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ABSTRACT
 

The morphology and optical properties of doped PVA with Copper Chloride, CuCl2 have been investigated.   

The morphology of doped samples has been examined using both atomic force microscope (AFM) and 

scanning electron microscope (SEM) to investigate the effect of CuCl2 on the structure of PVA.  X-ray 

diffraction showed that the crystallinity of PVA is increased with increasing CuCl2 ratio.  In addition, FTIR 

spectra showed that, some absorbance bands such as bands of OH groups have been affected due to CuCl2 

ratio and UV irradiation.  On the other hand, the effect of CuCl2 ratio and UV irradiation on UV spectra of all 

samples has been carried out in the range from 200 to 800 nm.  It is observed that, PVA is characterized by 

two absorbance bands at 278 and 313 nm. The values of absorbance edge, Urbach energy and the direct 

energy gap of all samples have been calculated. 
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1. Introduction 

Poly (vinyl alcohol) (PVA) is considered as one of the important polymers and can be obtained in 

different forms such as, powder, film and fiber.  PVA is non-toxic, water soluble polymer with a broad range of 

applications in many fields, such as biomedicine, pharmacy, biosensors, solid-state batteries and solid-state 

electrochromic displays [1-4].  The wide applications of PVA are due to its excellent chemical and physical 

properties.   

Currently, composites have been synthesized using different polymers and dopant materials such as 

metals, oxides and inorganic salts [5-7].  As already well known, PVA has carbon chain with hydroxyl groups 

attached that can be a source of hydrogen bonding which assists the formation of polymer nano-composite.  

The incorporation of the dopants materials into polar organic polymers will produce pronounced changes in 

various properties of polymers to modify and improve its properties [8,9]. 

The investigation of optical spectroscopy gives more information about the band structure and the 

optical energy gap of the materials.  The main purpose of this work is to investigate the effect of UV irradiation 

on the structure and optical properties of pure PVA and the composite of PVA/CuCl2.  

2. Experimental Work 

PVA (Mw= 72,000) is purchased from Merck, (Germany) and Copper Chloride (CuCl2) is purchased from 

BDH Chemicals Ltd, Poole, (England).  Doped PVA samples with a different ratio of Copper Chloride (CuCl2) are 

prepared by dissolving them in distilled water at T = 333 K for 10 hr. The solution is continuously stirred using 

a hot plate with a magnetic stirrer for 6 hr to ensure a homogeneous mixture.  The solution is then cast in a 

petri dish and dried in an oven at T=333 K for 24 hr. 

X-ray diffraction pattern of all samples is carried out using Rigaku Ultima IV diffractometer with Cu–

 1.5418 Å) at 40 kV.  Atomic force microscope (AFM) is investigated using Bruker Dimension 

Icon system with Scan Asys mode (tapping).  Scanning electron microscope (SEM) is investigated using FEI 

Quanta 250 FEG.  FT-IR is investigated in the range from 400 to 4000 cm
-1

 using FT-IR spectroscopy, Mattson, 

UK.  UV spectra are carried out in the range from 200 to 800 nm by UV/VIS Unicom, Mattson, UK.   

3. Results and Discussion 

3.1: Atomic Force Microscopy (AFM) 

(a) 

 
 

(b) 
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(c) 

 

 

Fig. 1:   AFM images of:  a) Pure PVA, b) 80wt% PVA/20wt% CuCl2 and c) irradiated 80wt% 

PVA/20wt% CuCl2 doped sample. 

The surface roughness of doped PVA samples is investigated using AFM.  Fig. 1 shows AFM-3D height 

mode of PVA/CuCl2 composite film surface with different doping ratio of CuCl2.  It is found that, PVA/CuCl2 

films are characterized by different surface colors.  The ratio between bright domains area to darker domains 

area is also different, revealing that surface roughness of the polymer composite film is changed with the 

increase of CuCl2 content [10,11]. This behavior indicates that the variation of surface roughness of polymer 

composite films can be attributed to the dopant materials of CuCl2.  Different parameters such as a variation of 

average roughness, RMS of surface roughness and the average height of doped PVA samples with different 

doping concentrations are estimated from AFM data and listed in Table 1.  It is observed that, the values of 

these parameters are increased for composite samples in comparison with pure PVA.  This could be attributed 

to more nucleation sites produced by CuCl2.  The increasing of RMS roughness of highly doped sample could 

be attributed to agglomeration of CuCl2.   

