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Dielectric, dilatometric, and ultrasonic studies around the ferroelectric
phase transition at 319 K were done. Measurement of relative electric per-
mittivity showed the existence of a strong bias field which causes in studied
samples some diffused character of phase transition. However, all presented
measurement confirmed the continuous character of phase transition. The ob-
tained data are similar to those received earlier in the case of hydrogenated
glycine phosphite crystal.

PACS numbers: 77.80.Bh

1. Introduction

Glycine phosphite (GPI) is an interesting crystal exhibiting ferroelectric
phase transition at 223 K [1, 2]. So far numerous studies including structural,
ultrasonic, optical, dielectric dispersion, and electric field influence on the crys-
tal have been done [3-7]. At room temperature the GPI belongs to the space
group P2;/a. Deuterated crystal (D-GPI) is ferroelectric at room temperature
and i1t belongs to the space group P2;. In the GPI crystal a strong isotope ef-
fect was observed and the shift of phase transition temperature upon deuteration
was equal to 97 K [8, 9]. Thus, the molecular mechanism of phase transition is
closely related to proton (deuteron) ordering along the c-axis which produces non-
compensated dipole moment along the ferroelectric b-axis. This dipole moment
originates from distortion of POsH groups. Because of lack of experimental data
related to characterization of the phase transition in deuterated crystal we decided
to study physical properties of D-GPI crystal by means of dielectric, dilatometric,
and ultrasonic methods.
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2. Experimental

D-GPI polycrystals were obtained by threefold recrystallization of hydro-
genated polycrystals of GPI from D2O. Single crystals were grown from saturated
solution of deuterated polycrystals dissolved in D2O at constant temperature of
303 K by slow evaporation method. Dielectric and pyroelectric measurements were
performed along the crystallographic b-axis (ferroelectric one) in order to check
quality of the crystal and to find coercive field and existence of internal bias field
Fy. The sizes of the used samples were 1 x 4 x 4 mm?. The samples with the
length about 5 mm cut along the a, b, and ¢* (¢* = esin ), crystallographic di-
rections were prepared for crystal thermal expansion and ultrasonic measurement.
Thermal expansion was studied by means of quartz capacitance dilatometer. Ca-
pacitance was measured using HP 4184 A RLC meter at the frequency of 1 kHz
both for dielectric and dilatometric measurement. The constant rate of tempera-
ture changes was equal to 0.5 K/min and 0.1 K/min in dielectric and dilatometric
measurements, respectively. Dielectric and dilatometric measurements were done
in the temperature range 290-340 K on heating run. Ultrasonic measurements were
carried out using continuous wave-echo overlap method [10] with an accuracy of
the order of 107*—107°. The accuracy of the absolute velocity determination was
about 1%. The acoustic waves were excited by LiNbOj3 transducer with resonance
frequency f = 10 MHz and band width Af = 0.1 MHz. The ultrasonic wave prop-
agation was studied along the a, b, and ¢* axes in temperature range of 290—340 K.
The rate of temperature changes was about 0.1 K/min.

3. Results and discussion

The temperature dependence of the dielectric permittivity of the D-GPI
samples 1s shown in Fig. la. The sharp maximum of relative electric permittivity
observed at 319 K showed that degree of deuteration is very high. It is in agreement
with previous observed T, in deuterated crystals [8, 9]. The maximum value of the
¢ is not so high and this is related to the existence of internal bias field (F}). From
hysteresis loop observation (Fig. 1b) we found By equal to 122 kV/m at room
temperature. Existence of Fy, is very typical in the case of deuterated crystals and
we could not find any samples free of internal bias field.

The temperature dependence of P; obtained from pyroelectric measurement
is characteristic of unipolar (monodomain) state (Fig. 1).

Temperature dependences of relative linear expansion AL;/L; along three
crystallographic axes are shown in Fig. 2.

No sharp anomalies of relative elongation of the samples AL;/L; were ob-
served along any crystallographic directions at 7. Starting from 290 K nearly
linear increase in elongation is observed along the a-axis up to 312 K and next we
deal with a continuous and round change of relative elongation. At about 320 K
relative sample elongation is again linear and its increase is rather weak. On the
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Fig. 1. (a) Temperature dependence of dielectric constant and spontaneous polarization

for D-GPI; (b) hysteresis loop observed in D-GPI.
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Fig. 2. Temperature dependence of relative expansion AL/ Lg.

contrary the change of relative expansion along the b-axis (ferroelectric one) di-
minishes. Round shape of this dependence is observed in the region of 7. and
again linear and weak dependence appears. Relative expansion along the c¢*-axis
increases nearly linearly and no change of its character is observed at 7. Diffused
anomalies are most probably caused by Fy, existence in the crystals.

