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Glycinium Phosphite (GIP) has been synthesized and characterized successfully. The fluorescence
spectrum of the compound showed one broad peak at 282 nm. Linear absorption value was calculated
by Optical Limiting method. Birefringence study was carried out and the birefringence of the crystal
is found to be depending on the wavelength in the entire visible region. Third order nonlinear optical
property of the crystal was carried out by Z-Scan technique and non linear refractive index and third
order susceptibility was calculated. Thermal stability of the crystal was found using TG and DTA
thermal analyzer and the results shows that the crystals have good thermal stability. The crystal was
also analyzed by photo conductivity analyzer to determine the optical conductivity of the crystal.
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1. Introduction

Extensive research have been carried out on organic
Nonlinear optical materials for laser applications',
frequency doubling services*, opto-electronics and fiber optic
communications®, optical information and optical data storage
devices®. Due to the presence of -  bonds in the organic
materials provides an excellent nonlinear optical property,
which intern satisfies the needs of the above mentioned
technological applications. A large number of materials have
been found to exhibit laser induced refractive index changes
such as fullerenes, liquid crystals, and organic materials and
their derivatives. Among organic materials, Amino acids and
their derivatives have recently attracted much attention due to
their high tendency to crystallize in asymmetric structure and
for their synthetic flexibility that can offer the modification
of nonlinear properties. The nonlinear optical properties of
this type of materials can be improved by following suitable
synthetic procedures to design molecules with delocalize &
electrons, donor-accepter-donor and acceptor-donor-acceptor
properties”. Semi organic materials plays and major role
in many potential NLO applications instead of organic
materials. The NLO properties and optical limiting behaviors
of semi organic materials are enhanced by combining the
organics with the inorganic. From the various classes of
organic compounds, Glycine based material plays a major
role in the optoelectronics and photonics applications. Many
Glycine derivative organic materials exhibit interesting
NLO efficiency'®!. Under the perturbation of the external
electric field this conjugation of m-electron was affected by
electron donor and acceptor group, which results the higher
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rate of NLO property. Glycine is the simplest amino acid;
it forms many useful new compounds with other organic
as well as inorganic materials. Glycine Phosphite is one of
the interesting semi organic materials in glycine derivative
series. The structure of Glycine Phosphite was reported
by Averbuch-Pouchot'?. In our previous publication on
the GIP crystal we reported the electrical and mechanical
properties of the material'®. are In the present research, we
are focusing on various optical properties of the crystal such
as photoconductivity, birefringence, photo luminous, optical
limiting and third order NLO efficiency of the crystal for the
first time. Thermal behaviors and thermal stability of crystal
also discussed in this work.

2. Experimental

Single crystals of G/P were grown from aqueous
solution by employing slow solvent evaporation technique.
The source materials taken in equimolar ratio; calculated
parent compounds were dissolved in double distilled water
and mixed well using a magnetic stirrer continuously for
9 hours. Then the purified saturated solution was allowed
to evaporate at room temperature. Synthesized salt was
purified by adopting the repeated recrystallization method.
The successfully recrystalized salt was further used for
growing bulk crystal. Good optical quality crystal was
harvested in a period of 27 days. The solubility of GIP is
found to be high in aqueous solution than the other organic
polar solvents; hence distilled water was selected to grow
good quality crystals. The Photograph of as grown crystal
of GIP is given in the figure 1.
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Figure 1. Photograph of GLP crystal.
3. Result and Discussions

3.1 Single crystal X-ray diffraction study

Single crystal X-ray diffraction analysis was carried
out on GIP single crystal for finding the cell parameters
and crystal structure of glycinium Phosphite crystal using
Enraf Nonius CAD-4/MACH 3 diffractometer, with MoKa
radiation. The glycinium Phosphite crystal is crystallize in
monoclinic crystal system with the space group P2,. The
lattice parameters are a = 9.619 A; b =8.467 A; c = 7.621
A, a=1v and = 100.11. Cell parameters and space group
of the grown crystal found from single XRD are in good
agreement with the reported value'.

