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Abstract 

Polyvinyl Pyrrolidone (PVP), Carboxymethyl Chitosan (CMCH) films and their 50/50(wt/wt 

%)(PVP/CMCH) blend sample were prepared using casting technique. X-ray diffraction technique 

revealed that, the prepared samples were miscible. The optical absorption was recorded at room 

temperature in the wavelength range of 190-800 nm. Fitting of absorbance data proved that the transition 

is indirect allowed with optical band gap, Eopt, of 3.60 eV for pure PVP film and 3.94eVfor pure CMCH. 

The blend sample containing 50wt% PVP has an optical band gapand band tail with 3.80and 

0.40eV.Variation of optical band gap and band tail values under blending of pure polymers gives an 

indication of structural modification of blends. Optical parameters such as refractive index, complex 

dielectric constant and color parameters were studied.  
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1. Introduction 

One of the most important techniques in 

polymer science is blending. It is an attractive, 

simple, and inexpensive technique for 

producing new polymeric material with tailored 

performance without completely synthesis of 

new materials [1].  

 

Polyvinyl pyrrolidone (PVP) is an 

amorphous water soluble, inert, nontoxic, 

conjugated polymer. It has good environmental 

stability, easy process situation, excellent 

transparency, excellent biocompatibility and 

surface activity. It has several pharmaceutical 

applications [2] and has been used as lubricant 

and as a main component of temporary skin 

covers or wound dressings [3]. In addition, PVP 

has the ability for complex formation through 

hydrogen bond between its carbonyl group and 

hydroxyl containing polymers such as 
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carboxymethyl chitosan and polyvinyl alcohol 

[4,5]. 

 

Carboxymethyl chitosan (CMCH) is water-

soluble polysaccharide, has some unique 

properties such as high viscosity, large 

hydrodynamic volume, low toxicity, 

biocompatibility, antibacterial properties, 

antitumor activities and film and gel-forming 

capabilities, it is also has several applications, 

e.g., production of super absorbents, chelating 

agents, and bio-sorbents for wastewater 

treatment [6-8].CMCH films also are usually 

used as wound dressing (i.e, artificial 

skin),packaging films and coatings[6, 9]. 

The aim of the present work is to achieve blends 

with enhanced optical properties in order to use 

them in industrial applications such as, displays, 

electronic and optoelectronic devices.  

 

2. Experimental 

2.1 Samples preparation 

 

PVP with average FW approximately 40000 

was supplied by Fisher Scientific, Fisher 

Chemicals, USA. Carboxymethyl Chitosan with 

molecular weight (249.1)n was supplied by 

Santa Cruz biotechnology, Germany. The 

solution method was used to obtain film 

samples. Weighed amounts of PVP and CMCH 

were dissolved in double distilled water at room 

temperature using a magnetic stirrer. Solutions 

of the two polymers were mixed together with 

different weight percentages to give the blend 

system xPVP-(100-x) CMCH; (x= 100, 50,0 wt 

%)  and samples are designated as P100,P50 and 

P0  respectively. Films of suitable thickness (~ 

75μm) were casted onto stainless steel Petri 

dishes, and then dried in an ovenat50oC for 

about 24 hours until solvent was completely 

evaporated.  

  

2.2.Spectroscopic measurements 

X-ray diffraction analysis of the samples is 

carried out with a Bruker AXS D8 Discover 

diffractometer with GADDS (General Area 

Detector Diffraction System) operating with a 

Cu-K radiation source filtered with a graphite 

monochromator (λ=1.5406 Å). 

The absorption measurements were performed 

using Evolution E220 spectrophotometer over 

the range of 190-800 nm. The color parameters 

and color difference data were calculated using 

the CIEL*u*v* system  

 

3. Results and discussion 

3.1 X-Ray diffraction profiles 
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X-ray diffraction (XRD) was performed to 

discover the amorphous and crystalline portions 

of PVP, CMCH and their blend sample. Fig.1 

shows the typical XRD pattern of PVP, CMCH 

and P50 blend sample.  

 

Fig.1 X-ray diffraction profiles of  xPVP - (100-x) 

CMCH polymer blend system. 

