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X-RAY DATA ON LITHIUM AMMONIUM SULPHATE BINARY SYSTEMS
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Powder X-ray diffraction studies carried out stoichiometrically on different lithium
ammoniumsulphate (LAS) phases prepared from binary mixtures of lithiumsulphate
and ammonium sulphate are orthorhombic. The experimental results reveal that all
the phases exhibit piezoelectric, electro-optic and electrostriction properties.
Electrostriction coefficient for all the phases is reported. From the phase diagram of
the binariesitis to be observed that there is no appreciable change in the ferroelectric
region.
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Introduction

Lithium ammonium sulphate is known to belong to the family of the compoundswith
formula LiXSO, (where X = K, Rb or Na). LiKSO, and LiRbSO, are classified as
hexagonal'?, while LiNaSO, has been found to be trigonal* Lithium ammonium
sulphate is reported* to exhibit ferroelectric behaviour between 10 and 186.5°C.

The authors present here the X-ray powder diffraction data on lithium ammo-
nium sulphate (here after abbreviated as LAS) prepared from binary mixtures of
lithium sulphate-ammonium sulphate in different molar proportions. Possible pres-
ence of piezo-electric, electro-optic and electrostriction properties are investigated
from X-ray data of LAS prepared from different binary mixtures.

Experimental

Powder X-ray diffractograms were recorded on a Seifert diffractometer using CuKa
radiation (A =1.542°A). The crystals grown were with formulaLi, (NH,), a0, (x=0.5,
0.33, 0.26 and 0.2). Crystalline pure lithium sulphate and ammonium sulphate were
mixed and dissolved in distilled water in molar ratios of 1:1, 1:2, 1:3 and 1:4 and the
solutions were allowed to slowly evaporate. The grown crystals were approximately
2mm x 2mm x Imm in dimension. In order to determine the lattice parameters of the
four binary systems, the powder X-ray diffraction technique was used. Electrostriction
coefficient were measured using an optical interference technique ® developed by the
authors. The sample was excited byad.c. source. To produce ahomogeneous electric
field the sample was sandwiched between two conducting glass electrodes whose
distance can be varied by a mechanical arrangement. The fringe pattern was obtained
by forming a wedge between two optical flats of which, one was fixed while the other
rests on the sample. The variation in the wedge angle was proportional to the shift of
the fringe pattern which in turn was proportional to the deformation of the sample.
The fringe pattern isviewed through an occulated microscope eyepiece. The number
of fringes shifted across a fixed point were counted.



398 M L N MADHU MOHAN AND C HARANADH

The electrostriction coefficient was measured using the relation
R,=A/l
where A=(Ax 6l xt?) / (2x ?%)

A being wave length, llength of sample, § /change of length, tthickness of the sample
and v being the applied voltage.

Results and Discussion

The observed and calculated values are shown for the four binary phases in Table I
along with X-ray diffraction data for prominent reflection. The 26 values are in de-
grees and minutes while the d,, values are in A units. Table II shows data on cell
dimensions, volume of unit cell, number of molecules in unit cell, packing index and
possible space groups for all the four phases of LAS. Itis apparent from Table I that
the d__values are in good agreement with d , values. The maximum variation of the
d , values for LAS binary phases in 1:1, 1:2, 1:3 and 1:4 proportions is of the order
0.84%, 0.63%,0.22% and 0.17% respectively. From the dataitisinferred that the four
phases are orthorhombic. For 1:1 the systematic absences of Okl for k+1 even, h01 for
1 even, OkOfork even and 001 for 1 even determines the space group either to be Pncm
or Pnc2 which is in agreement with the reported®space group, for the Las 1:2 binary
the systematic absences in hkl for k+1 even, Okl fork+1 even, h01 for h,1 even, hk0 for
k even, h00 for h even, 0k0 for k even and 001 for 1 even determines the space group
to be A2aa or Amaa. For LAS 1:3 binary phase the systematic absencesin Okl for 1 even
and 001 for 1 even determine the space group to be Pmc2,.

