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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.

Key words: Solar energy materials,cadmium selenide, organic additives,sodium lignosulphonate.

Introduction

The synthesis of 1I-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 properties 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
properties 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,Se0:3), selenites (Na,SeO;), 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, JSPM-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
S0W polychromatic light and in the dark on the «Interface 1000» plant. Transmission spectrums were
obtained with two beam spectrofotometer C®-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/I of sodium LSN at 50°C (Fig. 1¢). The micrographs of sample surface show the films
13
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obtained in the presence of sodium LSN at 50°C to be more homogeneous; the inter grain boundaries are
well-pronounced, the particle shape is identical, and the grain size is 100-400 nm. The coating is uniform,
with no change in the topography and no discontinuity.

3

DO A —

Figure 1 - EDAX diagrams and SEM micrographs of the surface of deposited CdSe films a) without using sodium LSN, 25° C;
b) in the presence of sodium LSN, 25° C; c) in the presence of sodium LSN, 50 °C

Table 1 — Elemental composition of CdSe films electrodeposited from sulfuric acid electrolyte within 20 minutes

Presence of organic additive (LSN) No 9.g/l 9 g/l

in electrolyte
Deposition temperature 25°C 25°C 50°C
Composition Cd 43.6 37.9 50.4
Se 56.4 62.1 49.6

Based on the elemental analysis (table 1), it is concluded that the additives in sodium LSN electrolyte
as surfactants and an increase in the deposition temperature up to 50°C make it possible to achieve the
nearest stoichiometric composition (Se:Cd = 49.6:50.4). The deposition time for all experiments was
equal to 20 minutes. Only at 50°C, the stoichiometric composition is achieved in the electrolyte under

— |4 ——
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these conditions with LSN additive. At a temperature of 25°C, in the electrolyte with sodium LSN and in
the absence of this organic additive, a deviation from stoichiometry is substantial and is respectively
+12.14 at.%,+6.43 at.%,+ 12.14 at.% and + 6.43 at.%.

The electrodeposited samples of CdSe/FTO glass were studied by Raman scattering spectroscopy to
determine the phase composition of deposit (Figure 2).

Intensity

T
-
o

Raman shit, cm”™'

Figure 2 - Resonant Raman spectra of the CdSe thin films a) without using sodium LSN, 25° C;
b) in the presence of sodium LSN, 25° C; ¢) in the presence of sodium LSN, 50 °C

Based on the analysis of Raman Spectra it has been found that the peak at 200 cm™ corresponds to
the basic vibrational (longitudinal) LO mode of CdSe structure vibrations. The peak in ~ 400 cm'region
corresponds to the second order 2LO mode. The broad peak in 1600 cm-1 region corresponds to
amorphous carbon.

Based on these data, it is established that all three samples conform to CdSe phase.

In addition, it is noted that in the case of cadmium selenide sample deposited at 25°C in the presence
of sodium LSN additive sone observes weak luminescence in a high-frequency spectrum.

Figure 3 presents the results of the study of films by the atomic force microscope. In the case of
sample deposited from the electrolyte containing sodium LSN at 50°C(Figure 3 c), the surface of
deposited CdSe film consists of identical rounded particles, whereas the coating of samples obtained
under other conditions (Figure 3a, 3b) is non-uniform, and the grains have no clear boundaries.

By the SEM method in the "cross section" mode it has been determined that the thickness of samples
ranges from 680 to 820 nm (Figure 3d). A difference in the thickness of coating of all deposits varies in
the range of £ 75 nm.
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Figure 3 — Micrographof surface obtained on ASM for CdSe thin films prepared by electrodeposition a) without using sodium
LSN, 25° C; b) in the presence of sodium LSN, 25° C; ¢) in the presence of sodium LSN, 50 °C d) height profile for CdSe thin
films prepared by electrodeposition in the presence of sodium LSN, 50 °C

An important optical parameter for characterization of compound semiconductor is a band gap. This
value for electrodeposited CdSe films has been determined based on the transmittance spectra obtained
using the spectrometer CD-256 YBU (190- 1200) nm (LOMO, Russia). (Figure 4).

