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Abstract: The effects of thiourea (TU) on the kinetics and electrochemical nuc-
leation of tin from stannous chloride bath in acidic medium have been inves-
tigated by cyclic voltammetry (CV), electrochemical impedance spectroscopy 
(EIS) and chronoamperometry. CV results showed that the tin reduction is a 
one-step reaction and indicated that TU inhibited the reduction of tin ions at 
high concentration. EIS analysis showed that the electrodeposition process of 
tin is affected by the addition of TU. The nucleation mechanism of tin was 
studied using both Sharifker–Hills (SH) and Palomar–Pardavé (PP) models. SH 
model indicated that hydrogen evolution and tin reduction occurred simultane-
ously. Non-dimensional current-time transients curves based on PP model rev-
ealed that the tin nucleation followed 3D progressive mechanism without TU 
and with 0.01 M TU, while the nucleation process changes to 3D instantaneous 
in presence of 0.1 M TU. However, at 1 M TU, the nucleation mechanism is 
located between instantaneous and progressive model. The proton reduction 
reaction was inhibited at all concentrations of TU. Quantitative determination 
showed that in the presence of TU, the diffusion coefficient of tin species, the 
hydrogen evolution rate constant, the nucleation rate constant and the number 
of active sites were decreased. 
Keywords: tin chloride; additives; cyclic voltammetry; choronoamperometry; 
Sharifker–Hills model; Palomar–Pardavé model. 

INTRODUCTION 
Tin and its alloys play a very important role in surface treatments, electrical, 

electronic and microelectronic technologies, because of their specific characteristics 
such as: non-toxicity, ductility, malleability, and high corrosion resistance.1 Further-
more, tin and its alloys have been used as: anodic materials in lithium and sodium- 
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-ion batteries,2–5 semiconductor materials in solar cells,6 photocatalysts for photo-
degradation of organic compounds7 and as a catalyst for methanol oxidation in fuel 
cells.8 

Electrodeposition of tin and its alloys is generally carried out using sulphate 
or chloride based stannous baths, in acidic9–21 or alkaline22,23 media. In literature, 
other types of baths such as: fluoroborates,24 pyrophosphates2,25 and methanosul-
fonates26,27 have been also reported. 

Recently, acidic stannous baths are mainly used for tin electrodeposition 
because they operate at ambient temperature and increase the deposition rate. Tin 
electrodeposits in the absence of additives are porous, non-adherent, non-bright 
and whiskery. Hence, organic additives must be added to the baths in order to 
stabilize tin ions which allows the control of the deposition kinetics and improves 
the morphological and structure properties. These additives can play the role of 
antioxidant agents,17 brighteners,14–16 grain refiners,14,15 complexing agents11,12,14,29 
and surfactants.15,18,30 Thiourea (TU) is among additives which are frequently 
used in tin baths. The effect of TU on the morphology and microstructure of tin 
and tin alloys have been studied.15,28 Only very few reports discussed the effect of 
TU on the tin nucleation from a sulphate bath.31 However, and as far as we know, 
no investigation has been made on the nucleation mechanism of tin from chloride 
baths in the presence of TU. 

In this work we study the role of thiourea on the kinetics, electrochemical 
nucleation and hydrogen evolution during the electrodeposition of tin from acidic 
chloride baths. 

EXPERIMENTAL 
The main electrolytic bath was prepared by dissolving tin chloride (SnCl2·2H2O) in 

distilled water followed by a gradual addition of sulfuric acid (H2SO4). The pH of the mixture 
is 0.3. Different baths are prepared by addition of thiourea (CH4N2S) at different concen-
trations to the main bath (Table I). 

