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FOREWORD

This report, prepared in response to ATD Work
Assigmwent No. 72, 1s a compilation of ab-
stracts of articles dealing with the phenome-
non of ferroelectricity and the properties of
ferroelectric mate ~ials. All scurces citled
are available &t either the Aerospece Tech-
nology Division of the Library of Congress or
in the collections of the Library itself. Full
translations of some of the source materials
used in this report may be available from
other agencies or commercially.
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ZRTRODUCTION

T™is report reviews Soviet work on ferroelectricity and ferro-
electric materials.. The materials were selected from Soviet open-
literature sources published during the period 19€4— 1967, with the
exception of two sorces: The Proceedings of the International Confer-
ence on Ferroelectricity (Prague, 1966) and the Materials of the
Fifth Conference on the Problems of Ferroelectricity and the Physics o
Inorganic Dielectrics (Dnepropetrovsk, 25 August - 1 September 1966)
published in Akedemiya Mauk SSSR, Isvestiya, Seriya fizicheskaya,

- ¥. 30, no, 7 and no, 11, 1967. The first source is available in
English. The second was received in the Library of Congress to~ late
to be included in this work snd, because of its great volume (94 papers),
wouid varrant & special study.

The report is divided into six sections, according to main groups
of ferroelectrics:

. 1. Rochelle Salt and Related Compounds
g. Tri-glycine ate (TGS) and Related compounds
ITI. Potassium Pi-hydrogen &:sphtte (KDP) and Isomorphous £rystals
IV, Barium Titanate and Other Perovskite Type Oxides
V. Miscellaneous Complex Qxides and Cther Materials
VI. Methods and Instruments.

b

The report concludes with aa alphabetic Author Index.
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I. ROCHELLE SALT AND RELATED COMPOUNDS

Anistratov, A. T., and K. S. Aleksandrecv. Electrooptical properties
of Rochelle salt. Kristallografiya, v. 1z, no. 3, 1967, 459-464.

Experimental investigations were carried out to refine the available
data concerning the distinction of the linear (morphic) electrooptic
effect from the quadratic and to establish the character of tempera-
ture dependences of these coefficients within the range covering the
phase transition points of Rochelle salt. The dynamic method de-
scribed earlier by Anistratov and others (AN SSSR, Izvestiya. Seriya
fizichegkaya, v. 29, no. 6, 1965, 973; Kristallografiya, v. 11, no. 2,
1966, 255; Pribory i tekhnika eksperimenta, no. 3, 1965, 193) was
used in the determination of the experimental data. Formulas de-
scribing the relationships between the measurement data, and both

the linear and the quadratic coefficients were obtained, which make
it possible to form certain general conclusions concerring the be-
havior of these coefficients as functions of temperature and of the
applied constant and aiternating fields along the ferroelectric axis
with light propagating along the Y and Z axes. The authors thank

I. S. Zheludev and L. A. Shuvalov for their attention.

Anistratov, A. T. Anomalous linear electrooptic effect in Rochelle
salt. Kristallografiya, v. 11, no. 5, 1966, 823-825.

The author investigated the temperature dependence of the linear
electrooptic effect in the vicinity of the Curie point by measuring
simeltaneously the dielectric constant of the free crystal and the
coefficient of linear electrooptic effect r . under identical con-

1
ditions. The quantity actually investigateé was p . = 3A323/3P1,
where La,, is the increment of the polarization constant and P, is

the pola%ization; the reason for investigating this quantity 1is that
it is expected to have no anomaly in the transition region. The
measurements were made on X-cut single-crystal Rochelle salt in the
temperature interval +18 - 23°C in monochromatic light (546 mm) by

a procedure described earlier (Izv AN SSSR, Ser, fiz., v. 29, no. 6,
973, 1965). The balance indicator was an oscilloscope. The measure-
ments of p,, and of the dielectric constant were made simultaneously
by applying to the sample a constant polarizing field ranging from
265 to 2000 v/cm. The resultant plot of p,, against the temperature
shows that at large electric fields (2000 v}cm), much larger than
the coercive fields, the value of p,, 1s independent of the temper-
ature and of the polarizing field. However, when the polarizing
fields are comparable to the coercive fields (265—700 v/cm), the
deviation from constancy increases as a result of measurement errors
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and losses due to the domain structure. An estimate of ~4.4 + 0.2
x 1078 cgs esu is obtained for Pyy- The part of the effect induced
by the inverse piezoeffect is estimated at -0.6 x 10”8 cgs esu.
The spontaneous rotation of the optical axcs of thc free crystal

ie estimated at 2¢ = 3.1°, in agreement with other work. It is
therefore concluded that the electrooptic coefficient of Rochelle

salt does not change on going through the upper Curie point and is
not connected with dielectric anomalies.

Gerken, V. A., V. I. Pakhomov, A. S. Sonin, Ye. I. Marchenko, and
V. N. Nepomnyashchaya. Ferrcelectricity in tetrameihylammonium
triiodomercurate. Kristallografiya, v. 12, no. 4, 1967, 607-611.

Experimental investigations were carried out on some dielectric
properties and the structure of the [N(CH,), ] HgI3 crystals. The
permittivity along the ferroelectric axis, measured at 500 kc as

a function of temperature, was 5.2 at room temperature and rose
moderately with increasing temperatures, reaching a value of 8 at
100°C. An interesting feature of tue hysteresis loops was observed.
In distinction from the majority of ferroelectrics, a linear ratio
betweea the polarization and the applied field intensity exists at
subcritical field stremgths (in this case 2.5 kv/em). With stronger
fields, a non-saturated loop with predominant increase along the
vertical is formed, whil: the coercive field grows very little.

Its magnitude (3.9 kv/cm at room temperature) was nearly independent
of temperature, dropping a little before melting. The spontaneous
polarization grew from 2.8 to 7.0 ;k/cm within the same temperature
range. The structure and the mechanism of polarization reversal are
explained on the basis of the model of the molecule of [N(CH,),]
HgI, proposed earlier by Pakhomov and Gerken (AN SSSR, Izv. Ser.
fiz., v. 29, 1965, 901). A slight change of atom coordinates in
this structure leads to formation of nearly tetrahedral HgI; ionms
distinct from the pyramidal ions of, for instance, HgBr3. Polar-
ization reverzal, connected with mirror-image transition of the
anions, leads to considerable displacements of the heavy atoms of
the molecule. This might be also the cause for a critical field
intensity value needed to effect the polarization reversal. On the
basis of these properties. the authors assume that 2 distinct class
of ferroelectrics can be outlined. The domain structure and its
changes under the field action present an intéresting area for further
investigaticus.




Gordeyeva, N. V., and A, V. Shubnikov. Enlargement of Rochelle salt
grains in their own solutions under the acticn of temperature fluc-
tuations. Kristallografiya, v. 12, no. 2, 1967, 186-190.

Experiments were carried out to establish the conditions for self-
enlargenent of Rochelle salt crystals in their own solutions. A special
device described by Parvov (Kristallografiya, v. 11, 1966, 3) was
used for the experiments. The experiment coculd be conducted without
interruption, and test tubes could be removed and inspected. Rochelle
salt was used for the experiments because of its steep solubility gra-
dient with respect to temperature. The effect of controlled cyclic
temperature fluctuations (0.6—0.7°C amplitude and 1.3-hour »eriod)
on the process of growth was established as the supply of the neces-
sary initiating energy to incite the growth of crystals. Specimens

of abour 1 cm® could be grown from powler within a period of 3 to 4
months.,

Gorelik, V. S., I. S. Zheludev, and M. M. Sushchinskiy. Study of
the Raman spectrum of the NaN02 single crystal near the phase trans-
ition point. Kristallografiya, v. 11, no. 4, 1966, 604~609.

This i8 a continuation of an earlier study (EKristallografiya, v. 10,
no. 3, 1965, 335) and deals with the behevior of most lires of the
Raman spectrur of single-crystal NaNO; in the temperature interval
from 30 to 178°C. Principal attention was paid to the small temper-
ature range (£20°) near the phase transition point (160°C). The
single crystal was a rectangular prism 3 x 7 x 10 mm, cut sc that

its smallest side was oriented along the ferroelectric axis z. The ,
Raman spectra were photographad wit). a spectrograph, using the 4358 A
mercury line for excitation. Seven lines were registered, whose fre-
quencies agreed essentialiy with those published sarlier. The Raman
spectrum obtained near the transition point differed noticeably from
that obtained at 30°C. The low-frequency lines shifted im linear
fashion, while the higher-frequency lines exhibited practically no
shift. All observed lines brcadened with increasing temperature, but
the broadening of the low-frequency lines was larger. Soae of the
lines vanished with increasing temperature. A group-theoretical
analysis of the spectrum for both the high- and the low-frequency
parts of the spectrum 18 used to interpret the results. The vanish-
ing and the intensity variations of the spectra agree with the selec-
tion rules, and the broadening is due tc crdinary temperature effects
connected with the increase of the interaction between the lattice
oscillators themselves and the inte ction between the lattice os-
cillators and other degrees of freedom of the crystal.




—_

Krasnikova, A. Ya., V. A. Koptsik, B. A. Strukov, and Van Min.
Dielectric and optical investigations of the irreversible ferro-
electric phase transition in crystals of potassium. Fizika tverdogo
tela, v. 9, no. 1, 1967, 116-121.

The authors carried out precision measurements of the dielectric con-
stant, polarization, and the coercive field, and also investigations
ot birefringence of tetragonal potassium ferrocyanide crystals in the
temperature interval -10 — -70°C. The apparatus used for the invest-
igations is described elsewhere (PTE, no. 1, 1961, 183 and earlier).
All the electric and optical properties exhibited anomalies near the
ferroelectric phase transition point at -56.6°C. For the tetragonal
crystals tested, the irreversible transition is accompanied by spon-
taneous polarization along the [101] and [101] directions, with values
1 and 0.75 microcoulomb/cm? respectively. It was also observed that in
crystals with small angles between the optical axes irreversible
transitions are observed at temperatures that increase with in-
creasing angle between the optical axes. Comparison of the re-

sults with nuclear magnetic resonance and other tests made on

these crystals leads to the conclusion that a prcbable connection
exists between the physical properties and the fact that as a rule

a potassium ferrocyanide crystal does not crystallize wlth any one
distinct structure, but all its structural types crystallize simul-
taneously so that it is difficult to establish the limits governing
the crystallization conditions of any particular modification.

