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The temperature behaviour of the longitudinal and transverse ultrasound wave velocities and
attenuation in the region of the ferroelectric phase transition (7-=225 K) of the glycine phosphite
(Gly-H4PO;) crystals is studied. The obtained results are considered within the framework of

phenomenological theory.
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Introduction

Crystals of glycine phosphite Gly-H;PO; (abbrevi-
ated as GPI) belong to the low-symmetry representa-
tives of hydrogen-bonded crystals. At room tempera-
ture the unit cell of this compound is monoclinic
(space group P2,/a) and contains four formula units
[1]. The crystal structure is characterised by the pres-
ence of infinite chains of hydrogen-bonded phosphite
anions that are directed along the crystallographic
c-axis. Two kinds of symmetrical hydrogen bonds
with a double potential well for protons exist in this
crystal, and ordering of protons could be expected
below room temperature. DSC and dielectric mea-
surements [2] have revealed a ferroelectric phase tran-
sition at T.=225 K. Although the proton ordering is
expected along the c-axis, the dielectric investigations
showed the appearance of spontaneous polarization
below T along the b-axis with the Curie-Weiss type
anomaly of the corresponding dielectric permittivity
in the vicinity of this phase transition. In this sense,
GPI differs from betaine phosphite (BPI) in which the
ferroelectricity is connected with ordering of protons
along ferroelectric axis [3]. Thus, the mechanism of the
ferroelectric phase transition in GPI crystals is not yet
completely clear. In the present paper we report the
results of ultrasonic studies of the paraferroelectric
phase transition in GPI crystals.

Reprint requests to Dr. Z. Czapla, Fax: (48 71) 22-33-65.

Experimental and Results

The high quality crystals of GPI were grown from
saturated water solution of stoichiometric quantities of
glycine and phosphorous acid by the slow evaporation
method at 301 K. We use the following crystallographic
orientation in the paraphase: a>b>c*. The speci-
mens with typical dimensions of about 5x 5 x 5 mm?
were prepared for studying ultrasonic waves (USW)
propagating along the X, Y, and Z axis, where
X|a Y|band Z Lba.

The acoustic waves were excited by a LiNbO,
transducer with resonance frequency f =10 MHz and
bandwidth A4 f=0.1 MHz. The velocities changes of
the transverse and longitudinal USW were measured
by the continuous wave-echo overlap method [4] with
an accuracy of the order of 10™*~10"°. The accuracy
of the absolute velocity determination was about 1%.
Ultrasonic attenuation was determined from the de-
cay rate of echo pulses with an accuracy of about 10%.
The rate of temperature changes was about 0.1 K/min.

Figure 1 shows the temperature dependence of the
velocities of the pure longitudinal V,(q| Y,e| Y) and
quasilongitudinal V,(¢| X,e|| X) and V3(q| Z,e| Z)
USW in GPI crystals (here ¢ is the USW vector, e is
its polarization). The three curves exhibit a similar
evolution consisting of a practically jump-like de-
creasing of the USW velocities in the vicinity of the
phase transition from the paraelectric to the ferroelec-
tric phase. The relative changes of the USW velocities
AV;/V; here amount to 1.13, 1.62 and 1.89% for the X-,
Y-, and Z-direction, respectively. A small jump at
T=T. is observed also for the quasitransverse USW
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Fig. 1. The temperature dependence of the pure longitudinal V, and quasi- Fig. 2. The temperature dependence of the quasitransverse Vs USW velocity of
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Vi(qll Z,e| X) (AVs/Vs=0.03%) (Fig. 2), while for the
pure transverse USW velocities V,(q| Y,e| Z) and
Vi (q| Y,e|| X)only the visible kinks on their tempera-
ture dependences are seen (Figure 3). The decrease of
the velocities of the longitudinal and quasilongitudi-
nal USW at T is accompanied by a clear increase of
the corresponding attenuation coefficients. The tem-
perature dependence of the attenuation changes Ao,
for the quasilongitudinal USW Vj; is reported in the
Figure 4. In the region of the phase transition from
para- to ferroelectric Ax shows an anomalous asym-
metric peak, i.e. the attenuation increases in a jump-
like way at T= T and then gradually decreases.

