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 Effect of Various Factors Upon the Curie Temperature SOV/48-22-12-17/33
of Piezoelectrics With the Structure of the Perovskite Type

type of the piezoactive cation , as proposed in references 8, 9,
13 promotes the solution of the problem discussed. Therefore,
they have been investigated again in this paper. It was attempted
ts explain the differences of the Curie temperature in
piezoelectrics with perovskite structure in the same way, by
using only such characteristics as polarizability, charges and
radii. The degree of covalence of the bindings in the respective
compounds was neglected. The authors started from an approximate
theoretical estimation. They used the results from references

15, 16, determined in the investigation of the effect of various

parameters of cationa wupon the internal field of piezoelectrics
with perovskite structure. The conclusions drawn on the basis of
theoretical estimations agree with the few experimental results
obtained by the authors of this article and Snwaguchi (Ref 7).
As soon ag new experimental data will be obtnined 1t will be
possible to check also the theoretical results still improved.
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AUTHORS: Venevtsev, Yu.N., Zhdanov, G.S??Vgggov'yev,/g.P. and ’
TITLE: On Internal Fields in Ferroelectric PbTiO3 (0 vnutrennikh

polyakh v segnetoelektrike PbTiO3)
PERIODICAL: Kristallografiya, 1959, Vol %, Nr 2, pp 255257 (USSR)
. ABSTRACT: Calculations of the internal fields in PbTiO3 crystals

have been made by the Madelung-Hagedorn method

(R. Hagedorn -~ Ref 3) which is more accurate than
Kozlovskiy's method used before, according to the work
of Yu.N. Venevtsev et al (Ref 1). These fields Ei are
Pb 1.4, Ti 6.9, 0; 6.1 and Oyp, Opyy 1.8 x 108 V/em .
The contributions of the separate.ons to the spontaneous

. - 2
o polarisation of 81 x 10 6 coulomb/¢m are tabulated. The
internal fields for model crystals of the Pb'I‘iO3 type

but with ions of different polarisability are similarly
calculated. For BaTiO, the calculations by both methods }f

3
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SoV/70-4-2..26/306
on Internal Fields in Ferroelectric PbTiO3

are in good quantitative agrecenent. Graphical examination
of the parameters affecting the internal fields show their
relative importance. In order they are: 1) 1lattice
period; 2) charge on the forroelectric cation;

3) polarisabili.y of the ions of the oxygen octahedra,

4) polarisability of the ferroelectric cation;:

5) polarisability of the non-~ferroelectric cation.

There are 1 figure, 2 tables and 5 refecrences, L of

which are Soviet and 1 German.

ASSOCIATION: Fizilko-khimicheskiy institut im. y.Ya. Karpova
{ Pryaicel.feml=? Institute im. L. Ya. Karpov

SUBMITTED: November 1%, 1958
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TITLE:

) Ferroelectrics of the Perovskite Type

PERIODICAL: Kristallografiya. 1959, Vol 4, 'Nr &, PP 575-578 {USSR)
n article by the same

rried over from a
£ the projection of the

ABSTRACT: The notation is ca
for different

authors {Ref 1).
structural coefficients

The values O
sl(xiyvz) 2 Cik
orientations (cube edges, face or bodYy diagonals) of the
dipoles in a cubic perovskitu~type cell are tabulated in
torms of P and Q. (P=-~- 15.04102 and Q = 4.33387).
The coefficients Cik rically

o the'field strength,
due to the sub-lattice O

are dimensionless and nume

additional to the Lorentz
f unit dipoles of the Xk-th

equal t
i-th sort of ion. The
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AUTHORS: Zndanov, G. S+ golov'yev, s. P., yenevtiev, yu. N-»

ivanova, v. V. - -
TITLE: Internal Flelds 1in the Ovthorhomblc Modlfication of

paTiO-

i}

PERIODICAL: Kristallograf iy 1959, Vol ;N 6, pp 8595-801 (USSR)

ABSTRACT: Internal flelds 1p orthorhombic (pseudomonocliniu)
. ’ parium titanate are computed according to lonic-
displacement data reported 10 phys . Rev.s 1059, 7» 856,
1957 - Computations are pased OO0 the assumptlon thatb
olnt tonic charges are displaced parallel to the edges
of monoclinlc unit cells, twice a8 gmall as orthorhombic
cells,and are supevposed py the gimilarly displaced
oint dipole moments. The 1atter's magnitude 1s
determined ag the product of tonic oolarlzation and

card 1/5 the affectlod toternal field ~The wnowun equations
2wt~y — 1 Q Sy N Ak
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Internal Fields 1o the Ortnovhomblc 77103 )
Modificatton of BaT10; g0V ,/{0-4-0-3/31
that deflnes che fletd alovy Lhe L zxis 0 corms oF
equal dipoles D and coovdinutes Koo t-th

, 2 of
dipole, is reduced, substituting he %hrcc Sums, 07
the sake of priefness, oy hx_, hy\, hxz' in cubld
and cetragonal BaTLOa, S ﬁxz" ., Bre equal tO
zero. Using yarlous cnlc%latLon mé%hods tpe Zuthous
proved that h, L0 ”monocltnlc" puTi10, 18 vantohiogly
3mall relativ:'to h « and can be disvégcrded, wtle

o remalns aboutb thé same @S in cubic paT1i0- - Thus

: dﬁﬁole moments Py ror each projection upon lex,z)

card 2/5 azls become detined bY:

5 . [

Pk COS‘?“ . -y _‘:E_
T b — ) =5 S Ua
=1 K-t

gnere k = L)@ .09 1s numbed of unlile 2HOW3 {n the
anlt cells &€ 15 charge ot & k-tyoe ion; @ and ¢ ove
edgelengths 6fnwnoclinic cells; £y)q0 g structure
factor whose/magnitude equals the }ier intensity
affecting {-th atom in the sublattice formed OY K-
type atoms; 7 1s angle petween 1 axis and ¥-

b s

ype dipole;
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Intertal Fields 1in the Ovthorhombic i{{106
Modifi:ation of BaTiO3 SOV/TO-“~6;9/31

0 re kel
by 7= Kj‘ k=

ag
Spontaneous polavizabion 1g computed secording Lo:

s ’
. v Py €08 9y v ey 8k
p, = BT B

k=1 rm=1

where Syq denotes displacement of W-type atoms along

1 axls.  The computed values (Tab1e2) sre about the

game as 1o tetragonal BaT10., - The computed sgontaneous
polarization proved to be edual to the experimental one.
Ti atoms are subjected to the highes?t field intensity
and Ba avoms to the lowest. The {1elds affecting poth

atoms and OXYgen Ollare parallel to the polar axis and

to the displacements of the respective abomns, while the
fields affecting OI and Olllare symmetrically jnciined

to the polar axils; they apre under 290 to the displace-
card 3/5 ment directlons: ona 9030' to X and 7 axes.
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Internal Flelds 1o the Orthor‘hombic