Krasnikova, A. Ya., I. N. Polan ‘ov, and V. P. Mylov. Character of
the behavior of the ferroelectric properties of potassium ferro-
cyanide. Fizika tverdogo tela, v. 8, no. 11, 1966, 3320-3323.

This is a continuation of earlier work (FIT, v. 8, no. 1, 1967)

dealing with the ferroelectric phase transition in potassium ferro-
cyanide K,Fe(CN).-3H;0 in different crystalline modifications. The
purpose of the present investigation was to determinc the influence

of high hydrostatic pressure on the dielectric properties of potas-
sium ferrocyanide, in order tc obtain new information on the char-
acter of the polytypical transformations observed in this crystal.

A single crystal with [101] cut, grown from a solution of recrystal-
lized salt, was tested. The dielectric characteristics were measured
in the temperature range from 0 to -55°C at pressures up to 5500 kg/cm-.
The tests showed that the greatest sensitivity of the dielectric con-
stant to pressures observed in the region of the transition to the
paraelectric phase, for which the rate of change of the transition
temperature with pressure is 2.3 x 1073 deg cm’/kg, and the rate of
change of the maximum dielectric constant with pressure is 11.8 x

1073 kg~! cm?. The temperature dependence of the dielectric con-

stant of potassium ferrocyanide exhibited an oscillatory dependence .
on the temperature, with the values of the peaks and the distances
between them differing with the applied pressure.
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Romanyuk, N. A., and N. S. Pidzyraylo. Effect of hard radiation on
certain optical and dielectric properties of Rochelle salt crystals.
Kristallografiya, v. 9, no. 6, 1964, 870-87%.

The effects of ultraviolet and x-ray radiation on the absorption
spectra, the dependence of the initial dielectric comstant on the
temperature, and the shape of the hysteresis loop of Rochelle salt
crystals were investigated in specimens cut from a single crystal.
Dielectric and optical measurements were carried out on specimens
of 0.5—1 mm and 0.3—~10 mm thick respectively. In the case of x-
ray irradiation, the investigation proved some already known rules
of variation for the initial dielectric constant, the hysteresis
loop, and some other features of Rochelle salt, In the case of
ultraviolet irradiation, both the initial dielectric constant and
the form of the hysteresis loop vary qualitatively in the same
manner. A comparison of the changes caused by ultraviolet and x-
ray irradiation of the crystal showed that the displacement of

the Curie point due to the same relative changes in € is con-
siderably smaller for ultraviolet radiation, not exceeg§ng several
tenths of a degree. An investigation of the variatior in the spec-
imen's properties with the time showed that the € changes during
some definite time interval after irradiation, £178¢ departing from
the initial state, then approaching the initial state. An investi-
gation of the absorption spectra showed that definite changes in
the absorption spectrum due to x-ray irradiation were observed only
during a longer isothermal rest of crystals after irradiation. They
resulted in a slow decrease of absorption in the investigated spec-
tral range during four months of "rest', and the optical demsity
decreased at most by 15% of the value reached immediately after ir-
iradiation of the specimen. Ultraviolet irradiation appeared to
cause no substantial changes in the absorption spectra of Rochelle
salt crystals, even when the changes in €nayx Were considerable,

Starodubtsev, S. V., and Ye. V. Peshikov. Radiation changes of
properties of ferroeclectrics due to an internal displacement fieid.
Fizika tverdogo tela, v. 7, no. 11, 1965, 3175-3179.

The properties of triglycine sulfate and Rochelle salt irradiated
with gamma rays from a CO®Y source at a dose rate of 0.4—0.6 Mr/sec
were investigated. The comparison of the plot of the dielectric comn-
stant near the upper peak value of the Curie point E versus the
external biasing field with that of E . as a function of the internal
space charge field showed that the ef ect of the biasing and space
charge fields are equivalent and can be considered to be secondary
effects arising as a result of irradiation. An attempt was made to
explain an increase in E of Rochelle salt at small doses of x-ray
and gamma irradiation. PRe effect of the space charge {ield during
pulsed polarization of irradiated triglycine sulfate was also in-
vestigated.

5
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Vlokh, 0. G., and L. F. Lutsiv-Shumskiy. Spontaneous electro-

optical effect in Rochelle salt crystals. Kristallografiva, v. 12,
no. 3, 1967, 455-458.

Experimental investigations were made of the spontaneous electro-
optic effect in Rochelle salt crystals. The spectral method was
used and the effect was studied on the basis of the character of
birefringence changes in the direction of crystallographic axes

in the region of the upper Curie pcint as functions of temperature
and the dispersion. The results showed that the birefringence in
this direction is proportional to che square of spontaneous polar-
ization, while the angle of the spontaneous turn of the optical
indicatrix is proportional to the spontaneous polarization of the
first degree. This means that at the transition to the polarized
phase in the region of the upper Curie point, both linear and
quadratic electro-optic effects take place. The linear effect is
connected with the turn of the indicatrix, while the quadratic
stems from the deformation of the indicatrix in the direction of
original crystallographic axes. The constants of these spontaneous
effects were derived from equations describing the induced linear
and quadratic electro-optic effects in the parzelectric phase, re-
placing in them the field intensity value with that of the spontan-
eous polarization. Deformation of the indicatrix on account of the
linear effect can occur only in the direction of new crystallographic
axes effected by polarization.

Zheludev, I. S., and V. V. Gladkiy. The pyroelectric effect in
single crystals of Rochelle salt. Kristallografiya, v. 11, no. 3,
1966, 415-418.

Pyroelectri. coefficients of Rochelle salt single crystals were
measured between -30° and +30°C after polarization by mechanical
straining. The pyroelectric charge was measured in & Tepler thermo-
stat by the compensation method using slow heating rates. Tempera-
tures were measured with Cu-constantan thermocouples to 1 or 2°C

beyond the Curie point. The polirization P of the strained crystals

Pp=P §.l."§l,pr
8 S

p




where P _ is the spontaneous polarization; F' is the elastic polar-
ization;psl, S, are crogs-sectional areas of domains having unlike

sigrs in the crystal face perpendicular tn the X axis; S, + 52 =S
(area of the sample). The variables Ps s P's 5; and S, depended on

7 and Yz the polarizing stress. Pyroelectric coefficients (p),
obtained from p=dP/dT, were given as a function of temperature T for
values of Y _ ranging from O to 4100 g/cm?. From -30° to 0°C p was
positive, from 0° to 30°C—negative. Cusps occurred near the Curie
temperatures (I, = -18°C and +24°C), the exact position being de-
pendent on Yz. The magnitude of p was also dependent on Y , rising

steadily to Yg which corresponded to a critical value of S5;-5,,
whereupon it decreased slightly. Close to the Curie points, p was
maximum (300 CGSE units at -18°C and 340 CGSE units at +24°C) cor-
responding to the monodomain state in the salts, or equivalently
Y, = Yg = 2280 g/cm?. Increasing Y to 4100 g/cm® lowered p in-
significantly. 4

Zheludev, I. 8., and N, A, Romanyuk. Dielectric properties of
pressed Rochelle salt crystals., Kristallografiya, v. 11, no. 4,
1966, 610-613.

The authors report an investigation of the domain structure, the
hysteresis loop, and the initial dielectric constant of Rochelle
salt crystals in the region of the upper Curie temperature for
different degrees of compression of the samples. The tests were
made on square polished plates with 45° X-cut, measuring 10 x 10 x
(0.4—0.7) mm. The samples were measured on a microscope stage in

a thermostat equipped with a device for simultaneous or successive
compression of the crystals in two mutually perpendicular directionms.
Thi . apparatus was described in an earlier paper (Kristallografiya,
v. 4, no. 5, 710-717, 1959). The dielectric constant was measured
with a bridge and a hysteresis loop was by means of a Sawyer-Tower
circuit. The domain structure was observed visually and photo-
graphed when necessary. The results shcwed that the dielectric
constant decreased with increasing compression, the upper Curie
point increased in the case of unilateral compression and decreased
in the case of bilateral compression,and the hysteresis loops grad-
ually contracted to iines with increasing compression. The results
agree with modern thecretical notiomns concerning the laws govern-—
ing polarization of ferroelectrics and explain the radiative changes
occurring in the dielectric properties of ferroelectric materials.
The results also serve as a confirmation of the frequently used
"in.ernal field" model for the explanation of the polarization of the
ferroelectric.




II. TRI-GLYCINE SULFATE (TGS) AND RELATED COMPOUNDS

Brandt, A. A., and V. Ya. Shevchenko. Polarity reversal of tri-
glycire sulfate crystals in linear periodic fields of 102 ~107° cps
frequency. istallografiya, v. 10, no. 9, 1964, 292-293.

An experimental investigation was made of the coercive field values
of triglycire sulfate for various polarity reversal voltages within
the 104=10"5[sic] cps frequency range. Sawtooth-shape voltage was
used to exclude the effect of the voltage gradient changes which
accompany the frequency change with sinuscidal waves. The measure-
ments were made under saturation conditions at room temperature.

