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SYNTHESIS OF ZnS THIN FILMS FROM AQUEOUS
CAUSTIC OF TRISODIUM CITRATE
AND THEIR PROPERTIES

M.A. Cosancexuii, ITH. Hlanosan, H.H. Amuvwun, B.€. Cmaouix, P.€. [naduwescokuii. CHNTe3 TOHKHX ILTIBOK ZnS 3 BOAHOTO
po3uMHY TPpUHATPIiil HUTpPaTy Ta iX BaacTuBocTi. TOHKI IUIBKK MUHK cynbdiny (ZnS) 3aBRsSKH CBOIM BIACTUBOCTSIM IIMPOKO 3aCTOCOBY-
0THCA B Pi3HUX ONTHYHMX EIEKTPOHHUX IIPUCTPOSX. [X OTPUMYIOTH Pi3HUMH METOIAMH, Cepe]l IKMX — BaKyyMHa Cy6IiMallis, BACOKOYACTO-
THE PO3MIJICHHS, METO/ KBa3i3aMKHYTOTr0 00’€My, 30JIb-TeJICBUI METO/, eJIeKTPOOCcaKeHHs. [leperiueHi METOAM MalTh BUCOKY €HEprosa-
TpPaTHICTb, IO 301IBIIYE WiHY TOHKUX IUTIBOK ZnS. Mema: MeToro poOOTH € BCTAaHOBIICHHS ONTUMAIIBHIX YMOB CHHTE3y TOHKHX ILTIBOK ZnS
3 BOAHOTO PO3YMHY Ta B3aEMO3B’SI3KY MK BMICTOM LHHKY B CHHTE30BaHMX IUTIBKAaX, BU3HAYCHOrO 3a JOIIOMOIOI0 METOAY iHBEpCiiHOL
BOJIBTAMIICPOMETPIl, 3 IXHBOK TOBIIMHOI, CTPYKTYPHHMH, ONTHYHUMH Ta MOP(OJIOridYHUMH Tapamerpamu. Mamepianu i memoou: ToHKi
IUTIBKK ZnS OTPUMAHO i3 BOJHHX PO3YHMHIB IIMHK-BMICHOT COJIi METOJIOM XIMIUYHOTO OcapKeHHs. [IJisi CMHTEe3y IUTIBOK IIMHK CYJb(iay BHKO-
PHCTOBYBaIM CBDKOIPUIOTOBAHI PO3YMHU LHMHK-BMicHOI couti, TpuHatpiiimTpaty (Na;CeHsO;) sk KOMIUIEKCOyTBOpIOBaua, TiOCCYOBHHU
((NH,),CS) i amoniii rinpokcuny (NH4OH). OcapkeHHs] IPOBOJMIM HA NONEPEIHBO MiATOTOBaHI CKIISHI MiIKIaAKK Iuoniero 5,76 oM. Pe-
3yasmamu: BeranoBneHui (a30BUii cKiIa)l IUTIBOK, SKUH NOKa3aB HAasBHICTH CIOIYKH ZnS B KyOiuHiH Moxudikanii (chanepur). Meronom
iHBEpCiHOI BOJBTaMIIEPOMETPii BU3HAYEHO Macy LMHKY B IUTIBKaX ZnS BiJ pi3HUX YMOB CHHTE3Y, a caMe BiJ KOHLEHTpALlii BUXiIHOI [IUHK-
BMICHOI COJIi, TPHHATPIH LUTPATY, TIOCCUOBUHHU, Yacy OCAIDKEHHS i TemneparypH. JociipKeHo MOp(OIIOTito MOBEPXHi, ONTUYHI BIIACTHBOC-
Ti, TOBIIMHY OTPUMAHUX ILTIBOK IIMHK CYNb(iny. Bucnosku: Ha OCHOBI OTpUMaHUX JaHWX BCTAaHOBJIEHI ONTHMAJIbHI YMOBH CHHTE3Y ILTIBOK
ZnS. TpuBuMipHi gociimkeHHs MOp¢hoIIorii MOBepXHi IIiBKH ZnS Mokasaio ii I1aaKiCTh, OJHOPIAHICTb, CYUUIBHICTh 1 MiATBEPANIIO IPABH-
JIbHICTh BU3HAYCHHS ONTHMANBHUX TapaMETpPiB CHHTE3Y.

Kniouogi cnosa: TOHKI IUTBKH ZnS, iHBepCiiiHA BOIBETAMIICPOMETPisl, XiMiUHE OCaJKCHHSI.

