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Abstract 

Films of pure and doped Polystyrene (PS) with different doping ratio of Coumarin were prepared using the casting technique, in 
order to investigate the effect of Coumarin additions on the optical properties of PS host. The dispersion studies of pure PS film 
and PS films doped with Coumarin  were studied using complex refractive index in the wavelength range 200-900 nm. The 
absorption spectral analysis showed that the optical energy band is due to indirect transition. The optical energy band gap for PS 
film is 2.8eV and increases with increasing Coumarin contents, the optical band gap increases from 3.3to 4 eV. 
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1. Introduction 
Polymer solids have a great potential in many important applications because of their unique properties, such as low 
density, ability to form intricate shapes, versatile electric properties and low manufacturing cost [1]. The wide range of 
polymer applications can be even more extended by incorporation of filler into polymer matrix, because dispersed filler 
may enhance various physical properties of the host polymer [2]. Polystyrene can be naturally transparent, but can be 
coloured with colorants. As a Thermoplastic Polymer, Polystyrene is in a solid (glassy) state at room temperature but 
flows if heated above about 100 ˚C, its glass transition temperature [3].Coumarins, or benzo-α-pyrones, are a very large 
and important family of compounds. The defining structure consists of fused pyrone and benzene rings, with the pyrone 
carbonyl group at position 2; this structure is illustrated in Fig.(1) for the Coumarin parent molecule (IUPAC name:2H-
chromen-2-one, and also known as 1-benzopyran-2-one)[4]. Coumarins are widely occurring in nature, with Coumarin 
itself first isolated in 1820 from a specific variety of bean, and many other Coumarin derivatives found in a wide range of 
plants [4]. As a group, Coumarins exhibit interesting fluorescence properties, which include a high degree of sensitivity 
to their local environment, including polarity and viscosity. This sensitivity has led to their widespread application as 
sensitive fluorescent probes of a wide range of systems, including homogeneous solvents and mixtures, and heterogeneous 
materials. Coumarin and its derivatives occur in a wide variety of natural plant sources. This family of compounds serves 
as bacteriostats and fungi stats - in other words, they help control the population of bacteria and fungi in the plant. They 
can also act as growth regulators. Industrially, they are used for a wide variety of purposes such as cosmetics, 
anticoagulants, sunscreens, flavorings, preservatives, pesticides, optical brightening agents, and fluorescent laser dyes [4]. 
 

 
Figure (1) The chemical structure and numbering scheme of Coumarin[4]. 

 
The focus of this article is to study the effect of change doping ratio of coumarin solution on the optical properties of 
coumarin doped polystyrene films. 
 
2. Experimental Work 
Coumarin has chemical formula C9H6O2with molecular weight Mw=146.15gm/mol[4]. We choose polystyrene polymer as 
host material for laser dye due to its excellent optical properties. The molecular formula of PS is-[-CH (C6H5)-CH2]-n, 
highly amorphous, melting temperature270oC, and glass transition temperature 100oC [5]. It is 
an aromatic polymer made from the aromatic monomer styrene, a liquid hydrocarbon that is commercially manufactured 
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from petroleum by the chemical industry. Polystyrene is a thermoplastic substance and one of the most widely used kinds 
of plastic[3]. 
Casting method is used to prepare dye doped polymer films. Certain amounts of polymer PS granules (0.5gm) were 
dissolved in (10 ml) of solvent chloroform, that is suitable solvent for both dye and polymer. The dye solution with 
concentration 1×10-4 mol/liter is prepared according to the method mentioned in ref. [6]. Then, different ratio of dye 
solution (10, 20, 30, 40, 50, and 60)ml were added to polymer solution and mixed very well. The mixture poured in glass 
Petri dish with (10cm) diameter and left to dry for 24hr at room temperature about(25 ̊C) to get homogeneous films. The 
absorption and transmission spectra were measured by UV-Visible spectrophotometer type (T70/T80 Series UV/Vis 
Spectrometer) in the wavelength range (200- 900) nm. 
 
