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We herein report a modified, in situ photolytic process for the nucleation and growth of cadmium 

sulphide nanoparticles in the presence of an optically transparent and semicrystalline polyvinyl alco- 

hol (PVA) polymer matrix. The laser causes a localized decomposition of the precursor species in the 

immediate vicinity of the polymer leading to highly confined nanocrystals. The as-synthesized PVA-CdS 

nanocomposite were characterized using UV–vis absorption and photoluminescence spectroscopy, scan- 

ning electron microscopy (SEM), transmission electron microscopy (TEM), high resolution TEM (HRTEM) 

and powdered X-ray diffraction (XRD). Strong blue shift in the band gap was observed in UV visible absorp- 

tion spectrum indicating the size confinement. The influence of deposition temperature (25–200 ◦C) on 

the optical properties, microstructure, and thermal stability was also investigated. Thermal decompo- 

sition behaviors of these composites exhibit decreased thermal stability as indicated by the shift in the 

decomposition temperature of the pure PVA. XRD patterns revealed a reduction in the crystallinity of 

the polymer due to the entrapped particles. The nanocomposites showed the existence of both cubic and 

hexagonal phases. 
 

 

 
1. Introduction 

 
The synthesis of nanometer-size clusters and particles for elec- 

tronic and optical materials is at the heart of many fundamental 

studies in modern chemistry and materials science. This is due 

to the fact that at this nanosize ranges the electronic and struc- 

tural properties of a solid change dramatically [1]. The II–VI 

types of semiconductor nanoparticles represent ideal systems for 

dimension-dependent properties, and have been extensively stud- 

ied for their optoelectronic, photochemical, and nonlinear optical 

applications [2]. Various routes widely used for the synthesis of this 

class of nanoparticles include physical methods such as sputter- 

ing and vapour-phase condensation, while the chemical methods 

involve reactions in various media, chemical precipitation [3], and 

thermal decomposition in coordinating solvents [4]. 

The production of nanoparticles by laser irradiation has been 

extensively explored during the last decade. Nanoparticles of noble 

metals [5–7] and other metals [8–10] have often been produced 

from the ablation of the corresponding single metals by pulsed 

laser  irradiation  either  in  gas,  vacuum,  or  liquids.  Compound 

 
 

 

nanoparticles prepared by the exposure of precursor compounds 

to laser irradiation have also been reported [11,12]. Kuthirummal 

et al. [13] prepared cadmium sulphide nanowires of 50–100 nm 

diameters by the pulsed-laser vaporization method. Single crys- 

talline three armed CdS nanowires (nano tripods) were prepared by 

Bell et al. [14] using a pulsed laser. Laser induced chemical reaction 

between dialkylcadmium (CH3)2Cd and dialkylsulphide (CH3)2S 

has been used to synthesize nanocrystalline CdS [15]. Orloff et al. 

[16] deposited CdS films on various substrates including soda-lime 

silicate glass (SLS), NaCI, alumina (corundum) and copper coated 

formvar using continuous wave Nd:YAG laser. CdS nanocrystals 

were synthesized by regioselective decomposition of polystyrene 

foil filled with the cadmium-(bis)-thiolate precursor using focused 

laser beam irradiation [17]. 

During the interaction of the laser pulses with the targets, the 

laser energy is absorbed by electrons. Part of the absorbed energy 

is dissipated as heat due to thermalization and internal conversion, 

while the excess energy is transferred to the lattice due electron- 

phonon coupling. Since the lattice exhibits a significant amount of 

dynamics disorder, the energy in the lattice is rapidly dissipated as 

heat [18]. 

Nanosecond laser irradiation of bulk molecules and subsequent 

decomposition into the nanoparticulate forms presents a simple 

route to the synthesis of nanoparticles. When compared with other 
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conventional physical methods of nanoparticles synthesis, such as 

chemical vapor deposition [19], vapor-phase transport [20], and 

laser ablation in vacuum [21], as well as chemical methods, which 

include solvothermal, hydrothermal methods [22], this method 

(laser irradiation of precursor molecules) has distinct benefits. 

