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Abstract 

     In this study, we investigated the effect of Bromocresol green dye (BCG) of the 

PMMA thin films optical properties. Films of Poly Methyl Methacrylate doped by 

10% BCG doping ratio to prepared two concentrations 2x10
-4 

and 6x10
-4

 M of 

PMMA-BCG dye were deposited on glass substrate using free casting method at 

room temperature. The optical properties of the films were determined using UV-

Visible absorbance and transmittance spectra at the 300 - 900 nm wavelength range. 

The linear absorption coefficient and the extinction coefficient were calculated. The 

results showed that the optical properties were increasing by increasing the dye 

concentration, while the optical energy gap was decreasing with the doping. Also 

from the linear optical properties result the PMMA-BGC thin films are a promised 

materials for nonlinear optics applications. 
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 بصبغة بروموكريسول الخضراء المطعمة الخواص البصرية الخطية لاغشية بولي مثيل ميثاكرلايت
 

 3، نهى فؤاد عبد الرشيد2، مهى عبد الحسين رحمة1، طالب فليح حسن1*احمد جواد عبد اللطيف
 .قسم العلوم، كلية التربية الاساسية، جامعة سومر، ذي قار، العراق 1

 .قسم الفيزياء، كلية العلوم ، جامعة البصرة، البصرة، العراق 2
 .الليزر، كلية العلوم التطبيقية، الجامعة التكنلوجية، بغداد، العراققسم  3

 
 الخلاصة

درسننننا تننناتير التطعنننيم بصنننبغة بروموكريسنننول الص نننراء  لننني الصنننوال البصنننرية الصطينننة لا  نننية البنننوليمر      
المطعننم بنسننبة مننب بننولم متيننل ميتننا اكريتيننح  )بننولم متيننل ميتننا اكريتيننحضي تننم تلا ننير لننذن الا  ننية المكونننة

مننولاريض مننب   نناء بننولم متيننل  4-11×6 ،4-11×2% صننبغة بروموكريسننول الص ننراء لتلا ننير تركيننزيب )11
بروموكريسننول الص ننراء  بواسننطة طريقننة الصنن  اللاننر  لنني الننوار زجاجيننة بدرجننة لاننرارة الغر ننةضي  –ميتاكرلايننح 

 -311فاذينة  نمب المندل الطيفنم تم قياس الصوال البصرية الصطية منب صنتل قيناس اطينام الامتصنال والن
نانو متر، اذ تم لاسنا  المعنامتح البصنرية متنل معامنل الامتصنال، معامنل الانكسنار، معامنل الصمنود،  011

و جوة الطاقةي اظهرح النتائج بأب المعامتح البصرية الصطية تنزداد بأزديناد نسنبة التطعنيم للصنبغة  يمنا لالاظننا 
كمننا اظهنرح النتننائج اي ننا اب لننذا المننادة ممكننب اب . ازدينناد نسننبة التطعننيمنقصناب  ننم  جننوة الطاقننة البصننرية من  

 .تطبيقاح البصرياح التصطيةتكوب مادة وا دة ل
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Introduction 

     Organic dye doped polymers have a great deal of concern in recent years due to their great potential 

in many important applications such as optical storage, optical switching, optical limiting, signal 

processing, optical modulators, holography and nonlinear optical devices as well as various kinds of 

photonic devices [1-3]. The unique properties of polymers such as low density, ability to form intricate 

shapes, good mechanical strength versatile, electrical properties and low manufacturing cost made 

them promising materials that have been successfully used as host matrices for dyes. The wide range 

of polymer applications can be even more extensive by incorporation of filler into polymer matrix, 

because dispersed filler may increase the concentration of absorptive or fluorescence centers as well as 

the opto-chemical and opto-physical stability of host polymer [4-7].  

     In this study, we present the effect of Bromocresol green dye (BCG) on the optical properties of 

poly methyl methacrylate (PMMA) polymeric matrix (guest - host system). Poly methyl methacrylate 

(PMMA) is a transparent plastic material with high solidity, durability and flexibility [6].  

     The optical properties such as absorption coefficient, refractive index and optical energy band gap 

of dye doped polymers were investigated using spectroscopic absorbance combined with transmittance 

measurements. 