The single-crystal specimen (5 x 5 x 0.5 mm) had etched electrodes
of dispersed silver. The measurement method was described earlier
by Brandt and Larionov (Voprosy radioelektroniki. Ser. 3, radiodetali
i uzii, 5-—6, 1960, 147). The results of the investigation show
that the dependence of the magaitude of the coercive field on the
electric field gradient (in the logarithmic scale) at various fre-
quencies hes two areas of linear dependence, each with a different
gradient. The first area covers the 107> —10~3 cps range, and

the other, all higher frequencies. The lower frequency range is
characterized by a much higher gradient than the higher rrage (about
s8ix times, in terms of the tangent of the slope angle). I: appears
that there are two different mecharisms of ferroelectric polariza-
tion in Eriglycinesulfate but their character could not be established
in the experiments. The measurement data show (at the 200~ cps fre-
queicy) a coercive field strength of 600 v/cm, which agrees with
data published by Pulvari and Kuebler (J. Appl. Phys., v. 29, no. 12,
1958, 1742).

Gavrilova-Podol'skaya, G. V., S. P. Gabuda, and A. G. Lundin. Nuclear
magnetic resonance and ferroelectric properties of mixed sodium hydro-
selenite crystals. Fizika tverdogo tela, v. 9, no. 4, 1967, 1166-
1170.

The ferroelectric properties and proton magnetic resonance (FMR)
spectra of mixed sodium hydro- and deu:eroselenite crystals of

the composition Na[Hl_xDx]3 (Seos)z, where 0 < x < 1, were studied

iu the range from roca temperature to -120°C. The dependence of

the Curie temperature on the deuterium content {x) was fouad to be
nonlinear, while the dependence of second moment S; of the PMR spectra
on x was found to be linear. Theoretical analysis shows that this
linear dependence proves a random substitution of protons by deuteroms.




The PMR data lead to the following important conclusion: transition
from the ferroelectric to the paraelectric phase 1s not associated
with a dynamic disordering of the hydrogen bonds, as had been pro-
posed; actually, a "static" disordering of the hydrogen bonds takes
place. In the ferroelectric range, the protons occupy fixed posi-
tions at distances of 1 X from oxygen atoms. In the paraelectric
range, the protons also occupy definite pesitions, but at approxi-
mately the same distance from two oxygen atoms, and possibly oscil-
late slightly. 1In conclusion, the authors thank L. I. Zherebtsova,
who made the dielectric measurements, and A. I. Rostuntseva, who
grew the crystals,

Gavrilova-Podol 'skaya, G. V., S. P. Gabuda, and A. G. Lundin.
Nuclear magnetic resonance in sodium tri-hydrogen selenite single
crystals. Kristallografiya, v. 12, no. 1, 1967, 141.

The methed of nuclear magnetic resonance was used to investigate
the positioning of protons and the system of hydrogen bands in
NaH3(Se03)? single crystals. The specimen crystals were grown from
an aqueous solution of the corresponding acid salt up to dimen-
sions of 15 x 10 x 6 mm. The nuclear magnetic resonance spectra
recorded at various orientations of the specimen with respect to
the external magnetic field were used to compute the coordinates

of the protons within the structure by the McCall method (Acta
crystallogr. 12, 1959, 81). Out of three possible models of hydro-
gen bonds satisfying the caiculation results, one came fairly close
to the experimental data. In this model all oxygen atoms were linked
with hydrogen bonds. The investigations of the temperature depend-
ence of the nuclear magnetic resonance spectra showed a virtual in-
dependence of the form and width of their spectrum from the temper-
ature up to the Curie point, where a jump in the secondary moments
occurs. The band width undergoes a suaden increase with the trans-
ition from the ferrcelectric to the paraelectric phase. It is con-
cluded that the order of hydrogen bonds has a stationary character
below the Curie point. The positioning of protons in the ferro-
electric phase, however, requires further investigations of the
moments within the range below -79°C.

Ivanov, N. R., and V. F. Zotov. Crystal-optical characteristics of
certain monoclinic ferroelectrics. Kristallografiya, v. 11, no. 6,
1966, 924-926.

Experimental investigations were made of the crystallo-optic charac-
teristics of several (triglycimesulfate, triglycineselenate, lithium
hydro-selenite, Kochelle salt) ferrcelectric materials. The fre-
quency dependencies of the refractive index, the dispersion of the
birefringence, and of the angle of optical axes, the electro-optic
and thermo-optic coefficients, and the temperature dependence of the
angle of optical axes were investigaied and compared to some data in
the literature (J. M. Dion, Acta crystallogr. 12, 1959, 259; Y.
Makita, J. Phys. Soc. Japan, 20, no. 9, 19065, 1567).
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53 Ivanov, N. R., and L. A. Shuvalov. Rotation of the optical indicatrix
in triglycine sulfate crystals under action of the electric field E_.
Kristallografiya, v. 11, no. 5, 1966, 760-765. 4

Experimental investigations were carried out of the orientation of
the optical indicatrix of triglycine sulfate in the electric field
within the temperature range including “he Curie point. Both the
field and light were applied along the ferroelectric axis. At field
strengths up to 15 kV/cm, the rotation of the indicatrix followed
apprcximately the square law at temperatures not too close to the Curie
point. 1In the ferroelectric phase, at temperatures further removed
from the Curie point, the dependence was linear with a tendency to
saturation at high field intensities. The investigation of the
electro-optic effect showed that a sharp upward jump of the f;, co-
efficient at the phase change is caused by a dielectric anomaly.

The investigations of the rotation of the optical indicatrix in weak
(up to 4 kV/cm) fields, the expected but never cbserved quadratic
loops of electro-optical hysteresis were discovered. The loop differ-
ed considerably from the usual butterfly pattern, showing peaks con-
nected with the polarity reversal. The magnitude of the peaks and
the character of the loops depended on the natural unipolarity of the
crystal. In a well-annealed nonuripolar specimen, the loop approached
the symmetric butterfly pattern, but retained the peaks in a reduced
form. 1In unipolar crystals, this symmetry was distorted to a great
extent, and the form of the loop was strongly affected by the field
change rate. The optical indicatrices of anti-polarized domains in
unipolar triglyciresulfate crystals were found to be disoriented to
an extent not explainable by the electro~optic effect alone. The
internal mechanical stresses stemming from impurities, imperfections
and growth conditions, resulting in an elasto-optic effect appeared

to contribute .o the existense of peaks connected with the polarity
reversal. It was assumed that the polarity reversal is accompanied
by a change of the monoclinic angles and shearing oscillations of the
crystal. The authors proposed a new method of investigating the do-
main structure in crystals in which the domains cannot be observed

~y the usual polarization-microscopic method.

6. Ivanov, N. R., and L. A. Shuvalov. Behavior of optical indicatrices
of certain monoclinic ferroelectric crystals with change in tempera-
ture., Kristallografiya, v. 1ll, no. 4, 1966, 614-621.

This is a conlinuation of earlier work (Kristallografiya, v. 9, no. 3,
1964, 363) and it is devoted to a measurement of the rotation of the
optical indicatrix in three monoclinic ferroelectric substances (tri-
glycine sulfate triglycine selenate, lithium hydroselenite) with change
in temperature. The angle of rotation was measured by two methods,
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polarimetric and conoscopic {both results gave excellent agreement),
but only the conoscopic method was used to measure the angle of the
optical axis. All the experiments were made with the aid of a spec-
tral polarimeter developed by the author (with A. V. Mirenskiy and

G. D. Shnyrev), and prepared by the Design Office of the Crystallo-
graphy Institute. The apparatus and the test procedure are described
in detail. The results show that the temperature dependence of the
rotation of the optical indicatrix was linear in the paraelectric and
strongly nonlinear in the ferroelectric phase in the case of triglycine
sulfate and selenate. The Curie points found from these plots were
48.2 and 22.9C for the sulfate and selenate, respectively. With de-
creasing temperature, the relation again becomes linear. 1In the case
of lithium hydrosenite, the dependence was linear in the entire range
of temperatures. The results are interpreted on the basis of the
thermo-optical and spontanecus electro-optical and elasto-optical
effects. It is shown that the obtained results lead to several gen-
eral conclusions and estimates.

Ivanov, . R., L. A. Shuvalov, and L. D. Kisiovskiy. On the s%truc-
tural mechanism of the electro-optical and thermo-optical effects in
ferroelectric crystals of the triglvcinsulfate type. IN: Akademiya
navk SSSR. Doklady, v, 171, no. 5, 1966, 1092-1095.

Theoretical and experimental investigations were made of the important
part played by the deformation of SO(Z' or Seo“2- ions in the occur-
rence of spontaneous polarization in 'monoclinic triglycinsulfate or
triglycinselenate crystals. The deformation resulting from the die-
placement of nitrogen atoms can be measured by directional changes of
the maximum polarizability,i.e., by shifts of the indicatrix of the
crystal. Measurements were performed of the shifts of the optical
indicatrix in the paraelectric phase at a temperature close to the
melting temperature of the crystals. These shifts showed up as breaks
on the ¢ (T) dependence curves, which are explained as indicating the
presence in both crystals of several characteristic temperatures above
the Curie point, at which the rupture of bonds takes place. It is
suggested that the results can be extrapolated to other crystals of
the same type. Thus, for example, one can calculate that the melting
temperature of triglycinfluoberyllate is 230—235°C.

Kislovskiy, L. D., and Ye. K. Galanov. The nature of the molecular
mechanism of phase transition in ferroelectrics which are isomorphous
with crystals of triglycinesulfate., IN: Akademiya nauk SSSR. Doklady,
v. 170, no. 2, 1966, 327-328.

An experimental investigation was made of the molecular mechanism of
tiie transition to the ferroelectric phase of crystals which are iso-
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morphous with triglycine sulfate (TGS). The measurements were made

to check the accepted viaw that the shift of the 1150 ¢z~ * bancd is
connected with strain oecillations of the NH' (1) group. Siunce the
spectrumn of the triglycine selenate (TGSe) displays, at the phase
transitjon, a change connected with the oscillations of the SeQ”” ion
(or 50“2' in :ase of TGS), there is some indication of deformaticn of
these rigid ions. A comparison was made between the sequence of the
Curie temperatures of an isomorphous series and its sequence of rigid-
ity criteria, which must be, at least in the first approximation,
proportional to the energy difference in the electron configurations
corresponding to the change of symmetry at the phase transition, which
are in turn dependent on the rigidity of the electron shell and are
characterized by the ionization energies of sulfur and selenium,
regspectively. The calculations showed that the steps in Curie points
from one material to another roughly corresponded to the steps in re~
spective jonization energies. This assumption would also explain the
effect of deuteration on the shift of the Curie point in TGS, since

the investigations showed a shift of bands connected with the oscilla-
tions of the SOQZ“ ion towards the shorter wavelengths, which is equiv-
alent to an increase in rigidity and to & rise ir the Curie point. The
authors assume that the consideration of the possibility of transition
of clectron configuration into a state of different symmetry in certain
quasisymmetric ions characteristic of ferroelectrics may furnish a new
approach to the solution of the problem of the phase transition mech-
anism, applicable also to other ferroelectrics.

