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A number of studies into the influence of additives on the electrodeposition of metals from aqueous 

solution have been reported in the literature. However, very few have studied the influence of additives 

on metal electrodeposition in Deep Eutectic Solvents (DESs). This work will show, for the first time, 

the effect of sodium bromide on the electrodeposition of tin, copper, silver and nickel from a deep 

eutectic solvent (DES)-based ionic liquid consisting of a stoichiometric 1:2 mix of choline chloride 

and ethylene glycol (Ethaline 200). It is shown that in the presence of sodium bromide, bright and 

smooth Cu and Ni deposits were formed. Cyclic voltammetry and chronocoulometry have been used to 

examine the electrochemical properties of the plating liquids in both the absence and presence of 

sodium bromide. It was found that the redox peak currents of the Sn and Ag electrolytes get smaller 

when sodium bromide is added to the electrolyte solution. The resultant surface morphologies, 

topography and roughness of Sn, Cu, Ag and Ni were investigated by scanning electron microscopy 

(SEM/ EDXS) and 3D optical microscopy (3D). The current efficiency of metal deposits was found to 

increase when the deposition was achieved from an electrolyte that contained sodium bromide.   
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1. INTRODUCTION 

Electroplating plays a significant role in many large–scale manufacturing applications such as 

the production of corrosion-resistant and decorative coatings.[1, 2] Electroplating allows for the 

coating of objects such as electronics, optical sensors and aerospace components with metals.[2] 

Various metals such as Ni, Cu, Co, Zn, Sn, Cr, Ag, Al, etc., have all been used in the electroplating of 

objects, where their use serves various purposes such as decoration, corrosion resistance, hardness and 

increased thermal stability of the surface.[3] Plating with Cr, Ni, or Co gives a hard coating, while Zn 
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and Cd can provide coatings with anticorrosion properties, and Au and Ag are employed for improved 

cosmetic appearance.[4] In recent years, the electrodeposition of Sn has received considerable attention 

due to its non-toxicity, high resistance to corrosion, good ductility and its potential for use in 

electrochemical applications such as electronics and batteries.[5-9] Sn and its alloy coatings have been 

used in numerous industrial applications such as the automobile industry,[10] microelectronics,[11] 

aeronautics,[12] and the food industry.[13] Sn and its alloys have been widely used for imparting 

corrosion resistance to active metal substrates in aggressively corrosive environments. In addition, Sn 

is non-toxic compared to metals such cadmium (toxic) and nickel (allergenic). Sn deposits can be offer 

high corrosion protection for steel, good frictional properties and ductility after plating, and good 

solderability.[14] In the past, tin electrodeposition was achieved in aqueous solution. However, there 

are some disadvantages to using aqueous media in this manner such as excessive hydrogen evolution, 

low current efficiency, a narrow positional window and toxicity (cyanide).[15] Furthermore, the 

electrodeposition of some metals, for example W, Al and Ti, cannot occur in aqueous solution because 

of their sensitivity to water and the formation of a passivation layer (oxide or hydroxide layers), which 

makes coating with such metals difficult,[1, 15, 16] whilst metals such as Zn and Cr are poorly 

electrodeposited from aqueous electrolytes. Recently, metal electrodeposition has been achieved from 

ionic liquid media because these liquids have excellent physical properties compared to aqueous 

solutions, such as their high solubility for metal salts, a wide potential window and high current 

efficiency in the electroplating of metals.[15, 17-19]  

Copper electrodeposition is fundamental to a diverse range large-scale industrial processes, 

especially in the field of electronics in the production of printed circuit boards, solidifying steel for 

building parts, and the production of electrotypes in the printing industry.[20, 21] Copper can be 

electroplated and deposited with different metals in a straightforward manner, and thus is especially 

valuable as a precoating for delicate soldering work or for alloys of zinc, such as those utilized 

extensively by the automotive industry. The copper deposit forms a ‘defensive’ layer on the substrate 

metal, enabling further coatings to be incorporated.[22] 

Silver has been used widely for coatings due to its excellent physicochemical and antibacterial 

properties and good resistance to corrosion, high bulk conductivity and, of course, for decorative 

purposes.[23-25] Electrodeposition of Ag is used in the automotive, aerospace and microelectronics 

fields, amongst others. The work of Hussey and co-workers included a discussion of chloroaluminate 

salts, which are considered to be water sensitive.[26, 27] Hussey investigated silver electrodeposition 

on an assortment of cathodes in a 2:1 aluminium chloride:1-methyl-3-ethylimidazolium chloride ionic 

fluid at 40oC, which resulted in the formation of a black Ag coating. Recently, Abbott and co-workers 

studied the electrodeposition of Ag in an ethylene glycol/choline chloride-based deep eutectic solvent. 

