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Abstract 
Poly (Vinyl Alcohol)/Copper Chloride (PVA/CuCl
and 20 wt% of CuCl2.   UV-Vis spectrum of these composites is investigated in the range of 200
spectrum of PVA showed an absorption band at 278.18 nm and a small shoulder at 313.09 nm and are assigned to 
* transition, respectively. On the other hand, the spectra of the PVA/CuCl
resonance (SPR) band in the visible band at 778.07 nm.  Moreover, it is observed that, the absorption edge of composite 
samples is red shifted.  Also, pure PVA showed an 
which decreased to 3.48 and 3.92 eV after CuCl
also observed that nonlinear optical parameters such as thi
refractive index (n2) are influenced by CuCl
These results are very encouraging for possible applications
constant ('), dielectric loss ('’) and photoconductivity have been investigated
Keywords:  PVA, Band gap, Urbach energy, Refractive index, Photoconductivity

 
1. Introduction 
 PVA is a linear organic polymer that possesses 
excellent optical properties, biocompatibility, 
biodegradability, and non-toxicity, and thus can be 
widely used in various applications 
water soluble, excellent optical transmission, non
corrosive and has good film-forming ability. These 
properties, especially their optical properties such 
as the energy gap and refractive index, enhance 
their industrial and technological uses
devices, optoelectronic materials, super capacitors, 
several types of sensors, ophthalmology and textile 
industry [5-6].  PVA is of great interest because it 
is relatively cheap, widely accessible, and has 
hydrophilic properties.  The hydroxyl groups on the 
polyvinyl alcohol carbon backbone play an 
important role in creating the hydrogen bond 
between PVA and other substances, which in turn 
contributes to the formation of composites. PVA is 
an excellent host material, and so the structural, 
optical and electrical properties can be adapted 
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/Copper Chloride (PVA/CuCl2) composite samples have been prepared using casting 
Vis spectrum of these composites is investigated in the range of 200

spectrum of PVA showed an absorption band at 278.18 nm and a small shoulder at 313.09 nm and are assigned to 
e other hand, the spectra of the PVA/CuCl2 composite samples showed a surface plasmon 

resonance (SPR) band in the visible band at 778.07 nm.  Moreover, it is observed that, the absorption edge of composite 
samples is red shifted.  Also, pure PVA showed an indirect and direct optical energy gap in the range of 4.71 and 5.08 eV, 
which decreased to 3.48 and 3.92 eV after CuCl2 incorporation, indicating a structural defect in the matrix
also observed that nonlinear optical parameters such as third-order nonlinear optical sensitivity (χ(3

) are influenced by CuCl2 incorporation and their values increased with increasing Cu chloride content.  
These results are very encouraging for possible applications in nonlinear optical (NLO) devices. The optical dielectric 

) and photoconductivity have been investigated.  
PVA, Band gap, Urbach energy, Refractive index, Photoconductivity  

PVA is a linear organic polymer that possesses 
excellent optical properties, biocompatibility, 

toxicity, and thus can be 
 [1-4].  PVA is 

water soluble, excellent optical transmission, non-
forming ability. These 

properties, especially their optical properties such 
as the energy gap and refractive index, enhance 
their industrial and technological uses in solar cell 
devices, optoelectronic materials, super capacitors, 

veral types of sensors, ophthalmology and textile 
PVA is of great interest because it 

is relatively cheap, widely accessible, and has 
hydrophilic properties.  The hydroxyl groups on the 
polyvinyl alcohol carbon backbone play an 

ole in creating the hydrogen bond 
between PVA and other substances, which in turn 

composites. PVA is 
an excellent host material, and so the structural, 
optical and electrical properties can be adapted 

after incorporating different types of dopants into 
PVA [7-9]. 
  A great deal of attention has been given to 
the study of doped polymers with different 
materials to obtain innovative multifunctional 
compounds for use in different applications. 
[10,11].  Polymer composites involv
strengthening and incorporation of dopant materials 
into the polymer matrix, resulting in enhanced 
electrical, optical and mechanical properties 
[12,13].  These properties are strongly influenced 
by various factors such as the nature of the polymer 
matrix, doping concentration, and the interaction 
between the polymer and doping materials [14,15].  
Recently, studies on the electrical and optical 
properties of polymeric composites have greatly 
expanded in light of their wide applications in 
optical and electronic devices [16].  Polymer 
composites open new avenues for materials 
development to improve performance in many 
applications such as optical devices, coating 
materials, biosensors, and biomedical sciences
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composite samples showed a surface plasmon 

