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Abstract 

Films of pure and doped polycarbonate (PC) with different doping 

ratio of anthracene were prepared using casting method, in order to 

research the effect of anthracene additions on the optical properties of PC 

hosts. These films were described using UV/VIS technique in order to 

assessment the type of transition which was found to be indirect transition. 

The optical energy gap of polycarbonate (PC) was (4.43eV) and after 

doping PC polymer with anthracene the energy gap doesn’t change 

significantly. Absorption coefficient, refractive index and extinction 

coefficient affects by doping. 

Key Words: Optical properties, Anthracene, Polymer, Polycarbonate, 

Effect of Doping ratio. 
 

 تاثير الانثراسين على الخصائص البصريةلاغشية البولي كاربونيت
 

 زينب جاسم نعمه3و   محاسن فاصل هادي الكاظمي2 ,اسرار عبد المنعم سعيد1
 قسم الفيزياء –كليه العلوم  –الجامعه المستنصريه 2و1
 جامعه بغداد –ابن الهيثم  –كليه التربيه للعلوم الصرفه 3

 الخلاصه
اغشية البولي كاربونيت النقيه والمطعمه مع نسب مختلفه من الانثراسين قد تم تحصيرها               

بطريقه الصب من اجل التحقق من تاثير اضافه الانثراسين على خصائص البصرية لمضيف 
الانتقال والذي من اجل تقييم نوع  UV/VIS هذه الشرائح قد تم وصفها باستخدام .البولي كاربونيت 

وبعد   الكترون فولت(43.4) فجوه الطاقه البصريه لبولي كاربونيت .وجد انه انتقال غير مباشر
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و  . معامل الامتصاصتطعيم البولي كاربونيت مع الانثراسين فان فجوه الطاقه لاتتاثر بشكل كبير
  .معامل الانكسار و معامل الخمود سوف تتاثر بواسطه التطعيم

 .تاثير نسبه التطعيم ,البولي كاربونيت ,البوليمر ,الانثراسين ,الخصائص الفيزيائيهالكلمات المفتاحيه: 
 

1. Introduction 

      The study of optical properties of materials is very important because 

the used of materials in optical application wanted exact information of 

their optical constant over a wide range of wavelengths [1]. 

     Polymers are a wide class of materials which are made from repeating 

units of smaller molecule called monomers. Polymers are advantageous 

because of their strength and durability in many applications [2]. Organic 

and inorganic fillers like pigments, short fibers, long fibers, paper and 

fabrics can be incorporation into polymer matrix to enhance the physical 

properties of polymer to specific application [3]. 

      Polycarbonate is a kind of polyester where the carbonate ester groups 

have been connected with aromatic groups, this structure gives a material 

resistance to high temperatures [4]. Polycarbonate (PC) exhibit a unique 

combination of properties such as excellent toughness compared to other 

thermoplastic, high transparency and dimensional stability over a wide 

temperature ranges. It usually used as a lighter and tougher substitute for 

glass or metal [5]. 

 

 

 

 The relationship between the intensity of incident and transmitted light is 

given by the equation [6]: 

I = Io e−αt … … … … … … … … … … … … … … … … … … … … … … … … . (1) 

    Where (Io) and (I) are the intensities of the incident and transmitted light, 

respectively,(α) is the optical absorption coefficient, (t) is the thickness of 

film and absorbance is defined by A=log (Io/I). 

Figure (1) Polycarbonate structure [4] 

] 
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     The optical absorption coefficient (α) can be calculated from the optical 

absorbance spectra by using the relation [6]: 

𝛼𝑡 = log (
Io

𝐼
) = 2.303𝐴 … … … … … … … … … … … … … … … … … … (2) 

The extinction coefficient (K) is related to absorption coefficient (α), by the 

following equation [7]: 

K =
αλ

4𝜋
… … … … … … … … … … … … … … … … … … … … … … … … … . (3) 

Where, λ is the wavelength of incident light. 

The reflectance (R) can be calculated from the values of the absorbance 

and transmission coefficient from the equation [8]: 

R = 1 − (A + T) … … … … … … … … … … … … … … … … … … … … … (4) 

The refractive index (n) depends on the reflectance (R) and extinction 

coefficient (K) and it can be calculated from the following equation [9]: 

𝑛 =  √
4𝑅

(𝑅 − 1  )2 − 𝐾2 −
(𝑅 + 1)

(𝑅 − 1)
  … … … … … … … … … … . … … . . (5)  

     The absorption edge for direct and indirect transition can be obtained in 

the view of the proposed by Tauc et al. [10] 

αhυ = A(hυ − E g)r. … … . … … … . … … … … . . … … . … . … … … … … (6) 

      Where (h ʋ) is the energy of photon, (A) is the proportional constant, 

(Eg) is the allowed or forbidden energy gap of direct and indirect transition 

and(r) is constant depended on the electronic transition, r=1/2, 3/2, 2 or 3 

for allow direct, forbidden direct, allow indirect and forbidden indirect 

transition, respectively. 