For 1:4 binary the systematic absences of Okl for k+1 even, h00 for h even, hk0 for
h+k even, OkO for k even and 001 for 1 even determine the space group to be either
Pn2n or Pnmn.

In the light of the known relation between centro-symmetric and non centro-
symmetric systems with piezoelectric effect, the experimental results suggest that all
the four proportions of LAS exhibit piezoelectric effect as well as electrostriction. It
can be pointed out that the number of independent electrostrictive coefficients for
all the proportions of LAS is reported’ to be 12. Further it can be predicted, based on

the point group symmetry® that all the four binary phases of LAS can exhibit electro-
optic phenomena.

Electrostriction coefficientisafourth rank tensor*and isrepresented by the notation

R, Allthe four proportions of LAS binary phase possess 12 electrostrictive coefficients
and are listed below.

Rl]ll’ le’ RIIBS’ R‘l‘zll’ R‘Z‘Z‘H’ RHSS’ REIBH’ RSS‘H’ RSSSS’ R R and R

2329’ 7 318) 12127
Out of these, one coefficient namely R 5, has been measured for all the proportions
the corresponding value of the coefficient is 32 x 108 m2v 40 x 1078 m%? 33 x 108
m *v* and 47 x 10"® m*?* for LAS 1:1, 1:2, 1:3 and 1:4 binaries respectively. Structural
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Table I
X-ray powder data of Li, (NH)), , SO, binary phases

26 d(obs)  d(cal) hkl I/1, 20 d(obs)  d(cal) hkl I/1,
a) LAS 1:1

2156 4.050 4.049 111 25.0 5313 1.721 1,724 500 3.4
2640 3.340 3.373 012 100.0 5755 1.592 1.604 512 2.1
3505 2.630 2.633 310 15.0 6239 1.483 1.493 513 2.1
4043 2.216 2.231 213 12.6 6443 1.440 1.410 016 3.0
4337 2.075 2.092 410 2.1 6856 1.362 1.374 431 2.1
4504 2.011 2.035 411 3.9 8140 1.179 1.178 217 1.7
4618 1.961 1.958 023 30.4 8246 1.166 1.168 720 1.3
b LAS 1:2

2612 3.400 3.416 012 7.0 5247 1.734 1.741 130 7.0
3612 2.481 2.496 203 9.7 5354 1.701 1.708 421 443
4041 2.217 2.216 122 100.0 5706 1.613 1.621 132 5.9
4539 1.987 1.981 313 5.9 6417 1.449 1.445 332 172
4759 1.896 1.909 412 48 6900 1.361 1.366 216 16.7
¢) LAS 1.3

1836 4.770 4.776 201 96.9 5629 1.629 1.626 415 133
3253 2.723 2.720 020 100.0 6014 1.536 1.533 505 233
3854 2.315 2.313 313 66.6 6633 1.405 1.404 712 16.6
4014 2.241 2.236 005 333 6822 1.372 1.372 623 16.6
5301 1.727 1.727 025 23.3 7457 1.267 1.268 143 133
5400 1.698 1.694 231 20.0 8455 1.142 1.144 319 16.6
d) LAS 1.4

1541 5.647 5.650 010 109 6420 1.448 1.445 318 7.8
2136 4.113 4.105 210 100.0 7531 1.259 1.259 634 7.8
3636 2.455 2.453 403 17.1 7822 1.220 1.220 536 9.3
4743 1.906 1.905 025 7.8 7830 1.217 1.216 540 9.3
5159 1.759 1.755 522 14.0 8114 1.184 1.181 922 125
5341 1.707 1.707 700 25.0 8438 1.145 1.144 532 6.2
5636 1.626 1.626 034 21.8 8545 1.133 1.133 438 7.1
6035 1.528 1.530 127 20.3 9052 1.082 1.083 351 3.1
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Table 11