resonance (SPR) band in the visible band at 778.07 nm.  Moreover, it is observed that, the absorption edge of composite 
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incorporation, indicating a structural defect in the matrix of PVA.  It was 
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incorporation and their values increased with increasing Cu chloride content.  
in nonlinear optical (NLO) devices. The optical dielectric 

ferent types of dopants into 

A great deal of attention has been given to 
the study of doped polymers with different 
materials to obtain innovative multifunctional 
compounds for use in different applications. 
[10,11].  Polymer composites involve the 
strengthening and incorporation of dopant materials 
into the polymer matrix, resulting in enhanced 
electrical, optical and mechanical properties 
[12,13].  These properties are strongly influenced 
by various factors such as the nature of the polymer 

atrix, doping concentration, and the interaction 
between the polymer and doping materials [14,15].  
Recently, studies on the electrical and optical 
properties of polymeric composites have greatly 
expanded in light of their wide applications in 

electronic devices [16].  Polymer 
composites open new avenues for materials 
development to improve performance in many 
applications such as optical devices, coating 
materials, biosensors, and biomedical sciences 



 M. T. Ahmed et.al. 
_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 65 No. 9 (2022)  

 

 

100

[17,18].  Optoelectronic devices with excellent 
nonlinear optical properties are achieving 
technological importance due to daily inventions in 
the field of nanotechnology. Third-order 
nonlinearity is of paramount importance due to its 
potential applications in optical signal processing, 
optical switching, optical routers and ultra-fast 
nonlinear optical devices (NLO) [19]. 
  Since the values of the optical bandgap 
and refractive index are taken into account when 
designing different optical devices, our aim in this 
manuscript is to prepare PVA/CuCl2 composites.  
Moreover, the optical bandgap and refractive index 
as well as the dispersion-related parameters for 
PVA and PVA/CuCl2 composites such as linear 
and nonlinear optical parameters will be studied 
and the obtained results will be analyzed. 
2. Experimental Work 
  PVA (Mw= 72,000) and Copper Chloride 
(CuCl2) are supplied from Merck, (Germany) and 
BDH Chemicals Ltd, Poole, (England), 
respectively. Composite samples of PVA/CuCl2 are 
prepared by dissolving PVA with a different ratio 
of copper chloride (1, 10 and 20 wt% of CuCl2) in 
double-distilled water (DDW) at T = 333 K for 10 
h. The solution is constantly stirred for 6 hours 
using a hot plate with a magnetic stirrer to ensure 
that a homogeneous mixture is obtained. The 
solution is then poured into a Petri dish and dried in 
an oven for 1 day at T = 333 K.  FTIR spectra have 
been recorded using FT-IR spectroscopy, Mattson 
in the range 4000 to 400 cm-1.  UV-Vis spectra of 
PVA/CuCl2 composite samples are carried out in 
the wavelength range from 200 to 900 nm by 
UV/VIS Unicom, Mattson, UK. 
 
3. Results and Discussion 
3.1: FTIR Spectroscopy 
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Fig. 1: FT-IR spectrum of pure and doped PVA/20 

wt% CuCl2 composites. 
 