3. Theoretical Part 
The relationship between incident intensity and penetrating light intensity is given by Eq.(1) [7]:  

(1) 

Where x is the thickness of sample (cm) and α is the absorption coefficient (cm-1),  

(2) 

Where the amount of represents the absorbance (A). The absorption coefficient can be calculated by[7]:  

(3) 

If the amount of absorption is α ≥ 104 cm-1, the electronic transitions are direct. The amount of optical energy gap from 

this region can be evaluated by the relation [8]: 

(4) 

Where hν is the photon energy, A is the proportional constant, is the allowed or forbidden energy gap of direct 

transition and m is a constant.  

The refraction index consists of real and imaginary parts (N = n-ik), the relation between reflectivity and refractive index 

is given by eq.(5)[9]- [11]:  

(5) 

Where k is the extinction coefficient. The absorbance and transmittance can be calculated by the following equation: 

R + A + T = 1                                                                                                                           (6) 

The refractive index can be expressed by eq.(7):  

(7) 

The extinction coefficient can be calculated by using eq.(8)[12]:  

(8) 

Where λ is the wavelength of the incident ray. The relation between the complex dielectric constant and the complex 

refractive index N is expressed by:  

ε = N2                                                                                                                                                                                                                      (9) 

It can be concluded that [12]- [14]:  

(n-ik)2 = ε1-iε2                                                                                                                                                                                                   (10) 

The real and imaginary complex dielectric constant can be expressed by eqs.(11) and (12), respectively: 

ε1 = n2 - k2                                                                                                                                                                                                          (11) 

ε2 = 2nk                                                                                                                                        (12) 
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4. Results and Discussion 
In this section, absorption spectra of coumarin dye in chloroform solution, pure PS film, C-PS films, and all optical 
properties of samples are demonstrated.  
  
4.1 Absorption Spectrum of Coumarin in chloroform Solution 
The absorption spectrum of Coumarin in chloroform solution with concentration 1x10-4 mol/liter is shown in Fig.(2). The 
behavior of absorption spectrum is broad band with two peak Maximum absorption for two peak the first peak at (275)nm 
with intensity 1.254 , and second peak at (310 )nm with intensity 0.637.The separation between two maximum bands 
about (35) nm. 
 

 
Figure (2) Absorption spectrum of Coumarin in chloroform Solution 

 
4.2 Absorption spectrum for PS polymer films 
The absorption spectrum for PS polymer films show in fig.(3) In each repeating unit of polystyrene there is a phenyl 
chromospheres that shifts the absorption spectrum of PS towards the visible region, up to  λ ≈ 290 nm, then sudden 
decrease in the absorption values observed above these limits. For PS the decrease was even slower. These results are in 
good agreement with M. R. Fraih [15], W. H. Abaas[16]. 

 
Figure (3) Absorption spectrum of polystyrene PS films 

 
4.3 Absorption Spectrum of Coumarin Doped PS Polymer Films 
The change in wavelength of absorption spectrum of Coumarin dye after doping with PS polymer is clearly shown by 
appearing single peak at 305 nm for doping ratio 10 ml and reach 315 nm for doping ratio 60 ml ;as illustrated in fig.(4). 
This mean there is red shift toward long wavelength about 10 nm with increasing doping ratio of Coumarin solution. 
Also, the two peaks in Coumarin solution disappear and become one peak lie at position of second peak in solution ,this is 
refer to increase the number of molecules of Coumarin dye that is denominate and decrease the role of polymer. 
The intensity of absorption spectrum of all samples increased with increasing doping ratio of Coumarin solution till 60 ml 
,the absorbance decreased; this is due to form aggregates (such as dimmers and trimmers)as mentioned by J. B. Birks[17] 
and I. Berlman [18]. 
 

 
Figure (4) Absorption spectrum of Coumarin doped PS  films in different doping ratio of dye solution  

4.3 Transmission Spectrum  
Fig.(5) shows the spectral transmittance for pure PS polymer and  C-PS films with different doping ratio of  C dye 
solution, respectively. The decreased transmission is shown with increasing doping ratio of C dye but increasing with 
doping ratio C=60ml. 
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Figure (5) Transmission spectrum of C-PS  films in different doping ratio. 

 
4.4  Reflection Spectrum 
Reflection spectrum is calculated from absorption and transmission spectrum according to eq.(6).Fig.(6) illustrate 
reflection spectrum of pure PS polymer and of C-PS films for different doping ratio. Increased doping ratio of C dye 
solution led to increase reflection. 

