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ABSTRACT 
  

The dielectric and optical properties of pristine of malachite green-doped as additives 75/25 wt% Poly 
methyl methacrylate / Poly vinyl acetate blends and undoped with γ-irradiated effect were investigated. A 
significant increase in dielectric constant values was observed for irradiated samples doped with malachite green 
at most temperature points compared to their counterparts for undoped samples. The relaxation peak that 
appeared in the dielectric loss curve at 347 K for pristine doped sample is related to the local dipoles present in 
the dye material. The lower value of activation energy associated with the dipoles for 50 kGy irradiated undoped 
blend sample indicates that the degradation is the predominant process. Analysis of UV-visible spectra for 
irradiated undoped blend samples showed that the absorption edge and band tail values are lower than the values 
of pristine sample, which confirm that the degradation process is the predominant one. On the other side, the 
absorption edge and band tail values for doped blend sample with malachite green were nearly constant with 
various γ-doses. This reflects that the addition of malachite green to 25wt% PVAc content blend sample makes 
it more resistant to γ-radiolysis. The calculated values of refractive indices for pristine and γ-irradiated undoped 
blend samples were found in the range (1.38-1.53). 
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Introduction 
 

Polymer blend is an economical method to obtain new polymeric materials that exhibit desirable and 
exclusive properties which depend upon the characteristics of base components and their miscibility (Olabisi et 
al., 1979). Poly methyl methacrylate (PMMA) is one of the very useful base polymers; it is an organic 
amorphous hard polymer with stable properties. It is optically transparent with good rigidity; hence it is widely 
used in the construction of many optical devices, such as optical lenses and in medical applications, particularly 
for hard tissue repairs and regeneration (Zidan and Abdelrazek, 2005). Poly vinyl acetate (PVAc) is being used 
in the manufacture of emulsion paints, varnishes and adhesives (Matoso and Cadore, 2008). In cosmetics, it has 
been applied as a binder, emulsion stabilizer and hair fixative (Anderson, 1996). These two polymers, PMMA 
and PVAc have a quite contrasting thermal properties; PMMA has poor thermal stability that restrains its use in 
applications at high temperature (Hsu-Chiang et al., 2009) while PVAc has a relatively high thermal stability. 
Many investigations have been reported about the behavior of   PMMA/ PVAc blends (Hakim et al., 2015; 
Bhadra et al., 2014; Thekkayila et al., 2014; Khattari et al., 2012; Abd El-Kader et al., 2013). 
         Dielectric relaxation analysis of polymer can contribute to the understanding of the cooperative motion, 
because of its link to the movements of dipoles. The relaxation spectrum reflects the state of the molecular 
dynamics of the segments, or group of segments, in the environment of other dipoles, or of nonpolar segments 
and heterogeneous or homogeneous domains (Einfeldt et al., 2003; Laredo et al., 2009; Abd El-Kader and 
Ragab, 2003). Optical absorption in the range of UV/visible spectra has proved to be very useful for elucidation 
of the electronic structure of materials and the energy gap in crystalline and non-crystalline materials. The 
evaluation of the optical constants for polymeric material is of considerable importance for applications in 
integrated optic devices such as switches, filters and modulators (Ilican et al., 2006; Salafsky, 2007).  

Dye-polymer composites have received considerable attention as potential electro-optic materials 
(Gustafik et al., 2004). Malachite green (MG) is a basic organic dye and water soluble that dissociate into anion 
and colored cation. The effects of radiation on the chemical and physical properties of polymers attracted some 
attention in recent research (El-Naggar et al., 1990; Sasuga et al., 1985; Woods and Pikaev,1994; Sasuga et al., 
1987; El-Naggar et al., 1989; Senna et al., 2000; Fischer et al., 1998). The predominance of either of 
crosslinking and the oxidative degradation processes seems to be related to the amount of oxygen available on 
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the material and the capability to replace the oxygen (Cota et al., 2007), as it is consumed by chemical reactions, 
with radicals produced during irradiation. 

The objective of this current work was to investigate the influence of γ-irradiation and MG additive on the 
dielectric and optical properties of 75/25 wt/wt% PMMA/PVAc blend. In this approach, both frequency and 
temperature were varied for dielectric spectroscopy so that a range of molecular motilities' can be examined. 
Also, the optical parameters such as absorption edge, band tail and refractive index, also to wide applications in 
the shielding effect for the investigated samples have been studied. 

