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ABSTRACT

CuSis an important p-type semiconductor material with many interesting
properties and potential applications. CuS (covellite) has been synthesized
by solvothermal, hydrothermal, microwave irradiation, sol-gel,
electrodeposition, solid state reaction, chemical bath decomposition,
mechanochemical, sonochemical etc methods. We have taken an initial
interest to synthesize CuS with Zn as dopant in different concentrations
using co-precipitation technique at room temperature. The synthesized
samplewasstructurally, chemically, optically and el ectrically characterized.
Structural analysis shows that the particles synthesized were nanocrystals.
Chemical studies show the high purity of the sample prepared. Optical
studies show that these nanocrystals could be used for coatings as sun
glasses and poultry roofs. Measurements of dielectric parameters confirm
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this nanocrystal's could be used as an electrical material.
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INTRODUCTION

CuS(covelite) isoneof themost intensively stud-
ied p-type semi conducting materid™ owingtoitstech-
nologica agpplicationsinthefield of solar call devices?,
non-linear opticd materids, lithium—ion batteries™, na-
nometer scale switches and gas sensorg“. It shows
metallic conductivity and transformsinto asuper con-
ductor at 1.6K5. CuS nanocrystals have been synthe-
sized by solvothermal, hydrothermal(®, microwaveir-
radiation, sol-gdl™, electrodepositiont®, solid statere-
action®, chemical bath decompasition, mechanochemi-
cal, sono chemical methodsetc. Someof theresearch-
ershave doped Cu?* to ZnS and studied their proper-
ties. In the present study, we have adopted asimple
CO-preci pitation technique at room temperature asin™

to prepare Zn?* doped CuS. Doped nanoparticles of
dimension below Bohr radius exhibit i nteresting opto-
€l ectronic properties dueto quantum size effect™. In
our samplerough estimates of nano sizewith Scherer
formulagavether structuresto be between 3-10nm.
Prepared samples were characterized structuraly,
chemically, optically and éectrically. Wereport here
theresultsobtained.

EXPERIMENTAL

Materials used

All chemicdsusedinthepresent sudy wereof ana
Iytical reagent (AR) grade. Copper acetate and thio-
ureawere used asthe Cu? and S* precursors respec-
tively. Zinc acetatewas used asthe dopant. NaOH was
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used to adjust pH value of the solution. CTAB was
used asthe surfactant. Acetonewas used for washing

purpose.
Preparation

1M copper acetate and 2.5wt% zinc acetate were
dissolvedin 250ml ditilled water with congtant stirring.
1M thioureaand 5wt% CTAB weredissolvedin 100ml
distilled water and 5wt% sodium hydroxidewasdis-
solvedin10ml distilled water. Firg, thiourea+ CTAB
solution was added with copper acetate + zinc acetate
solutiondowlywithcondant sirring. TomaintainpH vdue
to be7, NaOH solution was added to the original solu-
tion drop by drop. The solutionwas stirred well for 30
minand left without disturbancefor 24 hrsat room tem-
perature (30°C). The colloidal solution obtained was
centrifuged and rinsed many timeswith distilled water
and acetone. Thesamplewasanneded a 100°Cfor 1hr
toimproveordering. Thesame procedurewasfollowed
for 5wit% 7.5wt% and 10 wt% zinc acetate doping.

Characterization

Thesynthesized CuSnanocrystal swere character-
ized by X-ray powder diffractometer (XRD) (Bruker
AXSDB8) withmonochromated Cu-K _ radiaion (oA=
1.54056 A). The optical measurements on samples
were carried out in thewavel ength range 200-1000nm
by UV- visible spectrometer (Varian carry 500 spec-
trometer). The surface features of the sampleswere
observed by the scanning el ectron microscope (SEM)
and purity of the prepared sampleswere studied with

energy dispersive X-ray spectroscopy (EDS) (JEOL
Model JSM 6390LV). The dielectric measurements
were carried out on palletized (using 4 ton pressure)
sampleswith afixed frequency of 1kHz at varioustem-
peratures ranging from 40-130°C by thepard el plate
capacitor method*>*¥ using a precision LCR meter
(Agilent 4284).