Koldobskaya, M. F., V. A. Meleshina, I. S. Rez, Z. A. Mjronova, 1. V.
Gavrilova, and G. M. Safonov. Changes in the homogeneity of properties
within the volume of triglycine sulfate crystals depending on the con-
ditions of growth. Kristallografiya, v. 11, no. 5, 1966, 785-793.

Experimental investigations were made to establish the effect of con-
ditions of growth of triglycine sulfate crystals on the homogeneity

of their ferroelectric properties from point to point within their
volume. The lack of symmetry of polarizaticen with respect to the sig:
of the applied field, the saturation of the spontaneous polarization
below the maximum, and the lack of polarization stability in time,
were the inhomogeneities to be reduced by appropriate conditions of
growth. By variations in temperature, rate of growth, and number of
recrystallizations, a number of specimens with varying property char-
acteristics were obtained. The experiments showed that the best
homogeneity was achieved in crystals grown at a constant temperature
above the phase transition point. It is concluded that it is possible
to control the static domain structure and the uniformity of hysteresis
characteristics within the crystal volume and thereby to establish a
preference of the most homogeneous zones in the triglycine sulfate

( rystals. The article contains data on the changes of the density of
dislocations accompanying changes in the domain patterns on occurrence
of the anomalous polarization phenomena.
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Kremenchugskiv, L. S., and V. B. Samoylov. Investigation of the
pyroelectric effect in triglycine sulfate crystals. Kristallografiya,
v. 1Z, ne. 6, 1507, 1077-1079,

Measurements were made of the temperature dependence of the pyro-
electric coefficients of triglycine sulfate single crystals at vary-
ing miguicudes of the applied electric field strength. The method
originally proposed by Chynoweth(Phys. Rev., v. 117, no. 5, 1960,

1225) was used. The experimental setup was described earlier by
Artyukhovskaya, the autliors and others (AN SSSR. Izvestiya. Seriya
fizicheskaya, v. 29, no. 11, 1965, 2110). The results of the measure-
ments under opposite field polarities applied alternately, plotted
against the temperature within the 45 to 52°C range, showed at posi-
tive fields typical single-domain characteristics with a spread at

nigh fields and an insignificant (0.2—0.3°C) shift of the maxima of
the coefficient toward higher temperatures. For reversed fields, a
sharp drop of the coefficient in fields below 300 V/cm was ovserved
when approaching the phase transition. It was possible to choose the
field strength to keep the coefficient through the transition at a
magnitude below that at room temperature. The drop apparently is
caused by a rearrangement of the domain structure. The measurements
also confirmed the shift of the maximum of the pyroelectric coefficient
toward lower temperatures with respect to the maximum of the permittiv-
ity in very weak fields, as reported by Gavrilova and Koptsik (Kristal-
lografiya, v. 10, no. 3, 1965, 346; AN SSSR. Izvestiya. Seriya fiz-
icheskaya, v. 29, no. 11, 1965, 1959).

Leonidova, G. G., N. P. Netesova, and T. R. Volk. Study c¢f the
ferroelectric phase transition in triglycine sulfate at pressures
up to 10 kbar. Fizika tverdogo tela, v. 9, no. 2, 1967, 593-595.

An equilibrium p-T diagram of the ferroelectric transition in trigly-
cine sulfate up to a pressure of 10 kbar was plotted. The permit-
tivity ¢ and spontaneous polarization P_ were measured against pres-
sure at constant temperature. The presgure of transition was detc:-
mined from the intersection of.i(p) functions in the ferroelectric
and paraelectric regions. It 1§ shown that the transition point is
that which corresponds to the maximum value of the permittivity,
measured in weak fields. The measurements confirmed the nonlinearity
of the phase transition diagram of triglycine sulfate. The data are
described by the quadratic equation T, = 49.52 + 2.85 x 107° p -
0.58 x 10~/ p?, where T, is the temperature (°C) and p is the pres-
sure (kg/cm“). From the functions.E(p) in the paraelectric region
and P;(p) in the ferroelectric region, the expansion coefficients

A and B of the Devonshire-Landau equation for the thermodynamic
potential (¢ = $ot A(T-T\)P2 + BPY +... ) were obtained. The change
of these coefficients confirms the hypothesis of the Landau-Ginzburg
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theory concerning the change in the character of the phasc transiti.
as one moves into the high-pressure region on the phase Jliagra.

Mylev, V. P., 1. N. Polandov, and B. A. Strukov. Change of the 'i-
electric properties of triglycine fluoberyllare subjected to livdro-
static pressure, Frizika tverdogo tela, v. 9, no. 10, 1967, 301:-3514.

Experimental investigations were made of the ferroelectric properties
of triglycine fluoberyllate (TGFB) under high pressures. leuasurements
of permittivity were conducted under varying hydrostatic preoscures up
to 8000 kg/cm~. It was established that the permittivitv at Curi
point decr=ased down to 50% of its value at atmospheric pressure as
the pressure increased to maximum. The Curie point at the same time
shifted toward higher temperatures at a rate of 2.5 x 107" degrees

per atmosphere, up to 4000 kg/cm?, at which point ferroelectric trans-
ition occurs and the shift continues at a reduced rate of 1.8 x 107
degrees per atmosphere. The measurements of the temperature depend-
ence of the spontaneous polarization within the same pressure range
showed a shift of the polarization point toward higher temperatures

as the pressure increased, but without a change in the character of
the dependence.

Shuvalov, L. A., and A. M. Shirokev. The characteristics of the
amplitude dependence of internal friction in single-crystal ferro-

electrics. Akademiya nauk SSSR. Doklady, v. 154, no. 5, 1964,
1075-1077.

An experimental study has been made of some features of the internal
friction in single crystals of Rochelle salt and triglyciic sulfate
with various types of the Welss domain structure. The har-shapcd
samples, measuring about 30 x 4 x 2 mm, were tested in a constant-
temperature retort. As it was very difficult to measure the de-
formation amplitude of the samples, the experimental curves were
plotted according to the current passed through the crystal by
mechanical resonance oscillations. The behavior of the loparithi:
dawping decrement was studied while the current going througa the
sample was changed from 0.02 to 2 millianperes. The results of the
above tests justify the following rwo basic conclusions: 1) the in-
tensive internal friction in some of the Rochelle salt sampies with-
in rhe fe goelectric temperature region is determined by a variety
of eisc domain processes. Tt is possible that large deformaticn
amplitudes procuce volumetric deformations which change the nature
ol tbe internal friction. 2) It may be assumed that the amplitude
copendence of the internal friction in the case of relatively emall
deformations wiil Le observed in the ferroelectric regior of the
Rochelle salt crystals in which the reorientation of the Weiss Jo-
mains mav ovcur under the effect of homogeneous mechanical stresses.
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Sonin, A. S., and A. S, Vasilevskaya. Electro-optical properties of
triglycine sulfate., 1IV. Deuterated triglycine sulfate. Kristallo-
grafiya, v. 12, no. 3, 1967, 451-454,

Lxperimental investigations were made of TGS single crystals in aa
electric field directed along the ferroelectric axis (Y), with applied
light propayating along the X, Y and Z axes. The investigation was
carried cut on mechanically free specimens under static conditioms.
The experiment was described earlier by the authors (Kristallografiya,
v. 11, 1966, 49 and v. 12, 1967, 2). The temperature measurements
were taken on the 5350 A wavelength; the dispersion of electro-optical
coefficients were determined near the Curie point. The induced bire-
fringence as a function of the electric field strength, at all three
directions of applied light, were linear within the whole range of
temperaturcs for the transverse (axes X and Z) effect, while for the
longitudinal effect linearity was observed only near the Curie point.
The refractive indexes as functions of temperature vbeyed the Curie-
Weiss law above as well as below the Curie point. The Cu~ie-Weiss
constants for TGS and DTGS, however, differed substantially in the
region below the Curie point. The electron and electron-ion polar-
ization processes proved to be important for electro-optical prop-
erties of both the TGS and DTGS crystals. On the whole, the ex-
periments showed that the exchange of hydrogen for deuterium in

this case as in the case of potassium di-hydrogen phosphate (T. R.
Sliker and S. R. Burlage. J. Appl. Phys., v. 34, 1963, 1837) does

not substantially effect the polarizability of TGS.

Strukov, B. A. Electrocaloric effect in triglycine sulfate single
crystals. Kristallografiya, v. 11, no. 6, 1966, 892-895.

Experimental investigations were made of the electrocaloric effect

ot TGS single crystals. An adiabatic vacuum cnlorimeter was used to
eliminate certain inaccuracies involved in the hysteresis loop method
due to nonlinearity of induced polarization. The arrangement made it
possible to record the temperature change of the crystal as a func-
tion of electric field strength as well as that of the polarization
induced by that field. Polarization as & function of the electric
field showed a clear nonlinearity in the ferroelectric phase. The
temperature dependence of the magnitudes of the electrocaloric con-
stant deduced from the measured temperature of the crystal as a
function of the fieid strength, as well as the pyroelectric constant
calculated from these data, showed a sharp maximum at the phase trans-
ition under the zero field, which maximum flattened out as the field
strength increased. The temperature gradient plotted against the
square of polarizaticn resuited in a straight line for any given
remperdture and, as expected, all lines for temperatures above the
Curie point coincided. The temperature dependence of the square of
spon’ aneous polarization was plottod from these data, which showed
that at the phase transition point, the spontaneous polarization is
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close to the value of the square root from the difference between the
Curie temperature and the temperature of the crystal. It was ccn-
cluded that the anomalous temperature dependence of the heat capacity
near the phase transition point in TGS is connected with the behavior
of spontaneous polarization which remains "normal" up to the Lransi-
tion point.

