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Abstract 
An extensive study of the thermal properties of Lithium Sodium Sulphate Hexa hydrate (LSSW) 
single crystal, with Trigonal structure, has been carried out using ultrasonic Pulse Echo Overlap 
(PEO) technique, Differential Thermal Analysis (DTA) and Thermo Gravimetric Analysis (TGA). 
The temperature variation of elastic constants of LiNa3(SO4)2∙6H2O single crystal have been re-
ported for the first time. The second order elastic stiffness constants 11C , 33C , 44C , along the var-
ious directions in the crystal have been determined in the temperature range 300 - 330 K. The 
change in velocity with temperature with respect to the room temperature value has been meas-
ured using PEO technique. Significant anomalies were observed in 11C  and 33C  at 316 K. The 
elastic constant 12C  has shown no variation in the temperature range 300 - 319 K. A minor devia-
tion for 44C  at 305 K following a parabolic change has been observed. The minor anomalies ob-
served in the elastic constants of LSSW may be due to its dehydration of water of crystallization in 
the range 304 - 319 K. DTA studies showed an appreciable endothermic change in the range 309 
K-369.79 K. TGA curve exhibited a decrease in weight of 1.687 mg in the temperature range 304 
K-360 K. The minor anomalies observed in the elastic constants of LSSW may be due to loosing of 
its water of crystallization in the range 309 - 319 K. On loosing water there will not be any change 
in chemical structure but there will be physical change associated with loosing of water molecule. 

 
Keywords 
Ultrasonics, Single Crystal, Elastic Properties, Pulse Echo Overlap Technique 

 
 

http://www.scirp.org/journal/oja
http://dx.doi.org/10.4236/oja.2014.43013
http://dx.doi.org/10.4236/oja.2014.43013
http://www.scirp.org/
mailto:gvushakoppara@yahoo.co.in
http://creativecommons.org/licenses/by/4.0/


G. Varughese, S. Kumar    
 

 
132 

1. Introduction 
Lithium Sodium Sulphate single crystal is an extensively studied super ionic crystal, which exhibits piezoelec-
tric and pyro-electric properties. It is also non-centrosymmetric. In this family a new crystal LiNa3(SO4)2∙6H2O 
(LSSW) is synthesized. This new sulphate salt characterized by the presence of water molecule in the unit cell, 
and it was reported [1]. The crystal structure was examined by X ray diffraction (XRD) pattern and compared it  
with Joint Committee Powder Diffraction Scan (JCPDS) file [2]. The crystal belongs to space group 6

3vC  with  
6 molecules per unit cell, Trigonal in symmetry and lattice parameters 8.451a b= =  Å and 30.28c =  Å. The 
Fourier Transform Infrared spectrum (FTIR) of a sample is highly characteristic and hence it is widely used to 
identify substances. The presence of hydroxyl [OH] in the sample was confirmed by group in the FTIR spectrum 
of the sample [3]. Raman studies already reported in the literature have investigated phase transition in the tem-
perature range 12 K - 300 K. They haven’t noticed any anomalies in that range of temperature [1]. For each site 
of Li+ ion, there are two ions bound to three oxygen atoms of three different water molecules and an oxygen 
atom of the sulfates producing a perfect tetrahedron. There are 4 hydrogen bonds formed by water molecule 
with the oxygen atom of 2

4SO −

 and 2
4LiO −  ions, namely 1) One connecting the oxygen of the H2O molecule to 

the top oxygen of the 2
4SO −  tetrahedron; 2) Another connecting the oxygen of the H2O molecule to the top 

oxygen of the 2
4LiO −  tetrahedron and 3) the remaining two are connecting the oxygen of the H2O molecule on-

ly to the base oxygen of the 2
4SO −  tetrahedron. No investigation on phase transition has been conducted so far 

in the above room temperature range by any other method. Hence aim of this investigation is to investigate any 
anomalies in the elastic properties of the crystal by studying the variation of elastic properties of LSSW with 
temperature by ultrasonic Pulse Echo Overlap technique [4]. 

2. Experimental 
2.1. Sample Preparation 
Li2CO3 and NaHSO4∙H2O was mixed in equi molar ratio in triply distilled water. Large single crystals can be 
grown by Slow evaporation technique for a duration of 60 days. At 308 K Lithium Sodium Sulphate Hexahy-
drate crystal (LSSW) and at 323 K Lithium Sodium Sulphate single crystal were synthesized (LSS). The optical 
quality of the crystal can be enhanced by re-crystallization from the solution for several times, and with the 
usage of triply distilled water. Temperature of the bath is kept constant by using an efficient temperature con-
troller having 0.5 K stability. Powder XRD of these crystals has been reported [3]. Size of the grown single 
crystal LSSW was (30 × 30 × 25) mm3 and depicted in Figure 1. The natural faces of the sample have been 
identified by comparing the measured interfacial angles and the computed stereographic projection of the crystal 
planes. The stereographic net of the crystal about a- and c-axes are made with the help of the computer pro-
gramme “Jcrystal” by giving the values of lattice parameters, crystal system and space group of the crystal [5]. 
Bulk samples have been cut using a slow speed diamond wheel saw so as to have propagation direction along 
[100] and [001] axes of the crystal [6]. The cuttings are made very accurately and the mis-orientation in cutting 
is less than 1°. The thickness of the sample crystals along the measurement direction are in the range 0.8 - 1.2 cm. 
The samples are well polished by using water paper of grade 1500 and Cerium oxide powder. This enables one 
to get proper bonding of transducer. 