— 1§ ——
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Figure 4 —Transmittance spectrum of CdSe films/FSnO,/glass obtained atE=-0.7V within 20 mina) without using sodium
LSN, 25° C; b) in the presence of sodium LSN, 25° C; ¢) in the presence of sodium LSN, 50 °C
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Figure 5 - Current density vs. electrochemical potential given by CdSe thin films prepared by electrodeposition a) without
using sodium LSN, 25° C; b) in the presence of sodium LSN, 25° C; ¢) in the presence of sodium LSN, 50 °C
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Photosensitivity of electrodeposited CdSe films has been investigated using the photo
electrochemistry method in0.3M Na,SO;with illumination by SOW polychromatic light. Figure 5 show the
photocurrent curves for the samples of CdSe thin films obtained under various conditions of deposition (at
25°C and 50°C in the presence of surfactant (sodium LSN) and without it. One can see that under
illumination, anode photocurrents are recorded for all samples. The photocurrents (curves 1) grow on
potential sweep to the area of positive values and are much larger than the values (curves 2) obtained in
the dark for the same samples.

The photoelectrochemical study of CdSe films deposited under illumination by polychromatic light
has shown that the obtained semiconductor exhibits n-type conductivity.

The comparison of photocurrent values indicates that the photoelectrochemical activity of
nanocrystalline films electrodeposited at 50°C in the presence of lignosulfonate appears 2 times higher
than that of those deposited in the absence of LSN additives.

The developed technique of CdSe film deposition makes it possible to obtain deposits with high
photosensitivity and adjustable type of conductivity.

Conclusion

A new composition of electrolyte for electrodeposition of CdSe FTO/glass thin films has been
developed. Elecrodeposition of nanostructured cadmium selenide films from sulfuric acid electrolyte to
glass /FTO substrate has been carried out.

Positive effect of sodium LSN additives in the electrolyte on the properties of deposited CdSe
photosensitive films is shown.

The optimum process parameters for the electrodeposition of CdSe are as follows: 50°C temperature,
maintaining permanent potential at -0.7V (Ag/AgCl), and deposition within 20 minutes.

The composition and morphology of the surface of obtained films have been investigated by means
of electronic scanning microscopy (JSM-6610, JEOL) with x-ray attachment and atomic electron
spectroscopy (JSPM 5200, JEOL). Micrographs of the surface have confirmed the improved uniformity of
coating with no discontinuity; the grain size is 100-400 nm if the electrodeposition of electrolyte is
conducted in the presence of sodium LSN at50°C temperature. Based on the elemental analysis, a
conclusion is made that the stoichiometric composition of deposited films has been achieved(Se: Cd =
49.6:50.4).

The formation of CdSe phase has been confirmed by the Raman Spectroscopy method.

Based on the photovoltaic measurements, it is found that CdSe films deposited under optimal
conditions show photoactivity 2 times higher than the samples obtained with conventionalsulfuric acid
electrolyte.

It has been confirmed that the semiconductor is characterized by n-type conductivity and can be used
as a photoanode.

The developed new method of deposition of CdSe films makes it possible to obtain uniform
nanocrystal films with high photoelectrochemical activity and adjustable type of conductivity, which are
promising for use in photo-electrochemical converters of regenerative type.
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CdSe ’)KYKA KABBIKTAPBIH 2JIEKTPOTYH/IBIPYBIHA ITAB-ThIH OCEPI