Strukov, B. A., and K. A. Minayeva. Some features of pulsed repolar-
ization of naturally unipolar crystals of triglycin sulfate. Fizika
tverdogo tela, v. 7, no. 12, 1965, 3579-3581.

The purpose of the investigation was to determine the influence of
natural unipolarity of triglycin sulfate on the spontaneous depolar-
ization, namely the transition of the crystal from the single-domain
into the multiple domain state. This is a continuation of a similcr
investigation performed by the authors carlier on NH,HSO, crystals
(FTT, v. 6, 76, 1964). The natural unipolarity of the investigated
crystals ranged from zero to 100 V/cm. Particular attention was paid
to the temperature interval near the phase transition point where this
phenomenon is observed, since it is in this raage that the crystal
loses its ability to store information. A total of 30 samples was
tested by the standavd procedure. The results show that application
to the crystal of a definite sequence of electric voltage pulses in
a certain temperature interval below the Curie point gives rise to a
regular change in the areas unde:- the current pulses. The crystals
possessing internal unipolarity lose their ability of storing infor-
mation far below the phase transition point. The spontaneous re-
alignment of the domain structure a- a certain temperature below the
Curie point leads apparently to additional anomaly in the specific
heat, the paraelectric coefficients, and a few other properties of
the triglycin sulfate crystals. The temperature of total depolari-
zation decreases linearly with increasing internal unipolarity of
the sample.

Strukov, B. A., K. A. Minayeva, and Ye. N. Rodicheva. Reverse
polarization characteristics of acid ammonium sulfate., Fixika
tverdogo tela, v. 6, no. 1, 1964, 76-79.

The authors made thi- study because of lack of information in the
literature on pulsing polarity reversais in (NH,)HSO,. In the tem-
perature interval from -2.5 to -119°C this mireral has a rectangular
dielectric hysteresis loop in a relatively small coercive field (on
the order of 200—600 v/cm). This property makes the mineral of con-
siderable practical importance. The characteristics of the polarity
reversal were measured uncer carefully controlled stabilized temper
ature. These tests were made in the range from -20 to -100°C. The
sarples (10 x 10 x 40 mm) were given rectangular pulses, the ampli-
tudes and durations of which :anged from O to 120 v and 10 to 1200
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microseconds respectively. The build-up time of the pulse did not
exceed 0.1 microsecond. The frequency of pulse repetition was 250
cycles. The authors have shown that, as with other ferrnelectric
crystals, the W. Merz model (Phys. Rev., 95, 690, 1954) may be used
for the pulsing reversals of polarization. Near the points of ferro-
eleccric phase transition (-2.5 and -119°C) spentaneous depolarization
was detected in the samples.

Tambovtsev, D. A. Problem of asymmetry in pulse repolarization of
triglycine sulfate ferroelectric crystals. Kristallografiya; v. 9,
no. 4, 1964, 511-515.

An experimental study is made of the asymmetry of pulse repolarization
of triglycine sulfate ferroelectric crystals when unequally spaced
square pulses are fed to the crystals with a voltage which depends

on the strength of the electrical field and the distance between pulses
of opposite polarity. It is shcwn that the asymmetry of pulse repolar-
ization 1s closely connected with definite processes which take place
in the intervals between pulses being transmitted in layers of the
crystal close to the electrodes. These are processes which lead to a
change in the condit:ons of formation of the nuclei of new domains.

Tukhtasunov, I. T., V. A. Shamburov, and I. S. Zheludev. Electre-
optical effect in triglycine sulfate crystals at room temperature.
Kristallografiya, v. 12, no. 2, 1967, 302-306.

Experimental investigations were made to observe and evaluate the
electro-optic effect in the domains of triglycine sulfate (TGS)
crystals. To observe the electro-optic effect, which must exist

in these crystals below the Curie point due to the characteristics

of their symmetry, a high degree of optical uniformity of the spec~
imens is required. Fur these experiments, a number of plates cut

along the X, Y, and Z axes were investigated tc find two with some
surface area capable at a conoscopic pattern. These areas were used
for the preparaticn of two specimens in the form of rectangular parallel-
epipeds with the following dimensions along the X, Y, and 7 axes:

6 x 4.66 x 6.4 mm and 6,25 x V.61 x 5.4 mm. The specimens, furnished
with electrodes,were immersed in dehydrated siliconc o0il in a parallel-
walled glass container,which was placed at the intersection of cross-
wise polarizers. A sodium lamp beam was focused on the crystal behind
which a lens (focal length 250 mm) projected .he image on a screen or

a photo-plate. A diaphragm, instead of the lens, was used with a
photomultiplier for transmittivity measurements. The experiments

were made at room temperature with the field directed along the axis

of spontaneous polarization and the light directed along the main axes
of the indicatrix ellipsoid. Under these conditions, the electro-
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optic effect was obsvrved in the 1orm of a pattern of four sets of
light and dark hyberbolic stripes on two crossed axes. These patterns
changed the sequence of iight and dark when the direction of light was
changed from one axis to danother. A similar effect was achieved by
changing the electric field strengh (in this experiment, from zero to
15 kV). The reversal of the fieid polarity did not change the char-
acter of the pattern evolutions. The transmittivity measurcments
undertaken for quantitative evaluaticn of the observed elcctre-optic
effect also revealed the hysteresis phenomenon common *tv ferroelectrics
with electro-optic properties. A change of transmitt.vityv was observed
in the direction ¢f the main axes of the indicatrix ellipsoid, and its
value was measured at the position of the crystal where two other axes
made 45° argle with the direction of vscillations in the crossed polari-
zers. An analysis of the measurements showed that the electro-optic
effect in TGS crystals is essentially linear. An attempt was made to
describe theoretically the electro-uptic effect on the basis of equa-
tions derived from Nye and from Vlokh and Zheludev (Kristallografiya,
v. 7, no. 4, 1962, 593 and no. 5, 730; Opticheskaya kristallografiva.
Mogkva. Izd-vo AN SSSR, 4, 1950), but insufficient optical uniformity
of the specimens rendered the determination of the necessary coeffi-
cients somewhat difficult, and the results are only approximate.

Vasilevskaya, A. S., A. S. Scain, and I. A. Slepkov. Electro-opticnal
properties of triglvcine sulfate., II. Kristallografiya, v. 11, no. 5,
1966, 749-754.

This sv.ona article in a series deals with experimental results of
investigations on the longitudinal electro-optic effect in the tri-
glycine sulfate (TGS) crystals in strong electric fields. The in-
duced birefringence of TGS was studied as a function of temperature
and the wavelength above an’ below the Curie (about 50°C) point with
an external constant electric field and a light beam propagating in
the [010] direction, along the ferroelectric axis. Details of the
experiment and the underlying theoretical considerations are presented.
Measurements cof tl.. field intensity dependence of the transmittivity,
the birefringence, the temperature and wavelength dependence of the
permanent part of the birefringence chaage at a given temperature were
made to study the behavior of induced electron polarization. It was
found that induced birefringcence has a maximum at the Curie point.

The ettects of the domain structure of TGS, however, were not directly
ident ified. For this, study of the birefringence along other crystal-
lographic axes is deemed necessary.
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Vasilevskaya, A. S., and A. S. Sonin. Eiectro-optical properties of
triglvcine sulfate. III. Kristallografiya, v. 12, no. 2, 1967, 297-
301.

[his third article in a series deals with experimental results of
investigations of the electro-optic properties of triglycine sulfate
(TGS) crystals in strong electric fields. The transverse electro-
optic effect was studied with the electric field applied along the
ferroelectric axis, and light propagating along the crystallographic
axes X and Z. The experimental arrangement and the method used were
described earlier by Vasilevskaya and others (AN SSSR. Izvestiya.
Seriya fizicheskaya, v. 29, 1965, 969; Kristallografiya, no. 11,
1966, 749). The data obtained showed that the polarization non-
lincarity in TGS ferroelectric persists up to the optical frequencies
and has a maximum at the Curie point. It was found that the non-
linearity is not due to the domain structure, since the measurements
were carried out in strong fields and on single-domain specimens.

Zheludev, I. S., and Ts. Zh. Ludupov. Differential permittivity of
the triglycine sulfate single crystal. Kristallografiya, v. 11, no. 5,
1966, 771-775.

Experimental investigations were made of the permittivity of tri-
glycine sulfate crystals in various parts of a hysteresis loop in
the process of polarity reversal. The measurements were made on

SHF (8 x 10%¢ field strength < 10 V/cm) and in a low-frequency (500
to 15,000 c) external field. The permittivity value measured on

SHF at various polarization stages effected by an applied low-fre-
quency field was designated as "differential permittivity". The
experimental setup is shown in a block diagram described in some
detail. It was established by a series of special measurements

that measuring with the SHF field did not affect the polarity re-
versal process as did the low-frequency field. This means that the
SHF field actually measures some pclarization process other than

the domain-effected, which appears to depend on the frequency and
the amplitude of the low-frequency polarity-reversing field as well
as on the stage of polarization the crystal is passing at the moment
of measurement. This other process is associated with the activation
of imperifections and admixtures during the polarization reversal.
Such an assumption would explain the observed facts, as an increase
of the polarizing field increases the slope of the hysteresis loop
corresponding to the polarization reversal, which must contribute to
the activation of the impurities and the imperfections. An increase
of the frequency of the polarity reversal has the same effect . The
cliaracteristics of the differential permittivity further show that
the polarizabilitv of the impurities and imperfections depends very
little on the domain multiplicity. The absolute magnitude of the
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permittivity gradient Is also affected to scme extent by heating of

the crystal during polarity reversal, although in these experiments

the temperature was kept practically constant. The authors note that
the method of the experiment makes it possible to study more thoroughly
the polarization process stemming from mechanical "liberation" as

well as from the removal of the "orientation order" of impurities and
imperfections.
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ITI. POTASSIUM DI-HYDROGEN PHOSPHATE (KDP) AND ISOMORPHOUS CRYSTALS

1. Aref'yev, I. M., P. A. Bashulin, and T. V. Mikhal'tseva. Long-
wave infrared transmission spectra of KH,PO,. Fizika tverdogo
tela, v. 7, no. 8, 1965, 2413-2416.