Materials and Samples Preparation  

     The Bromocresol green dye was obtained from (Sigma -Aldrich) with a molecular formula of 

C21H14Br4O5S and its chemical structure is depicted in Figure-1. The bromo group can improve the 

transparency and the thermal stability of compounds. Bromocresol Green (BCG) is a pH sensitive 

triphenylmethane dye useful in a variety of colorimetric detection technologies. BCG is used as a 

tracking dye for DNA agarose gel electrophoresis, in protein determinations and in charge-transfer 

complexation processes, BGC melting point is 225 
o
C and the peak absorption in 423 nm [8, 9].  

     Poly methyl methacrylate (PMMA) polymer was purchased from (Sigma -Aldrich) and used as 

host material for laser dye due to its excellent optical properties. The molecular formula of PMMA is 

(C5O2H8)n. It is highly amorphous with average Mw of about 120,000, and glass transition temperature 

105 °C [5]. It is an aromatic polymer made from the aromatic monomer styrene, a liquid hydrocarbon 

that is commercially manufactured from petroleum by the chemical industry. PMMA is a 

thermoplastic substance and one of the most widely used kinds of plastic [3]. 

     Dye doped polymer films were prepared by casting method. The PMMA solution was prepared by 

adding 0.6 g of PMMA powder in 10 ml of chloroform under vigorous stirring for 30 min at 60 
o
C. 

Each of dye and polymer was dissolved separately in 1x10
-3 

M chloroform. Then, the solution of 

polymer was mixed with 10% dye solution. Two 2x10
-4 

and 6x10
-4

 M dye-polymer mixtures were 

casted on a clean glass plate (washed in acetone, ethanol, and distilled water respectively). Finally, the 

films were dried in an oven at 60 
o
C for 3 hours to remove the residual solvent. The uniform surface 

films with thickness around 50-60 μm were obtained. The absorption and transmission of the prepared 

samples were investigated by UV-Vis T70/T80 spectrophotometer in the spectral range (300-900) nm.   

 
Figure 1-Chemical structure and molecular formula of Bromocresol green dye. 

http://www.sigmaaldrich.com/catalog/product/aldrich/182230?lang=en&region=IQ
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Results and Discussion 

     Figures-(2, 3) show the Absorption (A) and Transmittance (T) spectra of PMMA films measured 

by UV-vis spectrophotometer before and after doping by BCG dye of 2 x10
-4

 and 6 x10
-4

 M 

concentrations.  The results from Figure-2 shows the absorbance spectra as a function of the 

wavelength of the incident light for PMMA film with different concentrations of BCG dye. As it is 

clear, increasing the concentration of BCG dye in the polymer matrix leads to a corresponding 

increase in the peak intensity. Figure-3 shows the transmission spectra of PMMA polymer reaches to 

the maximum value 87% at 480 nm for pure polymer after that it’s begin to decrease because of 

increases in absorbance value for this wave length region due to the logarithmic relation between the 

transmission and absorption. The effect of increasing BCG doping ratio lead to decrease the 

transmission to 79% at 2x10
-4

 M concentration and by increasing the concentration to 6 x10
-4

 M it also 

reduced the transmission to 56% at 480 nm due to the increase in absorbance values. 

 
Figure 2-Absorption spectrum of pure and doped PMMA by BCG dye. 

 
Figure 3-Transmittance spectrum of pure and doped PMMA by BCG dye. 
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The Reflection spectra (R) for PMMA films before and after doping by BCG dye are presented in 

Figure-4 where the reflectance R can be obtained from the relation 1 [10]:   

A + T + R = 1                                                                                                                                         (1) 

 
Figure 4-Reflection spectrum of pure and doped PMMA by BCG dye. 

 

     The optical constant such as refractive index (n) and extinction coefficient (k) can be determined by 

the equations [11]. 

  
    

 
  

    
 
  

                                                                                                                                              (2) 

  
  

  
                                                                                                                                                    (3) 

     Where λ is the wavelength of incident light (nm) and α is absorption coefficient, and this can be 

calculated by [12] as follows: 

α=2.303 
 

 
                                                                                                                                                (4) 

Where t is the thin film thickness. 

 
Figure 5-Refractive index of pure and doped PMMA by BCG dye. 
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Figure 6-Extinction coefficient of pure and doped PMMA by BCG dye. 