FTIR spectroscopy is used to examine the spectra of 
vibrations caused by differences in chemical 
compositions as well as changes in the functional 
group that occur during chemical reactions. FTIR 
studies give us valuable information about the 
interaction between the polymer and transition 
metals and the molecular structure.  In the case of a 
chemical reaction, we observe a shift in the wave 
numbers and variation in the intensity of the peaks 
of some vibrational modes of the functional groups. 
Polymers can react with derivatives of transition 
metal ions or with each other to form a secondary 
bond, i.e., hydrogen bond [20]. Fig. 1 demonstrates 
the characteristic absorption bands of pure and 
doped PVA/CuCl2 composite samples.  FTIR 
spectrum of pure PVA showed several characteristic 
bands such as, 3403, 3296 and 3229 cm-1 are 
assigned to O-H stretching confirming the existence 
of hydroxyl groups.  These bands are shifted to 
lower wavenumber at 3394, 3215 and 3215 cm-1. 
The absorption band at 2935 cm-1 is resulted from 
C-H stretching confirming the existence of 
methylene group [21].  The position of this band is 
shifted to higher wavenumber ~ at 2951 cm-1 with 
increasing the content of CuCl2 as observed in Fig. 
1b.   The stretching vibrational band of C=O is 
observed at 1716 cm-1 and is attributed the 
carbonyl group due to the residual acetate group.   It 
was also found that this band is shifted to a lower 
wavenumber with increasing CuCl2 content and 
appeared at 1703 cm-1.  The bands at 1564 and 
1426 cm-1 are assigned to C-H. 
bending of CH2 and –COO– stretching vibrations, 
respectively, while the absorption bands at 1331 and 
1250 cm-1 are related to the interaction between O-
H bending and C-O stretching.  The absorption 
band at 1089 cm-1 is attributed to the C-O 
stretching vibration of the hydroxyl group and the 
intensity of this band is considered a measure of the 
crystallinity of PVA [22].  Obviously, the addition 
of CuCl2 led to a decrease in the relative area and 
intensity of this band, as shown in Fig. 1b. Thus, 
these results supported the low degree of 
crystallinity of PVA and this will also be proven in 
the study and analysis of UV-Vis results that will be 
mentioned later. The strong band at 843 cm-1 is due 
to the bending modes of CH2 group.  The weak 
absorption band at 493 cm-1 is attributed to Cu-N 
bond [23]. 

   Hence, the effect of CuCl2 was 
demonstrated by the significant change in the 
intensity of the bands or by the shift of most 
absorption bands of the PVA films.  These 
structural differences may be result from the 
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formation of crosslinking between oxygen atoms of 
the carbonyl groups and Cu2+ cation. This indicates 
that with increasing Cu2+ concentration the basicity 
of carbonyl groups will increase, which means that 
the C=O can act as a strong electron donor for the 
reaction with Cu2+, leading to an increase in the 

amorphous region of the PVA/CuCl2 composite 
samples [24].  Therefore, we can say that these 
structural differences indicate that the reaction 
between PVA and CuCl2 has taken place and 
therefore it plays an important role in improving the 
optical properties of the PVA/CuCl2 composites [25]. 

3.2: UV-Vis Spectroscopy 
Fig. 2a displays the absorption spectrum of PVA 

and PVA/Cucl2 composite samples.    It is found that, 
spectrum of PVA displayed an absorption band 
located at 278.18 nm and a small shoulder at 313.09 
nm, respectively.  The absorption band at 278.18 nm 
is related to the absorption of C=O groups conjugated 
with one ethylenic group of -CO-(C=C)- and CO-
(C=C)2-, while, the little shoulder at 313.09 nm is 
related to -CO-(C=C)3-groups [26,8].  These bands 
are assigned to -* and n-* transition, respectively 
[27]. The region beyond 350 nm in the spectrum of 
PVA displayed a very low absorption and did not 
show any structure indicating that the PVA sample is 

highly transparent in this region. On the other side, 
the spectrum of pure CuCl2 showed an absorption 
band at 236.84 nm.  This band can be attributed to d–
d transition of free Cu2+ [28].  The characteristic 
bands of pure CuCl2 and PVA have been shifted to 
appear at 251.76, 293.11 and 379.14 nm in 
PVA/CuCl2 composite samples, respectively.  This 
means that CuCl2 interacted with PVA and modified 
the conformational and electronic structures. This 
shift in band position may be attributed to PVA/Cu 
complex formation.  Moreover, a localized surface 
plasmon resonance (LSPR) band is obtained in the 
visible region at ~ 778.07 nm of the spectrum of 
PVA/CuCl2 
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Fig. 2: a) Absorbance against wavelength, b) Absorption coefficient against h and (c) Ln  against h of pure PVA and PVA/CuCl2 

composite samples. 