Discussion

Although there are no data about the crystal sym-
metry below T, the dielectric studies of the phase
transition in GPI crystals [2] clearly shows that the
" low-temperature phase is ferroelectric with a sponta-
neous polarization along the two-fold axis. This
means that the phase transition at T is associated
with the polar soft mode condensed in the centre of
the Brillouin zone. A simple group-theory consider-
ation shows that the space group of the ferroelectric
phase is P2, and the soft mode transforms according
to the irreducible representation A4, of the P2,/a space
group (see Table 1). The component of spontaneous
polarization P, has the same transformation proper-
ties, so it can be used as the order parameter of the
Landau theory. Using Cristofel’s equation we have
obtained the following relations between USW veloc-
ities and elastic constants C;;:

20V =C +Cs5+[(C; —Cs5)* +4CE51V2, (1)
0 Vi=Cy,, (1b)
(Ic)

(1

20 Vi=Cy3+Css5+[(C33—Css5)* +4C35]'2, c
20V2=Cuy+Ce6—[(Casa—Cegg)*+4Cil'?, d)
20V8=C; +Cs5—[(Cy;—Cs5)* +4CHs]V2, (le)
20 V62=C44+C66+[(C44_C66)2+4Ci6]1/zv (1)

Table 1. The irreducible representation of the P2,/a space
group in the centre of the Brillouin zone.
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where g is the crystal density. The contributions to the
elastic constants, caused by the phase transition, may
easily be obtained from the free energy expansion with
coupling terms which correspond to anharmonic in-
teraction between the strains U, — Uy and the order
parameter P= P,. The free energy can be written as

1 1 3
Fpu=-wiP*+-BP*+ 3 a,P* U,
2 4 &

i

1 3
+as PPUs+s 3 b PP UL ()

ij=1
1 6 , 3
+§ ,-;4 b,; P> U; +i=Z1 b;s P* U, Us

+b,e P? U, U,

where w} = A4 (T — T¢) is the soft mode frequency. The
changes of the complex elastic constants in the region
of phase transition can be determined using the rela-
tion [5]

0*F 1 o*F

P o*F (9?F\?
YT aU,0U; 1+iQt 0P oU\oP?) oPaU;’

©)

where Q=27 f is the USW frequency and 7 the soft-
mode relaxation time. The first term of (3) corresponds
to the contribution to the real part only, while the
second one reveals the relaxation mechanism of the
Landau-Khalatnikov type. Using (2) and (3) we obtain

ACY=b;; P3—4a;a; P}/[wp(1+iQ7)],

i,j=1,2,3,5, (4a)
ACI4=b44 Pé, AC§6=b66 Pé,
AC*s=b, P2, (4b)

where P3 = A(T.— T)/B is the equilibrium value of the
spontaneous polarization. Comparing the experimen-
tal results presented in Figs. 1-4 with (1a—-1f) and
(4a—4b), and assuming that Q2 t<1, one can see a
good qualitative agreement of the experiment with the
phenomenonological theory. Particularly, as it fol-
lows from (1a—1c¢), (1e) and (4a), the USW velocities
V,, V,, V3 and V; should exhibit a sudden decrease at
T¢ since they contain the contributions of the real part
of the elastic constants which undergo the negative
jumps (AC;;= —2a; a;/B, where i, j=1, 2, 3, 5) at the
phase transition from the para- to ferroelectric phase.
The changes in those USW velocities below T are
caused by the contribution of the first term of (4a),
which appears as a result of the fourth-order anhar-
monic interaction between the order parameter and the
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deformation (P2 U2-type coupling). This type of an-
harmonicity gives a contribution to the real part only,
leading to quadratic dependences of V; on the equilib-
rium value of spontaneous polarization at T> T.. At
the same time the third-order anharmonic interaction
between strain and soft mode (P?U-type coupling)
produces also a contribution to the imaginary part of
the elastic constant (Im AC;;=2a;a; Q t/B), which
leads to the anomaly of the attenuation. Taking into
account the relation [6]

Aoy =(AV,/V2) Q% 1, )

and using the experimental values of the negative ve-
locity jump AV; (Fig. 1) and attenuation Aay (Fig. 3),
we have determined the soft mode relaxation time 7.
The temperature dependence of the inverse relaxation
time ™! in the ferroelectic phase is presented in the
insert of Figure 3. In the temperature region T.-2 + T~
- 03K it can be linearly fitted as t~!=(T.—T)/10,
where 1,=(6.340.5) x 107 K s. The obtained value
of 74 is close to the one determined from the dielectric
measurements (to=(4.2+0.5)x 1071° K s [7]). Thus,
we see that the condition 2 7 <1 mentioned above is
valid.

