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ABSTRACT

Synthesis of Cu, S (1<x=2) nanocomposite on the surface of polyacrylamide
(PAM) was evaluated by chemical reaction of sulfur powder, cupper nitrate
and acrylamid in ethylene glycol as solvent by using microwaveirradiation.
We have shown that the annealing temperatures of Cu S nanocomposite
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powder under Argon atmospherein the varioustemperatures; 100°C, 200°C,
300°C and 400°C are moreimportant intheratio of Cu,Sto CuS. Thesynthe-
sized particleswerethen characterized by powder x-ray diffraction, and then
the crystalline structure of the Cu S nanocomposite has been transformed
from rhombohedral to hexagonal structure by increasing the temperature.
UV-Vis and photoluminescence spectrum have shown ared shift (2~5 nm)

when increases the annealing temperature.
© 2012 Trade Sciencelnc. - INDIA

INTRODUCTION

Copper sulfides (Cu, S 1=x=2) areinteresting ma-
terialsduetotheir specia physica and chemical prop-
erties. The properties of Cu, S are affected by the ac-
curate stoichelometry, thisis depending on the condi-
tionsof preparation. Thereare severa stable phasesof
copper sulfidesat room temperaturewithawidevari-
ety of compositions (x=2, 1.95, 1.8, 1.75, 1)'*°. Cu-
proussulfide (Cu,S) isconsidered asanideal absorber
inthe photovoltaic conversions®. Cu,Siswell known
to be a p- type semiconductor with shallow Cu va
cancy acceptors. It hasadirect band gap of 1.2 ev and

anindirect band gap of 1.8 ev and an el ectron affinity
of 4.3 (ev). Cu,Samong p-type semiconductor includ-
ing SnS and Ag,S, is a good candidate for the
heterojunction solar cells dueto the band gap and a
simplefabrication method ™.

Cu,Shasbeen devel oped rapidly in semiconductor
industriesbecauseof itsuniqueoptica propertiesand po-
tentially high absorption coefficientd™. Cu Sisusedasa
carier chargeinsolar cellsbecauseof itsoptica proper-
tiesandit hasuseful applicationsinawiderangeof areas
such assolar control coatings, solar energy conversion,
éectronic and low-temperature gas sensortt-16,

If thisnanocompositeisused in optoel ectronic de-
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vices, theoptical and electrical efficiency of the pro-
posed devicewill highly depend ontheannealing tem-
perature. Meanwhile, theanneding temperaturenct only
hasan effectiveroleinachievingastablecrystdlinesiruc-
turecombination, but it causesashift of thesignd emis-
sion and absorption of sample.

One of theimportant issuesin preparation various
nanostructuresof Cu, S, istheexistence of different sto-
ichiometry of Cuinthe composite (wherex therange
of 1=x=2 can be changed). It ismainly because of ca-
pability of CuSin achieving practical efficiencies,
Changeinthecrystalline structurewithincreasing the
coefficient copper componentsand conversionof Cu S
to CuO dueto theannedingisoneof thechalengesin
preparing thiskind of material. Physicist and chemist
arevery interested in achieving the optimum combina-
tionof xinCu S, and preparation of nanomateriaswith
optical and structurd propertieswhichisconsideredto
befavorablefor many industrial processes. Different
processes are used to produce Cu S. These methods
arefocused on nanowires®®, nanocompositein poly-
mer template’®, nanorods, nanolayer?”, spherical
nanoparticles?-?4 and quantum dotg?3. Many authors
have studied the structural and optical properties of
chemically deposited Cu, Sthinfilmg?+#,

Polymer withthin sulfidelayersbd ongsto the com-
posites. Such composite materialsareof particular in-
terest for thefabrication of substratesfor deposition of
meta and semiconductor, solar selective coating, solar
cells, photoconductor, sensor, etc.* 34, Practical ap-
plication of copper sulfide coatingsinthevariousfieds
of engineering stimulatesinterest toward developing a
new technol ogy.