M.A. Sozanskyi, P.I. Shapoval, L.1. Yatchyshyn, V.E. Stadnik, R.E. Gladyshevskii. Synthesis of ZnS thin films from aqueous caustic
of trisodium citrate and their properties. Zinc sulfide (ZnS) thin films due to their properties are widely used in various electronic optical
devices. They are produced by several methods, among which — vacuum sublimation, high frequency sputtering method, quasiclosed volume
method, sol-gel method, electrodeposition. These methods have high energy consumption which increases the price of ZnS thin films. Aim:
The aim of this work is to establish the optimal parameters of the synthesis of ZnS thin films of the aqueous caustic and the correlation
between content of zinc in the synthesized films determined by the method of stripping voltammetry and thickness, structural, morphological
and optical parameters. Materials and Methods: The ZnS thin films were obtained from aqueous caustics of zinc-containing salt using chem-
ical deposition. Fresh solution of zinc-containing salt, trisodium citrate (Na;C¢Hs0O-) as a complexing agent, thiourea (NH),CS) and ammo-
nium hydroxide (NH4OH) was used for the synthesis of ZnS films by chemical deposition. The deposition was performed on prepared glass
substrates with the area of 5,76 cm’. Results: The phase mixture of the films has been determined. It showed the presence of ZnS com-
pounds in the cubic modification (sphalerite). Stripping voltammetry was used to determine the mass of zinc in the ZnS films on various
conditions of synthesis, namely on the concentration of the initial zinc-containing salt, trisodium citrate, thiourea, deposition time and
temperature. The surface morphology, optical properties, the thickness of the ZnS resulting films have been studied. Conclusions: The
optimal conditions for the synthesis of ZnS films were found based on these data. Three-dimensional surface morphology of ZnS film studies
showed its smoothness, uniformity, integrity and confirmed the correctness of determining the optimal synthesis parameters.
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Introduction. Thin films of zinc sulfide (ZnS) due to their properties are widely used in various
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electronic optical devices. They are produced by several methods, among which — vacuum sublima-
tion, high frequency sputtering method, quasiclosed volume method, sol-gel method, electro-
deposition. These methods have high energy consumption which increases the price of ZnS thin films.
To reduce the cost of manufacturing process the chemical deposition method can be used. Firstly, his
can ensure obtaining of thin films of zinc sulfide which characteristics are not inferior to similar films
produced by other methods. Secondly, there are no need to use complicated equipment and expensive
reagents. Thirdly, it is easy to control the deposition process parameters that will allow comprehensive
study the influence of synthesis conditions on the properties and produce films with the required struc-
ture, thickness, small amounts of surface defects and other properties required for practical use.

It is necessary to develop common rules that are bound the conditions of deposition with their
properties for the controlled synthesis of ZnS thin films. The successful solution of the problem
requires using of modern experimental research methods to study the composition, structure, surface
morphology, that will determine the performance of ZnS thin films.

There are information in literature on the study of cadmium sulfide and cadmium selenide thin films
using the method of stripping voltammetry [1, 2]. It has been shown that the stripping voltammetry can be
used to measure the mass of cadmium in the CdS and CdSe films which has a direct relationship with the
films thickness. That means from knowledge of the mass of metal in the films the thickness could be fore-
seen and this accelerates and simplifies the control of their synthesis process. Similarly, the mass of zinc in
the ZnS films obtained under various conditions can be measured at analysers operating on basis of strip-
ping voltammetry. Comparison of these data with the results of other researches should lead to the rational
synthesis characterization of ZnS thin films and reducing the amount of source materials and waste.

The aim of the research is to establish the optimal parameters of the synthesis of ZnS thin films
of the aqueous caustic and the correlation between content of zinc in the synthesized films determined
by the method of stripping voltammetry and thickness, structural, morphological and optical para-
meters.

Materials and Methods. Fresh solution of zinc-containing salt, trisodium citrate (Na;C¢HsO) as a
complexing agent, thiourea ((NH,),CS) and ammonium hydroxide (NH4OH) was used for the synthesis of
zinc sulfide films by chemical deposition. The molar concentration of zinc-containing salt in the working
solution was varied in the range of 0,01 to 0,05 M, trisodium citrate — 0,03 to 0,07 M, Thiourea— 0,025
to 0,25 M, the deposition time — from 40 to 120 minutes, the temperature — from 50 to 90 °C. To maintain
pH > 9,5 that required for a sufficient hydrolysis of thiourea in the deposition process there was added a
small, constant amount of ammonium hydroxide (0,01 volume fraction of the total volume of working so-
lution). The deposition was performed on prepared glass substrates with the area of 5,76 cm”.

