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Abstract 

 
Optical properties of pristine and UV irradiated Rose Bengal (RB) films have been investigated 

using transmittance and reflectance methods. The refractive index (n) and extinction coefficient (k) 

of RB films were directly calculated from absolute values of transmission and reflection spectra. 

Single oscillator parameters and the Drude model of free carrier absorption have been used for the 

analysis of refractive index dispersion. The fundamental absorption edge data were analyzed 

within the frame work of the band- to-band electron transitions theory. The thickness of RB films 

has no influence on absorption and refractive indices in the investigated thickness range and 

within the experimental error. UV irradiation caused a structural transformation of amorphous 

pristine film to polycrystalline RB film, which resulted in the decrease of absorption coefficient, 

energy gap and refractive index. The optical functions and their dependence on UV exposure time 

were directly calculated from the spectral distribution of dielectric constant.  
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Introduction 

 

Rose Bengal (2,4,5,7- tetraiodo- 3, '4',5',6'- 

tetrachlofluorescein) is a tetraiodo-substituted 

dye of the xanthene's class of dyes. It has peculiar 

photophysical and photochemical properties, 

such as: high absorption in all solvents in which 

it is soluble, high intersystem crossing yield and 

it shows some fluorescence, it is a photodynamic 

sensitizer, it bleaches slowly in protic, polar 

solvents and its spectrum is most diagnostic of its 

immediate environment. Due to the richness in its 

properties, it has assumed a peculiar role in 

different fields of disciplines such as applications 

in bulk heterojunction solar cells (Sharma et al., 

2009) and dye- sensitized solar cells (Pradhan et 

al., 2007; Roy et al., 2008).It is used as a photo 

sensitizer for the enhancement of conversion 

efficiency and storage capacity of photo galvanic 

cells (Gangotri and Bhimwal, 2010), It sensitized 

TiO2 film electrode (Zhao et al., 1997). Rose 

Bengal water solutions quenched by potassium 

iodide can be used to measure instrument 

response functions of single photon detectors in 

the orange-red wavelength region (Szabeiski et 

al., 2009). RB is used as a photo sensitizer in dye 
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sensitized photo chemical cells (Jana., 2000; 

Bahadur and Roy, 1999). And it also has medical 

and biological applications (Kim et al., 2011; 

Wang et al., 2013; Chang et al., 2013).   

Despite the numerous applications of Rose 

Bengal dye in various areas, information on the 

optical and dielectrical properties in bulk and thin 

film forms is not yet reported. In semiconductor 

device fabrication materials are usually provided 

as thin films. In this work, we report for the first 

time, on the influence of film thickness and 

ultraviolet exposure time on structure formation, 

optical and dielectrical properties and optical 

functions of RB films prepared by the spin 

coating technique. 

 

 

Experimental procedure 

 

Rose Bengal, RB, (C20H2Cl4I4Na2O5) was 

obtained from Aldrich and used as-supplied. The 

Chemical structure of RB is shown in Fig. 1. RB 

is dissolved in absolute ethyl alcohol (99.9%) up 

to saturation. Homogenous thin films of Rose 

Bengal (RB) are prepared by the conventional 

spin coating technique onto pre-cleaned optical 

flat quartz substrates at room temperature for 

optical measurements and onto pre-cleaned KBr 

substrates for the Fourier transform infrared 

(FTIR) measurements. Cleaned ordinary glass 

slides were used as substrates for depositing 

films for X-ray diffraction (XRD) analysis. The 

substrates are fixed to the stage of the spin coater 

and the rotating speed is adjusted to about 2800 

rpm. The film thickness was determined optically 

by the Lloyd's method (Hamza et al., 2003).The 

thickness of the produced thin films is measured 

and found to be in the range 110-500nm. The 

samples were irradiated with a UV lamp (Cole-

Parmer model 9815-series Lamps 100 watts). The 

instrument operates with a UV output at 254nm. 

