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ABSTRACT

Single crystals of pure and Deuterated L-alanine have been grown by both slow cooling and seed rotation techniques. The
grown nonlinear optical crystals were subjected to single crystal X-ray diffraction for determining its lattice parameters and
morphology. Thermal expansion measurements were carried for the Deuterated crystals of L-alanine using thermomechanical
analyzer in order to ascertain the strain tensors along the three mutually perpendicular crystallographic directions.
Microhardness study was also undergone on deuterated L-alanine single crystals on a prominent plane for determining the
mechanical strength of the grown crystals. The results have been discussed in detail. Copyright © 2011 VBRI press.
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Introduction

The group of chiral and ionic organic crystals contains a
significant number of materials which have moderately
large nonlinearities (1-2 pm/V), favorable phase-matching
properties for visible or near ultraviolet region and can
grow easily into large with good optical quality.These
crystals have gained much importance in recent years [1-3].

Optically active amino acids show high efficient optical
second harmonic generation (SHG) and are promising
candidates for laser and optical communication technology.
Since isomerically pure and optically active substances
always meet the symmetry requirements for optical second
harmonic generation, there is considerable variation in
efficiency for the generation of SHG, ranging from almost
zero to greater than that of potassium dihydrogen
phosphate crystals. Crystals capable of generating second
harmonics must have a unit cell with no centre of inversion
and this requirement is met by the crystals of pure amino
acids because these molecules themselves are asymmetric
[4-6]. Further to that they posses both donor-acceptor
molecules having large hyperpolarizabilities which results
in the growth of L-alanine, L-histidine, L-arginine and
semi-organic compounds like L-arginine phosphate (LAP),
L-histidine tetrafluoroborate for second order nonlinear
device applications [6-9]. LAP exhibits a significant
absorption feature (1-3 %/cm) in the region between 250
and 300 nm and is due to the m— n* transitions. The
wavelength of these transitions in carboxylic acids has been
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shown to depend significantly on the molecular structure,
but very little information is known about their behaviour
in other kinds of organic salts [10-12].

In the near infrared, (0.9-1.5 um) overtone absorptions
of N-H, O-H, and C-H stretching vibrations can be quite
strong. These crystals are extensively hydrogen bonded and
consequently have overtone absorptions which lead to
losses of 10-20 %/cm at the Nd:YAG fundamental
wavelength. [13] Deuteration can reduce this absorption
significantly. However, deuteration of four covalently
bonded C-H stretching is difficult.

Recently we have reported on the growth, deuteration
and nucleation studies on L-alanine single crystals [14, 15].
In the present investigation, good optical quality L-alanine
single crystals have been grown from aqueous solution by
slow cooling and seed rotation techniques. Deuteration of
L-alanine was done using D,0O as solvent. The morphology
of the grown crystals was obtained by single crystal X-ray
diffraction analysis. Thermomechanical analyses and
microhardness measurements were also carried out for
Deuterated L-alanine single crystal.

Experimental
Crystal growth

Freshly prepared L-alanine solution was used for the
experiment. The polycrystalline powders of L-alanine have
been procured from E-Merck with a purity of 99.9%. As
per MSD data sheet, the compound is reported to be non-
toxic and non-hazardous in nature. Hence the experiment is
continued by obtaining small transparent single crystals,
free of macro defects, through spontaneous nucleation from
the saturated solution of L-alanine. For the bulk growth of
the title crystal, mother solution of L-alanine was saturated
to 40° C and a transparent seed was introduced into the
saturated solution placed in a constant temperature bath of
accuracy + 0.01° C.The solution was maintained at the
saturated temperature for 24 hours. The solution was then
allowed to cool @ 0.1° C/day under constant stirring.
Transparent crystals with well defined morphology
elongated along c-axis of size 20 mm x 15 mm x 5 mm
were grown after a typical growth period of 30 days. For
the growth of seed rotated L-alanine single crystals, the
procedure mentioned elsewhere [16, 17] was used. Single
crystals of deuterated L-alanine were also prepared by the
exchange reaction with heavy water (D,0). The degree of
deuteration could be improved by the successive
crystallization of salt with deuterated water (D,0).