Arrays of experimental intensities and angles of reflection from the investigated samples were
obtained on a DRON-3.0 (CuK o-radiation) diffractometer. Primary processing of the experimental
diffraction array and calculation of the theoretical diffraction patterns of known compounds in order to
identify the phases were performed using PowderCell software [3].

The optical properties of zinc sulfide films researches were held using Lambda 25 spectro-
photometer (Perkin-Elmer). The surface morphology of ZnS films was investigated using raster
electron microscope REM-1061 with system of microanalysis. A comparative signal passed through
the glass substrates identical to the investigated films substrates. Three-dimensional surface morpho-
logy of ZnS films is performed using an atomic force scanning probe microscope (AFM) Solver P47
PRO (NT-MDT) by semi-contact and contact methods (having scanning frequency 1 Hz) using silicon
probe device NSG 10 A (the curvature radius of the fang is 10 nm). All studies were performed in air.
The experimental data processing and the calculation of the surface morphology parameters were
performed using the Image Analysis 2 software suite (NT-MDT).

The stripping voltammetry method was used to investigate the zinc content in the films
(“Tomanalyt NVP” analyser). The ZnS films had been dissolved for this in a precise volume of 0,1 M
hydrochloric acid solution and by method of additives the determination of content of Zn>* ions was
done via TALab 3.6 application.

The thickness of films was measured using DEKTAK IIA profile testing instrument (SLOAN).
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The synthesized ZnS films were white colour on the surface of the glass substrates — typical
colour for ZnS compound, and mirror reflexion that indicates uniformity of coating and good adhesion
to the glass substrate.

The X-ray phase analysis of the samples of ZnS films where performed (Fig. 1). These films
were received from various zinc salts (zinc chloride (ZnCl,), zinc acetate ((CH;COQO),Zn), zinc nitrate
(Zn(NOs),), zinc sulfate (ZnS0Oy)). It was found that in all cases of films formation they consist of the
phase of ZnS compound in cubic modification (sphalerite). So, the nature of zinc-containing salt does
not affect on crystalline structure of ZnS films. Therefore, in future synthesis of the films and their
researches the zinc chloride had been used.
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Fig. 1. The experimental profiles of diffraction patterns of ZnS films obtained from different zinc salts
and their comparison with the lines of theoretical diffraction pattern of ZnS

To conduct the research on optimization of zinc-containing salt initial concentration the working
solutions were prepared with 0,04 M trisodium citrate, 0,01 M thiourea. Concentration of zinc chloride
varied from 0,01 to 0,05 M. The temperature of process was 70 °C. The deposition time was 80
minutes.

To conduct the research of optimization of initial concentration of trisodium citrate, the working
solutions were prepared with 0,04 M zinc chloride, 0,10 M thiourea. Concentration of trisodium citrate
was varied from 0,03 to 0,07 M. The temperature of process was 70 °C, The deposition time was 80
minutes.

To conduct the research of optimization of initial concentration of thiourea, the working solutions
were prepared with 0,04 M zinc chloride, 0,04 M trisodium citrate. Concentration of thiourea was var-
ied from 0,025 to 0,25 M. The temperature of process was 70 °C. The deposition time was 80 minutes.

To conduct the research on optimization of deposition temperature the working solution was
prepared with 0,04 M zinc chloride, 0,04 M trisodium citrate, 0,10 M thiourea. The deposition time
was 80 minutes. The temperature of process varied from 50 to 90 °C.

To conduct the research on optimization of deposition time, the working solutions were prepared
with 0,04 M zinc chloride, 0,04 M trisodium citrate, 0,10 M thiourea. The temperature of process was
70 °C. The deposition time varied from 40 to 120 minutes.

Results. The research results are presented in Figures 2, 3.

The obtained data show the zinc weight of ZnS films increases linearly with the zinc salt
strengthening. When concentration of ZnCl, in the working solution was 0,05 M the formation of
precipitate of zinc hydroxide there were observed. This can be explained by the deficient amount of
complexing agent of trisodium citrate (0,04 M) for binding of zinc ions in complex of zinc citrate
(Zn[C¢HsO4]"). Thus, the optimal value of the concentration of zinc salt is 0,04 M. This corresponds to
a molar ratio of zinc salt to trisodium citrate as 1:1.
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The mass of zinc in the ZnS films increases linearly with concentration of thiourea increase in the
range of 0,025...0,10 M. Further increasing of thiourea concentration in the working solution to 0,25
M does not leads to increase the weight of zinc, and leads to excess of consumption of reagents. Thus,
the optimum value of the concentration of thiourea is selected 0,10 M.