RESULTSAND DISCUSSION

The observed PXRD pattern of CuS corresponds
totypica CuS(covdllite) having hexagona structure
with spacegroup p6,/mmc*4. The estimated | attice par
rameters of pure CuS nanocyrstls are a=3.806 and
c=16.524 A and JCPDS values are a=3.792 A and
c=16.344 A. The broad peaks observed indicate the
reduced size of the prepared sample. The sharp peaks
of the PXRD pattern show the crystalline nature of the
sample. A rough estimate of theaveragegrain sizeus-
ing the Scherer formulagivesavaueof 2.85nm.

A comparative PXRD patterns of pure and Zn
doped (2.5wt.% to 10wt.%) CuS samplesare shown
in Figure 1(a-€) respectively. The PXRD patterns of
Zndoped CuSisin correspondencewiththat available
in the literature®®. An additional peak at 2¢ =26.9°
confirmsthe presenceof Znin CuS|attice. A shift was
observed as the doping concentration i ncreased; that
is, asthe doping concentration of the zinc increased,
the peaks had ahigher d vauewhichindicatesthat the
size of thenanocrystalshad been increased.
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Figurel(a-e) : PXRD patternsof pureCuSand (2.5, 5, 7.5and 10wt.%) Zn doped CuSnanocrystals.
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Figure2(a-€) : SEM imagesof pureCuSand (2.5, 5, 7.5and 10wt.%) Zn doped CuSnanocrystals.

Figure2(a-€) givesthe SEM images of pure CuS
and (2.5wt.%to 10wt.%) Zn doped CuS nanocrystals.
From the image it could be seen that, pure CuS
nanoparti cles were nanorods and nanowal 14 of av-
eragesize41.23nm. The SEM image of Zn doped CuS
nanocrystals weretetrapods. Four nanorods merged
together at right anglesform tetrapods. It was found
that, asthe doping concentration of Znincreasesfrom
2.5wt.%-10wt.%, the average size of the samplesin-
creasesfrom 35-50nm. The particle sizesof pureand
all Zn doped CuS nanocrystalswere estimated using
Scherer formulaand they werefound to belessthan
10nm.

In order to understand the chemical composition
and purity of the nanocrystal s prepared in the present
study, we have carried out energy dispersive X-ray
(EDS) spectral measurements. Figure 3(a) showsthe
EDS spectraobtained for pure CuS. Noimpurity peaks
other than Cu and Swerefound which indicates that
the CuS nanocrystals formed were phase pure. The
atomicratiosof Cu:Swereexpectedtobe 1:1, but the
observed ratiowas 53.12 : 49.68, which may be due
to excess Cu?* observed on the surface of CuS

nanoparticles¥. Figure 3(b) showsthe EDS spectraof
2.5wt.% Zn doped CuS nanocrystals. An extrapeak
wasfound at 9.6keV, which indicatesthat dopant Znis
beingincorporated inthehost material.

Figure 4 showsthetransmittance spectraof pure
and CuS doped with 2.5, 5, 7.5 and 10wt.% of Zn.
The UV-Vis-NIR transmittance spectrum showsthat
the pure CuS nanocrystal s have transmittancefrom O-
80% inthewave ength region studied. It could beseen
that the transmittance val ueincreased with wavelength
from UV regionto visibleregion and remains constant
invisibleregion and decreased with wavel ength from
visibleto NIR region. The 80% transmittancein the
wavelength region 300-650nm observed for CuS
nanocrystals arevery high compared to the transmit-
tance of CusS film (17%)@. All the Zn doped CuS
nanocrystal s have transmittance between 35 and 70%
intheVis-NIR region. Aswave engthincreasesin the
NIR region, transmittance decreased and then became
acongtant. So CuS nanocrystalscould be used for coat-
ing of poultry roofs and walls, which would protect
young chicksfrom UV radiation asthey have not de-
vel oped protectivethick festher'?. Human eyeissens-
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Figure3(a.b) : EDSimagesof pure CuSand 2.5wt.% CuSnanocrystals.
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Figure4and5: Transmittanceand band gap ener gy spectraof pureand Zn doped CuSnanocrystals.