composite samples.  In the visible wavelength region, 
the LSPR differs for different metallic particles due 
to the different dielectric properties that arose from 
the small overlap between interband transition and 
the LSPR.  Cu has a completely filled 3D orbital and 
only one electron in 4s orbital. The interband 
transition takes place in the broad conduction band, 
thus the LSPR peak is very wide and the interband 
transitions overlap with the LSPR.  This results in an 
increase in the width of the LSPR as well as a 
decrease in the intensity of the LSPR. The properties 
of the resonance depend on the particles and 
dispersing medium properties because they polarize 
each other, and the charge density must adapt not 
only to the incident fields but also to the field 
induced by the polarization [29].  The absorption 
coefficient () is estimated based on the following 
formula 

  (1) 

     Where A is the absorbance and d is sample 
thickness, respectively.  Fig. 2b displays the 

absorption coefficient behavior versus the photon 
energy (h). The redshift of absorption edge 
observed in Fig. 2b confirms the optical bandgap 
change of the PVA films after doping with CuCl2.  
The values of absorption edge are estimated by 
extrapolating the linear plot to α = 0 at the linear 
region as shown in Fig. 1b and summarized in Table 
1.  It is observed that the absorption edge decreases 
with increasing CuCl2 content in the PVA matrix.  
The absorption data can be used to calculate Urbach 
energy (EU). The exponential dependence of the 
absorption coefficient () on the photon energy (h) 
is expressed according to Urbach equation as follows 
[30] 

  (2) 

Where 0 is the pre-exponential factor and EU is 
the width of the band tail, respectively. In many 
semi-crystalline and amorphous materials, the 
exponential dependence of the absorption coefficient 
() on the photon energy arises from random 
fluctuations in the internal fields which correlate with 
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the structural disorder.  Urbach energy (EU) may be 
assumed to be a parameter that contains the effects of 
all possible defects and depends on structural 
disorder degree.  Fig. 1c displays a linear relationship 
between Ln  and h for all samples under 
investigation.  By knowing the slope of the linear fit 
of Fig. 2c,  EU values are calculated and tabulated in 
Table 1. Urbach energy values were found to 
increase with increasing CuCl2 content. The 
increased tail width can be explained by the fact that 
an increase in CuCl2 content may lead to defects and 
imperfections in the semicrystalline structure of 
PVA/CuCl2 composite samples, a condition that may 
increase localized states within the forbidden energy 
bandgap.  This behavior is in good agreement with 
previously published works of polymer composite or 
polymer blend systems [9,31,32].  The steepness 
parameter (), which is a measure of the optical 
absorption edge broadening caused by the interaction 
of exciton–phonon or electron–phonon can be 
estimated using EU values as follow 

  (3) 

where kB is the Boltzmann constant and T  is the 
temperature, respectively. The  values are estimated 
at T=300 K and summarized  in Table 1.      

The optical band gap is an essential parameter 
for photonic, electronic, optical-electronic devices 
and designing solar cell.  The electronic transitions of 
PVA/CuCl2 composites are determined by 
investigating the optical bandgap energy using the 
following equation [33] 

 (4) 

Where B, h and Eg are constant, photon energy, 
the optical bandgap energy and m is a constant for 
direct and indirect allowed transitions equals to ½ 
and 2, while, equals 3/2 and 3 for direct and indirect 
forbidden transitions, respectively.  Indirect and 
direct optical bandgap energy values of PVA/CuCl2 
composite samples can be evaluated by extrapolation 
of the plot of (h)1/2 and (h)2 against h, as 
illustrated in Fig. 3(a&b). 
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Fig. 3:  a) (h)0.5 b) (h)2 versus hof pure PVA and 

PVA/CuCl2 composite samples. 