3.2 Birefringence study

Birefringence analysis is precise technique to find the
optical perfection and optical homogeneity in crystals'* phase
matching angles are also can be found using birefringence'”.
Since, optical perfection is important characteristics of a
material for which, it can be used in optoelectronics devices.
The birefringence values have been calculated by finding
absolute fringe orders using the relation:

Where, A is wave length, t is the thickness of the crystal
and K is the order of fringe. Figure 2 shows the variation
of birefringence with the wavelength and it shows that the
birefringence values are lies in between 0.028 to 0.084 in
the wavelength ranging from 241 nm to 710 nm. The slight
variation in birefringence over a wide range of wavelength
indicates that the crystal is suitable material for second
and third harmonic generation device fabrication'®. The
obtained birefringence values were found to be positive
integer and it is increase with increasing wavelength, which
illustrated the grown GIP crystal possess positive dispersion
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of birefringence!”. A minimum dispersion in birefringence
can be the key factor in frequency conversion process such
as second and third harmonic generations'®.

Figure 2. Plot of Birefringence verses Wavelength.
3.3 Photo Luminous (PL) Study

Photoluminescence (PL) is the phenomenon in which
electronic states of solids are excited by light of particular
energy and the excitation energy is released as light. The
photon energies reflect the variety of energy states that are
present in these materials. The PL spectra were recorded
using a Fluoromax-4 spectrofluorometer. The fluorescence
spectrum of G/P crystal is shown in figure 3. It shows that
there is a strong emission peak at 282 nm, it due to the shift
of Phosphite ions from their excited state to ground state.
It can be noted that the emission line at 282 nm shows a
strong and broad bandwidth with the FWHM of 28 nm. The
maximum value of full width half maximum is an additional
beneficial to the development of tunable or ultrafast lasers'?

3.4 Optical Limiting

The increase in the usage of low power lasers in various
applications needs for the design of optical limiters with high
efficiency®. Linear optical absorption of the crystal was examined
in the air atmosphere at room temperature (~28 °C) by optical
limiting experiment. Well cut and polished surface of the crystal
is subjected to light, and the focal length is about 8 cm.

The low intense laser light form the laser source is subjected
to the sample and the output power was measured. A power
meter detector is used to monitor the input and measure the
output power of laser. This process is repeated for several
input powers and the corresponding outputs readings were
recorded. A graph is drawn between input and output power
and is shown in figure 4. By finding the output power, focal
length and power output of the laser source linear absorption
was calculated. The linear absorption of the GIP crystal was
calculated to be 3.21 J/cm''.

3.5 Thermal Analysis

The thermal behavior of GIP crystal was measured by
thermo - gravimetric (TG) and differential thermal analysis
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Figure 3. Emission spectrum of GLP.

Figure 4. Optical Limiting Plot.

(DTA) by using NETZSCH STA 409 CCD from 25°C to
600°C as heating rate of 20 °C/min in a nitrogen atmosphere.
Figure 5 illustrates the changes in TG and DTA curve of GLP
crystal. The DTA curve implies that the crystal undergoes an
endothermic transition of two significant peaks at 154°C and
337 °C, where the material begins to melt. The first peak of
endothermic represents the temperature at which the melting
terminates which corresponds to its melting point. The TG
curve of this crystal indicates that the material is stable upto
to 341°C and above this temperature the weight loss is not
due to self degradation of GIP but merely its evaporation
after its melting. The sharpness of the endothermic peak
shows good degree of crystallinity of the grown crystal
and thermodynamically stable in all atmospheres at room
temperature.

Further, by adopting the Coats-Red fern integral
method?!, the obtained weight loss data at all temperatures
were used to evaluate the thermal decomposition kinetics
such as activation energy (E,), enthalpy of activation (AH),
entropy of activation (AS) and Gibb's free energy (AG*).
The calculated values of Ea, A, AS, AH and AG* of the GLP
crystal are presented in Table 1.

Figure 5. TG and DTA Curve of GIP.

