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The electrode processes of Se
4+ 

at 60
o
C in three ionic liquids which consisted in eutectic 

mixtures of choline chloride with urea (ChCl-urea), ethylene glycol (ChCl-EG) or oxalic 

acid (ChCl-OxA) have been studied by cyclic voltammetry. SeO2 was the dissolved 

precursor in electrolyte and platinum and glassy carbon were the working electrodes. 

Successive processes of underpotential deposition, bulk deposition and conversion of Se
0
 

into a soluble species (Se
2-

) were evidenced by gradual scanning of potential to more 

negative values. Using the same ionic liquids, selenium films have been prepared on 

copper substrate by electrolysis with controlled cathodic potential at 60 
o
C. Scanning 

electron microscopy and energy dispersive X-rays spectroscopy elemental analysis were 

carried out in order to evidence the dependences of morphology and chemical composition 

of Se films on nature of electrolyte and applied polarization potential. 
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1. Introduction 
 

Selenium is an indirect semiconductor with a narrow band gap of ~1.7eV (that may 

increase up to 3.0 eV) and arelatively high-ionization energy [1,2]. Selenium films have internal 

strong bonds tending to form polyatomic chains. Particularly, the interest in Se films is associated 

to promising physical properties [3-6] such as photoconductivity, superconductivity, piezoelectric 

effect, non-linear optical response, anisotropic thermoconductivity, thermoelectrical properties. 

They have also catalytic activity towards hydration and oxidation reactions of organic compounds. 

Fabricating Se into various types of nanostructures (nanoparticles, nanotubes, nanorods) may 

introduce new types of applications in solar cells (photoelectrodes), semiconductor rectifiers, 

photographic exposure meters, and xerography [3-9]. Elemental selenium can adopt an amorphous 

phase (coloured red, brown or black) and multiple allotropic crystalline modifications: three 

monoclinic Se8 phases, a rhombohedric Se6, an orthorhombic Se, two cubic Se phases, and a 

hexagonal phase (called also ‘trigonal’ or ‘metallic’) [10-14]. Due to its property of reversible 

transformations between the amorphous and crystalline phases, Se is used in optical memory 

applications. At room temperature the most stable phase is the amorphous red selenium which is 

poorly conductive. The grey crystalline hexagonal phase is a stable semiconductor at temperature 

above 100
o
C. All the other phases are electrical insulators.  

Electrochemical deposition has been widely employed in the manufacturing of elemental 

selenium as well as binary, ternary or even more complex compounds of selenium [15,16]. This 

technique is advantageous mainly due to simplicity, cost effectiveness and easy maintenance. The 

film thickness, chemical composition, morphology and microstructure of the deposited materials 

could be controlled by adjusting the parameters of the electrodeposition process.  

Until now, the grey selenium which is the densest phase was prepared electrochemically 

from aqueous media using very acidic baths (sulfuric, hydrochloric, perchloric or nitric acids) with 
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high precursor concentration and at temperature typically around 100°C [10]. The mechanism of 

Se
4+

 reduction in these media has been debated extensively in the last four decades [12-29]. 

Kowalik [30] has provided recently a thorough literature-based review on the complex 

voltammetric behaviour of H2SeO3 species. The cyclic voltammetry results were interpreted in 

terms of a two-step reduction scheme: first process is a Se
0
 deposition,  

 

Se
4+ 

+ 4 e
- 
→ Se

0
       (1),  

 

followed by a subsequent reduction at more negative potentials,  

 

Se
0
 + 2 e

- 
→ Se

2-       
(2).  

