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ABSTRACT 
 
 In this work, CdS nanoparticle with different sizes dispersed in polyvinyl alcohol (PVA) matrixes in the 
form of (PVA/ CdS) nanocomposite were prepared. Results of transmission electron microscopy (TEM) and X-
Ray diffraction (XRD) indicates the well dispersed CdS uniform sphere nanoparticles with cubic phase have 
been formed in PVA. The infrared spectral data confirmed that the -OH group used as a coordinated site to 
aggregate the cadmium ions and different uniform sizes of CdS nanoparticles were formed at this site by 
releasing of S-2 ions. The blue shift and optical band gap as a function of the particle sizes were studied form the 
UV-Visible spectra. Dielectric properties were studied in the frequency range from (2.5 KHz-5 MHz) as a 
function of temperature and the effect of particle sizes on the relaxation time were discussed. 
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Introduction 
 
 Semiconductor nanocrystals are very attractive from the point of view of the device fabrication processes. 
They can be incorporated into all sort of optoelectronic devices based on organic polymeric films. Properties of 
PVA (polyvinyl alcohol) like the transparency over the whole visible spectrum, good adhesion to hydrophilic 
surfaces, formation of oxygen resistant films and water soluble makes it a good choice for the fabrication of 
optical devices and colloidal stabilizer (Alvarez et al., 2003). Many reports on the synthesis and 
characterization of cadmium sulfide nanoparticles into these polymeric matrices are found in the literature 
(Nenadovic et al., 1990: Nozik et al., 1985: Woggon et al., 1993: Kuljanin et al., 2006: El- Tantawy et al., 
2004: Spanhel et al., 1987: and Mews et al., 1994). Size, morphology and aggregation of inorganic 
nanoparticles dramatically influence effects on their optical and electronic properties. Therefore methods to 
control these variables offer ideal means for modulating the physical properties of such materials were studied 
by many authors (Kreibig and Vollmer, 1995:  Klabunde, 2001: Kelly et al., 2003: Huang et al., 1996: and 
Wilcoxon and Abrams, 2006). Colloidal oxide or sulfide (II–VI groups) nanocrystals made of a few hundred up 
to a few thousands of atoms (quantum dots, QDs) are receiving considerable attention, due to their appealing 
properties derived from the zero-dimensional quantum confined characteristics (Weller, 1993: Murphy, 2002: 
Sakurai, 2004: Willner and Willner 2002: and Murakata et al.,2002). In particular attention has been focused on 
the size-dependence of absorption and emission features and more generally of optoelectronic properties and 
charge-transfer phenomena (Cozzoli et al., 2006).  In this area, however, control of size alone may not be 
enough and one must take into account that surface chemical derivatization plays a major role due to the 
presence of surface defect sites, or because of the control over surface interactions leading to agglomeration. 
The combined control over particle size and distribution, surface properties and aggregation behaviour can then 
open new applications in optics, electronics, catalysis and biology (Trindade et al., 2001: Schmid and Corain, 
2003: Michalet et al., 2005: and Ozin and Arsenault, 2005). In this work, the CdS ratio controlling the particle 
sizes dispersed in PVA was prepared with different volume ratios of CdCl2 to Na2S. The change of the particle 
sizes, morphology and crystallinty was obtained by TEM and X-ray diffraction pattern. The effect of the 
particle sizes on the optical and AC electrical properties was discussed.  
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2. Experimental: 
 
