘C.
This is a suitable temperature for metal electrodeposition
in ionic liquids. A large number of our experiments in this
work reveal that the thickness andmorphology of Sn deposits
depend on the deposition time. When the deposition time is
less than 2 hours, the resulting deposits are too thin to meet
the demand. However, as deposition time exceeds 2 hours,
some dendrite crystals begin to emerge on the surface of
deposits, and it is easy to fall off by rinsing with water. Thus,
the deposition time is selected for 2 hours.

3.2.1. Effect of the Water Content. The effect of water on
the morphology of the Sn deposits was investigated and
the results are shown in Figure 3. As shown in Figure 3(a),
The Sn deposits obtained in [Bmim]HSO

4
have a granular

morphology with mean grain sizes of about 500 nm. When
the [Bmim]HSO

4
electrolyte contains 10% (v/v) water, the

deposit is composed of hexagonal prism, and the diameters
range from dozens of nm to microlevel. Besides, a fraction of
hexagonal prisms has some small holes (Figure 3(b)). With
increasing water concentration to 30% (v/v), two types of
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Figure 4: SEM images of Sn deposits obtained from the [Bmim]HSO
4
/H
2
O mixture (30% H

2
O, v/v) solution containing 40mM SnO at

different deposition potential: (a) -0.45 V, (b) -0.5 V, (c) -0.55 V, and (d) -0.6 V. Temperature: 353K.

deposits are formed including hollow tubular and granular,
but the dominant shape is hollow tubular (Figure 3(c)). At
a higher water concentration of 50% (v/v), disorder tin
nanowires with the mean diameter of 70 nm were obtained
(Figure 3(d)). Based on the above analysis, the water content
of electrolyte has significant influence on the morphology
feature. At dried [Bmim]HSO

4
, the electrode surface is cov-

ered by imidazole cations, which may hinder the nucleation,
crystal growth of certain directions, and surface diffusion
process [24]. Therefore, finer tin grain is obtained at dried
ionic liquid. The addition of water decreases the solution
viscosity and accordingly increases the mass transfer rate of
the Sn(II) species as well as the growth rate of the crystal
nucleus. In addition, it is interesting to note that the ionic
liquid plays a comparable role as surfactant in the ionic
liquid/water mixtures. Most solutions used in the electrode-
position of metals contain organic surfactants that have a

specific function in the deposition process [10, 25, 26]. These
surfactants affect the nuclei and crystal growth processes
as they adsorbed at the surface of the cathode and certain
lattice plane. Furthermore, with increasing water content,
the effect of ionic liquid as surfactant on the nucleation and
crystal growth of products is enhanced during deposition
process. It may lead to the formation of hexagonal prism
and hollow tubular tin deposits and eventually the formation
of disorder nanowires. Consequently, tin deposits in some
special morphology can be electrodeposited by controlling
water concentration in the SnO-[Bmim]HSO

4
solution.

3.2.2. Effect of Deposition Potential. The effect of deposition
potential on the morphology of tin deposits obtained in
ionic liquid/water mixture (30% H

2
O, v/v) is examined, as

shown in Figure 4. It can be seen from Figure 4(d) that
hexagonal hollow tubes are obtained at a deposition potential
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Figure 5: EDS spectra of the tin deposits electrodeposited from
the [Bmim]HSO

4
ionic liquid containing 40mM SnO at -0.6 V and

353K.

of -0.6 V (versus Ag). With the deposition potential positive
shift to -0.55 V, hexagonal rods and granules are observed
(Figure 4(c)). As electrodeposition of Sn was performed at
-0.50 V, the deposit is grainy (Figure 4(b)). The tin deposit
obtained at -0.45 V is composed of nanoparticles and some
nanoflakes on the surface of nanoparticle layer. These results
indicated that decreasing the deposition potential from -0.6
V to -0.45 V leads to the changes in morphologies. At low
deposition potentials, the discharge rate of reducible ions on
the electrode is lower, and the crystal growth rate is low.With
the increasing of deposition potential, however, the crystal
growth rate increases. This is in good agreement with the fact
that deposits obtained at low deposition potential are smaller
size than those obtained at higher deposition potential.

3.3. Composition and Phase Structure Analysis

3.3.1. Effect of Water Content. The composition of the tin de-
posits, whichwere electrodeposited fromdried [Bmim]HSO

4

containing 40mM SnO at -0.6 V, is examined by EDS. The
EDS pattern in Figure 5 shows that only tin is present besides
the signal from the Cu substrate.