Table 1. Kinetic parameters of G/P crystal

S.No Kinetic parameters Values
1. Activation energy E [kJ/mol] 54.56
2. Frequency factor A [ks™'] 5.02
3. Entropy of activation AS[kJ/mol.k] -68.52
4. Enthalpy of activation AH[kJ/mol] 56.21
5. Gibb’s free energy AG*[kJ/mol] 14.57

From the calculated data one can noted that the enthalpy
of activation is almost equal to activation energy, suggesting
that GIP crystal is in condensed phase between 145°C to
340°C. The positive value of AG* shows that the reaction
involved in the decomposition of G/P is non spontaneous
and the decomposition occurred in a single step after the
melting point. The thermal and kinetic data present in this
study may help to find out new applications based on GIP
crystal in the field of quality control, purity analysis,?>* and
thermal decomposition optimization.

3.6 Third order nonlinear optical measurement

The nonlinear refractive index of the materials was
determined by the Z-scan technique®. This technique based
on the fact that the intensity of light changes along the axis
of the convex lens and is maximum at the focus. Hence, by
moving the sample through the focus, the nonlinear refraction
can be estimated by observing the spot size variation at
the plane of finite aperture and detector combination. The
experiment was done at an air-cooled Ar ion laser beam of
488 nm and 514 nm wavelength with an average power of
10 mW. The laser beam was focused to a beam waist of
20 um with a lens of 5 cm focal length. The transmission
for the samples was measured with aperture and without
aperture in the far-field of the lens, as the sample moved
through the focal point.

Figure 6 gives the normalizing transmission curve for the
open aperture. The transmission is symmetric with respect
to the exact focus (Z = 0), where transmission is minimum.
This indicate that the sample exhibits reverse saturation
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absorption, RSA%. The calculated nonlinear refractive index
and absorption coefficient of GIP crystal are 4.21 x 107cm?/W
and 5.62 x 10* cm/W, respectively. Third order non linear
optical Susceptibility (y3) was calculated and it take the
value of 2.325 x 10 esu.

Figure 6. Z-Scan Open aperture.

3.7 Photo conductivity study

Photoconductivity property of the GIP crystal was carried
out using Keithley 485 picoammeter. The experiment was
performed at room temperature. Electrical contacts between
parallel plates were made at a spacing of about 0.11 cm on
the samples using silver coatings. The Direct Current (DC)
input was increased gradually and the corresponding dark
currents were measured from the electrometer. The sample
was illuminated with a halogen lamp of 100 W powers and
the corresponding photocurrent was recorded for the applied
voltage. The variations of photocurrent (Ip) and dark current
() with applied voltage are shown in Figure 7. Both photo
current and dark current of GLP crystal increase linearly
with applied field. It is observed from the plot that the dark
current is less than photocurrent, thus suggesting that G/P
exhibits positive photoconductivity. In general positive
photoconductivity is attributed to generation of mobile charge
carriers caused by the absorption of photons?®.

Figure 7. Photoconductivity curve.

Materials Research

4. Conclusions

Semi organic Glycinium Phosphite (G/P) single crystal
was grown by slow evaporation technique with good optical
quality. The crystal crystallizes in monoclinic crystal system.
Solubility of the crystal is high in aqueous solution than polar
solvents. The minimum dispersion of the birefringence in the
visible region suggests that the crystal is suitable for second
and third order harmonic generation frequency conversions.
Emission spectra shows that there is sharp peak at 282 nm
with broad full width half maximum value. This suggests the
crystal can be useful in ultrafast lasers. Optical limiter has
been used to find out the linear absorption coefficient of the
crystal. The linear absorption of the G/P crystal was found to
be 3.21 J/em™. The crystal is thermally stable upto 341 °C,
this shows good degree of crystallinity of the grown crystal
and it is thermodynamically stable in all atmospheres at room
temperature. Activation energy, enthalpy of activation and
Gibb's Free energy of the crystal was calculated using the
thermal data. It is found that activation energy and enthalpy
are almost equal it is due to the condense state of the crystal
between 145 °C to 340 °C. Gibb's free energy holds the positive
value. Second and third order SHG measurement show the
crystal is a well suitable material for harmonic generation
efficiency operations. The calculated nonlinear refractive
index and absorption coefficient of GIP crystal from the
z-scan technique are 4.21 x 107cm?W and 5.62 x 10* c/W,
respectively. Third order non linear optical Susceptibility
(x3) was calculated and it take the value 0f 2.325 x 10 esu.
GIP crystal exhibits positive photoconductivity.
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