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Absract

Thin film of a dye(p_Naphtholbenzein( ¢ ))was prepared by spin-coating technique on

glass.The optical properties of the P-Naphtholbenzein( & )(with thickness 4um )were investigated at

room temperature and they

include absorbance/transmittance/reflectance, spectra, absorption

coefficient ,extinction coefficient ,optical conductivity and complex dielectric constant.The data of
absorption coefficient indicated for direct transition with direct energy gap (E, ).We have also studied

Ubrach energy (AE) and the ratio of carrier concentration to the effective mass (N/m”) .
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Introduction

Optical properties have been the subject
of numerous investigations by both theoreticians
and experimentalists in recent years due to the
potential  applications in  optical signal
processing and computing. Detailed
investigations of linear and nonlinear optical
coefficients enable to fabricate materials,
appropriately designed at the molecular level for
specific applications such as optoelectronic
devices[1,2]. Knowledge of optical constants of
the materials (optical band gap and extinction
coefficient) is vital to scrutinize the atomic
structure, electronic band structure and electrical
properties. The refractive index provides
information about the chemical bonding and
electronic structure of the material. An accurate
measurement of the optical constant can be
easily performed on semiorganic crystals [3].

Experimental

Dye (P-Naphtholbenzein(¢x)) was prepared
by chemical method according to reference
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Dye has received great attention due to
its environment stability, ease of preparation,
and its optical and electrical properties, the dyes
color result from absorbance in the visible
region of the spectrum due to the delocalization
of electrons [4]. Absorbance of dye(p.

Naphtholbenzein(&')) in the visible region of
the spectrum due to the delocalization of
electrons in the benzene[4].

In the present work,we report the
determination of the optical constants such as
refractive index ,extinction coefficient, dielectric
constants ,energy gap and optical conductivity
of the p-Naphtholbenzene() dye thin film
using optical spectra .

[5]. The molecular structure of the dye are
illustrated in the following state :
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Fig(1):Molecular structure of Dye(P-Naphtholbenzein( & ))(C27H2053).

The naphtholbenzon dye was prepared
by spin-coating technique on glass .the dye
powder were dissolved in DMSO solvent and
stirred at room temperature for 3-4 hrs.The
stirred solution was cast on the substrates cited
horizontally to get a homogenous thickness.The
solution allowed to evaporate slowely at room
temperature followed by vacuum drying.

Theory

The optical absorption coefficient (o)
was calculated using the following relation [6].

1
2.303Log ("~
g(T)

d

where T is the transmittance and d is the
thickness of the material. The other optical
constants were calculated using the following
theoretical formulae [6,7].The extinction
coefficient is obtained in terms of the absorption
coefficient,

o =

A
Where A is the wavelength

Results and discussion

Fig. (2) shows the optical absorbance
spectra for the p-Naphtholbenzein (o« ) thin
film. It has been observed that the low
absorbance in visible and near infrared regions
and the high absorbance in the ultraviolet region
.The peak is observed in the wavelength
470nm.There is a distortion near the peak
because of the small strange parts in the dye.
Fig. (3) shows the transmittance spectra for the
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The reflectance (R) was calculated by using the
equation

and the linear refractive index (n)is given by

n_l+J§
1-JR

Also the complex dielectric constant is defined
as

E=¢&, +¢
the real and imaginary dielectric constant is,
respectively,

g, =n*—K?
The optical conductivity(o,,) is @ measure of

the frequency response of the material when
irradiated with light .

a.nc
Gop =

A

where(c ) is the light speed.

film. At 4 < 400nm fast increase was shown
in small range but this increase becomes more
slowly at A >400nm because the change in
the Absorbance curve. Fig. (4) shows the optical
absorption  coefficient is  exponentially
dependent on the incident photon energy and
obeys the empirical Urbach rule [8]
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h
o= ao.exp(A—E)

where AE is the Urbach energy and it can be
evaluated as the width of the localized states,
fig.(5) shows The relation between In(« )and

photon energy, the value of AE was found from
this fig.( AE =0.474 e.V).