The diffraction patterns showed that there is no 

sharp or narrow peak for CMCH and PVP 

indicating an amorphous nature. For the pure 

PVP (P100 sample), there are two peaks at 

around 2θ=11.3° and 21.69° with high intensity. 

The CMCH pure polymer (Po sample) exhibits 

two peaks at 20.24° and 30.28° and this is in a 

good agreement with literature [10]. For blend 

P50 blend sample, three peaks with small 

intensity appeared around 2θ=11.4°, 20.59° and 

29.8°.From these observations one can conclude 

that, there is a certain level of miscibility 

between PVP and CMCH[11]. 

3.2Optical properties  

3.2.1Optical absorbance spectra 

Figure 2 shows the absorbance spectrum of 

xPVP - (100-x) CMCH polymer blend system 

from190-800 nm. The spectrum of Pure PVP 

(P100 sample) shows a shoulder like band at 206 

nm and a band at 230 nm. 

 

Fig.2 Absorbance spectra of  xPVP - (100-x) CMCH 

polymer blend system 

The observed shoulder and band may be 

attributed to π→π*and n →π* electronic 

transitions respectively. In case of P50 sample 

the position of shoulder is approximately 

unchanged; on the other hand this shoulder 

located at 202 nm for CMCH sample (P0 

sample).For P50 sample, a blue shift occurs for 

the band and this band disappears for P0 sample. 

It is observed that CMCH has lower absorbance 

values than other samples and PVP has the 

largest absorbance among employed samples in 

the wavelength range (190-300 nm). The P50 

sample has highest absorbance in visible region 

than other samples. The change in absorbance 

with composition is an indication of bonding 

between PVP and CMCH polymers .This 

bonding can occur through carbonyl group of 

PVP and hydroxyl group of CMCH [4,12]. 

 

 

3.2.2. Optical parameters 
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The absorption coefficient, α (ν) below and near 

the absorption edge is related to absorbance 

through the relation: 

𝜶(𝝂) =
𝒍𝒐𝒈(

𝟏

𝑻
)

𝒕
     (1) 

Where T is transmittance and t is the film 

thickness. 

The observed shift in the fundamental 

absorption edge of UV-visible spectral range 

can be related to the optical band gap by Tauc’s 

expression [13, 14]: 

)2()()( q

gEECE 
                                      

 

where C is constant  called band tailing 

parameter; E is the energy of incident photon ;Eg 

is the optical band gap energy and q is the index 

such that q = 2, 3, 1/2, 1/3,that corresponds to 

indirect allowed, indirect forbidden, direct 

allowed and direct forbidden transitions, 

respectively. 

Eq.2 as a function of wavelength (λ) can be 

written as[15]: 

      

(3) 

Where λg, is the wavelength corresponding to 

the optical band gap, and c is velocity of light. 

Using Eq.1, Eq.3 can be rewritten as: 

21 )
11

(
)(

SS
A q

g


lll

l
(4) 

Where 1S  and S2 are constants. The parameter 

λg is obtained by extrapolating the linear 

portions of the l
l

/1)( /1 vs
A q curve at

0)( /1 qA

l
. 

It was observed that the best fitting occurs for 

q=2 and this corresponds to indirect allowed 

transition (Fig.3).  

 

ASF plots of  xPVP - (100-x) CMCH polymer blend 

system 

It is observed that the optical energy gap values 

of blend sample is higher than that of PVP and 

lower than that of CMCH(Table 1). 

The variation of band gap for blend is attributed 

to the structural and chemical bonds formation 

and this may suggest that there is a certain 

degree of miscibility in the blend due to the 

interaction between carbonyl groups or pyridine 

ring of PVP and hydroxyl groups of CMCH 

Table1. Values of optical band gap (Eopt),Urbach energy (Ee), high wavelength 

refractive index (no) and number of carbon atoms (M) per carbonaceous cluster for 

xPVP- (100-x) CMCH polymer blend system  

 

 polymers, respectively [16].Further, the values 

of optical band gap can be correlated to the 

number of carbon atoms per molecule through 

the expression [ 17] 
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3.34

( 2

gE
M 

 

Where M is the number of carbon atoms in 

carbonaceous cluster.  The values of M for PVP 

and CMCH are about 91, 76 respectively (Table 

2). For blend sample the value of M is between 

those of homopolymers and this can be 

correlated to the increased conjugation in 

monomer units of PVP and CMCH matrices 

after blending [18]. 