AHHoTanusA. OTKi3ymi Kabar periHae GTopMeH NOMHpPICHTeH KaJalbl OKCHIIHIH JKyKa KaOaThl KaFbUIFaH
[meiael/FTO]  adekTpoasl  TabaKmiaapblHAA  KYKIPT — KBIIIKBUIABI  JJCKTPOJUTTEC KaAMHA  CEJICHHUIIHIH
HAHOKYPBUIBIM/IBI Ka0aThlH 3JIEKTPOTYHIBIPY JkacairaH. TyHabipbuirad (orocesimrangsl CdSe kabaThIHBIH
KacheTiHe HATpHUil JIMTHOCYNb(aHATHIH DJIEKTPOJIUTKE KOCY OH ocep eTeTiHairi kepceriireH. TemmeparypaHsl
JKOFapJIaTy TYHIBIPY JKbUIAAMIBIFbIHA JkoHE anbiHaThiH CdSe TYHOACHIHBIH KYpPBUIBIMBIHA OH OCEp CTCTiHIri
oenrinenni. CdSe 31eKTPOTYHIBIPY MPOIECIHIH KeJIeCiield OnTHMaibIbl apaMeTpliepi aHBIKTAIbI: TeMIIepaTypa
50°C, TypaxThi motenmmans yeray -0,7B (Ag/AgCl), TyHapipy 20 MUHYT imiHze.

AnbIHFaH KabaTTapIblH Kypambl jkoHe OeTiHiH MOp(OJOTHsCH PEHTICHAIK NpHCTaBKachl Oap 3JIEKTPOHIbBI
ckanupieymi Mukpockorus (JSM-6610, JEOL) xone atom snmekrponabl crerpockomus (JSPM 5200,JEOL)
omiciMen 3eprrenren. Erep s1eKTpoTYHIBIpY HaTpHii nurHocymsdanatsl 6ap snerpomutre 50°C TemmepaTypana
JKacanca, OHAa OeTTiH MHUKpogoToraQusachl KaOBIHHBIH OipTEeKTUTriHIH OY3BUTyChI3 ©CYiH aHBIKTalmbl,
nmeHrenekrepmin emmemi 100-400 HM Kypaiabl. DIEMEHTTIK aHANW3[i HeTrisre aja OTHIPHIT TYHIBIPATHIH
KabaTTapIbelH CTEXHMOMETPISUIBIK KYPAaMBIHBI JKETTIK JereH KOPTHIHIB xkacainasl (Se:Cd = 49,6:50,4). TynOaHbsIH
(azayiblk KypamblH aHbIKTAy YIIIH KOMOWHAIMOH[bI IIAIBIpaTy dficMeH Paman cnektpiiepi xas3puiabl. CdSe
KOCBUIBICBIHA THICTI THUKTep ajiblHabl. TyHasipeutrad CdSe kaOaTTapblHBIH aHOATHI (DOTOTOKTHI TIPKEHTIH
(hOTORIEKTPOXUMHUSITBIK, KbUTBIKTAPBI 3EPTTEIITCH JKOHE HKAPThUTAN OTKI3TIII 72-TUITI OTKI3TIIITIKICH CUIATTAIATHIHBI
xoHe (poToaHO I peTiHae KoJanyFa OOJIaThIHbI JQJMICH .

3eprreynep xacanran CdSe kabaThIH TYHABIPYIBIH 9ICI )KOFaphl (POTOITEKTPOXUMUSIIBIK OCJICEHIUTIKKE e,
OIpTEKTI HAHOKPUCTANIBI Ka0ATTAP/IbI ATyFa OHE PEreHepaToOPIIbIK TUITErT (POTOIIEKTPOXUMHUSIBIK TYPIACHIIPYIe
KOJITaHyFa THIMAI ©TKI3TIIITIK TUITIH OacKapyFra MyMKIHIIK Oepei.

Tyiiin ce3iep: KYH SHEPrUsCHIHBIH MaTEepUAIAAPbI, KaJMUN CEJICHU/Il, OPraHUKAJIBIK KOCMANap, HATPHIIBIH
JUTHOCYITb(aHATHI.
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BJIMAAHUE ITAB HA 3JIEKTPOOCAKJIEHUE TOHKHUX IIJIEHOK CdSe