Modiflc ation of Ba’l‘lo3

- 400 v/:,,«. x
o

| (mtﬁ42¥y4w% mchmug C_ P
Ee | Ea | W . . s

x ‘ t x ‘ 1 x ‘ z
pa | —0.08]0.%8 042] — 1.3 1,3 b3 1,3 0 0
Ti | —3,801 3.0 500 | —15.9 15,7 A T O B 2 9.7
0, | 0.4 562 | 2,86 | —12.3 574 831 499 —48 72
0y | —0447 0,47 10,67 438 | 138 _90 | 90 48 | 48
Ogyp | —2:82 0.4 | 2,801 —97: 12,3 | —40.0 83 | —T1.2 5,0

pssistance of the 1ate G. 1. gkanavli 1is acknowledged.

There areé ) figures; b rablesd; and 11 references,

4 U.S., 2 goviet, 2 German, 2 panlish. The U.S

references ares G- snirane, . Danner, R. pepinsky,
phys, Ref., 105, 2» 856, 19573 j. C. Slater, pPhys -
RevV ., 18, 748, 19503 S- Triebviasser; J. Phys. Chem.
golids, 2> 1/2, 95, 19%7; H. . vieder, phys. Rev..

card /5 99, 1161, 1995
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1meni L. Ya,‘Karpov ‘
ASSOCIATION: Physicochemi(‘.al InStiggzitut i1meni L. Ya. Kar‘pOJa)

(Fiziko—khimicheskiy

SUBMITTED: September 16, 1959
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CUTHORS:  Venmevtsev. Yyl - JBURELE20R.s. . Soloviyev. S.P.,
Bezus Ye.V.. Ivanova. V.V., FeduloVv, S.A. and

pesLTy

Kapyshev, A.G.

TITLE: Grystal Chemical Investigations of Substances with
the Perovskite Type of Structure Which llas Special
Dielectric Propcrties}

PERIODICAL: Kristallografiya- 1960, Vol. 5, No. li.

pp 620 - 626
TEXT: In aaTiogéahe diclectrically-active 1on is the Ti but
in PbTiO3 it is the Pb 1on. The (Pb.Ba)TiO3 system may, there-

fore, be expected to shovw peculiariLies where these two cffects
interacte The variation in structure. dielectric and piezo-
electric properties is not cont inuous from onc end-member to
the othere. Experlmcntally. solid solutions with 74 9, 11. 14
and 24 wt. % PbT103 showed anomalies not explicable as due to

joss of PbO- NaNbO3 undergoeg several phade transitions 11n 2

whort temperature interval. Dielectric and optical observations
give transitions at 360, 470, 520 and 640 Sc. X-ray data contra-
dicrn all but the first ot these. Polycrysfa]line material was
Card 1/4
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s/o7o/60/005/004/009/012
E132/E360
Crystal Chemical InVeSLigations of Substances with the Perov-
akite Type of Structure Which Has Special Dielectric
Properties :
studied by X-ray methods up to 700 %¢ and transitions at 300,
430, 470, 520 and 640 ¢ were found. Below 360 °C NaNbNO, 19

moncslinic with a - ¢ /b and B > QOog. Above 360 °C it 1s
monoclinic with & = © - b and B > 90 C (true symmelry
ortharhombi:). The transition from orthorhombic to tetragonal
15 not at 360 but at 430 °C. The X-ray method is no less
sensitive than the optical and dielectric methods.

From an examination of solid solutions BaTi0, ~(Ca,Sr)(Zr,Sn)03,

it 1% concluded that. other things belng equal . the Curie
temperaturc of perovskite type ferroelectrics 18 higher . the
smaller 18 the period of the lattice and the higher 19 the
polarisabilxty of the artive cation.
BiTi0, with added 8120_.Cr30q ond B1,0..A1,0; has been

. 3 275 275 279

synthe51sad and specimensz choed propertres Like those found 1in
BaTxO5 contalining 514T15012‘
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5/070/60/005/004/009/012

Crystal Chemical Investlgations %})gdggégnces with the Perov-
skite Type of Structure Which Has Special Dielectric
Properties

BiFeO3 and specimens in the system PbTiosmBiFeOS have been

synth@sised. The formgr has a rhombohedral distortion

(a = Do 63 , 4@ = 89%241) and a gquscept ibility about 80.

At 200 C the Susceptlbllity has a maximum of abhout 1200. In
the solid solution up to 70% by wt. of BiFeO3 there is also

a tetragonal modification. The Curie point of BiFeO3 appears
to be higher than that of PbTiOs.

General methods for<nlcu1ating the internal field have becen
developed for structures of any dipole configurations. These
have been applied to the or thorhombic structure of CaTiOB.

Here. the internal electric field is zero at the Ii aites.
There are 29 references: 2 Japanese (in English). % English.
2 international, 1 Swiss, 1 German and 15 Soviet.
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SUBMITTED: February 23.
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8132/E360
AUTHORS : Solov'yovL_S.P., Vencvtsev Yu.N. and
Zhidanov, G.g; - ,Q

TITLE: on a Method of Calculating the Internal Ficlds in
Complex Dipole Structures

PERIODICAL: Kristallografiya, 1960, Vol. 5, No. 5,4

pp. 718 - 725
TEXT: A method is proposed for calculating the internal field
in complex dipole structure. In general, the problem comes down
to the solution of a system of linear equations with 5m
unknowns, where m is the number of atoms in the elementary
cell. If the symmetry of the structure is taken into account
the number can be decreased to 5n where @I is the number of
complexes and where 1 is less than m - Ewald's method can be
successfully applied to calculating all the structure sums
necessary for estimating the fields. The method is generally
applicable in all cases where the structure has been determined.
The calculation of the structure sums enables the idealisation
of the structure to be avoided as these sums can be calculated
in any case. Sometimes, however, in spite of the methods
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on a Method of Calculating the Internal Fields in Complex
Dipcle Structures
available for reducing the tediousness of the calculation of
the fields in real structures, the number of unknowns may be
too big to enable the system of equations obtained to be solved
by hand methods. This raises no difficulty as modern computing
machiines can deal with such systems of equations with extreme
speed. In facti., the systematic calculation of the fields in real

&antiferroelectric crzstals and in other structures 1is best done
ed.

by a machine appropriately programm
There are 1 figure and 14 references: 5 Soviet, 1 Swiss .