2.1. Synthesis of PVA/CdS Nanocomposite films: 
 
 Cadmium chloride (CdCl2) dried LR with M.W. 183.32, specification assay 95% and Sodium sulfide 
(Na2S) M.W. 78.04 was purchased from S.d. Fine-Chem. Ltd. Polyvinyl- Alcohol (C6H7N) of M.W.6000 with 
minimum assay 99.5% from Mallinckrott. All chemicals were analytical grade and used without further 
purification. Polymer solution was prepared by completely dissolving 9.0g PVA in 300 mL deionized water 
under constant stirring for 2 h. The mixture was heated up till 100oC then the mixture was left to cool down to 
room temperature while the stirring of the mixture was carried out to ensure a homogenous composition. 
PVA/CdS nanocomposite films were prepared by addition of 40 mL of PVA solution to 4 mL of Cd2Cl (0.01M) 
and 4 ml of Na2S (0.01M). The mixture was further stirred for 5 minutes to ensure homogeneity. Films of the 
appropriate thickness are cast onto glass plates (Petri dishes of diameter 10 cm). The solutions were dried at 
room temperature (30oC) to minimize the gelation effect. The pure PVA and doped with CdS nanoparticle films 
were formed. By changing the reaction ratios of CdCl2 and Na2S, it can be get different nanoparticles size of 
CdS in PVA films. 
 
2.2 Characterization and Measurements: 
  The shape and particle size distribution were studied using JEOL JEM 2010 Transmission Electron  
Microscope operated at 200 kV accelerating voltage. The samples were prepared by making a suspension from 
the films in distilled water using ultrasonic water bath. The suspension was centrifuged to collimate the large 
size particles. Then a drop of the suspension was put into the carbon grid and left to dry. The crystalline 
structure was determined from X-ray Diffractometer Philips (PW 13900), using CuK (λ=1.54Å). The 
vibrational spectra of the prepared samples were measured using Jasco 6100 Fourier Transform Infrared (FTIR) 
Spectrometer. The UV–visible spectra were measured in the range of 1000–200 nm using Jasco 570 UV–VIS-
NIR spectrophotometer. The dielectric constant (/) was carried out using an RLC bridge (HIOKI model 3530) 
‘Japan’. The accuracy of measurement for both parameters was less than 3%. Dielectric constant was calculated 
using the relation; 
 
/ (f, T) = C(f, T)d/0A 
 
 Where A is the film area, d is distance of the plan parallel electrode system; capacitance C; and o 
permittivity of the vacuum = 8.85 x 10-12 F/m and AC electrical conductivity was measured from the relation; 
 
 (f, T) = d/R (f, T) A 
 
Where R is the resistance of the samples.  
 
Results and Discussion 
 
3.1. Transmission Electron Microscope (TEM) of PVA/CdS Nanocomposite: 
 
 Figure (1: a-g) represents the transmission electron microscopy (TEM) images of PVA/CdS. The particle 
size histogram was performed and shown as in Figure (1: a/ - g/ ). The samples were prepared with different 
volume ratio of CdCl2 to Na2S (0.6-4). It can be shown that, a number of well- dispersed nanoparticles can 
clearly be seen in the TEM picture with a fairly even size distribution and have an external spherical shape. The 
particles are to a large extent well-separated from one another throughout the field of the micrograph. Their 
typical diameter was decreased from (12-4 nm) by changing the ratio of CdCl2/ Na2S from (0.6-4). This is may 
be due to the number of nuclei remained constant or increased slower than that of total ions; the particle size 
would become larger with the increase of ion concentration. According to this correlation CdS nanoparticle can 
be efficiently prepared with controlled size.  
 
3.2. X- Ray Diffraction Pattern of CdS/PVA Nanocomposite: 
 
 Figure (2) shows the X-ray diffraction pattern of PVA and CdS/PVA nanocomposite. The XRD of PVA 
exhibit strong and broad peak corresponds to the (110) reflection, this plane contains the extended planar zig-
zag chain direction of the crystallites (Badr and Mahmoud, 2006: and Strawhecker and Manias, 2000). PVA is 
expected to be non-crystalline but surprisingly it shows distinct crystallinity (Hodge et al., 1996). The high 
crystallizability of PVA is due to the fact that the hydroxyl groups are of sufficiently small size to allow the 
chains to adopt a planar zig-zag conformation. Also, this is due to the similar radius of the hydroxyl and 
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hydrogen units. The high packing efficiency of the planar zig-zag conformation in crystalline aggregations, 
coupled with the strong intermolecular interaction between PVA chains has been widely regarded as a reason 
for the crystalline nature of PVA. XRD of PVA/CdS nanocomposites was studied to investigate the influence of 
CdS nanoparticles upon the crystalline structure of the polymeric films of PVA. By comparing the X-ray 
diffraction patterns for PVA/CdS nanocomposite and PVA it can be notice that there is a noticeable change in 
the intensity of XRD peaks of PVA / CdS in addition to the appearance of new peaks. Also the diffraction peak, 
(2 = 19.66o), shifted to lower angles and the intensity of the diffraction peak become weaker and broader with 
decreasing the volume ratio of CdCl2 and Na2S. This behavior can be correlated to the chemical interactions 
between PVA and CdS. This interaction decreases the interaction between the PVA chains and thus decreases 
the degree of crystallinity. 

