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STUDY OF THE LINEAR OPTICAL PROPERTIES AND SURFACE ENERGY
LOSS OF 5',5"-DIBROMO-O-CRESOLSULFOPHTHALEIN THIN FILMS
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The optical constants such as (refractive index #, extinction coefficient £ and absorption
coefficient a) were calculated for 5',5"-dibromo-o-cresolsulfophthalein (BCP) thin films
by using spectrophotometer measurements of the transmittance, absorbance and
reflectance at normal incidence in the spectral range 350-900 nm. The obtained values of
both n and k& were found to be dependent of the film thicknesses. The refractive index has
anomalous behaviour in the wavelength range 350-900 nm besides a high energy

transition at 2.385 V. The optical parameters (dispersion energy £, oscillation energy

E_ and the high frequency dielectric constant &, ) were calculated using Wemple and

Didomenico method. The volume energy loss (VELF) and the surface energy loss (SELF)
functions are also investigated.
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1. Introduction

Optical properties of thin films have been the subject of intense study during the last
decades and great efforts have been made to develop the mathematical formulation describing the
transmittance and reflectance of different optical systems [1,2]. Among the existing methods for
determining the optical constants of those based exclusively on the optical transmission spectra at
normal incidence have been applied to different crystalline and amorphous materials deposited on
transparent substrates in the form of thin films [3-7].

The study of the optical constants of materials has been interesting for many reason. First,
the use of materials in optical fibres and reflected coating requires accurate knowledge of their
optical constants over wide range of wavelength, second, the optical properties of all materials are
related to their atomic structure, electronic band structure and electrical properties. The structural
bonding between the neighbours determines the optical properties, such as absorption and
transmission of the amorphous material [8].

In the present work we determine the optical constant and dispersion parameters also the
volume energy loss (VELF), surface energy loss (SELF) functions for 5',5"-dibromo-o-
cresolsulfophthalein (BCP) thin films with deferent thickness. The optical properties of thin films
were determined by using transmission, absorbance and reflection data spectrum in the wavelength
range 350-900nm.

2. Materials and preparation

5',5"-dibromo-o-cresolsulfophthalein (BCP), with molecular mass= 540.22 g mol ', has
been selected for our experiments as shown in Fig. 1.BCP dye was supplied from
Aldrich Company with purity 96%. In our experiment, the host material is Poly (methyl
methacrylate) (PMMA) and the ratio of dyes in PMMA by weight is 0.05, 0.1, 0.2 and 0.4
respectively.
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The dye-doped PMMA films were prepared as follows: dye and PMMA are dissolved
separately in chloroform and then the solution of dye and that of PMMA are mixed, heated (up to
50°C) and stirred for 2 hr, thus the mixed sols of dye and PMMA were obtained. After the sols
were filtrated, the films were prepared on a clean glass slide by the repeat-spin-coating method and
dried at room temperature (300K) for 48 hr. The thickness of the films are about C1=306.8,
C2=386.7, C3=550.4 and C4=605.9 nm respectively and the film samples have good purity and
uniform thickens. The optical absorption spectra are recorded from 350 to 900 nm in steps of 2 nm
using Cecil Reflecta-Scan CE -3055 Reflectance Spectrometer at room temperature. The
absorbance spectra of samples with different thicknesses are shown in Fig. 2. The optical
absorptions is found to increase with increasing wavelength until it reaches 400nm. For A > 400 it
is decreasing with increasing wavelength. For A > 600 it’s the same for all samples.
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Fig. 1. The chemical structure of BCP dye Fig.2 Absorbance spectra of thin films deposited at
different concentrations.

3. Results and discussion
3.1. Optical absorption edge of the thin films

The transmittance spectra of the thin films are shown in Fig.3. The transmission through
the film is relatively low at below band gap region, indicating high concentration of defects, free
carriers. The transmittance decreases abruptly in the short wavelengths which is due to the band
edge absorption. Fig. 4 shows the reflection spectrum of the samples. It is observed from Fig. 4
that reflection decreases with the increase in wavelength. A sudden decrease at a particular
wavelength, indicates the presence of optical band gap in these samples.
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Fig. 3. Optical transmission of the thin films Fig. 4. Optical reflection of the thin films
deposited at different concentrations. deposited at different concentrations.
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The incoming photons have sufficient energy to excite electrons from the valence band to
the conduction band, resulting in strong absorption in sample. The optical absorption edge was
determined by the optical absorption, a simple method that provides explanation for the features
concerning the band structure of the film. The optical absorption edge was analyzed by the
following relationship (Tauc’s Procedure) [9].

