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Abstract: Single crystals of Beta Alanine Thiourea Oxalate (BATO) were grown by slow evaporation solution
growth method. The crystal structure was found to be monoclinic according to single crystal X-ray diffraction
studies. Sharp peaks appeared in the powder X-ray diffraction pattern proved the good crystalline nature of the
sample. FTIR spectral analysis revealed the possible functional groups and modes of vibration. Optical
parameters such as refractive index , extinction co-efficient , optical absorption co-efficient , optical
conductivity , electrical conductivity and electrical susceptibility of the grown crystal were calculated from UV-
Vis-NIR spectral studies. Vicker’s microhardness analysis was used to estimate the mechanical parameters of
the sample like work hardening index , yield strength ,elastic stiffness constant , brittleness index and fracture
toughness co-efficient of the grown crystals . SHG efficiency of the crystal was checked using Kurtz Perry
powder technique.
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I. Introduction

Potential applications of NLO materials in the fields of communication and electronics have recently
developed an unquenchable thirst among the researchers to grow novel NLO single crystals with highly desired
properties. Eventhough organic materials have high degree of delocalization and more optical nonlinearity, in
order to achieve hybrid materials which posses high melting point, high mechanical strength and chemical
inertness, they have to be combined with inorganic materials. These hybrid materials have remarkable optical
nonlinearity, wider transmittance in the visible region, high thermal stability and higher laser threshold. [1]-
[3]. Thiourea ,being an interesting inorganic matrix modifier because of its large dipole moment, has also the
stability to form extensive network of hydrogen bond and the co-ordination capacity to form new complexes.[4]
Several NLO crystals have been grown using thiourea. [5]-[6] As a new attempt, it is here combined with both
an aminoacid and a carboxylic acid.

1. Experimental Work
AR Grade chemicals B-alanine, thiourea and oxalic acid were purchased and the calculated amount
were taken in equimolar ratio. Deionised water and temperature controlled magnetic stirrer were used to prepare
highly homogeneous uniform mixture of the solution. After a series of filteration and repeated recrystallization,
the solution was kept undisturbed in dustfree atmosphere. Colourless optically transparent single crystals of
BATO shown in fig.1 were harvested after a period of 15 days using slow evoporation technique.
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I11. Results And Discussion
3.1. Single Crystal X-RAY Diffraction Analysis
The structure of the grown BATO single cystal was analyzed using Bruker-Nonius MACH3/CAD4
single crystal X-ray diffractometer. From the data , it was observed that the grown crystal belongs to monoclinic
structure with lattice parameters a=22.325A° , b=5.6795A° , C=14.001A° a =Y=90°, p =115.12° and
volume=1607.5(A%)?

3.2. Powder X-RAY Diffraction Analysis

Powder X-Ray diffraction pattern was recorded using BRUKER AXS D8 advance
diffractometer with CuKa (A=1.5418A0) radiation after crushing the sample into fine powder.The sample was
scanned over the range 10-100 degree at the rate of 2 degree per minute.The powder XRD pattern obtained is
shown in the fig.2.It was indexed using least square fit method to identify the reflecting planes .The sharp and
well defined peaks at specific 26 values testify the excellent crystalline nature and purity of the grown crystal.
Crystalline size was estimated using Scherrer formula

D=KMBCOSH
and it lies in the nanoregion(24nm- 74nm).
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Fig. 2. PXRD Pattern

3.3.FTIR Spectral Analysis

Freshly crushed powder of BATO was mixed with KBr in the ratio 1:10 and pelletized using a
hydraulic press and subjected to Fourier Transform Infrared Spectral studies. The spectrum given in fig. 3 was
recorded in the range 400-4000cm™ employing BRUKER IFS 66V FT-IR Spectrometer .The N-H stretching
vibrations of amino group are found at 1526 , 1402 and 1024cm™. The absorption at 3085cm™ is due to O-H
stretching vibrations of carboxylic group. The strong absorption at 1713cm™ indicates the existence of carbonyl
stretching vibration. N-H bending vibrations gives the peak at 1617cm™. C-N stretching vibrations and NH,
rocking vibrations appear at 1203 and 1124cm™ respectively.The peaks at 801 and 701 cm™ indicate the
existence of NH, wagging and CH out of plane bending vibrations respectively. N-C-N stretching vibrations
due to thiourea gives the peak at 478 cm™[7]-[11].