Taking into account the changes of the sample lengths we could determine
the relative change of crystal volume as a function of temperature. Temperature
dependences of relative volume expansion AV/V,y (Vo — volume of the sample
at 273 K) and volume expansion coefficient ay as a function of temperature are
illustrated in Fig. 3.

The temperature dependences of the quasilongitudinal Vi(¢ || a,e || a),
Va(q || ¢*, e || ¢*) and pure longitudinal Va(q || b, e || &) ultrasonic waves (USW)
(here g is the USW vector, e is its polarization) in D-GPI crystals are presented
in Fig. 4. The temperature dependences of the changes of USW have practically
the same character in all three directions. We observed diffused anomalies of the
ultrasonic velocities in the vicinity of the phase transition from the paraelectric
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Fig. 3. Temperature dependence of relative volume expansion AV/Vy and expansion

coeflicient av.
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Fig. 4. The temperature dependence of the quasilongitudinal V5 and V3 and pure lon-
gitudinal Vo USW velocities of D-GPI crystal.

to the ferroelectric phase. The changes of the USW velocities have been smaller
than for the GPI crystal and round shape of the curves ¢ seen near the T is
similar to the elongation measurements. The relative changes of the USW veloc-
ities AV;/V; (i = 1, 2, 3) here amount to 0.18, 0.09, and 0.26% for the a, b,
and ¢* directions, respectively. We did not observe any remarkable changes of
USW velocities for the pure transverse Va(q || b,e || ¢*) and quasitransverse
Vs(q || ¢*,e || @) at T = T.. Only smooth decrease in the velocities with the
change of temperature is observed as it is seen in Fig. 5. The changes of the
pure transverse Vs(q || b, e || @) USW velocity is presented in Fig. 6 and a very
small kink on its temperature dependence is seen at phase transition temperature.
Generally, the ultrasonic results are quite similar to that we have obtained for
the crystal GPI. The values of the thermal coefficients, which we have determined
would not give any reasonable contribution to the changes of ultrasonic measure-
ments so they were not considered in the temperature dependence of velocities.
The explanation of the observed in experiment temperature dependences of USW
velocities results is based on the Landau theory. Using the method described in
[3] for GPI crystals we have written
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Fig. 5.
Vs USW velocity of D-GPI crystal.
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Fig. 6.

crystal.

The temperature dependence of the quasitransverse Vg USW velocity of D-GPI

ACH = by P7 — 4aia; Pl (1+1027)], 4,5 =1,2,3,5, (1a)

ACT, = baaP?, ACE = bss P2, ACH; = basPZ, (1b)
where AC}; — elastic constant, Py = A(T. —T')/B is the equilibrium value of the
spontaneous polarization, wg = A(T — T.) — the soft mode frequency, 2 = 2z f
— the USW frequency.

Comparing the experimental results presented in Fig. 6 with Cristofel’s equa-
tions [3] and Eqgs. (1a)-(1b) and assuming that £27 < 1, one can see a good quali-
tative agreement of the experiment and phenomenological theory. Particularly, as
it follows from Cristofel’s equations and Eq. (1a), the USW velocities V1, V3, V3,
and V5 should exhibit a sudden decrease at T, since they contain the contribu-
tions of the real part of the elastic constants which undergo the negative jumps
(ACj; = —2aja; /B, where 1,j = 1,2,3,5) at phase transition from para- to fer-
roelectric phase. The changes in those USW velocities below 7. are caused by
the contribution of the first term of Eq. (1la), which appears as a result of the
fourth-order anharmonic interaction between the order parameter and deforma-
tion (P2U2-type coupling). This type of anharmonicity gives the contribution only
into the real part leading to quadratic dependences of V; on the equilibrium value
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of spontaneous polarization at 7' < 7. In the case of velocity V5 such behavior is
not observed, which is a very similar situation to pure crystal GPI where we have
observed very small jump for that ultrasonic measurement. The behavior of the
ultrasonic velocity Vy 1s the example that in some direction the visible changes of
parameters of ultrasonic waves near the phase transition temperature were not ob-
served [10, 11]. The anomalous temperature changes in the pure transverse USW
Vs below T are caused by the fourth-order anharmonicity only. The changes of
the elastic constants are proportional to PZ, see Eq. (1b), which gives only the
kinks on the V5(T) temperature dependences at T = T, (Fig. 6).

As the T, point is not seen clearly in dilatometric and ultrasonic measure-
ments we regard as the phase transition point the 7; found in dielectric measure-
ment.

One can summarize the presented results as follows:

1. The existence of internal bias field 1s the characteristic feature of D-GPI
crystal.

2. Dielectric constant and spontaneous polarization measurements confirmed
the continuous character of phase transition.

3. Thermal expansion and ultrasonic velocities showed diffused anomalies in
the vicinity of phase transition; it is probably attributed to the existence of
internal bias field which influence the expansion and ultrasonic velocity.
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