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Abstract: 

The state of art behavior of PVDF-CdSiO3 nano-composite has been reported in context to their 
crystal structure, morphology and optical bandgap. Nanocomposites of varying concentration 
(1, 3 and 5 wt %) were prepared by spin coating method. The thickness of the film was measured 
by using Elecro Physik instrument and was found to be ~40µm. Peaks in the X-ray diffraction 
pattern indicate the presence of CdSiO3 nanoparticles in PVDF matrices and absence of any 
extra peak in the pattern shows that there is no new phase formation. The scanning electron 
microscope (SEM) images showed that nano inclusions are uniformly distributed in PVDF 
matrix. It is also observed that the granular structure PVDF disappears with the increase in the 
concentration of CdSiO3. The shift in the optical edges as observed by UV-Vis spectra of the 
developed composites has been correlated to optical band gap using Tauc’s expression. The 
composite showed an increasing trend in the optical band gap from 3.6eV to 5.2eV with the 
increase in the concentration of the nanofillers. The present study finds potential  applications in 
the design of microsensors and actuators. 
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1. Introduction 

Nowadays polymers play a very important role in numerous fields of everyday life due to their 
advantages over conventional materials (eg., Metals) such as lightness, resistance to corrosion, low cost 
production and ease of processing [1]. Further improvement of their performance is still being intensely 
investigated. Altering and enhancement of the polymers properties occur through doping with various 
fillers such as metals, semi-conductors, organic and inorganic particles and fibres, thereby enabling 
polymers to be used as structural unit [1]. Nanoscale particles are more attractive due to their intriguing 
properties arising from their size associated with large surface to volume ratio [2].  Nanoscale fillers are 
inserted in polymers for a variety of reasons: improved processing, density control, optical effects, 
thermal conductivity and control of thermal expansion, electrical and magnetic properties, flame 
resistance and improved mechanical properties such as hardness, elasticity and tear resistance [1]. 
Polymer composites can be used in many different forms in various areas ranging from structural units in 
construction industry to the composites of aerospace applications [1].  



 

 

Poly(vinylidene fluoride) (PVDF) based composites are being studied in detail because of their 
better thermal stability, toughness and easy processability by solution casting, spin coating, injection 
moulding and melt techniques [2]. PVDF has acquired immense importance in scientific and 
technological research because of its excellent mechanical, pyroelectric, ferroelectric, piezoelectric 
properties and exceptional biocompatibility. It is a semicrystalline polymer in which each monomer unit 
(CH2-CF2) has two dipole moments, one due to CF2 and the other due to CH2. It exhibits a variety of 
molecular confirmations and crystalline phases such as α, β, γ, δ and ε. The α-phase comprises helical 
structure whereas β phase possesses all trans planar zigzag conformation with dipole moments 
perpendicular to the chain axis and the γ phase can undergo reversible changes in polarization to create 
high piezoelectric and pyroelectric activity which makes PVDF as a very useful material in electronic 
activity such as electromechanical, electro-acoustic transducers and actuators. The light weight and 
chemical resistance of PVDF polymers promote their use for the development of microsensors and 
actuators for space applications [3]. 

Composites are complex, heterogeneous and usually anisotropic systems. Its properties are 
affected by many variables including constituent material properties, geometry, volumetric fractions, 
interface properties, coupling properties between the phase, porosity etc [2].  Connectivity between 
phases play a vital role in the ultimate properties of the composites. The connectivity has great 
importance in a multiphase material because it heavily influences the mechanical, electrical and thermal 
fluxes between the phases[2]. In this respect, several nanocomposites have been developed such as 
BaTiO3-PVDF [4-7], CaCu3Ti4O12-poly(vinylidene fluoride-trifluoroethylene) [P(VDF-TrFE) [8]. 

In this work nanocrystalline Cadmium silicate (CdSiO3) is used as a nanofiller for the preparation 
of PVDF nanocomposite. There has been increasing interest in CdSiO3 because of its low dimensional 
structure. The crystal structure of CdSiO3 is expected to be one dimensional chain of edge sharing SiO4 
tetrahedron and monoclinic phase. It is a good insulating material with high thermal stability and a good 
luminescent host accompanied by high chemical resistance [9]. 

To the best of our knowledge, no detailed studies on fabrication and characterization of PVDF-
CdSiO3 nanocomposite thin film has been reported. CdSiO3 nanocrystallites have been dispersed in PVDF 
solution followed by spin coating technique. XRD diffraction patterns and Scanning electron microscope 
pictures of CdSiO3-PVDF reflect their composite nature. The inclusion of CdSiO3 nanofillers in PVDF 
has increased the optical bandgap, which perhaps could be a better microsensor and an actuator. 

2. Experimental 

2.1 Characterization  

X-ray diffraction studies were carried out using D-8, Advanced instrument   Diffractometer 
(Brooker company) with CuKα1  radiation (λ=0.154nm) in a wide range of 2θ(10˚≤ 2θ ≤ 60˚).  The 
microstructure and morphology of the samples were characterized by using Scanning electron 
microscope(FEI Thermal Field Emission SEM Sirion).  