FTIR, spectra were recorded using Perkin-Elmer 

1340 spectrophotometer. Structural analysis of 

the powder and thin films is performed at room 

temperature using X-ray diffraction system 

(Philips X
'
 pert) with filtered CuKα-radiation (λ 

=1.5405 Å). The diffraction system was used to 

investigate the formed phase in the angle range 

4–60
o
.The applied voltage and tube current were 

40 kV and 30 mA, respectively. A double beam 

spectrophotometer (JASCO model V-570-

UV/Vis./NIR, Japan) was used for measuring the 

transmittance, T (λ), and reflectance, R(λ), of thin 

films in the wavelength range 200-2500nm. The 

measurements were carried out at room 

temperature and the light beam was adjusted 

nearly at normal incidence. The absolute values 

of T (λ) and R(λ) were used to calculate the 

optical constants according to the relations (El-

Nahaas et al., 2002). 
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Where Ift and Iq are the intensities of light 

passing through film quartz system and reference 

quartz substrate, respectively.   The intensities of 

the light reflected from the sample and from the 

reference mirror are Ifr and IAl, respectively. The 

reflectance of Al mirror is RAl and Rq is the 

reflectance of the quartz substrate. 

The refractive index, n, absorption index, k, 

and absorption coefficient, α, can be calculated 

using the absolute values R(λ) and T(λ) according 

to the following relations (Zeyada et al., 2012). 

 
 

 

 

 

 

 

 

 

 

Fig 1. The molecular structure of Rose Bengal.  
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Where d is the thickness of the film and  is 

the wavelength of the incident light on the 

sample. The refractive index, n, can be calculated 

from the relation (El-Nahass and Youssef, 2010).   

Since the thickness of the film (d) is 

previously determined, then the computation can 

be carried out and the values of n, k and  can be 

obtained. The experimental errors are taken into 

account as follows: ±1% for T and R 

calculations, ±3% for refractive index, ±2.5% for 
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absorption index and±2.5% for film thickness 

measurements (Konstantinov et al., 1998). 

 

 

Results and Discussion  

 

A comparison between the FTIR spectrum of the 

as received RB powder, RB in the as prepared 

thin film form and UV irradiated thin film 

condition is shown in Fig. 2. The absorption 

peaks are assigned and listed in Table 1. In all 

conditions, there are small shifts in the peak 

position of the absorption peaks and this does not 

prevent us from concluding that there is no 

change in the chemical bonds of RB resulting 

either from spin coating or irradiation process.  

 
Table 1. Assignment of transmission peaks for RB in 

powder, pristine and UV irradiated (180 min.) thin 

films 

 
Assignment Irradiated 

film (180 

min.) 

Pristine 

film 

Powder    

  ̅cm-1)  ̅cm-1)  ̅cm-1) 

    

C —  I 452.78 451.422 456.29 

C  —Cl 513.64 511.46 516.33 

C  — Cl 566.84 567.44 567.44 

C  — Cl 617.06 614.51 614.51 

C  — Cl 658.57 657.51 657.51 

C  — Cl 761.35 760.55 760.55 

 C— C 

stretching 

vibration 

953.51 952.85 952.855 

C  —  H  in 

plane bending 

vibration 

1118.89 1115.94 1120.81 

C  —  H  in 

plane bending  

vibration 

1169.9 1171.92 1171.2 

C  —  H  in 

plane bending 

vibration 

1240.42 1240.08 1244 

C=C  stretching 

vibration 

1338.51 1339.07 1335.015 

C=C  stretching 

vibration 

1451.67 1450.23 1455.1 

C=C  stretching 

vibration 

1493.18 1489.17 1493.23 

C=C  stretching 

vibration 

1553.78 1553.27 1549.22 

C=O  

stretching 

vibration 

1612.36 1617.31 1613.37 

 

The weak peak at 451-456 cm
-1

 is assigned as 

C-I and the vibration modes in the range 567-760 

cm
-1

 are due to multi C-Cl bonds. The absorption 

peak at 1613-1617 cm
-1

 is due to C=O stretching 

vibration.The average crystallite size, D, can be 

calculated using the well-known Scherer's 

equation (Cullity, 1978). 
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Fig 2. FTIR spectra of RB, (a) powder form, (b) 

pristine film and (c) UV-irradiated film for 180 min. 
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(d)

Fig 3. XRD patterns of RB, (a) Powder form, (b) 

Pristine thin film, (c) UV-irradiated film for 90 min 

and (d) UV-irradiated film for 180 min. 