a=£(hv—Eg)'” €))
hv

where , & is absorption coefficient, 4 is an energy-independent constant and E, is the optical band
gap. The exponent m depends on the nature of the transition, m= 1/2, 2, 3/2 or 1/3 for allowed
direct, allowed indirect, forbidden direct or forbidden indirect transitions, respectively. Eq.1 can be
written as

dIn(@hv)]  m o
d(hv) — h-E,

The type of transition can be obtained by determining the value of m. A discontinuity in
the d[In(chv)]/d(hv) versus hv plot at the band gap energy, i.e. at hv=E . can be observed.
The discontinuity at a particular energy value gives the band gap, E, [10]. The curves of In(ahv)
versus In(hv — E,) were plotted using the E, value to determine m value and it was found about 2

from the slope of plotted curves. Thus, obtained m value suggests that the fundamental absorption
edge in the films is formed by the indirect allowed transitions. In the transition process, the total
energy and momentum of the electron-photon system must be conserved. Fig.5. shows the plots of

(ahv)®versus hv of the films. The values of the indirect optical band gap E, are given in
Table 1.
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Fig.5. (ahv)°'5 vs. photon energy of thin films at different concentrations .

The optical band gap values obtained by this method are suitable for many scientific
studies and technological applications, such as gas sensors, and piezoelectric devices. As seen
from Table 1, the dye concentrations lead to a decrease in optical band gaps of the films. These
results show that the dye concentrations cause shrinkage in the optical absorption edge and
therefore change in the band structure of the films. This suggests that the defects in thin films take
place during formation of the films. It is also noted to discussion that the decrease in energy band
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gap increases the width of the energy bands. The decrease in the width of the energy band induces
to move the band edge of the conduction band downward and that of the valence band upward

[11].

Table 1 The optical band gap of the thin films for different concentrations.

Thickness(nm) EM (eV)
C1=306.8 2.29
C2=386.7 2.26
C3=550.4 2.24
C4=605.9 2.15

3.2. Optical dispersion characteristics

The refractive index (n) of the films are determined by reflection spectra in the wavelength
range 350-900 nm by Reflectophotometer at room temperature and we calculated the refractive
index values of the films using the following equation [12].

1+R 4R
"_L—Rj+ a—r " ®

where R is the reflectance and k = (Aa/47) is the extinction coefficient. The refractive index ,n,

and extinction coefficient £ dependence of the wavelength are shown in Figs. 6 and 7. As seen in
Figs. 6 and 7 n and k values are influenced by decrease the concentrations and increase with
decreasing the wavelength up to 400 nm after that will decrease with decreasing the wavelength.
Therefore, they show the normal dispersion.
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Fig. 6. Dispersion curves of refractive index n for the  Fig. 7. Dispersion curves of extinction coefficient k
films as a function of wavelength. for the films as a function of wavelength .

3.3 Dispersion Parameters

Wemple and Didomenico [13,14] use a single-oscillator description of the frequency-
dependent dielectric constant to define a “dispersion energy” parameters £y and E,. The refractive
index dispersion of the films studied can be fitted by Wemple and Didomenico. The dispersion
plays an important role in the research for optical materials, because it is a significant factor in
optical communication and in designing devices for spectral dispersion. Although these rules are
quite different in detail, one common feature is the over-whelming evidence that both crystal
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structure and ionicity influence the refractive index behaviour of solids in ways that can be simply
described [15].

The relation between the refractive index n, and the single oscillator strength below
the band gap is given by the expression [13,14]:

(nZ_l)—lzﬂ_ 1 EZ
Ed EOEd

“4)
where E is the photon energy, E, is the oscillator energy and E4 is the dispersion energy. A plot of
(n2 - 1)_1 versus E° of the films at different thicknesses are illustrated in Fig. 8. It is clear that,

the refractive index declines towards the longer wavelengths due to the influence of films
absorption. The values of E4 and E, were obtained from the slope and the intersection obtained
from extrapolation of the line to zero photo energy and are given in the Table 2.
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Fig.9. (n> =1)"vs. A7 at different concentrations.

The dielectric constant of a material could be calculated using the dispersion relation of
incident photon. The refractive index was also fitted using a function for extrapolation towards
shorter wavelengths [14]. The model of Moss [16] stated that the free carriers contribution to
dispersion are relatively small. This means that data corresponding to the wavelength range lying
below the absorption edge of the material are to be used. In such a case, so, one can apply the next
relation. The properties of the investigated sample could be treated as a single oscillator at
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wavelength A, at high frequency. The high frequency dielectric constant can be calculated by
applying the following simple classical dispersion relation [16]:

2 2
ny —1 A,
=1-|— 5
n*—1 (ﬂj ©)

where n,is the refractive index at infinite wavelength A, (average interband oscillator
wavelength), n the refractive index and 4 the wavelength of the incident photon. Plotting
(n* —1)""against 4> which showed linear part, was below the absorption edge as shown in

Fig.9. Values of n,, for thin films are given in Table 2. Equation 5 can also be written as [18]:

S22
S BTG 6
" [1—(@2/13)] ©)

where S, is the average oscillator strength which equals to:

2
_ny —1

S =
0 /13

(7

The S, values for the films were calculated using equation 6 and are given in Table 2.
The M ; and M ; moments of the optical spectra can be obtained from the relationship [17,19]

M 3
E2 =_-1 and Ej = M-,
M 3 M 3

®)

The obtained values are given in Table 2. The M | and M 3 moments changed due to the formation
coordination of complex. It is found that M , values decrease with increasing the thickness of film.

