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Abstract 

Optical and structural properties of composite films are studied with the effect of Cu 

nanoparticles doped in PVA. Samples are PVA films of (0.13 mm) thickness are doped with 

different concentrations of Cu nanoparticles. The nano-composite samples are prepared by the 

well-known solution cast method. Cu nanoparticles are prepared by laser ablation method using 

Nd-Yag laser in pure water. Using the absorbance and transmittance of the samples, the effect of 

doped nanoparticles and their concentration on optical parameters of PVA films including 

absorption coefficient, optical band gap energy, complex refractive index, complex dielectric 

function, before and after annealing are extracted and discussed. Studying the effect of Cu 

nanoparticles on the optical parameters gives an indication that all these parameters are affected. 

Also the optical properties of the films are highly affected by annealing. Cu–O bonds are formed 

in the films and the band gap energy of samples is decreased. Structural properties are studied 

using X-ray diffraction spectrum. The results show that by doping Cu nanoparticles in PVA, The 

intensity of diffracted X-ray photons from films has been increased noticeably after the doping 

process.  

Keywords: polyvinyl alcohol (PVA) films, X-ray diffraction, Bragg’s plane, Nd-

Yag laser, Cu nanoparticles, Doping, Optical properties, nano-composite.  

 

Introduction 

It is well established that polymers, as dielectric materials, are excellent host 

matrices for encapsulation of metal nanoparticles like silver, gold, copper, and so 

forth, as they act both as reducing as well as capping agents and also provide 

environmental and chemical stability [1–2].   Many reports in the literature show 

attempts for synthesis of metal nanoparticles based polymer nano-composites, with 

the possibility of variation in their optical and electrical properties for their 
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application in high performance capacitors, conductive inks, and other electronic 

components [3, 4, and 5]. Special worthy has been reached to optical properties of 

the nanoparticles doped in polymer film, depending on the surrounding medium 

[6– 7] and on their size, shape, and concentration [8–9]. 

Since copper is the most widely used material due to its low cost and very high 

electrical and thermal conductivities, Cu nano- particles have attracted a great deal 

of attention of researchers. Therefore, during recent years, the synthesis of Cu 

nanoparticles has become a subject of great interest from scientific as well as 

industrial point of view. Poly (vinyl alcohol) (PVA) is a polymer with high 

transparency in the visible spectral domain and has wide range of potential 

applications in optical, pharmaceutical, medical, and membrane fields. In fact it is a 

water soluble polymer and allows the development of environment-friendly 

material processes [11-12]. PVA can effectively protect the nanoparticles from 

aggregation [10, 2]. This polymer is a good candidate for incorporation into 

multilayer coatings of organic solar cells due to its high transparency and ability to 

form a barrier to oxygen [13]. In this research paper, we focus on the structural and 

optical properties variation of the supporting polymer due to Cu nanoparticles 

doping and annealing effect. Cu nanoparticles were produced by laser ablation 

method. The laser ablation technique in a liquid produces proper metal nanoparticle 

samples to facilitate investigation of their photo physical and photochemical 

properties [14]. 

Formation of Cu nanoparticles was confirmed using UV-Visible Spectroscopy, X- 

ray Diffraction technique (XRD). The response transmittance, absorbance, 

reflection, optical band gap, dielectric constant, optical conductivity, refractive 

index, of PVA-Cu nanoparticles films at room temperature with varying 

concentration of Cu NPs at the same thickness of Cu nanoparticles doped PVA 

films are also investigated before and after annealing.  

Materials and Method 
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The PVA powder was provided by (BDH chemicals,   England) with high   purity   

(99.999%). PVA films were prepared by dissolving 1 g of PVA powder in 20 mL 

pure water at 75 C°. The mixture was stirred for one hour continuously to form a 

viscous solution. Nanoparticles (NPs) were prepared by ablation of a high purity 

Cu bulk in pure water, using Nd: YAG laser system operating at 1064 nm with 2 

Hz repetition rate. Cu bulk was placed at the bottom of a water container height of 

water on the Cu target was 14 mm. The volume of the water in the ablation 

container was 5 mL and Cu target was ablated with 800 laser pulses at different 

energies (800mJ, 1200mJ, 1800mJ). Samples 1-3 were prepared with laser pulse 

respectively. After completing desolation of PVA, 5 mL of Cu nanoparticles 

suspension was added to the 20 mL aqueous PVA solution, and finally, samples 

was left to dry on a plane surface for 24 hr. at room temperature in close 

atmosphere to produce 4 samples of 0.13 mm thickness Sample 1 is pure PVA and 

3 uniform Cu NPs doped PVA films. S2 to S4 are PVA films which are doped with 

samples 1 to 3 nanoparticles. The X-ray diffraction (XRD) patterns of un-doped 

and doped PVA films were measured employing STOE-XRD diffract meter with 

Cu-K𝛼 radiation (𝜆 =1.54A). the samples where annealed for one hour in 75 °C 

.The  absorbance  and transmittance  spectra  were  recorded for samples before and 

after annealing  using  double  beam  Schimadzu  UV/VIS-  160A    in    the  

wavelength  range  (190-1100)  nm;  the  measurements  were  carried  out  at  

room temperature. A comparison is done between the sample before and after 

annealing.  