However, the properties of Ag deposits still need to optimized in such media.[28]  

The electrodeposition of nickel and it alloys is vital to the functionalization of surfaces in terms 

of resistance to corrosion, magnetic applications and electrocatalysis.[29-36] The electrodeposition of 

Ni and Ni alloys has been studied in chloroaluminate ionic liquids (ILs), which were considered the 

pioneer generation of ILs in general.[37-40] The hygroscopic nature of chloroaluminate ILs has 

limited their use, however, since they need to be prepared under an inert environment. Moisture- and 
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air-stable ILs, which are regarded as the second class of ILs, have since gained considerable interest in 

numerous fields. 

In this work, a new class of ionic liquids, called deep eutectic solvents (DESs), have been used 

in the electrodeposition of various metals. A DES can be synthesised by mixing two types of solid 

compounds that have high melting points, which leads to the production a liquid with a lower melting 

point than either of its individual compounds. The first type of DES is prepared by mixing choline 

chloride (ChCl) with urea (1:2).[41] DES has excellent properties such as a wide potential window, 

non-flammability, is inexpensive, non-toxic and has a high current efficiency for metal deposition.[41, 

42] DESs can be used in various important industrial fields such as electropolishing,[43, 44] 

electroplating,[19, 45, 46] metal oxide processing[47] and polymer synthesis.[48-51] This type of 

liquid has solved some of the more pressing problems associated with the electrodeposition of metals 

from aqueous and non-aqueous solutions, and from which the electrodeposition of Zn,[17] Ni,[52] 

Cu,[53] Cr,[54] Ag, Sn and Co has been achieved. However, relatively little research has actually 

examined the electrodeposition of metals from DESs, or indeed the effects of additives on the same.  

In the electroplating of metals from aqueous solution, additives have been used to optimize the 

physical and mechanical properties of the resultant coatings.[11, 55, 56] The additives work as 

brightening, levelling or grain-refining agents, where such media have been observed to affect the 

brightness of the coating, the grain size of metal and the throwing power; indeed, some additives can 

affect the anodic depolarisation and current efficiency.[57, 58] The additives appear to work in either 

of two ways: in the first, they can be adsorbed on the electrode surface, preventing the metal from 

being deposited on the sites occupied by the organic molecules. Levelling molecules will be adsorbed 

on the active sites or high points of the electrode surface, where at the latter the thickness of the 

diffusion layer is lower than in the recesses, and thus organic molecules will be transported faster; 

consequently, adsorption of organic molecules in the recesses will be reduced, and metal deposition 

tends to favour the recesses in the electrode surface. In the second, the additives can act as complexing 

agents, which can react with the metal ions in solution and make them more difficult to reduce.[17, 57-

59] 

There have been relatively few studies into the effects of additives on metal electrodeposition 

in DESs, despite the potential importance of these processes and the ubiquitous use of brighteners and 

levellers in aqueous solutions. Electrodeposition of metals from ionic liquids has previously been 

studied, but the deposits so produced were dull and showed poor adhesion. Our previous work (on the 

effects of boric acid, nicotinic acid and p-benzoquinone on the electrodeposition of Zn) was achieved 

from Ethaline 200.[59] The novelty of this work lies in the use of sodium bromide as an additive for 

the electrodeposition of Sn, Cu, Ag and Ni from Ethaline 200 (a 1:2 ChCl:EG-based liquid). NaBr was 

chosen as the additive as it is in common use as a brightener in the electroplating of metals from 

aqueous solutions. The physical and mechanical properties of metal deposited with NaBr as an additive 

have been found to be improved compared to the corresponding systems without NaBr, where bright 

Cu and Ni coatings were obtained for the first time as a result of adding NaBr to the plating bath. 

