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Our measured values of the ferroelectric transition temperature 7, in tris-sarcosine calcium chloride (TSCC) for pressure
p between 0 and 2.1 kbar obey the relation 7, = @ + bp + ¢p*. where a = (128.6 + 0.2)K, b = (+13.2 + 0.4)K kbar

and ¢ = (—0.5 + 0.2)K/(kbar)*.

1 INTRODUCTION

Tris-sarcosine calcium chloride (TSCC) is a uni-
axial ferroelectric with transition temperature 7,
between 127 and 133 K,'’® depending upon
crystal quality. The room-temperature structure
determined from x-ray analysis by Ashida, Bando,
and Kakudo® is orthorhombic, D}f — Pnma, but is
nearly hexagonal as viewed along [100]. Crystals
generally grow in a twinned form, with several
ferroelastic domains which can be observed with
a polarizing microscope. Sorge and Straube*
emphasized the importance of making dielectric
measurements on untwinned samples, and re-
ported results of such measurements. From differ-
ential calorimetry they found no evidence for a
second phase transition between T, and the de-
composition temperature near 530 K.

The structure of the ferroelectric phase has not
yet been determined, but Makita’ believes it is also
orthorhombic, €3, — Pn2,a. The polarization
is along [010]. Experimental evidence to date
indicates a second-order transition, but a slightly
first-order transition cannot be ruled out.

The Curie-Weiss-constant C, defined by ¢, =
£q + Co (T — T,) seems to be sample dependent,
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but Makita's' value of (59 + 3)K (taking the 4n
factor in his definition into account) and Sorge and
Straube’'s* highest value of 58 K are in good
agreement.

The spontaneous polarization as measured by
Makita® is near 0.27 uCcm ™! at 78 K but is still
increasing fairly rapidly with decreasing tempera-
ture at that temperature. Sorge and Straube*
report similar behaviour but with a more rounded
curve of P, vs. T. Both have analtzed their sus-
ceptibility and spontaneous polarization results in
terms of a Landau free energy expansion

1, . 1 1.
G = 5 Ao(T = To)P* + 3 BP* + ¢ CP° (1

and find quite similar 4, and B coefficients, but
Makita did not include the 1/6 CP® term.

Windsch er al.> have shown that the EPR
(¢lectron paramagnetic resonance) fine-structure
tensor of Mn®* jons on Ca®* sites with a con-
centration of 10 ~? splits into two tensors below T,
rotated 2« apart from each other with o being
proportional in lowest order to the spontaneous
polarization P,. They determined an effective
critical exponent (7") according to the relation

(T) = ae""

where ¢ = (T, — T')/T,, and g, is the rotation angle
at 0 K. At 4.2 K they measured o, = 31.5°. They
found B(T) decreasing from 0.35at 7, — 1 K to
022at 7T, — 22K.



The temperature dependence of this effective
exponent of the order-parameter was explained
by Franck er al.” by the influence of noncritical
fluctuations on the coefficients B in the fourth
order term of the Landau expansion (1). The co-
efficient B should show a linear temperature
dependence and change its sign at about 12 K
below T,. This proposed linear temperature de-
pendence of B could not be verified by means of
dielectric methods, but by using the temperature
independent coefficients 4,, B, C given by Sorge
and Straube* it can be shown that f(T) = 0.5 is
valid only in the limit 7 — T, and that p(T) ~ 0.3
for. - T >5K.

Information regarding the nature of the tran-
sition, whether order-disorder or displacive, is
best obtained from dynamic measurements. Mea-
surements of EPR linewidth and spin-lattice relaxa-
tion®° have been interpreted in terms of an
order-disorder transition. Recent Raman scattering
studies revealed a soft mode below 7.'"-'* which
indicates that the transition is at least partly
displacive.

The purpose of this paper is to present in
more detail our previously reported'? study of the
effect of hydrostatic pressure up to 2.1 kbar on the
transition temperature of TSCC, The following
section deals with sample preparation and appara-
tus. Then the experimental method is presented,
followed by the experimental results. The paper
concludes with an analysis of the experimental and
findings.

