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ABSTRACT 
 

Nano-crystals of CdS, PbS and ZnS were successfully in-situ prepared and used as a dopant in polyvinyl 
pyrrolidone (PVP) polymeric matrix via simple casting technique. Prepared samples examined theoretically 
using density functional theory (DFT) and experimentally through combined Fourier transform infrared (FTIR) 
and (UV/Vis) spectroscopy. DFT calculations and FTIR experimental results shows the persistence of the 
characteristic bands of polymeric network in their positions while pyrrolidinone ring adsorbed CdS, PbS and 
ZnS surfaces preferably via the non-bonding electrons of the carbonyl group. UV/Vis experimental data was 
employed to calculate the optical energy gap of virgin and doped polymeric matrix. Optical band gap and 
particle size were calculated and is in agreement with the results obtained from Transmission electron 
microscopy (TEM). The prepared spherical Nano-crystals were found to be uniformly distributed within PVP 
matrix.  
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INTRODUCTION 
 

The field of nanotechnology has a wide utilization in numerous applications, for instance an enormous 
advancement of utilizing semiconductors of II-VI group in union of opto-electronics and in emitting diodes 
gadgets because of their huge direct band gap which make them great in synthesis. Nano-sized 
semiconductors have same good properties as nanoparticles which are strongly depend on their size [1]. Nano-
sized semiconductors show a good chemical reactivity because of their high surface to volume ratio results in 
high chemical reactivity. The decrease of their size also leads to an increase of the band-gap energy that is 
known as a quantum size effect. most of the physical and chemical properties of prepared nanoparticles 
depend on their crystallite size, prepared nanocrystals tend to making clusters and  so they must be stabilized 
using various polymers and surfactants [2]. 
 

Polyvinylpyrrolidone (PVP) used for capping nanocrystals and prevent them from agglomeration. PVP 
was used to improve the complexation or interaction between PVP and semiconductors of II-VI group [3]. A 
computational method has studied the interaction of semiconductors of II-VI group with PVP based on Density 
Functional theory by observing the interaction of pyrrolidinone and N-methyl-2-pyrrolidinone (monomers of 
PVP) with filled materials [4]. Combination between Fourier transform infrared spectroscopy (FTIR) and density 
functional theory (DFT) used to clarify the mechanism of interaction of metal sulfide with PVP polymeric matrix 
and understanding the mechanism of adsorption of pyrrolidinone on the surface of nano-crystals of CdS, PbS 
and ZnS.  

 
The aim of the present study is to introduce a semi-experimental method for investigation of the 

interaction in molecular level between polymeric matrix of PVP and different dopant semiconducting sulfides 
namely (CdS, PbS and ZnS) nano-crystallites. Moreover, to shade a light on the mechanism of interaction 
between those dopants and polymeric matric using theoretical approach (density functional theory). 
 

MATERIALS AND METHOD 
 

Three films of PVP filled individually with inorganic metal sulfides namely (CdS, ZnS and PbS) were 
prepared via in-situ wet chemical precipitation method. Polymeric matrix dissolved in double distilled water 
while metal sulfide originally prepared in situ using analytical grade reagent with specific ratio: 2:1 (Thiuorea: 
Cadmium Acetate or Zinc acetate or Lead Acetate) for obtaining their composites with polymeric matrix 
PVP/XS where (X= Cd, Zn and Pb) as shown in table (1), Thiuorea added drop by drop (one drop/second) using 
a burette with the vigorous stirring to the metal acetate aqueous solution in the presence of the virgin 

polymeric matrix at 40 C. A nano-crystallite of metal sulfide of the cross ponding acetate salt was formed and 
indicated by the change in color of the whole composite after two hours. The obtained solutions containing 

desired metal sulfide were casted to a glass dish and dried in oven at T = 60 C for 3 days to remove any 
remind solvent traces. Films of thickness ranging from 0.5 to 0.2 mm were peeled from dishes and stored in 
dry place until use. 
 

Table 1:  Nominal composition of polymeric matrix PVP and metal sulfide filler. 

