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Recently,l) 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 Po

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 Po arises in the crystal. In the IF
near the temperature 7, of the transition from
parent phase Pu takes the form

/2n \
P*:bsinl m-]x1)-ol (l)

\L /

where l, is the superstructure period, m is an
integer, b depends on temperature, rp is an
arbitrary quantity. On moving away from 7,
and approaching to the temperature I" of the
transition to the polar phase Z increases and
higher harmonics appear in Eq. (l):
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components of MQM,

(Poxt* P,x)du, (3)

being due to the periodical space change in fu.
Substituting (l) and (2) into (3)one can obtain
near T:Ti

-r- b
Til: on*LcosE (4)

and far from T:Ti
.l@b_

si,:inm ,\ OiiLcosrp. (5)

The value of 4i, in Eqs. (4) and (5) depends on
g, i.e. on the value of Po at the sample boun-
daries. Suppose, for simplicity, that there is a
whole number of the "frozet" polarization
wave lengths in the sample. If Pe:O on the
boundaries q|, is maximum. The values of g
may change also within the sample because of
defects i.e. there may exist in the sample sub-
macroscopic regions different in rp and hence in
qi,.fhe mechanical stress dk, must equalize the
values of E, and thus 4i, in the regions, so that
the dependence of qo, on oktmay be expected to
have a form of hysteresis loop.l)

The ferroelectrics (NHo)rBeFo (AFB),
K2SeO4 PS), RbH3(SeO.), (RHS) were stud-
ied. The symmetry changes in the crystals at the.
transition from parent phase to polar one are
respectively D'r'o-C\1,, the unit cell doubled
along the axis X,lla and the spontaneous pol-
arization r"llXrllt, D\X-C?,, the cell tripled
along X,ila and Allx.ll.. Dt-C'2, the cell
doubled along X.llc and P,llXrlla. The quan-
tities in Eqs. (l) and (2) can be shown to

Ol,r:Oir:Ilt

x

n=O t (2)

The quantities in Eqs. (l ) and (2) depend on
the thermodynamic potential coefficients and
the values of b, and ru depend on the symmetries
ofparent and polar phases.2-sl

Let us show now that a limited crystal sample
in IF may have different from zero spontaneous
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equal: Pr,:Pz, m:2, bn-Q3 for AFB,2'3)

Po: Pt, m:3, b,- Ql for PSa's) and Pu: P, ot
Pr,:Pz, m:2, b,-Qfr for RHS,6) where qo-
(T-TlT)rt2 is the order parameter. The IFs
were found recently by neutron scattering stud-
ies in the deuterated AFB,7) PS,8) deuterated
RHS.9)

According to Eqs. (4), (5) there are expected

to exist in the IF of the crystals anomalies of
MQM, namely of the components qir2 for AFB,
qi. for PS, q\. arrd q\3 for RHS.

It should be emphasized that these MQM
components are forbidden by 6he 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.10) Taking into account
this observation we consider an AFB crystal. Its
point group in the IF as well as in the parent
phase is Dro and an occurrence of the super-
structure leads only to a change in translational
symmetry.2) 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

Czo, Cru or C". As a result there has to exist in
the parent phase and in the IF a nondiagonal
spontaneous component 4r, forbidden by the
point group but permitted by the symmetry
group of the sample. It is obvious now that q[, in
Eqs. (4) and (5) for AFB is an additional part of
qu, related to the modulated polarization of IF.
The change in 40, was registered by measuring
the voltage / between two points on the sample
surface. For the definite sample orientation and
deposition of sample electrodes Z is pro-
portional to the change in the definite com-
ponent qrr, V - qor'r) Measurements of tr/ were
carried out by means of an electrometer
method. The samples were 3x3x5mm rec-

tangular bars.
The results obtained experimentally coincide

well with those expected theoretically. Actually
for all the crystals the quadrupole effects being a
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mere consequence of the existence of spon-

taneous qi, are observed, namely hysteresis

dependences of the voltages V-q12 on o, for
AFB (Fig. l), V-4rz on 613 for PS,1z) V-Qn
on 013 and V - q4 on o23 for RHS13) (Fig. 2),

temperature dependences of the coefficients d
:Vlo 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
rrear T:7". This fact is in agreement with the

theoryz-sl as due to relations VKs-1\t-
b,- s|for PS and V^FB - q\z - b,- S2ofor AFB
the inequality Z*t < ZAFB has to be valid.

In addition to the component q\2the second

component qi, is observed in the IF of AFB
(Fig. I ). 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

Xr. Therefore the parent phase of AFB seems to
have not the symmetry group treated by the
theory2'3) 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 salt14'15)

seems to be an example of the occurrence of
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Fig. I Fig.2
Fig. l. Voltage V-q1,1 vs. shear stress 6 and remanent

voltage Z* vs. temperature for (NHo)rBeFn.

| - V-Qp, 6 : lzt 2 - V -Q,,ri a - 174.1; b - 175.3;

c-176.2;d-182.8K.
Fig.2. Voltage V-qkt vs. shear stress D and remanent

voltage I/* vs. temperature for RbHr(SeO.)r.
| - V-Qzz, 5 : 6zi 2 - V -%y d : J,s.
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Fig. 3. "Compliance" coefficients d: Vl6 for
(NHn)rBeF*.
1 - V-Qtz, 6 : 6r, 2 - V -Qrt, d : d,:: 3 - V-qr",
6 : 6zs.

Fig.4. Homogeneous polarization P vs. shear stress 6
and remanent P, vs. temperature for RbH.(SeO.)r.
| - P : Pr, 6 : 6rr 2 - P - pr, 5 : 5,..

polar IF. In the temperature region delimited by
the two phase transitionsl6,17) besides qi, and
q\ 3 the spontaneous homogeneous components
P, and P, exist in this crystal. The hysteresis
loops ofthe dependences ofP, on orr,of Pron
o13 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 tlependences of qo, on oorfor
all the crystals and of Pr, P, on o r.,or. for RHS
in the IF only upon changing temperature in the
deflnite 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,18) second harmonic
generationle) and EPR20) methods allows the
peculiarities of macroscopic electrical structure
of such a phase to be revealed.
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