  
Experimental and Techniques 
 

The material used for this work were Poly methyl methacrylate (PMMA) (MW=120,000), vinyl acetate 
(PVAc) (MW=170,000) and MG. PMMA and PVAc were obtained from Aldrich Co. and Across Organic 
respectively while MG was obtained from Cambrian Chemicals. 

 The preparation of the basic sample involved mixing PMMA and PVAc powders together with weight 
percentage 75/25 wt% PMMA/PVAc followed by dissolution in chloroform using a magnetic stirrer for 8h 
continuously to obtain a homogeneous mixture at room temperature. This solution was cast in stainless steel 
Petri dish to form thin samples which were dried in air at room temperature for about 24 h until the solvent had 
completely evaporated. Malachite green of concentration 0.05 wt % was added to the original PMMA/PVAc 
mixed solution to produce another set of samples. The samples of 75/25 wt% PMMA/PVAc undoped and doped 
with MG were irradiated by different γ-doses in the range 5 to 100kGy using 60Co source with a dose rate of 8.6 
kGy/h at room temperature as shown in Table (1).  

The obtained films were cut into slabs and prepared to fit into the cells of the measuring techniques. The 
thickness of the films were measured with the aid of a precision digital micrometer (Digenetic Indicator, 
Mitutyo Corporation, Japan) to the nearest 0.001mm (±5%) at five random locations on the film. The mean 
value of the readings for each sample was used in the calculations of the dielectric constants. Measurements of 
dielectric constant (ε') and dielectric loss (ε") in the frequency range 500 Hz to 100 kHz and a controlled 
temperature range from 303 to 393 K were carried out by measuring the capacitance C of the sample using  
Fluke PM 6304/021 programmable automatic RCL meter (Germany) . The UV/visible absorption of the samples 
was performed using a Perkin Elmer 4β spectrometer over the wavelength range from 200 up to 800 nm. All 
dielectric and optical measurements were carried out 24h after irradiation and repeated several times to ensure 
the reproducibility of data. 

 
Results and Discussion 

I- Dielectric properties 
 

The dependence of dielectric constant on temperature for pristine and irradiated PMMA/PVAc undoped 
blend samples with γ-doses in the range 5-100 kGy at 1 kHz as shown in figure (1). It is clear that the pristine 
blend sample curve contain a shoulder at 335 K which disappeared for γ-irradiated samples. In addition, ε' 
increases as temperature increase for all investigated samples. The highest values of ε' in the tested temperature 
range is for 50 kGy dose and the lowest is for zero kGy dose at temperatures below 373 K. PMMA is a radiation 
degradable type of a polymer that does not form a network structure under irradiation conditions. G(S) and G(X) 
values are the number of scissions and cross-links for 100 eV of energy absorbed respectively. For PMMA, 
chain scission G(S) is between 1.22–3.5 and for cross-linking G(X) is less than 0.5. For PVAc, G(S) and G(X) 
values are 0.06–0.17 and 0.1– 0.3 respectively (Shultz, 1986). The mechanisms associated with the chain 
scission of PMMA are postulated to occur through the formation of unsaturated sites, which are sensitive to 
radiation and leading to carbon compounds. In contrast, cross-linking of PVAc occurs through the formation of 
free radicals on the backbone of the polymer, which subsequently form a network structure. Accordingly, the 
high ratio of PMMA in the investigated blend sample exhibits the predominance of oxidative degradation over 
cross-linking mechanisms. As a rule, cross-linking and degradation occur simultaneously, however, the ratio of 
their rates depends on chemical structure of the polymer, its physical state and the irradiation conditions. 
The inset of Fig.1 shows the variation of ε' at room temperature and 373 K with different gamma doses. It is 
clear that the ε' at room temperature increases with increasing gamma dose then decrease at 100 kGy, but it is 
still higher than the value for the pristine sample. The induced radiation effect on a polymeric material is to 
introduce new dipoles or cause changes in the dynamics of the existing dipoles resulting an increase to the 
values of ε'. Remarkable increase in the dielectric constant is attributed to the creation of carbonyl groups, which 
are highly polar (Cygan and Laghari, 1989; Gaafar et al., 1994). At relatively higher degradation level, 100 kGy 
γ-doses, the generation of free radicals and mobile kinetic species as a result of the irradiation will increase the 
disorder inside the blend sample. This perturbed the orientation of dipoles and decreases the permittivity of 
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irradiated PMMA/PVAc blend sample. However, it is noted that ε' at 373 K shows irregular behavior with the 
gamma doses due to the joint effects of both temperature and γ-irradiation. 
 