AHHOTanmsi: BBINOIHEHO 5JEKTpOOCaKAEHHE HAHOCTYKTYPHPOBAaHHBIX IUIEHOK CENICHWAA KaaMHUs W3
CEpHOKHCIIOTO 3JIEKTPOJINTA Ha MOUIOKKHU [cTekno/FTO] anekTponsl, Ha KOTOPHIX B KayeCTBE NMPOBOISIIECTO CIIOS
HaHECEH JONMHMPOBaHHBIM (GTOpOM TOHKHI €0l okcuzaa onoBa. Iloka3zaHO NOJIOKUTENBHOE BIMSHHE J100aBOK B
ANEKTPOJIUT JUTHOCYNb(aHaTa HATPUS HA CBOMCTBA OCakIaeMbIX (POTOUYBCTBUTENBHBIX MIeHOK CdSe. YcraHOB-
JICHO, YTO TOBBILIEHHE TEMIIEPATYPhl MOJIOKHUTEIHFHO BIMAET Ha CKOPOCTh OCAKIACHUS M CTPYKTYpPY MOJIydaeMbIX
ocagkoB CdSe. OrmpeneneHsl ClIeAyONHe ONTUMAbHBIE TTapaMeTpel mporecca snekrpoocaxneHus CdSe:
temneparypa 50°C, momaeprkanue nocrosiHEOro norenmuana -0,7B (Ag/AgCl), ocaxaenue B Tederue 20 MUHYT.

CoctaB u Mop¢honorus MOBEPXHOCTH IIOJYYEHHBIX IUIEHOK HCCIIEAOBAaHBI METOAOM  JJIEKTPOHHOM
ckanupyromeii mukpockornuu (JSM-6610, JEOL) ¢ peHTreHOBCKOH NPUCTaBKOW W ATOMHOW 3JIEKTPOHHOU
cnekrpockonuu (JSPM 5200,JEOL). Mukpodororpaduu nmoBepxHOCTH NOATBEPKIAIOT YIIyUIlIeHHE OJHOPOJAHOCTH
NOKpBITHSL 0O€3 HapylIeHHs CIUIOIIHOCTH, pa3Mep 3epHa cocraBisier 100-400 HM, eciu 3JEKTpOOCaKACHHE
BBIIIONIHEHO M3 SJIEKTPOJIMTA B NPUCYTCTBHHM JIMTHOCYIb(poHaTa Hatpus mpu Temmeparype 50°C. Ha ocmose
9JIEMEHTHOT'O aHaln3a clejlaH BBIBOJI, YTO JOCTUTHYT CTEXMOMETPHYECKHH COCTaB OocakaaeMbIX IuieHok. (Se:Cd =
49,6:50,4). MeToOM CHEKTPOCKOIHMN KOMOMHAIIMOHHOTO PAacCesiHUsl ObLIM 3amnvcaHbl PamMaHOBCKHME CHEKTPBHI IS
ompeneneHuss (azoBoro cocraBa ocazaka. [lomydeHsl xapaktepHble mwku coenuHeHns CdSe. U3zydeHo
(DOTORNEKTPOXUMHUYECKOE TIOBEIEHNE OCaXKICHHBIX IuleHOK CdSe, mpH KOTOPOM pETHCTPHUPYETCS aHOMHBINA
(OTOTOK, W TOATBEPKIACHO, HYTO TMOJYHNPOBOAHUK XapaKTCPU3YeTCs H-TUIOM TIPOBOJUMOCTH M MOJKET
UCTIONB30BaThCs B BUE (POTOAHOA.

HccnenoBanus moKas3anu, 4TO pa3pabOTaHHAs METOIMKAa OcakaeHMs IuieHok CdSe mos3BossieT HOsy4aTh
paBHOMEpPHBIE HAHOKPHUCTAIUTMUECKHE TUICHKH C BBICOKOH (POTORIEKTPOXUMHUIECKOH aKTUBHOCTBIO U PETYITHPYEMbBIM
TUIIOM TIPOBOAMMOCTHU, MNEPCHEKTUBHLIC MJII HWCIIOJb30BaAHHSA B (l)OTOS.HeKTpOXI/IMI/ILIECKI/IX HpeO6pa3OBaTeﬂﬂX
pereHepaTUBHOIO THUIIA.

KaioueBble cjioBa: Marepraibl COJIHEUHON SHEPIUU, CENCHH KaIMHs, OpraHUuYecKUue 100aBKH, JIUTHOCYJIb-
(hanaT HaTpHSL.
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