 
 
 

 
 

 
 
 
 

Fig. 1: TEM images and histogram of the particle size distribution of PVA/CdS with different volume ratio of 
CdS (a, b, c, d, e, f, g) as (0.6, 0.7, 0.8, 1, 1.3, 2, 4). 

 
 The effect of CdS nanoparticle on the crystallization of PVA was explained by the formation of the weak 
bonds between CdS and PVA leading to quasi-crosslinking effect. This causes breaking of PVA chains and 
formation of some clusters with CdS nanoparticles. This may be clarified by the increasing of d spacing value 
as a function of increasing CdS ratio. The weak crosslinks between the CdS surface and PVA led to the 
formation of smaller crystallites which in turn act to prevent ordering locally. The different three peaks for 2θ at 
26.5o, 43.4o and 51.7° are assigned to cubic CdS nanoparticles according to the card no. [JCPDS No. 80-0019]. 
These peaks can be indexed to the planes (111), (220) and (311) respectively. These results indicates the 
formation of the CdS within PVA matrix. 
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Fig. 2: XRD pattern of PVA/CdS with different particle sizes of CdS corresponding to different volume ratio of 

CdCl2 to Na2S (0.6, 0.7, 0.8, 1, 1.3, 2, and 4). 
 

3.2.1. Calculation of Particle Size of CdS Nanoparticle from X- Ray Data: 
 
 The resulting diffraction pattern of a crystal is a fundamental physical property of the substance. 
Study of the positions and the shape of the diffraction peaks were used to calculate the interplanar 
spacing (d) and the average particle size (D) of the CdS nanoparticle. The d spacing is usually calculated, 
using Bragg's law (Thongtem et al., 2009): 
 

 sin2dn    
 
where λ is the X-ray wavelength, n is an integer number and  equal 1,2,…. and  θ is the angle of deviation of the 
diffracted beam . 
 The particle size ‘D’ was calculated by using Scherrer equation (Reenamole et al., 2008): 

 

cos

K
D


 

   

 
where  β is the full width at half maximum of the peak corresponding to plane (111), k is the so-called shape 
factor which usually takes a value of about 0.9, and  is the angle corresponding to the maximum intensity peak 
in XRD pattern.  
 The calculated values of (d) spacing and crystalline particle size (D) were listed in Table (1). From this 
table it can be seen that, the CdCl2 to Na2S volume ratios in our results are the main factors that controlling the 
particle size. Also it can be noticed that the average nanocrystal diameter is significantly decreased with 
increasing the volume ratio.  
 
3.3. Fourier transforms infrared spectra of PVA/ CdS Nanocomposite: 
 
 The infrared spectrum of PVA and PVA/CdS nanocomposites is shown in Figure (3). From this figure it 
can be clarified that, the PVA have a broad and strong band centered at 3280 cm−1. This band assigned to 
stretching vibration of hydroxyl group with strong hydrogen bonding as intra- and/or intertype (Ali et al., 2009). 
The O–H stretching band in the infrared spectrum is by far the most characteristic feature of alcohols and 
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phenols. Two strong peaks at 2940 and 2903 cm−1 are the characteristic bands of the asymmetric and symmetric 
aliphatic C–H stretching vibration respectively. The stretching vibrational band of C═O can be seen at 1728 cm-

