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Abstract:- This Investigation is mainly focused on the Quantifying Mechanical properties of L-
Threonine doped ZTS crystal. As ZTS crystal proved its significance in many fields especially in opto-
electronic devices and LASER applications, the growth of 1 mole percent inclusion of LTH in ZTS
crystals is carried out in 23 days and a short discussion about the growth is explained. An exclusive in-
depth mechanical analysis is done by various techniques to describe the endurance strength of the grown
crystal. A complete analysis of mechanical stability is illustrated by different methods like Vickers
hardness test, Meyer power law method, Hays-Kendall’s method (HK method), Li and Bradt method
(PSR method) and Elastic/ Plastic deformation method (EPD method). Every method ascertains the
strong inclination towards RISE nature of the crystal. The EPD model validated that it is best technique
in helping to describe the quantifying mechanical properties of the grown crystal.
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1. Introduction

Ever since the Opto-electronic field has emerged, materials with NLO properties have attained a center
of attraction due to their versatile usage in the field of optic devices such as electro optic devices, optical
switches etc., For the past few decades many number of thiourea - metal coordination compounds have
been grown and explored because of the unique property of thiourea molecule when combined with
metal-organic coordination compound results in enantiomorphic properties. Zinc tris thiourea sulphate
(ZTS) is an excellent metal-organic material for second harmonic generation (SHG) device application
and laser tuned experiments [1]. Inspired by these above materials, a sincere trial has been made to
synthesize zinc tris thiourea sulphate (ZTS) [2]and it is then doped with L-threonine of 1mole percent
as it is well known that all the basic essential properties can be improved through doping.

ZincTris thiourea sulphate (ZTS) [3] is an assuring metal-organic NLO material for second harmonic
generation from metal complexes of thiourea. ZTS is 1.2 times more nonlinear than KDP [4]. ZTS
possesses an orthorhombic structure with space group Pca21[5].

L-Threonine shows a dipolar ionic nature in powder form as well as in solution form. Hence L-
Threonine is an excellent candidate which exhibits greater SHG efficiency than other amino acids. In
the present report, pure ZTS and L-threonine doped ZTS [6] were grown and an exclusive endurance
strength analysis is carried out by using various techniques.

.Experimental Procedure

2.4 Growth of ZTS and 1% LTH doped ZTS

Pure crystals of Zinc tris thiourea sulphate (ZTS) were produced by taking 1:3 ratio of zinc sulphate
and thiourea and dissolved thoroughly in doubly deionized water at room temperature. In order to
get a homogenous proportion of the above mixed solution, it was continuously stirred by using
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magnetic stirrer for 5-6 continuous hours. The transparent pure ZTS crystal of size 15x12x8 mm?
was obtained.

To the above produced salt, of ZTS, 1 mole% L-Threonine was added in doubly deionized water.
The quality of the grown crystal can be improved by repeated recrystallization process [7]. Pure ZTS
was obtained in a size of 15x12x8 mm?® and L-TH doped ZTS was obtained in a size of
18X10X10mm?.
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Fig. 1: Pure ZTS Crystal as grown Fig. 2: L-TH doped ZTS as grown
2.5 Basic Characterisations

The as grown crystals were exposed to Enraf-Nonius CAD 4-MV31 Singly crystal X-ray
diffractometer to reveal the crystal parameters like crystal structure and lattice constant. They belong
to orthorhombic crystal system [8] with space group pca2l.

Also, to know upto what temperature the grown crystal is stable enough, it is then continued to
carried out Thermal analysis tests like DTA and TGA. Pure ZTS crystal was stable up to 300°C and
the LTH doped ZTS was stable up to 311.9°C. LTh Inclusion into the ZTS revealed increased
stability towards their thermal characteristics.

Second harmonic generation studies were performed on the grown crystals. LTH doped ZTS crystals
have greater NLO efficiency than pure ZTS. One mole percent of LTH increases the SHG efficiency.
Hence this quality can be termed as very defining character that L-threonine doped ZTS are very
important materials for frequency conversion and other Opto-electronic applications.[9]

1. Results
1.1. Micro Hardness Testing Method

The mechanical stability and crystals nonlinear optical usability can be determined by subjecting the
material to undergo Vicker’s micro hardness testing. The surface of the crystal was compressed by
a hardness tester with a diamond pyramidal indenter coupled to a metallurgical microscope [10].