TABLE I. Chemical composition of plating baths (mol dm-3) 
No. SnCl2 2H2O H2SO4 CH4N2S 

1 0.14 2.0 – 
2 0.14 2.0 0.01 
3 0.14 2.0 0.1 
4 0.14 2.0 1.0 

The electrochemical experiments have been performed in a three-electrode cell at room 
temperature. The working electrode was a copper sheet with an area of 1.57 cm2. A platinum 
wire was used as counter electrode, and a saturated calomel electrode (SCE) as reference elec-
trode. All the potentials were expressed with respect to the reference electrode. Before each 
experiment, the working electrode was polished by abrasive paper of 800, 1200 and 2000 
grits. Then, it was thoroughly degreased with detergent and rinsed using tap water. After 
being dried, the copper substrates were degreased with sodium hydroxide at 50 °C during 5 
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min and then immediately immersed in concentrated sulphuric acid to remove any surface 
oxides32.  Finally, the substrates were rinsed with distilled water and then dried.  

Cyclic voltammetry (CV) and chronoamperometry (CHR) experiments were carried out 
using an EG & G Princeton Applied Research potentiostat/galvanostat, model 273A, control-
led by Power Suite software. The Electrochemical impedance spectroscopy (EIS) measure-
ments have been performed using Gamry potentiostat/galvanostat/ZRA, model Interface 1000. 
The impedance spectra were measured at –0.6 V with the sinusoidal perturbation of 5 mV 
from 10 kHz to 10 mHz. X-ray diffraction analysis of tin electrodeposits was conducted using 
a Bruker D8 Advance X-ray diffractometer (CuK radiation). The complexation phenomena of 
tin species were analysed by UV–Vis absorption spectrophotometer (Jenway, 7135) in a 
wavelength range between 200 and 800 nm. 

RESULTS AND DISCUSSION 

Kinetics study 
Typical voltammograms of tin ions reduction in the absence and the pre-

sence of TU are presented in Fig. 1. In this figure, we observe a cathodic peak 
during the forward scan followed by an anodic peak during the return scan. The 
rapid fall of the current after anodic peak indicated the dissolution of metallic 
compounds. It corresponds to the metallic tin formed during the cathodic polariz-
ation according to the following reaction: 
 Sn2+ + 2e-→ Sn (1) 

 
Fig. 1. Cyclic voltammograms of tin baths without and with different concentration of TU at 
scan rate 100 mV s-1. The inset shows the open circuit potential (OCP) change as function of 

TU concentration. 

The small shoulder following the anodic peak at –0.2 V can be attributed to 
the oxidation of Sn to Sn4+.33 The anodic peak current observed at –0.1 V corre-
sponds to the oxidation of copper substrate. Moreover, the hysteresis recorded 
during the return scan of voltammograms (Fig. 1) is a characteristic of a three- 
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-dimensional (3D) nucleation process. The XRD spectra (Fig. 2) confirm that the 
deposits were mainly consisted of tin metal with the presence of Cu6Sn5 phase.  

 
Fig. 2. X-ray diffraction pattern of tin electrodeposited without TU and with 1.0 M TU. 

The voltammetric curves show that the addition of TU decreases the current 
values of cathodic peaks at high concentrations. This indicated an inhibition 
effect of additives which could be attributed to their adsorption at active sites on 
the electrode surface. The inset of Fig. 1 shows the evolution of the open circuit 
potential as a function of the addition of TU. It appears that TU has a slightly sig-
nificant influence on this potential. This feature is the characteristic of the pos-
sible complexation reaction between tin ions and TU. The absorbance of tin ions 
solution in the presence of 0.01 M TU solution were recorded using UV–Vis 
spectrophotometry (Fig. 3). 

Fig. 3. UV–Vis absorbance spectra 
of baths: a) without TU and b) with 
0.01 M TU. Inset shows the mag-
nified spectra in the range between 
260 and 360 nm. 

The spectra show the appearance of one peak at 233 nm followed by a 
shoulder between 300 and 340 nm in absence of TU. These could be ascribed to 
the presence of [Sn(H2O)6]2+ and [Sn(SO4)2]2–, respectively. The addition of TU 
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shows two absorption bands at 226 and 239 nm, which could be assigned to π–π* 
transition in TU molecule.34 A further insight reveals a decrease in the shoulder 
absorbance with TU (as shown in the inset of Fig. 3). This indicates a possible 
interaction between tin ions and TU molecules.35 Hence, the formation of tin 
complexes might be responsible for the shift of OCP to cathodic values. 