2.2 Preparation of PVDF-CdSiO3 nanocomposite thin films by spin coating 

PVDF is commercially available as pellets or granules. With a melting temperature of 170 ºC and 
reasonable melt viscosity, it is suitable for melt processing without the need for processing aids, 
stabilizers and additives. For research, PVDF pellets (Mw ~534,000, Aldrich) were dissolved in a polar 
solvent namely dimethyl formamide (DMF) purchased from Merck. A stir along with a hot plate was used 
to ease dissolution. Mean time the CdSiO3 nanopowder (1, 3 and 5 wt%) is dispersed in DMF with the 



 

 

help of  ultrasonicator for one hour at room temperature. This dispersed nanopowder solution was added 
to PVDF solution and again stirred for thorough mixing of the dispersed nanopowder.  Films were 
prepared by spin coating method as uniform thickness will be obtained. Here, an excess amount of 
homogenous solution about 10 ml is poured on the substrate, which is then rotated in order to spread the 
fluid by centrifugal force. Rotation is continued while the fluid spins off the edges of the substrate until 
desired thickness of the film is achieved. The film thus formed is annealed at 80 ºC for 5 hr  which would 
enable the crystallization of β phase of PVDF and then dried in an oven at 60 ºC for 12 hr to remove any 
remaining traces of the solvent. According to the described procedure, free standing flexible composite 
films (1, 3 and 5 wt %) of thickness ~40 µm were obtained. 

3. Results and discussion 

3.1 X-ray diffraction studies 

The X-ray diffraction patterns of PVDF, CdSiO3 and series of CdSiO3 /PVDF nanocomposites 
with different wt% are shown in Fig.1 and Fig.2. The diffraction peaks at 20.7º indicate that PVDF exists 
in β phase. From Fig.2b, 2c and 2d it can be seen that the diffraction peaks at 12.86º, 18.24ºand 30.44º 
become more and more prominent when CdSiO3 concentration increases, which is attributed to the 
characteristic diffraction of CdSiO3 nanoparticles. However, the peak intensity for β phase of PVDF has 
decreased as compared to that of CdSiO3 in the composites as the wt% of CdSiO3 increased in PVDF. 
These results indicate the incorporation of CdSiO3 nanoparticles in PVDF. In addition, there is no peak 
found in the diffraction curves except for those of PVDF and CdSiO3 which shows that there is no new 
phase formation. 
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Fig. 1. XRD pattern of pure PVDF 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2 Morphology study by SEM 

The microstructure and morphology of the samples were characterized using Scanning Electron 
microscope. The micrograph of pure PVDF (Fig.3a) provides the presence of spherulites that show 
characteristic lamellar structure. A contrast analysis of the SEM images of the nanocomposite indicates 
that nanoparticles are well dispersed into the PVDF matrices as white parts in gray PVDF matrices. The 
increase in the concentration of the nanoparticles in PVDF is well depicted in the SEM images. In a word, 
the state of dispersion of CdSiO3 in PVDF matrices are greatly relevant with the CdSiO3 content.   
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Fig. 2 XRD patterns of (a) CdSiO3 nanopowder, (b) 1 wt% CdSiO3 in 
PVDF (c) 3 wt % CdSiO3 in PVDF (d) 5 wt % of CdSiO3 in PVDF.  
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3.3 Optical properties  

          A direct optical band gap (Eg) of undoped and doped PVDF were estimated using Tauc relation 
[10]  

 α(hν)~(hν-Eg)1/k 

where hγ is the photon energy and α is the optical absorption coefficient near the fundamental absorption 
edge. The absoption coefficients were calculated from these optical absorption spectra. The values of the 
optical band gaps of the un-doped PVDF and doped PVDF were obtained by plotting (αE)k versus E in 
the absorption range followed by extrapolating the linear region of the plots to (αE)k=0. The analysis of 
the present data showed that the plots give the linear relations, which can be fitted with the above 
equation with k=2 for both the undoped and doped samples. Fig. 4 shows the optical band gap for pure 
and doped PVDF and the inset if for CdSiO3 nanopowder. The optical band gap for pristine PVDF thin 
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Fig. 3.  SEM pictures of (a) Pure PVDF, (b) 1 wt% CdSiO3 in PVDF (c) 3 wt % CdSiO3 in 
PVDF (d) 5 wt % of CdSiO3 in PVDF.  



 

 

film is found to be 3.6 eV. This value is comparable to that reported in literature [3]. CdSiO3 indicated a 
optical band gap of 5.4 eV compared to that reported in literature [11]. For 1, 3 and 5 wt% of CdSiO3 in 
PVDF, the optical band gap was found to be 4.2, 4.5 and 5.2 eV respectively.   

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion 

Novel nanocomposites of PVDF-CdSiO3 has been fabricated. Qualitative thin films of the 
nanocomposite were obtained with increase in optical bandgap, opening up scope for the 
applicability of these films in the design of microsensors and actuators. 
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Fig. 5. Optical band gap of (a) Pure PVDF, (b) 1 wt% CdSiO3 in PVDF (c) 3 wt % CdSiO3 in 
PVDF (d) 5 wt % of CdSiO3 in PVDF. Insight is of CdSiO3 nanopowder. 
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