 
   

Figure 2 shows the behavior of the dielectric constant of the pristine and γ-irradiated PMMA/PVAc blend 
samples in the frequency range 500 Hz to 100 kHz and at temperatures 303, 323, 353 and 373 K. In general, the 
dielectric constant decreases with the increasing frequency for all samples, such behavior is consistent with the 
characteristics of polar dielectric materials. The results show that the rate of the dielectric decrement with 
frequency depends on both the temperature and γ-doses. This dispersion may be attributed to the presence of 
large polymer domains caused by ordered segments entangling on themselves giving rise to heterogeneous 
regions in the irradiated blend system. 

Figure 3 shows the temperature dependence of dielectric constant for pristine and γ-irradiated 
PMMA/PVAc blend samples doped with malachite green at frequency 1 kHz. The pristine sample has a peak at 
T=347 K but with 5 kGy this peak shifts to a higher temperature T=363 K and becomes more broad; however 
such peak does not exist for samples with relatively higher γ-doses. The disappearance of the peak at γ-dose 
higher than 5 kGy may be attributed to structural changes in the polyblend network doped with dye, probably 
molecular and crystallographic rearrangement. The values of the dielectric constant for most irradiated doped 
samples are higher than those of the irradiated undoped samples at most temperatures. The large size of 
malachite green molecule compared to that of the side groups of the polyblend polymers tends to maintain a 
considerable free volume. Thus, it reduces the steric hindrance to the side group motion and consequently 
increases the dielectric constant. Also, an enhanced mobility of the chain backbone allowed by the so-called 
internal plasticization phenomena which lead to reduction in the interchain actions could be achieved by dye 
addition. Moreover, it is known that phenyl rings of malachite green rotate diffusively in solid polymers and 
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quite rapidly even at low temperature (Abeddin et al., 1995). Therefore, the polar groups contained in the dye 
can be contributing to the polarization process. These factors lead to an increase in the magnitude of ε'. The 
frequency dependence of dielectric constant of the pristine and γ-irradiated 75/25 wt% PMMA/PVAc blend 
samples doped with malachite green exhibited the same dispersion behavior for the undoped blend samples but 
differ only in their rate of dispersion (Figure not shown). 
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Figure 4 represents the variation of dielectric loss factor with temperature at 1 kHz for pristine and 
irradiated PMMA/PVAc undoped blend samples with γ-doses in the range 5-100 kGy. It can be seen that the 
ε"(T) curves for all irradiated samples contain α-relaxation, simulated by broad peaks, similar to that of the 
pristine sample. The temperature position of this relaxation peak for pristine sample is close to the glass 
transition temperature Tg=363 K in the DTA thermogram reported previously by Abd El-Kader et al. ( 2012). 
However, the position of α-relaxation peak for irradiated samples is shifted towards a lower temperature when 
compared with the pristine one. Also, the values of ε" of irradiated samples are lower than those for the pristine 
sample at most of the temperature range. It is also noticed that the dielectric loss value for the irradiated sample 
at 50 kGy γ-dose is the highest one in the measured temperature range compared to the other irradiated samples. 
These results indicate that γ-irradiation causes induced changes in the orientation and microstructure of 75/25 
wt/wt% PMMA/PVAc blend matrix. 

Figure 5 shows the dielectric loss factor as a function of the frequency at temperatures of 303, 323, 353 
and 373 K for pristine and γ-irradiated PMMA/PVAc blend samples at 50 kGy γ-dose. It is recognized that all 
the ε"(f) curves have the usual shape of the dielectric relaxation of amorphous polymers. These curves exhibit 
distinct loss peaks with increasing frequency and as the temperature increases the ε"max shifts toward higher 
frequencies. The shift in the frequency of the maximum in dielectric loss factor with isothermal temperature can 
be used to construct Arrhenius plots for pristine and irradiated samples which are represented by; 
  fm= fo exp (-Ea/KBT) …………………………………………………………………………………………..  (1) 
where fm is the frequency at the relaxation peak, fo is a constant, KB is the Boltzmann constant and Ea is the 
activation energy of the relaxation process. Hence, Ea can be calculated by determining the slope of the relation 
between 1000/T and log fm, as shown in the inset of    Fig. 5. The activation energies for the pristine and 
irradiated sample of 50 kGy γ-doses are 0.85 and 0.74 eV respectively. The lower value of activation energy 
associated with the dipoles for the irradiated sample indicates that the degradation is the predominant process in 
this sample and the dipoles become more freely.  

