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ABSTRACT
Received 2ugust 2016 Cadmium sulphide nanoparticles were synthesized at room temperature vi
Revised oithe 4 August 2016 . L . . . .
Accepted 9 Augus2016 wet chemical precipitation method using cadmium chloride and sodiur
sulphide with methanol as capping agent and the effect of concentration o
c#i O0AGDI 1 AET C 1 ¢ the absorption peaks was studiedThe microstructure and morphology of the
saviour.moses@gmail.com synthesized CdS nanoparticles were characterized by-ray diffraction

analysis. XRD pattern reveals thathe synthesized CdS nanoparticles exhibi
both sphaleritte and wurtzite phases. The size of the particles calculated ¢
Debye Scherrefformula according to XRD spectral was found to be about 4.4
to 40.24 nm. XRay peak broadening analysis was used to calate the
crystalline size and lattice strain by the WilliamsonzHall (W-H) plot. The
optical properties of the sample were studied by UWisible spectroscopy. The
existence of blue shift in UWisible spectroscopy revealed the quanturn
confinement effect d CdS nanoparticle. Wet chemical method using methan
as capping agent could be a more suitable method of preparatio@dS
nanoparticles, which may provide a suitable alternative for use in
semiconductor devices.

Keywords; CdSnanoparticles, Xray diffraction, optical properties, quantum
confinement, U\AVisible spectral.

INTRODUCTION

Recent investigations in nanotechnology reveal that magnetic properties, optical properties (optical
nanometer-sized inorganic semiconductor compounds emission and adsorption) and enhancemenof photo-
have attracted considerable attention due to their catalytic activities (Ramaz Raoet al.,2007).

novel sizedependent characteristics, different physice . _ . ,
chemical and optoelectronic properties, compared with In particular chalcogenides such as CdS, with a direct

the corresponding bulk counterparts (Parket al., 2000; band gap of 243 eV at room temperature, is_ one 9f the
Penget al., 2000; Sodipcet al., 2014). most important semiconductors and is given

considerable attention by the researchers and
Nanoparticles like ZnS, ZnO and CdS exhibit the sizescientists for potential applications in the future opto
dependant properties such as blue shift of absorption electronic, nanodevices and biological labeling due to
onset, change of electrochemical potential of band edge the tunable electronic band gap depending on the size
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and shape of nanocrystals. A great interest has been
shown in cadmium sulphide (CdS) beasse of the
availability of discrete energy levels, tunable band gap,
size dependent optical properties and well developed
synthetic protocols, good chemical stability and easy
preparation techniques (Antolini et al, 2005). Hence,
the major thrust is concentrated towards the
technological applications of CdS nanopatrticles ranging
from microelectronics to  norntlinear  optics,
optoelectronics, catalysis, optical windows for solar cell
and photo-electrochemistry (Karl etal., 2002).

Currently there has been an increasing demand to
explore the optoelectronic applications of CdS
semiconductor in the frontier areas such as photo
electrocatalysis, biotechnology and communication
among which the optoelectronic properties of CdS
nanomaterials are strongly influenced by their
morphologies and structures. Hence, it is very
important to establish the simple and mild methods to
achieve the controlled synthesis of isolated inorganic
semiconductor nanostructures belonging to this
categry.

Cadmium sulphide is a welknown semiconductor that
can be prepared either by chemical or physical
methods. Several methods have been developed to
synthesize CdS in nanophase with different
morphologies and structures such as nano crystals,
guasi-nano spheres, nano rods, nano whiskers, nano
wires, nano belts and nano tubes etc (Lincot and Gary,
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Synthesis of CdS nanopatrticles

CdS nanoparticles were synthesized by wet chemical
method at room temperature using analar grade
sodium sulphide, NaS9H.O as the source for Sions
and cadmium chloride as the source for Gdions with
methanol as the capping agent.

Briefly, 2.5 mL of methanol was measured into a 1000
mL standard flask, 20 mLof 0.1 M NaOH was added to
the flask drop by drop with constant stirring, and the
solution was stirred magnetically for 1hr. 34.6 mL of
0.20 M solution of NaS.9HOwas added to the mixture
drop by drop while constantly stirring, and 34.6 mL of
0.20 M solution of CdGivere added into te solution.
The colour and temperature changes were noted.
Acetone was added to accelerate precipitation and
settling, the mixtures were centrifuged for 30 mins.
Precipitates were separated via decantation and were
dried at 60°C in an oven for Bw hours to obtain CdS
nanoparticle. The procedurs above were repeated
using different concentration ranging from 0.175 M to
0.01 M for CdGland Na&S.9HO as tabulated in Table 1.

