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Abstract                           
      The effect of addition of TiO2 on some optical properties of poly-methyl methacrylate has 

been studied . For this purpose , many samples have been prepared by adding TiO2 to the poly-

methyl methacrylate with different weight percentages and different thickness .The absorption 

and transmission spectra have been recorded at the wavelength ranges (300-850)nm . The 

absorption coefficient, extinction coefficient and energy gap of the indirect allowed and 

forbidden transition have been determined. Results show that the absorption coefficient and 

extinction coefficient increase and the energy gap of the indirect allowed and forbidden 

transition decreases with the wt.% content of TiO2.                              .                                          

                                                                               

 الخلاصة                                                                                                      
على بعض الخواا  البروش ة للبوالي ل يوث لي ايش . وذ ح ار نموشج   وار   TiO2 ش إضافة تم في هزا البحث دساسة تأثي    

إلووى البووالي ل يووث لي ايش . ووذ نبن ووت نص يووة لخللمووة لووا البووالي ش نباسوو اف لخللمووةحتم ت وو يث  يمووي  TiO2لنوو   باضووافة 

رووا  ن لعالووث الخ وواد ن ف ووا  (ح  ثووم ن ووت لعالووث الالل058-300)nmالاللرووا  ن النمار ووة ن ل ووذا الا ووااة ال ا يووة

الطاقة ل. لقاة غيش ال باشش ال   اح ن ال  ناعح بينذ النلواج  ا  لعالوث الاللروا  نلعالوث الخ واد  وضدادا  نف وا  الطاقوة 

 ح TiO2ل. لقاة ال باشش ال   اح نال  ناع تقث لع الن بة الاص ية ة 

 

Introduction  
     Polymeric substances make up the most important class of organic materials, technically and 

economically. The familiar plastics, fibers, clastomers and biological materials that surround us 

attest to this importance. Such substances, which are composed of great many identical groups or 

repeating units, are known as (high polymers) [1].   Polymers composed of more than one kind of 

repeating units are termed copolymers [1].  In order to fulfill the requirements of polymer industry 

many developers usually blend polymers together in order to reach an optimum balance of 

properties. this approach allows to adjust high flexibility in property and avoids development of 

new macromolecules which is generally long and expensive compared to polymer alloying [2]. 

      In the recent years conjugated, the conducting polymers have been the main focus of research 

throughout the world . Since the discovery led by 2000 chemistry Nobel winners, Shirakawa, 

MacDiarmid and Heeger , the perception that plastic could not conduct electricity has changed 

Nowadays, conducting polymers also known as conductive plastics are being developed for many 

uses such as corrosion inhibitors, compact capacitors, antistatic coating, electromagnetic shielding 

and smart windows; which capable to vary the amount of light to pass[3,4].Poly (methyl 

methacrylate) is one of the best organic optical materials, and has been widely used to make a 

variety of optical devices, such as optical lenses. It is known that its refractive index changes upon 

UV irradiation, either in the pure or doped state, which provides a means to fabricate structures, 

such as gratings or waveguides [5]. This paper deals the effect of TiO2 on the some optical 

properties of poly-methyl methacrylate.      
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Experiment 
         The materials used is poly-methyl methacrylate as matrix and TiO2 as a filler. 

      The electronic balance of accuracy 10
-4 

has been used to obtain a weight amount 1gm of TiO2 

powder and polymer powder . These were mixed by Hand Lay up and the Microscopic Examination 

used to obtain homogenized mixture . The weight percentages are ( 0 ,40, 60) wt%. The Hot Press 

method is used to press the powder mixture. The mixture of  different TiO2 percentages has been 

compacted at 165
o
C under a pressure 100 bar for 10 minutes . It was cooled to room temperature , 

the samples were disc of shape of a diameter about 15mm and thickness ranged between (2.3-

4.1)mm. The transmission and absorption spectra of PMMA-TiO2 composites have been recorded 

in the length range (300-850) nm using double-beam spectrophotometer (UV-210
o
A shimedza ).      

                                                                                                                                   

Results and Discussion 
     The optical absorbance as a function of the wavelength of the incident light for PMMA-TiO2 

composites of various filler contents is shown in figure (1) . The figure shows that the absorptance 

increases as a result of filler addition but no shift in the peak position, i.e. adding different amounts 

of filler to pure polymer does not change the chemical structure of the material but new physical 

mixture is formed. The value of absorptance is constant after 320,360,400nm respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The absorption coefficient (α) was calculated in the fundamental absorption region from the 

following equation[6]:                                                                                        

)1.......(....................303.2
d

A
 

Where : A is absorbance   and d is the thickness of sample. 

