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ABSTRACT

Copper (Cu) doped ZnSthin films were prepared by means of electrodepo-
sition method on conducting substrate at applied constant deposition po-
tential. The deposition potential of ZnS and Cu doped ZnS thin films were
obtained by cyclic voltammetry (CV). The prepared filmswere characterized
by X-ray diffraction (XRD) study, Scanning electron microscopy (SEM),
Fourier transform infrared (FTIR) spectroscopy, UV-Vis absorption spec-
troscopy and contact angle measurements. XRD study reveal s that the elec-
trodeposited 3 % of Cu doped ZnS thin films are polycrystalline in nature.
The SEM images show micro-chip like microstructure with uniform depsoition
of Cu doped ZnS grains. The semiconducting property of Cu doped ZnS
thin film was confirmed from the UV-Vis absorption study having band gap
energy 4.1 eV. The maximum value of contact angle wasfound to be 25° for
the 3% Cu doped ZnS thin films, which confirms the hydrophilic nature of
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INTRODUCTION

ZnS, an important semiconductor compound of
the 11-VI group, has a wide band gap of 3.7 eV at
room temperature and relatively large exciton bind-
ing energy (approximately 40 meV)™. Now days,
much exertion has been devoted to the research of
doped metal chalcogenide materials. The chalco-
genide exhibits remarkable physical and chemical
properties in evauation with their bulk materials,
such as size-dependent variation of the band gap
energy. Additionally, impurity ions doped into these
nanostructures can influencethe el ectronic structure
and transition probabilities. aZnSischemically more
stable and technologically better than other chalco-
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genides, so it is considered to be a promising host
material?. Also manganese (Mn) doped ZnS
nanoparticles have been extensively studied for their
better emission efficiencies,’®. Cu doped ZnS
nanoparticleswith their excellent luminescent prop-
erties have attractive applicationsin LEDs, plasma
displays, sensors and laserg™.

Mostly Cu doped ZnS nanoparticles are studied
for the luminescence properties, but luminescence
properties are still controversial in the case of
nanosized Cu doped ZnS. Leeet a®® showsthat two
emission bands (blue and green) were often observed
simultaneously in the same sample, such as 420 and
520 nm. There have been many research groups stud-
ied Cu doped ZnS nanoparticles through chemical
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methods. Geng et al .!® have explained the synthesis
of Cu?" doped ZnS nanorods using a solution phase
thermal decomposition molecule precursor routeand
Cu2+ can able to tune the optical properties by
changing Cu doping concentration. Dattaet al.! has
reported the effect of Cuincorporation on the phase
transition from wrutzite to Cubic structure prepared
by solvothermal process. Peng et al? showsthe Low
temperature syntheses of Cu doped ZnS
nanoparticles and its photol uminescence properties.
Now recently Yao et al ' reported super hydropho-
bic surface ZnSthin film chemical vapor deposition
technique.

In the present investigation Cu doped ZnS thin
films were prepared by simple electrodeposition
technique at room temperature. The deposited thin
filmswere characterized by using XRD, SEM, Fou-
rier transform Infrared spectroscopy (FTIR), UV-Vis
spectroscopy and surface wettability were studied.

EXPERIMENTAL

Synthesis

Cu doped Zinc sulfide thin films are prepared
by electrochemical synthesis at room temperature.
Theéelectrolytic bath consist of 0.1 M Zinc sulphate
(ZnS0,), 0.05M Sodium thiosulphate (Na,S,0,) and
0.01M Copper sulphate (CuSO,). The Cu dopingis
done by taking the volumetric proportion of precur-
sors (Zn and Cu). Actual electrodeposition set up
consists of cylindrical glass beaker and three elec-
trodes such asworking, reference and counter elec-
trodes. The stainless steel and tin doped indium ox-
ide (ITO) glass substrateswhich act asworking el ec-
trode with respect to saturated calomel electrode
(SCE) as reference electrode. The graphite plateis
act as counter electrode. All the potentials were
measured with respect to SCE. The deposition po-
tential of ZnS and Cu doped ZnS thin films were
determined by cyclic voltammetry (CV). The depo-
sition of Cu doped ZnS a thin film was made at -
0.85 V vs SCE. The deposited films were further
characterized for structural, morphological, optical
and surface wettability study. ITO’s are used for the
SEM and optical study and steel substrate are used
for XRD, FT-IR and Wettability test.