Cyclic voltammetry has been used to study the reduction mechanism of Sn, Cu, Ag and Ni in Ethaline 

200 in both the presence and absence of NaBr; in addition, the effects of NaBr on the deposit 

morphology and roughness of the metal deposit have also been investigated. 
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2. EXPERIMENTAL 

Choline chloride [HOC2H4N(CH3)3Cl] (ChCl) (Aldrich 99 %) and ethylene glycol (EG) 

(Aldrich +99%), were used as received. The two components were mixed under stirring (in a 1:2 molar 

ratio of ChCl: hydrogen-bond donor) at 70°C until a homogeneous, colourless liquid had formed. 

The metal halide salts SnCl2 (Aldrich 98%), CuCl2.2H2O (Aldrich ≥ 98 %), AgCl (Aldrich 

99%), and NiCl2.6H2O (Aldrich 98%) were used; the concentration of each metals salt solution was 

made up to 0.05 mol/L. Sodium bromide, NaBr (Aldrich 99%), was used as received.  

Cyclic voltammetry and chronocoulometry were performed using a FAB2 µAutolab type III 

potentiostat/galvanostat controlled via the GPES software suite. Three electrodes were used in this 

method: a platinum electrode (0.5 mm2 area) as a working electrode; a platinum flag counter-electrode 

(made in-house) and an Ag/AgCl reference electrode. The working electrode was polished for 1 hour 

using 0.3 μm alumina paste, and then washed with distilled water and acetone. The polishing process 

was repeated prior to each experiment. 

Cyclic voltammetry of SnCl2, CuCl2.2H2O, AgCl and NiCl2.6H2O was performed within a 

particular potential window for each salt, which for Sn was -0.3 to -0.9 V, for Cu was +1 to -1 V, for 

Ag was +0.4 to -0.3 V and for Ni was +0.5 to -1 V. All experiments were run at room temperature and 

at scan rates of 10 mV/s, and with various different concentrations of NaBr. The sweep potential was 

started from zero and pursued in the negative direction, after which it was reversed towards the 

positive potential. 

Electrodeposition of Sn, Ag and Ni was achieved on a Cu substrate (copper, 50 mm × 42 mm × 

1 mm). All experiments were performed using an Ethaline 200 medium containing 0.05 M SnCl2, 

AgCl and NiCl2.6H2O. Bulk electrolysis was carried out with and without the addition of NaBr. The 

cathode substrate was, firstly, etched in ammonium persulfate solution, (NH4)2S2O8, washed with 

water and then dried under nitrogen. The anode was a Ti mesh, 40 mm × 50 mm, which had an iridium 

oxide coating. The electrodepositions were performed at room temperature and at a current density of 

10 mA cm-2 for 30 mins. 

The surface morphology was characterized using scanning electron microscopy (SEM), whilst 

the elemental analysis of the deposit compositions was carried out via energy dispersive X-ray 

spectroscopy (EDX) using a Phillips XL30 ESEM instrument with an accelerating voltage of between 

15 and 20 keV, giving an average beam current of ca. 120 μA SEM/EDX. These techniques are 

essential to studying changes in surface topography and composition. 

The Zeta-20 optical 3D-microscope technique was employed to provide a 3D image of the film 

and to measure the roughness of the coating. The Zeta-20 enables imaging of surfaces with very low 

reflectivity and very high roughness. 

 

3. RESULTS AND DISCUSSION 

3.1. Cyclic voltammetry studies 

Cyclic voltammetry was employed to study the electrochemical behaviour of Sn, Cu, Ag, and 

