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ELASTIC PROPERTIES OF TRIS-SARCOSINE
CALCIUM CHLORIDE (TSCC) AND AMONIUM
FLUOBERYLLATE (AFB) SINGLE CRYSTALS*

GEORG SORGE,** ULRICH STRAUBE,** ABILIO ALMEIDA **
Halle/Saale :

Near the structural phase transition of TSCC the temperature dependence of the
elastic stiffness coefficients can be described by the Landau—Devonshire theory,
whereas ultrasonic damping can be ascribed to energy fluctuations (Nattermann). The
results obtained near the upper transition temperature of AFB-crystals can be inter-
preted in the same way.

YIIPYTME CBOMCTBA MOHOKPUCTAJLIOB TCUU TTOPHAA KAJBIMA
M ®TOPBEPHILIMEBOY COJH AMMOHHSA

B6nu3u cTpykTypHOro ¢$a3080r0 flepexona TCLLI xn0puAa KalbiUys TEMREPATypHas
3aBHCHMOCTD KOI(@HUNEHTOB CONPOTHBICHHS feopMalHK B MHTEpBale Ynpyroctd
MOXET ObITb ONHMCAaHa C MOMOLUbIO TEOpUH Nangay-JIoBoHIIanpa, B TO BpeMA Kak
yALTPa3ByKOBOE 3ATYXaHHE MOXET 6LITh OTHECEHO K (DIIOKTYALMsAM 3IHEPIHH
(HatTepman). PesynsTarsl, nonyyeHusle BOAN3YM BepxHeil TOUKH (HaszoBoro nepexona
KpUCTanna ¢TopGepHINHEBOH CONN aMMOHHNS, MOTYT MHTEPTIPETHPOBATLCA AHANOTH-
HbiM 00pa3oM.

1. INTRODUCTION

The critical behaviour of ferroelectrics, both theoretically and experimen-
tally, has aroused widespread interest during the past few years. The aim of this
paper is to report some results on the critical behaviour of elastic coefficients and
ultrasonic attenuation coefficients of Tris-sarcosine calcium chloride, TSCC,
AOIuZEOENOOOEVO»QN and of Amonium fluoberyllate, AFB, (NH,);BeF..

Tris-sarcosine calcium chloride is an uniaxial ferroelectric with an order-disorder
phase transition (DY—C3) at T.=129.6 K of the second order [1,2,3]. This

* Talk given at 6 Conference of Ultrasonic Methods in Zilina, September 14*—16", 1978.
** Gektion Physik der Martin Luther Universitét, Halle—Wittenberg, Friedemann Bach Platz 6,
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transition may be triggered by the dynamics of the protons in the hydrogen bonds
[2}.

Amonium fluoberyllate exhibits a ferroelectric phase transition of the first order
at T,=176 K {4] and a further transition of the second order at T,= 183 K {5].
Below T the space group symmetry is 3, and above T it is D3y [6,7). It is an
improper ferroelectric with an incommensurable interphase in the temperature
range between T, and T:[8.9]. The transition at T is triggered by the BeF; ions
{10].

In both crystals the ferroelectric axis is the b-axis. Both crystals are ferroelastic
in the paraelectric paraphases (TSCC above Te AFB above T) with a pseudohexa-
gonal symmetry viewed along the a-axis {11, 12].

II. METHODS

The elastic stiffness ceofficients ¢i, and ¢a; of TSCC crystals were determined
from ultrasound velocity, which was measured by the pulse-echo technique {13},
and the ultrasonic damping measurements were performed by a supplementary
unit {14] at 20 MHz and 60 MHz. The specimens were rectangular parallelepipeds

with a propagation length ~5 mm. Quartz transducers were attached to the.

samples with Cenusil [15], a silicon caoutchouc, or Nonag.

The temperature dependences of the elastic compliances s, 522 and s3; of AFB
in the ferroelectric phase were measured by the piezoelectric resonator using
a special method in the case of a very small piczoelectric coupling [16]. A dc field
was superimposed in order to make the samples ferroelectrically monodomain.
This was proved by dielectric hysteresis loops. In the nonpiezoelectric paraphase
the temperature dependence of s; was determined by 2 composite resonator.
A very small piezoelectric ceramic transducer was attached in the node of vibration
of the bar.

In order to obtain ferroelastic monodomain specimens for compliance and
stiffness measurements we proceeded as described by Makita et al. [11, 12].
Ferroelastic domains could be observed by means of a polarizing microscope. For
ultrasonic measurements it was difficult to get ferroelastic monodomain specimens
because of the large dimensions of the specimens. The temperature control system
is described elsewhere {17].