 

The second process means an electrochemical dissolution of the solid selenium deposit 

and gaseous H2Se formation in aqueous solutions. According to Wei et al. [17] and Lai et al. [28] a 

cathodic process generating directly Se
2-

 soluble species,  

 

Se
4+

+ 6 e
- 
→ Se

2-       
(3)  

 

is very likely to undergo in competition to elemental Se
0
 deposition (process 1). Moreover, 

additional electrochemical quartz crystal microbalance measurements [30] have shown that Se 

starts to deposit again after the processes (2) or (3), with a very high precipitation rate, if the 

potential is maintained to excessive negative potentials. This is a proof that the presence of Se
2- 

soluble species enables the synproportionation (comproportionation) reaction:  

 

Se
4+

 + 2 Se
2-

 → 3 Se
0
                                                 (4) 

 

Also, the mechanism of Se electrodeposition and structure of deposit strongly depend on 

the material of electrodes. Se element may react with substrate leading to the formation of 

insoluble selenide [27,30]. Therefore, to investigate the Se electrochemistry, mostly gold 

[17,18,21,24,26,27], platinum [21,22,25], tin dioxide [28] and glassy carbon [17,29] electrodes  

were used due to their wide electrochemical window and very weak reactivity. On 

voltammograms, first peaks or plateaus that occurred at the scan beginning are surface limited 

processes and represent the underpotential deposition of selenium, Se-UPD [23,30]. Further, bulk 

deposition takes place but this growth of Se film is stopping at a limiting thickness. Se deposits are 

grown again in the ‘transpassive’ potential domain [20].  

Endres and his group [31-36] demonstrated that selenium can be easily electrodeposited 

from ionic liquids that consist in methylpyrrolidinium or methylimidazolium 

trifluromethylsulfonate derivatives. These traditional ionic liquids have a wide electrochemical 

window and extremely low vapour pressures, which allow direct deposition of grey Se at 

temperature above 100
o
C. Endres et al. [31-33] prepared Se films at 70–100

o
C using 1-butyl-1-

methylpyrrolidinium bis(trifluor-methylsulfonyl) amide (symbolized [BMP]Tf2N) in which SeCl4 

precursor was dissolved. The influence of electrolysis parameters, such as time and temperature of 

bath, on the crystallinity of hexagonal and rhombohedral Se phases was studied. It was showed 

that the addition of 5 vol.% water in [BMP]Tf2N has a good influence to the crystallinity of film 

[34,35]. The same research group has studied comparatively the electrochemical behavior of 

H2SeO3 in 1-ethyl-3-methyl-imidazolium trifluromethylsulfonate at room and elevated 

temperatures (70, 90 and 110
o
C) using gold and copper substrates [36]. Also, researches 

performed by Chou et al. [37] and Steichen and Dale [38] have focused on the influence of 

precursor chemical nature (SeCl4 or SeO2) on the morphology and crystallinity of Se deposits 

prepared from 1-ethyl-3-methylimidazolium tetrafluoroborate/chloride.  

New ionic liquids based on choline chloride (IUPAC name: 2-hidroxy-ethyl-trimethyl 

ammonium chloride) were recently found to have interesting perspectives in electrodeposition of 

selenium. In general, an eutectic-containing ionic liquid is formed due to the hydrogen bonds 

between choline chloride (ChCl) and amides, alcohols or carboxylic acids [39]. These binary 

mixtures are also called ‘deep eutectic solvents’ (DESs), being potentially recyclable, 
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biodegradable and with no harm on human health. For instance, the eutectic mixture of ChCl with 

urea can represent a green alternative in electrodeposition of CuInSe2 and Cu(In,Ga)Se2 films for 

photovoltaic applications [40]. 