In this article, we will describe preparations of
nanocomposite Cu, Saongwithaninvestigation of the
effect of annealing temperature on the distribution of
copper and sulfur. Characterization of their structural
and optical propertiesisinvestigated using X -ray dif-
fraction (XRD), Transmission el ectron micrograph
(TEM), UV-Visspectrum and photol uminescence (PL)
emisson.

MATERIALSAND METHODS

Materials
Sulfur powder, copper nitrate, acryl amide, ethyl-
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eneglycal, etc. were purchased fromAldrich chemica
company and have been used aswereceived without
further purification. Double- ditilled water equipment
isused for thisexperiment.

Characterization

Optical absorption spectraof nano-Cu,Sin poly-
mer filmsarerecorded with a Shimatzo-1600 Ultra-
violet/ Visible (UV-Vis) spectrometer over arange of
wavelength from 200 to 900 nm. X-ray diffraction
(XRD) measurements are performed on aBruker D8
ADVANCE diffractometer and the patternswerere-
corded using CuKairradiation (A= 1.54178 °A). Pho-
toluminescence spectrum (PL) of modified Cu Scol-
loidal solution wasachieved onan Elemer LS-80fluo-
rescence spectrophotometer using a200-900 nm ex-
citation line. Transmission e ectron microscopy (TEM)
was undertaken on aZeissEM 10C instrument. Micro-
wave-assi sted reaction was performed using amicro-
wave cavity (2.45 GHz, maximum power 1000w,
Mileston) equipped with acondenser, and thereaction
temperature 190 °C was controlled via the fiber-optic
Sensor.

Prepar ation of nano Cu, S/ polymer composites

Acrylamide (AM) (2.132 gr, 0.03 mole) isdis-
solved with an gppropriaeratio of ethyleneglycol (300
cc) inaround bottom schlenk flask. Then, solid cupper
nitrate (7.24 gr, 0.0386 mole) and sulfur powder (0.96
gr, 3.75mmole) are added s owly under magnetic stir-
ring at theroom temperature. Themixturewas stirred
at theroom temperature for 10 minutes. The suspen-
sion was maintai ned into amicrowave oven equipped
with acondenser under power 400 W at 190 °C for 30
minutes. Subsequently, the dark brown solid products
werebeing centrifugalized whichisfollowed by three
fold washing with ethanol and de-ionized water. After
re-centrifugdizing, theproductswerefindly drieda 75
°C in an electrical oven for halfan hour. Dried powder
nanoparticleswere annealing at the temperatures 100,
200, 300 and 400 °C, respectively in two different Ar-
gonandAir amospheres. Nanoparticlesof Cu Shave
been characterized using X-ray diffraction (XRD), trans-
mission eectron microscopy (TEM), UV-Visand pho-
toluminescence spectrum (PL) which are based onthe
opticd, structurd and thermd characterization.
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RESULTSAND DISCUSSION

X-ray diffraction analysis

Thecrysdlinenaureof Cu, Sparticlesandtheiden-
tification of e ementsand theanadysisof their structures
in the resulting compound were characterized by the
XRD spectra Thecrystalographic planesof XRD spec-
tra(Figure 1) wereindexed using Bragg'’s law for the
x-ray diffraction and are compared with those of Row
datasoftwarewith reference codes of CuS (hep), Cu,S
(cubic) and Cu, Srespectively™®. The XRD patterns of
these nanoparticlesreved thetwo crystalinestructures
Cu,S(1<x<2) and CuS perfectly. Theratio of theprod-
ucts, that is Cu S-Cus, the crystallinity and then the
yield of it strongly depend on the reaction of the an-
nedingtemperature. Withincreasing theanneding tem-
peratureintheair atmospheretheratio of Cu Sto CuS
isincreased.

Theannealing temperaturein two different atmo-
spheresandintensitiesof MW irradiationarethemain
factorsthat control thefina output of thereaction, (Fig-
ure 1 and 2). Hence, the phase composition of Cu S
nanocompositevarieswith increasing thevaueof x as
wefoundin our investigation. Moreover, with increas-
ing thestoichiometry of x, theshapeof crystdlinestruc-
turewas changed from rohomhedra to hexagond.