This is a continuation of earlier work {(Fizika tverdogo tela,

v. 7, 407, 1965) on the temperature dependence of the low-
frequency Raman spectra of KHyPO, and NH,H,PO,. The present
study was undertaken to refine the results in the excitation-
wavelength region, where the results were distorted by ghosts
due to the diffraction gratings. The authors determined the
transmission spectra of a polycrystalline sample (constituting

a suspension of the powdered KiH POQ crystal in paraffin) in the
frequency range 20—235 cm ! atroom temperature. The entire
band was covered with two echelettes, one with 4, the other
with 2 lines/mm, and in the 160—225 section of the spectrum

the 4 lines/mm echelette was used in the second order spectrum.
The results are plotted in Fig. 1 and confirm the previously
observed broad band at 152 cm~!. The contribution of this vi-
bration to the static dielectric constant is felt to be con-
siderable. The temperature variation of the transmission co-
efficient was measured in the range 295~—150°K. Although the
experimental setup did not make it possible to reach the phase
transition temperature (123°K), it is deduced from the shift -
of the absorption band (v10 cm~! against the theoretical *18 cm )
that the optical oscillations of KHPO, have an anomalous ferro-
electric behavior near the Curie point.
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Fig. 1. Plot of optical density
of KH, PO,
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Ludupov, Ts. Zh. Complex dielectric pormeability of deuterated
potassium dihydrophosphate at superhigh frequencies. Kristallo-
grafiya, v. 11, no. 3, 1966, 468.

Complex dielectric permeability measurements were made at room
temperature on deuterated potassium dihydrophosphate (DFDP)

crystals in the superhigh frequency range (f = 5-10° to 3.9:10!%eps).
In comparing the superhigh frequency results, ¢* was designated as
the complex dielectric permeability measured at'lower frequencies

(f = 8.-10° cps) on an "RFT" bridge. Measurements in the decineter
range were made on a PIGA coaxial measuring line; in the centimeter
and millimeter range of wavelengths the waveguide method was used.
The crystal samples used had two orientations. In ome case electric
field measurements were taken along the X; axis, while in the other
case the measurements perpendicular to the X, axis (the crystallo-
graphic X4 axis in DPDP lies along the ¢ axis of the crystal, and
the other two axes X; and X, lie along the a and b directions).

Grinding and polishing of the samples were done in order tec secure
good contact with the wall of the waveguide apparatus and better
clamping. All sides of the crystals were silvered by vacuum de-
position. Values for ¢ and tg Si are given in Table 1.
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Table 1. .ues of e+ and tg ‘i for DPDP

i
single crystals at ultrahigh frequencies

The complex dielectric permeability e* = €' + jc", while the results

i i |
give values 1or ¢, tg & = ¢'%/c} and tg 61 = E&}e{.
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Mnatsawranyan, A. V., L. A, Shuvalov, I. S. Zheludev, and I. V.
Gavrilova. Elastic properties of RbH,PC, crystals in a wide
temperature range.

Measurements were made of the elastic properties of the rubidium
di-hydrogen phosphate (RDP) crystals within a wide temperature
range including the Curie point. The specimen stock was grown
frow aqueous solutions at an initial temperature of about 50°C
within 30-—40 days. Specimens in the form of bars (25 x 4 x 2 mm)
and plates (10 x 10 x 1.5 mm) were cut in various directions with
respect to a chosen axis. For measurements of pliability, the
resonance method was used at zero field. The Curie point of the
investigated crystals was, according to earlier measurements by
Shuvalov and the author (AN SSSR, Izvestiya. Seriya fizicheskaya,
v. 25, 1965, 1800) set at 147°K. The temperature dependence of
elastic pliabilities showed a sharp anomaly at about -125°C (i.e.
the Curie point) similar to potassium phosphates, with more pro-
nounced maxima of pliabilities (sEe, sgks) connerted with the
ferroelectric polarization, and glso in Some cases stronger
secondary ancmalies occurring at about 40--50° below the Curie
point. The latter are characterized by a faster drop of pliability
due to 'freezing" of domains at those temperatures,

Sirotin, Yu. I. Group theory investigation of the antiferroelectric
phase transition in ammonium di-hydrogenphosphate. (Paper read at
the International Conference on Crystallography, Moacow, 1966).
Kristallografiya, v. 12, no. 2, 1967, 208-214.

£ theoretical investigation has been made of the antiferroelectric
phase transition in ammonium di-hydrogenphosphate (NH H,PO,) by

the group theorv method, to determine the general transformationel
properties of the parameter characteristics of the antiferrcelectric
phase transition. The treatment proceeds from the structure of the
para—lectric phase and the change of translational symmetry connected
with the transition from the para-electric phase into the antiferro-
nagnetic. The vector functions describing the displacement and
polarization of ions are derived from an earlier work by the author
and V, A. Koptsik (Akademiya nauk SSSR, Doklady, v. 151, 1963, 328)
and applied with certain modifications, to show the interrelations
of structural changes with the change of the symmetry of macro-
scopic properties. The analysis also makes it possible to deter-
mine and describe the four types of domains formed in the process

of phase transition. The boundaries between the domains are con-
sidered as special defects in packaging, but their experimental
identification (possibly by methods of electron microscopy) remains
Jd matter for furthers investigations. The method is applicable to
antiferreclectric transitions of other materials, since all such
‘rausitions are connected with a change of the number of atoms
within the elementary cell, as 1s the case with all known anti-
terroelectric transitions.
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Sonin, A. S. Spatial symmetry and induced polarization. Fizika
tverdogo tela, v. 9, no. 10, 1967, 3008-3010.

An analysis is presented of the character of symmetry element loss
which accompanies the spontaneous polarization or application of an
external electric field to dielectrics and ferroelectrics. The
analysis is based on a comparison of the point system of the initial
space groups to that of the polarized groups. The 14 2d space group
of the tetragonal system of potassium di-hydrogen phosphate (KDP)
ferrcelectric is discussed as a sample. The behavior of particles
under various polarization conditions was analyzed for all the 230
space symmetry groups and a number of general couclusions were
reached. The conclusions are summarized in eight rulee which wmake
it possible to determine the behavior (arbitrary orientation, orien-
tation according to applied field, orientation in symmetry planes,
etc.) of dipole moments in various space groups, at various orien-
tation of polarization or applied field with respect to the crystal-
lographic axes.

Strukov, B. A., M. Amin, and A. S. Sonin. Heat capacity and
permittivity of potassiumdi-deuterium phosphate crystals in the
region o the ferroelectric Curie point. Fizika tverdogo tela,
v. 9, no. 8, 1967, 2421-2423.

An experimental investigation was made of the temperature dependence
of the heat capacity and permittivity of KD,PO, single crystals.
The results showed that the heat capacity at the phase transition
(Curie point, -70°C) reaches a very high magnitude of about 4000 cal/
mol x degree C. The "tail” of the heat capacity above the Curie
point is nearly absent, and the drop of the heat capacity from its
peak value to the normal for the paraelectric phase takes place
within a temperature interval of only 0.1°C. This means that the
close-order effect is small in comparison to that in tri-glycine
sulfate-type ferroelectrics. The excess entropy was found to be
0.94 cal/mol x degree C which is higher than the figure reported
by Bantle (helv. Phys. Acta, v. 15, 1942, 373). The difference,
however, can be explained by the very high heat capacity peak ob-
served ir these experiments. The temperature dependence of per-
mittivity follows the Curie-Weiss law within the para-electric
range, but its maximum (at 69.95°C) remains relatively low (about
2000), which agrees with Sliker and Burlage (J. Appl. Phys., v. 34,
1963, 1837) and other sources. The experiments prove that the
measurements conducted cn stress-free KD PO, crystals in the ab-
gence of an electric field yield data which agree better with
theory (Bline and Svetina. Phys. Rev., v. 147, 1966, 430) than
measurements taken on powder
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Vasilovskaya, A. 5., Ye. L. Volkova, V. A. Koptsik, L. N. Rashkovich,
T. A. Kegul'skaya, I. S, Rez, A. S. Sonin, and V. S. Suvorov. Non-
linear optical properties of deuterized ammonium dihydrogen phosphate.
Kristallografiya, v. 12, no. 3, 1967, 510-319.

Experimental studies were made of the nonlinear optical properties
of a new addition to the KDP group cof compouncs—deuterated ammenium
dihydrogen phosphate (ND,D,PC,). The DADP salt was derived by mul-
tiple recrystallization of ammonium dihydrogen phosphate salt in
heavy water. The single crystals were grown by the cocling method
under agitation of the sclution. The degree of deuteration reached
96rz1%. The temperature of the antiferromagnetic phase transition
vas ~33°C. The measurements of the electro-optical (r¢.) and the
piezoelectric (“aa) coefiicient showed that the contributaon of the
elasto-optic effect to the overall electro-optic effect is 25%,
which substantially exceeds the corresponding v: lue in KDP crystals
but is below that of ADP crystals. The refractive indexes were
measured at the mercury-lamp wavelengths. From these data and the
refractive index corresponding to the emission of a ruby laser, it
wes established that the direction of synchronisr for ordinary
enission and the extracrdinary of the second harmonic make an angle
of 47 # 5° with the Z axis and 45° with the Y and Y axes, which co-
incides within the margin of error of the experiment with the angles
of the ADP crystals. The measurements of the relative energy of the
second harmonic of a ruby laser and the ADP single crystal showed
that this energy increases about 1.5 times due to deuteration. The
transmittivity of DADP, which is important for its use in light mod-
ulaticn and f.equency doubling, is characterized by the shift of the
absorption band by 0.4 U toward lenger wavelengths. This lowers the
absorption magnitudes in DADP (4.5 to 5 times on the 1.4 u wavelength),

Vasilevskaya, A. .., S. S. Gorbach, M.F, Koldobskaya, L. I. Kuznetsova,
L. G. Lonova, T. A. Regul'skaya, I. §. Rez, Yu. P. Sobesskiy, A. S.
Sonin, and V. S. Suvorev. On certain physical properties of potas-
sium di-ceuterium phosphate single crystals in the para-electric

phase.