Table 2: Effective oscillator model parameters of samples of different concentrations.

Thickness(nm) E,(eV) E4(eV) M; M (eV)2 ng Ao(nm) Sy x10°
13 -2

(m™)
C1=306.8 5.79 10.15 1.75 0.033 1.65 167.54 6.25
C2=386.7 5.61 9.36 1.66 0.052 1.63 216.02 3.57
C3=550.4 5.26 8.63 1.63 0.059 1.62 229.03 3.12
C4=605.9 3.72 5.47 1.47 0.106 1.57 325.39 1.38

3.4. Dielectric characterizations

It is well-known that polarizabiltiy of any solid is proportional to its dielectric constant.
The real and imaginary parts of the complex dielectric constant are expressed as [12]:

g=n"-k and &, =2nk 9)

where £ and &, are the real and imaginary parts of the dielectric constant, respectively. The

dependences ofég, and ¢&,on the photon energy are shown in Figs. 10 and 11. The real and
imaginary parts of the dielectric constant follow the same pattern and the values of the real part are
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higher than the imaginary part. The variation of the dielectric constant with the photon energy
indicates that some interactions between photons and electrons in the films are produced in this
energy range. These interactions are observed on the shapes of the real and imaginary parts of the
dielectric constant and they cause the formation of peaks in the dielectric spectra which depends
on the material type.
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Fig. 10. The variation of &, with the photon energy for different concentrations.
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Fig. 11. The variation of &, with the photon energy for different concentrations.

3.5. Optical and electrical conductivity of thin films

The absorption coefficient o can be used to calculate the optical and electrical conductivity

o o, as follow [25]:

opt

onc
Top =74~ (10)
210
o = (11)

where c is the velocity of light.
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Fig. 12. optical conductivity versus hv for different concentrations .
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Fig. 13. electrical conductivity versus hv for different concentrations.

Figs.12 and 13 shows the variation of optical conductivity o, and electrical conductivity

o, as a function of photon energy Av. It is worthwhile to note that the dye inclusion has greatly

reduced the dielectric constant and increased the optical conductivity. The increased optical
conductivity at high photon energies is due to the high absorbance of sample thin films and also
may be due to the electron excited by photon energy [26].

3.6. volume energy loss and surface energy loss of thin films:

Quantities of interest in studying the rate of energy loss for electrons passing through a
material are the imaginary part of the reciprocal of the dielectric constant, which is known as the
volume energy loss (VELF) and the surface energy loss (SELF) functions. They are related to the
real and imaginary parts of the dielectric constant by the following relations [21,22] and plotted in
Figs.14 and 15.

&

VELF = —Im(L) = (12)

2 2
& & +é&

1 &
SELF =—I = 2 13
m(aﬂj (5, +1) +£2] (13)
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Fig.15. The variation of SELF versus hv for different concentrations .
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From such figures, there is no significant difference between them at lower and higher
photon energies it is clear that the volume energy loss is greater than surface energy loss at all
incident photon energies.

The interband transition strength J_ accounts for the dipole selection rules for the
transitions [23]. J_, is proportional to the probability that a transition of an electron between the

filled valence band and the empty conduction band with transition energy takes place and is related
to complex dielectric constant ( &) by [24].

drm’ E

J,=ReJ, +ImJ =—7-= —
eh 2

(&, +ig) (14)

where ReJ

the electron, £ is the photon energy,e charge of the electron and / blank constant. J_ is

-, ImJ _ are the real and imaginary part of interband transition strength, m, mass of
proportional to the transition probability and has units g.cm_3. For computational convenience,
we take the prefactor (47° mj / e’ h*) in Equation 14, whose value in 8.289x10°g.elV ™ as
unity. The J_, calculated from is Equation 14 are shown in the Figs.16 and 17.
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Fig.16.Imaginary part of interband transition strength versus hv for different concentrations.
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Fig.17.Real part of interband transition strength versus hv for different concentrations.

4. Conclusion

The effect of thicknesses on optical properties of 5',5"-dibromo-o-cresolsulfophthalein
(BCP) thin films deposited onto glass substrates by the repeat-spin-coating method has been
investigated. The films thicknesses have indirect band gap from 2.29 eV to 2.15 eV. The optical
constant such as refractive index, extinction coefficient, high frequency dielectric constant, and
dispersion energy are more sensitive to the thin films thicknesses. Both surface and volume energy
loss functions have been obtained by depending on real and imaginary parts of dielectric constant,

it has maximum peak at energy region =2.8 eV this leads to single electron excitation process
that occurs in the thin films.
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