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Good optical quality bulk single crystal of triaqua glycine sulfato zinc (II) has been grown by unidirectional
crystal growth method. The crystal of 76 mm length and 12 mm diameter has been obtained at an average
growth rate of 3.5 mm/day. The grown crystal was identified by single crystal X-ray analysis and the
functional groups present in the crystal lattice were confirmed by Fourier transform infrared spectral

analysis. The crystalline perfection of the grown crystal was determined through high resolution X-ray
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analysis. The transmission spectral analysis shows more than 80% of transmission in the entire visible
region which exhibits the good optical quality of the grown crystal and the second harmonic generation
efficiency was identified by Kurtz powder test. The mechanical strength of the grown crystal was studied
and the results are discussed in detail.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

In recent years there has been considerable interest to synthe-
size semiorganic nonlinear optical materials with excellent second
order optical non linearities owing to their potential application
in electro-optic and opto-electronics devices [1]. Metal-organic
coordination compounds have attracted attention for their consid-
erable high NLO coefficients, stable physico-chemical properties
and better mechanical intension such as zinc tris (thiourea) sul-
fate [2,3] and bis thiourea cadmium chloride [4]. Since several
decades, efforts have been made to grow amino acid mixed inor-
ganic complex crystals, in order to improve the mechanical and
thermal stability. A series of amino acid based complex semiorganic
compounds such as L-arginine phosphate [5], L-histidine bromide
[6], L-arginine hydrochloride monohydrate [7], L-arginine trifluo-
roacetate [8], and glycinium phosphate [9], have been grown and
reported to have improved mechanical and thermal stabilities by
the presence of inorganic compounds. Glycine [NH,CH,COOH] is
the simplest amino acid, it crystallizes in three kinds of polymorphs
such as a, B and y, which exhibit different physical properties. As
both o and 3 glycine crystallize in the centrosymmetric space group
P21/n, it is impossible to generate second harmonic generation,
while gamma glycine posses non centro symmetric space group P3;
and it exhibits NLO property [10]. Recent literature reports show
that glycine combines with inorganic materials like LiSO4 [11],
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LiCl; [12], ZnCl, [13] and NaNO, [14] and these crystallize in the
noncentrosymmetric space group and are identified as non-linear
optical materials. These molecular organic crystals are exception-
ally interesting for non-linear optics and different kinds of photo
induced changes due to the large difference between the intra-
molecular and inter-molecular chemical bonds. This may lead to
the occurrence of a large number of molecular defect levels within
the energy band [15]. Triaqua glycine sulfato zinc (II) (TGSZ) is a
semiorganic NLO crystal which crystallizes in the orthorhombic
system with space group Pca2; and lattice parameters a=8.440A,
b=8.278 A, c=12.521A[16]. In the present investigation, solubility
and metastable zone width measurements have been carried out
at different temperatures and the obtained data was used to grow
the bulk single crystal of TGSZ along <00 1> direction by unidirec-
tional crystal growth method for the first time. The grown crystal
has been subjected to single crystal XRD analysis, FTIR, high reso-
lution X-ray analysis, optical transmission spectral analysis, Kurtz
powder test and microhardness studies.

2. Experimental details
2.1. Synthesis of TGSZ
Analytical grade glycine and zinc sulfate heptahydrate taken in equimolar ratio

was used to synthesize triaqua glycine sulfato zinc (II). The chemical reaction of the
synthesis is as follows:

CH,NH,COOH + ZnS04-7H,0 — [Zn(H;0)3(CH2NH3*C00~)(S04)] + 4H,0 (1)

The synthesized salt prepared from the above chemical reaction was further purified
by repeated crystallization.
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Fig. 1. Solubility and nucleation curve of TGSZ.