DOI: 10.9790/4861-07424150 www.iosrjournals.org 42 | Page



Studies on Growth, Structural, Mechanical and Optical Properties of Beta Alanine Thiourea ....

47

Transmittance %

1703
1803
1203

T T T T T T T T
4000 2800 3200 28O0 2400 2000 1800 1200 200 400

. -1
Wavenumberin cm

Fig.3. FTIR Spectrum

3.4.UV-VIS-NIR Spectral Analysis
3.4.1 optical trasmission studies

Optical transmission spectrum of BATO single crystal was recorded using Lambda 35 spectrophotometer in the
wavelength region 400 - 1100nm and is shown in fig .4.
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Fig.4. UV-Visible Spectrum

For optical device fabrications , the crystal should be highly transparent in a wide region of wavelength
and it should have remarkable value of transmittance in the entire visible region.[12].From the figure, UV
absorption edge of the grown crystal was observed to be around 220 nm. Fig.5 shows how the absorbance in the
crystal varies with wavelength. The absorbance is found to be low in the visible region and IR region due to

delocalization of electron cloud through charge transfer axis which is the most desirable property of NLO
materials.
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Fig.5. Absorbance versus wavelength

Optical absorption co-efficient (o) was calculated from transmittance using the relation
1

2.303log [7]

a= i e

t
w here T is the trasmittance and t , the thickness of the crystal. Moreover, the dependence of optical
absorption co-efficient on photon energy helps to study the band structure and type of transition of the electrons.
The relation between optical absorption co-efficient and wavelength is shown in fig.6.

For a direct band gap material, the crystal under study has an absorption co-efficient(a) obeying the
following relation for high photon energies,

AV[hv—Eg]
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Fig.6.Opticalabsorption co-efficient versus wavelength

Where Eg is the optical bandgap of the crystal and A is a constant . Tauc’s plot (i.e) (ahv)? versus hv is shown
in fig. 7.
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Fig.7. Tauc’s Plot

Eg is evaluated by extrapolating the linear part of the curve and the band gap energy is found to be 5.15 eV .As
a consequence of wide bandgap , the crystal has large transmittance in the visible region.

3.4.2 Determination of optical constants

Optical behaviour of the crystal is important in the process of fabricating optoelectronic devices.
Knowledge of optical constants of a material such as optical band gap, extinction co-efficient, refractive index ,
optical conductivity , and dielectric constant are quite essential to examine the potential applications of the
crystal in the field of optoelectronics. [13]-[15].Further the optical properties are closely related to electrical
properties , atomic structure and electronic band structure of the crystal. Absorbance (A)in the crystal can be
evaluated using the relation

1
A = log[]

And reflectance (R )can be found out from
R=1-(T+A)

Extinction co-efficient (K) which is the measure of amount of incident light lost due to scattering and absorption

per unit distance of the sample and it can be evaluated from the relation
al
e

Reflectance and refractive index(n) are related as follows:
R

1-VR

Uniformity of refractive index throughout an optical element is a prime consideration in selecting
materials for high performance lasers , elements for coherent optics , and acousto optical devices .
The variation of refractive index and extinction co-efficient with wavelength are given in fig 8 and 9
respectively. There is uniformity of refractive index throughout the visible region which is the desirable
property for device fabrication.
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Fig.8. Variation of refractive index with wavelength
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Fig.9. Dependance of extinction co-efficient with wavelength
The relation between optical conductivity and electrical conductivity with wavelength is shown in the

fig.10 ,11 respectively. Optical conductivity is a measure of frequency response of the material when irradiated
with light and electrical conductivity tells about the behavior of charge carriers in the exposure of light.
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Fig.10. Variation of optical conductivity with wavelength
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Fig.11. Electrical conductivity versus wavelength

By examining all these curves, one can get complete knowledge regarding the choice of material for
the fabrication of electro optic and opto electronic devices.
Electric susceptibility(y., and real and imaginary parts of dielectric constant(e,, €; are calculated with the help of
the following relations
xe=(n*—K?—go) [ 4n