Up to this moment one can find that only few studies on Se electrodeposition from DESs 

have been conducted. Very recently, Bougouma et al. [41] has reported the electrochemical 

behaviour of Se
4+ 

in choline chloride - urea eutectic with a single concentration of precursor (10 

mM SeO2) using gold electrode in a temperature range from 70 to 110
o
C. Cyclic voltammetry and 

chronoamperometry techniques were employed within this temperature range. Similarly to 

aqueous solutions, three main cathodic peaks recorded were interpreted as Se-UPD, bulk 

deposition of Se (process 1) and subsequent reduction of the solid deposit leading to Se
2-

 soluble 

species (process 2). By measuring the charges associated with the voltammetric peaks, the 

conclusion was that a six-electron direct reduction (process 3) is excluded. Some preliminary 

studies performed in our laboratory regarding Se electrodeposition at constant temperature (60
o
C) 

in eutectics consisted in mixtures of choline chloride with urea or ethylene glycol were reported 

previously [42]. The applied techniques were cyclic voltammetry (CV) and electrochemical 

impedance spectroscopy (EIS). Also, deposition of selenium as a component in BiTeSe [43,44] or 

BiSe [45] semiconductor films was discussed recently in other papers published by our group. 

In this work, we present CV curves obtained at 60
o
C with platinum and glassy carbon 

(GC) electrodes, regarding electrochemical behavior of Se
4+

 in three ionic liquids, namely 

mixtures of choline chloride with urea (ChCl-urea), ethylene glycol (ChCl-EG) or oxalic acid 

(ChCl-OxA). After establishing the appropriate potential range for Se electrodeposition, selenium 

films were electrodeposited on copper substrate and analysed by SEM microscopy and energy 

dispersion X-rays spectroscopy (EDX). To the best of the knowledge of the authors, the 

electrochemical properties of Se
4+

 species, preparation of Se films and their microscopy analysis 

have not been systematically studied in the above three ionic liquids. 

 

 

2. Experimental works 
 

Background electrolytes were mixtures of choline chloride with urea (1:2 mole ratio), 

ethylene glycol (1:2 mole ratio) or dihydrate oxalic acid (1:1 mole ratio), respectively. All reagents 

for preparation of these ionic liquids were of analytical grade (Aldrich) and used in the 

experiments as purchased. Each binary mixture was heated at above 90
o
C for 30 min until 

homogeneous colourless liquid is formed and this remained stable at room temperature. SeO2 

(Alfa Aesar) was the precursor for dissolved free selenide ions. The Se
4+ 

molarities were calculated 

using density determined in our lab. 

Cyclic voltammograms (2-100 mVs
-1

 scan rates) were recorded using a potentiostat 

(SP150 Bio-Logic Sci. Instr. or Zahner elektrik IM 6e). The working electrode was a platinum 

plate (0.5 cm
2
) or disk (0.07 cm

2
); a glassy carbon disk (GC, 0.07 cm

2
) was also used as inert 

working electrode. A Pt plate with large surface area and an Ag wire were auxiliary electrode and 

reference electrode, respectively.  

In order to obtain Se films on commercial copper sheets (9–14 cm
2
 exposed area) the 

electrodeposition was carried out in a two-electrode cell for 1-2 h under potentiostatic control at 

60
o
C. The Pt plate with large surface area was the counterelectrode. Before electrolysis the 

substrate surface was cleaned appropriately and after plating the samples were rinsed with water 

and dried. A scanning electron microscope Quanta Inspect F (FEI-Philips) equipped with energy 

dispersion X-rays spectroscope (EDX, Mn Kα resolution at 132 eV), was used to determine 

surface morphology and elemental composition of Se deposits. 

 

 

3. Results and discussion 
 

Regarding the solubility process of selenium dioxide precursor in ChCl-urea, ChCl-EG or 

ChCl-OxA ionic liquids we suppose that Se
4+

 free ions occur in the electrolyte, according to the 

following scheme: 
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SeO2  +  4 Cl
- 
 →  SeCl4 +  2 O

2-
    (5) 

SeCl4 ↔  Se
4+

 + 4 Cl
-
     (6)  

 

However, the presence of chloride anion Cl
-
 as ligand forming complexes in ionic liquid 

can lead to conversion of SeCl4 into an anionic species of [SeCl4+x]
x- 

type: 

 

 SeCl4  +  x Cl
-
→  [SeCl4+x]

x-
    (7) 

 

The most probable stoichiometry of this chlorocomplex has x=2, therefore SeCl6
2-

 anions may be 

formed; the process is similar to complexing process in other ionic liquids for obtaining TeCl6
2- 

species [46]. 

