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Abstract: 5 mol% (PVA+ZnO): (x mol%) Cu
2+

 ions doped
 
polymer films were prepared by solution casting 

technique. The obtained films are analyzed using different characterization techniques like SEM, FTIR, optical 

and EPR. The SEM micrographs shows the improvement in the crystallinity of the Cu
2+

 doped PVAZn polymer 

films compared with the pure PVAZn film. The Fourier transform infrared spectroscopy (FTIR) spectrum shows 

a characteristic peaks of C-H, C=C, CH2 and C-O bonds. The optical absorption spectrum exhibits broad bands 

at 412 nm and 692 nm, which were corresponds to the 
2
B1g → 

2
Eg   and   

2
B1g → 

2
B2g transition. The EPR spectra 

of all the polymer samples exhibits resonance signals characteristic of Cu
2+

 ions. The spin-Hamiltonian 

parameter indicate that the ground state of Cu
2+ 

ions is dx
2 

- y
2 

and the site symmetry around Cu
2+ 

ions is 

tetragonally distorted octahedral site. The number of spins participating in resonance (N) and paramagnetic 

susceptibility () were calculated from the EPR data for various concentrations of Cu
2+

 ions.       

                                             

I. Introduction 
Polymers have potential applications as permanent and transient data storage materials or as basic 

materials to the fabrication of active and passive light guides. In the holographic recording, “ion” doped organic 

polymers are highly efficient compared with other polymer films [1].  The main advantage of the polymer films 

are simplicity of their preparation. The present system consists of simple combinations of poly (vinyl alcohol) 

and zinc acetate as host materials. PVA is important due to its enhanced properties in industrial, commercial, 

medical and food applications [2]. PVA is the most widely produced water-soluble synthetic polymer having a 

wide range of dopant dependent properties. It has a good resistance and excellent physical properties [3]. 

Surface capping by PVA is useful in achieving a higher and relatively steady UV sensitivity in ZnO materials. 

Zinc is one of the best promising materials for electrical devices, including transparent conductive films, light 

emitting diodes and photo-catalyst [4]. In particular, introducing ZnO into polymeric matrices can modify the 

optical, electrical and mechanical properties of polymer films [5]. The doping of copper ions into the host 

material will influence the packing efficiency, which change the thermal properties of the polymer material [1].

   

II. Experimental 
Analytical grade of poly (vinyl alcohol), Zinc Acetate and copper sulphate (CuSO4.5H2O) purchased 

from Himedia, Mumbai, India and double distilled water is used as solvent throughout the experiment.The         

5 mol % of each PVA and zinc acetate were dissolved in double distilled water separately and stirred with 

magnetic stirrer until the chemicals completely dissolved and forms a clear viscous solution. Then the desired 

volume of both solutions were  mixed and stirred for 30 min. The desired concentration of CuSO4.5H2O (0.2, 

0.4, 0.6 & 0.8 mol %) solutions were added drop wise to the prepared 5 mol% of (PVA+ZnO) solution and 

stirred thoroughly with magnetic stirrer for another 30 min. Then the solution was casted on petri dishes and the 

films were collected after 7 days. Here after the combination of (PVA+ZnO) polymer films were referred as 

PVAZn polymer films. The surface and cross sectional  morphology of the pure PVAZn and copper doped  

PVAZn polymer films were recorded using Hitachi make model, S-2830N, Japan made Scanning Electron 

Microscope (SEM).  