1 whereas the characteristic infrared peak of C═C appeared at 1632 cm-1. The two absorption peaks observed at 
1426 and 1330 cm-1 assigned as CH2 bending vibration and the deformation vibration of C–CH3 respectively.  
The shoulder appeared at 1255 cm-1 arising from CH2 wagging. The infrared absorption peak at 1136 cm-1 was 
assigned as C–C and C–O–C stretching vibrations. This band is recognized as crystallization sensitive band of 
the PVA matrix (Gyeong -Man et al., 2008). Generally, the sharp intensity of the absorption band appeared in 
PVA suggesting that, PVA is a semicrystalline. The absorption bands at 1081 and 1025 cm-1 arises from the C–
O stretching vibration while the band at 827 cm-1 results from C–C stretching vibration. CH2 rocking was found 
at 700 cm-1 and OH wagging was found at 627 cm-1 (Ali et al., 2007). The change of FTIR of PVA due to the 
changes in structures of the polymeric systems can be used to examine how the incorporation of CdS particles 
influences the chemical properties of the PVA polymer. By comparing the infrared spectrum of PVA with the 
spectrum of PVA/ CdS it is clear that, the spectra mainly exhibit the same features as the pure PVA but the 
intensity of the peaks was changed.  
 
Table 1: The d-spacing and the crystallite size calculated from XRD analysis of PVA/CdS nanocomposites. 

Composition 2o d (Å) Size (nm) 
PVA Volume ratios of 

CdCl2:Na2S 
PVA CdS PVA CdS 

PVA/CdS 0.6 19.56 26.53 4.53 3.36 5.7 
PVA/CdS 0.7 19.57 26.55 4.53 3.35 4.9 
PVA/CdS 0.8 19.59 26.58 4.53 3.35 4.3 
PVA/CdS 1 19.60 26.64 4.52 3.34 3.9 
PVA/CdS 1.3 19.63 26.67 4.52 3.34 3.8 
PVA/CdS 2 19.64 26.71 4.51 3.33 3.3 
PVA/CdS 4 19.66 26.74 4.51 3.33 3 

 

 
 
Fig. 3: Infrared spectra of PVA and PVA/CdS nanocomposites with different particle sizes of CdS. 
 
 The crystallization sensitive band at 1136 cm-1 was reduced as the volume ratio CdCl2 to Na2S increased 
from 0.8 to 4 i.e. the sharp absorption peak at 1136 cm-1 become weaker and broader until it become a small 
shoulder reflecting the negative effect of the CdS on the crystallinity of the PVA matrix. The absorption bands 
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appeared at 1560 and 1650   cm-1 were found to decay markedly with increasing CdS size. This can be 
correlated to the prominent oxidative degradation reaction accompanying CdS growth. These results are in 
agreement with the X-ray data. 
 
3.4. Ultraviolet-visible (UV–visible) Spectra of PVA/CdS Nanocomposite: 
 
 The UV–Visible spectra of the PVA/CdS nanocomposite films are shown in Figure (4). From this figure it 
is clear that the PVA/CdS nanocomposite films prepared at 0.6 volume ratio of CdCl2 to Na2S exhibited an 
absorption peak at 450 nm. By comparing this absorption band with the absorption band of CdS bulk (515 nm), 
it can be noticed that the blue shift was happened. This is may be due to quantum confinement effect. When the 
volume ratio increases gradually from 0.6 to 4, it was found that the absorption peak decreased gradually from 
450 to 410 nm. 

 
 
Fig. 4: UV-Visible spectra of PVA/CdS with different particle sizes of CdS. 
 
 This is suggested that the smaller CdS nanoparticles were synthesized at a small amount of Cd salt. By 
measuring the UV-Visible absorption spectrum of each sample (PVA/CdS) at different positions of the same 
sample, it was found that, the absorption spectrum maintain its profile without a significant change in the peak 
position and spectral shape or the intensity, This is  indicated that the CdS nanoparticles are homogenously 
distributed overall PVA films. 
 