Examples are: (1) by using an organometallic compound, the pre- 

cursors can be synthesized in such a way that their constituents 

are in molecular proximity to each other and can be decomposed 

to yield the desired final product, (2) they give rise to a well- 

crystallized nanoparticles in a simple one–step procedure. Other 

advantages include spatial selectivity of deposition on the sub- 

strate, selective energy transfer to the deposition precursor, and 

low processing temperatures [23]. By selective energy transfer to 

the precursor molecule, the photochemical syntheses can proceed 

at low temperature, even close to ambient, since photon energy 

rather than thermal energy is used to initiate homogeneous reac- 

tions for the production of chemically active ions and radicals that 

can participate in heterogeneous reactions [24]. In addition, surfac- 

tants can be added to the precursor compound in order to control 

the size and the aggregation state of nanoparticles by capping 

the surface charge. This allows the combination of factors such as 

selected ratios of precursor to capping agents to fabricate com- 

pound nanostructures with desired functions. Furthermore, the 

production system does not require expensive vacuum chambers. 

Due to their reduced size, the nanometer-size particles possess a 

high fraction of surface atoms, which decreases gradually as the 

particle size increases [25]. The surface layers of atoms are highly 

reactive and tend to agglomerate, producing larger crystallites; 

consequently, the advantages of their nanoscale dimensions and 

unique properties are lost. One way to alleviate this challenge is 

by entrapping the nanoparticles in confined matrices. Polymers 

have been shown to be excellent hosts for trapping nanoparticles 

of metals and semiconductors, and also capable of acting as stabili- 

zers or surface capping agents. When nanoparticles are embedded 

or encapsulated in a polymer, the polymer controls the growth 

rate of the particles by controlling the nucleation [26], and the 

resulting new class of functional materials (nanocomposites) may 

afford potential applications in molecular electronics, optics, pho- 

toelectrochemical cells, solvent-free coatings, etc. [27]. Polymeric 

materials embedded with nanoparticles have a high homogene- 

ity, high processability and tunable optical properties [28–32]. 

Various approaches have been employed to prepare CdS embed- 

ded within polymeric materials. Saikia et al. have reported the 

preparation of CdS/PVA nanocomposite thin films by in situ ther- 

molysis of cadmium acetate/thiourea dispersed in polyvinyl alcohol 

(PVA) [33]. Incorporation of CdS nanoparticles into polymer-blend 

membranes of poly(styrenephosphonate diethyl ester) (PSP) and 

cellulose acetate (CA) has been reported [34]. Kanade et al. reported 

CdS nanoparticles embedded in polyethylene sulphide (PES) matrix 

by a novel polymer inorganic solid state reaction in which the 

polymer served a dual purpose of being a sulphur precursor and a 

capping/stabilizing agent for the prepared CdS nanoparticles [35]. 

A simple approach, which makes use of the unique microstruc- 

ture formed in the network due to the clustering of ionic groups, 

such as SO3 upon sulphonation, has been employed to incor- 

porate CdS nanoparticles into a polystyrene (PS) network [30]. 

CdS nanocrystallites with good luminescence were synthesized at 

high temperature in a non-coordinating solvent and doped into 

micrometer-size polystyrene beads generated via a suspension 

polymerization reaction [36]. Interestingly, pulsed laser irradiation 

has been demonstrated as a possible method for the formation of 

metal sulphide nanoparticles directly into the well-confined area 

of polymer matrix without inducing any macroscopic damage to 

the host matrix [37]. An exciting application area of PVA-CdS is in 

polymer-quantum dot composite-based devices such as nanoelec- 

tronics, optical data storage and sensing. This is because they can be 

easily processed in different geometries, morphologies and com- 

positions with subsequent control over different electro-optical 

properties [38]. 

In this work, we report the synthesis of CdS nanoparticles by 

nanosecond laser irradiation from a single source precursor 

molecule by incorporating cadmium dithiocarbamate precursors 

into a polymer substrate and subsequent in situ nucleation of 

cadmium sulphide nanoparticles directly into the polymer matri- 

ces, hence resulting in polymer-encapsulated nanoparticles. To the 

best of our knowledge, this is the first photolytic breakdown of 

the compound for the preparation of CdS nanoparticles, and in 

PVA matrices. Additionally, we studied how the properties of the 

nanoparticles are affected by temperature as an important thermo- 

dynamic parameter. 