The anomalous temperature changes in the pure
transverse USW V, and V; below T are caused by the
fourth-order anharmonicity only. The changes of the
relevant elastic constants AC,,, AC¢c and AC,q are
proportional to P2, see (4b), which gives only the
kinks on the V,(T) and Vg(T) temperature depen-
dences at T = T¢ (Fig. 3), while the anomalous attenu-
ation is absent here.

Although the elastic anomalies in GPI crystals are
generally in a good agreement with the phenomeno-
logical theory there is one mechanism which should
suppress the Landau-Khalatnikov contribution for
longitudinal USW which propagate along the ferro-
electric axis. According to [8,9], since the USW
changes in this case the spontaneous polarization and
consequently changes the macroscopic electric field
due to the long-range dipole-dipole interactions, the
polarization susceptibility lose the critical increase
near T¢. Thus, the anomalies of the longitudinal USW
velocity V, should be suppressed. On the other hand,
it is known that the acoustic anomalies can be pre-
served in the polydomain specimen of the proper
ferroelectric crystal if the USW length A>d, where d is
the domain size along the polar axis. Particularly, a
similar situation took place in CDP [10] and DCDP
[11] crystals, for which the acoustic softening near T
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was observed only for polydomain specimens, while
the acoustic anomalies clearly disappeared after their
monodomenization. For this aim we performed ultra-
sonic measurements on single domain specimens of
GPI crystal, applying an external monodomenization
electric field along ferroelectric axis. However, the
monodomenization procedure practically does not
change the character of the anomaly in the V,(T)
dependence near T¢.. Such an extraordinary behaviour
of the elastic properties in GPI crystals can be ex-
plained if assuming a pseudoproper character of the
ferroelectric phase transition. In this case we have to
take into account the existence of another soft mode
(associated with the primary order parameter ) of the
same symmetry as P, but with different microscopic
origin. An indirect confirmation of the pseudoproper
ferroelectricity is the relatively small value of the spon-
taneous polarization in GPI crystals (0.5 nC) with re-
spect to other classical ferroelectrics. It can occur that
the contribution of this soft mode to the total polar-
ization is small, while it is significant for the elastic
properties. In this case the long-range dipol-dipol in-
teractions will suppress only the polarization contri-
bution the elastic properties which, as we assumed
above, can be much smaller than the contribution of
the primary order parameter. Since the transforma-
tion properties of the order parameter 5 and polariza-
tion P, are the same, the phenomenological descrip-
tion of the elastic anomalies in the framework of the
pseudoproper ferroelectric model is identical to the
one presented above. Both cases are different only in
the microscopic origin of the primary order parame-
ters. It should be noted that the proton ordering along
the c-direction can not be used as the primary order
parameter for the pseudoproper ferroelectric model in
GPI crystals because it provides a symmetry change
which differs from the one observed experimentally.

Conclusion

We have investigated the temperature dependences
of the longitudinal and transverse USW velocities of
GPI crystals in the region of the phase transition from
the para- to the ferroelectric phase. The pure longitu-
dinal V,, quasilongitudinal V; and V; and quasitrans-
verse Vs USW exhibit a similar temperature behaviour
consisting of a practically jump-like decreasing of the
velocities in the vicinity of T, while for the pure trans-
verse USW velocities V, and Vg only kinks of their
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temperature dependences are observed. The phase
transition from the para- to the ferroelectric phase is
accompanied also by an anomaly of the ultrasound
attenuation for longitudinal and quasilongitudinal
USWs. Generally, the obtained results are in good
qualitative agreement with the phenomenological the-
ory. However, the experimental investigations on the
single domain specimens have not revealed the sup-
press of the Landau-Khalatnikov contribution the ve-
locity of the longitudinal USW V, which propagates
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