The mass of zinc in the ZnS films increases linearly with the temperature of the synthesis
increase from 50 to 80 °C. The growth stops at a temperature above 80 °C due to the rapid exhaustion
of the working solution at these temperatures having other deposition parameters constant. Analysis of
the morphology of the film surface (Fig. 4) showed that there is a small number of defects on the sur-
face of ZnS films at lower deposition temperatures (50...70 °C). The number of defects is much high-
er at higher temperatures (80...90 °C). Thus, the optimal temperature is 70 °C.
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Fig. 2. The change dependence of zinc weight per unit area in ZnS films on the initial concentration
of zinc-containing salt, the concentration of thiourea and deposition temperature
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Fig. 3 The change dependence of zinc weight per unit area and the thickness in ZnS films
on the concentration of sodium citrate and duration of the precipitation

The change of mass of zinc in the ZnS films is linear in case of varying concentration of
complexing agent trisodium citrate. When concentration of Na;CgHsO7 in the working solution is less
than 0,04 M there was registered the formation of zinc hydroxide. When the concentration of
Na;C¢Hs07 is above 0,04 M the mass of zinc in the ZnS films decreases linearly. Thus, the optimum
value of the trisodium citrate concentration for this series is 0,04 M.

The mass of zinc in ZnS films increases almost linearly with increase of deposition time in the
time interval of 40...100 minutes. In case of 120 minutes time interval there is a slight increase of zinc
weight as a result of the depletion of the working solution. Analysis of the surfaces films morphology
(Fig. 4) showed that there is a small number of defects observed on the surface of ZnS films for depo-
sition duration of 80 minutes. And the number of defects increases dramatically for 100...120 minutes
of deposition. Such an increase corresponds to a weight jump of zinc at the range of 80...100 min.
With a maximum duration (120 min) among defects there was seem the visible cracks of ZnS film sur-
face. Thus, the optimum value of the deposition time is 80 min.
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The thickness of ZnS films was determined depending on the amount of complexing agent of
trisodium citrate and deposition time. There is the same character results when comparing the results
obtained thickness and weight of zinc (Fig. 3). This allows to evaluate and predict the thickness of
ZnS films by known weight value of zinc in them. That is a good alternative if you can't, for whatever
reasons, to make a direct measurement of ZnS films thickness. The study of element composition of
zinc sulfide films has shown that the atomic ratio of zinc to sulphur in the films is close to stoichio-
metric, with a slight excess of zinc atoms that can be explained by the presence of surface defects. It is
found that the registered formations on the surface are the agglomerates of zinc sulfide with an excess
of zinc atoms which are formed in the volume of work solution and are adsorbed on the surface of the
film at the final stages of deposition.

-
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Fig. 4. The surface morphology of ZnS films obtained using trisodium citrate with different

deposition duration (a — 80 minutes, b — 100 minutes, c — 120 minutes) and with different
deposition temperatures (d — 50 °C, e — 70 °C, f—90 °C)

From the mentioned studies it can be argued that the optimum conditions for deposition of ZnS
films is the molar ratio of zinc salt, trisodium citrate and thiourea in the working solution of
0,04 : 0,04 : 0,10 M respectively. A deposition time is 80 min with a temperature 70 °C.

The three-dimensional AFM image of the film ZnS (Fig. 5) synthesized in the mentioned optimal
conditions shows that the film is homogeneous, smooth and solid, with a small amount of surface
defects. The presented histogram of the height of crystal grains above the surface of the substrate indi-
cates that the film contains a large number of densely packed particles of the same size and, hence, has
a small amount of voids. It can be concluded that the optimal conditions for ZnS films deposition are
selected definitely good.
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Fig. 5. The three-dimensional AFM image of the surface and the distribution histogram
of the crystal grains height above the surface of the ZnS films using optimum conditions

The optical spectra of light transparency T (1) of ZnS films for wavelengths from 200 to 700 nm
had been studied. It was found that there is a rapid increase in light transmission from 0 to 70 % for
wavelengths greater than 300 nm. It was established the presence of the fundamental absorption edge
localized in the area of 3,65 eV for ZnS films from the dependence of the absorption of ZnS films in
the coordinates (a-4v)*, hv and this corresponds to the literature data for zinc sulfide [4].