 
2. Experimental 

 
2.1. Precursor-polymer  preparation 

 

The precursor compound, Cd(II) bis(N-ethyl-N-phenyl dithio- 

carbamate) was synthesized and added to the polymer PVA. The 

detailed synthesis and characterization of the precursor com- 

pound,  represented  as  CdL2,  is  described  in  [39].  Typically,  to 

a mixture of 6.44 mL (0.05 mol) of N-ethyl aniline and con- 

centrated aqueous ammonia (15 mL) in ice was  added  3.00 mL 

(0.05 mol) of ice cold carbon disulphide. The mixture was stirred 

for 6–7 h, giving a yellowish-white solid product (N-ethyl-N- 

phenyl dithiocarbamate), which was filtered by suction and rinsed 

three times with cold ethanol (75 mL). Cd(II) bis(N-ethyl-N-phenyl- 

dithiocarbamate) (CdL2) was prepared by reacting the aqueous 

solution of cadmium chloride with the aqueous solution of N-ethyl- 

N-phenyl dithiocarbamate in a stoichiometric molar ratio of 1:2. 

The precipitates were filtered, washed thoroughly with water, then 

with alcohol and dried in a desiccator. 

The chemical formula for the preparation is represented as 
 

CdCl2 + 2L → CdL2 

where  L = N-ethyl-N-phenyl  dithiocarbamate 

0.20 g of the precursor compound in 10 mL of chloroform was 

sonicated for 30 min to obtain maximum dispersion. This solution 

was then added to PVA solution containing 0.8 g of PVA in 10 mL of 

toluene and stirred at 60 ◦C for 4 h. The solution was finally casted 

on glass slides to produce the film after evaporation of the solvents. 

The dried films were slowly heated at 80 ◦C for six hours to remove 

any entrapped solvent. 

 

2.2. Thin film preparation 

 

The microscope glass slides were cleaned by rinsing in diluted 

HCl, and then sonicated in soap for 10 min, followed by flooding 

with distilled water. Finally, they were rinsed in acetone and dried 

in the oven overnight. The casting of the substrate on the glass slides 

were carried out manually. 

 

2.3. Preparation of nanoparticles 

 

The nanocrystals in the polymer matrices were formed by 

irradiating the samples with short, high-intensity laser pulses. 

Third-harmonic pulses at 355 nm from an Nd:YAG Q-switched 

nanosecond laser (EKSPLA NT342B-SH-10-AW) were used. The 

pulse repetition rate was 10 Hz, while the pulse length and the 

pulse duration were <0.13 nm and ∼4 ns respectively. The energy 

per pulse emanating from the laser source was determined as 

11.00 ± 0.26 mJ and decreased by 15–16% before reaching the sam- 

ple. During photolysis, the substrate temperature was varied from 
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Fig. 1. Schematic diagram of the laser set-up. 

 

room temperature (25 ◦C) to 200 ◦C. The samples, irradiated with 

the same pulses of energy (9.4 mJ per pulse) for 10 min, were 

denoted as SX , where X = 25, 50, 100, 150, and 200, representing 

substrate temperatures in ◦C. 

Fig. 1 shows a schematic diagram of the apparatus constructed to 

carry out the laser induced decomposition. The samples were pos- 

itioned in the center of the reactor cell using microscope glass slides 

with dimensions 76 mm × 26 mm × 1 mm (LASEC). They were pre- 

heated on a heating stage using an electrical heater to a specific 

temperature between 25 and 200 ◦C. After 10 min of heating at a 

specific temperature, allowing the entire substrate to attain a uni- 

form temperature, the laser beam was introduced into the chamber 

through a quartz window at an angle of ∼51◦ with respect to the 
substrate normal and was expanded by a plano-concave lens (CVI 

Melles Griot) to a diameter of ∼20 mm at the substrate surface. The 

laser intensity profile on the substrate surface is displayed in the 

Supplementary Figure S1. 