Lattice parameters and other related data on LAS binary systems

Proportions 1:1 1:2 1:3 1:4
Crystal system Orthorhombic Orthorhombic Orthorhombic Orthorhombic
Cell dimensions ("A)

a 9.12 9.21 10.54 11.95

b 5.27 5.32 5.44 5.65

c 8.78 891 11.18 12.90
Molecular weight 121.03 124.73 126.58 127.69

No. of molecules in '
the unit cell, z four four six eight

Observed density

(g.cm™) 1.944 1.901 1.965 1.956
Calculated density

from X-ray data 1.934 1.879 1.964 1.944
Volume of the unit cell (°A?) 421.90 436.56 641.92 872.03
Packing index 3.63 4.65 5.90 6.24
Possible space groups Pncm or Pnc2 A2aa or Amaa Pmc2 Pn2n or Pnmn

deformities of LAS system can be investigated by the study of its electrical
properties'*™%, Further study of the electric field gradient'” redistribution gives defi-
nite information about the structural distortion. Tensor electric field gradient of LAS
1:1 proportion is reported'® using ion- dipole model calculation. Further it is re-
ported'! that the electric field gradient contribution is from the oxygen tetrahedrally
surrounding the Li ion in the LAS structure. The main effect of the electric field
gradient of the rest of the lattice is to deflect the principle axis of the tensor from the
direction defined by the nearest neighbour. In the light of these facts the observed
electrostriction results suggests that the even proportions of LAS (viz. 1:2 and 1:4) are
more susceptible for electric fields rather than the odd proportions (viz 1:1 and 1:3)

The pure ammonium sulphate' and lithium sulphate' are found to belong to
orthorhombic and monoclinic systems respectively while the LAS system is reported®
to be orthorhombic, further the observed number of molecules in a unit cell of LAS
in 1:1 proportion is reported® to be four, which isin agreement with the present data.
On increasing the ammonium sulphate concentration in LAS, it is observed that the
volume of the unit cell has increased. The packing index is defined'® as

(V,/V)x10

where VI is the total volume of individual atoms within the unit cell and V( the volume
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of unit cell obtained from X-ray data. The packing index of four of LAS binary phases
are presented in Table II. In LAS 1:1 binary phase the packing index is 3.63, in other
words pore space available in the volume of the unit cell is 63.7%. The packing index
is observed to increase with increasing concentration of ammonium sulphate in LAS
binary, thus it leads to closer packing of molecules.

The phase diagram of the binary is illustrated in Fig 1. Transition temperatures
(onsetand clearing ferroelectric temperature) are measured by differential scanning
calorimetry (Perklin Elmer DSC-7). Phase diagram of the LAS binary is obtained by
plotting various mole fractions of lithium sulphate on X-axisand transition temperature
of the respective binaries on the y-axis. Our results are in good agreement with the
reported’® phase diagram of the binary phase of LAS grown from lithium sulphate (0.5
to 1 mole fraction) and ammonium sulphate which does exhibit ferroelectric phase
in all proportions. It is apparent from the figure that, expect for one concentration
(0.2 mole fraction of lithium sulphate in LAS) all other data coincides with the
reported work. Furthermore it can be observed from Figure 1 that no appreciable
change is found in the ferroelectric region of all the binaries.
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Fig 1 Phase diagram of the Li, (NH,), , . SO, system. (O represents Shamshin et al. data
while X represents the present work)

Conclusions

All the proportions of LAS belong to orthorhombic system, even though lithium

sulphate and ammonium sulphate are monoclinic and orthorhombic respectively.
All the LAS binary phases are predicted to exhibit electro-optic, piezoelectric and

electrostrictive properties. In all the four concentrations of the binary the ferroelec-
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tric region remained constant.
Value of the electrostriction coefficient is found to be more in the even phases
compared to the odd phases of LAS binary system.
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