 
Figure (6) Reflection spectrum of C-PS  films in different doping ratio  

 
4.5 Absorption Coefficient 
The absorption coefficient (α) is defined as the ability of material to attenuate the light of a given wavelength per unit 
length [19].The value of absorption coefficient (α)is calculated from eq. (3) for all samples. Fig. (7) illustrates the 
absorption coefficient(α) pure PS polymer and of C-PS films for different doping ratio. The absorption coefficient helps to 
deduce 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.[20, 21] In our results, the value of α for all 
samples less than 104 cm-1,so that the indirect electronic transitions will deduced. 

 
Figure (7) Absorption Coefficient spectrum of C-PS  films in different doping ratio 

 
4.6 Optical Energy Gap 
The optical band gap is the value of optical energy gap that is necessary to develop the electronic band structure of film 
material. It can be obtained by plotting (αhν)1/r versus (hν) in the high absorption range followed by extrapolating the 
linear region of the plots to (αhν)=0 [19,22]. From fig. (8),the energy gap for pure PS film can be measured and its equal 
to  (2.8) eV which is matched with the result obtained by M. R. Fraih[15] and W. H. Abaas[16].From the value of  
absorption coefficient , we calculate that the transition indirect .Coumarin solution has two energy band gap; the first(3.6) 
eV and second (4)eV calculated from fig. (11).These values agrees with the result obtained by Kang Deuk Seo [23].When 
Coumarin added to PS polymer with different doping ratio ,The energy band gap was calculated from fig.(8) for all 
doping ratio. It ranged from (3.89) to (4) from (10 to 60)ml ,respectively. The energy band gaps off all films listed in 
table (1). 
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Table (1) Energy gap of Coumarin doped polymer PS films for different doping ratio. 
Doping ratio 0f  C  

(ml ) 
Pure 10 ml 20 ml 30 ml 40 ml 50 ml 60 ml 

Energy gap ( Eg) eV 2.8 3.3 3.6 3.4 3.9 3.5 3. 8 3.5 3.8 3.5 3.9 3.5 4 

 

  

  

   

  
Figure (8) Energy gap for Coumarin,  polystyrene and  different doping ratio of C-PS films 

4.7 Refractive Index 
The refractive index (n) is an important optical parameter. Fig.(9) shows the behavior of refractive index for pure PS 
polymer the value of (n) it was (2.4) succession , that is  agree with  Kang Deuk Seo[23]. When addition different ratio of 
Coumarin in polystyrene films, the refraction index (n) increased with increase doping ratio of C solution. 
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Figure (9) Refractive index for different doping ratio of C- PS  films  

 
 

4.8 Extinction Coefficient 
The extinction coefficient can be calculated by eq.(8). The variation of k values in wavelength range (240-440) nm as 
shown in fig.(10) for pure PS filmC-PS films in different doping ratio of Coumarin. The extinction coefficient depends on 
absorbance, so that the behavior of all curves is similar to absorption spectrum. Increasing doping ratio of C dye led to the 
increase in absorbance and extinction coefficient, but decrease in 60 ml. 
 

 
Figure (10) Extinction Coefficient for different ratio of C -PS  films. 

 
4.9 Dielectric Constants                                                                   
Optical constant are very useful for the quantitative determination of the electronic band structure of solids from 
information of optical reflectivity, transmission and refraction provide the way to determine the dielectric constants of 
solid, which is related to the band structure. The real and imaginary parts of dielectric constants computed from eqs. (11) 
and (12), respectively.  Fig.(11) gives the real part of dielectric constants for pure PS film and C-PS films in different 
doping ratio. For PS polymer, real dielectric constant increases to be maximum at wavelength (280) nm and decrases with 
the increasing wavelengths, whereas the effect of addition Coumarin dye will increase the real part of dielectric constant 
depends on the square of refractive index, so that the behavior of these figure are similar to refraction index. Imaginary 
part of dielectric constants for pure PS polymer and C-PS films in different doping ratioare shown in fig.(12). Imaginary 
dielectric constantfor pure PS film increased with the increasing wavelength.Also,the effect of doping ratio of Coumarin 
solution decreased theimaginary dielectric constantfor pure PS films. 