 

 

Result and Calculation 

Nanoparticle samples are shown in Figures 1 which are prepared by laser ablation 

method. The variation of transmittance (𝑇) and absorbance (A) as a function of 
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wavelength of the incident light before annealing for the pure PVA and PVA doped 

samples were recorded at room temperature and are illustrated in Fig. 2(a)-2(b). 

 
Figure 1: Cu nanoparticle samples in distilled water 

  

 
(a) 

 
(b) 

Fig. 2. UV-Visible spectra before annealing for pure PVA and Cu-PVA nanocomposite films  

(a) Transmittance (T), (b) Absorbance (A) 

It is clear that before annealing the transmittance has a maximum value in the 

wavelength range of (400-800) nm for PVA and transparency falls to nearly 80% in 

the Cu-PVA nanocomposite film. This is due to the formation of intermolecular 

hydrogen bonding between Cu ions and the adjacent OH groups [15]. From the 

figures it can be noticed that before annealing the absorbance for all films have a 

high values  at  wavelength  in  the  neighborhood  of  the  fundamental  absorption  
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edge  (200nm)  ,  then  the  absorbance decreases  with  the  increasing  of  

wavelength.  These results are in agreement with the researchers [16, 17].                   

The absorption coefficient α was calculated from the absorbance A by using the 

following equation [18]. 

                                                                                   [1] 

Where: x is the film thickness, A is the absorbance. 

Fig.(3):  shows  the  variation  of  absorption coefficient  (α)  with  photon  energy  

before annealing for  the  pure PVA and  doped  PVA nanocomposite films. It is 

clear that the absorption edge of PVA shifts to lower photon energy upon the 

addition of Cu nanoparticles, due to the decrease in the optical band gap for the 

doped samples. 

 
Figure (3): The absorption coefficient α (cm)-1 as a function photon energy (hν) before annealing for pure PVA and 

PVA doped nanocomposite films 

Band gap can be determined from the absorption coefficient according to [19]: 

                                                                       [2] 

Where h  is the photon energy, α is the absorption coefficient, Eg is the optical 

band gap, B is band tailing parameter and m= 1/2 for direct band gap and m= 2 for 

indirect band gap. When  the value of  m  = 2 , the allowed  indirect  transition band 

energy  gap  is calculated  , but  when  the  value of m =3, the forbidden indirect 

transition band energy gap is calculated . Figure (3) show the relation between 

absorption edge (αhv)
1/2

  for pure PVA and  PVA doped nanocomposite films  as    

a  function  of  photon  energy  before annealing, on drawing straight line from the  
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upper  part of  the curve  toward the (x) axis at the value (αhv)
1/2

 =0 we get the 

energy gap for the allowed indirect transition.  

It can be noticed from Fig. 4 that after extrapolation of the fitting lines, the value of 

optical band gap before annealing comes out to be 6.20 eV for pure PVA and it 

decreases to a value of 6.00 eV for PVA doped nanocomposite films (S2). With 

further increase in concentration of Cu (S3), it decreases to a value of 5.90 eV. 

When the concentration of Cu is further increased (S4), the value of band gap 

further decreases to 5.80 eV for the PVA doped nanocomposite films. We can see 

that the values of energy   gap   decrease with increasing concentration of Cu NPs. 

  The variation of the calculated values of optical band gap reflects the role of 

formation of Cu nanoparticles in modifying the electronic structure of the PVA 

matrix [22]. These Cu nanoparticles may be responsible for the formation of 

localized electronic states in the Highest Occupied Molecular Orbital-Lowest 

Unoccupied Molecular Orbital (HOMO-LUMO) gap.  

 

  

  
Figure (4): The energy gap before annealing for the allowed indirect transition (αhυ)

1/2
 as a function of photon 

energy of  pure PVA and  PVA doped nanocomposite films. 
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To further understand the interaction of Cu nanoparticles with PVA matrix, optical 

properties such as complex refractive index and dielectric constant have been 

calculated. The refractive index 𝑛 of the films was calculated using the following 

equation [20]: 

,                                                             [3] 

In which   .                                                                            [4] 

where α is the optical density and λ is the wavelength of the light used. Fig. 5 

shows the variation of the refractive index of pure PVA and PVA doped 

nanocomposite films with the photon energy before annealing.  

It can be discerned from the graph that the refractive index that was measured at 

visible wavelengths before annealing became more pronounced for the PVA doped 

nanocomposite films as compared to pure PVA. The high value of refractive index 

is an indication of high density of the film, which leads to a reduction of the inter-

atomic spacing [15]. The increase in the refractive index for PVA doped 

nanocomposite films is significant for materials that could be used for fabrication of 

optical waveguides. The dependence of the refractive index on the film density can 

be discussed by the well-known Clausius-Mossotti relation [20]. 

 
Fig. 5. Variation of refractive index before annealing of pure PVA and PVA doped nanocomposite films.  