Figure 6 shows the temperature dependence on the dielectric loss factor at 1 kHz for pristine and γ-
irradiated PMMA/PVAc blend sample doped with malachite green. For the doped pristine sample, the ε"(T) 
curve shows an intense peak at T = 347 K which is not seen in the results of the pristine undoped sample. This 
relaxation peak seems to be probably related to the local dipoles that are present in the dye material. For all 
irradiated samples this peak takes the shape of a shoulder. This change of shape of the relaxation peak with 
irradiation may be attributed to microstructure change in the amorphous phase and the phase boundaries (Fu, et 
al., 2007; Suljovrujic et al., 1999). The disappearance of α-relaxation peak is attributed to that the dye forms a 
donor-acceptor complex with polyblend matrix which hinders their segmental motion. Also, It can be seen that 
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there is a slight upturn in the ε"(T) curves at high temperature as a result of increased  ionic mobility in the 
disordered structure of the doped blend material, which is strongly related to the dc conductivity in the 
polymeric system (Einfeldt et al., 2001; Said  et al., 2006; Zou et al., 2006).  

The dielectric loss factor as a function of frequency at different temperatures; 303, 323, 353 and 373 K 
for the pristine and 50 kGy γ-irradiated samples doped with malachite green is displayed in Fig.7. It shows no 
definite relaxation modes in the pristine and γ-irradiated samples. This result may be attributed to that the 
relaxation times of pristine and irradiated samples doped with dye are out of the studied frequency range.  
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II-  Optical properties 
1- UV/visible spectra 
      The optical absorption spectra in the wavelength range of 200-800 nm for 75/25 wt% PMMA/PVAc before 
and after γ-irradiation in the range of 5-100 kGy are shown in Fig. 8. For the pristine undoped blend sample, an 
intense absorption band appears at 220 nm which has been due to the presence of chromophoric groups. The 
spectra of irradiated samples from 5 to 50 kGy show absorption bands within the wavelength range of 200-240 
nm and have shown approximately the same behavior. While the spectrum of irradiated sample at 100 kGy 
shows a broad absorption band centered at nearly the same position of the other irradiated sample, in addition, a 
little shoulder-like band at 280 nm. Also, it is clear from Fig. 8 that the absorbance values for irradiated samples 
at 5, 10, 20 and 50 kGy are higher than the pristine sample, while the absorbance value for irradiated samples at 
100 kGy is lower than the pristine one. Therefore, the decrease of absorbance value for irradiated sample at 100 
kGy  and the appearance of the shoulder-like band at 280 nm compared to other samples are mainly due to a 
degradation process and the forming of a new structure.  
          Figure 9 gives the UV/visible spectra in the range of 200-800 nm for pristine and γ-irradiated 
PMMA/PVAc samples doped with malachite green. For the pristine sample, an intense absorption bands exist 
around 210 and 630 nm in addition to several small absorption bands appearing at nearly 320 and 430 nm as 
well as shoulder-like band at 265 nm. These bands may be due to the transition from the valence band to the two 
bipolaron states formed by the doping in a polyblend system. The behavior and position of the absorption bands 
for all irradiated samples with γ-rays are found to be similar to those of the pristine sample, but they vary in 
intensity of absorbance. Also, there is a disappearance of the shoulder-like band which observed in the pristine 
sample. 
 
 2- Optical Parameters 
         The absorption coefficient α (υ) can be directly determined from the optical transmittance spectra relation,    
α = (2.303/d) log (1/T) ………………………………………………………………………………………….(2) 
 where T is the transmittance and d is the thickness of the sample. The calculated values of the absorption 
coefficient are relatively small (~ 50-1800 cm-1) which are similar to those of most-carrier concentration of 
amorphous materials. Therefore, the undoped samples under investigation are considered weakly absorbing. 
Plots of the absorption coefficient against the photon energy for pristine and irradiated PMMA/PVAc blend 
samples are shown in Fig. 10. The absorption coefficient (α) for the irradiated samples is seen to exhibit a steep 
rise near the absorption edge while a straight line relationship is observed in the high α-region. This trend 
resembles approximately the behavior of the pristine sample. The intercept of extrapolation to zero absorption 
with the photon energy axis were taken as the values of the absorption edge and are given in Table 1. The values 
of absorption edge for all irradiated samples are lower than that of the pristine sample. 
The absorption edge as described for many amorphous materials, most commonly, follows the Urbach equation 
(Urbach, 1953) ;  α = αo exp (hυ/Ee) ………………………………………………………………………  (3)  
where αo is constant and Ee is the width of the tail of localized states in the band gap. The verification of Urbach 
formula is obtained by examining the relation between ln(α) and hυ for irradiated 75/25 wt/wt% PMMA/PVAc 
blend sample at various γ-doses (inset of Fig. 10). Best fit linear approximation is also superimposed on the data 
points. The values of the band tail Ee are obtained from the slope of the straight lines as listed in Table 1. The 
calculated values of the band tail at different γ-doses indicate that they are lower than those of the pristine 
sample. This may be attributed to the degradation process which includes the displacement of some atoms in the 
molecular structure of the polyblend samples (Lim et al., 1990; El-Sayed et al., 2003) .   
The refractive index (n) is another important parameter here, if multiple reflections are neglected, reflectance 
(R) is obtained from the transmittance (T) data using the following relation:   
R = 1-[T exp(αd)]1/2 ……………………………………………………………………………………………   (4) 
         Also, the reflectance of light is described by Fresnel equation as follow; 
R = [(n-1)2+K2]/[(n+1)2+K2] …………………………………………………………………………………  (5) 
where K is the extinction coefficient; K=αλ/4π