2.2. Ultrasonic Velocity Measurements 
A Rhombohedral crystal has three-fold axis of symmetry and three mirror planes. The expression for the velocity  
of elastic waves in different symmetry directions are derived. It is found that 11 22C C= , 33C , 44 55C C= , 12C   
and 14C  can be obtained by measuring the velocity in c-direction (three fold symmetry axis) and any one of the 
three axes in the base plane normal to a mirror plane and the third pure mode axis in the 1m  plane. The sixth  
elastic constant 13 23C C=  can be found by velocity measurement of quasi-longitudinal wave in a mirror plane  

at 45  with c-axis. The elastic constant 66C  can be obtained by knowing 11C  and 12C  by the relation [4].  

[ ]66 11 121 2C C C= − . The mirror planes are depicted in Figure 2. 
The elements of determinantal equation are defined by elastic constants and the direction cosines of the direc-

tion of propagation [6]. Non zero elastic constants are shown in the detrmininent. 
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            Figure 1. Grown crystal of Lithium Sodium Sulphate Hexahydrate (LSSW).                
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If the cosines and the velocity in crystallographic directions are known, the adiabatic elastic constants can be 

determined [3]. The velocity of ultrasonic waves was measured for ultrasonic longitudinal and transverse waves 
in the specimen using X  and Y  cut transducer. The measurement was carried out by using Pulse Echo Over-
lap technique [PEO] [7] [8]. Silicon grease was used as the coupling medium between the transducer and the 
crystal. A MATEC model 7700 pulse modulator and receiver system with its associated subunits have been used 
for the velocity measurements. 

The McSkimin t∆  criterion [5] [9]-[11] has been applied to correct for the phase lag introduced by the 
coupling medium on the RF echoes. Crystal system of Lithium Sodium Sulphate Hexahydrate is Trigonal type II.  
It has the following six second order elastic stiffness constants 11 22C C= , 33C , 44 55C C= , 12C , 14C   and  

13 23C C=  and ( )66 11 121 2C C C= −  [6] [9]. The diagonal elastic constants 11C , 33C , 44C  have direct rela- 
tionship with the suitable ultrasonic mode velocity given by 2

i jC vρ=  
 where ρ  is the density of the crystal 

and υ  is the velocity of ultrasonic waves through the crystal. The absolute accuracy of elastic constant value is 
0.2% for diagonal elastic constant and 1% for off diagonal elastic constants. The off diagonal elastic stiffness 
constants can be evaluated by using the equations reported in the literature [6]. 

( ) ( ){ }*

1 22 22
14 1 66 44 66 441 2 2

ab
f C v C C C Cρ = = − + − −  ,                     (1) 

( )2 2
12 11 44 1 22 2abf C C C v vρ ρ= = + − + ,                              (2) 

( )
1
23 2

13 44
3 1

1
ac

C m m A mB
f C C

n n D

  − − +  = = − 
    

.                       (3) 

Here,  
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2 2
11 1 44 3C n C n a+ =                                       (4) 

2 2
66 1 44 3C n C n b+ =                                       (5) 

2 2
44 1 33 3C n C n c+ =                                       (6) 

2
14 1 32C n n l v mρ= =                                      (7) 

where 1 1 2n = √ , 3 1 2n = √  

a b c A+ + =                                          (8) 
2ab bc ac l B+ + − =                                      (9) 

2abc cl C− =                                         (10) 

( )2a b l D− − =                                        (11) 

Here, 3 cosn θ= , 1 sinn θ= , and θ  is measured from c  axis and 45 .θ =   

2.3. Variation of s
ijC  with Temperature 

The temperature variation of s
ijC  along the various directions in the crystal have been determined in the high 

temperature range 300 - 330 K by keeping the sample mounted on a suitable holder in a temperature controlled 
chamber. The change in velocity with temperature with respect to the room temperature has been measured 
carefully by adjusting the CW oscillator frequency of PEO system. Keeping the selected RF echoes in the phase 
matched condition the accuracy of the relative measurements of velocity is of the order of 10−5. The rate of 
temperature change in all the measurements are in the range of 0.5 to 1 K per minute. Here we have carried out 
the temperature variation of four elastic constants 11C , 33C , 44C , 12C . The variation of elastic constants with 
temperature is as shown in [Figure 3 and Figure 4]. We could not investigate beyond 330 K because of the 
opaqueness developed in the crystal. This may be due to the exclusion of water molecule associated with the 
grown crystal. The thermal expansion has been neglected while measuring the variation of ultrasonic wave ve-
locities with temperature. 