5 English and 3 Germane.

ASSOCIATION: Fiziko—khimicheskiy institut imeni
L.Ya. Karpova (Physics—chemical Institute

imeni L. Ya. Karpov)

'~

SUBMITTED: March 1, 1960
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8L996
24,7800 (192, 1Y, //47’) 5/048/60/024/010/005/033
4 B013/BC63
AUTHORS: golov'yev, 5. P.. Venevtsev, Yu. N., Zhdanov, G. S.» and

PU———

Ivanova, V. V.
TITLE: Method of Calculating Inner Electric Fields in Complicated
Dipole Structures and Their Application to paTiO; ;1

PERIODICAL: Izvestiya Akademii nauk §SSR. Seriya fizicheskaya, 1960,
vol. 24, MNo. 10, pPP- 1191 - 1194

TEXT: A general method is suggested for calculating the inner electric
fields in complicated structures, in which there may take place both

parallel and antiparallel ionic displacements in an arbitrary direction.

This method, which was applied to the calculation of fields in CaTiO, {f‘

type crystals, constitutes a generalization of the methods that are
used for calculating the fields in piezoelectric aubstances}bf an
ABOS-type structure, and proceeds from the respective structure model

of the compound concerned. A total of pix different cases were examined.
The calculation was made at the vychislitel'nyy tgentr MGU (Computer
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Method of Calculating Inner Flectric Fields in /048 60,/024/910/005/033
Complicated Dipole Structures and Their B013/BC6Y

Application to CaTiO3
Center of MGU) with the computer a(TPEAAW (Strela). The calculation of ’
the fields in CaTiOB-shows that the distribution of fields in this com- <71\

pound depends only little on the polarizability of Ca ions. It is all
the more dependent, however, on the effective ion charge, up to the
change of the signs of the fields acting upon the oxygen ions, although
the qualitative picture remains unchanged. The fields acting upon Ca
ions are only little varied in this connection. In all of the six cases
examined the fields are considerably smaller than is the case with the
piezoelectric ABO3 compounds. In this case, a8 may be seen from the

structure symmetry, the field acting upon the Ti ions is exactly vanish-
ing. In Ba‘l‘io3 and PbTiO5 (Refs. 8 and 9), on the contrary, fields of

maximum strength act upon the Ti ions. The basic difference between the
fields in CaTiO3 and in the piezoelectric ABO} compounda related to it,

is connected with the fact that in the latter the octahedra are greatly
deformed, while they are nearly ideal in CaTioi'

The relationship

Card 2/4
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Application -to CaTiQ} ’ : ;
: [

between| the anomaly'of dielectric properties and the deformation of . -i
306 octahedra can ba also observed in the case of such ABOB gompounds

ger PbZrOB; PbHEO, Naﬂboi. It can be stated that the presence

ag are,i .
of a deformation of B - 0 is &an indispénaable prerequisite for an anti-
piezoeleotric phase transition. The authors thank v, colla~

borator!of the computer center of MGU for his assiatance in the computa-,‘u»

tiona. The present paper Was read at the Third Conference
tricityl, which took place in Moscow from January 25 %o 30,

|
Method of Calcul

“are 1 figure and 12 references: 4 Soviet,

1960. There '
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\$.265° »125/B104
; AUTHORS: Fedulov, Se. A« and Venevioev. 1 0e iie

e
TITLE: Investigation of structure and dirieciric properties of solid

golutions (Pb,Sr)(Ti,Zr)o3

PERIODICAL: Fizika tverdogo tela, V. Dy D2 ©1, 1961, 3371-3375
301id solutions in the

TEXT: The authors found a continuous seriso y
j-nces of the dielectric

PbTiO, - SrZrO3 system. The temperature g
constant £ 4 the conductivity &, and taanware .nvzotigated by employing

yn-3 (Um-3) end MOM-4 (10M-4) tyPe pridges and a hB-1 (kv-1) type Q-meteT.
£ and tan d were mainly determined for 1,000 cycliesd. Part of the samples

with pseudomonoclinic distortion were inves®igased witn CT radiation in
himicheskiy institut

PKR-143 (RKD-143) type chambers (built By 0 wiziko-k
At room temperature,

im. Karpovae (Physicochemical Institute im:ni Ferpov))e
these solid solutions of the PbTiO3 - Sr7r.., -yibem are found in %hree
Licasacclinic (Fig. 1).  Period }(

modifications: tetragonal, cubic, and pezumica
/
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¢ becomes smaller in the tetragonal modifiwv..sizn but period a increases.
Fig. 2 shows the behavrior of ratio cfa. 1ot 3 shows a steady inorease

in the cubic system. In the pseudomonoclxni: Tange, monoclinic angle /3

and periods a=¢ jpcrease while the ratio U/ a of the monoclinic axes
decreases. Solid solutions (Pb,Sr)(T4,2r); ;ith 32.5/4 by weight (40 mole, ;

of SrZrO3 show a Curle temperature of mors .oan ZOOC. Fig. 3 shows tne

temperature dependence of £ for solid solurzxcns of various types. Tne
temperature dependence for a sample with 5, by weight of SrZrO3 was

established at 500 kilocycles, that for twn nonul gamples at 1 kilocycle. )z
conductivity of solid solutions and tan d n1:: decrease with increasing ’
concentration of SrZrOB. From these data, '° 33 possible %o compile purt

of a phase diagram for solid solutions invout:zsted (Fig. 6). When
writing down the composition of ferroelecirisv of perovskite-type
structure in the general form AB03, aclid soiuniono are formed through

simultaneous gubstitution of iomns A and @ in ‘Lo systems P'oTiO5 - 5rZr0yy
Pb’l‘io3 - SrSnOB, and PbTiO3 - SrTioﬁ. T .riv temperature snows ite
-7
ard g 7
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- strongest decrease in samples investigated if SrSnO3 is introduced, and it
is less affected by SrZrO3 and SrTiOB. A similar behavior was observed in
analogous series of solid solutions where A-iype jons are either Pb2+ or

Ba2+ ions. The monoclinic structure may te caused for the cubic cell in

the series SrTioa, SrSnoﬁ, and SrZr03 by a decrease of the geometrical

factor t from 0.96 to 0.88. G, S. Zhdanov is thanked for a discussion of
results and interest in the paper. Phere are 6 figures and 16 references:
10 Soviet and 6 non-Soviet. The three mo3s ~acent references to English-
language publications read as follows: J. Pnys. soc. Japan, 14, 10, 1286,
1959.3 F. J. Kulscar. J. Am. Cer. Soc., 47. 1) 49, 1959.; J. Smith,