Characterization of Deuterated L-alanine single crystals

The unit cell dimensions, the space group and morphology
of deuterated and seed rotated pure L-alanine crystals were
obtained using a Enraf-Nonius CAD4 single crystal X-ray
diffractometer equipped with CuKo radiation (A=1.54598
A). Lattice parameters were calculated from 50 reflections.
Both the compound crystallizes in orthorhombic system
with space group P2,2:2; (D,"). The molecular
arrangement of L-alanine in crystalline state is shown in
Fig. 1. Powder X-ray diffraction patterns were also
recorded for both the pure and deuterated poly crystalline
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powders of L-alanine using a Rigaku D/max-A
diffractometer fitted with CuKa radiation (A=1.54598 A).
Themomechanical analysis and Microhardness studies
were carried out for the deuterated crystal using Mettler
TMA analyser and Vickers hardness tester.
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Fig. 1. Molecular arrangement of L-alanine.

Results and discussion
Single crystal X-ray diffraction

The Morphology of the deuterated L-alanine crystals and
crystals grown by seed rotation were measured from a
single-crystal diffractometer. The crystal data of L-alanine
is presented in Table 1. The crystal parameters and cell
volume found to be in well agreement with that of reported
values [18]. The morphology of deuterated and seed rotated
L-alanine single crystals were shown in Fig. 2 and 3,
respectively.

Table 1. Crystallographic details of L-alanine.

Molecular formula L-alanine (C3H;NO,)

Determined from From Literature

Single crystal XRD

Unit cell parameters a=6.041A, a=6.032 A,
b=12.353 A and b=12.343 A and
c=5.774 A c=5.784 A
Cell volume 431.12 A3 430.09 A3
System Orthorhombic Orthorhombic
(@=p=7=90")  (a=p=7=90)
space group P2:2:2; (D,%) P2,2,2; (D,%)

The morphology of the deuterated crystals yielded
similar results to that of pure L-alanine crystals [18, 19].
The length of the crystal is also elongated along the ‘ ¢’
direction. The top and the bottom planes of the crystal are

Friedel pairs. The unit cell parameters were found to be a =

Adv. Mat. Lett. 2011, 2(3), 176-182

Copyright © 2011 VBRI press. 177



6.049 A, b=12.315 A and c= 5.823 A. The largest face is
always found to be {1 2 0} and {0 2 0} is one of the
smallest in the case of deuterated L-alanine.

The single crystal X-ray diffraction analysis of seed
rotated and deuteterated L--alanine single crystals revealed
that the unit cell parameters are almost same as that
measured for slow evaporation technique. This reveals that
there is no much difference in the structural rearrangement
on the crystal grown by seed rotation. The growth of the
plane along {1 2 0} face is slower which was prominent in
the crystal grown by slow evaporation techniques.

L LR T TR C1

P L I kil

Fig 2. Morphology of L-alanine single crystal.
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Fig. 3. Morphology of L-alanine crystals grown by seed rotation
technique.
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Powder X-ray diffracton of pure and deuterated L-alanine
single crystals

Powder X-ray diffraction patterns were obtained at room
temperature for both the pure and deuterated L-alanine
polycrystalline samples. The XRD pattern for pure and
deuterated L-alanine is shown in Fig. 4.
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Fig. 4. Powder X-ray diffraction pattern of pure and deuterated L-alanine
single crystal.

The lattice parameters were found to be a = 6.04 A, b=
12.30 A and c= 5.80 A for deuterated L-alanine crystals.
This is in close agreement with the values obtained from
single crystal X-ray diffraction analysis for L-alanine [19].
Furthermore, the intensities appear in the same diffraction
planes indicating that there is no much change in the
orientation during the growth of the crystals. This is
because, in general, three types of site replacement of
deuterium ions can occur while deuteration. They are, (i)
NH can be replaced as ND, (ii) CH can be replaced as CD
and (iii) both NH and CH can be replaced as ND and CD
[20]. It is shown in below in the scheme.

The deuteration of the CH (1l and 1V) sites is high
when the compound is synthesized through electrolytic
reduction [21]. The deuteration of NH (11) and OH sites can
be easily achieved by recrystallization from aqueous D,0O
solution [18]. The deuteration of the OH and NH sites can
be brought arbitrarily close to 100 % by successive
recrystallization.