 

2.4. Sample characterizations 

 

The absorption measurements were carried out using a 

PerkinElmer Lambda 20 UV–vis spectrophotometer at room tem- 

perature. A PerkinElmer LS 55 luminescence spectrometer was 

used to measure the photoluminescence of the nanoparticles. Scan- 

ning electron microscopy (SEM, a Quanta FEG 250 Environmental 

Scanning electron microscope (ESEM)) was used to investigate the 

surface morphology of the nanocomposite. High resolution TEM 

images were taken using a JEOL 2100 HRTEM, fitted with a LaB6 

electron gun, and images were captured using a Gatan Ultrascan 

digital camera. The X-ray powder diffraction data were collected 

on a Rön gen PW3040/60 X’Pe  Pro X-ray diffractometer using Ni- 

filtered Cu K radiation ( = 1.5405 Å ) at room temperature. X’Pe  

HighScore Plus PW3212 software was used for the analysis and 

the phase identification was carried out with using standard JCPDS. 

Thermal analysis (TGA, a SDTQ 600 Thermal instrument) was con- 

ducted from room temperature to 650 ◦C under flowing nitrogen 

using simultaneous thermal analysis (STA) technique for parallel 

recording of TG (thermogravimetry) and DSC (differential scanning 

calorimetry) curves. A heating rate of 10 ◦C min−1 was used. 

 
3. Results and discussion 

 
3.1. Preparation of the PVA-CdS nanocomposite 

 

Polyvinyl alcohol (PVA, MW = 88,000–96,800) was used as the 

polymer nanocomposite matrix and the stabilizer to prevent 

nanoparticle agglomeration. A layer of a polymer and CdS were 

prepared using an in situ-photolytic formation process by irradiat- 

ing the metal complex entrapped directly within the matrices of the 

polymer. The polymer (PVA) contains polar side groups, which is 

necessary to ensure a homogeneous precursor solution of the poly- 

mer and the inorganic compound. The precursor to polymer ratio 

was chosen so that complete decomposition of the metal complex 

would yield CdS which is well passivated by the polymer molecule. 

The color of the irradiated area became light yellow, and served as 

an indicator for CdS nanoparticles synthesis (see Figure S2). 

 

3.2. Optical properties 

 

The absorption spectra of the as-synthesized CdS nanoparticles as 

a function of substrate temperature are shown in Fig. 2. Pure 

PVA was found to show no absorption within the measured range 

(300–700 nm); hence, the absorption between 300 and 700 nm has 

been attributed to the CdS nanoparticles embedded within the 

matrices of the PVA. In semiconductor nanoparticles, it is known 

that the UV/vis onset absorption is attributed to the band gap 

absorption, and this will be blue-shifted relative to the bulk band 

gap due to quantum size confinement effect [40,41]. The absorp- 

tion spectra of all the samples are greatly blue-shifted relative to 

bulk CdS at 512 nm, indicating the formation of nanometer-sized 

CdS particles. The absorption spectrum of the sample prepared at 

 

 
 

Fig. 2. Absorption spectra of pure PVA and CdS/PVA nanocomposite film at different 

substrate   temperatures. 
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room temperature (S25) shows absorption onset at about 398 nm, 

with a shoulder (characteristic of cadmium suphide nanoparticle) 

around 356 nm. As the temperature increased, a slight shift in the 

absorption onset toward red is observed (with reference to the 

absorption spectra at room temperature) indicating increase in par- 

ticle size. This result is in agreement with previously reported data 

for colloidal CdS prepared in the presence of PVA where positions of 

absorption peaks were found to be between 320 and 390 nm [42]. 

The band-gap energy was estimated from the cut-off wavelength of 

the intersection of the tangent line of the peak with the wavelength 

axis [43] using the relationship: 

200 

E∗ 
= 

hc 
 c 

 
(1) 

where  c is the wavelength of light absorbed by the sample, h is 

the Planck constant and c is the speed of light 

The particle diameter (D) was calculated from the shift in the 

band-gap energy using the effective mass approximation [44], (Eq. 

(2)), and presented in Table 1. 
0 

h2         1 1
 

1.8e2
 365 415 465 515 565 615 

 Eg = Enano bulk               

g − Eg = 
8r2

 m∗ 
+ 

m∗ 
− (2) 4 εε r Wavelenght (nm) 

e h 0 

where r is the particle radius, Enano and Ebulk are the energy gaps 
 

Fig. 3. Fluorescence spectra of PVA thin film and PVA-CdS composite at different 
g g 

of nano- and bulk materials, respectively, h is the Planck constant, 
e is the elementary charge, and m∗ and m∗ are the effective masses 

substrate temperatures. 

e h 

of an electron and a hole in the bulk CdS (for CdS, m*/me = 0.2). 