A. J. E. Welch, Acta Cryst., 13, 8, 653, 1960.

\
ASSOCIATION: Nauchno-issledovatel'skiy rigiko-khinicheskiy institut im. "(
L. Ya. Karpova Moskva (Scien-ific Physicochemical Research
Institute imeni L. Ya. Karpoev)

SUBMITTED: June 7, 1961
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7.208/ (2303, YY) E032/E314
24,7800 (11 ¢2., 1385, 1136)
AUTHORS 2 Solov'yeVv, S.P., Venevtsev, Yu.N., 2h.danov, G.S.
and Ivanova, v.v., T ommmmmmm e

TITLE: Calculation of Internal Electric Fields in
Perovskite Crystals (CaTiO3)

PERIODICAL: Kristallografiya, 1961, Vol. 6, No. 1,
ppc 78 - 85

TEXT 3 In a previous paper (Ref, 13) the present authors

gave an account of a general method for the calculation of

internal fields in structures having an arbitrary dispostion

of dipoles., The aim of the present paper is to apply this

method to the calculation of fields in the antiferro-electric )
dipole structure of CaTiOS, using a model based on the real f\

strancture reported by Kay and Baily in Ref, 14, 1In the
method described by the present authors in Ref. 13, it is
assumed that the polarisabilities and effective ion charges
are known, The polarisabilities of Ca and O ions_gsre’taken
from the book by Kittel’ (Ref. 15) (uca = 1,1 10 cm” o
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ay = 2. x lomzqcmB) , It is further assumed that the
effective charges of the ions in BaTio3 are approximately

equal to one-half of the total ion charges. In order to

estimate the effect of the assumed magnitude of the charges

and polarisabilities on the field distribution {ix different
variants of the calculation were carried out, in which the
charges and polarisabilities were varied within reasonable

limits. The results obtained are summarised in Table 3, .
which gives the internal fields in_CaTioja The first five

wvariants are based on the real structure of CaTiO39 shown in

Fig. 2. For comparison, variant 6 is based on values of the

£ and h sums calculated for undispersed positions of the
ions. All the calculations were carried out on the electronic
computer "Strela" at the Computation Centre of MGU.
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Acknowledgments are expressed to N.F. Trifonov and

A. Tel'nova of the Computation Centre of MGU, who carried
out the nunierical calculation on the ngtrela" computer.
There are 2 figures, 3 tables and 17 refcrences: 7 Soviet
and 10 non-Soviet.

ASSOCLATION: Fizikokhimicheskiy institut im, L.Ya.larpova
(Fhysicochemical Institute im., L.Ya. Karpov)
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Table %3¢ 1 - Variants; 2 -~ E-10 , V/cmy 3 - Frojection AX1is;
' = CGSE = esu
Bapsanru | *
1 2 | 3 | [y 5 | s
Ock apg wm 1,1:10-% en';
24072 <N i 22043 aca @0 . Ca .
) e [ T ey, sosatinren.  oqu
15 :o'l'l-:-zf % .'(?L'lf'.g .;‘.'.33 00 =10 | 5% Cosk; vpm —1.CGSED
“x | —o,0m08 | —0,136 |—0,0072} —8,0720 ' _8,08/.6‘ -o 0072
s 0 0
Fes ‘; 8.494 0,751 | 0,517 0,601 0,557 o 422, 1
l
0 0
X 0 0 0 0
Eql Y 0 0 0 0 g 8
pA 0 0 0 0
5 X 0,767 | 0,876° (2).053'_ —8,471 8,792" 8.856‘
RO 8,0215 8,302 —0,4%0°| 0,080 0,006 | —0,0714"
. . 0,489° 0,544
. X 0,470° 0,546°| 0,928°| 0,0578 , 0,544
Card li 5 E _0 892 -1.887 0 1340 _0'8§[3 —0,94 -
/ on }' —0,085 | —0,570 | 0,519 —0,0258 | —0,520
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AUTHORS ¢ zggiiiggxlm}yiN., Bondarenko, Vv,sS,, Zhdanov, G,S,,
Chkalova, V.V, and Stember, N.G.
TITLE: Anomalous changes in the lattice parameters, the

dielectric and Piezoelectric properties of (Ba, Pb)T103
80lid solutions

PERIODICAL;: Kristallografiya, 1961, Vo1,6, No.3, pp.375-380

TEXT: Samples were brepared from chemically pure titanium

dioxide and barium and lead carbonates, X-ray investigations
showed that solid solutions of (Ba, Fb)Ti03 had a tetragonal-
distorted cell of the perovskite type, Results of precision

weight % PbTi03, The curves are not continuous and there are
sharp changes at 5.5, 9.2, 11.2 and 13.5% PbTi03. Fig.la shows
the periods of the crystal lattice ¢ and a; Fig.16 shows c/a;
Fig.1B shows the volume vV of the elemontary cell against

weight % PbTiO3. The results ofr measurements of the dielectric
constant ¢ against temperature (°C) are shown in Fig,2 (the

numbers on the curves correspond to the % PbTiO}). The values of
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the dielectriz constant at the Curie point emax are plotted
against concentration (wt,%) PbTiOx in Fig.3, There are sharp
maxima at 5.5, 9,2, 11 and 13,7% PbTi05, The curves in Fig,2
enable the Curie point and the positions of the second and third
phase transformations to be found. On the basis of these
measurements, the phase diagram at the BaTiO3 rich end can be drawn
(Fig.4). The change in the piezo-modulus d33 with composition
is shown in Fig.5. There are maxima at 5.5, 11,2 and 13,5 wt,%
PbTiO03. The obtained data agree in many respects with those of
previous work when commercially pure materials were used, The
results, as well as published data, lead to the conclusion that the
observed anomalies are characteristic of the solid solutions of
(Ba, Pb)Ti03 and they may be due to the differences in the
properties of the barium and lead titanates, A change in the type
of ferroelectrically active cations probably takes place in the
concentration range of 11,2 to 1.35 wt.% PbTiO3 when the second and
the third phase transitions, which are characteristic for barium

titanate, ceased to exist. Other observed anomalics are also
attributed to the differences in the properties of the titanates of
barium and lead. Acknowledgments are expressed to Senior
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laboratory assistant B.G.Nikolov, Technician I.I.Morevua,
Engineer V.A.Ulitin and Laboratory assistant G.V.Bazhanova for
their assistance, There are 5 figures and 9 references:
4 Soviet-bloc and 5 non-Soviet-bloc, The three references to
English language publicationg read as follows: H.D.Megaw, Proc,,
Phys.Soc,, 58, 135,.1946; * G.Shirane, F.Jona, R.Pepinsky, Proc.IRE,
43, 12, 1738, 1955; B.Joffe, R.S.Roth, S.Marzullo, J,Res,Nat.Bur.
Standards, 55, 2+ 239-254%, 1955,