Figure 6 displays the XRD patterns of tin deposits
obtained from SnO-[Bmim]HSO

4
without and with water

at -0.6 V and 353K. As shown in Figure 6(a), the diffrac-
togram of the deposits obtained from SnO-[Bmim]HSO

4

contains peaks from Cu
3
Sn alloy and Cu substrate. How-

ever, the diffractogram of the deposits obtained from SnO-
[Bmim]HSO

4
in the presence of 10% (v/v) water contains

not only the characteristic peaks from CuSn alloy, but also
the peaks from tin (Figure 6(b)). With increasing the water
content of electrolyte to 30% (v/v), the deposits obtained
are still composed of Sn and CuSn alloy. The metal tin was
found in the deposits obtained from SnO-[Bmim]HSO

4
with

water. In addition, the formation of different CuSn alloys
was observed in the presence of water. This result shows
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Figure 6: XRD patterns of tin deposits obtained from the
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ionic liquid containing 40mM SnO with different
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Figure 7: XRD patterns of tin deposits obtained from the
[Bmim]HSO

4
/H
2
O mixture (30% H

2
O, v/v) solution containing

40mM SnO at different deposition potential for 2 h. (a) -0.45 V, (b)
-0.55V, and (c) -0.6V. Temperature: 353K.

that the interfacial properties and tin growth mechanism are
obviously changed in the presence of water.

3.3.2. Effect of Deposition Potential. Figure 7 shows that XRD
patterns of the deposits obtained from the [Bmim]HSO

4
/

H
2
O mixture (30% H

2
O, v/v) solution containing 40mM

SnO at different deposition potential. In the deposition
potential range from -0.45 V to -0.60V, the obtained deposits
are the mixtures of Sn and CuSn alloys, indicating that
the phase structure of these deposits is independent of the
deposition potential. However, the diffraction peaks of the
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Figure 8: XRD patterns of tin deposits obtained from the
[Bmim]HSO

4
/H
2
O mixture (30% H

2
O, v/v) solution containing

40mM SnO at −0.6 V and 353K for different deposition time: (a)
1 h, (b) 2 h, and (c) 4 h.

copper substrate weaken gradually with the increase of depo-
sition potential. With the deposition potential increasing, the
reduction reaction of Sn(II) to Sn speeds up, leading to an
increase in the thickness of deposits.

3.3.3. Effect of Deposition Time. Figure 8 shows the XRD
patterns of tin deposits obtained from the [Bmim]HSO

4
/H
2
O

mixture (30% H
2
O, v/v) solution containing 40mM SnO at

different deposition time. The deposit obtained at deposition
time of 1 h is very thin. In XRD pattern of this deposit, except
for the diffraction peaks of Cu substrate, only very weak
diffraction peaks corresponding to Sn are detected. As the
deposition time extends to 2 h, not only the diffraction peaks
of Sn, but also the peaks of CuSn are observed. With further
increasing of deposition time, the intensity of Sn diffraction
peaks enhances, while the peaks for CuSn alloy weaken.

For comparison, the electrodeposition of Snwas also con-
ducted on glassy carbon electrode from the [Bmim]HSO

4
/

H
2
O mixture (30% H

2
O, v/v) solution containing 40mM

SnO at -0.6 V for 2 h.The sample was examined by XRD, and
the result is presented in Figure 9. Unlike on Cu electrode,
the XRD result indicates the formation of pure Sn without
any hint for the formation of Sn alloy.

4. Conclusions

The present paper shows that tin with different mor-
phology and structure can be successfully deposited from
[Bmim]HSO

4
ionic liquids in presence of water (10-50%)

at different deposition potential. The cyclic voltammograms
measured on glassy carbon electrode exhibit a typical redox
couple associated with deposition/stripping of tin in the
employed electrolyte. The electrochemical window of the
ionic liquids decreases with water concentration increasing.
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Figure 9: XRD patterns of tin deposits obtained on glassy carbon
electrode from the [Bmim]HSO

4
/H
2
O mixture (30% H

2
O, v/v)

solution containing 40mM SnO at -0.6 V and 353K.

Both water and deposition potential have a significant effect
on the morphology of the deposits. The different morpholo-
gies, including granular, hexagonal rod-like, hollow tubular,
wire-like, and flake-like tin powders, are formed. In the
presence of water tin and CuSn alloy were formed, whereas,
in the pure ionic liquids, only Cu

3
Sn alloys were observed.
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