& = N>k

g =2nk
At wavelength 700 nm , the calculated values are
e = 0.4318, &, =5.424, & = 10.797x107

3.6.SHG Studies

Nonlinear optical property of BATO was tested by Kurtz and Perry powder technique and its efficiency
was compared with that of KDP and urea. A Q -switched mode locked LASER operating at wavelength 1064nm
generating 2mJ/pulse was used for the study. The emission of green radiation 532 nm from the sample confirms
that the sample exhibits SHG property. Second harmonic signal obtained from the crystal was 89mV whereas
microcrystalline powder of urea gave 180mV and KDP produced 150mV . Hence the SHG efficiency of the
grown crystal BATO is nearly 0.59 times that of KDP and 0.49 times that of urea.

3.7. Microhardness Studies

The structure and molecular composition of the crystal greatly influence the mechanical properties.
Microhardness testing is one of the simplest and best methods to understand the strength of the crystal .Hardness
of the material is a measure of resistance offered by the lattice for permanent deformation.[16].Thus hardness is
related to the bondstrength and plasticity of the grown crystal. Microhardness studies have been carried out on a
selected well transparent single crystal using microhardness tester fitted with Vicker’s diamond pyramidal
indenter. The value of Vicker’s microhardness(Hv) at different loads was calculated using the relation

H,= 1.8544 P/d* Kg/mm?
where P is the applied load in Kg and d is the mean diagonal length of the indenter impression inmm2.

Variation of hardness with load is plotted in fig.12 which shows that hardness of BATO increases with load
which is reverse indentation size effect.[17]
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According to Mayer’s law, the relationship between the load and the size of the indentation is given as
P =Kd"
Where n is called Mayer index or work hardening index. Plotting a curve between log d and log P , and

finding the slope as in fig.13 , we get the value of n. Since n =4.67, BATO belongs to the category of soft
materials. [18]
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Fig.13. log P versus log d

Yield strength of the crystal (6 ), elastic stiffness constant( Ci;) , fracture toughness( Kc) and brittleness
index(B )[19,20] are estimated according to the following relations and tabulated in Table 1.
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6y = (Hv/3)(0.1)™?
Cyi= (HW)™

Kc = P/pc®?
B = Hv/Kc

Where c¢ is the crack length measured from the centre of the intendation mark to the crack tip and p=7 for
Vicker’s indenter .Since yield strength and elastic stiffness constant of the material increase with load ,BATO
has high mechanical strength.

Table 1. Mechanical parameters of grown crystal BATO

Load (gm) Yield Elastic stiffness | Fracture Brittleness index (B)
strength(6y) constant(Cy;)10* Pa | toughness (K. | 10®
MPa 10* Kgm™*? m*?2
25 0.168 4.486 75.02 3.207
50 0.219 7.173 150.03 2.097
10 0.363 17.278 300.07 1.733

V. Conclusion

Beta Alanine Thiourea Oxalate single crystals were grown succesfully using slow evaporation
solution growth method. BATO crystallized in monoclinic structure and the unitcell parameters were found out
from single cell X-ray diffraction analysis. Powder X-ray diffraction pattern revealed the good crystalline nature
of the grown crystals. The functional groups present in the crystal were identified using FTIR spectral analysis.
UV-Vis-NIR spectrum gave valuable information about the absorption of UV and visible light which involves
the promotion of electrons in the = and =~ orbitals from the ground state to higher energy states. The crystal is
highly transparent for a wide range which is attributed as an intensive property for device fabrication. The
optical bandgap ,refractive index,extinction co-efficient,optical conductivity and electrical susceptibity were
calculated using optical data. Large transmission in the entire visible region and shor t cut off wavelength
enable the crystal to be a potential material for second harmonic generation. Nonlinear optical measurements
were done with Kurtz Perry powder technique and BATO has SHG conversion efficiency 0.593 times that of
KDP. From microhardness studies, it was found out that the crystal belongs to the category of soft materials.
Mayer’s index , yield strength , elastic stiffness constant , fracture toughness and brittleness index were
calculated.From these parameters,the tightness of bonding between neighbouring ions and the mechanical
strength to resist any deformation could be inferred.
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