In order to understand better the kinetics of the tin reduction process with 
and without TU, the electrochemical impedance spectroscopy has been used to 
characterize the electrode-electrolyte interface. Nyquist plots (Fig. 4) show two 
capacitive loops in the high and low frequency ranges with and without TU. The 
first semicircle at high frequency (HF) could be associated with the solid elec-
trolyte interface film (SEI), while the second semicircle at low frequency (LF) is 
assigned to the charge transfer resistance (Rct). The addition of TU causes a dec-
rease in capacitive loops at the low frequency. The similar results are reported by 
others authors.28,31,39 The equivalent circuit which fitted the experimental data is 
depicted in Fig. 5. This circuit is described by two constant phase elements  in 
series. It consists of a solution resistance R1, SEI resistance R2, constant phase 
elements (CPE) Q2 associated to SEI, charge transfer resistance R3 and constant 
phase elements (CPE) Q3 associated to double layer interface. 

 
Fig. 4. Nyquist plots obtained at –0.6 V for tin electrodeposition without and with TU. 

 
Fig. 5. Equivalent circuit used to fit the experimental impedance data. 

The impedance of a constant phase element (CPE) is defined as: 
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( )CPE

1
αω

=Z
Q i

 (2) 

where i2 = –1 and ω = 2πf is the angular frequency. The dimensionless exponent 
α characterizes the nature of CPE. 

 The obtained results are presented in Table II. The Rct values of Table II 
represent R3 values of fitting results reported in Table S-I of the Supplementary 
material to this paper. The decreases in Rct values after addition of TU indicates 
that the charge transfer rate involving tin thiourea complex ions is higher than 
that of hydrated tin ions. These results could be explained by the presence of 
sulphur atoms in TU molecules structure, which facilitates the electrons transfer 
between electrode surface and stannous ions, when adsorbed on copper sub-
strate.35 The comparison between the cathodic peak current density values ipc 
(Table II) shows that the lower value of ipc is obtained at 1.0 M, which indicated 
that the inhibition effect of TU at this concentration is predominant. This inhi-
bition is probably due to the adsorption of TU molecules on active sites of elec-
trode area.  

TABLE II. Charge transfer resistance Rct, and cathodic peak current density ipc as function of 
TU concentrations 
TU concentration, M Rct / Ω cm2 ipc / A cm-2 

0 83.04 0.035 
0.01 7.85 0.036 
0.1 4.63 0.038 
1 6.25 0.025 

Nucleation and hydrogen evolution study 
The tin nucleation process on copper electrode was analyzed by recording 

the chronoamperometric curves at different potentials without and with TU (Figs. 
6 and 7). 

Fig. 6. Chronoamperogramms for tin electro-
deposition without TU at different potentials. 
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Fig. 7. Chronoamperogramms for tin electro-
deposition with TU at different potentials and 
at different concentrations: a) 0.01 M TU, b) 
0.1 M TU and c) 1.0 M. 

The chronoamperograms presented a relatively similar behaviour and they 
are characterized by an increase in the current at first instants, up to a maximum 
value (Imax) at a deposition time (tmax). The maximum value of the current is due 
to the formation and growth of the tin germs. It is followed by a gradual decrease 
in the current imposed by the diffusion of the ions towards the electrode surface. 

To identify nucleation–growth mechanisms, non-dimensional curves of the 
form I / Imax = f(t / tmax) have been built from the experimental chronoamerograms 
of Figs. 6 and 7. These curves were compared with the theoretical curves of 
Scharifker–Hills36 related to the instantaneous and progressive nucleation mech-
anisms, followed by the three-dimensional diffusion-limited growth. The math-
ematical relationships of the instantaneous and progressive nucleation in the case 
of 3D growth are respectively given by the following equations: 

 
22
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2 maxmax

1.9542 1 exp 1.2564
   = − −   
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Comparison between the experimental and the theoretical curves of the ins-
tantaneous and progressive 3D nucleation models in different concentrations of 
TU at different potentials are presented in Figs. 8 and 9. 