2 EXPERIMENTAL METHODS AND
RESULTS

The crystals were grown from a water solution of
sarcosine and CaCl, in stoichometric ratio by slow
evaporation near room temperature. For the
measurements, a ferroelastic monodomain speci-
men was selected from a twinned crystal using a
polarizing microscope.

The crystal and its holder were placed in the the
cavity of a beryllium-copper pressure vessel. This
vessel is surrounded by a copper can, which in turn
is surrounded by a brass can immersed in liquid
nitrogen. The cans are attached only to a 0.25 in.
stainless steel pressure tubing which is coaxial
with the cans and pressure vessel. The space be-
tween the pressure vessel and brass can is evacuated.
Heaters are provided for both the pressure vessel
and copper can. In normal operation these heaters
keep the can only a few degrees colder than the

pressure vessel, so that the can acts as a thermal
radiation shield and minimizes temperature grad-
ients within the pressure vessel. The temperatures of
the pressure vessel and copper can were monitored
with copper constantan thermocouples using an
ice bath reference.

The source of high pressure fluid was a bottle
of helium gas. Its pressure was increased first by
a remote head and then by a 10:1 intensifier, both
of which were operated by means of oil pressurized
by a hand pump. A manganin cell and associated
bridge were used to monitor the pressure. Details
of the pressure and temperature control system
appear elsewhere.'*

Our electrical measurements were made by an
ac bridge method with a Model HR-8 Princeton
Applied Research Phase Sensitive Detector serving
both as power source and detector. It supplied
1000 Hz, 0.02 V_, ac to the bridge. One branch of
the bridge consisted of the crystal in series with a
0.001 uf capacitor, while the other branch was a
high Q ratio transformer. Accordingly the two
branches of the bridge are capacitive and inductive
dividers respectively. The two dividing points were
connected to the 4 and B inputs of the type A
preamplifier of the HR-8, which was operated in
the A-B mode as a null detector. No phase adjust-
ment circuit was necessary. Normally we would
have run two ultraminiature coaxial cables down
the 0.0625 in. inside diameter pressure tubing, with
center conductors connected to each side of the
crystal and shields grounded to minimize stray
capacitance in parallel with the crystal.

When we began this experiment, however, one
cable was broken and could not be replaced in
time. We were forced to use an arrangement having
a large cable capacitance in parallel with the
crystal. We were still able to locate the peak of the
dielectric constant accurately as a function of
temperature, but could not obtain absolute values
of dielectric constant or Curie-Weiss constant.

Electrical contact was obtained by application
of silver paint to the entire surface on each side of
the crystal, and placing the crystal in a small
leaf-spring holder. We controlled the temperature
by varying the liquid nitrogen level. The resulting
rate of temperature change was about 1 K per hour.

We made measurements at seven pressures,
four while warming the crystal, one while cooling,
and two both warming and cooling. After re-
opening the vessel we saw that the silver paint
contacts has separated from the crystal; this was
obviously caused by the high compressibility of



the TSCC crystal. This scparation caused some
anomalous rcadings near the end of our measure-
ment series, but did not prevent us from finding the
dielectric peaks.

The dielectric constant of the crystal i1s pro-
portional to r — ry, where r is the ratio transformer
setting for bridge balance and r; is subtracted to
account for the capacitance in parallel with the
crystal as well as that part of the crystal capacitance
not associated with the transition mechanism. A
plot of (r — ry) " as a function of temperature for
the pressure p = 2.082 kbar is shown in Figure 1.
For each pressure, that value of r, was chosen
which gives straight lines for the plot. (A variation
of ry with pressure is expected because the cable in

{r-5) [arb. units )

o]
o
o]
| o
6 > 8
C o
o]
5— o o
o o
o o]
o o
4~ o
(o] o
o e}
o o
Q
3 ] o
o o
0 )
o o0
o ¢
Q
2 Y
p=2.082 kbar
1= T = 1543 K
| | | I ]

|
152 153 154 T 155 156 157

¢ — T[K]

FIGURE | lInverse dielectric permittivity (in units of ratio
transformer scttings for bridge balance) vs. temperature for
hydrostatic pressure p = 2.082 kbar.
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FIGURE 2 Transition temperature vs. hydrostatic pressure
(3 Increasing temperature run, W Decreasing temperature run.

parallel with the crystal is inside the pressure
tubing).