Ni in Ethaline 200. Fig. 1 shows separate cyclic voltammograms for 0.05 M solutions of SnCl2, 
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CuCl2.2H2O, AgCl, and NiCl2.6H2O in Ethaline 200. The voltammograms were performed at scan 

rates of 10 mVs-1 at room temperature using three electrodes, namely a 0.5 mm Pt disc electrode, a Pt 

flag counter-electrode and an Ag/AgCl reference electrode. The sweep potential was started at zero 

and pursued in the negative direction, and was then reversed in the direction of the positive potential. It 

is clear from Fig. 1 that the anodic stripping peak for Sn was at -0.53 V while the cathodic reduction 

peak can be seen at -0.57 V,  similar to other studies performed using ionic liquids.[60, 61]. In Fig. 1, it 

can be seen from the cathodic scan that Ag species reduced at about -0.06 V while the dissolution peak 

current appeared at a more positive potential of +0.015 V. In other studies, underpotential (UPD) was 

detected when examining the effects of 0.1 M AgCl2 in a deep eutectic solvent on a gold electrode.[28] 

However, this phenomenon was not observed in this work. In Fig. 1, voltammograms of copper 

showed two stripping peaks and two reducing peaks, where the first stripping peak indicated the 

conversion of Cu0 to Cu1+, which occurred at about -0.25 V, while the second stripping peak, which 

was observed at +0.45 V, corresponded to the conversion of Cu+ to Cu2+. The first reducing peak for 

Cu was shown at +0.51 V which corresponded to the reduction of Cu2+ to Cu+, whilst the second 

reducing peak at -0.33 V and indicated the reduction of Cu+ to Cu0, in the process of which metallic 

copper was deposited on the electrode surface. The above was identical to previous work reported in 

the literature,[51, 53, 62] where the Abbott group studied the electrolytic deposition of Cu coatings in 

ionic liquids. They found that Cu species have two stripping and reduction potentials. Ni species in 1:2 

ChCl:EG-based liquid started to reduce at -0.7 V, comparable with our previous work which described 

the electrodeposition of Zn-Ni alloy from Ethaline 200-based ionic liquids.[19] Recently, the Ryder 

group investigated the electrochemical properties of Ni species in eutectic liquids[63, 64] in which it 

was found that Ni species started to reduce at about -0.65 V, which is extremely close to the redox 

potential of the Ni complexes studied in this work. Fig. 1 shows that each metal was reduced at a 

different potential, where notably the Sn species started to reduce at -0.57 V and the Ag species at -

0.06 V. A comparison between the voltammograms of these metals (Fig. 1) shows that Ni species need 

more energy to be deposited compared to that required to reduce the Ag, Sn and Cu species.  
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Figure 1. Cyclic voltammograms of 0.05 M SnCl2, CuCl2.2H2O, AgCl and NiCl2.6H2O in Ethaline 

200 using a 1 mm diameter Pt disc vs. Ag/AgCl reference electrode at a scan rate of 10 mV s-1 

and at room temperature. 
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3.2. Effect of sodium bromide on the voltammetric behaviour of metals 

Electrodeposition of Sn, Cu, Ag and Ni in a 1:2 mix of a choline chloride and ethylene glycol-

based ionic liquid (Ethaline 200) was achieved at room temperature on a copper substrate. The 

deposition was performed in both the absence and presence of sodium bromide, with the latter at a 

concentration of 0.05 M. Therefore, it was considered interesting to study the cyclic voltammograms 

of these metals in Ethaline 200 under otherwise identical conditions. Fig. 2 demonstrates the cyclic 

voltammograms of 0.05 M SnCl2, CuCl2.2H2O, AgCl, and NiCl2.6H2O in Ethaline 200 with and 

without the sodium bromide additive.  
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Figure 2. Cyclic voltammograms of a) 0.05 M SnCl2, b) 0.05 M CuCl2.2H2O, c) 0.05 M AgCl, and d) 

0.05 M NiCl2.6H2O. All experiments were performed in Ethaline 200 with and without the 

addition of NaBr. The experiments were run at a potential scan rate of 10 mV s-1 and at room 

temperature using a Pt disc electrode vs. an Ag/AgCl reference electrode. 
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found in other studies in the literature.[60, 65] Different concentrations of sodium bromide were found 

to leave the general features of the CV unchanged, as shown in Fig. 2 (a). Therefore, it can be said that 

sodium bromide does not have any observable effect on the cyclic voltammograms of tin chloride in 

Ethaline 200.  