CH,CH(ND,)"CO,0) I
CH,CH(NH,)CO,0) | | CHiCD(NHy)CO,0 I
o CH,CD(ND;)"CO,0) v

Thermomechanical analysis of deuterated L-alanine single
crystals Strain and crystal symmetry

The strain of a crystal is not a crystal property, but, rather,
a response of a crystal to an external influence. The strain
produced by the stress either through elastically or in the
form of electric fields need not conform to the symmetry of
the crystal unless the strain or the field itself conforms. On
the other hand, the strain caused by a change in
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temperature (thermal expansion), conform to the original
symmetry of the crystal as per Neumann’s principle.

Thermal expansion

If the temperature of the crystal is changed, the resulting
deformation is may be specified by the strain tensor,
represented as “g,, “. When a small temperature change
AT takes place uniformly throughout the crystal, then the
deformation shall be considered as homogeneous, and it is
found that all the components of “ g, “are proportional to
AT; thus the thermal expansion tensor or strain tensor can
be written in the form:

€9 = Oy AT

where g, are constants of coefficients of thermal expansion
and AT is the heating rate. In terms of principle axis, the
strain tensor can be represented as:

g =a; AT
82:(X2AT
83:(X3AT

where o, a,, a3 are coefficients of thermal expansion
along mutually perpendicular c, b and a axes. If the sphere
is drawn in a crystal, it becomes, on change of temperature,
an ellipsoid (the strain ellipsoid) with axes proportional to
(1+ o1 AT), (1+ o, AT), (1+ o 3 AT). The representation
quadric for the thermal expansion has the equation:

2 2 2 _
Oix1 Forx2 + azxs” =1

The shape and orientation of the quadric is subject to
the restrictions imposed by the symmetry of the crystal. Its
different forms, the rigorous theory behind the strain and
thermal expansion relations for various crystal systems and
its theory aspects has been described elaborately elsewhere
[22].

Based on the above fundamentals, the thermo
mechanical analysis (TMA) was carried out for deuterated
L-alanine single crystals in the temperature range 50 — 130°
C at a heating rate of 5° C/min in air atmosphere. Since the
title compound crystallizes in an orthorhombic system, the
principal expansion coefficient tensor coincides with the
crystallographic axes [22] and the lengths 1; = 4.12 mm, |,=
2.55 mm, ;= 2.68 mm have been regarded as c, b and a-
axes of the crystal respectively.

So, equation of the strain ellipsoid is given by

The representation quadric for thermal expansion of the
grown crystal has been projected along a-axis and it is
shown in Fig. 5. The thermal expansion coefficient along
the three axes of deutereted L-alanine single crystal is
shown in Fig. 6. The mean thermal expansion tensor o, of
deuterated L-alanine crystal from Fig. 6 is given by:

3.98 0 0
a = 0 3.084 0 x10°/°C
0 0 1.938
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which correspond to ¢, b and a-axes;
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Fig. 5. Thermal expansion projection of L-alanine along a-axis.

From the above Fig. it was found that no negative
thermal expansion has been observed in deuterated L-
alanine single crystal in all mutually perpendicular
crystallographic axes. The coefficients of thermal
expansions are comparable to that of L-alanine single
crystal [18]. Deuterated L-alanine crystal also shows large
expansion coefficient along c-axis when compared to b and
a-axes.
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Fig. 6. Anisotropy of linear expansion coefficient along the three axis for
deuterated L-alanine single crystals.

Deuterated L-alanine is stabilized by N-H...O type and
O-H...O type hydrogen bonds. The crystallographic b and
¢ axes are linked through a chain of N-H...O bonds while
a-axis linked by a chain of O-H...O bonds. The higher
expansion coefficient along c-axis can be attributed to
longer intramolecular contact and hence the bond is weak
in nature when compared to O-H...O bond.

The expansion coefficient of Deuterated L-alanine was
found to be 4.064 x 10” /°C and is comparable with
similar amino acid L-threonine [23]. This probably makes
the crystal feasibility to be useful in electro optic Pockel’s
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devices. This behaviour will be more important when one
considers manufacturing devices such as waveguide and
interferometer with deuterated L-alanine single crystals.