Table 1.  The values of average roughness (Ra), RMS roughness (Rq) and average height (Rmax) of pure 

PVA and composite samples. 

Material Average surface 

roughness Ra 

(nm) 

RMS surface 

roughness 

Rq (nm) 

Average height 

(nm) 

Pure PVA 2.91 1.85 51.4 

20wt% CuCl2/80 wt% PVA 27.8 21.9 202 

20wt% CuCl2/80 wt% 

PVA_irradiated 

31.1 26.8 165 

3.2: Scanning Electron Microscope (SEM) 

(a) 

 

(b) 

 

(c) 

 

Fig.2:  SEM images of a) 95 wt% PVA/5wt% CuCl2, b) 80wt% PVA/20wt% CuCl2 and c) irradiated 80wt% 

PVA/20wt% CuCl2 doped sample. 



 
 

5381 

 The morphology of doped PVA samples is investigated using scanning electron microscope (SEM), as 

shown in Fig. 2. The introducing of CuCl2 into PVA changed the morphology of the PVA film.  It can be seen 

from Fig. 2a, there is a little density of CuCl2 distribution.  On the other hand, with increasing CuCl2 ratio, the 

surface morphology of composite films became uneven and formed an aggregation and dispersed in the PVA 

matrix, as observed in Fig. 2(b&c).  The change of microstructure of PVA could be related to forming 

intermolecular hydrogen bonds [12] due to the interaction between PVA segments and CuCl2. 

3.3: X-ray diffraction analysis (XRD)  

X-ray diffraction pattern of pure PVA and PVA/CuCl2 doped samples has been depicted in Fig. 3a. The 

main peak at 2θ=19.93° is observed for pure PVA characterizing the PVA crystalline phase [13], whereas, XRD 

pattern of pure CuCl2 is characterized by many sharp peaks at 20.78
0
, 28.52

0
, 32.48

0
, 35.62

0
 and 40.16

0
.  On the 

other hand, as the CuCl2 ratio is increased in PVA/CuCl2 doped samples, new sharp diffraction peaks are 

observed at 10.96
0
, 17.72

0
, 32.48

0
 and 39.75

0
, indicating the growth of CuCl2 crystallites in PVA matrix [14].  

The program Dicvol104 is used to determine unit cell parameter [15].   The best solution to index the well-

defined peaks (9) in the range 3
0
-60

0
 

78.687
0 0

 = 93.618
0
 and volume of 356.08 Å.   
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Fig. 3: XRD of: a) pure PVA and PVA-CuCl2 doped samples and b) unirradiated and irradiated 

doped sample. 

The effect of UV-irradiation is examined on XRD pattern of the highly doped sample as shown in Fig. 

3b.  It is observed that the intensity of diffraction peaks is decreased and new peaks are raised while others are 

disappeared.  This behavior could be attributed to the increase of the crosslinking induced in the polymer 

matrix which implies a presence of a strain on the crystals as a result of the formation of a three-dimensional 

network of chains.   

3.4: FT-IR Spectroscopy 

As already well known, FT-IR is used to investigate the complexation and interactions in polymeric 

materials.  Fig. 4a displays FT-IR spectra of PVA/CuCl2 composite samples in the wavenumber region from 500 

to 4000 cm
-1

.  It is observed that FT-IR spectrum of pure PVA is characterized by many absorption bands, such 

as, 848 cm
-1

 is assigned to unsaturated CH2 stretching of PVA, the bands at 1334, 1250 and 1092 cm
-1

 are due 

to the interaction between O-H bending and C-O stretching, the band at 1429 cm
-1

 is assigned to –COO- 

stretching vibrations.  In addition, IR band at 1718 cm
-1

 is assigned to C=O stretching and bands in the range 

from 3237 to 3400 cm
-1

 are assigned to (OH) intermolecular hydrogen bonding. On doping with CuCl2, the 

structure of some bands of pure PVA such as, 3298, 3237, 2938, 1718, 1429 and 1092 cm
-1

