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ABSTRACT

For the synthesis of cadmium sulfide (CdS) nandglast microwave assisted solvothermal method wiittylene
glycol as the solvent was used in this work. Thi#ngam acetate and thioacetamide were used as ttmiom
source and sulphide source. Semiconductor nandcgiestdoped with transition metal ions have atteattvide
attention due to their excellent luminescent préiper The nano-structured materials of CdS prepavil different
annealing periods were characterized by XRD methbe. size of the crystallites were determined bl Xtethod
to be 10 nm depending on the amount of the molto raf the reactants. The effect of different arimga
temperature, concentration of dopants and ionidiratldopants are also studied.
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INTRODUCTION

Cadmium sulfide (CdS) is an important 11-VI groupnsconductor with many excellent physical and cloaii
properties, which has numerous applications infigld of photochemical catalysis, gas sensor, detedor laser
and infrared, solar cells, nonlinear optical maistiluminescence devices, optoelectronic deviergironmental
sensors, biological sensors and so on [1-14]. Tleee various methods developed for the fabricatidn
nanoparticles [15-19]. Recently, the solvothermalcpss as a powerful method for the synthesis déniads has
attracted tremendous attentions [20, 21]. Compamvith the synthesis route based on colloid chemistr
solvothermal method takes the advantage of obiipime and clean nanoparticles in high degree yaitalinity.
Efforts have been devoted to the preparation oh lggality CdS nanoparticles and the investigatibromtical
properties [22]. The possibility of tuning the pesfles of particles by controlling their sizes astthpes can be
carried out by the preparation of nanoparticlessblyothermal method. Many papers have been repduyeithe
synthesis of chalcgenides with solvothermal mefl28d33]. In this paper, We choose thioacetamidthasulphide
source and it is much easier for thioacetamidel®ase sulphide ions. A microwave oven has beeah fosdeating
the solution containing the reactants and the tffe€ annealing and dopants on the physical prigsedf CdS
nanoparticles have been analyzed.

EXPERIMENTAL SECTION

In this study, thioacetamide and cadmium acetate wdded in the ratio 1:1 molar ratio and were chiwgth 30 ml
of ethylene glycol and stirred well at room tempera to get a clear transparent solution. The mwiutvas
subjected to microwave irradiation of 800 W for B0nutes. The orange coloured CdS nanocrystallitesew
separated out from the productive mixtures and he@svith de-ionized water for four times and thathwvalcohol
twice.
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The sample was finally annealed at about 200 °Clfominutes, 20 minutes and 120 minutes to getephase
nanoparticles of CdS samples and the samples leel @ sample 1, sample 2 and sample B respecfivelarious
annealing times.

In the same way, the as CdS nanoparticles wereatathéor different temperatures such as 4©G@or 120 minutes,
200°C for 120 minutes and 30C for 120 minutes and these samples be termeanagls A, sample B and sample
C respectively.

In order to synthesize CdS:&Ewanoparticles, 1 mol%, 2 mol% and 3 mol% of eappcetate were added to the
solutions of thioacetamide and cadmium acetatetlaege samples were annealed at abouf@@6r 2 hours. Let
the copper doped CdS samples be called as sampsa@ple C2 and sample C3.

To understand the effect of ionic radii ofZnMn**, and C@" on the CdS nanoparticles, different dopants were
added to the host CdS and the samples be calledaasple A3, sample B3 and sample C3 for zinc doped,
manganese doped and copper doped CdS nanopatrticles.

The as-prepared undoped CdS and doped CdS nawtgsmdbtained by solvo-thermal route in the pneseork
were characterized by powder X-Ray diffraction t@gbe. The structure and phase purity of the posvaeere
examined by powder X-ray diffraction (XRD) technéqusing an X-ray diffractometer (Model Bruker AXS8D
with Nickel filtered Cu-K, radiation (Cu K: A = 1.5406 A) with 8 ranging from 10° to 80° at the speed of 2° Tnin

RESULTS AND DISCUSSION

3.1Powder XRD of pure CdS nanopatrticles

The powder XRD result for CdS nanoparticle is shawrthe figure 1. It contains cubic phase with @ldi
hexagonal phase of CdS. Cubic CdS phase was ntest fmund in synthesized colloidal CdS particlest the
macroscale phase of CdS is normally with the hemalstructure [34]. In solvothermal synthesis, tigxagonal
phase is more common [35-37]. The coexistence biccand hexagonal phases has also been reportgd/yeb
also obtain cubic phase as well as hexagonal phdke present system.
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Figure 1: XRD pattern for pure CdS nanoparticles

