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THE INFLUENCE OF SAS ON CdSe THIN FILMS
ELECTRODEPOSITION

Abstract: The nanostructured cadmium selenide films have been deposited from sulfuric acid electrolyte to
[glass/FTO] substrates with a thin layer of fluorinedoped tin oxide applied to the electrodes as a conductive layer.
Positive influence of additives in lignosulphonate electrolyte on the properties of deposited photosensitive CdSe
films is shown. An increase in the temperature is found to affect positively the deposition rate and structure of CdSe
deposits obtained. The established optimal parameters of CdSe electrodeposition process are as follows: 50°C
temperature, maintaining permanent potential at -0.7V (Ag/AgCl), and deposition within 20 minutes.

The composition and morphology of obtained surface films have been studied using the electronic scanning
microscopy (JSM-6610, JEOL) with x-ray attachment and atomic electron spectroscopy (JSPM 5200, JEOL). The
micrographs of surface confirm the improved uniformity of coating with no damage, and the grain size is 100-400
nm if the electrodeposition is conducted from the electrolyte in the presence of sodium lignosulphonate at 50°C
temperature. Based on the elemental analysis, a conclusion has been made that the stoichiometric composition of
deposited films is achieved, (Se:Cd = 49.6:50.4). Raman spectra have been recorded by Raman scattering
spectroscopy to determine the phase composition of deposit. Characteristic peaks of CdSe compound have been
obtained. The photoelectrochemical behavior of deposited CdSe films at which the anode photocurrent is recorded,
has been investigated. It has been confirmed that the semiconductor exhibits n-type conductivity and can be used as
a photoanode.

The studies show that the developed technique of CdSe film deposition makes it possible to obtain uniform
nanocrystalline films with high photoelectrochemical activity and adjustable type of conductivity, promising for use
in regenerative photoelectrochemical converters.
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Introduction

The synthesis of II-VI Group semiconductor particles has experienced tremendous development over
the last two decades. Cadmium selenide (CdSe) has also been a subject of much basic research [1.2]. The
importance of cadmium selenide as a photovoltaic material is due to its high coefficient of absorption and
optimal width of forbidden zone (1,7¢V) contributing to the efficient absorption and conversion of solar
radiation. The semiconductor is of considerable interest as an active element of photovoltaic devices [2].
CdSe can be used as a promising semiconductor for converting solar energy and creation of optoelectronic
devices.

The most remarkable characteristic of semiconductor nanocrystal is the possibility of adjustment of
its optical and electronic propertics by modifying the controllable particle size. If the size of
semiconductor particles is reduced and its surface area to volume ratio increases, the optical and electronic
propertics of material become highly dependent on the structure of surface [1]. The method of
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electrochemical deposition with the specified potential allows one to perform monitoring of the surface
condition and its optimization [3-17]. Electrodeposition is a simple and requiring no high energy cost
method with a number of advantages. Due to the high accuracy of measurement of charge flowing in the
electrochemical cell, the electrodeposition process provides the possibility of high reliability control of
thickness and stoichiometric composition of films, which is very important in regulating characteristics
such as the semiconductor conductivity type, degree of alloying, width of forbidden zone, etc. The
electrochemical method provides also the possibility of obtaining semiconductor films and metals with a
high degree of purity, even with the use of source materials not exposed to special treatment. This is
because in the process of electrochemical formation of films in parallel there occurs a process of their
electrochemical refining. The electrochemical method allows for the deposition on substrates of different
shapes and sizes.

Electrodeposition of cadmium and selenium is widely used in the electrochemical synthesis of CdSe
cadmium selenide [3-14]. Many studies have focused on the electrochemical synthesis of cadmium
selenide in the form of thin films [15 -18], 2D structures [19], nanostructures, including wires [19, 20]
sticks [21] and points [22]. The possible impact of nanostructures on the behavior of CdSe anodes in
photovoltaic cells has caused an interest in the study of its electrochemical deposition. The development
of cheap and efficient way of obtaining cadmium selenide thin films, particularly with nanostructures on
the surface is a pressing task.

Typically, the cathode co-deposition of cadmium and selenium is conducted from the aqueous
solutions containing, as precursors, soluble salts of cadmium (sulfate, chloride, nitrate), selenious acid
(H,Se05), selenites (Na,SeQs), or selenosulphate (Na,SeSO;) [23-28].

In this work, sodium lignosulphonate is used as an organic additive to improve quality (uniformity
and adhesion) of deposited films.

Lignosulphonates are anionic surface-active agents (surfactants) and represent water-soluble lignin
sulpho-derivatives. This is a mixture of various salts (mostly sodium) of lignosulphonic acids with an
abundant admixture of mineral substances. [29].

Using sodium lignosulphonate, in this paperwe propose a new method of electrodeposition of CdSe
to obtain nanostructured films with good adhesion to the glass/FTO/ substrate.

Research methods

The electrodeposition of thin films of cadmium selenide is carried out in the potentiostatic mode
using a thermostated quartz three-electrode cell, which is a sealed container with divided anode and
cathode. The cathode is FTO/glass plates with fluorine doped thin layer of tin oxide applied as a thin layer
with 2-cm” area. Platinum large-area spiral is used as a counter electrode. The working electrode potential
is measured relative to the Ag/AgCl in a saturated solution of KCI. Electrodeposition is carried out in a
sulfuric acid electrolyte containing salts of cadmium and selenium in the ratio of ions Cd: Se = 45:1, the
concentration of sodium lignosulphonate (LSN) is 9 g/l. The experiment is conducted at 25°C or 50°C
temperatures of solution to be adjusted by thermostat.

After electrodeposition, all samples are studied using SEM. The JEOL (Japan) electronic scanning
microscope with JSM 6610 LV microanalysis possibilities is used for this purpose.

The atomic force microscope, JISPM-5200 (JEOL)is used to study the surface morphology.

The combined Solver Spectrum system is used to study the obtained samples by Raman
Spectroscopy and Raman Spectra records. It represents an automated scanning probe and confocal Raman
microscope designed for a broad range of studies (lattice 150/500, 600/600, 1800/500; lasers 473, 532 and
633 nm).

For all of the obtained films, photocurrents are recorded and the type of conductivity is defined. The
study of photoelectrical properties is conducted using 0.3 M Na,SO; solution MCS when illuminated with
50W polychromatic light and in the dark on the «Interface 1000» plant. Transmission spectrums were
obtained with two beam spectrofotometer C®D-256 YBU (190- 1200) nm (LOMO, Russia).

Results and Discussion
Figure 1 compares the results of electron microscopy and energy spectrum of distribution of elements
for CdSe films deposited on glass/FTO, in three different environments: sulfuric acid electrolyte at
25°C(Fig.1a), the same electrolyte with addition of 9 g/l sodium LSN (Fig. 1b) at 25°C, and electrolyte
with addition of 9 g/1 of sodium LSN at 50°C (Fig. 1c). The micrographs of sample surface show the films
13