, have been shifted 

towards 3264, 3216, 1708, 1418 and 1079 cm
-1

,  as shown in Fig 4a.  On the other hand, doping with CuCl2 

http://www.sciencedirect.com/science/article/pii/S014294189800049X#BIB16
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leads to an increase in the absorbance intensity of the band at 1092 cm
-1

, which is considered as a measure of 

the crystallinity degree of PVA, as shown in Fig. 4b [16]. 
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Fig. 4: FT-IR of: a) PVA/CuCl2 doped samples, b) The absorbance intensity of 1090 cm
-1

 band versus 

CuCl2 content, c) The unirradiated and irradiated 90 wt% PVA/ 10 wt% CuCl2 and d) The absorbance intensity 

of 3365 cm
-1

 band versus irradiation time. 
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PVA/CuCl2 composite sample with CuCl2 concentration of 10 wt% is chosen as a representative 

sample, to examine the effect of UV-irradiation, as observed in Fig. 4c.  It is observed that, some bands such 

as, 3428, 3345, 2957 and 1104 cm
-1

 are shifted towards 3404, 3342, 2943 and 1094 cm
-1

 and the intensity of 

these bands is decreased with UV irradiation, indicating to the formation of crosslinking network because of 

the photochemical reaction in PVA/CuCl2 composites [2]. The observed shift in the absorption bands of OH 

groups is due to inter/intramolecular interactions in the composite materials.  This behavior could be related 

to a decrease in OH groups of the composite.  UV irradiation of PVA/CuCl2 composites with a long time results 

in a decrease in H and OH groups, leading to the reduction of water molecules content in the materials.  The 

reduction of water molecules from the composite materials affects the hydroxyl groups and forms a 

crosslinking network. Therefore, the intensity of OH group is decreased with increasing the irradiation time [2], 

as shown in Fig. 4d.              
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3.5: UV-Vis Spectroscopy 
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Fig. 5: UV spectrum of a) unirradiated and b) irradiated samples.  

Investigation of UV region is very important to know the electronic band gap of materials.  UV spectra 

of both pure PVA and doped PVA/CuCl2 materials have been carried out in the range of wavelength from 200 

to 850 nm.  It is observed that, PVA is characterized by two bands located at 278 and 313 nm, as shown in Fig. 

5a. No absorption bands are observed at higher wavelengths.  The band at 278 nm could be related to the 

absorption of the carbonyl groups conjugated with one ethylenic group of  -CO-(C=C)- and CO-(C=C)2-, 

whereas, the band at 313 nm is attributed to -CO-(C=C)3-groups [17]. 

It is observed that, pure CuCl2 is characterized by a band at 236 nm.  On the other hand, doped 

samples are characterized by three bands at 249, 292 and 375 nm.  The sharp decrease in the absorption 

spectra of pure PVA is attributed to the optical band gap of PVA and is moved to the higher wavelength for 

doped samples.  It is interesting to observe that, the highly doped samples with CuCl2 showed a broad 

absorption peak at 778 nm.  This peak is attributed to the surface plasmon resonance (SPR) of CuCl2 particles 

as a result of collective oscillation of free conduction electrons stimulated by the interacting electromagnetic 

field [18].    

Fig. 5b displays UV absorption spectra of irradiated doped samples.  It is observed that, the intensity 

of the absorption is increased and the absorption peak is shifted towards higher frequency with increasing 

irradiation time.  The absorption coefficient plays a valuable role in determining many important 

parameters such as, the absorption edge, the optical energy band gap (Eg) and Urbach energy (Eu). The optical 

absorption coefficient of all samples can be calculated using the following equation [19]. 

 
d

A
303.2  

Where, A and d are absorbance and thickness of the sample, respectively.  Fig. 6(a&c) displays the variation of 

against photon energy ( ) for all samples before and after UV irradiation.  