Figure5 givesthe combined band gap energy of
pure and Zn doped CuS nanocrystals whose values
werefound separately. Theband gap energy isobtained
by extrapolating thelinear portion of (ahv)¥? vshv plot
totheenergy axis. (chv)“? vshv is a straight line in the
domainof higher energiesindicating adirect opticd tran-
sition. Theband gap energy for pure CuS nanocrystals
wasfound to be 2.2eV whichislessthan 2.8eV that
was reported by Puspitasari et a.!*1. Asthe concen-
tration of doping increased from 2.5%t0 10% Zn, band
gap energy decreased from 2eV to 1.8eV. Soit could
be explained that asthe concentration of doping Znin-
creased, theband gap energy isgetting decreased. That
is, the band gap energy of the nanocrystal sdecreased
withincreasein particle size. Thedependence of opti-

ca band gap energy on the particlesizeshowsthe pres-
enceof quantum confinement effect.

The PL reflectance spectraof pureand Zn doped
CuSnanocrystd sobservedin the present sudy isshown
inFigures®6. It could be seenthat thereflectance value
increases above 500nm and have high reflectancein
the NIR region. Figure 7 showsthe band gap energy
spectrafor pure and Zn doped CuS nanocrystals ob-
tained fromthe PL reflectance spectra. Theoptica band
gap energy (Eg) can be estimated by extrapol ating the
linear portion of (ahv)¥?vs(hv) plot totheenergy axis.
Here,

o= (Rmax_Rmin) / (R_Rmin)
whereR _ ismaximumvaueof reflectanceandR _is
the minimum vaue of reflectance and R isthereflec-
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tancefor the particular wavelength. Hereal o, the E,
vauedecreaseswith theincreasein doping concentra-
tionfor al Zn dopantsconsideredin the present studly.
Also, the E, vauesestimated from the PL reflectance
pectracompareswdl withthoseestimated fromtheUV-
Vis-NIR transmittance spectra. The band gap energy
vauesestimated from UV-Vis-NIR transmittance spec-
traand PL reflectance spectraaregivenin TABLE 1.
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Figure6and 7: PL reflectancespectraand band gap energy
spectraof pureand Zn doped CuSnanocrystals.

Figures 8-10 show diel ectric parameters of pure
and Zn doped CuS samples. It wasfound that astem-
peratureincreases, did ectric parameters, viz. dielectric
constant, dielectriclossand AC conductivity of pure
and Zn doped CuS nanocrysta sincrease exponentidly.
All thethreediel ectric parameters considered and tem-
perature decrease with the increasein impurity con-
centration. Further, theresultsof the present study in-
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TABLE 1: Band gap ener gy from UV-Vis-NIR transmittance
spectraand PL reflectance spectra.

Band gap energy

Sample Name
From UV abs spectra (eV) From PL reflectance (eV)

Pure CuS 2.2 2.2
CuSwith25%Zn 2 2.1
CuSwith5%Zn 1.85 2.05
CuSwith7.5%2Zn 1.83 2
CuSwith 10% Zn 1.8 1.95
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dicate higher dielectric constants and lower electrical
conductivities. Thisisin correspondencewiththelower
grain sizesobtained. Hence, space charge polarization
and grain boundary scattering are expected to contrib-
utemorefor the electrical properties of the samples
considered inthe present study.

CONCLUSION

Pure and Zn doped CuS nanocrystals have been
prepared successfully by asmplechemica method and
found that they are of quantum size. Pure CuS
nanocrystals havehigh transmittanceinthevisiblere-
gionand highreflectanceintheNIR region. Theoptica
propertiesindicatetheir possibleusein sunglassesand
poultry roofsandinfilters. LowAC conductivity indi-
cates that the space charge polarization isplaying a
dominant rolein the transport and polarization pro-
cesses. These CuS samples can be expected to be use-
ful insolar cell devicefabricationandinother eectrica
devices.
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