The XRD pattern consists that there are threendisfieaks at three different angles. From the Xiifiern, it
observed that the synthesized sample belongs ® @d8 phase. The XRD peaks are broadened and thigeito
the nanocrystalline nature of particles. The naystals have lesser lattice planes compared to bauhich
contributes to the broadening of the peaks in tfieadtion pattern. This broadening of the peakldalso arise due
to the micro-straining of the crystal structureseng from defects like dislocation and twinning.€eftese defects
are believed to be associated with the chemicathth&sized nanocrystals as they grow spontaneaiisiyng
chemical reaction [38,39] Broad and diffused pattef XRD lines are indicative of the small sizetbheé CdS
nanoparticles and the ‘hkl’ values are compareth wie standard JCPDS file (10-454) [40]. The XRatgrn
exhibits prominent, broad peaks & 2alues of 26.60, 44.30 and 52.@¢hich could be indexed to scattering from
(111),(220)and (3 11)and planes respdgtivecubic CdS [41-48]. Itis evident from thebta 1 that the data

958



S. Rinu Samet al J. Chem. Pharm. Res,, 2015, 7(3):957-963

obtained in this work are well matched with thengrd values. The lattice parameter values wdoglleded using
XRDA software and the values are found to &e b = ¢ = 5.4500 A.

Table 1: Comparison between experimental and standd XRD data for pure CdS sample

Standared JCPDS Experimental values
(hkl) d-spacing M (degrees) (hkl) d-spacing | @ (degrees)
(111) 3.16 28.218 (111) 3.34 26.66
(220) 1.93 47.046 (220) 2.06 43.78
(311) 1.64 56.029 (311) 1.75 51.95

The grain size of nanocrystalline CdS was calcdl@tem the Scherrer’s equation [49-52]. The Sché&rrermula
is given by:

D = 09)/fCoss

Where D is the crystallite size in ni,is the wavelength of the X-rays (1.5406 R)js the full width at half
maximum and is the diffraction peak angle. The average partiize of the sample is obtained to be 16.65 nm.
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Figure 2: The XRD patterns of pure CdS prepared atlifferent annealing times

Table 2: The size of the pure CdS nanoparticles ppared at different annealing times

R . Angle ) .
Name of the sample| Temperature Anneall_ng time | Peak height (2-Theta) Particle size
(min) (counts) (111),(220),(311) (nm)
Sample 1 200C 12 121.32 26.53,43.83, 51.9 14.06
Sample 2 200C 20 328.47 26.57,43.90,51.9 18.33
Sample B 200C 120 403.74 26.66,43.94,52.9 21.05

3.2 Effect of annealing on particle size

In this study sample 1 is annealed at 200°C fomiutes, sample 2 is annealed at 200 °C for 20 t@iand
sample B is annealed at 200°C for 120 minutesta@XRD patterns of the samples are presenteckifigre 2.
The XRD pattern reveals that there are three distdeaks at three different angles. From the XRReps, it
observed that the synthesized sample belongs ® @d& phase. In all the XRD patterns, the thliffeaction
peaks correspond to (1 1 1), (2 2 0) and (3 1 &jhed, respectively. It exhibits that all three s of CdS
nanoparticles are in cubic as well as hexagonaghBhe XRD patterns of samples annealed at difféimes for
the temperatures of 200 °C shows that with increpghe annealing time, the conversion of amorphtmus
crystalline phase started. It seems that the etfet¢émperature on crystal phase formation is npyeglominance
than annealing time. It contains cubic phase wilittla hexagonal phase of CdS. Cubic CdS phasemast often
found in synthesized colloidal CdS particles, the macroscale phase of CdS is normally with theapenal
structure. As the annealing time increases, tffeadiion peaks become sharper and narrower, a@dntiensity
increases which indicates that the intensificationrystallinty [53]. Moreover it is found that agaling time does
not show any change in the particle size of theorarticle. The results are given shown in Tabl&& angle 2-
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theta of (111) peak is shifting from 26.53 to 26.6& peak (220) is shifting from 43.83 to 43.94 &me peak (311)
is shifting from 51.83 to 52.02. The grain sizetlod nanocrystalline samples of CdS is also caledl&rom the
Scherrer’s equation.

3.3 Effect of annealing temperatureon particle size

In this study sample A is annealed at 100 °C fdy nutes, sample B is annealed at 200 °C for 1Rutes and
sample C is also annealed at 300 °C for 120 mirautelsthe XRD patterns of the samples are showherigure 3.
In all the XRD patterns, the three diffractip@aks correspond to (1 1 1), (2 2 0) and (3 1 dngd respectively.
From table 3, it is found that the peak width immes with the decrease of annealing temperaturiehvid an
indication of particle size decreases with the éase of annealing temperature. Also peaks seene ®lightly
shifted towards 26.68 which imply that the partitlecomes more crystallized as the annealing tempera
increases. The particle size is found to increatie imcrease in annealing temperature. In heathoggss when the
particles are formed, they collide and either ceadewith one another to form a larger particle @agulate [54].
The process which occurs depends upon the temperahd available energy, that's why particle sizereases
with increasing temperature. The grain size of tlamocrystalline samples of CdS is also calculatethfthe
Scherrer’s equation. A slight variation if 2alue is also shown when the annealing temperatareases from 100
°C to 120°C .The results were shown in Table 3. The 2-thé{d1l) peak is shifting from 26.40 to 26.68, theak
(220) is shifting from 43.73 to 43.94 and the pé&2ikl) is shifting from 51.90 to 52.95 .This shiffioccurs for the
variation of annealing tmperature from 18 to 120°C. and it is clear that the annealing process carease the
size of the grains.
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Figure 3: The XRD patterns of pure CdS due to theféect of annealing temperature

