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ABSTRACT 
 

Polyether sulfon/ Polyvinyldine fluoride (PES/PVDF) films with and without variable amount of silver 
nanoparticles were prepared. The prepared films were characterized using X-ray diffraction (XRD), Fourier 
transform infrared spectroscopy (FT-IR), Ultraviolet-visible spectroscopy (UV-vis.), and their optical properties 
was studied using both direct and indirect transitions to calculate the values of the optical energy gap. XRD 
results indicated the formation of Ag-nanoparticles with FCC phase within the polymeric matrix. UV–vis. 
absorption spectra were used to study the confined growth process of PVA-capped Ag-nanoparticles. The 
absorption spectrum shows tunability of surface plasmon resonance of Ag-nanoparticles films with (λmax 420–
460 nm) at different concentrations caused by a collective excitation of the conduction band electrons of the 
nanoparticle. 
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1. Introduction 
 

In last decades considerable attention was devoted to polymeric blends due to their stunning growth of 
interesting potential applications and superior properties. Among such materials blends of thermoplastics are of 
interest. Polyether Sulfone (PES), a relatively new high temperature amorphous engineering with excellent 
thermal and oxidative stability (Khulbe et al., 2003). PES has applications in the electronics, automobiles 
industries, medical sector, food sector and aircraft cabins (Harper and Petrie, 2003) because of its optimum 
insulating properties. PES also, was the material of choice for membrane preparation of hollow fibers, thermal 
processing of semiconductor thin films, stable substrate for the deposition and, sensors applications 
(Abdelrazek,  et al., 2012), etc. Moreover, PES exhibits a high glass transition temperature (Tg ~ 503 K). 

PVDF is a semi-crystalline polymer which may contain one or more crystalline form. β-phase is a 
polar and responsible for piezoelectricity contains trans-planar (TT) chains, while the α-phase has a random 
combination of trans-gauche isomers (Abdelghany et al., 2013.). PVDF has been widely used in biotechnology, 
biomedical sectors, photo recording (Nunes and  Peinemann, 1992) and microwave modulation because of its 
high piezoelectricity, chemical resistance, mechanical strength and process ability (Brynaet  et al., 1997).  

Daily needs of specific applications directing scientist for preparation and study of nano-size material 
especially in electronic industry (Elhaes et al.,  2012) and medical science (Kim et al., 2007) due to their unique 
character differing from the bulk state (Kim et al., 2007). In-situ reduction of metal salts technique is one of the 
most available technique suitable to obtain nano-composites and control on mono-disparity, particle size and 
shape depending on the specific polymers used, due to the different chemical structures and silver–polymer 
interactions. 

Influence of high contents Silver nano-particles AgNPs on PVDF has been studied by Chae et al. 
(2007) As a result of the doping, increases of the thermal stability and the degree of crystallinity of the 
composite have been observed.  

In the present work, Ag NPs doped with PES/PVDF poly blend for different AgNPs concentrations 
were prepared. The influence of the dispersed AgNPs on the structure and physical characters of the composites 
was investigated. The SPR-related optical response of the nanoparticles was studied by UV-visible 
spectroscopy.  
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2. Experimental Details: 
Silver nitrate (AgNO3, 98%) was purchased from Sigma-Aldrich Co., Poly (vinilidene fluoride) 

(PVDF Alfa Aesar, A Johnson matthey company, CAS: 24937-79-9), Poly ethersulfon (granular was obtained 
from General Electric Company Victrex 4100P), Dimethylslfoxide (DMSO, pure grade). Equal mass fractions 
of PVDF and PES (50/50 wt %) was dissolved in pure DMSO in the presence of pre-calculated mass percent of 
AgNO3 (table 1). The mixture was left at ambient temperature until pale yellow color appears. Polymer blend 
was stirred vigorously until a homogeneous viscous liquid was obtained. The resulting solution was then cast on 
to a glass dishes and kept at 323 K for 2 days to remove the solvent traces. Film thickness in the range of 0.07–
0.10 mm was obtained.  
 