The infrared absorption spectra of the polymer films were measured at room temperature in the wave 

number rage 2000-600 cm
-1 

by a Jasco, FT-IR130 Japan make Fourier Transform computerized infrared 

spectrophotometer. The optical absorption spectra of the folded polymer samples (thickness 1mm ±0.1mm) 

recorded at room temperature using a dual-beam spectrophotometer JASCO V-670, Japan in the wavelength 

range 400-800 nm. X-Band EPR spectra were recorded on a Bruker EMX X-band EPR spectrometer working at 

9.15 GHz using a rectangular cavity operating at a 100 kHz modulation frequency at room temperature. 

 

III. Results and discussions 
3.1 Scanning Electron Microscope (SEM)  

The surface morphology of the PVA+ZnO films are studied with SEM images. The SEM images of 

pure and Cu
2+

 doped PVAZn polymer films are shown in Fig.1 (a) and (b). The prepared films have 

homogeneous distribution of Zn particles. When copper ions introduced in to the PVAZn matrix and compared 
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with the pure polymer matrix. The PVAZn:Cu
2+

 film shows spherical grain distribution with a uniform density. 

The clear change in surface morphology was observed with the Cu
2+

 ion doped in PVAZn polymer film. 

 

3.2 Fourier transform infrared studies  

The FTIR spectra of pure and Cu
2+

 doped PVAZn polymer films were shown in Fig.2. The FTIR 

spectra consist of several groups of bands for the undoped and copper doped polymer films. The main bands 

observed in the range of 610-691 cm
-1

 has been assigned to Zn-O stretching of the polymer complex [6]. The 

main band at 837 cm
-1

 has been assigned to C-C stretching mode of the host polymer. The bands observed at 

1000-1100 cm
-1

 has been assigned to C-O-C stretching mode formed by the cross linking reaction of PVA with 

ZnO and the bands around 1450-1558 cm
-1

 has been assigned to bending vibrations of CH2 of PVA group [7]. 

The band at 1642 and 1702 cm
-1

 has been assigned to stretching mode of C-O. The main change for the undoped 

and copper doped polymer is shifting of the absorption bands. The Zn-O bands at 616 and 667 cm
-1

 for pure 

PVAZn polymer shifts towards the 641 and 691 cm
-1

 in the Cu
2+:

PVAZn polymer film. This indicates the cross 

linking of Cu-O with Zn-O in the host polymer [8]. The band at 837 cm
-1

 shifts towards to the lower region 796 

cm
-1

, which has been assigned to C-C mode indicating the amorphous nature of the sample. The band at 1702 

cm
-1

 became broaden in the doping of Cu
2+

 ions in PVAZn polymer due to the alteration of PVA chains with 

Zn-O and Cu-O. Therefore introducing the Zn-O and Cu-O in the PVA structure modifies the semi crystalline 

structure of PVA confirming the cross linking of metal ions with the main chain of the PVA. The observed band 

positions and their corresponding band assignments presented in Table 1. 

 

3.3 Optical absorption studies  

 The room temperature optical absorption spectra were recorded for Cu
2+

 ions doped PVAZn polymer 

film in the wavelength range 400-800 nm. The absorption spectra exhibit two absorption bands at 412 and 692 

nm respectively. There is no specific change in the band positions except variation in intensity of the bands with 

the concentration. Hence as a remarkable spectrum, the absorption spectrum of (0.2 mol%) Cu
2+

 doped PVAZn 

polymer film is given as Fig.3. The broad band at 692 nm has been assigned to 
2
B1g→ 

2
B2g transition of Cu

2+
 ion 

in a distorted octahedral site and the band at 412 nm has been assigned to 
2
B1g→

2
Eg transition [1].   

 The investigations of optical transitions and electronic band structure can be analyzed using the 

fundamental absorption edge in the UV region of the optical absorption spectrum. The main feature of the 

absorption edge is an exponential increase of the absorption coefficient α () with photon energy h [9]. The 

absorption coefficient α () can be calculated using the formula, 

α (υ) = (A/d)2.303                                                                        ---------- (1) 

where A is the absorbance at frequency „υ‟ and „d‟ is the thickness of the sample. The optical band gap for 

direct and indirect transitions can be determined by using the relation, 

Eopt =  hυ–(α hυ/B)
1/2

                                                ---------- (2) 

where B is a constant. The direct and indirect band gaps were calculated from the plots of (αhυ)
2 

and (αhυ)
1/2 

as 

a function of photon energy (hυ) and are shown in Fig.4(a) and (b). The corresponding values are taken by 

extrapolating the linear portion of absorption coefficient meet at x=0.  