The chemical guation of the reactionis as follows:

0We + 0WYIQL © 0QY+ 20 wa+ 9GU 8 (1)

Table 1: Concentrations and volumes of reagents usetbr
CdS Preparation

. . S/NO Volume Conc. 6 Vol. Amount of Amount
ZOOﬁ).dlnfthe r;:esent Work’. a sm]]ple 3qqeous CTe:.]écal Prepared Solution required NaS.9HO of CdC}
method for the preparation of cadmium sulphide (mL) M) (mL) @) )

nanoparticles with comparable size was reported and 1 50 0.20 34.6 2.4 1.83
fine nanoparticles of very low size distribution were 2 50 0175 395 2.1 1.60
obtained  successfully. The synthesized CdS 3 Sl Ll ce L Lo L
nanoparticles were characterized by Xay diffraction = 100 0.125 >5.4 3.01 2.29
P Te )y Aay difirac 5 100 0.10 69.2 2.4 1.83
(XRD) and U\AVisible spectroscopic analysis(Lincot ¢ 100 0.075 923 1.8 1.34
and Gary, 2006). The size of the gwepared sample 7 250 0.05 138.4 3.01 2.29
was catulated by DebyeScherrer formula from the 8 500 0025 2768 3.01 2.29
9 1000 0.01 692 2.4 1.83

XRD spectra which was found to be of the order of 4
40 nm.

MATERIAL AND METHODS
Materials

The materials used include Varian Carry 5E Model
spectrophotometer, LS 55 Perkin Elmer
spectrophotometer, Oaktron pH méer, CdC} NaS.
9H,0, distilled water, SchimadzuLabx Xray powder
diffractometer among other reagents.

Physical Measurement

The Xray diffraction (XRD) patterns for cadmium
sulphide samples were recorded on a Schimaduabx
X-ray powder diffractometer with CuKa radiation (I -
p8uvtmnmeBQq xEOE
scanning speed of 10 per minute. The optoelectronic
properties have been studied by ultravioletvisible
absorption spectra in the range 2001000 nm using
VARIAN CARRY 5E Model spectrophotometer and LS
55 Perkin Elmer spectrophotometer was used for
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recording the photoluminescence spectra of CdS non-zero band gap. The information above revealed

nanoparticles. that blue shift is an evidence of decrease in crystal size
which leads to quantum confinement effect (formation
of new electronic energy level due to electron

RESULTS AND DISCUSSION excitation) and increase in band gap between the
isib| . Vsi valence band and conduction band, hence result to
UV-Visible Spectroscopi ¢ Analysis decrease in wavelagth from bulk to nanosize sample.

The optical absorption of CdS nanoparticles recorded Considering the concentration under investigation in
between 200 to 1000 nm are as shown irFigures 1to  this work, the result of U\ivisible analysis shows
9, and the absorption onset edges from UVisible decrease in size with respect to decrease in
Spectroscopy analysis are as shown in Table 2. It is concentration of the precursors.

observed from the spectrum that the absqgstion onset o
edges were found to be at lower wavelength Table 2: Absorptor) onset edges from UWisible
corresponding to the absorptions between 207nm to ~ SPectioscopy  amalysis ~ on methanol — capped  CdS
221 nm indicating blue shift for all the crystals nanoparticles prepared at different precursor concentrations
prepared at different concentration (Lincot and Gary, "'SNO  Precursor Concentration (M) Absorption Edge (nm)
2006). This confirms quantum confinement effecand 1 0.20 218

the existence of blue shift also revealed the decreasing 2 0.175 220
size of the nanoparticles with respect to the decrease in > Be 0

: : 4 0.125 216
the precursor concentration (Maleki, 2007). When a g 0.10 021
solid material is tested with U\visible spectrum and 6 0.075 213
the result shows decrease in he absorbance with 7 0.05 210
respect to increase in wavelength, it is an evidence that g 0600215 ggg

the solid sample posses blue shifivhich is referred to
as semiconductor and such materials has a small but
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Figure 1: UV resultshowing the absorption peaksfor CdS at concentration 0.20 M
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Figure 7: UV resultshowing the absorption peaksfor CdS at concentration 0.05 M
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Figure 9 UV resultshowing the absorption peaksfor CdS at concentration 0.01 M
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X-ray Diffractometric Analysis equation shows increase in size with decrease in
S | I ; hesized CdS il precursor concentration. It has been reported that CdS
tructural analyses ol syntnhesize nanoparticles 5, qnarticles were prepared via wetchemical method,

errr? Stgdied using _Xlray'I(IJIiffracto(;n_eter. XRlD Ejttem characterized with XRD analysisind found out that the
of the CdS nanoparticles illustrated in fgure 10-14can o oq,cts are all within the nanorange, cubic and

be indexed as cubic and hexagonal structures of CdS ., o : -

. ) gonal phase were obtained also which conform
(JCPDS 8@019) and (JCPDS) respectively With i the work done by (Karl et al., 2002). Considering
prominent peaks corresponding to (209)' (111), (A01),  4he size of the product obtaired from XRD analysis,
(220) and (100) planes as reported byLincot and Gary, ihare was discrepancy between XRD results and that of

