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The macroscopic quadrupole moment related to space modulated polarization is
shown to be a characteristic of incommensurate phases of ferroelectrics. The moment is
forbidden by the crystal point group but allowed by the symmetry group of the limited
sample of crystal. Anomalies of the quadrupole moment for the ammonium fluoberyl-
late, potassium selenate, rubidium trihydrogen selenite crystals were found and studied
experimentally in the vicinity of transitions to incommensurate phase.

Recently,” the macroscopic quadrupole
moment (MQM) related to space modulated
polarization was shown to be as much a charac-
teristic property for incommensurate phases
(IF) of ferroelectrics as the dipole moment for
polar ones. This report presents some results of
study of MQM of various ferroelectrics in the
temperature region of parent nonpolar phase,
IF and polar one.

We furnish at first with some results of the
phenomenological analysis of such phase tran-
sitions.  According. to refs. 2-5 one
of the spontaneous polarization components P,
has to exhibit the following alteration. In the
parent phase P, =0, in the IF it depends periodi-
cally on coordinates and in the polar phase a
homogeneous P, arises in the crystal. In the IF
near the temperature 7; of the transition from
parent phase P, takes the form

Pk=bsin<m2fnx1 +(p> (1)
where L is the superstructure period, m is an
integer, b depends on temperature, ¢ is an
arbitrary quantity. On moving away from T
and approaching to the temperature 7, of the
transition to the polar phase L increases and
higher harmonics appear in Eq. (1):

P.=% bysin

n=0

27
l:(2n +1 )fmx1 + (p} (2)

The quantities in Egs. (1) and (2) depend on
the thermodynamic potential coefficients and
the values of b, and m depend on the symmetries
of parent and polar phases.?™>

Let us show now that a limited crystal sample
in IF may have different from zero spontaneous

components of MQM,

Tu=9qh= 3)

1 ‘
EJ‘(P’(X"‘*’Plxk)dU,

being due to the periodical space change in P,.

‘ Substituting (1) and (2) into (3) one can obtain

near T=T;
UL Lcos 4)
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and far from T=T,;
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The value of g, in Egs. (4) and (5) depends on
@, i.e. on the value of P, at the sample boun-
daries. Suppose, for simplicity, that there is a
whole number of the “frozen” polarization
wave lengths in the sample. If P,=0 on the
boundaries ¢;, is maximum. The values of ¢
may change also within the sample because of
defects i.e. there may exist in-the sample sub-
macroscopic regions different in ¢ and hence in
g;,- The mechanical stress g,, must equalize the
values of ¢, and thus g;, in the regions, so that
the dependence of ¢, on g, may be expected to
have a form of hysteresis loop."

The ferroelectrics (NH,),BeF, (AFB),
K,SeO, (PS), RbH,;(Se0;), (RHS) were stud-
ied. The symmetry changes in the crystals at the -
transition from parent phase to polar one are
respectively D38—C%7, the unit cell doubled
along the axis X, |la and the spontaneous pol-
arization P X,|b, DY5—C3,, the cell tripled
along X |a and P,|X;|c, D3—C3, the cell
doubled along X,|c and P,|X,|a. The quan-

tities in Egs. (1) and (2) can be shown to
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equal: P, =P, m=2, b,~03 for AFB2>?
P.=P;,m=3, b,~gp for PS** and P, =P, or
P.=P,, m=2, b,~g} for RHS,” where g~
(T,—T/T,)"? is the order parameter. The IFs
were found recently by neutron scattering stud-
ies in the deuterated AFB,” PS,® deuterated
RHS.?

According to Egs. (4), (5) there are expected
to exist in the IF of the crystals anomalies of
MQM, namely of the components ¢ , for AFB,
g\, for PS, ¢i; and g}, for RHS.