ASS0CIATION: Fiziko-khimicheskiy institut im, L.Ya.Karpova
(Institute of Physics and Chemistry imeni
L.Ya.Karpov) '
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AUTHORS Fedulov, S.A.. Venevtsev tu.N. . 2hdanocv. G S. and
Rez 1.S. Lo T
TITLE - X-ray crystallographic ond elecctrical studies of

specimens of the system PthO.s-Ban()3

PLIIODICAL: Kristallografiya 1961, vol o. No.5 pp. 681-685

TEXT: Hitherto the system PbT:10, - BaZrO, has hardly been
studied, The PbTi0, synthesized had A tu(ragogally-dxﬁtorted
perovskite structure with a - 3.899 and ¢ 155 A givaing

~/a = 1.0065. The BaZr0O, was ctibi¢ with o SN U TV These agree
with previously publzshea data ‘Het € . Megaw. Proc Phvs Soc., \
58 133, 1946), Fig 1 shows the variation ol cell Jdimensions with
composition for intermediate compastions in the continuous series

of solid solutions obtainecd. [he velame changes vithout drscontin-
uity., The two phases appeared 1o Ce-extat over the cemposition
range 37.5 to 40% (by weight) At the high Phiiu, end of the
compositicn range, K measurements of tite (drelectric Constant were
hindered by the high conductivity ihe 10g of the conductivity

was a linear function cf t/T {(the abiacinte temperature} ihe
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dielectric constant was measured at 5.1 kc for the compositions
20-25% BaZr0., and at 1 kc otherwise . ::2.t shows the variation of
d.c. with temperature for various cempositions ot matertal. The
existence of a two-phase region betsien the ferrocloectrig {tetra-
gonal) and the paraelectric (cubic) meditications is not new but has
been found also 1n PbTiO_,-~-BaT10,. This t1s cxpressed 1n the
spreading of the maxima én rthe ¢urvez of d ¢, against T and
corresponds to the statistical distribution of the cations 1in the
two phases. This statistical distribution ¢gives rise to strains

in the crystal lattices and as & result the ferroelectric-
paraelectric transformation takes ploce over a finite temperature
interval. The rhombohedral phase tound by T Ikeda (Ret.1, J.Phys,
Soc. Japan., 1% 2 168, 1959) was not encountered, The absence of
a piezoelectric effect in the range from 40-42 4% also confirms
that there was no rhombohedral phase i1n ihis case. Work reported
by others on the system PbZrOS-BnI103 i+ contradictory

Acknowledgments are expressed to Y« ... Suazhevskaya and
N. A. Kabalkina for their assistance. There are 0 figures and

11 reterences, 6 Soviet and 5 non-Soviat The English-language
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references road as follows: Ref.l (¢ :

: 8 1) a3 . juoted in toxt); Ref.7:K.Suzuki
J. Phya. Sac. Japan, 6,5, 340, 1951; Ref.8: B, Jaff;. R.S.Roth, '
§. Qnrzullo. J.Res.Nat.Bur. Standards, 55, 239, 1955; Ref.9:
5. Nomura, S. Sawada, J.Phy:.So0c. Japan, 10, 2, 1955,

ASSOCATION Fiziko-khimicheskiy institut imeni L. Ya., Knrpova

. ~(Physico~Chemical Institute iment L. Ya. Karpov)
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AUTHORS ; Fedalov, S.A., Venevtsev, Yu.N., Zhdanov. G.S. and
Smazhevakaya, Y& G =

TITLE; High-{emperature X-ray and thermographic studies of
bismuth ferrite

PERTODICAL; Kristallografiya, 1961, Vol.b, No.5, pp. 795-796

TEXT: In previous papers, Ref,1 ‘I 3. Rez. Tezisy dokl,
Tre*-yego soveshchaniya PO segnetcelekirichestru "Abstrasts of
ths Third Conference on Fezrroeleziriss®, lzd-vo AN SSSR. p.-51,
1560) and Ref.2 (Yu,N. Venevtsev, G.S. Zhdanov, 5.P, Soloviyev,
Ye.V. Bezus, V.V, Ivanova. S.)., Fedulov . A.G. Kapyshey,
Kristallografiya, Vel.5. &, 620. 19€0) ibe present authors et al.
reported the existence of the compound HiFeO} with perovskite
“ype struzture and suggested that this compasund 1s a ferre-
slectris having a higher Curia temparaturs than lead titanate,
Thas Curis temperature of BiFeOz antd olsy of the solid sclutions
belonging to the aystem PbTiO}-ULFQO} annot be determined {rom
dielectric measurements owing to the high conductivity of the
specimens, The present authors have thoretore -arrred out high
Card 1/4
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temperature X-ray ond thermographic st.dira of Bire0s. Specimens
ware prepared from a mixture of Biy0s and Fea03 by heat:ng them
c 800 °C fcr one hour and subsequently repeating this process,
The X-ray photographs were obtained with copper radiation and the
< ZPER-114 (VRKD-114) cameran (d@gtgnad A% the Fhysicocbemical
Institute imeni L.Ya. Karpov), The zynthesized specimens
- tensisted of a single phase and had a rtombohedrnl distorted cell
' cf the perovskite type with a = 3 963 X .and 4 - 890 2h4n
The latter is 1n agresment with the recules reported in Ref,2
{rcom temperatura), Fig.1 shows ths rariation of a and x with
temperaturs. Analysis of the X-ray photegraphs obtained led to
the conclusion that at 700 °C the BiFe0s bogan to decompose and
weak lines belonging to a4 seccnd rhase appesared, The
de:omposition is an irreversible procass, The thermographi: study
was carried out with the aid of the YKTA-58 (UKTA-58) apparatus.
¥ig.2 shows the thermogram obtained for BiFeOz. It follows from
the form of the differential curve Qﬂ), the contraction curve (y)
and the weight-loss curve (8) that up %o about 850 °C no phase
transformations occur in the specimen, In the temperature ranges

Card 2/ 4
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875~930 °C, 970-1030 °C and 1030-1090 °C endothermic effects were
observed and there was an appreciable contraction of the specimen
which became noticeable immediately after the endothernic ¢rlffect
near 475-93¢ °o¢, 1t is concluded that the Curie ternperature of
BiFe03 should be greater than or cqual to 850 oc, Bileus can
therefore be used as a basis for fterroelectric solid solutions
with high Curie temperatures, In addition, this substaiice will
be useful in the development of materials which have both
tiagnetic and ferroclectric properties, Acknowledgments are
expressed to V.I. Rivkin and Yu.M. Toropov for assistance in the
thermographic studies,

There are 2 figures and 4 Soviet referocuces.