There is no definite trend of dielectric constant
with pressure. The intersection of the lines for
values of (r — ro) ! seems to indicate a first-order
transition, but experience with TGS'® has shown
that if the crystal has imperfections, such an
erroneous indication of a first-order transition can
occur.

Our results for these warming and cooling runs
are shown in Figure 2. The pressure dependence of
T, can be represented by the formula

dT, &°T.
+ P

T(p) = T(0) + PW" + p? =3 3)

The values for the three coefficients above are
7(0) = (128.8 + 0.2)K

T, ar) - !
F (+13.2 + 0.4)K (kbar)

&T. _ -2
¢ = (0.5 + 02K (kbar)

The Curie-Weiss law for the dielectric constants
holds over the whole pressure range investigated.
The ratio of the Curie constants C,/C_ deviates
strongly from the value predicted by Landau
theory. At zero pressure it is 1. 14 and increases with
pressure at a ratio d(C,/C_)/dp = 0.17 kbar .
The Curie constant C . for the paraelectric phase is
pressurc independent whereas C_ for the ferro-
electric phase decreases with pressure,



3 DISCUSSION

The most striking feature of the pressure de-
pendence of T, in TSCC is its rapid increase with
pressure. The material which resembles TSCC most
closely with regard to having low 7. and large
positive dT_/dp is RbHSO, with T, at 264 K and
dT,/dp = 12,0 K/kbar.'® Its structure may have
disordered sulfate groups above T.,'” whose
ordering may be responsible for the transition.'®
Other crystals such as Rochelle salt and TGS-type
compounds with rotationally disordered elements
which order at 7, also tend to have positive dT,/dp."*®

Crystals such as KH,PO, in which hydrogen
intrabond ordering is responsible for the tran-
sition have negative dT,/dp,' but TSCCis not likely
to be in this group because its hydrogen bonds are
of the N—H ... Cl type® and are probably too
asymmetric 10 become disordered.

The above evidence is consistent with TSCC
having an order-disorder transition not triggered
by hydrogen bonds. Also, EPR results'® have been
interpreted in terms of an order-disorder tran-
sition, However, recent Raman results.*!!? indi-
cate that the transition is at least partly displacive
in nature. Further structural studies are needed to
determine the nature of the transition. Another
feature of the pressure dependence of T, observed
both by us'® and by Hegenbarth and Schmidt® is a
significant decrease in d7./dp with increasing
pressure over the fairly narrow pressure range
(4.2 kbar) investigated.

Similar nonlinearities were also observed in
TGS.2"2?'  According to Klimowski and
Wanarski?? such a nonlinear relation between the
shift of the transition temperature and the hydro-
static pressure may be due to the pressure de-
pendence of the electrochemical coupling co-
efficient k. The coefficient of the second order term
in the Landau free energy expansion (1) may be
written

A= o [T - T(O)] - Kp (@)
with
K=Ky + K'[T — T(0)] + K"pz. (5)

Usually K’ [T — TA0)] < K” pholds?! and we ob-
tain

T(p) = T(0) + C.(Kop + K"p?) (6)
Our measured values result in

ko = 3.1 (kbar)™', k" = —0.21 (kbar) ?

A comparison with the values for TGS?! k, =
8.1-1073 (kbar)™', k" = —0.18-1073 (kbar)™2
points to a very strong electromechanical coupling
in TSCC which may be due to its ferroelastic
properties.*?

The decrease of the deviation of C,/C_ from its
value expected from Landau theory with increasing
pressure is not yet possible to explain. Dielectric in-
vestigation on TSCC with different lattice defects®*
show for good quality pure crystals C./C_ =~ 2.
C, is only weakly dependent on defect concentra-
tion whereas C_ increases markedly with in-
creasing number of lattice defects. Our investiga-
tions indicate that our crystal had many such
defects, and that lattice defects have a smaller
effect on ferroelectric properties as pressure in-
creases.

Recently, Hegenbarth and Schmidt® measured
the dielectric susceptibility of TSCC at pressures
upto4.2kbarand noted a quite rapid disappearance
of the dielectric anomally with increasing pressure
near 4 kbar and 180 K. This indicated the existence
of a third phase, whose properties we are currently
investigating.*
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