 

 

Where  the width at the half- maximum peak 

intensity, measured in radians,   is the X-ray 

wavelength and θ is the Bragg’s angle. The x-ray 

diffraction (XRD) patterns of RB in the powder 

from, pristine and UV-irradiated thin films 

(exposure times are 90 and 180 min) are shown 

in Fig. 3. As can be observed from Fig. 3 (a,b), 

there is a halo around 2θ23
o
indicating that both 

of the powder and the pristine thin films of RB 

have amorphous structure. Fig. 3c shows that the 

amorphous structure of the pristine thin film 

crystallizes into a single polycrystalline phase 

upon UV exposure for 90 minutes. Fig. 2 and 

Table 1 illustrate that the amorphous phase of RB 
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film has the same chemical bonds as that of 

polycrystalline phase and this indicates that 

polymorphous polycrystallization occurred, 

where atoms in the disordered state jump to 

crystal front and those in clusters change their 

orientation to match the growing crystal and 

deposit onto the crystal front. The determined 

crystallite size of RB film exposed to UV 

irradiation time of 90 minutes is 230 nm. 

Increasing UV irradiation time to 180 minutes 

recrystallizes the polycrystalline phase of RB 

film (Fig. 3(c)) into smaller grains of about 144 

nm in size as shown in Fig. 3 (d). 
 

Optical properties 

 

Determination of optical constants of the as 

prepared RB thin films 

 

The influence of film thickness on spectral 

behavior of T ( ) and R( ) for the pristine RB 

films is depicted in Fig. 4. The determined film 

thicknesses are 110, 250 and 500 nm. Inspection 

of Fig. 4 clearly shows that there is no influence 

of film thickness on spectral behavior of T ( ) 

and R ( ) within the investigated thickness 

range and within the experimental error. The sum 

of T (λ) and R(λ) is approximately equal to unity 

at λ ≥ 600 nm indicating a non-absorbing region 

while at wavelengths λ ≤ 600 nm, the sum of T 

(λ) and R(λ) is much less than unity indicating 

that the RB is a good absorber of light in this 

region of  the spectrum. We conclude also that 

light is not dispersed and this indicates that the 

films are homogenous and optically flat. A 

transmission band is observed in the wavelength 

range 272- 496nm indicating that RB films can 

be used as optical filters.  

The optical properties of different materials 

can be fully characterized by the complex 

refractive index, n*, where n* = n - ik. In 

general, the real part, n, is related to the 

dispersion, while the imaginary part (absorption 

index), k, provides a measure of dissipation rate 

of the electromagnetic wave in the dielectric 

medium. The calculation of n and k was carried 

out for films with different thicknesses ranging 

from 110 to 500 nm. The values of the refractive 

and absorption indices for RB thin films are 

computed using the absolute values of 

transmittance and reflectance. The results 

depicted in Fig. 5 represent the average values of 

n and k for the above mentioned thicknesses at 

given wavelength. The calculations indicated that 

the optical constants (n, k) do not depend on film 

thickness of RB films. This result has been 

observed for some organic semiconductor 

materials (El-Menyawy et al., 2013; Zeyada et 

al., 2012; El-Nahass et al., 2004). 

Fig 4. Spectral distribution of transmittance, T( ), and 

reflectance, R( ) for the pristine RB thin films 
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Fig 5. Spectral distribution of refractive index, n, and 

extinction coefficient, k, for pristine RB thin films. 

 

 

The spectral behavior of n shows a normal 

dispersion at λ >600 nm and an anomalous 

dispersion at λ <600 nm. The dispersion curve 

(Fig. 5) shows two dispersion peaks and two 

shoulders in the ultraviolet and visible region of 

spectra. These features can be explained using 

the multioscillator model. The spectral behavior 

of n in the normal dispersion region can be 

explained by adopting the single oscillator model. 