Table 3: The size of the pure CdS nano particles @uto annealing temperature

Name of the sample Tem(r())gr?ture Anne(?nliirr]]g)] time Pe(:ggul:ﬁ;g)]ht “?;E;Z?k FWHM Part(iﬁlri)size
(111), (220), (311)
Sample A 100C 120 370.67 26.40,43.73,51.90 0.2676 16.65
Sample B 200C 120 403.74 26.66,43.78,51.93 0.4684 21.05
Sample C 306C 120 410.24 26.68,43.94,51.95 0.458) 23.36

3.4 Powder XRD studies of doped CdS nanoparticles

Figure 4 shows the XRD patterns stack view of Cdped with CG* ions. The effect of doping concentration of
CW*is studied for 1 mol%, 2 mol% and 3 mol% respedyivin all the XRD patterns, the three diffiact peaks
correspond to (1 1 1), (22 0) and (3 1 1) planespectively. It is clearly seen that all the XR&tterns correspond
to cubic as well as hexagonal structure of CdShttws that with increase the doping concentratio@u’* ion,
however, the intensity of the diffraction peaks r@ase and full width at half maximum(FWHM) is gratiy
increased and similar findings are made in the vadrk.S Ravangave [55]. The increase of dopingceotration
results the decrease of crystallinty and increds#isorder effect which resulted in the broaderamgl decrease of
intensity of the XRD peaks. It is clearly seen thltthe XRD patterns correspond to cubic strucaff€dS. It is
observed that there are no peaks for the doped,reatéides or any binary cadmium metal phase i @fithe XRD
patterns of doped CdS samples. With the incremidbping percentage, the peak positions shifthiiigo lower
angles, which indicates the slight increment ofidat parameters and the data are given in tabléhés is
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presumably results from the substitution of medaisi with a large ionic radius. Moreover here itabserved that
there was one extra peak (331) in the pure CdSlsamp
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Figure 4: The XRD patterns of copper doped CdS nargarticles

Table 4: Maximum 20 values, FWHM and particle size for pure and coppedoped CdS samples

Maximum Peak Value Particle size

Sample of 20 (degrees) FWHM (nm)
Pure CdS 26.40 0.2676 16.65
Sample C1 26.38 0.5353 15.83
Sample C2 26.22 0.5353 13.31
Sample C3 26.15 0.6691 12.78

3.5 Effect of ionic radii of dopant

Figure 5 shows the XRD pattern stack view of CdBedbwith Zf*, Mn®* and Cd" ions. The sample A3 is doped
with 3 mol% of Zn, sample B3 is doped with 3 mol¥dn and sample C3 is doped with 3 mol% of Cu alinthe
XRD patterns, the three diffraction peaks cqroesl to (1 1 1), (2 2 0) and (3 1 1) planes, rebpsly.
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Figure 5: The XRD patterns of 3 mole % of dopantsri CdS nanoparticles

The effect of ionic radii of 3% doped ZnMn®*, and C4" CdS nano particles were studied. Thspacings for
(111) peak in the XRD patterns of the MnCl/#*, and ZA* doped CdS nanoparticles are in the range of 384-33
pm, this indicates the expansion after doping(fdrl) peak. In contrast, an shrinkage was occdedther peaks
also. The different changes in the microstructunferi that two kinds of species might exist in thepeld CdS
nanoparticles [56]. The crystallite sizes in theSGwnoparticles also increased or decreased dejgendithe nature
of the dopants. The crystallite size of the pur&@dno particles was calculated to be 16.65 nmiraraitporation

of Mn%, CU/*, and ZA" dopants reduced the crystalline sizes to 10.28 ft8.78 nm. All the results are given in the
table 5.
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Table 5: Effect of ionic radii on pure and doped smples

Dopants lonic radii (pm) d-spacing (A) Particle ste (nm)
Pure CdS 109 3.343 16.65
e 88 3.389 10.28
cu 87 3.378 12.12
Mn 72 3.346 12.78
CONCLUSION

From the above results we can conclude that thé& a®well as hexogonal phase of CdS nanopartzdesbe
fabricated through the microwave assisted solvathéprocess. In the above process ethylene glyaslwsed the
solvent and thioacetamide was used the sulphidecso@The particles are in high degree of crysttion. The
XRD results reveal that the annealing effect hamleiased the crystalline size of the CdS nanopestidforeover,
the particle size of the metal ion doped nanofadidecreases with the concentaration. The stindies revealed
that the CdS nanoparticles doped with various catnaBons of copper decreases the crystallintyasd we found
that the ionic radii determine the particle sizetef doped CdS nanoparticles.
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