 
Filler type CdS ZnS PbS 

PVP (wt. %) 95 95 95 

Filler (wt. %) 5 5 5 

 

X-ray diffraction scans were obtained at Bragg’s angle (2 ) ranging from (5-60) using PANalytical 

X‘Pert PRO XRD operating at 30kV with Cu Kα radiation (where, λ = 1.540  ). UV/Vis absorption spectra were 
measured and recorded in the wavelength region of (190 – 900 nm) using spectrophotometer (UNICAM UV/Vis 
Spectrometer, England). FTIR vibrational absorption spectra carried out using the single beam Fourier 
transform-infrared spectrometer (Nicolet iS10, USA) in the spectral range of   (4000–400cm

-1
). Transmission 

electron microscope (TEM), (JEOL-JEM-2100, Japan) was used to study the size, shape and distribution of the 
nanoparticles within the polymeric matrix during preparation process. 
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DFT calculations and models 
 

Density functional theory (DFT) calculations was performed in the framework of Gaussian 03 
programs [5]. Recently, a reasonable agreement between the theoretical and experimental data obtained in 
amorphous materials using DFT approach was observed by several authors [6, 7]. In this study the interaction 
between PVP and nanocrystals of II-VI group were optimized using the Becke’s three parameter hybrid 
functional [8] with the Lee et al [9]. An electron core potential basis set (3-21G) for CdS and (lanl2mb) for (PbS, 
ZnS) combined with (B3LYP) correlation functional employed for the minimization and optimization of the 
electronic structure.  
 

RESULTS AND DISCUSSION 
 
Experimental Fourier transform infrared analysis 
 

Fig.1. shows FTIR absorbance spectra of pure PVP with PVP/CdS, PVP/PbS and PVP/ZnS nanocrystals 
films respectively in the region (4000–400 cm

-1
).  The characteristic bands of vibrations formed in the prepared 

films were listed in Table 2. 
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Figure 1: FTIR absorption spectra of pure and doped PVP films. 

 
Table 2: FTIR band assignment of different vibrational modes for prepared samples 

 
 

 

Theoretical Fourier transform infrared analysis 
 

Density functional theory was used for studying complex interaction between pyrrolidinone and N-
methyl-2-pyrrolidinone (monomers of PVP) and nanocrystals of CdS, PbS and ZnS. As shown in Fig.2 the 
possible probabilities of interaction between PVP with nanocrystals of CdS, PbS and ZnS. PVP may interact with 
filled materials via adsorption of pyrrolidone ring on the surface of filled materials by means of; 

 

Wavenumber 
(cm

-1
) 

Band Assignments Ref 

1280 C-N stretching or C-O stretching [10] 

1437 CH2 scissoring [11] 

1660 C = O, C= C [12-15] 

2945 CH2 asymmetric stretching [16] 

3425 O-H stretching [17] 
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 Nonbonding electrons of carbonyl group. 

 Adsorption of pyrrolidone via Nitrogen atom.  

 Adsorption via both carbonyl group and Nitrogen atom. 
 

 
Figure 2: Possible modes of interaction between PVP and Silver and Gold nanoparticles at room temperature 
 

Figs. 3, 4 show optimized structure of four possible modes of interaction between PVP/CdS, PVP/PbS 
with obtained theoretical and experimental FTIR, while Fig.5 show optimized structure of three possible of 
interaction between PVP/ZnS with the obtained experimental and theoretical FTIR obtained from optimized 
structure of possible modes of interaction respectively, the fourth possible mode of interaction between 
PVP/Zns is rejected to be optimized and so there is no theoretical FTIR for it. 
 

A combination between theoretical calculation and experimental FTIR show that nano-crystals of 
cadmium sulfides, Lead Sulfide and Zinc sulfide were stabilized by chemical interaction with oxygen atom of 
pyrrolidone ring, while other theoretical modes of interactions show low agreement with experimental data. 
 
X-Ray Diffraction Analysis (XRD) 
 

X-ray diffraction pattern of pure PVP shows two broad bands at about 2θ=10.9  and 20.4°represent 
the semi-crystalline nature of PVP. X-ray patterns of pure PVP and samples filled with CdS, PbS and ZnS shown 
in Fig.6a, b and c respectively.  

 

(a) 
(b) 

(c) 
(d) 
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Figure3: Optimized structure of four possible interaction modes of PVP/CdS with experimental and theoretical FTIR 

absorption spectra. 

 
There was a noticeable change in the intensity of XRD peaks after doping CdS, PbS and ZnS 

nanocrystals. The intensity of peaks at 2θ=10.9  and 2θ=20.4   observed to decrease after adding CdS, PbS 

nanocrystals while the band at 2 = 20.4 was found to be increased in case of PVP sample filled with ZnS 
nanocrystals. There is no characteristic peaks appear for CdS, PbS and ZnS  nanoparticles which refer to 
complete interaction between PVP and CdS, PbS and ZnS  nanocrystals, 
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Figure 4: Optimized structure of four possible interaction modes of PVP/PbS with experimental and 

theoretical FTIR absorption spectra. 
 

