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Abstract

Ultrasonics is the most established and precise technique to determine the elastic parameters of
materials. Elastic constants are important parameters of a crystal which provide valuable infor-
mation about the bonding characteristic between adjacent atomic planes and the anisotropic cha-
racter of the bonding and structural ability. Second order elastic constants can be measured by
measuring the velocity of the ultrasonic pulses of different polarization along different symmetry
directions. Elastic Constants of Lithium Hydroxylammonium Sulphate [LHAS] single crystal by ul-
trasonic Pulse Echo Overlap [PEO] technique are reported for the first time. Large single crystals

of LHAS of size [26x 26x10] mm?3 have been grown from supersaturated aqueous solution of the

salt by slow evaporation technique over a period of 40 - 45 days at 305 K. Absolute velocities at
room temperature (303 K) have been measured for the selected direction and modes with McSki-
min At criterion. The anisotropy in the elastic properties of LHAS is well studied by measuring
ultrasonic velocity in the crystal in certain specified crystallographic directions. The elastic stiff-
ness constants, C,, C,, C,, C.,. and C, and Acoustic impedance constants and Rao’s con-

stants in specified directions are evaluated.
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1. Introduction

The second order elastic stiffness constants play an important role in determining the strength of materials, pro-
vide valuable information about the bonding characteristic between adjacent atomic planes and the anisotropic
character of the bonding and structural ability. The elastic behavior of an asymmetric crystal is determined by 21
independent elastic constants. The number of independent elastic constants will vary with symmetry of the crys-
tal. It is 9 for orthorhombic crystal and they are C,, C,,, C;;, C,. C,., Cx, C,, C;,and C,,. Ultra-
sonics is the most established technique to determine the elastic moduli of both static and dynamic properties.
Measurements of the elastic constants of a crystal as a function of temperature enable one to locate phase transi-
tion points. Second order elastic constants can be measured by measuring the velocity of the ultrasonic pulses of
different polarization along different symmetry directions. Different techniques have been developed for precise
measurement of velocity. Of these Pulse Echo Overlap (PEQ) technique is the most accurate and precise one. In
Lithium Hydroxylammonium Sulphate [LiNH;OHSQ,4] crystal, no work has been reported on elastic properties..
In the present study Elastic constants are measured, by ultrasonic Pulse Echo Overlap [PEO] technique for the
first time. It crystallizes in the orthorhombic symmetry with space group Pbca with lattice parameters are re-
ported to be a=18.461, b=7.267 and c=6.695A [1]. The unit cell comprised of eight molecules. The
structure of the crystal was reported in the literature [2] [3]. The refined crystal structure of the LHAS crystal
was also reported [4]. Figure 1 shows distribution of atoms in the unit cell of Lithium Hydroxylammonium
Sulphate [LHAS] crystal. Infrared and Raman spectra of LHAS and deuterated LHAS was reported [5]. Bands
were assigned on the basis of SO4, NH3 and OH vibrations. The symmetric stretching mode in the deuterated
compound is found to be at higher frequencies, indicating the existence of strong hydrogen bonds in LHAS. The
SOy, ion is distorted in the crystal. The general data of LHAS shows that the crystal decomposes above 110°C
(380K) [5]. The aim of this work is to measure absolute ultrasonic wave velocities at 303 K for the selected di-
rection with McSkimin At criterion. The anisotropy in the elastic properties is well studied by measuring ul-
trasonic velocity in the crystal in certain specified crystallographic directions. The elastic constants, compliance
constants, Acoustic impedance, and Poisson’s ratio are evaluated. The polar plots of phase velocity, slowness,
Young’s modulus, linear compressibility in the [110], [101] and [011] planes reveal the anisotropy.

2. Material and Methods
2.1. Crystal Growth

Single crystal of LHAS have been grown by slow evaporation method from an aqueous solution of Hydroxyla-
mine Sulphate (NH3;OH), SO, and Lithium Sulphate (Li,SO,) in stoichiometric quantities at 45°C. Figure 2 and
Figure 3 depict morphology and photograph of solution grown crystal. There are difficulties in growing the
crystal. Spurious bubbles are forming in the growing medium. These bubbles may incorporate in the crystal and
may cause defect in the growing crystal. By adjusting the growth temperature this can be minimized and the
suitable temperature was found to be 45°C. Increasing the speed of the solution stirrer also minimize the incor-
poration of the spurious air bubbles into the crystal. Another difficulty is the tendency of these crystals to grow
in thin plates. But the thickness of the crystal can be increased by using a cut samples as a seed crystal. Also re-
crystallization by several times improves the thickness to a suitable size. Taking these factors, the growth can be
controlled and single crystal of size [26 ><26><10] mm?® was obtained after 40 days. The density of the crystal
was measured using Archimedes principle and was found to be 2.002 gm/cm®,