Microhardness measurements

Hardness is an important solid state property and plays a
vital role in device fabrication and hence Vicker’s
microhardness measurement was carried out for L-alanine
crystals to assess its mechanical strength. To evaluate the
vicker’s hardness number, as grown crystals of L-alanine
were subjected to static indentation test at room
temperature using Shimadzu HMV2 hardness tester fitted
with vicker’s diamond pyramidal indentor. Several
indentations were made on the (1 2 0) face along the (00 1)
of L-alanine crystal. The vicker’s hardness number was
calculated using the expression:

H, = 1.8544 (P/ d?)

where H, is the vicker’s hardress number for a given load,
P in gram and ‘d’ is the average diagonal length of the
indentation in mm. At lower loads there is an increase in
the hardness number which can be attributed to the
electrostatic attraction between the zwitterions present in
the molecule.

The surface pattern of the as grown and lapped crystals
is shown in Fig.7 (a) and 7(b). In Fig.7 (b), the focus of the
eyepiece does not coincide with the surface and since there
is a difference in height between adjacent places. Hence
care should be taken to avoid the irregularity in the surface
lattice while making indentations.

Fig. 7. (a) and (b) Surface pattern of as grown and lapped crystals of L-
alanine.

The indentation for the lapped crystals of dimensions 5
mm x 5 mm x 2 mm along {0 2 0} plane is shown in Fig.8.
For the loads of 10 gram and 25 gram cracks are formed on
the surface. The indentation was done along the {0 2 0}
plane for which the hardness number was found to be 48
and 52 for the loads of 10 gram and 25 gram respectively.
From the figure it is clear that even for load of 10 gram,
crack appears. This represents the low hardness along this
particular direction.

Fig. 9 shows indention mark taken along the largest
plane {1 2 0} for which the crystal possess high hardness
number. For loads of 10, 25, 50 and 100 gram the hardness
number was found to be 79.3, 86.1, 70.7 and 71.9. Cracks
were formed when the load is increased to 200 gram. It is
clear from the figure that for the red circle which
corresponds to 200 g load the crack widens. The red arrow
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marks shown in the figure represents the crack extending
on one side along {0 2 0} for which the thermal stability
was very low as explained earlier.

Fig. 8. Surface indentation pattern for loads 10 and 25 grams for {0 2 0}
plane.

Fig. 9. Surface indentaion pattern for all measured loads along {1 2 0}
plane.

Fig. 10. Surface pattern of indented area for 10 and 25 grams load.

Copyright © 2011 VBRI press.



Research Article

Fig. 10 shows the surface pattern of as grown and
lapped crystals of deuterated L-alanine. The hardness
number was found to be 25 and 30 for loads of 10 and 25
gram cracks begins to appear along the {0 2 0} plane as it
was weak plane as shown in pure L-alanine also. The black
circles represent the indention area. It is clear from the
figure that the crystal begins to crack even for minimum
load. The red arrow represents the uneven crystal surface
formed during lapping. At higher loads, the hardness shows
a sharp decrease and beyond 50 gm significant crack
occurs.

Conclusion

Deuterated and pure L-alanine crystals have been grown by
both slow cooling and seed rotation techniques for the first
time.

1. From single crystal and powder XRD measurements,
it was found that both the deuterated and pure L-alanine
single crystals have iso-structural unit cells.Deuteration has
not altered the crystallographic properties of the grown
crystals.

2. Morphology of crystals grown from both slow
cooling and seed rotation techniques yielded with the same
miller planes. No additional face was observed for the
deuterated one. (020) plane was found to be the best and
smallest plane with good optical quality. This result
resembles with pure L-alanine.

3. Thermal Expansion measurement reveals that
deuterated L-alanine possess lower thermal expansion co-
efficient values along the three crystallographic axes and
they are in the order of few tens of microns per centigrade
rise in temperature. For waveguide and other NLO device
applications, samples should be usually of size 1cm x 1cm.
It infers that, even due to laser heating, the title crystal
would be experiencing only an expansion of the aforesaid
order of micron which is far lower, when compared with
the actual dimension of the samples under usage.

4. Hardness measurements on the Deuterated L-alanine
on various planes reveal that the crystal is mechanically
stable upto 200gram of the applied load. This indicates that
the material having appreciable hardness values shall
withstand higher laser damage threshold values which may
be useful for the high frequency conversion devices.
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