 

3.1. Cyclic voltammetry of selenium ions in ionic liquids containing choline chloride 

CV technique has the advantage that charge transfer processes for Se electrodeposition can 

be recorded and characterized in terms of electrode potential and current density of cathodic peaks. 

Thus, before electrochemical preparation of Se films we proposed to study the reduction of Se
4+ 

using this technique at constant temperature (60
o
C) in ChCl-urea, ChCl-EG and ChCl-OxA ionic 

liquids. In previous CV studies using these three media as solvents [47,48] we showed that any 

supplementary electrode process except the cathodic reduction of cholinium ion and anodic 

oxidation of Cl
-
, which both are components of background electrolyte, does not appeared. 

However, it is worth mentioning that the electrochemical window in the eutectic mixture of 

choline chloride with oxalic acid (ChCl-OxA) used here is in general narrowed due to the presence 

of water molecules provided from dihydrated oxalic acid [47]. 
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Fig. 1. Selected CVs from ChCl-urea + 10 mM SeO2 on different electrodes: 

 (a) Pt plate, scan rates: (1) 5; (2) 10; (3) 50 and (4) 100 mVs
-1

; 

(b) Pt disk, scan rates: (1) 10; (2) 20; (3) 50 and (4) 100 mVs
-1

;  

(c) GC disk, scan rates: (1) 50 and (2) 100 mVs
-1

. 
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A selection of the typical CV curves obtained on platinum and glassy carbon from ChCl-

urea + SeO2 systems is displayed in Figures 1. The scan of potential is first performed in negative 

direction. The shape of cathodic branch of voltammograms indicates a multiple reduction process 

with currents that increase with scan rate. Either a single or several reduction peaks or waves were 

recorded during the first scanned portion and they are attributed to underpotential deposition of 

selenium (Se-UPD). Further, the prominent cathodic peaks recorded on Pt plate or Pt disk in Figs. 

1 a and 1 b are located in a potential range from -0.55 to -0.75 V and correspond to massive (bulk) 

deposition of selenium. 

Similar to electrolysis in aqueous media or traditional ionic liquids we consider that the 

electroreduction of selenium ions takes place as a four-electron transfer, which is the process (1) 

above described. We may also consider in the case of SeCl6
2-

 anion reduction a four-electron 

transfer: 

SeCl6
2-

 + 4 e
-
 →  Se

0
  +  6 Cl

-
    (8) 

 

The massive process of Se deposition was hardly observed on GC electrode (Fig. 1 c), being rather 

a wave (from -1 to -1.5 V) in a more negative potential range than in voltammograms on Pt. 

Moreover, onto the inert GC surface a further reduction of Se
0
 deposit into soluble species (Se

2-
) is 

evidenced by the peaks in Fig. 1 c between -2 and -2.2 V as a final reduction process (2) also 

discussed above. 

As the anodic response in CV curves shows, the deposition of Se film tends to partially 

passivate surface for both Pt and GC electrodes. By returning the scan, the main oxidation peaks 

situated at 0.8 V or 0.9 V represent the stripping dissolution of selenium deposit. This very large 

peak potential difference, with ΔEp values from 1.6 up to 3 V, is a proof for an irreversibile 

Se
4+

/Se
0
 couple from electrochemically point of view, in spite of a probable diffusion control.  
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Fig. 2. CVs from ChCl-EG + 10 mM SeO2 on different electrodes:  

(a) Pt disk, scan rates: (1) 5; (2) 10; (3) 20; (4) 50 and (5) 100 mVs
-1

;  

(b) GC disk, scan rates: (1) 5; (2) 10; (3) 20 and (4) 50 mVs
-1

. 