The crystallographic axes are identified using the software J crystal (stereographic net) and Shape. The inter-
facial angles are measured using a contact goniometer. The measured angles were well in agreement with the
computed values. By knowing the lattice parameters and crystal system one can construct a stereographic plot
by using the computer program “Jcrystal”. The natural faces of the sample have been identified by comparing
the computed value and the measured value. The grown crystal is cut into required thickness along different
crystallographic directions using a slow speed Diamond Wheel Saw. An interesting feature was noted while cutting
the crystal was, that the crystal could be easily peeled along the c-direction even with a sharp blade. This is be-
cause of the crystal have a cleavage plane perpendicular to c-axis. Thus cutting the crystal along b-direction is
difficult; and hence measurement along that direction was forced to avoid. Also care should be taken while cut-
ting the crystal in a-direction. Bulk samples have been cut using a slow speed diamond wheel saw (model-650,
South Bay technology, USA). The diamond saw consists of a thin metal disc with micro sized diamond powder
embedded on the outer edge. The blade fixed to a rotation mechanism is driven by a speed controlled motor. The
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Figure 1. Distribution of atoms in the unit cell of of LHAS crystal in the a-c plane.

Figure 2. Morphology of the LHAS crystal.

Figure 3. Photograph of the grown LHAS crystal.
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crystal to be cut is glued to a precision movable arm with a goniometer and counter weight. Once the directions
are carefully adjusted with respect to the blade, the arm can be lowered so that the crystal rests on the rotating
blade edge. The blade is continuously cooled and cleaned by a coolant, which is kept below the tray. One ad-
vantage of this diamond wheel saw is that samples can be cut easily to have parallel faces. This is very important
for ultrasonic work because the non-parallelism will bring in a non-exponentially decaying echo pattern and
thereby additional errors in velocity measurements. Samples with pairs of parallel planes perpendicular to [100]
and [001] directions have been prepared for ultrasonic wave velocity measurements. All cuttings are made very
accurately. The error due to disorientation is below £0.5°. The edges of the samples have been polished carefully
using cerium oxide powder to optical reflection level so as to ensure proper bonding of the transducer to the
sample surface. Polishing of the sample and cleaning of the transducer are very important for successful bonding.
To make the bond thin, the transducer has to be held pressed to the sample under spring action.

2.2. Measurements of Elastic Constants

The elements of determinantal equation are defined by elastic constants and the direction cosines of the direction
of propagation [6] [7]. Non zero elastic constants are shown in the determinant.
Ch Cp Gy O 0 0
C12 C22 C23 O 0 0
Cl3 C23 C33 O 0 O
"Jlo o o0 C, 0 O
o 0 0 o0 C, O
0 0 0 0 0 Cg4

LHAS being an Orthorhombic crystal, has the following nine second order elastic stiffness constants C,,
C,, Cs, C,. C;, Cq, C,, C; and C,. The diagonal elastic constants C,, C,,, C,, C,, C, and

Ce have direct relationship with the ultrasonic mode velocity given by C; = pV?. For propagation in x-
direction,

pVg =Cy, pvlz =Ces, pV§ =Cy 1)

Then the three pure modes will be, v, longitudinal, v, transverse with y polarization and v, transverse
with z polarization. For propagation in 'y -direction,

PVS =Ces. pvlz =Cy, pvzz =Cy 2)
v, is transverse with x-polarization v, is longitudinal v, is transverse with z -polarization. For propaga-
tionin z direction

pVg =Css, pV12 =Cy, pv§ =Cy )

These are also pure modes with v, transverse with x-polarization, v, transverse with Y -polarization and
v, longitudinal. The elastic constant C,, can be calculated by measuring the velocity perpendicular a-bplane.
Here the angle is measured from a-axis. Then

2
Cp="fp= {Czlsz |:(52C11 +5°Cgs — pV* )(CZC% +5°Cy, — pV? )]} —Ces (4)

The elastic constant C,, is measured by propagating the sound wave with the velocity normal to the b-c
plane. The angle is measured from b-axis. Then

12
Cp = fy, = {%[(CZCZZ +5°C,, — pv? )(CZC44 +5°Cy, — pV° )]} -C,, ()

The elastic constant C, can be measured by propagating the waves perpendicular to a-c plane where angle

6 is measured from c-axis.
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y2
Co=fo = {%[(SZCM +C*Cys — pV° )(Szcss +C*Cyy — pV* )J} —Cos (6)

where s=sind c=cosd and @ isthe angle of rotation for respective axes.
Acoustic Impedance constants [11] of the crystal in specified direction are given by

Z; = pv; ™

where p is the density of the sample (=2002 gm/cc. for LHAS) and v is the velocity in specified directions. Rao’s
Constants (molar velocity) of the crystal [11] in specified directions are given by

Ry =m/p(v;)” ®

where m is the molar mass and o density of material and v, the ultrasonic velocity in the crystal along specified
directions.