ε = 5.6 is the dielectric constant and ε0 is the permittivity con- 

stant in free space. The size and morphology of nanoparticles do 

not only depend on the chemical composition of the starting solu- 

tion but also depend on the method and conditions of synthesis. 

The results here showed that laser breakdown in the presence of a 

capping group is an effective way to prepare stable nanoparticles 

of very small size. The pa icle ’ sizes as calculated are between 

3.16 ± 0.01 nm and 3.35 ± 0.02 nm as the substrate temperature 

increases. The inset in Fig.  2  illustrates  the  change  in  particle 

size with substrate  temperature.  The  graph  shows  that  increase 

in temperature has little effect or does not greatly enhance par- 

ticle growth until the decomposition temperature of the PVA is 

approached. 

In the nanometer size regime, quantum confinement affects mostly 

the electronic properties of the particle [42]. CdS nanopar- ticles 

are known to exhibit light-emitting behavior at a specific 

wavelength [45–49]. Thus, the formation of CdS nanoparticles can 

also be confirmed by photoluminescence (PL) spectroscopy. Fig. 3 

shows the photoluminescence spectra of the PVA and PVA capped 

CdS nanoparticles at the excitation wavelength of 370 nm. This 

emission peak is assigned to the electron–hole recombination of 

CdS [41]. The spectra show a broad luminescence at 425 nm for 

the sample obtained at room temperature, S25.  The  enhance- 

ment in the luminescence intensity of the polymer-capped CdS 

nanoparticles as the temperature increased is ascribed to the sur- 

face modification by PVA molecules. As a capping agent, the PVA 

minimized the surface defects and enhanced the possibility of 

electron–hole recombination. There was no fluorescence for the 

pure PVA sample in the observed wavelength range from 365 nm 

to 650 nm [50]. The spectra for samples at higher temperatures, SX 

(X = 50, 100, 150 and 200 ◦C), exhibited emission maximum peaks at 

about 430 nm. This clearly indicates the presence of CdS nanopar- 

ticles in the PVA-CdS samples. 

 

3.3. Structural properties 

 

The SEM images of the PVA-CdS nanocomposites at differ- 

ent substrate temperatures are shown in Fig. 4. The micrographs 

show  that  the  microstructures  of  these  composites  are  quite 

similar except for a small increase in particle aggregation. The 

structural aggregation appears to be either side-by-side or head- 

to-head/head-to-tail as the temperature increases with an increase 

in the grain size. It is possible that as the growth temperature 

increased, an increase in entropy is facilitated. Accordingly, the 

bond between the −OH ions and the nanocrystals in the substrate 

solution reduced, and more nanocrystals are able to interact with 

one another. Hence, the aggregation of particles increased at high 

temperatures. In addition the long-axis length of the composites 

also increased. 

Fig. 5a–c shows the TEM images of the PVA-CdS at different 

substrate temperatures. Fig. 5a shows that the CdS exist in the 

PVA matrix as dispersed nanoparticles. The particles are spherical, 

monodispersed and loosely distributed with an average particle 

diameter of about 4.5 nm. As the temperature increased the size 

of the PVA-capped nanoparticles also increased. The size increase 

with temperature agrees with the observation in the optical analy- 

ses. At higher temperatures (150 and 200 ◦C), Fig. 6, some degrees 

of agglomeration becomes visible. At 200 ◦C (Fig. 6b), the particles 

lattice fringes is almost invisible, and size determination becomes 

almost non-feasible due to fuzzy particle boundary. The high reso- 

lution TEM (HRTEM) images in Fig. 6c and d show that the particles 

are spherical and exhibit lattice fringes with d spacings of 3.35 and 

1.86 Å , corresponding to (1 1 1) reflection of cubic phase CdS and 

(1 0 3) reflection of hexagonal phase CdS, respectively. This indi- 

cates the coexistence of the two phases of CdS. 