The band tail of localized states as stated by 

Urbach can be written as [19]  

)6()( eE

h

Fe



   

The width of the band tails (Ee) associated with 

valence band and conduction bands was 

believed to be originated from the same 

physical origin [14]. In terms of absorbance 

Eq.6 can be written as: 

)7()( eE

hc

DeA
ll                                                        

Where D is constant (=Ft/2.303). Obtaining the 

slope of linear regions of ln (A) vs. 1/λ curves 

(Fig.4), the (Ee) values were calculated (Table 

2). 

 

Fig.4 Plots of ln (A) vs. (1/l) for  xPVP - (100-x) CMCH 

polymer blend system 

 

It is noted that the P0 sample has the largest tail 

width (Ee = 0.63eV), and P100 sample has the 

lowest value (0.31eV). For blend sample the 

value of tail width is between these values. The 

tail width gives an indication about disorder in 

samples and it’s variation with composition 

could be attributed to miscibility between 

homopolymers. We also conclude that the 

blending process produces compounds with 

modified structural and optical properties. 

 

3.2.3. Refractive index dispersion 

The values of refractive index n and extinction 

coefficient k have been calculated using the 

theory of reflectivity of light [20, 21] 
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where k= αλ/4π is the extinction coefficient of 

the material. The dispersion of refractive for 

homopolymers and their blends is shown in 

Fig.5. 
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Fig.5 Variation of refractive index (n) with wavelength( 

λ) for  xPVP - (100-x) CMCH polymer blend system 

It is clear that the P50 blend sample has largest 

refractive index among the employed samples in 

the wavelength range 539-800 nm and this can 

be attributed to the reduction in free volume in 

the polymer sample as a result of blending [22]. 

3.2.4. Dielectric function 

The real and imaginary parts of the complex 

dielectric function are related to the refractive 

index through the following expressions [23] 

)9()()()( 22 lll kn     

    

)10()()(2)( lll kn   

  

 

 

Fig.6 Plots of (a) dielectric constant , (b) dielectric loss 

versus photon energy (hν)for  xPVP - (100-x) CMCH 

polymer blend system 

 

 

A relaxation peak is observed in  spectra at 

certain energies (larger than optical band gap 

values) as shown in (Fig. 6(a, b)).The dielectric 

constant and loss for P100 sample has larger 

values than other samples. The modification 

for pure polymers due to blending occurs via 

interaction through some functional groups 

such as carbonyl and hydroxyl groups on both 

polymers [16] and this can enhance the 

polarization processes in the samples and affect 

the dielectric parameters. 

3.3.5. Color study 

Tristimulus curves (Fig.7) show two peaks at 

about 560nm (higher intensity) and 470nm 

(lower intensity). Also it is observed that 

Yt(max) varies with composition and P100 

sample has higher (Yt) values over all 

wavelength range for all samples. 
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Fig.7 Tristimulus transmittance of  xPVP - (100-x) 

CMCH polymer blend system 

 

The color parameters L*, U*, V*, hue, W, Ye 

[24] and color difference data, ∆L*, ∆U*, ∆V*,  

Table 2. Color parameters for xPVP- (100-x) CMCH polymer 

blend system 

 

∆C*, and ∆E between blend samples and Pure  

PVP sample is shown in Table 2. It is observed 

that the P100 sample is lighter than all other 

samples. Also the P50 sample is greener, bluer 

and brighter than other samples. Also it has the 

highest total color difference value among all 

employed samples. The observed changes in the 

color parameters for polymer blend sample 

maybe due to the formation of new color 

centers. 

 

4. Conclusions 

PVP/CMCH blend system has been prepared by 

casting technique. XRD technique revealed that 

the prepared blends are miscible. Optical band 

gap, band tail width and refractive index are 

remarkably influenced by blending.The 

variation of optical and color parameters enables 

us to use these samples inelectronic and 

optoelectronic devices.  
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