     The Dielectric constant clarified the ability of material to polarization 

and can be express by the following equation [8]: 

 = εr − εi … … … … … … … … … … … … … … … … … … … … … … . (7) 

The dielectric constant is divided into two parts real (r) and imaginary (i) 

and described by the following equations [8]: 

εr = 𝑛2 − 𝐾2 … … … … … … … … … … … … … … … … … … … … … (8) 

εi = 2𝑛𝐾 … … … … … … … … … … … … … … … … … … … … … … … (9) 

H. M. El Ghanem et al [11] studied the electrical and optical 

properties of polycarbonate/MnCl2 composite thin films with thickness (0.2 

mm) which prepared by casting technique. The optical energy gap of 
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polycarbonate is (4.45eV) and decreased in polycarbonate/MnCl2 

composite with increasing the content of MnCl2. 

N. J. Hameed. & M. R. Fraih [12] studied the optical constants of the 

PMMA/PC blends. The samples are casted as films from the PMMA and 

PC homopolymers and blend. The energy gap for PMMA is (5 eV) and the 

energy gap for PC is (4.25 eV). The energy gap of 50% PMMA/ 50% PC 

(2.5 eV) which is less than the energy gap of PC and PMMA and the other 

binary blends. 

The aim of the present work is to concern with the investigation the 

optical properties of pure PC and doping PC with anthracene with different 

doping ratio (10, 20, 30, 40, 50and 60) ml. 

 

2. Experimental Work 

Anthracene processed by the company chemical point, Germany, has 

chemical formula C14H10  and molecular weight (Mw=178.23 g/mol). 

Polycarbonate polymer has been choosing as host material for anthracene 

due to its excellent optical properties. Polycarbonate processed by the 

company Sabic, with molecular formula [C16H14O3] n and the common 

brand name Lexan.  

The cast technique was used to prepare the pure PC and anthracene 

doping PC films. PC solution is prepared by dissolved (0.3g) of PC in (10 

ml) chloroform. The PC solution is stirred very well at magnetic stirrer 

until polymer is dissolve and cast onto glass petri dish with diameter (10 

cm) and then leave it dry at room temperature about(25-30)
oC for 24hr. 

Anthracene solution with concentration (1x10
-4

 mole/liter) is prepared 

according to the method mentioned in ref.[13]. Then, different ratio of 

anthracene solution (10, 20, 30, 40, 50 and 60) ml were added to PC 

solution and mixed very well by use magnetic stirrer. The mixture cast onto 

glass petri dish with (10cm) diameter and left to dry at room temperature 

for 24 hr to get homogeneous films. The UV-VIS spectrophotometer type 

(T70/T80 Series UV/VIS Spectrometer) used to measure the absorption and 

transmission spectra in the wavelength range (200-900) nm. 

 

3. Results and Discussions 

In this section, absorption spectra of anthracene in chloroform solution, 

pure PC film, PC/anthracene films and all optical properties of samples are 

demonstrated. 
 

3.1 Absorption Spectrum of Anthracene in Chloroform Solution: 

Figure (2) shows the absorption spectrum of anthracene in chloroform 

solution with concentration (1x10
-4

) mole/liter. The absorption spectrum 

has five peaks, the first peak appear at wavelength (310nm) with intensity( 



JOURNAL OF COLLEGE OF EDUCATION ······ 2017·····  NO1 
 

 

85 

0.1), the second peak at wavelength (325nm) with intensity (0.216), the 

third peak at wavelength (340nm) with intensity (0.379), the fourth peak at 

wavelength (360nm) with intensity( 0.63), and fifth peak at wavelength( 

380nm) with the intensity (0.488). These peaks are due to π→π* electronic 

transitions this is agree with J. Kunnil et al [14]. 
 
 

 
 

Figure (2) Absorption spectrum of anthracene in chloroform 

solution 

 

3.2 Absorption Spectrum of Pure Polycarbonate Film: 

The absorption spectrum for pure polycarbonate (PC) is shown in the 

figure (3), the absorption spectrum is broad band with two peaks the first 

peak at wavelength (305nm) with intensity (0.638) and the second peak at 

wavelength (345nm) with intensity (0.609). The different between two 

peaks is (40nm) which refer to the same formation origin so these two 

peaks are due to the n→π* and π→π* electronic transitions of the carbonyl 

group this agree with S. Gupta et al [15]. 

 

 

Figure (3) Absorption spectrum of polycarbonate PC film 
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3.3 Absorption Spectrum of Anthracene Doping PC Polymer Films: 

The absorption spectrum for pure polycarbonate film and anthracene 

doping polycarbonate films for different doping ratio (10, 20, 30, 40, 50 

and 60) ml is shown in the figure (4). In anthracene doping polycarbonate 

films, the intensity of the first peak of polycarbonate (310nm) increased for 

doping ratio (10ml) of anthracene and then decrease with increase the 

doing ratio. The intensity of the second peak of polycarbonate (345nm) 

increased with increasing the doping ratio till (50ml) then the intensity 

decrease. For peak (360nm) which appears after doping ratio (20ml), the 

intensity of this peak increase with increase the doping ratio till (50ml) then 

the intensity decrease.  The intensity of peak (380nm) which appears after 

doping ratio (30ml) increase for doping ratio (40ml) and then the intensity 

decrease for doping ratio (50ml) and (60ml). Also, figure (3) show that the 

role of polycarbonate decrease with increase the doping ratio ; this is due to 

increase the number of anthracene molecules that is denominate and 

decrease the role of polymer. 