2.2. Solubility and metastable zone width measurement

Solubility studies were carried out using synthesized salt of TGSZ and double
distilled water. The solution was kept in a constant temperature bath maintained at
30°C (accuracy £+0.1°C) and continuously stirred using motorized magnetic stirrer,
to have uniform temperature and concentration throughout the volume of the solu-
tion. After attaining supersaturation, the equilibrium concentration of the solute
was analyzed gravimetrically [17]. The same procedure was repeated for temper-
atures from 35°C to 50°C with 5°C interval. The nucleation studies were carried
out in a constant temperature bath controlled to an accuracy of +0.05 °C, provided
with a cryostat. A constant volume of 100 ml solution was used for all experiments.
The solution was preheated to 5°C above the saturation temperature, 1h before
cooling and continuously stirred to ensure homogeneous concentration and tem-
perature through the entire volume (100 ml) of the solution. The metastable zone
width was measured by polythermal method [18]. In this method, the saturated
equilibrium solution was cooled from the preheated temperature to the nucleation
temperature where the first visible nucleus called the critical nucleus is identi-
fied. The solubility and nucleation curve is shown in Fig. 1. The solubility curve
shows positive solubility gradient and nucleation curve exhibits that the metastable
zone width is low at 30°C (~4°C) and the width increases with temperature
(7°Cat50°C).

2.3. Solution preparation

Saturated solution was prepared at 45°C according to the solubility data. The
calculated amount of glycine and zinc sulfate heptahydrate was dissolved in dou-
ble distilled water to prepare the saturated solution. Prepared solution was over
heated by 10°C above the saturation point to avoid spontaneous nucleation dur-
ing filtration. Whatman filter paper of porosity 2.5um was used to filter the
solution.

2.4. Crystal growth

Crystal growth was adopted using unidirectional crystal growth method
reported by Sankaranarayan and Ramasamy [19]. This technique offers the main
benefit of growing a crystal along a specific orientation instead of natural facets. It
results in reducing the wasteful portion of the crystal for device applications and
the high percentage of solute-solvent conversion efficiency [20]. The detail descrip-
tion of the crystal growth setup is reported elsewhere [21]. Spontaneously obtained
good quality crystal was used as seed. The seed was reshaped to conical shape to fix
at the bottom of the ampoule along <00 1> direction parallel to the vertical axis of
the ampoule. Seed fixed ampoule was immersed in the crystal growth setup at room
temperature. To avoid the thermal stress on seed crystal the temperature of the bath
was gradually increased. Then the saturated solution was filled in the ampoule for
growth. The temperatures of the top and bottom portion were chosen according to
the solubility and nucleation curve, which helps to avoid spurious nucleation during
growth. At 45°C, the metastable zone width was found to be high of about ~7°C.
Therefore, in the present experiment we have used AT=4°C between the top and
bottom portion. For the complete duration of the growth run, the temperature at the
top and bottom of the ampoule was maintained as 44 °C and 40 °Crespectively which
helps to create a thermal gradient inside the growth apparatus. Due to the action of
gravity, the concentration gradient is shifted towards the seed crystal which helps
in the growth and the slow evaporation results in the increase in the density of the
solution at top which induces buoyancy convection which further helps in increas-
ing the concentration towards the growing crystal. A crystal of length 75 mm and
12 mm diameter was grown in a period of 22 days with an average growth rate of
3.5 mm per day. The photograph of as grown crystal of TGSZ is shown in Fig. 2.

Fig. 2. Grown crystal of TGSZ.

3. Results and discussion
3.1. Single crystal X-ray analysis

The single crystal data of the grown crystal was carried out using
Bruker Kappa APEX-2 diffractometer with Mo Ko (1=0.7103 A).
The results show that the crystal belongs to the orthorhom-
bic system with point group and space group, mm2 and Pca2,
respectively. The calculated lattice parameters were a=8.445A,
b=8.279A, c=12.530A which are in good agreement with the lit-
erature report [16].