    Figure (2) shows the relationship between the absorption coefficient and photon energy of the 

PMMA-TiO2 composites, we note that the change in the absorption coefficient is small at low 

energies this indicates the possibility of electronic transitions is a few. At high energy , the change 

of absorption coefficient is large, this    
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Figure(1): Optical Absorbance for PMMA composite with          

various TiO2 concentration. 
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 indicates the large,  probability of electronic transitions are the absorption edge of the region [7]. 

The absorption coefficient helps to know the nature of electronic transitions. When the high 

absorption coefficient values  (α>10
4
cm

-1
)  at high energies , we expected direct electronic 

transitions ,and  the energy and momentum preserve of the electron and photon , when the values of 

absorption coefficient is low(α<10
4
cm

-1
) at low energies we expected in this case an indirect 

electronic transitions, the momentum of the electron and photon preserves by phonon helps[8]. The 

results showed that the values of absorption coefficient of the PMMA-TiO2 composites less than 

10
4
cm

-1
  which indicates the indirect electronic transition. The forbidden energy gap of indirect 

transition both allowed, and forbidden is calculated according to the relationship[9] :                         
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Figure (2)  the relation ship  between the absorption coefficient and 

photon energy of the PMMA- TiO2 composites 
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Where : hυ is the energy of photon , A is proportionality constant, Eg is forbidden energy gap of the 

indirect transition. 

If the value of (m=2) this indicates an allowed indirect transition . When the value of (m=3), this 

indicates forbidden indirect transition. Figure (3) shows the relationship between (αhv)
1/2 

and the 

photon energy of pure polymer(PMMA), which take the   

 

                

 

 

 

 

 

 

 

 

 

 

 

 

 

value the straight line cut oriented axis at the point (αhv)
1/2 

=0 will get the value of forbidden energy 

gap of the allowed indirect transition , which equal to ( 3.15eV ). Figure (4) and figure(5) represents 

the same relationship but to the polymer filled with (TiO2) at volume  percentages (40,60) wt.%. 

We can be obtained the value of forbidden energy gap of allowed indirect transition in the same 

way which  equals(1.8eV) for 40wt.% TiO2, and (1.65eV) for 60wt.% TiO2. We note that the           
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Figure (3) the relation ship between (αhv)
1/2 

 and photon energy of 

pure polymer (PMMA). 
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Figure (4) the relation ship between (αhv)

1/2
 and photon 

energy of PMMA- TiO2 composites  for 40wt.% LiF          
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value  of the forbidden energy gap decreases with increasing TiO2 concentration.         

 

 

 

 

 

 

 

 

 

 

 

                                                                                                                       

Figure(6) shows the relationship between the (αhv)
1/3

 and photon energy of pure polymer (PMMA). 

In the same way,  we obtain the forbidden energy gap                       

 

 

 

 

 

 

 

 

 

 

 

 

 

 Indirect transition which equals (2.95eV) . Figure (7) and figure (8) represent the same relationship 

but of the polymer filled with(TiO2) with volume percentages (40,60) wt.%. In the same way, we 

can be obtained the value                                                     

of the forbidden energy gap of the forbidden indirect transition which equal to (1.75eV) for 40wt.% 

TiO2, and ( 1.55eV  ) for 60 wt.% TiO2.                                                                       
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Figure (5) the relation ship between (αhv)

1/2
 and photon energy 

of PMMA- TiO2composites  for 60wt.% TiO2      
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 Figure (6) the relation ship between (αhv)
1/3

and photon 

energy of pure polymer (PMMA). 
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We note that the value of the energy gap decreases with increasing TiO2 concentration[10].              

                                                                                                

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(9) shows the variations of extinction coefficient (k) with wavelength of pure and doped PMMA  with 

TiO2 . k(k=αλ/4π) shows an increase with increasing fillers. The behavior of (k) can be ascribed to high 

absorption coefficient. This result indicates that the filled atoms of TiO2 will modify the structure of the host 

polymer. An interesting result is  TiO2  fills an increases the absorbance in the visible region[5].                     
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         Figure (7) the relation ship between (αhv)

1/3
 and photon energy of 

of PMMA- TiO2 composites  for 40wt.% TiO2               . 
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Figure (8) the relation ship between (αhv)
1/3

 and photon energy of 

of PMMA- TiO2 composites  for 60wt.% TiO2 
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Conclusion                                                                                                    

1. The absorption coefficient increases with increasing of the filler wt.% content. 

2. The experimental results showed that the absorption coefficient less than 10
4
cm

-1
  this indicates 

to forbidden and allowed indirect electronic transitions. 

3. The TiO2 additive changes not the nature of electronic transitions of PMMA   samples.   

4. The forbidden energy gap decreases with increasing of the wt.%. filler. 

5- The extinction coefficient increases with increasing of the wt.% filler. 
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