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We present measurements of the electrical permitivity of (NH4)4 LiH3(SO4 )4 (ALHS)
in the range between 40 K and 410 K. Above 7. = 233 K the frequency depen-
dences of ¢’ and " show the behaviour of a crystal with proton conductivity. At
about 405 K a noticeable change of the specific conductivity is observed. In ad-
dition measurements of the thermal expansion coefficients have been performed.
Measurements of the low frequency elastic compliance along the tetragonal a-axis
in the frequency region of 1-50 Hz and in the temperature region between 95 K and
420 K revealed a frequency dependent temperature shift of a damping maximum
in the ferroelastic phase which could be connected to domain freezing. Also an
elastic behaviour which is dependent on the "history” of the crystal was observed.

1. Introduction

ALHS belongs to a family of ferroelastic crystals A4LiH3(X04)4 (A = K, Rb, NHy:
X =5, Se) attracting attention in the last years (e.g. [1-7]). It undergoes a ferroelastic
phase transition at about 233 K which was first reported by Pietraszko et al. [8]. The
crystal structure changes from tetragonal symmetry P4, down to monoclinic symmetry
P24 [9, 10] where a ferroelastic domain pattern is observed [11].

2. Samples

The crystals were grown at room temperature from a non-stoichiometric acid aque-
ous solution of LisSO4, (NH4)3504 and H3S0, by slow evaporation of water. Clear
crystals mostly in the form of truncated pyramids with a side length between 5 and 10
mm were obtained. Using conoscopy we found the direction pependicular to the basis of
the pyramids to be [001]. As the crystals are hygroscopic care has been taken to avoid
damage of the surface by humidity. Besides, the state of the crystals has been checked
with a polarizing microscope (compare also [12]). The typical size of the prepared sam-
ples was about 2 x 2 x 3 mm. To check composition and structure of the samples X-ray
powder diffraction was performed at room temperature and could be described well by
the lattice parameters published in the literature [8, 10].

!Presented at MECO {Middle European CoOperation) 19, Smolenice, Slovakia, April 11-15, 1994
2e-mail address: MDZ@PAP.UNIVIE.AC.AT

0323-0465/94 (© Institute of Physics, SAS, Bratislava, Slovakia 429



430 Al
M. Zimmermann, W. Schrang

w¥ - e
| | .
i .a | b -”E
,,. m x »
; s ] .,, o
ﬁ _ : : 2z
- 12 - 100 iy
1 R o i o =
. ! 7 » = T
,_ . . . # o - .
‘ 4 asaas - E ! - 10 My
finsmnn o a0 - s P ’
‘ TN gmd - - D L= AR a
T i
[J‘JJJ][‘-"TJI i
510 05 20 2k Ko 26s 30 B 3o 325 330 355 |
K] - |
.
4 00E ok - e BS3es a5 s s as g 5

TIK]

Fig. 1: Real part of the dielectric consta Fi 2: Real part of the d
3 g ; constant 1g. 2: Real part of ¢ 1 i
enin S around T. g ol e dielectric constant

€11 in ALHS above room temperature

R
w T R
af :yi
iz
:.c:cM - | A
E) o P xS 10 kHz
b e ast [
{ o . i
1000 e R | 100 kHz
H s PR
o ane® o 5
w o aanet® < -,
i e 10 MHz
; aanasst £ .
104 aaansrs®
3 - - i
3 ™ . i
i -~ 1o
T —" : L
I s - , 15
Joret PR 40 60 80 100 120 140 160 180 200 220 240 260 250 300
ﬁ_._;JE‘.| TiK)
355 368 < 3 e o
6. 375 ‘w_mb 395 405 415
ThHz > 10KkHz +~ 100kHz - 1MHz