 

     Figures-(5, 6) depict the refractive index (n) and extinction coefficient (k) of pure and doped 

PMMA polymer, respectively. The increase of n values with increasing doping ratio led to increase 

absorbance and make the films denser which in turn decreased propagation velocity of light through 

them resulting to increase (n) values. While (n) represents the ratio of light velocity through vacuum to 

velocity through any material. Then, the material become more opaque to the incident lights thus the 

velocity of light decreases and consequently n and k increases [11, 12]. This result indicates that the 

dopant atoms of BCG will modify the structure of the host polymer [13]. BCG dopant has increased 

the absorbance in the visible region 

In addition, the optical conductivity (σopt) can be obtained from the equation as [14]. 

σopt = 
     

   
                                                                                                                                               (5) 

 

     The optical conductivity of pure and doped PMMA film is shown in Figure-7, in which an increase 

in optical conductivity with increasing the doping percentages was observed. 

 
Figure 7-The optical conductivity of pure and doped PMMA by BCG dye. 
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     From the equation (4) and observing the absorption coefficient (α) as a function of the wavelength 

shown in Figure-8, it can be concluded that absorption is relatively small at long wavelengths. The 

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

coefficient values (α>104 cm-1) at higher energies, we expected direct electronic transitions, and the 

energy and momentum preserve of the electron and photon .Whereas the values of absorption 

coefficient is low (α<104 cm-1) at low energies, we expected indirect electronic transitions, and the 

energy and momentum preserve of the electron and photon by phonon helps.[15, 16] In our results, the 

value of α for all samples less than 104 cm-1,so that the indirect electronic transitions will deduced. 

 

 
Figure 8-Absorption coefficient of pure and doped PMMA by BCG dye. 

 

     Finally, the determination of the optical energy band gap (Eg) is often necessary to develop the 

electronic band structure of film material. Absorption coefficient (α) is related to the energy (hʋ) of the 

incident photons by the relation [17]. 

αhʋ = B (hʋ- Eg 
opt

)
r
                                                                                                                    (6) 

     Where B is a constant and depended on type of material, ʋ is the frequency of incident photon, and 

r is the exponential constant, its value depends on the type of transition, where r =1/2 for allowed 

direct transition, r =3/2 for the forbidden direct transition, r =2 for allowed indirect transition, and r =3 

for the forbidden indirect transition. 

     Figure-9 shows The optical indirect energy gap (Eg indirect) values which was calculated by the 

evaluation of the straight line of (αhυ)
½ 

 plot against  photon energy in the high absorption range 

followed by extrapolating the linear region of the plots to (αhʋ)
1/2

=0. 

     The indirect energy gap of the PMMA was found to be equal 3.79 eV, as shown in Figure-9 (A), 

and this value begins to decrease to 3.59 eV when the polymer is doped by 0.2 m mol/L dye as shown 

in Figure-9 (B), with increasing the concentration of BCG dye to 0.6 m mol/L, the indirect energy gap 

will decrease to 2.17 eV, as shown in Figure-9 (C). Figure-9 shows that the values of energy gap 

decrease with increasing of the dye concentration. This decrease can be attributed to the creation of the 

site levels in forbidden indirect energy gap leading to facilitate the crossing of electron from the 

valence band to the local levels to conduction band [14]. 
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Figure 9 (A)-Indirect energy gap of pure PMMA polymer. 

 
Figure 9(B)-Indirect energy gap of doped PMMA polymer at 0.2 m mol/L. 

 
Figure 9(C)-Indirect energy gap of doped PMMA polymer at 0.6 m mol/L. 
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Conclusion  

     In this experimental work we have investigated the effects of dye concentration on the optical 

properties of BCG-doped PMMA thin films. Using transmittance and absorption spectrum for pure 

PMMA and doped PMMA/BCG thin films, absorption coefficient, refractive index, extinction 

coefficient, and optical conductivity, have been studied. BCG increment effect in the structure of film 

led to enhance the optical properties of PMMA, represented by increasing the optical constant while 

the adding BCG in the structure of PMMA has been leaded to decreasing the band gap energy of films 

according to smaller band gap energy of BCG dye. So, it can be concluded that the BCG/PMMA thin 

films consider a promised materials for nonlinear application. 
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