The X- ray diffraction results are shown in Fig. 7, where a 

denotes PVA-CdL2, (before laser irradiation), b, c, d, e and f denote 

products obtained after laser irradiation at substrate temperatures 

of 25, 50, 100, 150 and 200 ◦C, respectively. The XRD pattern of pure 

PVA film (shown in the inset) reveals strong crystalline reflections 

at around 2 = 19.5◦ and a shoulder at 22.5◦. The two peaks are 

characteristic of PVA, representing reflections from (1 0 1̄ ) and 

(1 0 1) from a monoclinic unit cell [51]. With the addition of the 

complex (CdL2), the peak at 2 = 19.5◦ is broadened and its intensity 

is reduced (Fig. 7b), this can be attributed to the complex causing a 

disruption of the semi-crystalline phase (OH ordering) of the PVA 

bonding scheme [52]. As is well known, there are two crystalline 

forms of cadmium sulphide, namely, a cubic phase and a hexagonal 

phase [53]. The cubic phase is stable at low temperatures, while 
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Table 1 

Variation of size at different substrate temperatures. 
 

Substrate temp. (◦C) Critical absorption wavelength,   (nm) Band gap energy (eV) Energy stoke shift (eV) Particle size (nm) 

25 398 3.12 0.70 3.16 ± 0.01 

50 402 3.08 0.66 3.22 ± 0.02 

100 405 3.06 0.64 3.26 ± 0.02 

150 405 3.06 0.64 3.27 ± 0.02 

200 410 3.02 0.60 3.35 ± 0.02 

 

 
 

Fig. 4. Surface SEM images of PVA-CdS nanocomposites prepared at substrate temperatures of (a) 25 ◦C, (b) 50 ◦C, (c) 150 ◦C and (d) 200 ◦C. 

 

 
 

Fig. 5. TEM micrographs of the PVA containing CdS nanoparticles, prepared at different substrate temperatures of (a) 25 ◦C, (b) 50 ◦C, and (c) 100 ◦C. 
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Fig. 6. TEM micrographs of the PVA containing CdS nanoparticles, prepared at different substrate temperatures of (a) 150 ◦C, (b) 200 ◦C, and HRTEM images (c and d). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

18 23 28 33 38 43 48 53 58 

2θ (degrees) 

 

Fig. 7. XRD patterns of (a) PVA + CdL2 (before irradiation), and after laser irradiation at substrate temperatures of (b) 25 ◦C, (c) 50 ◦C, (d) 100 ◦C, (e) 150 ◦C, and (f) 200 ◦C. Inset 

is the XRD patterns of pure PVA. 
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Fig. 8. DSC thermogram of pure PVA and nanocomposite at different substrate temperatures. Heating rate = 10 ◦C min−1 . 

 

the hexagonal is the high temperature phase. In hydrothermal 

systems, a cubic to hexagonal  phase  transition  occurs  between 

160 ◦C and 240 ◦C [54], although the exact transition temperature 

is also dependent on other factors such as pressure, the particle 

size, solvent and precursor used [53]. After the irradiation, the 

crystalline nature of the nanoparticles dominates, which becomes 

responsible for the evolution of the new peaks identified as CdS. 

The smaller size of the nanocrystals complicates the assignment 

of a specific phase, and it becomes difficult to exclusively assign 

a particular phase to each sample [55]. The XRD pattern exhibits 

prominent broad peaks at 2 values of 26.89◦, 44.77◦ and 52.92◦ 

which can be ascribed to (1 1 1), (2 2 0) and (3 1 1)  reflection 

planes of the cubic CdS structure. Diffraction peaks at 2 values 

of 27.39◦, and 49.26◦  can be identified as the (0 0 2), and (1 0 3) 

peaks of hexagonal cadmium sulphide, indicating the presence 

of hexagonal CdS. More peaks due to the cubic phase, e.g. (2 0 0) 

and (2 2 2) peaks at 2 values of approximately 33.05◦ and 55.47◦ 

respectively, are found which indicate the dominant phase of 

the Cubic CdS in the sample. The peaks from the cubic phase 

correspond to JCPDS no 04-006-2805. 