High~tenperature X~ray and .....

AS50CIATION: Fiziko-khimicheskiy institut in, L.Ya. Karpova
(Ihysicochemical Institute imeni L.Ya. Karpov)
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< VENEVTSEV, Yu,N.; SOLOV'YEV, S.P.; ZHDANOV, G.S.

Methods for the X-ray diffraction study of small deformations
of cubic primary cells. Zav.lab, 27 no,9:1112-1115 161,

(MIRA 14:9)
1. Nauchno-is_.ledovatel'skiy fiziko-xhimlcheskiy institut
imeni L.. 2. Karpova,

(Eleotric batteries) (x  ray--Diffraction)
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VENEVTSEY, Yu, M.

"Investigation of some solid solutions bas

ed on the ferroelectric-
antiferromagnetic FiFe0,"

report presented at the Symposium on Phase Transitions in Solids, 6th Grneral
Assembly, Intl. Union of Crystallography, Lome, Italy, 16-18 Sep 1963,

(Karpov Institute of Physical Chemistry, Moscow, TISSR)
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VENEVISEV, Tuu Mo

"The Calculations of the internal electric fields and electric-field
gradients in the perovskite~type compounds with special dielectric preperties."

report presented at the Symposium on Phase Transitions in Solids, 6th General
Assembly, Intl. Union of Crystallography, Rome, Itdly, 16-18 Sep 1963,

(Karpov Institute of Physical Chemistry, Moscow, USSH)
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Calculation of Internal Elactric Fields and Field Gradients in Perovsiiie
Typa Compounds with Special Dielectric Properties.”

report presented at the Symposium on Ferroelectricity and Ferromagnetism,
Leningrad, 30 May = 5 June 1963.
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AUTHO2S: Lyubimov, V. §., and Venevisev, Yu. .

[Pl

Calculation of potentiels in hypersiructures

DEATICUICLL: Fivika tverdogo tela, v. 4, no. 9, 1962, 1352 « 1357

TEXY: Tre potentials of nyperstiructures of crystals ¢? the type .-;BO3

with 5 etous per unit cell are investigated theorotically. The hyper-
struciures are complexes of unit cells with, for axuzple 20 atoms
(CaTiO,, CrTioz) or 40 atons (e.g. PhZr0.). In vhe formution of hyper-

s,ructu”c" not onlj the latti onstan" become larger vut zlso ihe
crystallcgrapnic axes chunge i T directions in spece. 3ome fundemenial
considercticns are mace for the very complicated problem of nctential
culculation and sonme geo zviong .-1uten down. 4 formulz is obo-
the potentials of the structure ficid

of 2 unit cell and the notentlals of the structure field of a hygercell
(wnich consists of an intesgral number of unit cells, such as & or 8),
Tormules giving the relations beiween the siructure coefficients of tne
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Calculation of potentials . . . 3102/B104

of the unit cell and nfperstracture are derived for sone
¥ot only the nuature of gciricul properties but also
properties of hysersiru whnich depend on the poteniic
strivution may be derived from .lculations. Tne resulss co-
tulneu nzize it possible to study nces in the behavior of the
various modificaions. Yhere are
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LYUBIMOV, V.N.; VENEVISEV, Yu.N.; ZHDANOV, G.S,
’ 1s
Ferroelectricity and antiferroelectricity in polar crystals,

Fiz, tver. tela 4 no.8:2123-2127 Ag '&2. (MIRA 15:11)

1. Fiziko~khimicheskiy institut imeni L.Ya, Karpova, Moskva,
(Crystals—-Electric properties)
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.B12%5/B102
AUTHORS: Lyubimov, V. N., Venevtsev, Yu. N., 80109'yev, Se Pay
Zhdanov, G. S., and Bakushinskiyy A. B.
TITLE: The dipole structure and the infernal electric fields in
PbZr0
3
PERIODICAL: Fizika tverdogo tela, v. 4, no. 12, 1962, 3543-3550

TEXT: The most probable values of the internal electrio fields and field-
induced electron dipoles are calculated for a PbZrOB crystal on the basis

of the model of point dipole structure. Using the method developed by
S. P. Solovtyev, Yu. N. Venevtsev, G. S. ghdanov (Kristallografiya 3, 473,
1958), the determination of the 28 different projections of the electron
dipole moments was reduced to the solution of a system of 28 linear
algebraic equations for 28 unknowns. The structural sums which are
necessary for the set-up of these equations desoribe the fields of the
iniinite sublattices of the unit charges and unit dipoles, the number of
which exceeds by far 1000. Both the structural sums and the syatem of

Card 1/3
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The dipole structure and the ... B125/B102

equations itsel’ were calculated in various modifications using the

electronic computer "Strela". The effect of all structure sublattices on

each of the 40 atoms incorporated in the elementary cell was taken into

account. The variant Ps wag determined by extrapolation for the V/
~

v10-24 o3
parameters epb « 1.27, le = 1,73, eo - =1, Opp = 4.32+10 cn”,

Opp ™ 0.80'10-24 ijp a, = 2.26'10"24 cm}. e; denotes the effective
charges and a, denotes the electron polarizabilities of the ions. The
small value of Ps within a certain temperature interval makes it possible

to establish a correlation between the data obtained from structure and
those from dielectrioc studies. At room temperature, the ion polarization
for the above-mentioned values of the parameters is compensated by electrom
polarization. Hence, the PbZrO} crystal is antipolarized and very similar

to an anti-electret. Results, similar in prinoiple, are obtained for any
of the ten oryatallographic polar classes of pyroelectrics (electrets).
It is assumed that at least the direction of most of the projections of
the eleotron dipole moments and of the internal fields corresponds to the

Card 2/3
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The dipole structure and the ... B125/B102
real structures of-PbZrO5 at room temperature. The displacement of the

atoms may be attributed to nonelectrostatic forces., The highest field

strength acts on the Zr ion. In general the internal field strength

increases with decreasing ion polarizability., The rules found for PbZrO3 v/
~

resemble those governing the ferroelectric crystals BaTiO3 and ?bTiO,.
- It would be useful to investigate PbZrO5 under pressure. There are
7 tables, T !