Characterizations

X-ray powder diffraction patterns of the
potentiostatically deposited sampleswereobtained on
diffractometer DBADVANCE (Bruker) usingfiltrated
Cu-Kairradiaionintherangeof 20=20-70° with 0.05°
increment and signal acquisitioninterva of 50s. The
surfacemorphology of ZnSand Cu: ZnSthinfilmswere
made by scanning & ectron microscopy (Modd: JEOL
6360). FTIR spectraof ZnSand Cu: ZnS samplesin
KBr tablets were recorded by SPECTRUM ONE
(PerkinElmer) with an accuracy of 2 cnr. For contact
anglemeasurement, awater droplet of about 50uL was
placed on the surface of ZnSand Cu: ZnSthinfilms
using micro syringe. Static contact angles(0) of ZnS
and Cu: ZnSthin filmswere measured from awater
drop placed on the sampl e surface using Rame-Hart
contact angle meter, USA. The absorption spectra
measurements were performed with aShimadzu UV-
3600 UV-vis spectrophotometer in the wavelength
range 300-900 nm.

RESULTSAND DISCUSSIONS

X-ray diffraction (XRD) study

Figure 1 showsthe XRD patternsof electrodepos-
ited ZnS and Cu doped ZnS thin films. It showsthe
ZnSand 3 % Cu doped ZnSthin filmsarecubic zinc
blendein nature (JCPDS No. 05-0566). Wea so find
out thecrystdlitesize (D) using Scherer formulafrom
eq 1,
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" BCo® )

Thecrystallite sizefound to be 20 nmand 18 nm
for ZnS and 3% Cu?* doped ZnS respectively. very
small change is observed in the crystallite size be-
cause ionic radius of Zinc is 0.74 A° and ionic ra-
dius of copper is 0.73 A° both are nearly same but
ionic radius of copper little more smaller than the
zinc, so when cooper replaced by zinc atom small
changeisobservedinthecrystallitesize. Thestrain
¢ values are evaluated by the following relation eq.
2,

BCosH
n @

Strain is found to be 0.262x10" (lin?m™) and

e=
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0.273x1072 (lin2m*) for ZnS and Cu doped ZnS re-
spectively.
The number of crystallites per unit area (N) of

the filmswas determined with the using formulaeqg.
3’[9,101

t
N=57 (€©)

3

Where, “t” is the thickness of the ZnS and Cu doped
ZnSthinfilm. Thenumber of crystal per unit areafor
ZnSwas found to be 25X 10" m and for Cu doped
ZnSwas 34X 10" m2,

Surfacemor phological study (SEM)

The surface morphol ogica study of ZnSand 3%
of Cu doped ZnSthinfilmswere carried out by SEM
images. Figure2 showstheformation of micro-chiplike
structure of ZnSthinfilms. Thesizeof themicro-chip
wasfoundto be2.5 um in length while the thickness of
themicro-chipwasfound to bevery smal ascompared
tolength. Upon Cu doping, the shape of theZnSgrains
not changesbut thereischangein length dso changein
thewidth of themicro-chips. The sharp wedge shaped
micro-chipsof Cu:ZnSshowsrandom distribution upon
the substrate surface. Thisdoping dependent morphol -
ogy evolution of theZnSmicro-chipindicatesthat there
exist aninitia nucleation and fast axia growth process
followed by formation of long and thin micro-chip gradu-
aly grow shorter and wider. In addition weobtain thin-
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ner micro-chips by 3 % of Cu doping and keeping
other reaction parameters constant, which indicates
that the presence of Cu?* dopants could also alter
the growth kinetic of the micro-chip. Similar study
has been reported upon Mn? dopingintheZnS quan-
tum rods™.