Fig. 8. Comparison between non-dimen-
sional experimental and theoretical curves 
of 3D instantaneous and progressive nuc-
leation models for tin electrodeposition 
without TU at different potentials. 

 

Fig. 9. Comparison between non-dimensional 
experimental and theoretical curves of 3D 
instantaneous and progressive nucleation 
models for tin electrodeposition with TU at 
different concentrations: a) 0.01 M, b) 0.1 M 
and c) 1.0 M. 

We observe that calculated curves present a deviation beyond the maximum 
peak of the dimensionless current, which is generally attributed to the hydrogen 
evolution.37 Hence it is difficult to pronounce whether the nucleation mechanism 
of tin is progressive or instantaneous, using the Sharifker–Hills model. In order to 
separate the contribution of hydrogen reaction from the total current, we used the 
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Palomar–Pardavé model.37 This latter assumes that the total cathodic current con-
sists of two terms: the first is the proton reduction and the second is the tin red-
uction according to the following equation: 

 ( ) ( )3* 0.5
t 1 4 2

3

1 exp
1 exp−    − −
 = + − − −        

P t
i P P t P t

P
 (5) 

The unknown parameters in the Eq. (5) are defined as: 
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where c is the concentration of metal ions, M is the molar mass of deposit, ρ is 
the density of deposit, N0 is the number of active site, D is the diffusion coef-
ficient of metal ion, A is the nucleation rate constant, kPR is rate constant of pro-
ton reduction and z is the number of electrons transferred during the hydrogen 
ions reaction. The constants P1*, P2, P3 and P4 could be determined from fitting 
the experimental current transients using the non-linear Levenberg–Marquardt 
algorithm method.  

The best fitting of experimental data (Fig. 10a) using Palomar–Pardavé 
model is obtained at –0.6 V (Fig 10c). Palomar fittings indicated that the current 
of tin reduction decreases in the presence of TU (Fig. 10c). Sharifker–Hills 
model applied on the curves of tin (Fig. 10a and c) is presented in Fig. 10b and d, 
respectively. Results show clearly that the nucleation of tin mechanism is almost 
progressive without TU and with 0.01 M TU and that the addition of TU at 
higher concentration change the nucleation mechanism. At 0.1 M TU, the nuc-
leation process changes to instantaneous nucleation, while at 1 M TU, the nuc-
leation behaviour of tin is located between instantaneous and progressive mech-
anisms. These results are in agreement with literature.31,39 The nucleation mech-
anism of tin was 3D progressive in the chloride solution,11,20,22 while in the sul-
phate solution instantaneous nucleation mode1,16,19 was observed. 

The kinetics parameters deduced from the curves presented in Fig. 10c were 
obtained using Eqs. (6)–(9) and summarized in Table III. The results indicate that 
there is no significant decrease in the nucleation rate constant A while at 0.01 M 
and 0.1 M TU concentrations, hydrogen rate constant kPR was significantly reduced. 
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Fig. 10. Current–time transients and their non dimensional curves without and with TU at 

-0.6 V: a) experimental current–time transients, b) non-dimensional experimental curves of 
current–time transients presented in (a) compared to theoretical ones of 3D instantaneous and 
3D progressive nucleation, c) fitted current–time transients corresponding to tin ions reduction 

after non-linear fitting of Eq. (5) and d) non-dimensional fitted curves of current–time tran-
sients presented in c) compared to theoretical ones of 3D instantaneous and 

3D progressive nucleation. 