In this region, we can deduce optical functions 

and oscillator parameters at high frequencies 

from data of refractive index. The results of k 

show two absorption peaks in the UV region and 

a doublet peak in the wavelength range 479 - 650 

nm. The doublet peak in the visible region of 
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spectra has been reported for RB by many 

authors (Sharma et al., 2009; Roy et al., 2008; 

Pradhan and Pal 2004). All peaks in extinction 

absorption curve are attributed to the electronic 

transitions from bonding to anti-bonding 

molecular orbital (multi oscillator model) (El-

Korashy et al., 2003; El-Mallah et al., 2010). 
 

 

Effects of UV irradiation time on the optical 

constants of RB thin films 

 

The effect of UV irradiation time, 90 and 180 

min., on the spectral behavior of T() and R() 

for the RB thin film of thickness 110 nm is 

presented in Fig. 6. Generally, the irradiation 

process reduces the values of T and R over all the 

spectrum. No new peaks were observed in the T 

and R in the absorption region of spectrum. 

Therefore, UV irradiation has no effect on the 

transmittance and reflectance properties of the 

films in the absorption region of the spectrum. 

 

Absorption characteristics of films 

 

The spectral dependence of absorption 

coefficient, , for UV irradiated RB thin films, 

in comparison with that of pristine thin films, is 

illustrated in Fig. 7. It is clear that the pristine RB 

films have high absorption coefficient (610
5
 

cm
-1 

at 2.24eV) in the UV-visible region of the 

spectrum. This indicates that the type of electron 

transition in the RB films is a direct one. UV 

irradiation process reduces the value of  all 

over the spectrum. The decrease of   upon UV 

irradiation can be attributed to the change in the 

microstructure of RB film from amorphous, for 

as-prepared films, to polycrystalline structure for 

irradiated films as shown in Fig. 3. The observed 

increase in crystallite size for UV irradiated film 

for 90 minutes decreases its absorbance, this 

result is in good agreement with previous work of 

Hindeleh, et al. (1990).  

The transmittance and absorbance of a liquid 

depends on the molar concentration, CM, light 

path length in centimeters, L, and molar 

absorptivity, molar
 

for the dissolved solution 

(Dean, 1992). 

 

Aλ= molar  CM L      (7) 

 

Beer's law states that molar absorptivity is 

constant and the absorbance is proportional to the 

concentration of the dissolved substance at the 

specified wavelength    (Weast, 1975). The 

molar absorptivity is commonly called molar 

extinction coefficient and it has units of mol
-1

  

cm
-1

. The molar extinction coefficient, molar , is a 

measure of  the ability of a molecule to absorb 

light in non-solid molecular media, can be 

obtained in terms of the absorption coefficient. If 

a solid has a concentration of N molecules per 

unit volume then molar can be written as 

(Schechtman and Spicer, 1970). 
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Fig 6. Spectral distribution of transmittance, T( ) and 

reflectance, R( ) for UV irradiated RB thin films with 

different exposure times. 

 

molar =



G

M

LnN

N

Ln

Wa 


10

10

10

10 33   (8)  

 

Where Na is Avogadro’s number, Mw is RB 

molecular weight,  is the material density and G 

is a constant. The molar extinction coefficient 

spectra for the as-prepared and UV-irradiated RB 

thin films, with a thickness of 110 nm are 

depicted in Fig. 8. The as-prepared film exhibited 

high molar extinction coefficient and the major 

peak is split into two peaks (Bx and By).The 

splitting of the band depends on the distance 

between the molecules, the angle of the transition 

dipole moments between neighboring molecules 

and number of interacting molecules (Schomaker 

et al., 1959). Fig. 8 shows that the value of  

molar  decreases with increasing UV exposure 

time. The peaks Bx and By exchange their peak 

intensity when UV exposure times exceeds 20 

minutes. The remarkable high molar extinction 

coefficient of 
4104.5   (mol.cm)

-1
 at wave 

number
4109.1   cm

-1
 for RB films is 

comparative with those of other organic dyes 

(Zeyada et al., 2012; Jiang et al., 2008). High 
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molar extinction coefficient and broad absorption 

band are required in materials to increase the 

photocurrent density and improve the solar 

conversion efficiency.   