Fourier transformsinfra-red (FTIR) microscopy

To study the interaction between ZnS and Cu
doped ZnS, FTIR spectrawere measured. The FTIR
spectraof theassynthesized ZnSthinfilm, shownin
Figure 3. Theband at 3586 cm* dueto the stretching
of O-H & H-O-H bond in the water in the crystal
structure. The band at 1389 cm? originates from =
ZnOHCO,,. The band at 2086 cm™ is a band associ-
ated with bending mode of water*>*3, The band at
1380 cm™ indicates CH, bending vibration. The
spectrafor ZnS exhibit one peak at 3250 cm* which
corresponds to the O-H stretching mode of water
indicating the presence of moisture in the sample.
The peak at 660 cnt is assigned to Zn-S bond and
1146 cm™, assigned to therocking mode of NH,, the
C=C stretching bonds, and the CH,, twist band!*“.

Surfacewettability study

Surface wettability of ZnSthinfilmwas studied
by contact angle measurement (CA). When double
distilled water droplets about 5 L are dropped on
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Figurel: XRD patternsof (a) ZnSand (b) 3% Cu doped ZnSthin film
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Figure2: SEM imagesof (a) ZnSand (b) Cu doped ZnSthin film
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Figure3: (a) FTIR spectrum of ZnSand (b) 3% Cu doped ZnSthin films

the surface, it yielded almost spherical shape at the
microscopic level (shown in Figure4 (a, b)). The
ZnSand Cu doped ZnSthin films showsthe CA 19°
and 25° which reviles that the ZnS and Cu doped
ZnSthinfilmsare hydrophilicin nature. The contact
angle was increased after addition of copper con-
tent in ZnS, because of decrease in the crystallite
size. Thecal cul ated Surface energy using Newman’s
method™! was 70 mJ/cm? and 70.5 mJ/cm? for ZnS
and Cu doped ZnS respectively.

UV-Visabsor ption spectr oscopy

Figure5 exhibitsthe UV—visible absorption spec-
traof theZnSand Cu doped ZnSthin film over spec-
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tral range 350-850 nm for the films deposited as it
iselectrodeposited ZnS and 3% Cu doped ZnS. The
absorbance peak at 290 nm and 308 nm for ZnSand
Cu doped ZnSrespectively. After Cu content dopedin
the ZnS absorbance peak is clearly blue shifted be-
cause quantum size effect. The optical band gap en-
ergy of ZnS and Cu doped ZnSthin films are deter-
mined by using the equation,
0l=ozo(hv—Eg) @
hv
Where, hv is the photon energy and E, isthe opti-
cal band gap. The plot of (ahv)? vs. hv shown in
inset of Figure 5. The band gap energy isfound to

Au Tudian Yourual



MSAIJ, 12(2) 2015 VJ.Fulari et al. 61

—== Pyl Paper

(a) ZnS
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Figure4: (a) Contact angleof ZnSand (b) 3% Cu doped ZnSthin films
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Figure5: (a) Optical band energy plot (a) ZnSand (b) 3% Cu doped ZnSthin films. | nset optical absor ption spectraof (a) ZnS
and (b) 3% Cu doped ZnSthin films

be 3.7 eV and 4.1 eV for ZnS and Cu doped ZnS

respectively. The band gap energy increased after CONCLUSIONS
addition of Fe content in the ZnS due to the quan-
tum size effect. We have successfully deposited Cu doped ZnS
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thin film by electrodeposition technique. The Cu
doped ZnS thin films show the Cubic zinc blende
structure. The Cu doped ZnS shows micro-chiplike
morphology. The FTIR peak at 660 cnr is confirm
that a Zn-S bond. The undoped and Cu doped ZnS
thinfilmsare hydrophilicin nature. The optical band
gap energy was observed to be increases after addi-
tion of Cu content in the ZnS because quantum size
effect.
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