The determination of band gap
energy(Eg)is often necessary to develop the
electronic band structure of film material
Absorption coefficient(c )is related to the

energy( E) of the incident photons by the
relation[9] .

_ _ r
aE=B(E-E;) ... (10)

where E=ho , E, the optical energy gap, B is a
constant and r is an index which can be assumed
to have values of 1/2, 3/2, 2 and 3, depending on
the nature of the electronic transition responsible
for the absorption. r =1/2 for allowed direct
transition, r = 3/2 for forbidden direct transition
and r =3 for forbidden indirect transition, with r
=2 refers to indirect allowed transitions [10], the
energy band gap can be obtained by
plotting(ath v )™,
versus(hv )in the high absorption range
followed by extrapolating the linear region of
the plots to ((ah v )¥=0).
Fig. (6)  shows
1/2

the

between (hv)™ “and photon energy. It has

been observed from this figure Eg=2.8 e.V . Fig.
(7) shows the optical reflectance spectra for the
p-Naphtholbenzein(c ). The reflectance has

relation

Conclusion

From this study it can be concluded that the
film was found to exhibit high transmittance
(80%-100%), low absorbance and low
reflectance were found in the visible and near
infrared region up to 900nm.

The energy gap has found (Es=2.8
e.Vyalso we determined Ubrach energy

(AE)0.474 eV and the ratio of carrier

concentration to the effective mass (N/m’)
3.31*10%* kgm™.m™.
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been found by using the equation(3).There is a
high reflectance in visible and near ultra violt
region ,also it has been observed that the low
reflectance is in infrared and near infrared
region. The extinction coefficient has been
measured as a function of photon energy fig. (8),
this behavior is due to the variation in the
absorbance. Fig. (9) shows the variation of
optical conductivity with the incident energy,
the optical conductivity increases with
increasing photon energy range. The real and
imaginary part of dielectric constant has been
determined .Fig. (10) and (11) shows the
variation in the real and imaginary part of
dielectric constant with the incident photon
energy, real part of the dielectric increases with
increasing photon energy in low and middle
range but it decreases in high range , two peaks
appeared in the figure has small distortion, it
results from strange parts in the material,
imaginary parts of the dielectric constant
increases with increasing photon energy
range.The relation between real dielectric

constant ¢ and the square of wavelength 12 [
given by [11]

Where & _is the infinity frequency

dielectric constant, e is the electronic charge and
N/m’ is the ratio of carrier concentration to the

effective mass. The values of &_and N/m’
counted from fig. (12)

g, =1.744 ,N/m'=3.13*10* kgm™.m"*

Value of energy gap and material nature
influence on values of N/m” and AE Shajo
Sebastian and M . Abdul Khadar studied the
optical properties of 60B,05;—30 PbO-10 PbCl,
[12] and found (E=3.21 e.V, AE=0.41eV,
(N/m’) =2*10%* kgm™.m" ) while J.C.Osuwa
and C.1.Oriaku studied the optical properties of
CUO_11Cd0_4080_49 [13] and found(Eg:2.48 eV ,
(N/m’) =5.51*10"" kgm™.m™ ).
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Fig. (2): The spectral absorbance (A)As afunction of
wavelength( A)
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Fig. (4): Absorption coefficient (¢ ) as function of Fig,(5):Ln of absorption coefficient( ¢t ) as function of

photon energy(E).
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Fig.(3): The spectral transmission(T)As afunction of
wavelength( A )
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Fig. (7):Reflectance (R)as a function of wavelength(i)
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Fig. (8): Extinction coefficient (K)as function of
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(10): Real part of dielectric constant(&, ) as a

function of photon energy(E)
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Fig. (9 ): Optical conductivity(C i )as a function of

photon energy(E)
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Fig. (11 ): Imaginary part of dielectric constant (Ef) asa

function of photon energy(E)
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Fig. ( 12 ) :Real part of dielectric constant (£, )as a function of

square of wavelength (/12 )
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