Table 1: Nominal composition of prepared samples 

Sample 
PVDF PES AgNp 
Wt% 

Ag0 50.0 50.0 0.00 
Ag5 47.5 47.5 5.00 
Ag10 45.0 45.0 10.0 
Ag15 42.5 42.5 15.0 
Ag20 40.0 40.0 20.0 

 
Structural investigation was made using Fourier transform infrared (FTIR) absorption spectra in the 

spectral range of 4000–400 cm-1. FTIR absorption spectra were carried out using the single beam Fourier 
transform-infrared spectrometer (Nicolet iS10, USA). X-ray diffraction scans (XRD) were obtained using 
PANalytical X`Pert PRO XRD system using CuK radiation (where, = 1.540 Å, the tube operated at 30 kV, 
the Bragg’s angle (2) in the range of 5-70). UV/Vis. absorption spectra were measured in the wavelength 
region of 200-1100 nm using a spectrophotometer (JASCO V-630 Spectrophotometer, Japan). The size and 
morphology of the resulting silver nanoparticles was investigated by transmission electron microscopy, TEM 
(JEOL TEM-1230) attached to a CCD camera at an accelerating voltage of 120 kV. 
 
3. Results and Discussion 
 
3.1. X-ray diffraction: 

Figure 1 shows x-ray diffraction pattern of pristine polymers and their corresponding equimass blend. 
The general feature of each spectrum consists of halo band centered about 18 in case of pure PES and a narrow 
band at about 20 in case of pure PVDF indicating the semi-crystalline nature of this polymer. XRD of poly-
blend consists of one halo band with collective feature of both polymers and pointing to the complexation 
behavior, homogeneity and miscibility of these polymers. After doping with silver figure 2, a new small band 
centered at about 38 corresponding to 111 plane of silver appears and their intensity varies with change in the 
total content of silver in the composition. 
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Fig. 1: X-ray diffraction pattern of pristine polymer and their blends 
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Fig. 2: X-ray diffraction pattern of poly-blend with and without silver doping 
 
3.2. FTIR absorption spectra: 

Figure 3 shows FTIR absorption spectra of pristine PES, PVDP and their poly-blend with and without 
silver dopant measured at room temperature in the spectral range 4000–400 cm-1. The spectra of all samples are 
quite similar and a little obvious change was recognized. FTIR absorption bands positions and their assignments 
are listed in table 2. 

From these spectrum a broad band at 3309–3600 cm-1 that is associated with the OH stretching of 
water molecules since there is no OH band in the pristine PES structure. Many authors (Belfer et al., 2000 ; 
Zhao et al., 2011) observe same band and attributed to the casting method which may indeed result in the 
presence of entrapped water despite the fact that all prepared samples were kept in an oven for 4 days at 70 C. 

C-H symmetrical stretching vibration occurs in the range 3139 - 3033 cm-1.  In the 2000 –1670 cm-1 
region, a series of weak combination and overtone bands appears and the pattern of the overtone bands reflects 
the substitution pattern of the benzene ring. α-phase of PVDF is evidenced particularly by the peaks 435, 486, 
603 and 768 cm−1, while the β-phase is characterized by the peaks at 510 and 838 cm−1 (Zhao et al., 2011; 
Gregorio,  2006). The peaks at 510 cm−1, belonging to the β-phase, are assigned to CF2 bending and wagging 
modes. The band at 836 cm-1 is assigned to CH2 bending deformation, belonging to the β-phase (Salimi and 
Yousefi, 2003). 
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Fig. 3: FTIR absorption spectra of pristine PES, PVDP and their poly-blend with and without silver dopant 
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Table 2: FTIR absorption bands positions and their assignments 
Band Position 
Cm-1 

Band Assignment Ref. 