Experimental investigations were made of the nonlinear character-
istics of potassium di-deuterium phosphate (DKDP) single crystals.

Il was found that the temperature dependence of permittivity and

the loss angle (tan £) measured along the ferroelectric axis at 50 ke
frequency had sharp maxima at the Curie point (-53.1°C) which
corresponded to about 98% replacement of hydrogen. The peak of the
loss angle lagged about 0.4°C behind the peak of permittivity. The
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same characteristics medsured at various frequencies indicated a max-—
imum permittivity at about 5 x 10 ¢, and a declining value of tan &,
reaching 620 x 107° at 1.7 x 10'c frequency. These data confirm that
a relaxation-type mechanism governs these parameters. The refractive
indexes of the DRDP single crystals proved to be lower than those of
KbP. The direction of synchreonism was determined on this bacsis (its
angle was put at 5/:5° to the axis), which is important in laser
applications as the directicn in which the maximum of its emissicn
energy is transformed into its second harmonic. The experiments on

a specimen cut perpendicularly to the direction of synchronism showed
that the relarive emission of the second harmonic in DKDP single
c¢rystals is about balf of that of KDP. ©But the DKDP crystals are
considered superior to KOP with respect to the utilization of their
nonlinear properties, especially of the shift (up to about 2 i) of
the absorption band further into the infrared region. The electro-
optic module (r - = 7 x 1077 CGSE units) proved to be only slightly
depeadent on the light wavelength. The deuterization also affects
substantially the half-wave potential (the potential to effect a
half-yave path cifference), which dropped from 7.5 to 3.9 kv at

5461 A wavelength.

Vasilevskaya, A. S. Concerning the electro-cptical properties of
KDP-type crystals. Kristallografiya, v. 11, no. 5, 1966, 755-759,

To ascertain tle nature of the electro-optic eftects in crystals,

and also for practical applications, the author investigated the
electro-cptic coefficients of mechanically free and clamped crystals
of ammonium dihydrophosphate (ADP), potassium dihydrophosphate (KDP),
deuterated potassium dihydsophosphate (DKDP) and rubidium dihydro-
phosphate (RDP). The values of t“e electre-optic coefficients and
their dispersion were determined in the wavelength interval {row
4000 to 7250 A, The experimental setup and the measurement procedure
are described elscwhere (Kristallografiya, v. 10, no. 3, 1965). The
measurements were made on 43° Z-cuts of cryvstals made iu the form of
prisms with the long uimension in the direction of the epplied load
(110). Three to rour samples of cach c¢rystal were tested. ‘he
plezo-optic coufficvicutrs and their wavelength dependence were dif-
ferent for tne gifferent crystals, but exhibited a similar variation,
the difference being mostly quantitative. It is shown that the
electro-opiic eifect of mechanically clamped crystals is 90—94% cf
the electro-optie eftect of ree crystals in the case of EDP, RDP,

ard DrDP, and 00—70% for ADP. It is also shown that the ratio of
the contribution of electronic Lo electron-ion polarization to the
loctre~optic cticet, which amount . to about 507 in the case of trece
crystalo, is aiterad by application u: pressure teo a small degree in
FLD, LEDE . and PDP, but to o larger degree in ADP. The difterence

s v ' Coopresviee ol g differeat svstem of hydrogen bonds.
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Zheludev, I. S. and Ts. Zh. Ludupov.~lComplex dielectric constant
£ RbH PO in the & x 10°—3,86 x 10'C cps frequency range. Kristallo-
gratiya, v. 10, no. 5, 1965, 704-766.

Measurenents were made of the permittivity of RbH;PO, single crystals
on frequencies between § x 10° and 3.86 x 10!0 cps. The measurement
cata for permittivity values aiong the axis of rotation of the eliip-
soiu of permittivity coinciding with the c-axis of the crystal (e} in
the table), for permittivity along the other two axes (e/(in the table)
= .'), as well as the corresponding loss angles (tan §), are shown

in lable 1. The measurements methods used, the specimen dimensions

and their positioning in the waveguide for longitudinal and transverse

permittivity and loss angle (¢!, tan &) are described.

fable 1. RDbH,PO, permittivity and los3 angles

Frequency €y tan § €3 tan §
I 41.4 3.4 x 1073 20 4 x 1073

4.65 x 10 41.3 0.2 x 1073 26.2 *

1.5 & 107 42.0 % 26.5 0.514 x 1073

3.8 x 10 bu.b * 25.0 *

5.% 5 Uos 40.4 * 23.6 *

9.6 x 10 39.4 1.1 x 1072 * *

3.86 x 10 36.4 3.42 x 1072 23.6 5.1 x 1072

*The data greatly deviated from the expected values due to inaccuracics
of certain measurement techniques and sere omitted.
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IV. BARIUM TITANATE AND OTHER PEROVSKITE
TYPE OYIDES

Begdancv, S. V., K. V. Kiseleva, and V. A, Rassushin., Effect of bis-
muth additives on some physical properties of BaTi03 single crystals.
Kristallografia, v. 10, no. 1, 1965, 74-80.

The effect of small concentrations of bismuth additive on the stric-
ture, dielectric properties, losses, Curie point, and the spontane-
ous crystallisation of BaliO3 was investigated. It was shown that

two ranges (from O to 0.16 atomic % of Bi and above 0.16 atom. %)

can be separated in the concentration dependency of structural param-
eters Ty and Pg. The different behavior of the values in these con-
centration ranges is linked to different behaviors of bismuth ions in
the BaTi03 lattice. In the second range, relexation dependencies e and

_ g6, related to the electron processes, were disclosed. Probable

mechanisms of relaxation processes are also discussed.

Bokov, V. A., S. A. Kighayev, I. Ye. Myl'nikova, and A. G. Tutov.
Antiferroelectric and wagnetic properties of PbCoj/oWj/203. Fizika
tverdogo tela, v. 6, no. 10, 1964, 3038-3044.

PbCo%£2W1/203 single crystals were grown from solution in molten PbO,
and their crystal structure and electric and magnetic groparties
vere determined and compared with those of FbMgy /oWy /203, which is

the only known stable antiferroeleciric of the A?+B1§;w1/203 series

of compounds. The x-ray powder patterns indicated a perovskite-type
structure with a rhombic unit cell at room teggerature and a cubic
coll st 50°C, with ordered distribution of Co“" and W6t ions. The
temperature dependence of the dielectric constant of large single
crystals showed a maximum at 32°C, corresponding to the transition
from the paraelectric (cubic) phase to the antiferroelectric
(rhombic) phase. This maximum shifted toward lower emperatures on
application of an increasing constant eleciric field. The observed
double hysteresis loops in the antiferroelectric phase, i.e., at low
temperatures (below -100°C) when strong electric fields are applied,
vas correlated with an induced transition from the antiferroelectric
into the ferroelectric state. The double hysteresis loop was grad-
ually transformed into a normal loop when temperature was decreased
further to -193°C. The transition point into the ferroelectric
state in the sbsence of a field was determined to be -260°C.
"eritical®™ ficld, at which the hysteresis loop disappears, was shown
to decrease with decreasing temperature. The transition into the
ferroelectric state in a strong electric field is possible because of
a small differenca in the free energies of both states. The anti-
ferroelectric state is more stable in PbMg, /oW, /203 than in
Pbcol/2w1/203, since no double loop was obtained in the former.
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The temperature dependence of the specific magnetic susceptibility of
PbCol/2w1/203 could not be correlated with the appearance of anti-
ferroelectricity, although a deviation from the Curie-Veiss law was
noted below ~100°C. The absence of magneti~ phase transitions was
deduced, at least in the temperature range abovs -196°C.

Pursian, Z. V., and N, P, Smirnova. Nonlinear capacitance of thin
sirgle crystal films of BaTiC3. Fizika tverdogo tela, v. 6, no. 6,
196/, 1818-1820.

This is a coatinuation of a series of papers by various authors de-
voted to the investigation of polarity reversal in thin films of
BaTi0;, The authors have extended the range cf thickness of single
BaTil; crystals that may be investijated for determining the geomot-
rical effect. They have found that nonlinear polarization is pre-
served as the thickness is diminished from 100 to 1 micron, but that
the activation field of the nonlinear part increases proportionally
to the reciprocal of the thickness. In rather strong fields the
temperature dependence of the dielectric constant is preserved, as
are the other features of ferrc .lectricity. These results confirm
the view that the surfacz layer plays a decisive role in the mech-
anism of polarization., It is pointed out that completve polarization
at saturation proves to be no less for thin layers than for thick,
and it may even be greater., A value of 2.5 microcoulombs/cm2 vas
obtained for a thickness of 6 microns and of only 2 wicrocoulombs/
for a thickness of 30 microns,

El'gard, A. M. Effect of unilatersl mechanical stresses cn the di-
electric and piezoelectric properties of polarized ferroelectrics.
Fizika tverdogo tela, v. 6, no. 8, 1964, 2502-2509.