(2006). The broadened peaks indicated that the UV-visible spectroscopy analysis carried out. Reason

particle size were in hano-range (Lincot and (_Bary, for discrepancy was not very clear and henceat was
2006). The average particle size of Cd&anoparticles recommended that more research work should be

(ﬁlculated 1using Schegeior;nijla areL_4.4nm, 1(;).3nm, carried out at difference cacentration (either below or
.8 nm 18.8 nm and 40.24 nm (Lincot and Gary, above the concentrationsused in this study)to further
2006). buttress the reason behind the discrepancy.

From the result, it was observed that the average size

of the nanoparticles prepared calculated via Scherrer

3 - c -
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L
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Figure 10:Result of XRD studies with XRDpeaks for CdS Figure 11:Result of XRD studies with XRDpeaksfor
prominent at 200 plane CdSprominent at 111 plane
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Figure 12:Result of XRD studies with XRDpeaks for CdS Figure 13: Result of XRD studies with XRD peaks for
prominent at 101 plane CdS prominent at 220 plane
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the mean size calculated from XRD result and UV
visible result as obtained in ths study.

CONFLICT OF INTEREST

None declared.

REFERENCES

1. Antolini F, Pentamalli M, Di Luccio T, Terzi R, Schioppd, Re
M, MirenghiL and Tafer L (2005). Applications of nanoscience
in material science Mater Lett 59: 3181.

o ‘ J 2. Karl A, Wolfgang G, KemS, Jurgen W and Waldemar A (2002).

Graph Shotving X.ray result Osgocs 2T Quminescenmaterialsdin 5 1 | | ABndydopediaof
Industrial Chemistry Science. John Wiley and Sons USA 83,
1568.

3. Lincot D and Gary H (2006)Chemical solution deposition of
semiconducting and normetallic Films: Proceedings of the
International SymposiumThe Electrochemcal Sodety, ISBN1-

CONCLUSION 56677-433-0.

h iclesi fCd icl btained | Maleki M, Sasani GM, Mirdamadi SH anGhasenzadeh R
The nanoparticlesizes of CdS nanoparticles obtained in (2007). Semiconductor physics, quantum lectronics and

this study ranged from 4.44nm to 40.24nm. XRD optoelectronics. J PhySci10: 30- 41.

pattern of the CdS nanoparticles revealed the presence 5 park sJ, Kim S, Lee S, Khim ZG, ChamK Hyeon T (2000).
of both cubic and hexagonal phases. The mean size of  Nanoscience effects] Am CherSocl22(35):858178582.

the CdS nanoparticles estimated from the XRD analysis 6. Peng X, Manna L, Yang W, Wickham J, Scher E, Kadavakich

Figure 14: prominent at 101 plane XRD peaks for CdS
prominent at 100 plane

are found to fall within the nanoparticle range but and Alivastons AP (2000).Shape control of CdSe nanocrystals
increased  with  decrease in the  precursor Nat 404(6773): 59 - 61.

concentration. The UW/isible absorption spectrum 7 RamaRao NV, Gopalan R, Manivilaja M, Chandrasekaran
revealed the blue shift in absorption edge (high V,Chakavaty D, Sundaresan ARanganathn R and Hono K
guantum confinement of nanoparticles). Owing to the (2007). Structure and magnetic studies on spark plasma
blue shift in absorption edge seen in UWisible result sintered SmCOs/Fe bulk nanocomposite magnet3MagnMagn

and the nano ranges within which the size of the CdS Mater 312: 252-257
nanoparticles prepared are found, one can conclude 8. Sodipo BK, Aziz AA andBeilstein J(2014). A sonochemical

that wet chemical method of CdS nanoparticles approach to the direct surface functionalization of super
preparation using methanol as capping agent is a paramagnetic iron oxide nanoparticle Asian J Cher®(5): 1472-
suitable method of preparation, and the product stand 1476.

a goodchance of being used as suitable alternative in
semiconductor devices.

It is recommended that more research work shouldbe | OOEAT A§ O AEOAOET I

carried out at different concentration either below or ]
above the concentration used in this tidy to further ~ Yiase SG, Egbunu Al and lorungwa3\R016). Effects of

investigate the effect that change in concentration Cconcentration on preparation and characterization of
could have on the mean size of CdS nanoparticles and cadmium sulphide nanoparticles Ew J Chem Kine(2):
also to investigate the reason for discrepancy between 46-54.

www.ewemen.com Page54