     The change of the extinction coefficient as a function of the photon energy 

before annealing is shown in figure (6) for pure PVA and PVA doped 

nanocomposite films. It  can  be  noted  that  (k)  has  low  value  at  low  
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concentration, but  it  increases  with  the increasing of the concentration of 

nanoparticles(Cu).  

 
Figure (6): The Extinction coefficient as a function of photon energy for pure PVA and PVA doped nanocomposite 

films. 
The real  

                                                                           [5] 

And imaginary 

                                                                                   [6] 

Parts of optical dielectric constant are also estimated in this work before annealing 

because these parameters are directly related to the energy density of states within 

the optical band gap of the samples [21].  

The real part of dielectric constant as a function of photon energy before annealing 

is shown in Fig. (7). The  real  dielectric  constant  is  increased  with  the  increase  

of  the concentrations of (Cu) nanoparticles.  

The imaginary part of dielectric constant as a function of photon energy before 

annealing is shown in Fig. (8).  It  is  clear  from  this  figure  that  the imaginary 

part depends on extinction coefficient according  to  equation  (6)  because  the 

refractive index value is very small [22,23]. After doping with Cu the imaginary 

part of dielectric constant for the samples was  increased  with  the  increasing  of  

photon energy  and  with  increasing  the  doping concentration. 
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Fig. 7 Optical dielectric constant as a function of photon energy before annealing for pure PVA and PVA doped 

nanocomposite films. 

 
Fig. 8 Optical dielectric loss as a function of photon energy before annealing for pure PVA and PVA doped 

nanocomposite films. 

After annealing the samples for one hour at 75°C the optical properties further 

improved and the calculated optical band gap decreased more for the pure PVA and 

PVA doped nanocomposite films as shown in figure 9 for S1 and S4. The 

calculated optical band gaps for the samples before and after annealing are shown 

in table 1. 
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Figure (9): The energy gap after annealing for the allowed indirect transition (αhυ)

1/2
 as a function of photon energy 

of S1 and S4 pure PVA and PVA doped nanocomposite film. 

 

Samples Calculated Optical energy 

gap before annealing (eV) 

Calculated Optical energy 

gap after annealing (eV) 

S1 6.20 6.00 

S2 6.00 5.9 

S3 5.90 5.8 

S4 5.80 5.6 
Table 1. Calculated Optical energy gap for the pure PVA and PVA doped nanocomposite film before and after 

annealing. 

 

The variation or comparison of the refractive index of pure PVA and PVA doped 

nanocomposite film (S1 & S4) with the photon energy before and after annealing 

are shown in Figure 10. 

 

 
Figure 10 Variation of the Refractive Index for the pure PVA and PVA doped nanocomposite film before and after 

annealing. 
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 The obtained XRD  spectrums  obtained  have  two  main  peaks which  is 

common in all  composite  films. XRD spectrum of the pure PVA and PVA doped 

nanocomposite films are shown in Figure 11. The diffraction pattern of pure PVA 

indicates a diffraction bands at 2θ = 19.565°, 40.7°. It is well known that the peaks 

at 2θ < 20° are due to crystalline nature of PVA polymer molecules, which may be 

as a result of strong intermolecular and intramolecular hydrogen banding between 

the PVA chains [24, 25]. The peaks at angles larger than 20° may be due to 

impurities. 

The intensity of diffracted X-ray photons from films has been increased noticeably 

after the doping process. It may be due to two reasons. For 2𝜃 < 20 increasing the 

peaks intensity is due to increasing the number of PVA chains in the structure of 

the films after Cu doping and  increases  the  intensity  of  the  X-rays  reflected  

from  the sample. [24, 25]. For 2𝜃 > 20 increasing the intensity of XRD peaks is 

due to increasing the number of crystallographic planes at certain angles. 

 
Figure11: X-ray diffraction patterns of pure PVA, & PVA doped nanocomposite films. 
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Conclusion 

Cu NPs can be prepared by laser ablation method at different fluencies of laser 

pulse in pure water. Optical and structural characterization of synthesized pure PV 

and PVA doped nanocomposite films were carried out using UV-Visible 

Spectroscopy, X-ray diffraction (XRD). The experimental results shows that the 

absorbance and absorption coefficient parameters are greatly affected by variation 

of copper (Cu) NPs concentration. It was observed that optical band gap of pure 

PVA is significantly reduced upon the addition of Cu NPs. The increase of 

refractive index with increasing Cu concentration is an evidence for the formation 

of new energy states and thus decreasing the energy band gap of PVA. The increase 

of optical dielectric constant was observed upon the addition of Cu nanoparticles. 

Appearance of characteristic surface Plasmon resonance peak of Cu nanoparticles 

at 591 nm in absorption spectra of Cu-PVA colloidal solution confirms the 

formation of Cu nanoparticles. Analysis of UV-Visible absorption and reflection 

data indicates towards the reduction in optical band gap and increase in refractive 

index of the resulting nano-composite.  

After annealing the samples for one hour at 75°C the optical properties improved 

further.  

XRD spectrum of the pure PVA and PVA doped nanocomposite films show that 

the intensity of diffracted X-ray photons from films has been increased noticeably 

after the doping process. 
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