Fig 7. Spectral distribution of absorption coefficient, 

of RB thin films with different exposure times to UV 

irradiation. 
 

The molar extinction coefficient spectrum 

usually allows calculating two spectral 

parameters, namely the oscillator strength, f, and 

the electric dipole strength, q
2
, using the 

following expressions (Kumar et al., 2000). 
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Where   is the band width at half 

maximum of the absorption peak and max  is the 

wavelength at maximum absorption.  
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Fig 8. Spectral distribution of molar extinction 

coefficient   for RB thin films with different exposure 

times to UV irradiation. 

The calculated results of oscillator strength, f, 

and electric dipole moment, q
2
, for the as-

prepared and UV-irradiated RB thin films are 

listed in Table 2. The two absorption peaks, Bx 

and By, are due to splitting in the band and have 

high intensity, this results in large values of 

oscillator strengths which are due to parallel 

electric dipoles (Baerends et al., 2002). 

Therefore, the increase in spectral parameters is 

related to the increase of both intensity and 

broadening of the absorption band. The UV 

irradiation decreases the intensity of the 

absorption bands, as shown in Fig. 8, since it 

rearranges few of electric dipoles from parallel 

into opposite direction and consequently the 

oscillator and electric dipole strengths are 

decreased. 

The study of absorption coefficient of a 

material, at and near the absorption edge, 

provides valuable information about its band 

structure. The dependence of absorption 

coefficient of a material, on the incident photon 

energy has been formulated by Tauc's relation 

(Tauc, 1974). As: 

 xonset

gEhBh   ,   (11) 

Where B is a constant related to the electronic 

transition probability and x is the power which 

characterizes the type of transition process, 

namely x=1/2 and 3/2 for direct allowed and 

forbidden transitions, respectively, and x=2 and 3 

for indirect allowed and forbidden transitions, 

respectively. The best fit for the data is found for 

x=2, indicating that the dominant transition is 

indirect allowed one. Fig. 9 presents the spectral 

distribution of (αhν)
1/2

 as a function of incident 

photon energy. The value of the energy gap is 

obtained by extrapolating the straight portion of 

the curve to intercept the abscissa axis. 

 
Table 2.  Parameters of molar extinction coefficient 

for pristine and UV irradiated RB thin films 

 
UV-irradiation 

time, min 

                     ƒ q2(Å)2 

Pristine film 0.82 1.448 

5 0.88 1.443 

10 0.81 1.374 

20 0.73 1.193 

40 0.76 1.102 

90 0.57 1.093 

150 0.49 1.062 

180 0.64 1.006 

 

The onset energy gap corresponds to the 

optical absorption, formation of vacancies, 

interstials, Frenkel pairs and dislocations in the 
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films (Tsiper et al., 2002). The energy gap is the 

energy gap between HOMO-LUMO bands 

(Zhokhavets et al., 2003). The values of 
onset

gE .
 

and 
.

gE for pristine and UV irradiated RB thin 

films are tabulated in Table 3. These changes in 

energy gaps can be attributed to the 

crystallization process which occurred in RB 

films upon UV-irradiation as shown previously in 

Fig. 3. As can be observed from Table 3 and Fig. 

9, the UV- irradiation process decreases
onset

gE .

and
.

gE . Increasing exposure time of UV 

irradiation has no influence on energy gap.   
 