Fig. 3: Imaginary part. of the dielectric con-

Fig. 4: Real t of the di T
stant ey in ALHS g part o e dielectric constant

€3z in ALHS around T,

3. Dielectric measurements

Recently measurements of he permittivity of ALHS between 220 K and 300 K have

been published (10] and superionic hehaviour in A4LiH3(XO0y)4 crystals has been re-
ported [13]. In order to get more insight into the processes we ?w_.mou.,_.mma_ rw»w,wﬁoamim
of ‘::‘” dielectric constants along the tetragonal a- and c-direction _vm‘?e.mm_.g mo K and
410 K. zwmm:_‘m.:ﬁ:m were performed with a Hewlett-Packard 4192A h.m, Impedance
>_5_.<N.2. i .::w frequency range hetween | kHz and 10 MHz. >_u.o<n T., ¢ shows. a
large ¢ spersion while there is alimost no dispersion below T, (see Wmm:‘_.mm.,w and 4). In
the a- direction as well as the in - direction there is a J,mro‘:Zﬁ.; in the temperature
A,_a‘,_:,_:‘_.‘.‘.:2, of the diclectric consiant at about 405K (see Figures 2 and u‘v. " revealed
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405K and about 2.8 eV above 405K. In c-direction F, is about I eV helow 405 V. it
then increases up to several eV around 405 K and is about 1.8 eV ahove 4051y

DSC measurements on a Perkin Elmer Differential Scanning Calorimeter (DSCT)
yielded the melting point to be at about 430 K. Another shoulder in the specific heat
was found about 15K below the melting point (compare [15]). Tts possible origin is
referred to in the conclusion.
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4. Elastic measurements

The ferroelastic phase transition 4 — 2 is described by an order parameter y(e 1 —
€y)+beg [16] thus inducing elastic instabilities in the plane perpendicular to the tetrag.
onal c-axis. Therefore we investigated the static and low-frequency elastic behaviour of
ALHS with a Perkin Elner Dynamic Mechanical Analyzer (DMAT) along the tetrago-
nal a-direction. In this apparatus the sample is located between parallel plates and 5
chosen static pressure is applied which is modulated by a dynamic pressure of chosen
amplitude and frequency. The amplitude and phase shift of the elastic response of the
sample allows to determine the real and the imaginary part of the elastic compliance §.
Our measurements have heen performed with a static pressure between (] - 0.3 MPa
to ensure an elastic response of the sample which is significantly abhove the resolution
of the mentioned apparatus. The determination of the relative change of the elastic
compliance is more precise than that of the absolute values. The measured absolute
value of £, = 1/5, at room temperature was found to be at about 6 x 10 Pa which
is in good agreement with already published results (measurements of elastic constants
with Brillouin scattering [16]). Above room temperature E7 | the real part of B},
shows a decrease especially at temperatures between 390 K and 420 K. Measurements
showed that the elastjc behaviour of the crystal depended on whether it was the first
or the second time that the crystal was cooled below 7). within a few hours. In the first
run £7; remains rather stall but shows the same qualitative behaviour as in later runs
(see Figure 7): A large decrease when approaching 7. from above. then a V-shaped
minimum at 7.: when cooling further E1; increases at about 158 K to reach a plateau;
besides. £, shows a small maxinmum at about 188 K which only appears in the heating
curve. For an ’old’ crystal (Le. after the first run within the same experiment - see
Figure 8) £ remains higher than in the first run and the increase of F, at 158 K
1s much larger than in a ‘fresh” crystal. Sometimes even the room temperature value
of £, is reached. 11, the imaginary part of ET,. reveals a maximum in the first run
which is almost never reproduced in later runs. This maximum shifts to lower temper-
atures with decreasing frequency. In the region between 158K and T, FY, exhibits a
second maximum which is rather broad and sometimes consists of more than one peak.
In general EY, is smaller where L1, takes larger values. After leaving the sample in
the apparatus under small static pressure for one night the crystal again behaved like a
fresh one. The measured elastic behaviour along the a-direction was reproducible also
with different samples cut from different crystals. Measurements along the tetragonal
c-direction did not reveal the damping peaks mentioned above. ;

The linear thermal expansion coefficient o has been measured hetween 100 K and -

295 K by Mréz et al. [15]. We measured « above room temperature and found it to be
constant at 3 x 1075 for the a- and the c-direction up to 423 K. .

5. Conclusions

The appearance of a strong frequency dispersion of the dielectiric constant (above
I = 233 K) is consistent witl the assumption of superionic conducting behaviour of
ALHS. The ange in the activation energy at 405 K may be due 1o a change in the
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mechanism of conducting and to pre-melting effects. This matches witl the observation
of an additional shoulder in the DSC results.

Distinct anomalies have been found in the imaginary part of the complex elastic

compliance below the ferroelastic phase transition. The results along the a-direction
lead to the hypothesis that there are domain processes which can be held responsible.
As the results are similar to those in ferroelastic KDP-like crystals [17, 18] we suggest
the occurrence of domain freezing in ALHS. More detailed investigations are in progress
to clarify the mentioned problems.
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