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Abstract Key words 
  The effect of doping by methyl red and methyl blue on the 

absorption spectra and the optical energy gap of poly (methyl 

methacrylat) PMMA film have been studied. The optical 

transmission (T%) in the wavelength range 190-900 nm for films 

deposited by using solvent casting method were measured. The 

Absorptance data reveals that the doping affected the absorption 

edge as a red and blue shift in its values. The films show indirect 

allowed interband transitions that influenced by the doping. Optical 

constants; refractive index, extinction coefficient and real and 

imaginary part of dielectric constant were calculated and correlated 

with doping. 
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190-900 nm

 

 

 

Introduction  
            Poly (methyl methacrylate) PMMA 

has considerable attention in recent year 

owing to its low cost, good tensile strength, 

and hardness, high rigidity, transparency, 

low optical loss in the visible spectrum, low 

glass temperature, good insulation   

properties and thermal  stability  dependent  

 

on tactility[1-3]. Poly methyl methacylatc 

(PMMA) used in clinical applications[4], 

and have been widely used due to attractive 



Iraqi Journal of Physics, 2014                                                                                            Ziad.T. Khodair, et  al. 

 48 

physical and optical properties decisive 

about its broad applications [5-7]. It can be 

considered as a good host for organic nano 

particle due to their high surface to bulk 

ratio which can significantly affect the 

properties of PMMA matrix [8,9]. The 

physical properties of polymers may be 

affected by doping and thickness. A graft 

copolymer is a type of branched copolymer 

with the side chain being different and 

separate from the main chain. Detailed 

studies of doped polymer with different 

dopant concentrations and thickness allow 

the possibility of choice of the desired 

properties [10]. On the other hand, methyl 

red and methyl blue is interesting in terms of 

optical, electronic and UV-absorbing 

properties [11]. 

   In this paper an attempt was introduced to 

obtain the effect of methyl red (mr) and 

methyl blue (mb) additive on the optical 

properties of PMMA. 

 

Experimental details  

          Poly (methyl methacrylate) of Sigma 

Aldrich comblt Germany, chloroform (purity 

of 99.8% HPLC), was used as a common 

solvent for both pure PMMA and (methyl 

red, methyl blue), were dissolved separately 

in chloroform  for 4 hour at room 

temperature. Appropriate mixtures of 

PMMA and 7% weight (red methyl, blue 

methyl) solutions were mixed. The solution 

was poured into flat glass plate dishes. 

Homogenous films were obtained after 

drying the solution in an oven for 24 hours. 

The thickness of the prepared films was in 

the range of 25 ± 1 µm.  

The absorbance and transmittance spectra 

were recorded using double bean schimadzu 

UV/VIS-160A in the wavelength optical a 

range 190-900 nm, the measurements were 

carried out at room temperature.  

 

Results and discussion  

          The absorption spectra of pure as well 

as Methyl Red and Methyl Blue doped 

PMMA are shown in the Fig.1. It was found 

that the absorption edge shifts towards 

higher wavelength due to doping by mr (red 

shift) and shifts towards lower wavelength 

due to doping by mb (blue shift).  

Fig.1: Absorptance of (pure and doped PMMA 

7 wt% mr and 7 wt% mb) samples. 

 

   The optical transmission spectra as a 

function of wavelength in the range of 190-

900nm is shown in Fig. 2. The data showed 

that optical transmission values of PMMA 

doped with mrare lower than the values of 

samples doped with mb, the transmittance 

was decrease with doping by methyl red 

(mr) and methyl blue (bm), the transmittance 

was decrease as the doping increase. 

The following relation was used to calculate 

the absorption coefficient (α) [12]: 

                    (1) 
t

A303.2
  

where (A) is the absorption and (t) is the 

film thickness. 

 Fig.3 shows the dependency of the 

absorption coefficient (α) on the wavelength 

for the samples. At short wavelength, (α) 
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takes higher value (α≥104) cm-1 and then 

increases with decreasing (λ) (increasing 

photon energy), and the marked increase of 

the absorption coefficient at higher energies 

may be attributed to extra transition from the 

bonding molecular orbit to nonbonding 

molecular orbit [13]. 