Fig.2 (b) shows the voltammograms of 0.05 M CuCl2.2H2O in Ethaline 200 in both the absence 

and presence of sodium bromide at concentrations of 10, 20, 50, and 100 mM. Obviously, there are 

two clear reduction processes: firstly, the reversible Cu (II)/Cu (I) couple at +0.380 V, and secondly 

the reduction of Cu (I) to Cu (0) at −0.465 V.[46, 53]  In metallic copper, the latter process results in 

deposition on the anodic scan with a stripping response. Increases in the oxidation-reduction current 

peaks of Cu species were observed when the process was recorded using electrolytes containing NaBr. 

The addition of NaBr to the Cu electrolytes could help to prevents a passivation layer of copper oxide 

from forming on the electrode surface.[19, 66] In addition to surface passivation, NaBr may have an 

additional benefit in Cu electrodeposition by acting as a surfactant to enhance conformal Cu 

growth.[17, 66, 67]. In aqueous solutions, sodium bromide and/or sodium chloride is introduced to the 

plating baths to improve the conductivity and reduce the thicknesses of the passivation layers that form 

on the electrode surface. [68, 69] Thus, one of reasons for the increase in current intensity of Cu in 

Ethaline 200 in the presence of NaBr could be due to the subsequent minimization of the effects of the 

passivation layer. 

Fig.2 (c) shows cyclic voltammograms of AgCl in Ethaline 200 in the absence of NaBr, where 

the reduction of Ag can be observed in Ethaline 200 at E = -1.20 V and where the oxidation peak of 

Ag occurred at E = -0.95 V, in agreement with other work by Abbott and co-workers.[28] There were 

slight decreases in the reduction current peaks for Ag when sodium bromide was added to the plating 

bath at concentrations of 10, 20, and 50 mM; the largest concentration of sodium bromide (100 mM) 

was found to block the surface of the electrode, which meant that less metal was deposited and thus 

that the stripping peak was smaller.[17, 19, 28, 59, 70] 

As explained earlier, additives can be adsorbed onto the electrode surface and thus metal 

deposition cannot take place at the sites occupied by organic molecules. Molecules or additive ions 

will be adsorbed at the active sites or on the high points of the electrode surface, where the thickness of 

the diffusion layer is less than in the recesses; thus, molecules/ions will be transported faster.[57, 58, 

71] Consequently, adsorption of additives molecules within the recesses will be considerably reduced 

and thus the metals will tend to deposit in the recesses in the electrode surface.  

Here, in the voltammograms of Ag, there is a suggestion that NaBr is absorbed on the surface 

of the electrode and impedes the deposition of Ag in such regions. This was investigated in the 

electrodeposition of Sn in the presence of NaBr, where the Br- anion was observed in the coating; the 

coating was examined using SEM/ EDX, as will be discussed in the surface analysis section. The 

presence of Br- anions in the coating was indicated by the adsorption of NaBr on the electrode surface 

and thus its incorporation into the composition of the deposits. The adsorption of NaBr onto the 

electrode surface impeded the growth of Ag nuclei and thus decreased the Ag reduction and oxidation 

current peaks, as can be seen in Fig. 2 (c). 

In Fig. 2 (d), a slight change can be seen in the voltammograms of Ni when sodium bromide 

was added to the plating bath; however, a significant change to the morphology of the resultant Ni 
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deposits (as demonstrated in the SEM image) was also observed. Recently, Ryder and co-workers 

investigated the effects of nicotinic acid, boric acid and methylnicotinate on the electrodeposition of Ni 

from eutectic solvents, where they found that these additives can increase the growth rate of the 

deposition.[64, 72] Thus, a more in-depth study needs to be performed to investigate the mechanism of 

electrodeposition of Ni and other metals from eutectic solvents. This might be achieved by examining 

the nucleation and the mechanism of metal growth through the use of chronoamperometry and atomic 

force microscopy (AFM).   