 

 

CVs curves obtained from ChCl-EG + SeO2 electrolytes are shown in Figs. 2 and 3. Based 

on previous discussion regarding the processes in ChCl-urea, the assignment of the cathodic peaks 

or waves recorded in Fig. 2 may be similar: underpotential deposition of selenium element 

(plateaus or peaks up to -0.7 V on Pt and up to -0.8 V on GC), its bulk deposition (peaks at around 

-0.8 V on Pt and around -1.1 V on GC), and formation of Se
2-

soluble species (waves from -1.2 to -

1.4 V on Pt and peaks between -1.25 and -1.35 V on GC). The last process (3) may lead to a 

supplementary precipitation of Se, process (4) [30]. The observed anodic peaks during the reverse 

scan in Fig. 2 may correspond to the successive oxidation of Se precipitate, Se bulk deposited and 

Se-UPD, respectively. 
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Fig. 3.  Selected CVs from ChCl-EG + 15 mM SeO2:  

(a) on Pt plate, scan rates: (1) 5; (2) 10; (3) 20 and (4) 50 mVs
-1

; (b) on GC disk, scan rates:  

(1) 5; (2) 10; (3) 50 and (4) 100 mVs
-1

; in insertion: CV curves recorded on the total range of potentials 

 

 

Figs. 3 present, similar to Figs. 2, the three cathodic processes recorded in the 

approximately same regions of potentials as for system with 10 mM Se
4+

. Higher current densities 

(ip) of all peaks or shoulders are due to higher SeO2 concentration in electrolyte. Clearly, the 

currents for Se-UPD process remain constant with increasing scan rate, but the currents assigned to 

bulk Se
0
 deposition, at potential around -0.7 V on Pt and -1.2 V on GC, have higher values with 

increasing scan rate (v). The linear dependences of ip with v
1/2

 and Se
4+

 concentration (not shown 

here) suggest a diffusion controlled process for Se bulk deposition in ChCl-EG ionic liquids. 
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Fig. 4. Selected CVs on Pt plate from ChCl-OxA + 5 mM SeO2 recorded in the potential range of 

 Se-UPD and bulk deposition processes. In insertion: all CVs showing the limits of scanning 

 

 

More complex are cathodic processes in the eutectic mixture of choline chloride with 

oxalic acid (ChCl-OxA) in which there were found smaller values (with 500 mV lower) of the 

electrochemical window than in ChCl-urea and ChCl-EG systems [47]. The window is certainly 

narrowed in the presence of around 13 wt% water introduced as hydrated oxalic acid. Thus, for 

ChCl-OxA + SeO2 electrolytes an easier hydrogen evolution at the cathode is expected together 

with selenium deposition process. A selection of the voltammograms obtained on Pt electrode 

from 5 mM and 10 mM SeO2 precursor dissolved in ChCl-OxA ionic liquid is showed in Figures 4 

and 5. Successive cathodic peaks and waves are observed within the potential range from the start 

scanning (0.9 V) up to -0.2 V, and they are assigned to Se-UPD processes. The bulk (massive) 

deposition of selenium takes place only at potentials more negative than -0.3 V, illustrated in 

general as a continuous increasing of cathodic current. For instance, the shoulder located around  
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-0.35 V in Fig. 5 may be attributed to this deposition process (process 1). On the anodic branch of 

voltammograms in Figs. 4 and 5 a single peak at cca 0.84 V is the main oxidation process that is 

attributed to electrochemical dissolution of selenium deposit.  
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Fig. 5. Selected CVs on Pt plate from ChCl-OxA + 10 mM SeO2 recorded in the potential range of 

Se-UPD and bulk deposition processes. In insertion: all CVs showing the limits of scanning 

 

 

However, taking into account the significant presence of water another pathway of the 

process of selenium deposition is possible by considering the seleneous acid H2SeO3 as participant 

species to reduction, even partially. As it was presented in the literature of aqueous solutions 

[27,30,49] the selenium can be also deposited from the process: 

 

H2SeO3 + 4 H
+ 

+ 4e
-
→  Se

0
 + 3H2O   (9) 

 

Obviously, it is expected for both processes (1) and (9) to have lower current yields 

because they are accompagnied with an intensive hydrogen evolution.   

