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Analyzing of Optical Band Gap in Bis Glycine Cobalt Sulfate Single Crystal
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Abstract: Single crystals are Bis Glycine Cobalt Sulfate (BGCS) recently investigated nonlinear optical materials
were grown by slow evaporation techniques. Optical absorption of the crystals of BGCS has been measured
at room temperature from which the optical band gap has been determined using the absorption spectrum as
5.90 eV. Vibrational modes of grown crystals were conformed by FTIR spectrum. The optical absorption
spectrum shows that the UV cut-off wavelength for the grown crystal is at 240 nm. The optical constant (¢, K,

R) were also evaluated.
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INTRODUCTION

Due to unique properties the Nonlinear Optical (NLO)
single crystals have promising applications m the area of
photonics such as high speed mformation process,
frequency conservation, optical communication, high
optical disc data storage, etc. (Shankar et al, 2010;
Prasad, 1991; Marder et al., 1991; Saleh and Teich, 1991,
Pemm et al., 1991). Orgamc molecules especially chalcones
are of particular interest over inorganic molecules in the
field Nonlinear Optical (NLO) applications (Dongol, 2002;
Chemla and Zyss, 1987, Zyss, 1993; Karmna, 2000). The
crystals were excellent physical properties and good
record for long term stability in devices.

Considerable evinced by
researchers n crystals semiconductor for use i solar cell

interest  has  been
devices and tlhun crystal transistor for the plat panel
displays (Chandra et al, 1980; Chopra and Das, 1983;
Miniewicz and Bartkiewicz, 1993; Kajzar et al., 1995,
Shankar and Varma, 1996; Ester and Halfpenny, 1998;
Kejalakshmy and Srinivasan, 2004). Tuning of optical
band gap in semiconductor materials is an important
tool in optoelectronics and photonics integration. The
optical behaviors of materials are essential parameters
to determine its usage in optoelectromc devices
(Pandey et al., 2005). Knowledge of optical constants of
a material such as optical band gap and extension
coefficient is vital to scrutimze the materials potential for
optoelectromic applications (Dongol, 2002). The electrical
properties of semiconductor are strongly dependent up
on the band gap (Beyer et al., 1971).

The crystal growth 15 a frontier area of science and
technology which plays a major role in the technology of
photonics (Vesta et al., 2009). The past development in
the field of optoelectronic and photonic and necessity.
The search for new and efficient Nonlinear Optical (NLO)
materials. That can be utilized for optical computing,
optical communication, electro optics, frequency shifting,
optical data storage for developmng technologies in
telecommumcations (Kumar ef al., 2009). The report here
the growth and characterization of Bis Glycine Cobalt
Sulfate (BGCS) crystal, Fourier Transform Infrared (FTIR)
Spectroscopy, optical transmission and optical absorption
studies, the optical constant (¢, K, R) are calculated
(Gaffar et al., 2003). Fnally, the optical band gap was
estimated form the optical absorption spectrum
(Mardare and Rusu, 2001).

MATERIALS AND METHODS

Crystal synthesis: The saturated solution (BGCS) crystal
was prepared at room temperature and stiured well to
enable homogenizes of the solution the crystals were
prepared by slow cooling method BGCS single crystal
were grown by dissolving high purity of glycme cobalt
sulfate i the ratio 2:1 and stirred well for about 3 h. After
a period of 10-12 days, single crystals of BGCS were
grown by slow evaporation techniques having dimension
9%5x3 mm’ at room temperature. Figure 1 shows the
photograph of grown crystal of Bis Glycine Cobalt Sulfate
(BGCS). The crystals were subject to spectral analysis for
the investigation of structural and optical properties. The

Corresponding Author: G. Shankar, Department of Physics, Government College of Engineering, 636 011 Salem, India



J. Eng. Applied Sci., 7 (3): 290-294, 2012

| ]

Fig. 1. Photo of BGCS crystal

optical properties of the crystal were studied by the
UV-gpectrum, using Lambda 35 Spectrophotometer. The
optical constants were calculated using the theoretical
formulae. The functional group was analyzed using FTIR
Spectrum. The spectral variation of the optical absorption
coefficient (), extinction coefficient (K), optical
reflectance (R) and optical band gap (E_) also calculated
from the obtained optical transmittance and reflectance
value.

RESULTS AND DISCUSSION

FTIR analysis: The FTIR spectrum was measured within
the 400-4000 cm™ region using Perkin Elmer FTIR
Spectrophotometer by KBr Pellet Techmque. The FTIR
spectrum of PMP crystal is shown in Fig. 2. The peak at
3332 cm™" is due to OH stretch of water. The pealk at
3263 cm ' is due to NI, asymmetric stretching. C = O
asymmetric stretching is observed at 1603 cm™. C = O
symmetric stretching is observed at 1389 cm ™. The peaks
at 1118,1176 and 672 cm™ indicates the presences of $-O
stretching. The peak observed at 1322 cm™' is due to the
CH, wagging vibrations. The CH out of plane deformation
is observed at 919 cm ™. The peak at 743 cm ™' is due to
OH deformation.