In order to investigate the critical behaviour simultaneous dielectric measure-
ments were performed to determine the Curie-temperature.

11l RESULTS

As can be seen in Fig. 1 and Fig. 2 the temperature dependence of the elastic
stiffness coefficients of TSCC ¢ and c22 shows a step-like change at the transition
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temperature. From this result it can be inferred that the free energy function
contains an electrostrictive term if we assume that TSCC is a proper ferroelectric
with a second order transition {18].

This behaviour resembles that of SrTiOs,, where the energy function contains an
electrostrictive-like term. In the sound attenuation we observe a peak at the
transition temperature (Fig. 3).
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Fig. 4 shows the temperature dependence of the elastic compliance coefficients si
of AFB. These results are in agreement with the results of ultrasonic velocity
measurements reported by Aleksandrovet al. [19]. The su are of the same order
of magnitude as 1/ca; $22>8313> 851 corresponds to €11 > €33 > C2 and the anomalies
of the temperature are of the same type, especially the jump of ¢ and of 511 at T
The jump of su; and 1, €SP, at T, seems also to be a consequence of a phase
transition of the second order [20, 19}].

From a log-log plot the critical index of ¢5; of TSCC was determined to be 0.23
and the critical exponent of s.; of AFB to be 1/2.

The temperature dependence of the ultrasonic attenuation coefficient o1 of
AFB at 20 MHz and 60 MHz is plotted in Fig. 5. Significant anomalies were
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observed at T, in both cases, but no anomaly at T,. The appearance of further
maxima of a; between T, and T2 is not very clear. It is possible that they may be
a consequence of the incommensurable interphase. Further measurements are in
progress. The critical behaviour of az of TSCC and au of AFB in the paraphases
was proved by a log-log plot and a semi-log plot of the square root of the sound
attenuation coefficients versus T — T. and T — T>, resp.
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Fig. 4. Elastic compliance coefficients 51, S22, S33 measured by a composite resonator and 55, s5,0f AFB
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AFB A 1

a“ldB Cﬂ‘\"r'j

[
XS

AFB

g w Fig. 5. Temperature of the sound wzn.s_hm:o:
@% p { coefficient a,, of AFB in the vicinity of the

rm transition temperature T, and T, at 20 MHz
T(°C) —= (O, 0 — below) and 60 MHz (A, O — above)

ayfdBentl)~

1V. DISCUSSION

From the jump of the elastic stiffness coefficient iy and cz; of TSCC (Fig. 1 and
Fig. 2) and also from the jump of the elastic compliance 511 and the elastic stiffness
coefficient ¢y, of AFB we can conclude that for a phase transition of the second
order the thermodynamical potential must contain a coupling term quadratic in the
order parameter n and linear in the elastic strain Sy (or stress T): n’S; and znﬂ....,
resp. For example the electrostrictive term in the case of proper ferroelectrics.
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60 MHz data, resp.

Actually Makita [1] has expanded the Helmholtz free energy function for
TSCN also in terms of the elastic energy:

(q12Xx — q22Yy — 432%: )P;,

where g is the electrostrictive coefficient, x... the components of elastic strains
and P, the polarization along the ferroelectric b -axis. We can conclude that the
potential of Makita describes the elastic behaviour of TSCC. Up to now no
thermodynamical potential for AFB, which also contains elastic energy terms, has
been known.

On the basis of the Larkin—Khmelnitzkij theory for statical critical behaviour,
Nattermann [21] has recently calculated that if the thermodynamical free encrgy
potential contains a coupling term n°S; or n Ty, resp., the sound attenuation
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coefficient «a shows in the first approximation the following frequency and
temperature dependence:

b Lo :
? €0 A — v i s
a ANV AT 3 n f

where @ is the angular frequency of the ultrasound wave, NNHJMI‘W the reduced
temperature; A, lo and b are :o:-::?Qmm_ parameters. This equation describes in
a good agreement the behaviour of the ultrasonic attenuation coefficients of TSCC
and AFB, which is demonstrated by the semilogarithmic plots in Figs. 6 and 7.
Therefore the ultrasonic attenuation results are in agreement with the upper resuits
on elastic coefficients.

In order to prove the connection a ~ ®* the sound attenuation of AFB (Fig. 5)
was measured at 20 MHz and 60 MHz. But the results are only in a qualitative
agreement with the theoretical prediction, because it seems to be difficult to
determine absolute values of the sound attenuation with our method.
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