 Urbach plots are the natural logarithm of absorption coefficient ln (α) is plotted against photon energy 

(hυ). In the present study such an Urbach plots were plotted and are shown in Fig.5. The direct, indirect optical 

band gaps and Urbach energies were calculated with respect to the copper concentration in the PVAZn polymer 

films and are presented in Table 2. From the Table, it is observed that the direct and indirect band gap energies 

decrease with the increase of copper concentration. This may be due to the loose packing of the host complex 

with the copper. 

 

3.4  Electron paramagnetic resonance (EPR) 

The EPR spectrum of the undoped polymer film confirming that the starting materials used in the 

present work were free from transition metal impurities or any other paramagnetic contamination.When various 

mol% of CuSO4 were added to PVAZn films, the EPR spectra of all the investigated samples exhibits a well 

resolved resonance signals as shown in Fig.6. The EPR spectrum exhibits four parallel and one perpendicular 

line for the samples under study. For Cu
2+

 ions, a regular octahedral site may not exist because the cubic 

symmetry is disturbed by electronic-hole in the degenerate dx
2
-y

2
 orbital and this produces the tetragonal 

distortion. The EPR spectra of Cu
2+

 ions in the present polymer film can be well interpreted in terms of the spin-

Hamiltonian for d
9
 ions in an axial symmetry [10], 

 

  H = β[g11Hz Sz + g┴ (Hx Sx + Hy Sy)] + A11 Iz Sz + A┴ (Ix Sx + Iy Sy)                                     --------- (3) 

 

where the terms have their usual meanings given in our previous papers [11].  
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 In EPR spectrum, one can get four parallel and four perpendicular signals for copper ions. However, in 

the present study, we observed only four parallel and one perpendicular signals due to 
63

Cu and 
65

Cu isotopes. 

The spectral parameters for all the samples are well resolved with four parallel components (g||  2.38) and a 

perpendicular component around   (g  2.05). The observed g and A values are presented in Table 3. From the 

table, it can be observed that, the g values follows the trend g|| > g  > 2.0023. We consider that the ground state 

for the paramagnetic electrons is dx
2
-y

2
 orbital and the Cu

2+
 ions being located in the distorted octahedral sites 

(D4h) [12-15].  

 

3. 4 (a) Calculation of spin concentration (N) 

The number of spins participating in resonance can be calculated by comparing the present system with 

standard known concentration of CuSO4. 5H2O. The well – known expression given by Weil et al., [16] was 

used to calculate the spin concentration in the present work and is given by, 

 

                    Ax (Scanx)
2
 Gstd (Bm)std(gstd)

2
 (Pstd)

1/2
   [S(S+1)]std  

N   =        -------------------------------------------------------------  [std]                               ------------ (4)  

                                Astd (Scanstd)
2
 Gx (Bm,)x (gx)

2
 (Px)

1/2
 [S(S+1)]x 

 

where the terms have their usual meanings [11]. 

 The spin concentration (N) participating in resonance for the present system was calculated for 

different concentrations of copper ions (0.2 to 0.8 mol%) and a plot was drawn between copper concentrations 

against spin concentration for this polymer system and is shown in Fig.7. From the graph, it can be observed 

that the spin concentration participating in resonance (N) has a non-monotonic (i.e., increases then decrease) 

behavior with the increase in concentration. This may be due to the presence of other copper states existing in 

the polymer complex [17].  