UV-Vis spectroscopy analysis: To calculate the optical
band gap, the absorption spectra of grown crystals were
recorded. First the optical absorption coefficient (w) was
calculated form the absorption using the relation: o
absorption/t where, t is the thickness of the crystal, the
relation between the optical band gap (E,) and the optical
absorption coefficient (¢), near the absorption edge can
be written as (Ashour ef al., 1995):

AJIV-Ey

hv

[0

Where:
A = The constant
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. 2: FTIR analysis of BGCS crystal
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Fig. 3: Optical absorption spectrum of BGCS crystal

E, = The optical band gap
h = The Plank’s constant
v = The frequency of incident photon

The plot of (@hv) verses photon energy is shown in
Fig. 3. The band gap of the grown crystal was obtained as
590 eV from the mtercept on the x-axis with the
extrapolated straight line. The transparency of the grown
crystal was found to be good agreement with reported
one (Kumar et al., 2011). This is the most favorable
characteristic for NLO materials.

The optical transmission of BGCS crystal was
measured using Lambda 35 Spectrophotometer. It was
assured that the BGCS crystal as good transmittance near
75% and the lower cut off wavelength of the crystal is
found to be 240 nm. High transmittance with lower cut off
wavelength was comparatively good with reference
reported (Peter and Ramasamy, 2010; Meijerink et af.,
1990).

A good optical transmittance is very desirable in an
NLO crystal. Since, the absorption if any NLO materials
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Fig. 4: Optical transmission spectrum of BGCS crystal

near the fundamental of the second harmonic will lead to
less conversion efficiency m those wavelengths. When
absorption is maintain from shorter wavelength to longer
wavelength, the enhanced transmission is absorption
between 240 and 1100 nm as the entire region does not
bear any absorption band it can be used NLO
applications. A plot of variation of absorption verses
wavelength is shown in Fig. 3. From the transmission
spectrum, it is evident that BGCS as a UV lower cut off
wavelength at 240 nm and the transparency in the entire
visible region for this crystals. A plot of varation of
transmittance verses wavelength 1s shown m Fig. 4.
Suggest its swtability for second harmonic generation.
(Eazhilarasi et al., 2008).

The depends of optical absorption coefficient with
the photon energy helps to study the band structure and
the type of transition of electrons (Lenin et al., 2009). The
optical absorption coefficient () was calculated from the
transmittance using the following relation:

o - 2:3036l0g(1/ T)
d
Where:
T = The transmittance

d = The thickness of the crystal

In the high energy region, the energy dependents of
absorption coefficient such as the occurrence of direct
band gap. A direct band gap semiconductor, the crystal
under study of as an absorption coefficient obeying the

relation:
AJthv-E
L AJOVE)
hv
Where:
E, = The optical band gap of the crystal

A The constant
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Fig. 5: Plot of (¢hv) verses photon energy for spectrum
of BGCS crystal

A plot of variation (¢hv) verses photen energy is
shown in Fig. 5 E, was evaluated by the
interpolation of the linear part. The band gap 1s found
to 5.90 eV as a consequent of wide band gap, the crystal
under study as a large transmittance in the visible region
(Periyasamy et al., 2007).

Optical constants measurement: The refractive index can
be determmed (Gupta and Mansingh, 1996) from the
Reflectance (R) data using:

g @ -
mn+ 1

The Transmittance (T) 1s given by:

- {1 -R) exp(—ad)
1 - R%exp(—2ad)

The optical extinction coefficient can be obtained
from the following relation:

_ o
4in

K

Where:
A = Wavelength of source
¢ = The optical absorption coefficient of the crystal

The reflectance in terms of the absorption coefficient
can be derived from the above equations. Hence:

R - 1= Jl —exp(—od)+ exp(od)
B 1+ exp(-ad)

Where:
d = The thickness of the crystal
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Fig. 6: Plot of optical absorption coefficient verses
optical reflectance of BGCS cystal
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Fig. 7. Plot of optical extinction coefficient verses optical
reflectance of BGCS crystal

n = The refractive mdex
The optical absorption coefficient of the crystal

The optical absorption coefficient verses optical
reflectance graph 1s shown in Fig. 6. From the above data,
the refractive index n can also be derived as:

Lo —R+DE —3R’+10R -3
2(R-1)

Figure 7 shows the variation of reflectance (R) and
extinction coefficient (K) as a function of absorption
coefficient, respectively. From Fig. 7, it 1s clear that both
the reflectance and extinction coefficient depend on the
absorption coefficient. The internal efficiency of tailoring
the absorption coefficient and tuning the band gap of the
material, researchers can achieve the desired material

which is suitable for fabricating various layers of the
optoelectronic and photonic devices as per requirements
(Krishnakumar and Nagalakshmi, 2005; Krishnakumar and
Kavier, 2004; Krishnan et al., 2008).

CONCLUSION

Good quality BGCS crystal was synthesis and
subjected to FTIR and optical studies. FTIR analysis was
carried out to conform the presence of functional groups
of the grown crystal. The optical transmittance of the
crystal conform the transparency of the crystal By
tailoring the absorption coefficient and tuning the band
gap of the materials, researchers can active the desired
material which is suitable for the fabrication of various
optoelectronic devices because of its wide optical band
gap. The value of the optical constant, absorption
coefficient, extinction coefficient and optical reflectance
such as that the BGCS crystals are suitable for the
fabrication of various optoelectronic and photonic
devices.
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