 

 

Figure (4) Absorption spectrum of anthracene doped PC films in 

different doping ratio 

 

3.4 Transmission Spectrum 

The spectral transmittance for pure PC and anthracene doping PC 

films for different doping ratio are shown in figure (5). It is obvious that 

behavior of the transmission spectrum of pure PC and anthracene doping 

PC films for different doping ratio of anthracene are opposite to that of the 

absorption spectra. 
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Figure (5) Transmission spectrum of pure PC and anthracene doping 

PC films in different doping ratio 

 

3.5 Reflection Spectrum 

Reflection spectrum is calculated from absorption and transmission 

spectrum according to equation (4). The reflection spectrum of pure PC and 

anthracene doping PC films for different doping ratio are shown in figure 

(6). Increase the doing ratio of anthracene lead to increase the reflection. 

 

 

Figure (6) Reflection spectrum of pure PC and anthracene doping PC 

for different doping ratio 
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conservation for the electron and photon. Whereas when the values of 

absorption coefficients are low (α ˂ 10
4
cm

-1
) at low energies, indirect 

electronic transitions have been expected and energy and momentum 

preserve of electron and photon by phonon help [16]. In our result, the 

value of absorption coefficient for all samples less than 10
4
 cm

-1
, so that the 

indirect electronic transition will deduced. 
 

 

Figure (7) Absorption coefficient of pure PC and anthracene doping 

PC films for different doping ratio 
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Table (1) Energy gap of anthracene doped polymer polycarbonate 

films for different ratio. 
 

Doping ratio of 

anthracene(ml) 

PC 10ml 20ml 30ml 40ml 50ml 60ml 

E g (eV) 4.42 4.42 4.43 4.43 4.43 4.44 4.39 
 

 

Figure (8) Optical energy gap of polycarbonate (PC) 

Figure (9) Optical energy gap of anthracene 

 

Figure (10) Optical energy gap of anthracene doping PC films for 

different doping ratio 

 

 

0

1000

2000

3 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4 4.1 4.2 4.3 4.4 4.5

(α
h
Ʋ
)^

1
/2

 

hƲ(eV) 

0

500

1000

3 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4 4.1 4.2 4.3 4.4 4.5 4.6 4.7 4.8

(α
h
Ʋ
)^

1/
2 

hƲ(eV) 

0

1000

2000

3 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4 4.1 4.2 4.3 4.4 4.5

(α
h
Ʋ
)^

1
/2

 

hƲ(eV) 

pc
pc+An10ml
pc+An20ml
pc+An30ml
pc+An40ml
pc+An50ml
pc+An60ml



JOURNAL OF COLLEGE OF EDUCATION ······ 2017·····  NO1 
 

 

90 

3.8 Refractive Index 

The refractive index is an important parameter. The refractive index of 

pure PC and anthracene doping PC films for different doping ratio are 

shown in the figure (11). The refractive index increased with increase the 

doping ratio.  
 

 

Figure (11) Refractive index of pure PC and anthracene doping PC 

films for different doping ratio 

 

3.9 Extinction Coefficient 

The extinction coefficient depended on absorbance and can be 

calculated by equation (3). The extinction coefficient of pure PC and 

anthracene doping PC films for different doping ratio are shown in the 

figure (12). The extinction coefficient increases with increase doping ratio 

till (40ml) then the extinction coefficient decrease.  
 

 

Figure (12) Extinction coefficient of pure PC and anthracene doping 

PC films for different doping ratio 
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3.10 Dielectric Constants 

Optical constant are very useful for the quantitative determination of 

the electronic band structure of solid 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 can be calculated by using 

equations (8) and (9) respectively. The real part of dielectric constant of 

pure PC and anthracene doping PC films in different doping ratio are 

shown in figure (13). The real part of dielectric constant increase with 

increasing doping ratio. Imaginary part of dielectric constant of pure PC 

and anthracene doping PC films in different doping ratio are shown in the 

figure (14).  
 

 

Figure (13) Real part of dielectric constant for Pure PC film and 

anthracene doping PC films for different doping ratio 

 

 

Figure (14) Imaginary part of dielectric constant for pure PC film and 

anthracene doping PC films for different doping ratio 
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4. Conclusions 

From this study it can calculated that the addition of anthracene 

affected on optical properties of polycarbonate films as doping and 

prepared by cast method. The energy gap of PC is 4.42(eV) and doesn’t 

effect by doping with anthracene, and the transition is indirect. 
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