3309-3600 Broad intermolecular hydrogen bonded,-OH stretching 10 
3139-3033 Aromatic C-H stretching 10, 11 
2000-1670 Overtone-combination bands 10 
1588, 1490, 1400 C=C ring stretching 10, 11 
1321 Sulfone group ,O=S=O asymmetric stretching 10, 11 
1255 Aromatic ether ( Ar-O-Ar) asymmetric stretching of PES with CF out-of-plane 

deformation of PVDF 
10-14 

1164 Sulfone group ,O=S=O symmetric stretching 10, 11 
1108 S=O stretching  
1081 C-O-C stretching of PES with CH2 wagging of PVDF 10-14 
1016, 991 In-plane C-H bending 10, 11 
919, 894 Out- of- plane C-H bending of PES with CF2 symmetric stretching of PVDF 10-14 

846 C-C stretching of PES and CH2 rocking of PVDF 10-14 

796 C-Cl stretching 11 
574 SO2 Scissoring 10 
520 Weak S-S stretching 10 
510 CF2 bending 14 

 
3.3. Characterization of silver nanoparticles: 

Mixture of poly-blend that contains different concentrations of silver was analyzed both by means of 
UV/Vis. optical absorption and transmission electron microscope (TEM). UV/Vis. Optical absorption (figure 
4.a) shows the presence of strong charge transfer absorption band at 210 nm corresponding to trace unavoidable 
iron impurities present even in ppm level in the chemical used for preparation and/or due to - transition 
within the host polymeric matrix. In addition, a visible absorption band at about 430 nm attributed to a surface 
plasmon resonance of silver (SPR) appears in the spectrum of all tested samples with different intensities 
indicating the formation of silver atoms in the nano-scale. TEM analysis gives information about the size, shape 
and distribution of the formed nano-particles. A mono-dispersed silver nanoparticle was formed and distributed 
throughout the sample the mean size of these nanoparticles was found to ranging between 10-13 nano. 
Diffraction pattern of these AgNP, particle size distribution (histogram) and AgNp micrograph was shown in 
figure 4-b and it was in agreement with the previous data obtained from the optical data.  
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Figure 4-a  Figure 4-b 
 
Fig. 4: Characterization of AgNP –a) UV/vis. optical absorption and –b) TEM, diffraction pattern and size 

distribution (histogram). 
 

3.4. UV/vis. Optical absorption spectra: 
Figure 5. reveals Uv/Vis. Optical absorption spectra of poly-blend and samples that doped with 

different concentrations of silver nano particles. The absorption edge indicated by a sudden change in the 
optical absorption, which can be used to determine the optical band gap (Eg = h c/).  

Absorption coefficient for amorphous materials can be related to the energy of the incident photon as 
follows (Davis et al., 2012; Abdelghany et al., 2012): 
(h) =  (h-Eg)r   for  h > Eg.         (1) 
(h) = 0   for h < Eg.         (2) 
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Where, absorption coefficient () calculated from the absorbance (A). Where  = 2.303/x A and x is 
the sample thickness,  is a constant, Eg is the optical energy gap and r the exponent that can takes the value 1, 
2, 3, 1/2 and 3/2, depending on the nature of the electron transitions responsible for the optical absorption 
(Davis et al., 2012; Abdelghany et al., 2012; Abdelghany, 2012). The optical band gap thus can be calculated 
from the absorption edge which is found to be changing with change in the concentration of silver nano-
particles. It was found that there is a direct relation between the concentration of AgNP's and intensity of visible 
absorption band as shown in figure 5. 
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Fig. 5: UV/Vis. absorption spectra of poly-blend with and without silver dopant 

 

Conclusion: 
Samples of nominal composition (100-x)/2 PVDF/(100-x)/2 PES – x AgNps were successfully 

prepared and investigated. X-ray diffraction shows the broad peaks or halos that characterize the given 
polymeric matrix and their blends. FTIR reveals the persistence of main vibrational bands due to the constituent 
polymers. UV/Vis. optical absorption spectra were employed to calculate the optical energy gap and to 
determine the type of transition. Absorbance intensity shows a linear variation with AgNPs concentration which 
is related to the size and concentration of nanoparticles. Transmission electron microscopy shows a systematic 
distribution of AgNP with nearly same size and morphology depending on the filler concentration. 
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