 
Figure (11) Real part dielectric constant  for pure PS and C- PS  films at different doping ratio 
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Figure (12) Imaginary part dielectric constant  for pure PS and C- PS  films at different doping ratio 

 
5. Conclusion 
From this study it can be concluded that the addition of coumarin laser dye affect on optical properties of polystyrene 
films as doping and prepared by casting method. The energy gap of C-PS films arranged between 3.3 to 4 eV, and the 
transition is indirect. Increasing doping ratio of dye solution led to increase all optical constants. 
 
References 
[1] D. Brian Wanger, The use of Coumarins as environmentally- Sensitive Fluorescent probes of Heterogeneous 

Inclusion systems, Molecules, 14, 210-237, (2009). 
[2] Marc Loudon, Synthesis of Coumarin dyes: the Knoevenagel and Pechmann condensations, in Organic chemistry, 5th 

edition, 684- 690. 
[3] www.wisegeek.com, What is polystyrene. 
[4] www.wikipidealinkiing.com, coumarin. 
[5] Nitin Kumar ," Experimental Studies on Conversion of Waste Polystyrene to Styrene and   Liquid Fuel", Bachelor of 

Technology ,Department of Chemical Engineering National Institute of Technology,Rourkela-
769008,Orrisa,India,May, (2010). 

[6] M. F. AL-Kadhemy, “Photophysical properties of some organic dyes using as active medium  in dye laser ” , MSC. 
Thesis in Baghdad  University, College of Science, Physics Dept., (1995). 

[7] G. Streetman Banerjee,  "Solid State Electronic Devices" the University of Texas at Austin, (2006). 
[8] J. Tauc, "Amorphous and Liquid Semiconductors", Plenum Press Londonand New York (1979). 
[9] J. I. Pankove, "Optical Processes in Semiconductors" Prentice Hall Englewood Cliffs New Jersey, (1971). 
[10] K. L. Chopara, "Thin Films Phenomena", M. C. Graw- Hillbook, New York,(1969). 
[11] T. S.Moss, G. J. Burrell, B. Ell's, "Semiconductor Opto –Electronics "London Butterworth, (1973). 
[12] M. Balkanski, "Optical Properties of Solids"Vol.2, Amsterdam, New York.Oxford (1992). 
[13] Ulrich, H., "Introduction to Industrial Polymers", New York, (1982). 
[14] B.O Seraphin, , "Optical Properties of Solid New Developments", Company, American Elsevier Publishing- New 

York, (1976). 
[15] M. R. Fraih “Study of Thermal Aging Effect on Optical Properties of Some Polymer Blends” MSC. Thesis,  

University of Technology, Department of Applied Sciences, ( 2010). 
[16] W. H. Abaas, “Investigation  of Spectroscopic Properties for Laser Dye  (crystal violet ) Doped  Polymer Films”, 

MSC. Thesis, Al-Mustansiriya Univ., College of Science, Physics Dept., (2013). 
[17] J.  B. Birks, “Photo physics Aromatic molecules” Wiley and Sons, London, (1971). 
[18] I. B. Berlman, “Fluorescence Spectra of Aromatic Molecules”, Academic press, New York, (1971). 
[19] Natheer Jamal Omran Al-Rubaie" Preparation of Lead Iodide Layer and Studying the Influence of Both Deposition 

Conditions and Doping on Its Physical Properties", MSC., thesis, University of Technology in Applied Physics, 
(2008). 

[20] B. Thangarajn and P. Kalianna, Cryst.Res.Techno.vol.35, No.71, (2000). 
[21] Farhan L. Rashid,Ahmed Hashim, Hind Ahmed, “Preparation of (PS-PMMA) copolymer and study the effect of 

Sodium Fluoride on its optical properties”, Chemistry and Material Research, 3(7),55-58, (2013). 
[22] T.  J. Alwan .“Refractive index dispersion optical properties of dye doped   polystyrene films” Malaysian polymer 

journal, V. 5, NO.2, P. 204-213, (2010). 
[23] Kang Deuk Seo, "Coumarin dyes containing low-band-gap chromophores for dye-sensitized solar cells",(2011). 
 
 
 
 