2.3. Ultrasonic Velocity Measurements

The ultrasonic velocities are measured using the PEO technique [9]. The details of measurement technique are
by Papadakis [10]. A MATEC model 7700 pulse modulator and receiver system with its associated subunits has
been used for the velocity measurements. X -Cut transducers of resonant frequency 10 MHz and 6 mm in di-
ameter are used for the measurement of longitudinal velocity and Y -Cut transducer of resonant frequency 10
MHz and 6 mm diameter are used for the measurement of transverse velocity. Large number of clear echoes in-
dicated that the grown samples are free from defects. The same transducer has been used to detect the echoes
generated by successive reflection of the waves from the rear end of the sample. Absolute velocities at room
temperature (303 K) have been measured for the selected direction and modes [12]. The McSkimin At crite-
rion [13]-[17] has been applied to correct the phase lag introduced by the bonding medium on the RF echoes.

3. Results and Discussions

Of the 18 propagation modes, velocity measurements of 12 modes are sufficient to evaluate all the six indepen-
dent second-order elastic constants and three dependent constants with cross checks possible using the remaining
modes. Whereas the present studies have been reported 5 elastic constants. Considering all experimental uncer-
tainties, the absolute accuracy of elastic constant value is estimated to be better than 0.2%. In all velocity mea-
surements, the correct overlap identification is made and McSkimin At criterion for bond correction has been
applied using computer programme [18]. By measuring ultrasonic velocity in the LHAS crystal in certain speci-
fied crystallographic directions, the anisotropy of elastic properties of the crystal is studied and the elastic stiff-
ness constants, and acoustic impedance are evaluated. Of the six independent elastic constants we could be able to
measure 5 elastic constants.

The diagonal elastic constant C,, could not be measured due to the existence of cleavage plane along c di-
rection and hence difficult to prepare sample with a-b, a-c, and b-c planes. The values of the 5 elastic constants
are presented in Table 1. The acoustic impedance constants and Rao’s constants are presented in Table 2 and
Table 3 respectively. Here compliance constants and Poisson’s ratios are not evaluated since Compliance con-

Table 1. Measured velocities and Elastic constants of LHAS crystal at 303 K.

S0 T Direction of Direction of Velocity Elastic constant v -C,
propagation polarization measured V (m/s) C, (GPa) relationship
1 L [100] [100] v, =3142+4 19.76 +0.07 C,=pV
2 L [001] [001] v,=2917+4 17.03 +0.07 C,=pVv
3 T [001] [010] v, =2247+3 10.10 +0.03 C, = pV:
4 T [001] [100] v, =2424+3 11.72 +0.03 C, = pv:
5 T [100] [010] v, = 254243 12.93 +0.04 C, = pV:

The abbreviation used have the following meaning: L-Longitudinal; T-Transverse. Then v is the velocity of propagation of respective mode and p is
the density of the sample = 2002 kg/m®. and molar mass 0.137 kg for LHAS crystal.
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Table 2. Measured velocities and Acoustic impedance constants of LHAS crystal at 303 K.

SI.No Mode Direction of Direction of Velocity Acoustic impgdance V-2,
propagation polarization measured v (m/s) 106 kg/m‘/s relationship
1 L [100] [100] v, =3142:+4 6290 +0.07 Z,=pv,
2 L [001] [001] v, =2917+4 5839 +0.07 Z.=pv,
8 T [oo1] [010] v, = 224743 4498 £ 0.03 Z.. = pv,
4 T [001] [100] v, = 242443 4852 +0.03 Z.=pv,
5 T [100] [010] v, =2542+3 5089 + 0.04 Z,, = pv,

Table 3. Measured velocities and Rao’s constants (Molar velocity) of LHAS crystal at 303 K.

Rao’s constant

e e DI I ey R R
1 L [100] [100] v, =3142+4 1002 +0.07 R,=m/p(v,)"
2 L [001] [001] v, =2917+4 977 £0.07 R, =m/p(v,)”
3 T [001] [010] v, =2247+3 896 +0.03 R, =m/p(v,)”
4 T [001] [100] v, =2424+3 919 +0.03 R.=m/p(v,)”
5 T [100] [010] v, =2542+3 934 + 0.04 Re=m/p(v,)"

stants are the components obtained from the inverse matrix of elastic constants.

4. Conclusion

LHAS crystal of large size has been grown using slow evaporation solution growth technique. PEO technique has
been successfully implemented for evaluating 5 elastic constants C,, C,, C,, C., and C, and explained
the anisotropy in the elastic properties of the crystal. The diagonal constant C,, and off diagonal constants C,,,
C,;, C,; could not be measured due to presence of cleavage plane along c direction. The temperature variation-
sof elastic constants were not carried out due to bonding problems. Acoustic impedance constants and Rao’s con-
stants (molar velocity) are also evaluated along specified directions. From the data it is found that C, and C,,
have maximum (19.76 GPa) and minimum (10.10 GPa) value respectively.
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