Conclusions. The ZnS films were synthesized in this work using chemical deposition method
from aqueous caustic of zinc-containing salt and using trisodium citrate as a complexing agent. The
phase composition, surface morphology, optical properties and thickness of synthesized ZnS films
were studied. The research demonstrated the possibility of using the method of stripping voltammetry
to control the process of chemical deposition of ZnS thin films from aqueous caustics. The depen-
dences of zinc mass in the ZnS films on deposition conditions were defined. The same nature change
of ZnS films thickness and weight of zinc in ZnS films was showed. That makes possible to predict
and get the platting of specified thickness. The optimal parameters for ZnS films synthesis were
determined on the basis of research results. That are the molar ratios of the starting reagents in the
working solution: zinc salt, trisodium citrate, thiourea — 0,04 : 0,04 : 0,10 moles respectively with a
deposition time of 80 min and a temperature 70 °C. The ensuring of specified synthesis conditions
allows getting thin, smooth, solid ZnS films suitable for use as semiconductor films.

Jlitepatypa

1. Konrpouns mpouecy ocamkeHHs TOHKMX MIBOK CdS 3 BOXHOrO po3umHy KaiMill aueraty MeToaoM
inBepciiinoi BonpTamnepomerpii / I1.YA. Illanosan, P.P. ['ymininoswy, M.1. Srupums [Ta in.] / Bichux
HanionaneHoro yHiBepcutety «JIbBiBCchbKa moMiTeXHika». XiMisi, TEXHOJOTISI PEYOBHH Ta iX 3aCTOCY-
BaHHS. — 2012. — Ne 726. — C. 45 — 48.

2. OnTnManbHi yMOBH CHHTE3Y TOHKHX ILIBOK CdSe 3 BOXHOro po3unHy KajMiil XJIOpUILY METOLOM XiMi-
HHOTO MOBEPXHEBOI'O OCAIKEHHS / P.P. T'ymininosuu, ILH. Ilanopan, M.1. Stuumun [1a in.] // Bicank
HanionaneHoro yHiBepcuteTy «JIbBiBChbKa IoOJiTEXHiKa». XiMisl, TEXHOJIOTISI PEUOBHH Ta iX 3aCTOCY-
BaHHSI. — 2012. — No 726. — C. 52 — 55.

3. PowderCell 2.3 — powder pattern calculation from single crystal data and refinement of experimental
curves [Enextponnuii pecypc] / W. Kraus, G. Nolze // Federal Institute for Materials Research and
Testing. — Pexum mocrymy: http://www.ccpl4.ac.uk/ccp/web-mirrors/powdcell/a_v/v_1/powder/
e_cell.html ([lata 3Bepuenns: 14.05.2015).

4. Recent status of chemical bath deposited metal chalcogenide and metal oxide thin films / S.M. Pawar,
B.S. Pawar, J.H. Kim, efc. // Current Applied Physics. — 2011. — Vol. 11, Issue 2. — PP. 117 — 161.

XIMIA. XIMTEXHOJIOT'TA



ISSN 2076-2429 (print) S . o . 125
ISSN 2223-3814 (online) Odes’kyi Politechnichnyi Universytet. Pratsi, Issue 3(47), 2015

References

1. Shapoval, P.I., Guminilovich, R.R., Yatchyshyn, LI., Kus’nezh, V.V., & II’chuk, G.A. (2012). Control-
ling the deposition process of CdS thin films from aqueous solutions of cadmium acetate by method of
stripping voltamperometry. Herald of National University “Lvivska Politechnika”: Chemistry, Tech-
nology of Materials and their Applications, 726, 45—48.

2. Guminilovich, R.R., Shapoval, P.I., Yatchyshyn, L.I., Kus’nezh, V.V., & II’chuk, G.A. (2012). Optimal
conditions for synthesis of CdSe thin films from aqueous solutions of cadmium chloride by method of
chemical surface deposition. Herald of National University “Lvivska Politechnika”: Chemistry, Tech-
nology of Materials and their Applications, 726, 52-55.

3. Kraus, W., & Nolze, G. (2000). PowderCell 2.3 — powder pattern calculation from single crystal data
and refinement of experimental curves. Federal Institute for Materials Research and Testing. Retrieved
from http://www.ccpl4.ac.uk/ccp/web-mirrors/powdcell/a_v/v_1/powder/e_cell.html

4. Pawar, SM., Pawar, B.S., Kim, J.H., Joo, Oh-Shim, & Lokhande, C.D. (2011). Recent status of chemical
bath deposited metal chalcogenide and metal oxide thin films. Current Applied Physics, 11(2), 117-161.

Received June 19, 2015
Accepted September 28, 2015

CHEMISTRY. CHEMICAL ENGINEERING