TABLE III. Kinetics parameters resulting from fitting results obtained without and with TU at 
–0.6V 
TU concentration, M 0 0.01 0.1 1 
P1*×103 / A cm-2 5.56 0.03 0.05 3.36 
P2 / s-1

 21.06 14.15 5.05 1.34 
P3×10 // s-1

 9.85 9.80 8.99 5.99 
P4×102 / s-1

 4.49 3.76 4.05 1.61 
A×10 / s-1

 9.85 9.80 8.99 5.99 
D×106 / cm2 s-1 8.67 6.05 7.05 1.11 
N0×106 / cm-2 3.52 3.39 1.03 1.74 
kPR×107 / mol cm-2 s-1 7.56 0.04 0.07 4.57 

The number of active sites N0 decreases upon the addition of TU. This is con-
sistent with the adsorption of TU molecules. A similar result has been reported in 
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the literature by Lie et al.,38 which investigated the tin electrodeposition in the 
presence of amine non-ionic surfactant. We observed that the diffusion coef-
ficient D of tin ions decreases with addition of TU. This indicates that the tin ions 
complexation by TU leads to relatively heavy tin ions. These values of D are in 
good agreement with those reported in the literature.9,11,20 

CONCLUSION 

The effects of TU on the kinetics and electrochemical nucleation of tin from 
stannous chloride bath in acidic medium were investigated using cyclic voltam-
metry, electrochemical impedance spectroscopy and chronoamperometry tech-
niques. The cyclic voltammetry measurements showed that TU inhibited the red-
uction reaction of tin ions at higher concentration. The EIS analysis showed two 
semicircles in the presence of TU, which indicated that the electrodeposition 
process of tin was accompanied by the adsorption of electroactive species and tin 
thiourea complex ions. Sharifker–Hills and Palomar–Pardavé models applied for 
tin chronoamperogramms revealed that the tin nucleation followed 3D progres-
sive mechanism with and without 0.01 M TU, and the addition of 0.1 and 1.0 M 
TU changed the nucleation mechanism. The proton reduction reaction was inhi-
bited at all concentrations of TU. The addition of TU decreased the diffusion 
coefficient D of tin species, as well as the hydrogen rate constant (kPR), the nuc-
leation rate constant (A) and the number of active sites N0. 

И З В О Д  
ЕФЕКАТ ТИОУРЕЕ НА КИНЕТИКУ И ЕЛЕКТРОХЕМИЈСКУ НУКЛЕАЦИЈУ ПРИ 

ТАЛОЖЕЊУ КАЛАЈА ИЗ КИСЕЛОГ РАСТВОРА КАЛАЈ(II)-ХЛОРИДА 

FATIMA KESRI, ABED M. AFFOUNE и ILHEM DJAGHOUT 

Laboratoire d’Analyses Industrielles et Génie des Matériaux, Département de Génie des Procédés, Faculté des 

Sciences et de la Technologie, Université 8 Mai 1945 Guelma, BP 401, Guelma 24000, Algeria 

Ефекат тиоурее (TU) на кинетику и електрохемијску нуклеацију при таложењу калаја 
из киселог раствора калај(II)-хлорида испитан је методама цикличне волтаметрије, спектро-
скопије електрохемијске импеданције и хроноамперометрије. Према резултатима цикличне 
волтаметрије, редукција калаја се одиграва у једном ступњу, што указује да TU инхибира 
редукцију јона калаја при високим концентрацијама. Анализа електрохемијске импеданције 
је такође показала утицај додатка TU на процес таложења калаја. Механизам таложења 
калаја је анализиран коришћењем модела Sharifker–Hills (SH) и модела Palomar–Pardavé 
(PP). Модел SH је указао да се издвајање водоника и редукција калаја одигравају истовре-
мено. Зависности струје од времена према  моделу PP, приказане преко бездимензионих 
параметара, показале су да нуклеација калаја следи прогресивни 3D механизам без TU и у 
присуству 0,01 М TU, а прелази у механизам тренутног 3D таложења у  присуству 0,1 М TU. 
Међутим, у раствору који је садржао 1,0 M TU, механизам нуклеације је између тренутног и 
прогресивног модела. Редукција протона је инхибирана у присуству TU без обзира на њену 
концентрацију. Квантитативна одређивања су показала да коефицијент дифузије јона калаја, 
константа брзине издвајања водоника, константа брзине нуклеације калаја и број активних 
места опадају у присуству TU. 

(Примљено 25. марта, ревидирано 18. новембра, прихваћено 10. децембра 2018) 
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