Both Pure and LTH doped ZTS are exposed to various testing process and their results are discussed
in detail. The grown crystals with appropriate sizes were selected for micro hardness investigation.
The sample was gradually subjected to load in the order of 3g, 5g, 10g ,25 g, 50 g and 100 g. For
every load the duration period is chosen to be 10s.
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2.2 Effect of load on Vicker’s Pyramid Number (Hv)

Vickers Pyramid Number (Hv) can be calculated using the following formula [4] and measured in
terms of Pascal from known applied force (F) and diagonal length of the diamond pyramid
indenter(d).

(2sin68%)F
Hv = — 2 pa (D)
Or

1854.4F
HV = — )

The errors which occur during hardness measurement are bound to happen. The hardness value was
calculated using the following formula

HV = 1854.4 [( A—YF)2 +5o] GPa 3)
Here Y = d?, AY =2d Ad.

AY, AF and Ad are the random errors on the calculation of variations of Y, F and d. A graph is
plotted for Hardness value versus Load for both pure and doped ZTS crystals (Fig. 3). The graph
shows that Hv increases linearly with the applied force (Table 1,2), which is indicated as the Reverse
Indentation Size Effect (RISE). [11]. Initially when the applied force is less, the indenter slightly
affects the top layer alone, leads to less active parallel glide planes. As the applied force increases,
more glide planes are produced [12]. This produces a non-linear behaviour of the crystal and
eventually the material is becoming independent of the applied force. Hence, it is almost impossible
to determine the material’s true ultimate tensile strength with high precision. In order to explain this
ISE behaviour various techniques have been carried out.[13].
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Fig. 3: Hv v/s log F
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2.3 Meyer’s Hardness Method

This method explains how the applied force affects the surface of the crystal.

Meyer’s law for pyramid indenter is [8],

F:k1dn
And
InF=Ink;+nlnd

(4)

)

where n is Meyer’s index or work hardening coefficient, k; is the standard hardness for a particular
material. Firstly, the graph is drawn for logarithmic value of diagonal length of the crystal versus
logarithmic value of applied force (Fig. 4) to determine the nature of the material. A straight line is
obtained which ultimately arrives a good agreement with the Meyer’s law. From the slope of Fig.5,
The work hardening coefficient was calculated as 2.64 (pure) and 2.91 (1 mol% doping).
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Table 1: Microhardness measurement of Pure ZTS

Load Hv (GPa) | Cii(Kg/mm?) | E (GPa) | Y (GPa) | K. Pa/m?
E)ng 0.257 302.96 21 0.0855

0.098 0.303 404.25 24.8 0.101

0.245 0.312 425.53 25.5 0.104

0.49 0.403 668.48 33.1 0.134

0.98 0.6 1339.62 49.2 0.2 1.29X10°

Table 2: Microhardness measurement of LTH doped ZTS

Load | Hv (GPa) | Cii(Kg/mm?) | E (GPa) | Y (GPa) | K Pa/m*
(F)
0.05 0.297 391.94 24.4 0.0991
0.098 0.303 461.49 26.7 0.109
0.245 0.312 579.76 30.5 0.124
0.49 0.403 1166.87 45.5 0.185
0.98 6.00X10'" | 2292.12 66.8 0.272 1.5X10°

From the graphs and the interpretations obtained, the pure and LTH doped ZTS crystals are hence
described as soft materials, in turn proves the RISE behaviour. Elastic modulus(E) is called as the
inherent property of the grown crystal which describes the bonding between the atoms. It can be
calculated using the following relation [14],

E =83.20231HV GPa (6)

Table 2 reveals the LTH inclusion in ZTS, where the Elastic modulus value increases with the
increase in applied load. Also, it is necessary to see the nature of bonds among the atoms. It can be
assessed by utilizing Wooster’s empirical relation [15],

Cii=(HV)™ 7

It is evident from Table 2 that the addition of LTH increases the stiffness of pure ZTS crystal,
indicating that this is a desirable material for device fabrication. The following relationship can be
used to determine the intensity of fracture stress which is developed in the material with a uniform
applied force [16]

E F . Pa
Kic= 0.016[5]0.5[ E] — (®)

Pure ZTS crystal shows fracture toughness (Kic) of 1.29 x 10° Pa/m?, and 1 mol %LTH doped

crystals show 1.5 x 10° Pa/m?, respectively. Comparing the table 1 and table 2 the inclusion of LTH

in ZTS increases the value of fracture toughness. The opposing stress that a crystal experiences when

it reaches its elastic limit can be evaluated using [17],
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Y= GPa (9)

The formula above is applicable to materials that express RISE behaviour when an external force is
applied. Table 2 shows that there was a marginal variation in elastic limit due to the inclusion of
LTH in ZTS.