 

where λ is the wavelength. The calculated values of K for the 
investigated samples are found to be in the range (2×10-4 to 3×10-3 ). Since K2<<n2-1 so equation (5) reduces to;  
   n = [(1+R1/2)]/[(1-R1/2)]  ……………………………………………………………………………………...(6) 
        The spectral dispersion of the refractive index for irradiated PMMA/PVAc at various γ-doses is shown in 
Fig. 11. The values of no (at zero frequency) for irradiated PMMA/PVAc blend samples are deduced and 
presented in Table 2. The inset in Fig. 11 shows that the value of refractive index for irradiated samples at 5, 10 
and 20 kGy are higher than that of pristine sample, while the values for irradiated samples at 50 and 100 kGy 
are lower than that of the pristine one. This irregular change of no may arise from various factors among them; 
density, electronic structure and the presence of defects which are induced by γ-irradiation through the 
compromise between the degradation and the crosslinking processes. 
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Table 1: Values of absorption edge and energy band tail of pristine and irradiated 75/25 wt % PMMA/PVAc blend sample 

at different γ- doses. 
γ-dose     (kGy) Absorption edge (eV)  Band tail (eV) 

0 5.05 1.79 
5 5.01 1.02 

10 4.92 1.32 
20 4.95 0.96 
50 4.12 0.95 

100 4.52 1.01 

 
Table 2: The variation of refractive indices of pristine and irradiated 75/25 wt% PMMA/PVAc blend sample at different γ-

doses. 
γ-dose     (kGy) no±0.01 

0 1.42 
5 1.46 

10 1.47 
20 1.53 
50 1.38 

100 1.40 

         
 The optical parameters such as the absorption edge and the band tail for pristine and γ-irradiated blend samples 
doped with malachite green are obtained from Fig. 12. It is clear from the Figure that the values of the 
absorption edge and the band tail for the pristine and γ-irradiated samples are nearly constant with various γ-
doses (4.80 eV and 0.63 eV respectively). The similarity of optical parameters for the pristine and    γ-irradiated 
samples indicates that mixing malachite green with polyblend polymer causes it to be more resistant to γ-
radiolysis than the undoped samples. 
         In the present work the curves of refractive indices for pristine and γ-irradiated samples doped with 
malachite green are omitted since the transmittance is very small and uncertainty is not assured, hence the errors 
in the determination of n would be significant. 
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Conclusions 
 

This study showed that the dielectric and optical properties of 75/25 wt% PMMA/PVAc blend sample is 
significantly influenced by the addition of malachite green and γ-irradiation. For irradiated undoped samples, 
the values of ε' at room temperature are higher than the values for the pristine sample which indicate that 
irradiation in air enhances oxidations resulting in increase of polar groups. Also, the lower value of the 
activation energy for the undoped irradiated sample at 50 kGy suggests that the degradation is the predominant 
process in this sample. The addition of malachite green to the blend sample creates relaxation peak at 347 K. 
This relaxation peak related to the local dipoles that are present in the malachite green material. The equally 
values of the absorption edge and band tail for the pristine and irradiated blend samples doped with malachite 
green indicate that the addition of malachite green to the polyblend sample made it more resistant to γ-
radiolysis. This indicates that the addition of MG to the blend sample is suitable for insulating purposes and 
long-term technical applications in radiation environment.  
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