Wefound that the required timeand power for turn-
ing of transparent solution into golden brownishisre-
duced at the higher temperature (160 °C) and power
(400w). Itisbecause of thefact that theformation rate
of freeionsat afixedion concentration dependsonthe
deposition temperature. If the composition tempera-
tureishigh, thenthefreeionsdeposit ontheAM sur-
face aong withinteraction with each other withinthe
solution and hence, the color of the solution changes
rapidly. For deposition of copper and sulfur onthefilms,
theavailability of nucleation centersover thesubstrate
isnecessary. Such centersare normal ly formed through
the formation of metal ions complexes over the
acrylamide and ethylene glycol which would thereby
formaninitia layer of themetd ciliate. Thisinitid layer
actsasacatalytic surfaceand thissurfaceiscrucia for
auniform deposition of thinfilmsonthesurface. The
deposition of thethinfilmtakesplacethrough the con-
densation of the copper and the sulfideionswhich are
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readily providedintheMW oven.

Asdiscussed above, the substrate temperature has
moreinfluence on the composition and themorphology
of thepowder. It was determined that ava ueof x inthe
Cu Slayersvarieswithintheinternal 1<x<2, sothat
produced compositionwasamixtureof covelliteCu S,
By studding of Cu Slayersusing X-ray diffraction, we
detected three phases. with x= (1.7-1.96) the phase
composition of Cu, S depends on the annealing tem-
peraturesinair and Ar atmosphere. The XRD spectra
recorded for the Cu, Sthinfilm beforeand after increas-
ing theannealing temperaturewereshown, (Figure 1).

Generdly, theanneding temperaturesat (100-300
°C) in argon atmosphere favors the obtained of cop-
per-rich phase (Cu, S, x=1.7-1.96). According to our
resultsto achievethe nanomaterial composition Cu, S
with x>1.7 in Ar atmosphere the optimum annealing
temperatureis 300 °C. With air atmosphere and the
temperature higher than 400 °C we found CuSO, and
with increasing thetemperature up to 500°C CuO was
produced, respectively. Meanwhilethegrain sizeof cop-
per sulfidewithincreasing theannedingtemperatureis
increased (Figure 1 and 2). The average size of the
annealed film at ahigher absorptionis30 nm. During
annealing the sampleat 400 °C the particle size of the
samplewasgrown ontheacrylamidesubstratewith an
average diameter of 100 nm which revealsamorphous
nature of thematerias. Thegrain size of copper sul-
phideisca culated using the Scherer’s relation:

‘= kA

B cosO

Where 3 is the broadening of thediffraction line
measured at the half maximum intensity (radian) and
the wavelength of the Cu ka X-ray, i.e. A= 1.54056
A°. The average grain size was determined to be aver-
aged 30 nm. With increasing theannealing temperature
t0400°C, the particle size of Cu Scompositionwas
grown with an average diameter of 100 nm. Further-
more, theannealing temperatureincreased theefficiency
of Cu Speaksand deleted or decreased theintensity
of thepeaksof impurity. For example, when annedling
temperature of Cu, Sisincreased to 300 °C, the inten-
sity of thepeaksat 206= 30, 39, 59 °C completely van-
ishesasfar asrelatesto impurity. On the other hand,
crystallinelayer of Cu, Sgrowswithincreasingthean-
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Figurel: XRD spectrum of (a) Cu,Sthinfilm, (b) as-prepared Cu, Sfilm deposited with different annealing temper atur esin
air atmosphere
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Figure4: PL spectraof real solution and residual solution
after: a) onetimeb) twotimec) threetimewashing

nealing temperatureand it hashigh diffraction intensity
in comparison to the synthesi zed sampl e (without an-
nedling). Wefound it in thediffraction patterns 102.