2.4. Differential Thermal Analysis (DTA) & Thermo Gravimentric Analysis (TGA)  
Spectrum of LSSW 

The DTA and TGA scans have been depicted in Figure 5. An appreciable endothermic dip at 369.79 K. There  
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                   Figure 2. Variation of elastic constants 12C  and 44C  with temperature.     
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                   Figure 3. Variation of elastic constants 11C  and 33C  with temperature.     
 

 
Figure 4. Differential Thermal Analysis and Thermo Gravimetric spectra of LSSW.                                   
 
are also two small dips at 526.62 K and 765.04 K. The energy associated with the transition can be evaluated [12] 
from area enclosed by dip. The peak areas in differential thermo grams depend upon the mass of the sample, 
“m”, and enthalpy/unit mass is H∆  (energy associated with the transition). These variables are related by the 
equation  

A kGm H= − ∆                                   (12) 

where “ A ” is the area of the peak, “ G ” is a calibration factor that depends on geometry, “ k ” is a constant re-
lated to the thermal conductivity of the sample. The energy associated with the transition of the sample is esti-
mated as 2.566 J/g. TGA curve exhibited a decrease in weight in the temperature range 304 K - 360 K. The re-
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duction in mass occurred is 1.687 mg in the temperature range 304 K - 373 K. The weight loss may be due to 
vaporization of water molecules present in the crystal. 

3. Results and Discussions 
For the Trigonal class system, there are six elastic constants 11 22C C= , 33C , 44 55C C= , 12C , 14C  and  

13 23C C= . Starting with the well known Christoffel equation, one can deduce the relationship between the elas-
tic constants. Velocity of propagation of various ultrasonic modes measured along selected direction in the crys-
tal is listed in Table 1. These measurements enabled to measure six elastic constants [3]. Temperature variations  
of four second order elastic stiffness constants 11C , 33C , 44C , 12C   have been carried out. Significant anoma- 
lies were observed in 11C  and 33C  at 316 K. The elastic constant 12C  has shown no variation in the temper- 
ature range 300 - 319 K. A minor deviation for 44C  at 305 K following a parabolic change has been observed.  
The minor anomalies observed in the elastic constants 11C , 33C , 44C  of LSSW may be due to its dehydration  
of water of crystallization in the range 304 - 319 K. The shape of the curves is shown in Figure 2 and Figure 3. 
One could not investigate beyond 330 K because of the opaqueness developed in the crystal. This may be due 
the exclusion of water molecule associated with the crystal between 316 K and 320 K.  

4. Conclusion 
The structural discrepancies found in the crystal grown at 323 K and 308 K have been solved to an extent using 
the ultrasonic velocity measurements. Temperature variations of four second order elastic stiffness constants  

11C , 33C , 44C , 12C  have been carried out. Noteworthy anomalies were observed in 11C  and 33C  at 316 K.  

The elastic constant 12C  has shown no variation in the temperature range 300 - 319 K. A minor variation for 
44C  at 305 K following a parabolic change has been observed. Hence one can presume that the minor anomalies 

observed in the elastic constants of LSSW may be due to loosing of its water of crystallization in the range 304 - 
319 K. On loosing water there will not be any change in chemical structure but there will be physical change 
 
Table 1. Velocity of ultrasonic modes in LSSW at 300 K. L, T, QL, QT represent longitudinal, transverse, quasi-longitudinal 
and quasi transverse modes respectively. The relations between mode velocities and elastic constant are also given in [3].     

Mode Direction of  
propagation 

Direction of 
polarization 

Measured mode  
velocity (m/s) 

Velocity-Elastic  
constant relation 

Elastic constants 
(GPa) 

L [100] [100] 1 4769 4υ = ±  2
11 22 1C C ρυ= =  11 22 45.84 0.09C C= = ±  

T [100] [001] 2 2592 2υ = ±  ( )12 2 3&abC f υ υ=  12 15.3 0.33C = ±  

T [100] [001 & 010] 3 2628 2υ = ±  ( )*14 3 
ab

C f υ=  
14 0.648 0.19C = ±  

L [001] [001] 4 4808 4υ = ±  2
33 4C ρυ=  33 46.60 0.09C = ±  

T [001] [001] 5 2460 2υ = ±  2
44 55 5C C ρυ= =  44 55 12.21 0.02C C= = ±  

QL 
Along mirror 

Plane 45  to 
c -axis 

QL 6 4571 4υ = ±  ( )13 6acC f υ=  13 2.54 1.2C = ±  

where 12 14 13,  ,  ab ab acC f C f C f∗= = =  and ( )66 11 121 2 15.27 0.03C C C= − = ± . 

 

 
                          Figure 5. Symmetry axis and mirror planes of Trigonal crystals. 
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associated with loosing of water molecule. Differential Thermal Analysis Scan showed a large endothermic dip 
during the range 309 K - 369.79 K. The energy associated with the sample is estimated as 2.566 J/g. Thermo 
Gravimetric Analysis curve exhibited a reduction in mass of 1.687 mg in the temperature range 304 K - 373 K. 
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