 

By extrapolating the linear plot to (αh)0.5 and 
(αh)2 = 0 at the linear region as illustrated in Fig. 3, 

the values of indirect and direct optical bandgap of 
PVA/CuCl2 composite samples are calculated and 
tabulated in Table 1.  We observed that, both direct 
and indirect optical bandgap energies are decreased 
with the increase of CuCl2 in the PVA matrix as a 
result of the polymer structure disorder due to the 
presence of CuCl2. This structure disorder leads to 
localized states formation in the forbidden bandgap 
of the PVA host matrix. These states are allowed to 
release and trap electrons between the valence band 
and conduction band [34]. The variation in optical 
bandgap energy values (Eg) of the composite films 
confirmed the modification of PVA microstructure as 
well as the band structure, which might be due to the 
creation of additional clusters of optical transitions.  
The lower bandgap also confirms the increased 
disorder degree in the polymer composite samples. 
These results are quite consistent with the bandwidth 
values of the localized tail states in the forbidden 
bandgap as mentioned above, i.e., Urbach energy 
(Eu).  The lower energy gap value of PVA after 
incorporation of CuCl2 makes it highly candidates to 
be effective materials for optoelectronic devices. 
This is because such devices require bandgap tuning.   

  

 

Fig. 4: Urbach energy versus direct optical bandgap energy.  

Fig. 4 displays the variation of the direct optical 
energy gap versus Urbach energy.  One can conclude 
that an increase in the Urbach energy of the material 
gives an indication of the decrease in the values of 
optical energy gap. This observation supports that by 
incorporating CuCl2 the number of traps will 
increase.  The carbon atoms (M) per each cluster in 
the samples of PVA/CuCl2 composites can be 
calculated using the direct optical bandgap values by 
the following equation [35]: 

   (5) 

The values of carbon atoms have been estimated and 
summarized in Table 1.  It is observed that the M 
value of pure PVA, which is about 46 is increased to 
77 in PVA/20 wt% CuCl2.  This increase can be 
related to the increased conjugation of the monomer 
units in PVA after doping with CuCl2 [36]. 
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Fig. 5: a) The extinction coefficient versus wavelength  b) refractive index (n) versus wavelength    and c) refractive index (n) versus 
CuCl2 content 

 

Materials optical characterization is 
generally governed to the interaction between the 
materials and the electric field of incident 
electromagnetic wave.  The absorption coefficient () 
is used to calculate the extinction coefficient (k) 
values according to the following equation 

 (6) 

The dependence of extinction coefficient and 
refractive index on the incident light wavelength for 
PVA/CuCl2 composite samples is depicted in Fig. 
5(a&b).  It is found that the extinction coefficient (k) 
decreases with increasing wavelength in UV region, 
while the values of k start to increase with increasing 
wavelength again in the visible region (~ 400-900 
nm) as well as with increasing concentration of 
CuCl2.  The incident photons in the UV region have a 
high enough energy to excite electrons to overcome 
the bandgap and thus, the values of k decrease. The 
decrease in k values confirms that the electromagnetic 
waves are allowed to pass in this region without any 
damping or decay through these composites.  In 
contrast, in the visible light region, the energy of the 
photon cannot excite the electrons from one state to 
another one, so this energy will be lost due to 
reflection or scattering, which leads to an increase in 
the values of k in this region [34]. 
  The refractive index control of polymeric 
materials makes them suitable for numerous 
industrial and medical applications such as organic 
solar cell, anti-reflective coatings, LEDs, optical 
communications, and polymeric lenses.  The 
refractive index (n) is estimated using the values of 
reflectance (R) according to the following relation,

, where , where T 

and A are is the transmittance and  the absorbance, 
respectively [37].  Fig. 4b depicts the wavelength 
dependence of the refractive index (n).  It was found 
that the refractive index of all samples are decreased 
with increasing wavelength to approximately 500 
nm, while in the range from 550 to 950 nm it almost 
does not change with the wavelength for pure PVA 
while it increases again for PVA/CuCl2 composite 
samples.  Also, the refractive index of pure PVA in 
the visible region at 700 nm is increased from 1.03 to 

2.54 (for higher concentration 20 wt% CuCl2). Fig. 
5c revealed that the refractive index is increased 
nonlinearly with increasing concentration of CuCl2. 
The increase in the refractive index with increasing 
CuCl2 content in PVA host matrix can be related to 
an increase of the free charge carrier concentration 
and in the reflectivity of the polymer samples [38].  
  Refractive index of our investigated 
PVA/CuCl2 composite samples is analyzed by the 
single-oscillator model [37] as follow:  

    

   

  (7) 

 Where Ed is the dispersion energy that measures 
the strength of the oscillator and E0 is the energy of 
single oscillator of the electronic transition, 
respectively.  Fig. 6 displays the variation of (n2-1)-1 
against (h)2 for all samples.  By knowing the values 
of both intercept and slope of Eq. (7), the values of 
E0 and Ed are evaluated and summarized in Table 1.   