ASSOCIATION: Fiziko-khimicheakiy institut im. L. Ya. Karpova, Moskva
(Physicochemical Institute imeni L. Ya. Karpov, Moscow)
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E032/E314
_'111[_, /00 (153, 15454)
AUTHORS : Lyubimov, V.N., Venevtsev, Yu.N. and Zhdanov, G.S.
TITLE: Internal electric fields in NaTaO3 and CdTiO3

crystals

PERIODICAL: Kristallografiya, v. 7, no, 1, 1962, 12 - 19

TEXT: The aim of the present calculations was to obtain
some information on the electrical properties of the above
crystals. It is stated that they have not been extensively v

investigated and that the published information is to some
extent conflicting, Thus, G.A. Smolenskiy (Ref. 1 - Dokl.AN
SSSR, 85, 985, 1952; Ref.2 - Zh.tekhn. fiz., 20, 137, 1950
and Ref. 3 - Dokl. AN SSSR, 70, 405, 1950) reported that CdT10

was a ferro-electric with a Curte point at 50 - 60 OK, while
J.K. Hulm, B.T. Matthias and E.A. Long (Ref. 4 - Phys. Rev.,
79, 885, 1950) did not find these properties. According to the
experimental results of B.T. Matthias (Ref. 5 - Amer.Phys.Soc . .
24, 28, 1949 and Ref. 6 - Phys. Rev., 75, 1771, 1949), NaTao3

should be regarded as a ferro-clectric, while V.A. Isupov
Card 1/%
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Internal eclectric fields .... EO32/E314

(Ref. 8 - Izv. AN SSSR, Ser. fiz., 22, 1504, 1958) describes it
as''quasi-ferro-electric' In order to resoive these difficultices. /
the present authors calculate the internal eloctric fields of the i \

above structures at room temperature. Useo 1s made of a modified
form of Eq. (10) in the pbaper by S.P. Soloviyev, Yu.V. Venevtsev
and G.S. Zhdanov (Ref. 10 - Kristallografiya, 5, 1960 718) in
order to abbreviate the calculations. The structural coefficints
of CdTiO3 were calculated by P.P. Ewald's method (Ref. 11 -

Ann. Phys., 64, 253, 1921) using the Strela computer. Each
structural coefficient was determined to four decimal places.

from 34 to 15. There are 9 structural coefficients for each

of these 15 points. Of the resulting total number of 135, there
are 74 which are equal to zero, The authors have used this
theory to calculate the dipcle moment of the superstructure

cell and found its antiparallel components The dipole moment
and the contribution of 1ons to the spontaneous polarization

Blasduing
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18 ESU) in Table 5. The internal
fields (in units of 10_8 V/em), the spontancous polarization
and the structural distortion of various crystals of type

ABO3 are given in Table 6. It is stated that further carful

studies of the structural, dielectric and other charncteristics
of these substances are necessary. Acknowledgments are exnressed
to S5.P. Solov'yev for advice and T.A. Osipova for evaluating the
structural sums. There are 6 tables and 17 references:

arc given (in units of 10~

10 Soviet~bloc and 7 non-Soviet-bloc. The four latest English-
language references are: Ref. %4 (quoted in text); Ref. 7 -

H.F. Kay, J.L. Miles - Acta crystallogr., 10, 213, 1957;

Ref. 12 -~ H.F. Kay, P.C. Baily -~ Acta crystallogr., 10, 219, 1957
and Ref. 15 - J.R. Tessman, A.H. Kahn, W. Shockley - Phys. Rev.,
92, 890, 1953.

ASSOCIATION: Fiziko-khimicheskiy institut im. L.Ya. Karpova
(Physicochemical Institute im. L.Ya. Karpov)

SUBMITTED: February 15, 1961
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AUTHORS : Fedulov, S.A., Venevtsev, Yu.N,, Zhdanov, G.S.,
Smazhevskaya, Ye.,G., Rez, I.S§,

TITLE: " X-ray and electrical studies of the system
PbTi03-BiFe03

PERIODICAL: Kristallografiya, v.7, no.l, 1962, 77-83

TEXT: X-ray powder photographs were taken at various temperatures
up to about 800°C of specimens from the BiFeO -PbTi03 system and
measurements were made of dielectric constant and electrical
conductivity, Fig.l shows the change in cell dimensions with
composition, wt.%; Fig.7 shows the phase diagram., The rhombo-
hedral phase near the composztion BiFeO3 has an exceptionally high b///
Curie point, about 850°C, which is near its incongruent m.p.

At lower concentrations of BiFeO3 (65%) before the transition

from tetragonal to rhombohedral, the tetragonal phase reaches a
¢/a ratio of 1.17, which is exceptionally high. As a base for
ferroelectric structure, BiFeO3 has wide possibilities and may
lead to technical materials with both ferroelectric and ferro-
magnetlic properties., There are 7 figures,
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94,7100 E132/E160

AUTHUORS ¢ Lyubimov, V.N., Vencytsev, Yu.,N., and Zhdanov, G.S.

TITLE: on a method of calculating the gradients of the
internal electric fields in complex dipole structures

FPER1ODICAL: Kristallografiya, v.7, no.2, 1962, 229-233

TEXT: The problem of calculating the gradients q of the
internal electric field in a crystal lattice of any symuaetry made
up of charges and dipoles is examined. As q = grad £ = - grad V

and dLx/ ¢y = dEy/ ¢x, q is a symmetrical tensor “with 6 N
components. In the general case 6m quantities must be calculated

to give the field if there are m atoms per unit cell.
Inclusion of the symmetry of the unit cell may reduce this to.
6n where n is the number of complexes, and simplify the
formulae., The symmetry of the ions themselves introduces
further simplifications.

ASSOCIAT1ON: Fiziko-khimicheskiy institut im, L.Ya. Karpova

Card 1/1 (Physico-chemical Institute imeni L.Ya. Karpov) )

SUBMITTED: April 26, 1961
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AUTHORS:: Lyubimov, V. N., Venevtsev, Yu.N.

TITLE: The formation of dipole configurations in certain
structures with special dielectric properties

PERIODICAL: Kristallografiya, v.7, no.5, 1962, 793-794

TEXT: A. Jaskiewicz and H. Konwent (Bull, Acad. polon. Sci. Cl.
111, v.9, 1961, 553) have examined the, process of the formation
of dipole structure in perovskites (ABO;), although not entirely
successfuliy, An attack on the structure of WOj3 (Re03- type)
proves simpler. Here, either the W or the 0 ions can be
ferroelectrically active and the method of trial and error is
practicable. For the case where the W- ion is active and the
dipolar structure is formed because, as a result of the thermal
oscillations, the W ion in one cell possesses an initial dipole
(0,0,mz), the field, acting on W ions in neighbouring cells, can
be determined by the above method, This gives the case of
tetragonal WO3 consisting of chains of pseudocubic cells, where
in each chain the polarization of the cells is directed in one way
and in the neighbouring chain oppositely. This is the simplest

APPROVED FOR RELEASE: 09/01/2001 CIA-RDP86-00513R001859410007-6"
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configuration known for WOs3. The method cannot be pursued
further to give other configurations but some results can be

obtained for the NH4Cl and NH4Br structures {where the halide ions
are active), These are found to be antiferroelectric, The

method is only confirmatory and does not disclose new -
information.