This investigation was prompted by the fact that the effects of
mechanical stresses on ferroelectric properties have not been suffi-
ciently well studied, with the possible exception of the BaTiOj3 ce-
ramic, and by the fact that recently highly effective piezoceramic
materials have been developed on the basis of other ferroelectrics.
The author investigated the effect of unilateral mechanical streases
on the dielectric and piezoelectric properties of polarized ceramic
ferroelectrics based on barium titanate. lead metaniobate, ar? lead
zirconate-titanate. The unilateral compression was effected with the
ald of a special lever-type press, The samples were prisms

(& x & x 15 mn with electrodes either on the ends or on ithe sids faces)
v'ich were always compressed along the height so that the mechanical
stresses were oriented either parallel or perpendicular to the poiari-
zation direction. The variation of the dielsctric constant with the




applied alternating voltere wac obnained for the ferrselecirics both
in the compressed state and after removal of the loed, This yielded
data on the reversible end irreversible variation of the piezoelec-
tric moau11 in both compression (.1200 kg/em:) and tension (.200

kg/em - ). The differences between the various compositions are
analyzed in detail. The rosults are interpreted on ‘he basis of

the reorien-aticn ~7 domains vnder the influence »f mechanica.
stresses.

-

Fedotov, I, I, OSound veloctiv ané the T - effect in ferroelectric
ceramic cell piecoelements. Fizika tverdogo tela, v. 9, ro. 8, 1967,

2419-2421.

Measureuents vere made of the ultrasound velocity and *E effect in a
2?Sr0 05x{Zrg s3T5 ;703 + NbyOs  ferroelectric ceramic . The
method of measurement was dodcribed earlier by Fedotcv and others
(Primeneniye ul'traskustiki k issledovaniyu veshchestva, Cbornik,
no. 14, 1961, 2A9; Fizika tverdogo tela, v. 6, 1964, 602). The
ultrasound velocities (with frequencies from 3 to 9 Mc) were found to
vary between 4280 and / 00 m/sec in polarized specimens, ard between
3940 and 3860 m/sec in the same, but depolarized specimerns. The
Poisson coefficient was equal to 0.33., The 4E effect, as a function
of the polerizing field intensity and the duration of its applica-
tion was found to grow in 3 nonlinear ratio as the field intensity
and its duration increased (reaching 18% increase at 30 kv/cm and
30 min duration), the main .increment occurring during the first
1-2 min, and at coercive field intensities (10 to 15 kv/em). An
anomalous effect of reduction of the E effect with time in a high
intensity field wes observed. A full cycle of applied field inten-
sities produced a butterfly-type hysteresis loop similar to one of
barium titanate (Fedotov, Fizika tverdogo tela, v. 6, 1964, 602)
and that of the directend reversed piezoeffect in the present mate-
rial (Balash. Kramarov and Shpolyanskiy, lzv. AN SSSR, Ser.fiz., 29,
1965, 2086). The magnitude of the residual /E effect was about
90-95% from its maximur., The hysteresis loop was closed if the
measurements referred Yo the points of the sign reversal of the - E
effect, but remained open when plotted with reference to the zero
point (desipnating the initiai stale of the specimen). This obser-
vation remained unexplained until further investigations.

~r 1

Guenok, Ye. P., and 4, Yu. Kudzin. Dependence of polarization of
single ~rvstal BaTil-- TapJds or the humidity of the surrounding at-
mosphere. Fizika tverzopn tela, v. 8, no. 6, 1966, 1702-1707.

n-tinuation of earlier work {FTT, v. 7, 2845, 1965 and




preceding papers) on the ferroelectric properties of single crystals
of barium titanate to which tantalum oxide is added. The tests were
made on BaTids with 0.3 mol.% TapOs, grown from the solution in a
potascium fluoride melt, Silver electrodes were deposited by cathode
cputtering. The dielectric constant and the dieleciric loss angle
were measured at 1 Me by variation of the reactance, and at audio
freguencies by a bridge method. Tre dielectric hysteresis loops were
irnvestigated at 50 cps by the Sawyer-Tower procedure. The electric
corductivity was measured with an ohmmeter. The relative humidity of
the surrounding atmosphere was produced with the aid of saturated
salt =oluticns. The results showed a strong increase in the dielec-
tric -onstant end in the dielectric losses with increasing humidity,
when nzasured in a weak field, and an increase in the crystsl polari-
zation in streng fields. The dielectric constant decreased more rap-
idiy with increasing frequency at increased humidity than in a dry
atmosphere, Although the results are strongly influenced by the sur-
face finish of the crystals, they cannot all be interpreted as being
due to an increase in the effective electrode area by absorption of
moisture on the free surface., It 1s concluded that the effects are
due to the joint action of the moisture and the surface properties

of the crystels, particularly the nature of the ferroelectric do-
mains and their wedges on the surface, A model capable of explain-
ing qualitatively the results is briefly described.

Guyenok, Ye. P.,, and A, Yu. Kudzin. Effect of vapor from liquid
polar compounds on the dielectric properties of barium titanate sin-
gle crystels with various admixtures. Fizika tverdogo tela, v. 7,
no. 9, 1965, 2845-2846.

Some data are given from an investigation of the effect which atmos-
phere has on the dielectric properties of Beli03, both as a pure sin-
gle crystal and with small additions ( <1 mol %3 of cobalt, nickel,
manganese, tantalum, and niobium oxides. The effect of eambient
moisture content on the dlelectric constant of the specimens was
studied. Crystals of pure barium titanate and those with impuri-
ties of cobalt, nickel, and manganese oxides showed almost no

change in the dielectric constant when the relative humidity was
chanped from 70 to 10C%. The properties of crystals with small addi-
tions (~0.3%) of Ta,05 or Nb,0g are strongly dependent on ambient
humidity. For most crystals with these impurities, an increase in
humidity from 70 to 100% caused an increase of 30—60 ¥Mf, which is
25—50% of the oripinal capacitance of the specimen. For some spec-
imens the change wes greater than 100%4. The cspacitance of these
specimens was a function not only of water vapor in the air, but of
vapor frem cther liquids as well, It is assumed that the experimen-
tally observed phenomena are due to the effect of adsorbed polar mole-
cules on the surface layer.
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Ismailzade, I. G. X-rgy diffraction study of phase transformations in
bismuth ferrite. Akademiya nak IR Doklady, v. 170, no. 1, 19ut. £5-87,

Sintered BiFeO3 bismuth ferrite has been investigated to determine the
Curie points and the nature of changes occurring at temperatures of
20—850°C, The transformations occur between 20— 845°C. It was con-
cluded that a superstructure exists in the lattice of bismuth, fer: "te
due to the antiparallel displacement of ions in the lattice. Conse-
quently, bismuth ferrite is antiferroelectric-antiferromagnetic. The
temperature of transformation from an antipolarized to a para-electric
phase wes found to be 875°C.

Isupov, V. A., and L. T. Yemel'yanova. Antiferroelectric phase tran-
sitions in tungstates with a perovskite-type structure. Kristallo-
grafiya, v. 11, no. 5, 1966, T76-784.

Experimental investigations were made of the temperature dependence
of the permittivity, dielectric losses, and thermal expansion of
PbCd, sWo,503 and of the PbMgo,sWo,503~PbCdo,sWo, 503 solid
solution. Purpcse of the investigations was 1) to disclose the na-
ture of the phase transition of Pdeo, 5Wo,50 and 2) to determine
the effect of replaciug the Mg?™ ions in the eforementioned solid
solution with Z2n 2% Cu?*, and Ni2% ions on the temperature of the
antiferroelectric phase transit1ons and the stability of the ferro-
electric and anciferroelectric states. The measurement results
showed that the permittivity of PbCdg, sWo,s503as a function of tem-
perature, has a jump at 420°C which is accompanied by a change in
volume. The dependence has a flat maximme within the 130-24C°C range.
The permittivity jumps in both investigated materials appear to corre-
spond to the displacive phase change. An antiferrcelectric phase
change occurs within the 130—240°C temperature rarge. It is possi-
ble that several phase transitions occur within this temperature
range, which would explain the flat permittivity maximum in that in-
terval. Replacement of the Mg ions with those of Zr and Cu causes
the temperature of the antiferroelectric phase change to rise; re-
placement with the Ni ions has the opposite effect. The temperature
dependence of the antiferroelectric phase change in the solid solu-
tion on the type cf its second components appears to be connecteu

to a degree, with the electron polarizability of the BE%* ions and

ion polarizabilit - of the w8 ions.,

Isupov, V. A., and N. N, Kraynik. New antiferroelectrics with perov-
skite structure and rare-earth ions in octahedral lattice points.
Fizika tverdoro tela, v. 6, no. 12, 1964, 3713-3715.
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Three new compounds and one known antiferroelectric compound with
perovskite structure were Qtudied in the geries of compounds :ith the
general formula Po(BJY ©B 31 .)0, where B * is Lu or Yb and B Tis b
or Ta, The purpose of the study was to discover new compounds with
ferroelectric or antiferroelectric (and possibly ferromagnetic) prop-
erties, in view of indications in the litegature of the possibility of
obtaining such compounds in the Pb(B:t:. B3t . )0; series with rare-
earth ions of smell dimensions in octahedral sites. The polycrystal-
line compounds were synthesized by sintering oxides at 960—980°C in
an atmosphere of lead oxide vapors. X-ray study revealed a distorted
perovskite structure in all four compounds. The dielectric constaat
measured with an IE-2 instrument at 500 khz was found at a maximm in
the 270— 300°C range. Moreover, two additional low-temperature phase
transitions were detected in Yb-containing compounds by dielectric-
constant and dilatometric measurements. The phase transitions were
identified as antiferroelectric on the basis of the linearity of the
plot of dielectric constant versus the electric field potential. All
the antiferroelectrics studied have a relatively high Curie point.
The Curie points of Nb and Ta compounds and those of Lu and Yb ccm-
pounds are practically the seme. The linear thermal expansior is
amaller in the paraelectric than in the antiferroelectric phase. The
antiferroelectric properties of the new compounds were compared with
those of known ferroelectrics.

Ivanov, I. V., and N. A. Myrozov. Nonlinear properties of ferroelec-
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