3.2. FTIR spectral analysis

Functional groups present in the crystal were confirmed by
FTIR analysis using Bruker IFS-66v between the range of 4000 and
400 cm~'. The FTIR spectrum of the grown crystal is shown in Fig. 3.
The peak at 3420 cm™! is due to OH stretch of water. The peak at
3206 cm~! is due to NHs* asymmetric stretching. C=0 asymmetric
stretching is observed at 1642 cm~!. The CH, bending is observed
at 1496 cm~!. C=0 symmetric stretching is observed at 1412 cm™!.
The peaks at 1104cm~! and 618cm! indicate the presence of
S-0 stretching. The peak observed at 1318 cm™! is due to the CH,
wagging vibrations. The CH out of plane bending and out of plane
deformation is observed at 983 cm~! and 904cm~! respectively.
The peak at 748 cm~! is due to OH deformation.

3.3. High resolution X-ray diffractometry

The crystalline perfection of the grown single crystals was char-
acterized by high resolution X-ray analysis (HRXRD) by employing
amulticrystal X-ray diffractometer developed at NPL [22]. The well-
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Fig. 3. FTIR spectrum of TGSZ.
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Fig. 4. High resolution X-ray diffraction curve recorded for TGSZ single crystal.

collimated and monochromated Mo Koy beam obtained from the
three monochromator Si crystals set in dispersive (+,—,—) config-
uration has been used as the exploring X-ray beam. The specimen
crystal was aligned in the (+,—,—,+) configuration. Due to dispersive
configuration, though the lattice constants of the monochromator
crystal(s) and the specimen were different, the unwanted disper-
sion broadening in the diffraction curve (DC) of the specimen crystal
is insignificant. Fig. 4 shows the high-resolution diffraction curve
(DC) recorded for TGSZ specimen using (00 2) diffracting planes in
symmetrical Bragg geometry. As seen in the figure, the DC is quite
sharp without any satellite peak which shows that the crystal has no
internal structural grain boundaries [23]. The full width at half max-
imum (FWHM) of the diffraction curve is 11 arc sec, which is very
close to that expected from the plane wave theory of dynamical X-
ray diffraction [24]. The single sharp diffraction curve with very low
FWHM indicates that the crystalline perfection is extremely good.
The specimen is a nearly perfect single crystal without having any
internal structural grain boundaries.

3.4. Transmission analysis

The transmission spectrum was recorded in the wavelength
range between 200 nm and 1100 nm using Varian Cary 5E spec-
trophotometer. Several crystal plates from different portions of the
crystal were subjected to transmission studies and all the plates
showed ~80-88% of transmission in the entire visible and near-IR
region which exhibits the good optical quality and homogeneity
of the grown crystal. The absorption edge is found to be at 240 nm
which exhibits that the crystal is also transparent in the blue region.
Due to the high transmittance in the visible and blue region, TGSZ
could be used as a potential candidate for NLO applications. Fig. 5
shows the transmission spectrum of TGSZ.

3.5. Second harmonic generation

The NLO conversion efficiency was tested using a modified setup
of Kurtz and Perry [25]. A Q-switched Nd:YAG laser beam of wave-
length 1064 nm was used with an input power of 2.0 mJ and pulse
width of 10 ns at a repetition rate of 10 Hz. A small portion of TGSZ
was powdered to a uniform particle size of about 125-150 mm and
then packed in a capillary of uniform bore and exposed to laser
radiations. The output from the sample was monochromated to
collect only the second harmonic (532 nm) and the intensity was
measured using a photomultiplier tube. A second harmonic signal
of 95 mV was obtained, while the standard potassium dihydrogen
phosphate (KDP) crystal gave an SHG signal of 45 mV/pulse for the
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Fig. 5. Optical absorbance spectrum of TGSZ.

same input energy. From the obtained results it was evident that
the relative SHG efficiency of TGSZ was 2.1 times that of well known
KDP crystal.