 

3.2. Microscopy and EDX analysis of selenium deposited films 

Based on the above CV studies on platinum and glassy carbon electrodes, selenium thin 

films were electrodeposited on copper sheets in conditions of controlled potential at constant 

temperature of 60
o
C. We conducted a series of experiments in unstirred solutions containing ChCl-

urea, ChCl-EG and ChCl-OxA as solvents and SeO2dissolved precursor, in order to correlate the 

film composition and morphology with the electrodeposition parameters. Crystalline and adherent 

deposits of dark grey colour were obtained by applying a potential step starting from the stationary 

potential (Estat) of each electrode/electrolyte interface. 

Table 1 presents the electrolysis conditions (nature of bath, stationary electrode potential, 

applied electrode potential, time duration and temperature) and results of EDX elemental analysis 

for as-prepared Se samples. The content of oxygen and chlorine elements as impuritiesis likely 

originated from ionic liquid incorporated during electrodeposition or which was not fully removed 

from the final surface of film. This explains the fact that selenium film deposited from ChCl-urea 

electrolyte (which has the largest viscosity among investigated ionic liquids) had the highest 

content of impurities. In addition, a part of the oxygen impurity may come from the oxidation in 

air of freshly deposited selenium before the sample to be analysed by SEM/EDX. 

A comparison of SEM pictures at high magnification (Figs. 6) shows very different 

morphology which depends primarily on the nature of electrolytic bath and less on the amplitude 

of cathodic step (polarization value). Thus, in Fig. 6 a small grains of selenium grown from ChCl-

urea ionic liquid seem to come together into big aggregates like a coalescence effect. The film is 

the thinnest and non-uniform distributed onto the substrate surface. 
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Table 1. EDX results regarding impurities of Se films prepared with potential control 

 from various ionic liquids based on choline chloride 

 

Elements Content found by EDX analysis 

wt% at% 

Electrolyte: ChCl-urea + 10 mM SeO2 

Electrolysis at -0.235 V (Estat = -0.170 V vs. Ag ref.) for 1 h, 60
o
C 

Se K 21.59 5.71 

O K 67.18 87.69 

Cl K 11.23 6.60 

Electrolyte: ChCl-EG + 15 mM SeO2 

Electrolysis at -0.350 V (Estat = -0.238 V vs. Ag ref.) for 1 h, 60
o
C 

Se K 79.56 44.08 

O K 20.44 55.92 

Electrolyte: ChCl-EG + 15 mM SeO2 

Electrolysis at -0.450 V (Estat = -0.238 V vs. Ag ref.) for 1 h, 60
o
C 

Se K 72.72 35.06 

O K 27.28 64.94 

Electrolyte: ChCl-OxA + 5 mM SeO2 

Electrolysis at -0.320 V (Estat = -0.277 V vs. Ag ref.) for 2 h, 60
o
C 

Se K 44.12 13.79 

O K 55.88 86.21 

Electrolyte: ChCl-OxA + 10 mM SeO2 

Electrolysis at -0.320 V (Estat = -0.262 V vs. Ag ref.) for 1.5 h, 60
o
C 

Se K 87.86 59.45 

O K 12.14 40.55 

 

In Figs. 6 b,c the morphologies of films deposited from ChCl-EG at two polarization 

potentials are similar, although a more dense film is obtained by increasing the cathodic 

polarization from -0.350 to -0.450 V. The deposits show worm-like elongated microcrystals 

(vermicular shape) that are uncurled and have in general more than 100 nm length. On contrary, 

the uniform deposits formed in ChCl-OxA ionic liquid (Figs. 6 d,e) show cubic or quite polygonal 

microcrystals with dimensions around 15-40 nm. As it can be seen the grains are somehow 

agglomerated, but with a higher degree of unification for the bath with 10 mM SeO2. 