 

3.4. Thermal properties 

 

The thermal stability and degradation behavior of PVA and the 

CdS-PVA nanocomposites were investigated using TGA-DSC under 

nitrogen flow. The resulting thermograms are shown in Fig. 8. The 

PVA was found to be highly crystalline with a crystalline melting 

point, Tm, of ∼218 ◦C. The figure showed no change in the melting 
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Fig. 9. Non-isothermal TG of pure PVA and nanocomposite at different substrate temperatures. Heating rate = 10 ◦C min−1 . 
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temperature for both pure polymer and the nanocomposite. A 

glass transition was not observed. This result indicates that the 

presence of CdS nanoparticles do not lead to a decrease in the 

overall lamellar size of the PVA. However, the presence of CdS 

caused a decrease in the decomposition temperature of the PVA 

by ∼20 ◦C. This confirms a strong interaction between PVA and 

CdS. It is known that the crystalline nature of PVA results from the 

strong intermolecular interaction between PVA chains through the 

intermolecular hydrogen bonding [56]. Thus, it is possible that in 

our study the interactions between PVA chains and CdS particles 

led to the decrease of intermolecular interaction between the PVA 

chains and thus the crystalline degree [57]. 

Non-isothermal TG of the pure PVA and the nanocomposites 

were carried out at a heating rate of 10 ◦C min−1. The results are 

shown in Fig. 9 for the pure PVA and PVA-CdS nanocomposite 

films at different substrate temperature, SX (X = 25, 50, 100, 150, 

and 200 ◦C). The thermal decomposition of the samples fits a two- 

stage phenomenon (∼240–330 ◦C and 350–480 ◦C) [58]. The bulk 

of the weight loss took place between 200 and 300 ◦C, followed 

by a further weight loss between 350 and 450 ◦C. The residues left 

after the thermal decomposition are greater in the PVA-CdS com- 

pared to the pure polymer, and the difference could be attributed 

to the CdS nanoparticles content. The results were consistent with 

the elimination of  side-groups  at  lower  temperatures,  followed 

by breakdown of the polymer backbone at  higher  temperatures 

[59]. From the  graphs,  the  thermal  decomposition  temperature 

of the PVA- CdS nanocomposite film was lowered by about 25 ◦C 

compared to pure PVA film. The lowering of the decomposition 

temperature has been attributed to the interactions between PVA 

and CdS. Such interaction could lead to decrease in the intermolec- 

ular interaction between the PVA chains and the crystalline degree, 

thus lowering the thermal stability of PVA -capped CdS nanoparti- 

cles. 

Different types of nanofillers have been found to have different 

influences on the thermal stability of a PVA matrix. For example, 

while 50 Å Ag nanoparticles improved the thermal stability of the 

PVA matrix by about 40 ◦C, the thermal decomposition of the PVA is 

unchanged in the presence of montmorillonite. On the other hand, 

in the presence of the magnetite nanoparticles, decomposition of 

the PVA is shifted toward lower temperatures by approximately 

20 ◦C [60]. Lowering of the thermal stability of polymer in the 

presence of CdS nanoparticles had also been reported by Kuljanin- 

Jakovljević et al. [61]. In their report, polystyrene (PS) was used 

as the polymer with PS-CdS ratio of 80/20. The low stability was 

attributed to the concentration of the CdS nanoparticles. 

 

 

4. Conclusion 

 
We have successfully designed a facile solid state route to pro- 

duce CdS quantum dots in PVA polymer matrices via nanosecond 

laser irradiation. At room temperature, PVA effectively passivated 

the surface of the CdS and thus restricted the oriented attach- 

ment growth and aggregation. Strong blue shift in the band gap 

was observed in the absorption spectra, indicating the size confine- 

ment and the discrete nature of the energy bands. The embedded 

CdS nanoparticles are spherical and crystalline. It was found that 

the substrate temperature obviously influences the size, but has no 

effects on the shape of the final nanoparticle. TGA results showed 

that the formation of nanoparticles within the matrices results 

in the breakdown of strong intermolecular interaction between 

PVA chains, which existed through the intermolecular hydrogen 

bonding. This study indicates that nanosecond laser irradiation 

of precursor solids could be regarded as an efficient technique 

with high potential in the synthesis of other II-VI semiconductor 

nanocrystals 
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