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SUMMARY

Co-electrodeposition of cobalt and selenium from deep eutectic solvent (DES) can be an effective method of
obtaining cobalt selenide materials. Electrodeposition with potential pulses allowed obtaining compact structures of
thin films deposited on graphite and nanowires with controlled compostion.

INTRODUCTION

Cobalt selenide is a compound examined for many applications, especially those
electrochemical such as electrode material for batteries, supercapacitors, or water
electrolysis [1,2,3]. In presented research we developed a technique of cobalt selenide
electrodeposition from a deep eutectic solvent solution. We synthesized two structures of
this material: thin films deposited on graphite foil and nanowires deposited into pores of
anodic aluminum oxide (AAO).

Experimental
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Fig. 1 Scheme of teflon cell for used for performing
electrodeposition. WE — working electrode (graphite or
AAOQ) put on brass base, which ensures electric contact;
RE - pseudoreference electrode — platinum wire;
CE - counter electrode — platinum wire; T — thermometer.
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Electrolyte: 0.1 M CoCl, + 0.1 M SeO, in deep eutectic solvent (ethylene glycol + choline
chloride in a 2:1 molar ratio)

Electrodeposition was performed in teflon cell (Fig. 1) in three electrode system. The
solution was stirred and heated to 80 ° C.

Constant potential electrodeposition was performed with five different potentials, chosen
basing on cyclic volatammogram: -0.8 V; -09 V; -1.0 V; -1.3 V and -15 V.
Electroreduction was conducted for 10 min.

To obtain structures with a more controlled composition and a better morphology,
electrodeposition with potential pulses was performed. The pulse 'on' potential was
-1.0 V, t,,=1 ms, three different ,off" potentials were tested: -0.17 V (OCP), -0.50 V and
-0.75 V, t+=5 ms. Electroreduction was carried out for 60 min, which correspond to total
time of pulse ,on” equal to 10 min.

To obtain stoichiometric composition (CoSe,), concentration of SeO, in bath was
decreased to 0.05 M.

Nanowires were electrodeposited under conditions optimized for thin films (E,,=-1.0 V,
t.,n=1 ms; E;x=-0.75V, t,;4=5 ms, 0.1 M CoCl, + 0.05 M SeO,).

RESULTS

Constant potential electrodeposition

Fig. 2 SEM images of Co-Se electrodeposited on graphite with different values od constant
potential : (a) -0.8 V; (b) -0.9 V; (¢c) -1.0 V; (d) -1.3 V; (e) -1.5 V. On EDX maps cobalt is marked
in red (K line) and selenium in blue (K line).

Table 1 Compositions of samples electrodeposited with constant potential.

E [V] Co [Y] Se [%] formula
-0.8 23.811.4 76.211.4 Coy3,5e
-0.9 39.2+1.0 60.8+1.0 CogesS€
-1.0 42.7+3.6 57.313.6 Coy5Se
-1.3 60.613.4 39.413.4 CoSe g5
-1.5 58.940.9 41.2+0.9 CoSej 1

Electrodeposition with potential pulses

Fig. 3 SEM images and EDX maps of Co-Se electrodeposited on graphite. Potential of pulse ,on”
E,,=-1.0 V and different ,off” potentials: a) E 4 -0.17 V; b) E4 =-0.50 V; c) E 4 -0.75 V; d) E4 =-0.75 V
(SeO, concentration decreased to 0.05 M). On EDX maps cobalt is marked in red (K line) and selenium in
blue (K line).

Table 2 Compositions of samples electrodeposited with potential pulses

Eif Co [%] Se [%] formula
-0.17V 2.311.4 97.7+1.4 Cog g5€e
-0.50 V 1.3+0.3 98.7+0.3 Cogy g1 5€
-0.75V 23.1+1.8 76.911.8 Coy 305€
-0.75 V* 31.2+0.3 68.81+0.3 Co, 455€e
*SeO, concentration decreased to 0.05 M

Nanowires

Composition: 38.914.7% Co 61.1+4.7% Se, formula: Co,5,Se

a } AAO matrix

Co-Se nanowires in AAO matrix

i Au layer i 1 pm

Fig. 4 SEM images of Co-Se nanowires a) cross-section of AAO membrane with nanowires

b) nanowires after etching of membrane.

CONCLUSIONS

® Electrodeposition with potential pulses allows to obtain more compact structures and

to better control the composition.

Optimal conditions are: pulse “on”: E=-1.0 V, t=1 ms; pulse “off”: E=-0.75 V, t=5 ms,
from bath containing 0.1 M CoCl, and 0.05 M SeO.,,.

Conditions of thin films synthesis can be directly applied to nanowires synthesis.
Synthesized nanowires have average diameter of 55 nm and length of 11.6 pm.
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