The values of absorption edge are estimated by extrapolating the linear portion of  versus  to zero 

absorption value and summarized in Table 2.         

 On the other hand, the optical energy band gap (Eg) values of the samples under investigation are 

calculated using the following formula [20]. 
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h

Eh
B

n

g
  

Where is the optical absorption coefficient, B is a constant and depends on the transition probability,  is 

the photon energy and n is an index depends on the nature of the transition and is related to the distribution 

of density of states.  For direct transitions, n equals to 1/2 or 3/2, whereas, for indirect transition n equals to 2 

or 3, depending on whether they are allowed or forbidden, respectively. Fig. 6(b&d) shows (
2
 against 

h  for all samples before and after UV irradiation.  The direct optical energy band gap values are calculated 

estimated from the intercept of the extrapolated linear portion of ( )
2
 on the photon energy axis, as 

shown in Fig. 6(b&d), and listed in Table 2. 
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Fig. 6: a) Optical  , 
2
 against photon energy 

pure CuCl2 and PVA/CuCl2 doped samples, c) optical 
2
 against 

and 20wt% CuCl2. 
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Table 2: The values of absorbance edge, direct energy gap and Urbach energy. 

Sample Absorbance edge (eV) Direct energy gap, (eV) Urbach energy, Eu (eV) 

 Before 

irradiation 

After 

irradiation 

Before 

irradiatio

n 

After 

irradiation 

 

Pure PVA 4.88 --- 5.08 --- 0.56 

Pure CuCl2 3.99 --- 4.20 --- 0.52 

0.1wt% CuCl2 --- 3.92 --- 4.08 --- 

1wt% CuCl2 3.87 --- 4.06 --- 0.62 

10wt%  CuCl2 3.77 3.95 4.01 4.14 0.85 

20wt%  CuCl2 3.69 3.88 3.92 4.04 0.99 

 The different calculated values of direct optical energy gap before and after UV irradiation indicate to 

the effective role of CuCl2 in improving the electronic structure of pure PVA.  It is observed that, with 

increasing dopant concentration, the direct optical energy gap is decreased.  This behavior can be explained 

based on the CuCl2 particles form charge transfer complexes in PVA matrix [21].  Hence, the electrical 

conductivity will increase by providing additional charges, resulting in a lowering in the optical energy gap.            

 As already well known, the optical  

non-

optical band gap is known as Urbach formula, which can be expressed as follows [22]: 









U

o E
h exp  

Where Eu are defined as the absorption coefficient, constant, incident photon energy and 

Urbach energy, respectively.      
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Fig.7: Variation o against t 2 composite films. 

 



 
 

5386 

The values of Urbach energy of the localized states in the optical energy gap of PVA/CuCl2 composites 

of Urbach energy are summarized in Table 2.   It is found that, values of Eu are changed from 0.56 to 0.99 eV 

with increasing the content of CuCl2, indicating to an increase in the defects in the polymer matrix will be 

occurred.  These defects can introduce localized states at or near the conduction band resulting in an increase 

in the values of Urbach energy [23]. 

4. Conclusion 

Atomic force microscope (AFM) and scanning electron microscope (SEM) have been used to investigate the 

effect of CuCl2 on the structure of PVA.   XRD revealed that, the crystallinity of PVA is increased with increasing 

CuCl2 ratio.  In addition, FTIR spectra showed that, some absorbance bands such as bands of C=O and of OH 

groups have been affected due to CuCl2 ratio and UV irradiation.  The effect of CuCl2 ratio and UV irradiation 

on UV spectra of all samples has been examined in the range from 200 to 800 nm.  It is observed that, pure 

PVA is characterized by two absorbance bands at 278 and 313 nm. On the other hand, a broad absorption 

peak at 778 nm is observed for both highly doped samples and irradiated samples.  This peak is attributed to 

the surface plasmon resonance (SPR) of CuCl2 particles.  The values of absorbance edge, direct energy gap and 

Urbach energy of all samples have been calculated.  It is found that, with increasing CuCl2 ratio, the direct 

energy gap is decreased, whereas, Urbach energy is increased.             
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