It should be emphasized that these MQM
components are forbidden by the point group of
IF and the fact that they occur can be explained
by the difference between the symmetries of
unbounded and bounded crystals. In particular,
glide planes and screw axes are not symmetry
elements for the sample.!® Taking into account
this observation we consider an AFB crystal. Its
point group in the IF as well as in the parent
phase is D,, and an occurrence of the super-
structure leads only to a change in translational
symmetry.”) However the symmetry group of
the sample in the parent phase is C,, as there is
only one rotational axis 2 and one mirror plane
in the crystal space group being respectively
parallel and perpendicular to the axis X;. In the
IF, generally speaking, the sample may contain
any number (including fractional number) of
polarization wave lengths. Therefore the sym-
metry group of the sample depends on the
boundary values of modulated polarization
component P, and, as it could be shown, may be
C,; C,, or C,. As a result there has to exist in
the parent phase and in the IF a nondiagonal
spontaneous component ¢,, forbidden by the
point group but permitted by the symmetry
group of the sample. It is obvious now that g, in
Egs. (4) and (5) for AFB is an additional part of
qu related to the modulated polarization of IF.
The change in ¢, was registered by measuring
the voltage ¥ between two points on the sample
surface. For the definite sample orientation and
deposition of sample electrodes V' is pro-
portional to the change in the definite com-
ponent q,;, V~¢q,.'") Measurements of V were
carried out by means of an electrometer
method. The samples were 3 x3 x5 mm rec-
tangular bars.

The results obtained experimentally coincide
well with those expected theoretically. Actually
for all the crystals the quadrupole effects being a

mere consequence of the existence of spon-
taneous gi, are. observed, namely hysteresis
dependences of the voltages V' ~¢;, on a;, for
AFB (Fig. 1), V~q,3 on 6,5 for PS,;'? V~¢q3
on 6,5 and V' ~gq,; on g,5 for RHS'® (Fig. 2),
temperature dependences of the coefficients d
=V/o being a ‘“compliance” of the crystal
electrical structure to the externally applied
stresses o (Fig. 3).

The most pronounced anomalies of MQM
are found of AFB. The anomalies for PS are less
than those for AFB and could be revealed only
near T=T.. This fact is in agreement with the
theory>~® as due to relations V*$~gi,~
b,~ 03 for PS and VA¥®~ g}, ~b,~ o} for AFB
the inequality V¥ < VAF® has to be valid.

In addition to the component g}, the second
component ¢}, is observed in the IF of AFB
(Fig. 1). This means apparently that according
to Eq. (3) there exist in AFB besides the
modulated P, the the second modulated com-
ponent P, i.e. the polarization of IF in AFB as
well as in RHS is a spiral twisted along the axis
X, . Therefore the parent phase of AFB seems to
have not the symmetry group treated by the
theory?® but another space group permitting

.an existence of the two modulated polarization

components.

In distinction from AFB and PS the crystal
RHS as well as ammonium Rochele salt'**?
seems to be an example of the occurrence of
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Fig. 1. Voltage V' ~g, vs. shear stress  and remanent
voltage Vg vs. temperature for (NH,),BeF,.
1—Vn~g,, 6=20,,;2—V~q,a—1741 b — 175.3;

‘¢c—176.2;d — 182.8 K.

Fig. 2. Voltage V' ~gq, vs. shear stress d and remanent
voltage Vg vs. temperature for RbH;(SeO,),.
1 —Vn~gy, 6=10,332—V~g, 6=20,
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Fig. 3. “Compliance”  coefficients d=V/§ for

(NH,),BeF,.

1 =V~g, 0=0,,:2-V~0,,, 0=0,;3—V~q,,,

5=36,,

Fig. 4. Homogeneous polarization P vs. shear stress &

and remanent Pg vs. temperature for RbH,(Se0,),.

1-P=P,,;6=0;;2~-P=P,6=0,,.

polar IF. In the temperature region delimited by
the two phase transitions'®!” besides ¢!, and
g% the spontaneous homogeneous components
P, and P, exist in this crystal. The hysteresis
loops of the dependences of P, on a,;, of P, on
0,3 and the temperature dependences of re-
manent P; and P, obtained from the loops are
shown in Fig. 4.

It should be noted that one succeeded to
reveal the nonlinear dependences of g,, on g, for
all the crystals and of P;, P, ong,5, 0,5 for RHS
in the IF only upon changing temperature in the
definite direction shown in figs. by arrows.
Unfortunately this phenomenon is not ex-
plained yet.

The results obtained show that the measure-
ment of MQM is a method of discovering and
investigation the IF in ferroelectrics. The
method in distinction from the recently pro-
posed microscopic NQR,'® second harmonic
generation'® and EPR?? methods allows the
peculiarities of macroscopic electrical structure
of such a phase to be revealed.

The authors are grateful to A. N. Izrailenko,
R.F.Fedosyuk and B. Bfezina for single crystal
growing and participating in the work.
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