3.6. Microhardness studies

The mechanical strength of the grown crystal was studied using
LEITZ WETZLER Vickers pyramidal indentor. Microhardness mea-
surement is commonly used to determine the mechanical strength
of the material which is related to bond strength and defect
structure [26]. Optically clear and defect free crystal plate taken
perpendicular to the growth direction was subjected to indentation
tests at room temperature. The diagonal length of the indentation
(d) in pm for various applied load (P) in g was measured for a con-
stant indentation period of 15s. The Vickers’s hardness number
(Hy) was calculated using the relation:

Hy = 1854.4% kg/mm? (2)

The variation of H, with the applied load P is shown in Fig. 6.
According to the indentation size effect (ISE), microhardness of
crystals decreases with increasing load and in reverse indentation
size effect (RISE) hardness increases with increasing load. In our
case, Hy increases with load up to 200 g and becomes load inde-
pendent for P>200g. Similar observation is observed in alkaline
earth nitrate crystals [26]. The traditional Meyer’s law gives the
relationship between load P and size d [27]:

P =Ad" 3)

where the exponent n is the Meyer’s number and A is a constant.
For normal ISE behaviour the exponent n<2, when n>2 there is
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Fig. 6. Variation of H, with applied load P.
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Table 1
Hardness parameters of TGSZ.

3835

Meyer index number (1) Hardness, H, (kg/mm?) wW(g) A (g/pm?) Corrected hardness, Hy (kg/mm?) Yield strength (MPa)
Low loads High loads
2.723 1.977 63 —47.61 0.039 72 235
2.6 4 P<200g {gf Meyer’s index n>2 and for n < 2 the above equation is reduced
241 _apx200g / L
2.2 1 = —V 7
ov=3 (7)
2 1 .
a In the present case, the Meyer’s index was found to be 1.977 and
% 1.8 1 hence Eq.(7) was used to estimate the yield strength. The calculated
= 16 4 hardness parameters are given in Table 1.
141 4. Conclusions
1.2 4
1 Optical quality bulk single crystal of triaqua glycine sulfato zinc
L5 L6 1.7 L8 1.9 2 (I1) has been grown by unidirectional crystal growth technique from

logd

Fig. 7. Plot of log P vs. logd.

reverse ISE behaviour and when n=2 the hardness is independent
of applied load, which is given by Kick’s law. Fig. 7 shows a plot of
log P vs. logd for the grown crystal and is presented by two seg-
ments of plot for P<200g and P> 200 g. The estimated values of n
are shown in Table 1.

According to Onistch, for hard materials n lies between 1 and 1.6
and for soft material it is above 1.6 [28]. So the value of n in Table 1
implies that TGSZ is a soft crystal.

According to Hays—-Kendall’s approach, load dependent hard-
ness may be expressed by [29]:

P=W+Ad" (4)

where W is the minimum load initiate plastic deformation, Aq is the
load independent constant and the exponent n=2. The value of W
and A; can be calculated by plotting the experimental P against
d2. These two values have been estimated from the plot drawn
between P and d? shown in Fig. 8. The corrected hardness Hy has
been estimated using the relation:

Ho = 1854.4 x A, (5)

From the hardness value, the yield strength (o) of the material can
be found out using the relation:

n-2
12.5(n —2)} )

Hy
Oy = ﬁ[] —(n—Z)][m
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Fig. 8. Plot of load P vs. d?2.

aqueous solution and an enhanced size of 76 mm length and 12 mm
diameter crystal has been obtained with an average growth rate
of 3.5 mm/day. Single crystal XRD analysis shows that the crys-
tal belongs to the orthorhombic system with space group Pca2,
and lattice parameters were found to be a=8.445A, b=8.279A,
c=12.530A. The functional groups present in the crystal lattice
were confirmed by Fourier transform infrared spectral analysis.
High-resolution X-ray analysis study resulted in a single sharp peak
which shows no internal grain boundaries in the crystal and a rock-
ing curve width of FWHM of 11 arc sec exhibits the good crystalline
quality of the grown crystal. Transmission spectral analysis shows
more than 80% of transmission in the entire visible region which
exhibits the good optical quality of the grown crystal. The SHG effi-
ciency of the grown crystal was found to be 2.1 times more than
commercially available KDP crystal. The load variation of hardness
has been explained on the basis of reverse indentation size effect
and the Vickers hardness value was found to be 72 kg/mm?Z.
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