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Abstract: NLO active and optically transparent lithium sulphate monohydrate (LSM) single crystal was grown
by slow evaporation technique and subjected to High resolution X-ray analysis (HRXRD) to determine the
grown crystal is quite good for device fabrication. The microhardness study was carried out to verify the
mechanical strength of the grown crystal and also to understand the mechanical behavior of LSM crystal.
Vickers hardness, fracture toughness (Kc), brittle index (Bi), yield strength (σv) and the elastic stiffness constant
(C11) were calculated. Kurtz and Perry powder technique confirmed the NLO activity of the LSM crystal.
Keywords: HRXRD; Mayer’s index; fracture toughness; brittle index; elastic stiffness constant, SHG.

1. Introduction and Experimental:
Recently, most of the researchers have shown phenomenal interest in synthesizing nonlinear optical
materials (NLO), piezoelectric and ferroelectric materials which find extensive applications in all latest
technologies. NLO materials play a pivotal role in emerging photonic and optoelectronic fields such as optical
data storage systems, optical communications, optical information processing and optical interconnections [13]. Piezoelectric Li2SO4.H2O crystal possesses pyroelectric, non-linear and electro-optic properties were grown
by slow evaporation technique at room temperature and the crystal crystallizes in the monoclinic polar space
group P21 [4].
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2. Result and Discussions:
2.1 High resolution X-ray diffraction analysis
High-resolution diffraction curves were recorded using the multicrystal X-ray diffractometer developed
at NPL [5]. Fig. 1 shows the high resolution X-ray diffraction curve (DC) recorded for the grown LSM crystal
using (1 1 0) diffraction planes using MoKα1 radiation. On deconvolution of the diffraction curve, it is clear that
the curve contains two additional peaks, which are 30 and 70 arcs away from the main peak (highest intensity
peak). The FWHM (full width at half maximum) of the main peak and the two very low angle boundaries are
respectively 21 and 34 and 30 arc s. The relatively low values of FWHM of the grains in comparison with that
of the real life reasonably good crystal depicts that the crystalline perfection is quite good. It may be mentioned
here that such a low angle boundaries could be detected in the diffraction curve only because of the highresolution of the diffractometer used in the present investigations. The influence of such defects may not
influence much on the NLO properties.

2.2 Vickers hardness test
The Vickers hardness test for LSM crystal was carried out using the instrument MATSUZAWA
MMTX- 7 SERIES. Hardness is a measure of resistance against lattice destruction or the resistance offered to
permanent deformation or damage. The Vickers hardness (Hv) at different loads were calculated using Hv
=
kgmm-2, where P is the applied load (in kg) and d2 is the area of the indentation (measured in m2).
The value of hardness is found to increase with the increase of load for LSM crystal and the plot of log P versus
log d yields a straight line and its slope gives the work hardening index n [4]. The grown crystal exhibits the
reverse ISE in which the hardness values increases with increasing load. The work hardening coefficient (n)
was found to be 2.44 and it is said to be soft material as mentioned by Onitsch [6].
The relation connecting the applied load and diagonal length ‘d’ of the indenter is given by Meyer’s law, P=K1
dn , where K1 is the standard hardness value which can be found out from the plot of P versus dn (Fig 2). Since
the material takes some time to revert to elastic mode, for every indentation a correction x is applied to the d
value and the Kick’s law is related as P = K2 (d+x) 2, combining above two equations we get, dn/2 =

½

d+

½

x. For LSM crystal, the slope of dn/2 versus d plot (Fig.3) yields
and the intercept is a measure of
x. The striking factor x is positive only when n<2 and negative for n>2 . The fracture toughness
) for
LSM crystal is given by
=
, where crack length measured from the centre of the indentation mark to
the crack tip, P is the applied load and geometrical constant
=7 for Vickers indenter. The Mechanical
behaviour is affected by another property called Brittle index (Bi).
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Fig.2 Plot of load (P) versus dn

The Brittle index (
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Fig.3 Plot of dn/2 versus d

) for LSM crystal is given by

=

. From the hardness value, the yield strength

( ) of the material was found using the relation, =
and the first order
elastic stiffness
coefficient C11 for LSM crystal gives the idea about the tightness of bonding between
=
and the high value of C11
neighboring atoms were calculated using Wooster's empirical relation
indicates that the binding forces between the ions are quite strong [7] and hence, the mechanical strength is
estimated as sufficiently large enough to withstand the stresses developed locally in the materials.

Table 1 Mechanical parameters of LSM crystal
Parameters

n

Values

2.44

C11

x
-1

-1

-2

(kg m )

(kg m )

(kg mm )

(ìm)

10.61

53.65

95

-0.08

-3/2

(kg m

)

11.03 x 104

-1/2

)

(M Pa)

(1012 Pa)

8 x 102

447.86

2.478

(m

2.3 NLO test
Second harmonic generation of the grown crystal was estimated using Kurtz and Perry powder
technique. The sample was illuminated with high intense beam of laser wavelength 1024 nm and pulse width of
8 n s. The emission of green radiation from the sample confirms the NLO activity of LSM crystal.

2.4 Conclusions
NLO active and good quality single crystal was grown successfully from aqueous solution by slow
evaporation technique. HRXRD confirmed the perfection of grown crystal. The Vickers hardness studies
revealed that the hardness number increased with load and grown crystal was found to be soft material and also
several hardness parameters had been calculated for the grown crystal. The calculation of stiffness constant
reveals that the binding forces between the ions are strong and thus NLO active LSM crystal is quite suitable
for device fabrications.
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