2.6 Hays-Kendall’s Method (HK Method)

Another form of finding Load independent mechanical properties of the grown crystal is called
Hays-Kendall’s law. According to this law, the resistance offered by the crystal due to applied force
which in due course responsible for permanent deformation. In order to express this, the ratio of the
applied force to the surface area of the crystal is obstructed by the cavity.

According to Hays-Kendall’s law [17],

F= WHK + A,d (10)
and HHK = 1854 X A, (11)

Table 3 lists the slope of the graph (A;) between applied force and the square of the indentation
length “d” the minimum load (Wuk) necessary to start deformation, and the crystal’s hardness as
determined using Hays-Kendall’s Method (Fig. 6). The inclusion of LTH in ZTS crystal does not
show any considerable change because of these observations indicated by the minimal stress which
is required to start the ultimate tensile stress or deformation.
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HK-ZTS HK-LTH-ZTS
Factors | Value Unit Factors | Value Unit
A 0.0003266 | N"2/um? | A, 0.0004624 | N"?/um?
Hix 0.605647 Gpa Hi 0.8574746 | Gpa
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2.7 Li-Bradt Technique - Proportional Specimen Resistance method (PSR method)

Usually, Microhardness is affected by two parameters namely elastic resistance of the crystal sample
and the force exerted by the indenter on the sample.

According to the PSR method, a force that affects the surface of the crystal is [18],

Fe

)d?

Ul

= o+ pd

(12)
(13)

Where a arises due to the specimen’s surface energy, and the sign of o designates whether a
compressive or tensile force exists on the surface. The pure ZTS and the inclusion of LTH in ZTS

are exposed to this PSR method first.

The graph is taken for F/d versus d of the above crystals. It is noted that a straight line is obtained
for both which reveals linear variation (Fig. 7). From the graph obtained, the slope and the intercept
value are calculated for both pure LTH doped ZTS. The negative intercept value indicates there is a
presence of tensile stress acting on both the surfaces of the crystals and hence reverse ISE is

confirmed [19].

According to Table 4, the calculated value of a for LTH doped ZTS is minimally changed when

compared with Pure ZTS.

Table 4: Crystal Hardness using PSR process

PSR Process - ZTS PSR Process -LTH-ZTS
Factors | Value Unit Factors | Value Unit
B 0.00886 N B 0.003767 N
Hpsr 16.429984 | GPa Hpsr 0.6985525 | GPa
Yo 5.4766613 | Gpa Yo 0.2328508 | Gpa
Eo 1346.659 Gpa Eoy 57.255806 | Gpa

o =-0,00886 o =-0,00564
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2.8 Analysis according to Elastic/Plastic Deformation Technique (EPD Technique)

EPD technique explains how the crystal’s microhardness is independent of load and also explains
about the fixed load which is required for the elastic strain. When a strain was formed on the surface
of the crystal, workability was noted and hence a reduced size in indentation was observed. The
Formula for indentation force, elastic and plastic strain can be expressed as

F = A, [d, + de]? (14)
Where d, is plastic strain, d. is elastic strain and A, is constant.

A graph is plotted against F'? vs d Fig. 8). And from the graph A, and d. values are obtained. It is
observed that both pure and LTH doped crystal attained negative intercepts (Table 5). A negative
intercept implies that the crystal shows RISE behaviour [20].

The appropriate load independent microhardness values can be obtained using the formulae
tabulated in Table 5.

HEPD = 1854 X A, GPa (15)
Table 5. Crystal Hardness using EPD model

EPD Model- ZTS EPD Model- ZTS
Factors Value Unit Factors Value Unit
A, 0.01991 N/ um As 0.041 N/ um
Herp 36.921104 | GPa Herp 76.0304 GPa
d. -0.1888 N de -0.26493 | N

3. Conclusion

The above calculated results of different methods of Hardness techniques ascertain that the inclusion
of LTH in ZTS does not affect the mechanical stability of the material, However the doping of LTH
minimally alters the softness of the crystal.

The Fracture stress, Yield stress, Elastic stiffness and the Young’s modulus of the grown material were
compared for both pure and LTH doped ZTS. Both are showcasing outstanding mechanical stability.
Hence LTH doped ZTS is a suitable material for the application of second harmonic generation than
pure ZTS from the perspective of increased non linearity property and unaltered mechanical stability of
the crystal.
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