 

3.3. Chronocoulometry  

Fig. 3 shows the results of the chronocoulometry experiment conducted for all metals without 

additives. The results were obtained using 0.05 M solutions of SnCl2, AgCl, CuCl2.2H2O and 

NiCl2.6H2O in a 1:2 ChCl:EG-based liquid. A Pt disc electrode, Pt mesh counter-electrode and 

Ag/AgCl reference electrode were used in this experiment. The results were measured using the 

reduction potential of each metal, which is characteristic to each element (Sn = - 0.6 V,  Cu = -0.33 V, 

Ag = -0.059 V, Ni = -0.75 V). It is clear from Fig. 3 that charge increases with time. From this method, 

the plots obtained can be interpreted in terms of the concentration gradients in the solution 

immediately adjacent to the electrode surface. The chronocoulometry of 0.01 M CuCl2.2H2O in 

Ethaline 200 was studied by Abbott [53] through the use of a Pt disc electrode, where it was found that 

metal growth was diffusion controlled. Ryder and Barron studied the chronocoulometry of Ni and Zn 

complexes in a choline chloride-based liquid, from which they suggested that the depositions of Ni and 

Zn were not diffusion controlled.[17, 63, 73]  

In the current study, however, Fig. 3 demonstrates that the plots of charge vs. t½  for the metals 

considered are non-linear, signifying that the processes are not controlled by diffusion. 
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Figure 3. Chronocoulometry of 0.05 M  SnCl2, CuCl2.2H2O, AgCl and NiCl2.6H2O in Ethaline 200 

using a Pt disc (1 mm diameter) as the working electrode, a Pt flag counter-electrode and 

Ag/AgCl as the reference. All experiments were run for 1800 s. 
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3.4. SEM characterizations of the metal coating 

In this work, SEM was used to study the effects of NaBr on metal electrodeposition from an 

Ethaline 200 base liquid. Fig. 4 shows the SEM and optical images of electroplating with Sn, Cu, Ag 

and Ni from Ethaline 200 both with and without NaBr at room temperature for 30 mins on a copper 

substrate using a current density of 10 mA cm-2. Fig. 5 shows SEM images for the electrodeposition of 

(a) 0.05 M SnCl2, (b) 0.05 M CuCl2.2H2O, (c) 0.05 M AgCl and (d) 0.05 M NiCl2.6H2O in a 1:2 

ChCl:EG-based liquid in both the presence and absence of NaBr.  
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Figure 4. SEM images for the electrodeposition of (a) 0.05 M SnCl2 (b) 0.05 M CuCl2.2H2O, (c) 0.05 

M AgCl and (d) 0.05 M NiCl2.6H2O from Ethaline 200 in both the absence and presence of 

0.02 M NaBr. All experiments were carried out at a current density of 10 mA.cm-2 for 30 mins. 

at room temperature. 
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A significant change can be seen in the morphology of the Sn deposit when the deposition was 

achieved from a bath containing sodium bromide, as is apparent from Fig. 4 (a). As discussed in the 

voltammetry section (Fig. 2), the NaBr seems to be preferentially adsorbed on the active points of the 

electrode surface. Adsorption of the additives at such active sites likely results in an increase in the 

current density and thus leads to an increased rate of Sn deposition. Otherwise, NaBr could be 

incorporated with the Sn deposition, which could also lead to an increase in Sn deposition rate; this 

was investigated using the EDX technique, as shown in Fig. 5. Here, Br- anions can be observed in the 

EDX data, which corresponds to the incorporation of NaBr into the Sn deposition. The current 

efficiency of the Sn deposit was about 90% before adding NaBr to the Sn electrolyte, but increased to 

97.2% when NaBr was introduced into the plating bath. This increase in efficiency could correspond to 

the increase in the rate of Sn deposition due to adsorption of NaBr species on the cathode. Some  

additives can increase the polarization of the cathode.[57, 58, 74, 75] The adsorption of additives on 

the electrode surface can change the cathode potential, thus resulting in an increase in current density 

and the corresponding increase in current efficiency. However, there are some additives that can 

decrease cathodic polarization, such as pyridine derivatives.[76] 

Fig. 4 (b) shows SEM images of Cu deposits on mild steal. It is clear from Fig. 4 (b) that the 

grain size of the Cu became smaller when the deposition was carried out in the presence of NaBr, and 

further that a bright Cu film formed when NaBr was added to the plating bath. Here, NaBr species 

could reduce the specific adsorption of chloride on the cathode surface. [CuCl4]
2- species were formed 

when CuCl2.2H2O was dissolved in choline chloride-based liquid where this was proved by 