3.4.1. Calculation of the Optical Band Gap of PVA/CdS Nanocomposite: 
 
 The optical band gap has been estimated from absorption coefficient data as a function of wavelength by 
using Tauc Relation (Winter et al., 2005: and Ethayaraja et al., 2007): 
 

 n
npEhBh    

 
where α is the absorption coefficient, hν is the photon energy, B is the band tailing parameter, Enp is the optical 
band gap of the nanoparticle, and n = 1/2 for direct band gap and n = 2 for indirect band gap. The absorption 
coefficient (α), at the corresponding wavelengths, was calculated using the Beer-Lambert's relation (Sahay et 
al., 2007): 
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l

A303.2
  

 
where l is the path length and A is the absorbance. It is well known that CdS had a direct band gap 
semiconductor. The direct band gap value is estimated from the plots of (αhν) 2 versus hν.  
 The energy gap was calculated from the extrapolating of the straight portion in Figure (5) to hν axis i.e. at α 
= 0. The calculated value of the band gap is listed in Table (2). From this table  it can be observed that the 
values of the band gap in case of PVA/ CdS nanocomposite  are higher than the CdS bulk (2.42 eV) (Brus, 
1984). This is may be due to the strong quantum confinement in the nanocomposites. 
 

 
 
Fig. 5: Relation between (hv)2 vs hv for different particle sizes of CdS. 
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Table 2: The optical parameters of PVA/CdS nanocomposites prepared different volume ratio of CdCl2:Na2S. 
Sample 

max (nm) Energy gap Enp (eV) 
PVA CdCl2:Na2S ratio 

PVA/CdS 0.6 450 2.56 
PVA/CdS 0.7 448 2.61 
PVA/CdS 0.8 436 2.7 
PVA/CdS 1 431 2.75 
PVA/CdS 1.3 423 2.8 
PVA/CdS 2 417 2.85 
PVA/CdS 4 410 2.94 

 
3.5. Dielectric Properties of PVA/CdS Nanocomposite: 
 
 The variation of dielectric constant of  PVA and PVA/CdS nanocomposite films as a function of frequency 
ranging from 250 kHz to 5 MHz at different  temperatures (308 – 368 K) are shown in  Figures (6 and 7). From 
Figure (6) it is clear that the dielectric slightly decreases with increasing of frequency at the low range. This 
may be attributed to the tendency of dipoles in PVA to orient themselves in the direction of the applied field. By 
increasing frequency the decreasing trend seems not too sharp as compared for lower frequencies region. This 
trend is observed for all graphs for different concentration of dopants. It could be explained by dipoles 
orientation, which difficult to rotate in this frequency range (Dutta et al., 2002). However by increasing 
frequency the behavior of (ε/) reach to a maximum value at ≈ 4MHz. This may be due to the release of the 
frozen dipoles and their cooperative motion with adjoining segments in the main chain, which at this frequency 
start to rearrange their conformations.  The same trend is observed for the PVA/CdS nanocomposite films 
Figure (7). The dielectric values were decreased in the PVA/CdS than PVA and this may be due to the increase 
of charge carriers in PVA which decrease the dielectric constant. The effect of high frequency on (ε/) is very 
clear such that by increasing frequency, (ε/) deceases until it reaches a minimum at 5 MHz. It could be 
explained by dipoles orientation, which difficult to rotate at high frequency range (Ahmed and Abo- Ellil, 
1998). 

 
 
Fig. 6: Variation of dielectric constant (ε/) of polyvinyl alcohol a function of frequency at different 

temperatures. 

 
 
Fig. 7: Variation of dielectric constant (ε/) of PVA/CdS nanocomoposites as a function of frequency at different 

temperatures. 
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Conclusion: 
 
 CdS/PVA nanocomposites with different particle sizes were prepared. The change of the particle sizes in 
the range (4-12 nm) was confirmed by TEM and X-ray diffraction. Crystallinity of CdS/PVA is less than that of 
pure PVA the energy gap increases with decreasing particle size of CdS. The energy gap of PVA/CdS 
nanocomposites are higher than that of the bulk while the dielectric is less. 
.     
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