 

Fig. 6: (n2-1 )-1 versus (h2 of pure PVA and PVA/CuCl2 
composite samples. 

 The optical spectrum moments (M-1 and M-3) 
which measures the process of light-material 
interaction are calculated by using the oscillator 
parameters as follows [37]: 

   and      (8a) 

  Rearranging the previous Eq. (8a), the 
values M-1 and M-3 for the investigated PVA/CuCl2 
composite samples can be calculated as follows: 
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     and     (8b) 

  M-1 and M-3 values all samples are estimated 
and summarized in Table 1 and it is found that the 
values of M-1 and M-3 are increased with increasing 
CuCl2 content.   In addition, the zero-frequency 
refractive index, i.e., static refractive index (no) of 
our studied samples is determined using the 
following relationship: 

 (9) 

  Thus, the static dielectric constant (s) can 
be estimated using values of linear static refractive 
index (n0) for all samples according to the following 
formula, 

  (10) 

  Optical oscillator strength (f) for the optical 
transmission which refers to the photon absorption 
process by the electron between the initial and final 
states and is also related to E0 and Ed as follows, f = 
E0Ed has been estimated and tabulated in Table 1.  
The results revealed that the values of no, s and f are 
increased with increasing the concentration of CuCl2. 
This increase in refractive index enhances the 
potential for these composites to be used in a wide 
range of applications from anti-reflective coatings of 
solar cell devices to high refractive index lenses. 
  The correlation between (n2) and (2) is 
used to calculate the values of the lattice dielectric 
constant (L), as follows [37]: 

 (11) 

where e, 0, c and (N/m*) are electronic charge, free 
space permittivity (8.854× 10−12 F/m), light speed 
and ratio of carrier concentration to effective mass, 
respectively.  Fig. 7a illustrates the dependence of n2 
on 2 for all samples.  The values of lattice dielectric 
constant (L) and (N/m*) are calculated by knowing 
the intercept and slope of Fig. 7a and summarized in 
Table 1.  The results in Table 1 showed that, the 
values of lattice dielectric constant (L) are higher 
than the values of static dielectric constant (s).  This 
difference can be attributed to the contribution of the 
polarization process that occurs inside the material 
when light falls on it as well as the increase in the 
concentration of the free carriers.  Also, as is evident 
from Table 1 that E0, Ed, n0 and s values are 
increased with increasing CuCl2 content in PVA host 
matrix. This indicates an increase in the degree of 
disorder in the PVA structure as well as an increase 
in charge transfer between PVA macromolecules and 
CuCl2 [39]. 
The plasma frequency (ωp) values of PVA/CuCl2 
composite samples are calculated using the values of 
(N/m*) and summarized in Table 1, according to the 
following equation:   
 

 

Fig. 7:  a) n2 versus 2   and    b) (n2-1)-1 versus -2.     

             (12) 

Where, 0 is the permittivity constant (0= 8.854x10-

12 F m-1).  The high values of plasma frequency are 
attributed to high values of free carrier 
concentrations.  
 To estimate the static optical refractive index (n0) 
at an infinite wavelength, the Wemple-Didomenico 
formula has been modified as follows [40]: 

  (13) 

Where λ0 is the average oscillator wavelength.   
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The dispersion equation in Eq. (7) can be rewritten in 
terms of λ by using E=hc/λ, as follows: 

            (15) 

Hence, from the comparison between Eq. (14) and 
Eq. (15), we can deduce that: 
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Therefore, from Eq. (16), we can deduce that: 
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Thus Eq. (14) can be rewritten in terms average 
oscillator wavelength (λ0) and of average oscillator 
strength (s0) as follows: 
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  So, the values of (s0) and (λ0) can be 
estimated by using the values of E0 and n0 or 
experimentally by plotting (n2-1)-1 versus -2 based 
on the Eq.(18),  as shown in Fig. 7b.  By knowing the 
slope and intercept of Fig. 7b, the values of so and o 
are calculated and summarized in Table 1.  It was 
found that the values of so and o that are calculated 
in different ways are matching to each other.  
3.2: Nonlinear optical parameters 