Jennifer.[77] A mixture of choline chloride and ethylene glycol (Ethaline 200) contains high 

concentrations of chloride, where the chloride ions tend to produce a black,[78] friable film due to 

their presence in the electrolyte increasing the number of nuclei at the surface of the electrode.[79, 80] 

High concentrations of Cl- ions could reduce the effectiveness and mobility of Cu species. NaBr may 

work in such a way as to reduce the specific adsorption of free chloride ions on the electrode surface 

and promote the process of Cu reduction, where the concentration of [CuCl4]
2- will be increased at the 

electrode surface as the activity and mobility of the chloride ions is decreased. Thus, NaBr can control 

the rate of nucleation and rate of increase of the growth of these nuclei, producing a bright Cu deposit 

as a result of adding NaBr to the plating liquid. The efficiency of Cu coating in Ethaline 200 is about 

88%, but was found to increase to 95.7 % when the deposition was achieved from a medium 

containing NaBr. These values were calculated using the faraday law and from the weight of the 

sample before and after coating.   
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Figure 5. SEM and EDX for the electrodeposition of 0.05 M SnCl2 in Ethaline 200 on a copper 

substrate in the presence of 0.02 M NaBr. All experiments were carried out at a current density 

of 3.75 mA cm-2 for 30 mins. at room temperature. 

 

No significant change was observed in the Ag deposit morphology; however, it can be seen that 

the coating became increasingly homogenous when NaBr was used, as is clear from Fig. 5 (c). Here, 

NaBr increased the conductivity of the plating liquid by 0.32 mS cm-1, thus increasing the rate of Ag 

deposition and, therefore, the current efficiency of the coating.  

A significant change occurred in the Ni deposit morphology when the deposition was achieved 

from a system containing NaBr as an additive; a uniform, homogenous and bright Ni deposit was 

obtained in this latter instance. Here, NaBr helped to increase the conductivity and cohesion of the Ni 

coating. The current efficiency of the Ni deposit was between 89-90%, but increased to 98-99% when 

the deposition was achieved from the liquid medium containing NaBr. Therefore, it can be suggested 

that sodium bromide is a very effective brightener, producing highly uniform and smooth Ni deposits 

from an Ethaline 200-based eutectic solvent.  

 

3.5. Surface Roughness 

3D microscopy is one of the analytical methods utilized in this study. This method offers data 

about surface properties, for example, surface profile and roughness, but can additionally be applied to 

determine the thicknesses of surface coatings. In the current study, the Zeta-20 optical 3D- microscope 

has been utilized to examine the surface roughness studies of the metals used, and furthermore to give 

an indication of the 3D imagery of each coating. Fig. 6 shows the 3D microscopic images of  

electroplating with Sn, Cu, Ag and Ni from Ethaline 200 in both the absence and presence of 0.02 M 

NaBr. The processes were performed at room temperature for 30 mins. on a copper substrate at a 

current density of 10 mA cm-2.  

Fig. 6 shows the extensive change in the roughness of the metal deposits that can be achieved 

from liquid media containing NaBr, as is also clear from Table 1. Table 1 indicates the average surface 

roughness of metals coated. In this table, it can be seen that the roughness of the silver and nickel 

Sn deposit with NaBr 
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coating increased as a result of using a 0.02 M NaBr concentration in the plating bath, while the 

roughness of the copper deposit significantly decreased when NaBr was used. The information 

reported in Table 1 can be characterized as follows: Rpv is the maximum peak to valley difference, Ra 

is the mean roughness, Rpv is the largest top to valley distinction, Rp is the maximum peak height, Rv 

is the maximum valley depth and average of (Rp – Rv) from five sections (Rz). 