 

Table 3.  Dependence of optical and fundamental 

energy gap of RB films on UV exposure time 

 
Exposure time , min. onset

gE  ,  eV 
.

gE  ,  eV
 

Pristine film 2.02 2.59 

90 1.98 2.33 

180 1.98 2.33 

 

 

Table 4.  Dispersion parameters of pristine and UV 

irradiated RB thin films 

 

dE

(eV) 
oE (eV) (N/m*)×

1055, 

m-3kg-1 

  
L  

UV 

irradiation 

time 

7.024 3.091 3.325 3.272 3.613 Pristine film 

6.061 3.106 2.746 2.951 3.222 90 min 

6.034 3.395 3.172 2.777 3.049 180 min 
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Fig 9. Relation between ( h )1/2 and h  for RB thin 

films with different exposure times to UV irradiation. 

 

Dispersion characteristics of RB films 

 

The spectral distribution of the refractive index, 

n, for pristine and UV irradiated RB films is 

illustrated in Fig. 10. It shows an anomalous 

dispersion in the wavelength range < 600 nm and 

exhibits three dispersion peaks and a shoulder for 

RB films; these are attributed to electronic 

transition across π–π
*
 orbital (Davydov, 1971).  

The normal dispersion is observed for 

wavelength > 600nm and in this wavelength 

range we can deduce the values of optical 

functions from the data of refractive index.UV 

irradiation reduces the value of the refractive 

index all over the spectra. The decrease of the 

refractive index with UV irradiation is related to 

the decrease of mass density of RB films 

(Andreas et al., 2005). Such behaviour has been 

reported in other organic semiconductor thin 

films (El-Nahass et al., 2011; El-Nahass et al., 

2012; El-Nahass et al., 2011).  

500 1000 1500 2000 2500

1.8
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3.0
n

nm
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Fig 10. Spectral distribution of refractive index, n, for 

RB thin films with different exposure times to UV 

irradiation.  
 

Wemple and Di-Domenico (1971) proposed 

the single oscillator model to explain the spectral 

dependence of refractive index in the transparent 

region of spectra, in this model the refractive 

index is related to the dispersion parameters by: 

 

    2
2

1

1

1
h

EEE

E

n dod

o 


   (12) 

 

Where h is the photon energy, Eo the 

oscillator energy that gives quantitative 

information of the overall band structure of the 

material and Ed is the dispersion energy which is 

a measure of the strength of inter-band optical 

transition inside the material (Solomon et al., 

1988). A plot of (n
2
-1)

-1
 versus  2h  for RB 

films in the pristine and UV irradiated conditions 

is illustrated in Fig. 11. The oscillator energy, Eo, 

and the dispersion energy, Ed, are directly 
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determined from the slope (EoEd)
-1

 of the linear 

portion of the curve and its intercept with 

ordinate axis (Eo/Ed). The values of Eo, Ed and 

  are listed in Table 4. and they are influenced 

by UV-irradiation. 

 

Dielectric characteristics 
 

Dielectric function relates the electron transitions 

between bands of a solid to its structure, therefore 

we can obtain valuable information about the 

band structure of a solid from its dielectric 

spectrum. The real,
1 , and the imaginary, 

2 , 

parts  of the complex dielectric constant, * , are 

given by(Edward, 1985): 
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Fig 11. Relation between (n2-1)-1 and (h )2for RB 

thin films with different exposure times to UV 

irradiation. 
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where L  is the lattice dielectric constant, 

N/m
*
 is the ratio of carrier concentration to the 

effective mass, e is the electron charge, c is the 

speed of light in vacuum, and o is the 

permittivity of free space. A graphical 

representation of n
2
 as a function of λ

2
 for the 

pristine and UV irradiated RB films is shown in 

Fig. 12. By extrapolating the linear part towards 

the shorter wavelength, the intercept with the 

ordinate axis (at λ
2
 = 0) gives the value of L  and 

from the slopes of these lines the ratio N/m* can 

be calculated. The calculated values of L , 

,N/m
*
 and the dispersion and oscillator energies 

are given in Table 4. UV irradiation influences 

the values of dispersion parameters in 

comparison to those values of pristine RB film. 

The value of L  differs from the value of  and 

this may be attributed to the structural changes 

occurred on RB films resulting from UV 

irradiation. N/m
*
 varies with UV exposure times 

and therefore L  and   depend on the UV 

exposure time. 