Photoluminescence (PL) analysis

ThePL spectraof powder Cu Sandits annulated
compoundsfromit weredetermined at different tem-
peraturesusing theexcitation wavelength 275 nm. The
distinct PL emissions have been detected at 342 nm
and 662 nm, which are closeto thereportsfor the ex-
citation of Sand Cu, respectively. The PL spectraof
theresdud sol ution after separation of theresulting pow-
der and itsdissolution areshown a thedifferent stages,

(Figures 3 and 4). Comparison of PL spectraof the
residua solution after making depositsinvariousstages
of washingindicatesanincrement inthere aiveinten-
sity of peaks, whichisrelated totheimpurities. This
suggests, washing with ethanol iseffectivein the sepa-
ration of impuritiesat each step. Emission spectraof
the annulated samples at the different temperatures
showed two major sharp peaksat thevisibleand the
ultraviolet wavelengthsfor all samples, respectively.
Comparison of thetwo spectrawasindicated asared
shift transfersabout 2 to 5 nm. We determined that the
intengitiesof theresulted peaksareinfluenced by sev-
eral parameterssuch asshape, size, impurity and crys-
tallinity which arecontrolled by thetemperature. With
increasing theannealing temperature of sample, thein-
tensitiesof signal isincreased too, and the peak width
isreduced. The enhanced efficiency of the obtained
sharp peakswasdueto the absence of impurity inthe
samples. In addition, thereduction of the peak width at
thehigher temperatureisbecause of theuniform distri-
bution of particlesor deletion of theimpurity incom-
pounds. Thefirst peak at PL emissionisattributed to
thetransfer balances of surface near to the conductive
band primarily rel ated to the exited band of sulfur. But
the second peak is attributed to the inter band elec-
tronictrangtion of Cu.

UV-Vis spectroscopy

Absorbance spectraof synthesized and annulated
sampleswereshownin Figure 5. Calculation of par-
ticlesizewas carried out by Kayanuma equation®s.
Comparison of the absorbance wave ength edgeof syn-
thesized and annulated sampleswasreved ed ared shift
inthewavelength edge with increasing the annul ated
temperature. Absorbance wavel ength edgein the ab-
sorbance spectrawas exactly comparableto thefirst
wavelength of theexited signd at the ultraviol et photo
luminanceregion. Thedirect alowed optical band gap
E, can be expressed asafunction (1) of the maximum
waveengthusingareation:

1240

El™ (ev) =

1)
Where A= 430 and 560 nm are maximum wave-

length edge, and theva ueof optical direct andindirect
band gap (Eg) have been calculated as2.21 and 2.88

ev respectively.
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It wasfoundthat amost al theexperimentd datain
awide (10-35nm) range of the Cu Snano composites
Size can be described by the effective masses approxi-
mation using thewell known expression; Kayanuma:

nano u h2n2
AE, =E; _Eg K= ¥

~ 2MR?

Where E;"* isenergy band gap of balk powder,
E™isenergy band gap of nanocrystaline Cu,S, which
isobtained from the wavelengh corresponding to the
absorption edge of each specimen. Here, Risthe par-
ticleradius, histhereduced plank constant, and M is

1 1 1
the effective mass of exitonsin MM +—M which
e h

M_iseffectivemassof eectron, M, effectivemasshole
of electronand m isthe e ectronrest mass. Using these
datain Eq. (2) we obtain the approximate particlesize
of the synthesi zed sample (without anneal ed) 30 nm.
Thesearein agreement with thesizesdetermined from
TEM and XRD.

In order to evaluate the effect of temperature on
the sizedistribution of nanoparticle, weannea ed the
prepared sampleat different temeratures. Accordingto
the absorption spectra\We shown that with incresing
the anneal ed temperature and band gap, the particle
sizeof sampleisincresed.
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Figure5: UV-Visabsor bance spectra of synthesized and an-
nealed sampleat different temperature
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Figure6: Transmission electron micrographsof (TEM) of
nanocomposite Cu Sannealed 10 min at 400°C

Transmission electron microscopy (TEM) analy-
Sis
Figure6 displaysaTEM micrograph of nano com-

posite samples Cu, Sannealed at 400 °C. It was indi-
cated particlesize of composite about 10-35 nm.
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