 

3.4 (b) Paramagnetic susceptibility   
The paramagnetic susceptibility of the polymer films at room temperature was calculated from the EPR 

data using the formula [18], 

 

                       Ng
2
β

2
J(J+1) 

          χ   =     ----------------                                                                                                     ---------- (5) 

                                       3KB(T) 

 

where the terms have their usual meanings [11]. The paramagnetic susceptibilities were calculated for PVAZn: 

Cu
2+ 

(0.2 - 0.8 mol%) polymer films and a plot was drawn for the reciprocal of susceptibility (1/χ) as a function 

of concentrations is shown in Fig.8. From the graph, the susceptibility of the samples decreases with the 

concentrations of copper in the host matrix. 

 

IV. Conclusions 

 PVAZn:Cu
2+

 polymer films were prepared by solution casting technique at room temperature. 

 The clear and uniform surface structure was observed from the Scanning electron microscopy (SEM). 

 From the EPR and optical absorption spectral studies, the Cu
2+

 ions occupied in tetragonally distorted 

octahedral sites in the host matrix.  

 The decrease in paramagnetic susceptibility indicates the increase in amorphous nature of the sample. 

 The FT-IR spectrum exhibits the Zn-O, CH2, C-H, C=O, C=C groups of stretching and bending vibrations. 
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Table 1.  FTIR band positions and their corresponding band assignments of PVAZn and Cu
2+ 

ions doped 

PVAZn polymer films. 

 
                            PVAZn:Cu2+ (mol%) 

PURE PVA Zn 0.2 0.4 0.6 0.8 Band assignment 

616 619 623 647 641 Zn-O 

667 676 679 680 693 Zn-O 

837 833 799 789 750 CH2 

1080 1019 1022 1101 1147 
CO 

1137 - 1093 1146 - 

1459 1443 1444 1431 1463 

CH2 1521 1532 1517 1517 1516 

1541 - 1558 1561 1558 

1642 1619 1632 1640 1621 
    C=C 

1702 1700 1686 1692 1682 

 

Table 2. The direct, indirect band gaps and Urbach energies of Cu
2+ 

ions doped PVAZn polymer films. 

 
S.No Cu2+ (mol %) Direct (eV) Indirect (eV) Urbuch energy (E, eV) 

1 0.2 3.89 3.67 3.40 

2 0.4 3.82 3.40 2.78 

3 0.6 3.51 3.31 1.83 

4 0.8 3.29 3.13 1.34 

 

Table 3. The g values and the hyperfine splitting constant (A) values of Cu
2+ 

ions doped in PVAZn polymer 

films calculated using EPR spectra. 

 
S.No Cu2+ (mol %) g|| g A|| X10-4 (cm-1 ) No. of  spins (1025/kg) 

1 0.2 2.45 2.08 138.4 1.214 

2 0.4 2.39 2.05 138.4 2.169 

3 0.6 2.39 2.07 138.4 1.9039 

4 0.8 2.38 2.07 130.9 1.4726 

 

Fig. 1(a) & (b) 

 
 

Fig.2 
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Fig.3 
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Fig.4 (a) 
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Fig.4 (b) 
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Fig.5 
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Fig.6 
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Fig.7 
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Fig.8 
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Caption for figures: 

Fig.1: SEM images of (a) pure PVAZn and (b) (0.4 mol%) Cu
2+

:PVAZn polymer film. 

Fig.2: FTIR spectra of a pure PVAZn and Cu
2+

:PVAZn polymer films recorded at room temperature. 

Fig.3: Optical absorption spectrum of (0.2 mol %) Cu
2+

:PVAZn polymer film. 

Fig.4: A plot of (a) (αh)
2 
as a function of h and (b) (αh)

1/2 
as a function of h for Cu

2+
:PVAZn

 
polymer films.  

Fig.5: A plot of ln (α) as a function of h for PVAZn:Cu
2+

 polymer films. 

Fig.6: EPR spectra of Cu
2+

:PVAZn films recorded at room temperature. 

Fig.7: A plot of no.of spins (N) against concentration of copper in Cu
2+

:PVAZn polymer  films. 

Fig.8: A plot of reciprocal of susceptibility (1/) as a function of copper concentration in Cu
2+

:PVAZn polymer  

films 

 