From applications towards photonics, optical 
switching and self-focusing, investigation of 
nonlinear optical (NLO) parameters such as 
susceptibility and refractive index is essential and 
required.  When an optical field is applied to the 
material, the material is polarized, and then 
nonlinearity occurs.   Third-order nonlinear optical 
susceptibility, χ(3) and nonlinear refractive index (n2) 
are taken into consideration as a very important 
nonlinear optical parameters for many applications 
such as,  systems of capacitive communication [41]. 

According to Miller’s rule, χ(3) can be 
estimated using the following equation [42] 

  (19) 

Where A is a constant and equals to 1.79x10-10 esu 
and χ(1) is the linear optical susceptibility and given 
by 

  (20) 

Hence,  χ(3) can be expressed in the form of 

  (21) 

The values of (n2) are estimated using the values of 
(n0) and (χ(3)) based on Miller’s rule as follow: [43] 

           (22) 

The values of linear and non-linear optical parameters 
(χ(1), χ(3) ,  n2) of all samples are estimated and listed 
in Table 1.  High values of n2 indicate that the studied 
PVA/CuCl2 composite samples could be interesting 
candidates for nonlinear optical applications. 

Table 1: The optical parameters values of PVA/CuCl2 composite samples. 

 Pure PVA CuCl2 PVA/1 wt% 
CuCl2 

PVA/10 wt% 
CuCl2 

PVA/20 wt% 
CuCl2 

Absorption edge, (eV) 4.88 3.99 3.87 3.77 3.69 
Urbach tail, (eV) 3.629 2.484 4.884 5.301 5.412 
Steepness parameter, () 0.0071 0.0104 0.0052 0.0048 0.0047 
Indirect bandgap energy, (eV) 4.71 3.83 3.65 3.56 3.48 
Direct bandgap energy, (eV) 5.08 4.20 4.06 4.01 3.92 
Carbon atoms (M) 46 -- 71 73 77 
Lattice dielectric constant, L 12.86 29.51 20.21 17.22 14.68 
N/m*(m-3 kg-1) 9.97x1058 3.31x1059 1.72x1059 1.22x1059 8.74x1058 
Plasma frequency, ωp (Hz) 1.69x1016 3.09x1016 2.23x1016 1.87x1016 1.59x1016 
Oscillator energy (E0), (eV) 3.93 4.49 4.78 4.27 5.06 
Dispersion energy (Ed), (eV) 1.32 2.62 6.96 4.68 9.87 
M-1 0.580 0.762 1.205 1.047 1.396 
M-3, (eV)-2 0.037 0.037 0.052 0.057 0.054 
Static refractive index (n0) 0.668 0.791 1.226 1.048 1.474 
Static dielectric constant (s) 1.336 1.581 2.453 2.096 2.949 
Optical oscillator strength (f) 
(eV)2 

5.208 11.764 33.333 20 50 

*Average single oscillator 
wavelength (λ0) (m) 

3.15x10-7 2.75x10-7 2.59x10-7 2.90x10-7 2.45x10-7 

*Average single oscillator strength 
(s0) (m

-2) 
3.38x1012 7.64x1012 2.16x1013 1.29x1013 3.24x1013 

**Average single oscillator 
wavelength (λ0) (m) 

3.27x10-7 3.02x10-7 2.66x10-7 3.06x10-7 2.78x10-7 

**Average single oscillator 
strength (s0) (m

-2) 
2.16x1012 1.98x1012 2.05x1013 1.19x1013 2.55x1013 

Linear optical susceptibility χ(1) 2.68x10-2 4.62x10-2 11.57x10-2 8.73x10-2 15.52x10-2 
Third-order nonlinear optical 
susceptibility χ(3) (e.s.u.) 