Fig. 2: Transmission spectra of pure and doped 

PMMA (7 wt% mr and 7 wt% mb) samples. 

Fig. 3: Absorption coefficient of pure and 

doped PMMA (7 wt% mr and 7 wt%  mb)  

samples. 

 

      The energy band gaps of these films 

were calculated with the help of the 

absorption spectra. To determinate of the 

energy band gap, (αhf)1/2  is plotted versus 

(photon energy) using the relation [14,15]. 

                       (2) 
 

αhf= const.(hf-Eg)
n 

 

where    Eg : the band-gap energy. 

              h :  blank constant. 

               f : frequency.   

The plot of the product of absorption 

coefficient and photon energy (αhf)1/2 versus 

the photon energy at room temperature 

shows a linear behavior, which can be 

considered as an evidence for indirect 

allowed transition. Extrapolation of the 

linear portion of this curve to a point  

(αhf)1/2 = 0  gives the optical energy band 

gap Eg for the pure as well as doped PMMA 

films. The existence and variation of optical 

energy gap Eg with the photon energy, as the 

methyl red and methyl blue from 0%, 7%mr, 

7%mb we obtained optical energy gap was  

4.68, 4.20 and 2.19eV, in general optical 

energy gaps decreases with doping as shown 

in Fig.4. 

The refractive index (n) can be determined 

from the reflectance (R) using the relation 

[16]: 

 (3)
2

2)1(

4
)

1

1
( k

R

R

R

R
n 









where  k° : Extinction Coefficient. 

Fig. 5 shows the variation of (n°) as function 

of wavelength (λ). It is clear that (n°) of pure 

PMMA decreases with λ, indeed (nº) 

changes from doped by methyl red and 

methyl blue, and (nº) of methyl blue higher 

than (methyl red).   

Fig. 6 shows the variation of (k°) as function 

of wavelength (λ). k° is directly proportional 

to the absorption coefficient as see in 

relation [17]: 

      (4) 




4
ok   

k° represents the imaginary part of complex 

refractive index and it can be defined as the 
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amount of energy losing as a result of 

interaction between the light and the charge 

of medium[18].  

The real dielectric constant part εr and 

imaginary dielectric constant part εi related 

to the n° and k° values. The εr and εi values 

were calculated using the form [19]:  

 
Fig. 4: Optical energy band gap of pure and 

doped PMMA (7 wt% mr and 7 wt% mb) 

samples. 

Fig. 5: Refractive index of pure and doped 

PMMA (7 wt% mr and 7 wt% mb) samples. 
 

                                    

(5) 
knr

22


        

          (6) kni 
2                                                                       

 

the real and imaginary parts dielectric 

constant for pure and doped PMMA the real 

part of it associated with the term that how 

much it will slow down the speed of light in 

the material and imaginary part gives that 

how a dielectric absorb energy from electric 

field due to dipole motion, it was clearly 

seen for both εr and εi that the value of them 

The dielectric constants consists of real part 

εr and imaginary part εi, the variations of 

them with photon energy were determined 

and shown in Fig.7 and 8. 

 

 
Fig. 6: Extinction coefficient of pure and 

doped PMMA (7 wt% mr and 7 wt% mb) 

samples. 
 

Conclusions   
              Pure PMMA and methyl red, 

methyl blue doped PMMA have been 

prepared successfully by casting method, 

The Absorptance data reveals that the 

doping affected the absorption edge as a red 

and blue shift in its values from 0%, 7% mr 
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and 7% mb we obtained optical energy gap 

was 4.68, 4.20 and 2.19eV, In general 

optical energy gaps decreases with doping.  

 
Fig. 7: εr of pure and doped PMMA (7 wt% mr 

and 7 wt% mb) samples. 
 

 
Fig. 8: εi of pure and doped PMMA (7 wt% mr 

and 7 wt% mb) samples. 
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