 

 

 

 

 

 

 

 

 

 

    
Fig. 6. Comparative SEM images of Se films electrodeposited on Cu at 60

o
C from various ionic liquids:  

(a) ChCl-urea + 10 mM SeO2; (b) ChCl-EG + 15 mM SeO2, polarization at -0.350 V; 

 (c) ChCl-EG + 15 mM SeO2, polarization at -0.450 V; (d) ChCl-OxA + 5 mM SeO2; 

 (e) ChCl-OxA + 10 mM SeO2. The preparation details were indicated in Table 1. 

(d) (e) 
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Fig. 7. SEM images (a,b) of selenium film electrodeposited on Cu from ChCl-urea + 10 mM SeO2; 

(c) EDX pattern. See Table 1 for preparation conditions 

 

 

     
 

 
 

Fig. 8. SEM images (a-c) of selenium film electrodeposited on Cu from ChCl-EG + 15 mM SeO2 

at -0.450 V applied potential; (d) EDX spectrum. See Table 1 for preparation conditions 

 

 

SEM pictures at different magnifications and EDX patterns for as-deposited Se films are 

shown in details in Figures 7-10. Figs. 7 a,b show that Se film grown from ChCl-urea covers 

completely the substrate surface, although it is very thin. An analysis of EDX pattern for film 

deposited from this bath reveals a high penetration of the incident X-ray beam that led to 

significant amplitude of peaks for Cu substrate (Fig. 7 c). A chlorine peak is also observed 

together with a higher peak assigned to oxygen. 
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(a) (b) (c) 
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Fig. 9. (a-c) SEM images of selenium film electrodeposited on Cu from ChCl-OxA + 5 mM SeO2; 

(d) EDX spectrum. See Table 1 for preparation conditions 

 

 

   
 

 
 

Fig. 10. (a-c)SEM images of selenium film electrodeposited on Cu from ChCl-OxA + 10 mM SeO2;  

(d) EDX spectrum. See Table 1 for preparation conditions 

 

 

Figs. 8-10 show that more compact and coherent Se films were grown from ChCl-EG + 15 

mM SeO2 and ChCl-OxA + 10 mM SeO2 electrolytes. Accordingly, the EDX peaks ascribed to the 

substrate material (Cu) and oxygen content were attenuated in the patterns. As Table 1 shows, the 

most rich in selenium were the samples prepared from ChCl-OxA + 10 mM SeO2 (cca 88 wt% Se) 

at -0.320 V and from ChCl-EG + 15 mM SeO2 at -0.350 V (cca 80 wt% Se), respectively.  
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4. Conclusions 
 

Se deposits could be obtained electrochemically from the three investigated ionic liquids 

based on eutectic binary mixtures of choline chloride (ChCl) with the hydrogen donor compounds 

as urea, ethylene glycol (EG) or oxalic acid (OxA), respectively. Cyclic voltammograms on 

platinum and glassy carbon showed that successive processes of underpotential deposition, bulk 

deposition and conversion of Se
0
 into a soluble species (Se

2-
) take place by gradual scanning of 

cathodic potential to more negative values. SEM images indicated morphology with coalescent 

spherical aggregates of Se microcrystals for Se film grown in ChCl-urea + 10 mM SeO2, which 

had the lowest thickness. More compact and coherent Se films were grown from ChCl-EG  + 15 

mM SeO2 and ChCl-OxA + 10 mM SeO2 but their morphologies are different, with vermicular or 

cubic (polygonal) grains, respectively. The richest films in selenium were obtained if they are 

deposited with controlled potentials at -0.320 V in ChCl-OxA+ 10 mM SeO2 (cca 88 wt% Se) and 

-0.350 V in ChCl-EG + 15 mM SeO2 (cca 80 wt% Se), respectively.  
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