 
(a) 
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Figure 5: Optimized structure of four possible interaction modes of PVP/ZnS with experimental and theoretical FTIR 
absorption spectra. 
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Fig.6 X-ray diffraction pattern of pure PVP and samples that filled with 
(a)Cadmium Sulfide (b) Lead Sulfide (c) Zinc sulfide nanocrystals 
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UV-Vis absorption and optical properties calculations   
 

Figure 7 reveals the UV/Vis absorption spectra of pure PVP and PVP filled with metal sulfides (CdS, 
PbS and ZnS). It is noticed that absorption band around 234 nm corresponds to (π→π*) transition associated 
with the presence of carbonyl groups (C=O) of PVP backbone [18] which appears in experimental and 
theoretical FTIR vibrational band at about 1660 cm 

-1
.  

 
The direct method for calculating optical band gap of materials was mulled over its absorption 

spectra. The essential absorption demonstrates a sudden ascent in absorption, known as absorption edge, 
which can be used to determine the optical band gap (Eg =     ) where h is Planck’s constant. Absorption is 
expressed in terms of a coefficient   (absorption coefficient), where   = 2.303     and d is the sample 
thickness. Absorption coefficient   for amorphous materials related to the energy of the incident photon as 
follows [19]: 

 

     (     )
 
                 For        

                                       For        

 
Where    is the energy of incident photon    is the optical energy gap,   is a constant and r = 1, 2, 3, 1/2 and 

3/2, depending on the nature of the electron transitions responsible for the optical absorption. 
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Figure 7: UV/Vis absorption spectra of Pure PVP and samples that filled with 

(a)Cadmium Sulfide (b) Lead Sulfide 
(c) Zinc sulfide nanocrystals 
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Figure 8: Davis and Mott plot of the (   )

2
 a function of photon energy    ) for pure PVP and samples that filled with 

(a)Cadmium Sulfide   (b) Lead Sulfide 
(c) Zinc sulfide nanocrystals 
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Figure 9: Davis and Mott plot of the            a function of photon energy   ) for pure PVP and samples 
that filled with 

(a)Cadmium Sulfide (b) Lead Sulfide 
(c) Zinc sulfide nanocrystals 

 
The exponent r = 1/2 in case of direct electronic transition and r = 2 in case of indirect electronic 

transition. Davis and Mott[20, 21] reported that near fundamental band edge, both direct and indirect 
transitions occurs and can be observed by plotting (   )

2
 and (   )

1/2
  versus photon energy    ). 

 
Fig.8 shows the Davis and Mott plot of the (   )

2
 as a function of photon energy    ) for pure PVP 

and  samples filled with CdS, PbS and ZnS nanocrystals. the optical band gap of pure PVP, PVP/CdS, PVP/PbS 

and PVP/ZnS, while Fig.9 shows the Davis and Mott plot of the             as a function of photon energy    ) 
for pure PVP and  samples filled with CdS, PbS and ZnS nanocrystals. 
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Transmission electron microscopy (TEM)  
 

Fig.10 Show TEM images of the appropriation and the morphology with the molecule size histogram 
of Cadmium Sulfide, Lead Sulfide and Zinc sulfide nanocrystals inside PVP polymer individually. It is clear that 
from the histogram, nanocrystals show a uniform circular shape and uniform conveyance. 
 

 
 

(a) (b) 
 

 
(c) 

 
Fig.10: TEM image of the distribution and the morphology with the particle size histogram of for pure PVP and samples 

that filled with 
(a)Cadmium Sulfide   (b) Lead Sulfide 

(c) Zinc sulfide nanocrystals 

 
CONCLUSION 

 
Polyvinyl pyrrolidone (PVP) polymeric matrix doped with nano-crystals of CdS, PbS and ZnS were 

successfully in-situ prepared via simple casting technique. Combined DFT – FTIR data were used to investigate 
the type of interaction in the molecular level. Both DFT calculations and FTIR experimental results show the 
persistence of the characteristic vibrational bands of polymeric network in their positions and with minor 
change in its intensities. Theoretical calculation obtained from DFT suggests that pyrrolidinone interact with 
metal sulfides, namely (CdS, PbS and ZnS) nanocrystals surfaces preferably via the non-bonding electrons of 
the carbonyl group. Optical band gap and particle size obtained from (TEM) was found to be in agreement with 
that calculated from UV/Vis absorbance spectra. Transmission electron microscopy (TEM) shows also, that 
CdS, PbS and ZnS nanocrystals were uniform dispersed within the polymeric matrix. 
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