9.24x10-17 8.21x10-16 3.21x10-14 1.04x10-14 1.03x10-13 

Nonlinear refractive index (n2) 
(e.s.u) 

5.21x10-15 3.91x10-14 9.86x10-13 3.73x10-13 2.65x10-12 

*) The values of so and o are calculated using the values of E0 and n0. 
**) The values of so and o are calculated experimentally from (n2-1)-1 vs 2 
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3.3: Optical dielectric constant and 
optical conductivity 
 The materials polarizability is related to the 
dielectric constants.  The real (') and imaginary ('’), 
(which are useful to understand the 
capacitive/resistive nature of material) parts of its 

complex (*) can be expressed as: . ' 

and '’ parts of the optical dielectric constant depend 
on the refractive index (n) and extinction coefficient 

(k) values and can be determined as: , 

whereas, .  Fig. 8(a&b) illustrated the 

variation of (') and ('’) versus the incident 
wavelength for all samples.  It is found that, ' and '’ 
have the same trend but values of ' are larger than of 
'’.  This difference in the values of ' and '’ 

demonstrates the existence of interactions between 
electrons and photons in our samples.  Increasing the 
values of optical dielectric constant of the 
PVA/CuCl2 composite samples compared to pure 
PVA confirms the occurrence of more density of 
states (DOS), resulting in increased polarization that 
enhances the dielectric constant values  [44].  The 
behavior of ' displays a wide dispersion region 
below 500 nm due to polar nature of PVA/CuCl2 
composite samples that follows the fluctuations of 
the incident electric field.  This dispersion region 
plays a vital role in optical communication as well as 
in the design of optical devices.  Higher values of 
imaginary part of optical dielectric constant ('’, 
optical loss), as shown in Fig. 8b, is attributed to the 
dipolar polarization [45]. 

Fig. 8: 
a) dielectric constant against wavelength, b) dielectric loss against wavelength and c) Photoconductivity against frequency of pure PVA/CuCl2 

composite samples.  
The optical conductivity (σop) is estimated using the 
formula, σop=ncα/4π.  Fig. 8c displays the variation 
of optical conductivity of PVA/CuCl2 composite 
samples versus wavelength. It is found that optical 
conductivity increases with increasing frequency 
and CuCl2 content in the PVA matrix.  The increase 
in the optical conductivity indicates that 
concentration of charge carriers in the PVA/CuCl2 
composite samples is increased.  On the other hand, 
the lower values of optical conductivity at lower 
frequency may be due to the less availability of 
mobile charge carriers to transport from one 
localized state to another because of the interfacial 
polarization (IP) effect [46,47].  On the other hand, 
as the frequency increases, the average charge 
carrier displacement decreases and therefore the 
conductivity will increase. 
 
4. Conclusion 
  UV-Vis spectrum of pure PVA and 
PVA/CuCl2 composite samples displayed that, pure 
PVA is characterized by an absorption band at 
278.18 nm and a little shoulder at 313.09 nm.  
These bands are assigned to -* and n-* 
transition, respectively.  The absorption band of 
pure CuCl2 is observed at 236.84 nm and attributed 
to d–d transition of free Cu2+.  The bands of pure 
PVA and CuCl2 are observed at higher wavelengths 
in PVA/CuCl2 composites samples, i.e., red shifted.  
Also, at ~ 778.07 nm a localized surface plasmon 

resonance (LSPR) band has been observed in the 
visible range of the spectra of PVA/CuCl2 
composite samples. Pure PVA showed an indirect 
and direct optical energy gap of 4.71 and 5.08 eV, 
which decreased to 3.48 and 3.92 eV after 
incorporation of CuCl2, indicating a structural 
defect in the PVA matrix. The increase of Urbach 
energy with increasing CuCl2 content confirmed 
the defects and imperfections in the semicrystalline 
structure of PVA.  It was also observed that the 
values of χ(1), χ(3) and n2 for the composite samples 
are very high compared to pure PVA.  These results 
could contribute to the development of PVA/CuCl2 
composites for using in optical sensors and 
optoelectronic devices.  Also, the values of ' and '’ 
are found to decrease with increasing the 
wavelength, while, the photoconductivity is 
increased with increasing the frequency. 
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