0 1 2 3 4 5 6 7

2.4

3.0

3.6

4.2

(,nm)2
x10

6

UV-exposure time,min

 0       

 90

 180   

n
2

 
Fig 12. Relation between n2 and   for RB thin films 

with different exposure times to UV irradiation. 
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Fig 13. Spectral distribution of for RB thin films with 

different exposure times to UV irradiation.  
 

The spectral distribution of  1   and 2  is 

shown in Figs. 13 and 14, the values of 
1 are 

larger than those of 2 at the same wavelength. 

The spectral distribution of 1  
and 

2 indicates 

the presence of different interactions between the 

incident photons and electrons in the RB film. 

These interactions affect the shapes of the curves 

and cause formation of peaks in the dielectric 

spectra. The decrease in  1  
and 

2 with 

increasing UV exposure time is related to 
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structural changes in RB films as shown in Fig. 

3. 

The real 
1  and the imaginary 

2   parts of 

the optical conductivity can be used to detect any 

further allowed interband optical transitions. The 

following relation expresses the complex optical 

conductivity
*  in terms of 1  and 2

(Yakuphanoglu et al., 2004). As: 

 
*  = 1 - i 2  , (15) 

where  

21
4



       and     12 1

4



    (15 a) 

 

Fig. 15 illustrates the spectral distribution of 

1  for RB thin films with different exposure 

times to UV irradiation. Increasing UV exposure 

time increases the value of 1  and this is 

attributed to variation of crystallite size with UV 

exposure time as shown in Fig.3. The onset 

energy gap is observed at 2.07 eV for pristine and 

UV irradiated film. The energy gap is observed at 

2.85 eV for pristine film and at 2.48 eV for UV 

exposed film. These results are in agreement with 

those obtained from Fig.9 and confirm that the 

type of electron transition is an indirect allowed 

transition. For photon energy less than 2eV, 1

has a negligible value. UV irradiation has no 

influence on energy levels of RB but it 

influenced the onset and energy gaps.  
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Fig 14. Spectral distribution of for RB thin films with 

different exposure times to UV irradiation. 

 

 

Fig. 16 shows the spectral distribution of 2  

for RB thin films with different exposure times to 

UV irradiation. Increasing UV exposure time 

decreases the value of 2 , this is attributed to 

microstructure changes in RB films upon UV 

exposure where it transformed from amorphous 

structure to polycrystalline as shown in Fig. 3.   

Electron- energy-loss spectroscopy has been 

realized as an important probe for the dielectric 

response of solids and the intrinsic statistical 

nature of the particle penetrating phenomenon. 

The energy loss functions provide a complete 

description of the response of the material to 

ionizing particles or photons traveling either 

through its bulk or on its surface. The surface 

energy loss, SEL and the volume energy loss, 

VEL, are related to the related and imaginary 

parts of the dielectric constant by the following 

relationships (El- Nahass et al., 2003): 
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Fig 15. Spectral distribution of σ1for RB thin films 

with different exposure times to UV irradiation. 
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Fig 16. Spectral distribution of σ2for RB thin films 

with different exposure times to UV irradiation.  
 

Figs. 17 and 18 show the surface energy loss, 

SEL, and the volume energy loss, VEL, as a 
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function of the incident photon energy. Both 

functions have the same behavior and the energy 

loss by photons traveling through the material is 

greater than the energy loss by those passing by 

its surface. It is clear from these figures that both 

of VEL and SEL follow the spectral behavior of 

ε2. The UV-irradiation reduces the values of these 

quantities all over the spectral region under 

investigation. The change in their values upon 

irradiation can be explained in terms of the 

structural changes shown in Fig. 3.  
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Fig 17. Spectral distribution of surface energy loss 

for RB thin films with different exposure times to 

UV irradiation. 
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Fig 18. Spectral distribution of volume energy loss 

for RB thin films with different exposure times to 

UV irradiation. 