 

Metals 3D imaging of coating before addition 

of NaBr 

3D imaging of coating after addition 

of NaBr 

a)   Sn 

  

b)  Cu 

  
c)  Ag 

  
d)  Ni 

  

 

Figure 6. 3D microscopy images of (a) 0.05 M SnCl2 (b) 0.05 M CuCl2.2H2O, (c) 0.05 M AgCl and 

(d) 0.05 M NiCl2.6H2O depositions from Ethaline 200 in both the absence and presence of 0.02 

M NaBr. All experiments were carried out at a current density of 10 mA cm-2 for 30 mins at 

room temperature. 
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Table 1. Average surface roughnesses for copper substrates plated with various metals 

 

Metal Ra / µm Rpv/ µm Rp/ µm Rv/ µm Rz/ µm 

Sn 0.4095 6.951 4.542 2.410 5.856 

Sn with 20 mM NaBr 0.6174 8.078 4.591 3.487 7.189 

Cu 1.643 9.369 4.828 4.541 4.887 

Cu with 20 mM NaBr 1.184 7.123 3.894 3.229 3.864 

Ag 0.3916 5.989 3.127 2.863 4.850 

Ag with 20 mM NaBr 0.3895 5.171 2.779 2.393 4.555 

Ni 0.3297 2.304 1.128 1.176 1.743 

Ni with 20 mM NaBr 0.3800 3.006 1.455 1.611 2.374 

 

 

The roughness of the Sn coating was found to be 0.4095 µm when the deposition was 

performed in a bath without NaBr; however, the roughness of the Sn coating increased to 0.6174 µm 

when the coating was achieved from the same liquid medium in the presence of NaBr. This was 

consistent with the morphologies of the Sn deposits shown in Fig 4 (a), where NaBr can be adsorbed 

onto the electrode surface and contribute to the coating, as shown in Fig. 6 (EDX), resulting in an 

increase in grain size, and thus increased roughness, of the coating. It can be seen in Table 1 that the 

roughness of the Cu coating decreased to 1.184 µm when NaBr was added to the plating liquid. In the 

electrodeposition of certain metals, the adsorption of additives onto the electrode surface can lead to a 

decreased grain size, and thus decreased roughness, of the subsequent coating.[81, 82] Extensive 

additive adsorption on the surface can block the active sites of the substrate, consequently affecting the 

nucleation of the metal growth mechanism and hindering metal deposition,[83] as possibly occurred in 

the deposition of Cu in the presence of NaBr. No significant change in the roughness of the Ag coating 

was found when NaBr was added, as shown in Table 1. The roughness of the Ni coating was 0.3297 

µm, which increased to 0.3800 µm as a result of adding NaBr.   

There is a difference in the nucleation mechanism of metals in 1:2 ChCl:EG in the presence of 

NaBr, though the details of such still remain to be discussed as there have been no previous attempts to 

determine the nucleation mechanisms of these metals in Ethaline 200-based liquid in the absence and 

presence of additives. Furthermore, the use of NaBr indicated that the morphology of the above-

mentioned metal depositions had been improved significantly and that nucleation had altered on the 

surface, rather than the observations being the results of bulk effects.  

 

 

 

4. CONCLUSIONS 

In the electrodeposition of metals from aqueous baths, inorganic and/or organic additives are 

often used as levellers and brighteners to improve the properties of the resultant coatings, such as their 

brightness, roughness, thickness and current efficiency. However, few studies to date have considered 

the influence of additives on the electrodeposition of metals from deep eutectic solvents.  
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In this work, the results of what we believe to be the first study to date into the effects of 

sodium bromide on the electrodeposition of Sn, Cu, Ag and Ni from Ethaline 200 have been reported, 

wherein NaBr was shown to have various effects on the deposition properties of these metals. It was 

found that NaBr affected Sn, Cu, Ag and Ni deposition, where the morphologies of these metal 

deposits were significantly altered when NaBr was added to the plating bath. Slight changes in the 

cyclic voltammograms of Sn, Cu and Ni were observed when using NaBr, whilst a clear reduction in 

the redox peaks of Ag as a result of adding NaBr to the plating bath was apparent. Surface analysis 

techniques (SEM and 3D-optical microscopy) showed changes to the morphologies and roughnesses of 

the metal deposits when NaBr was introduced into the plating bath. 3D microscopy was utilized to 

investigate the roughness profiles of these surfaces. The roughnesses of the Sn and Ni deposits 

increased when NaBr was used due to increased rates of deposition, while the surface roughnesses of 

the Cu and Ag deposits decreased as a result of using NaBr, while others saw a reduced surface 

roughness. The current efficiencies of the Sn, Cu and Ni deposits increased to 97%, 96% and 98%, 

respectively, when using NaBr as additives.  
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