 

The spectra of SEL and VEL can be divided 

into three regions depending on the incident 

photon energy: region (I) is for incident photon 

energy< 2eV, in this region the value of both 

quantities is near zero and this indicates that there 

is no interaction between incident photons and 

RB films. Region (II) is in the energy range 2-3 

eV, at incident photon energy of 2eV both 

functions increase rapidly with photon energy 

and show a shoulder and a peak around 2.3 and 

2.5eV, respectively.  

These peaks shift a little towards the low 

energy side of the VEL spectra with the 

increasing the irradiation time. The shoulder and 

peak represent vacancies, interstitials, Frenkel 

pairs and dislocations levels in the energy gap. 

Region (III) is for incident photon energy > 3eV, 

both of SEL and VEL show tow peaks close to 

3.88 and 4.76eV represent energy levels in 

LUMO orbital. 

  

 

Conclusions 

 

FTIR analysis for RB films provides an evidence 

for its chemical stability. RB has an amorphous 

structure in powder and pristine film forms. 

Exposure of RB films to UV irradiation resulted 

in polymorphous polycrystalline of crystallite 

size that depends on UV exposure time. The data 

of T and R showed that homogenous optical flat 

films are obtained by the spin coating technique 

and these films can be used as optical filters. The 

results of calculation for n and k showed that they 

are independent of film thickness in the 

investigated thickness range of 110-500 nm and 

within the experimental error. High molar 

extinction coefficient of  
4104.5   (mol.cm)

-1
 

and broad band shown in Fig. 8 recommend RB 

films for application in manufacturing solar cells. 

The type of electron transition in RB film is 

indirect allowed transition and the onset and 

energy gaps are 2.02 and 2.85 eV, respectively. 

UV irradiation decreases the onset and energy 

gaps to 1.98 and 2.48 eV, respectively. Increasing 

exposure time of UV irradiation has no influence 

on energy gap. The dispersion parameters of RB 

films decrease with increasing UV exposure time.  
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 عشتًانًهخض ان

 

 

ذأثيش صيٍ انرشعيع تالأشعح فىق انثُفسديح عهً انرشكية وانخىاص انضىئيح نلأغشيح انشقيقح يٍ 

 صهشج تُدال 
 

 حًذي  صيادج، يشذضً يىسف، َاطش انغًاص، يشيى اتىدستانح

 يظش  –خايعح ديياط  –كهيح انعهىو  –قسى انفيضياء 

 
انثكش وانًشععح تالأشعح فىق انثُفسديح يٍ صهشج تُدال. ذى ذى تحث انخىاص انضىئيح نلأغشيح انشقيقح 

حساب يعايم الاَكساس ودنيم الايرظاص يٍ انقيى انًطهقح نطيفً انُفاريح والأَعكاسيح. ذى اسرخذاو 

تاسايرشاخ انًهرض انىحيذ وًَىرج دسود لإيرظاص انحايلاخ انحشج نرحهيم َرائح يعايم الاَكساس تاسرخذاو 

الإنكرشوًَ تيٍ َطاقاخ انطاقح. ذى ذحهيم الإيرظاص فً أغشيح صهشج تُدال. أوضحد  َظشيح الإَرقال

انُرائح أٌ سًك الأغشيح انشقيقح يٍ صهشج تُدال لا يؤثش عهً يعايم الإَكساس ودنيم الإيرظاص ورنك فً 

 يذي انسًك انزي ذى تحثه يع إدخال َسثح انخطأ فً انحساتاخ تعيٍ الإعرثاس.

َرح عٍ ذشعيع الأغشيح انشقيقح يٍ صهشج تُدال تالأشعح فىق انثُفسديح ذغيش فً انرشكية حيث ذحىل 

ذشكية الأغشيح انثكش يٍ ذشكية أيىسفً إنً يرعذدانثهىساخ وَرح عٍ رنك ذغييش فً يعايم الإيرظاص 

ششج يٍ انرىصيع والإَكساس وفدىج انطاقح. ذى حساب انذوال انضىئيح واعرًادها عهً صيٍ انرشعيع يثا

 انطيفً نثاتد انعضل.
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