ASSOCTIATION: Fiziko~khimicheskiy institut im. L.Ya.Karpova
(Physico~-chemical Institute imeni L.Ya.Karpov)

SUBMITTED: February 21, 1962
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AUTIHORS : Fedulov, 5.A,, Venevtsev, Yu,N,, Dzhmukhadze, uv.F,

TITLE: X-ray diftfraction and electrical studies of the
system PbTiO3 - LaAlO3

PERIODICAL: Kristallografiya, v.7, no.6, 1962, 408-411

TEXT: PbTiOg being ferroelectric and LaAlOz paraelectric, the
pseudo~binary system is of interest. Pure PbCO., A1203, Ti0,

and La203 were used to make the materials, sintering being carried'
out at 800 to 1200°C and again at 1100 to 1400°C in each case for

1 hour, High precision X-ray powder photographs were taken of the
products, The dielectric constant € and the loss tan & were
measured at 1 Kc/s on a bridge., The phase diagram is as shown

in Fig.l. The cubic region widens with increasing temperature
until ‘at 500°C there is only a cubic phase at all compositions.

The temperature dependence of € was measured with increasing
content of LaAlOs3. A significant drop in the peak height takes
place and the position of the maximum passes below 0°C for

contents greater than 20%, A significant piezoelectric effect

was found for specimens containing 5 and 7.5% LaAl03, The

Card 1/2
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_ combination of high piezoelectricity and high Curie femperature
(above 300°C) may be technically useful. Professor
G.S.Zhdanov is thanked for his advice. There ure 5 figures.

ASSOCIATION: Fiziko-khimicheskiy institut im, L.Ya.Karpova
(Physicochemical Institute imeni L.Ya.Karpov)

SUBMITTED: July 10, 1961

Fig.l.
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AUTHORS Lyubimov, V.N., Venevtsev, Yu,N., Kayranskaya, Ye.Yu.
TITLE: Calculation of the gradients of the electric field in

ionic crystals
PERIODICAL: Kristallografiya, v.7, no.6, 1962, 949-952

TEXT: It has been shown (E. Brun et al, Helv, phys. acta, v.34,

1961, 391) that the contribution ot 8Eyg of the multipolarity g
of thc jons to the ficld gradient may greatly exceed that, bEp, i
of the point charges. This effect would be expected to be I
particularly great for ferroclecctrics with dipole structures, )
The authors' formula (Kristallogr. v.7, no,2, 1962, 229-233) for
calculating 6E in a dipole structure is now app11ed to the
tetragonal HaTiOj {or the general perovskite ABO;) The structure
sums were calculated on the "lMinsk" computer. The dipolar
contribution to 5E of any atom does not eﬁceed 0.7 x 10l cgsu
and is normally between G.]J and 0,5 x The true effective
charges may, however, differ from thosc assumcd by 20 to 30%.

(Assumed ey = +1; ep = +2; eg; = egpp = ~1)

Card 1/2
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If so, then the contributions of the A and I3 atoms to 8E will not
be zero'and there will be a dipole contribution of the order of
8Eg = approx 0.5 x 104 cgesu, For the oxygen ions the charge
contribution exceeds the dipolar contribution. Inasmuch as the
electronic dipoles have the functions of effective charges and
their values are only approximately known, their contribution to
the dipole structure cannot be calculated accurately, The

dynamic corrections to the effective charges can be calculated,

For the oxygen this is’ a « 5E = approx 4 x 10~10 cggy, For the
Ti the correction is significantly less and is about O0.1e

and the force acting on the charge greatly exceeds that acting on
the dipole, This gives grounds for treating the movement of the
ferroelectric ion as that of a point char~ge and not of a dipole.
‘For the other ions the forces arc of the same order. For
calculating the ficlds at the nuclei (or nuclear quadrupole
resonance, lioessbauer cffect ctc) quantumn mechanical methods arc
necessary to calculate the Sternheimer constant Y- which must

be included. There is 1 table,

ASSOCIATION: Fiziko-Kkhimicheskiy institut im. L.Ya .Karpova (Physico-
SUBMI% gD: March 27, 1962 chemical Institute im, L.Ya.Karpov)
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24,9009 (153,1160)

AUTHORS: Ivanova, V. Ve Yapyshev,
ghdanov, G. S.

A. G+, Venevisev, Yu. ¥., and

TITLE: X-ray determination of symnetry of the elomentary cells of
i i a (N Bi 710, and
the ferroelectrics (K0.5B10.5)T 03 and ( 24,5 10.5) 3 @

" of the high—temperature phase transitions in (KO.SBiO.S)TiOB

PERIODICAL: Akademiya nauk SSSR. 1zvestiya. Seriya fizicheskaysa, V- 26,
no. 3, 1962, 554‘356
TEXT: The ferroelectrics with perovskite structure, (KO.SBiO.SYYiOB-and

380 and 32000, respectively, had

(Nao‘SBiO.S)T

been desoribed in earlier papers (Ref. 1: G. A. smolenskiy, A« I. V(
rgranovskaya, Fiz. tverdogo tela, 1, no. 10y 1562 (1959); Ref. Z: Ge Ao
smolenskiy, V. A« Tgupov, A. L. Agranovskaya, H. N. Kraynik, Fiz. tverdogo
tela, 2, no. 11, 2982 (1960)). The radiographic examination with an

'?K§-11Z'(RKU-114) camera shows le-phaged at room

iO5 with the Curie point at

that the samples aTe sing

R O
2 R
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temperature, and that K and 3i, and/or Na and Bi are gtatistically

distributed in the gsites of the elementary cell with the coordination

number 12, Splitting of some lines waa observed, but could not be measured
accurately. CrK radiation and anPKP-143 (RKD-143) camera (produced at the
FKhl imeni L. Ya. Karpov) were therefore used. The following lattice

constants were determined from the splitting of the line with J(
Sk -6 1 (Ko 5Big,5)T05 18 tetragonal with & = 3.913 £ 0.003 %,

¢ = 3.993 + 0.005 %, V = 61.1 % 015 23; (Hao 5810 5)Tio3 is rhombohedral

With a = 3.891 * 0.002 ?, a = 89°36' + 3', V = 58.7 £ O.1 Q5. rurthernmore,
the change in the lattice constantis with temperature up to 500°C was cdeter-
nined for (Ko 5Bio 5)?10}. At 270°C the tetragonal passes over into a

pseudocubic phase. The slightly diffuse lines nake more sccurate determina-
tion impossible. On the basis of previous conolusions (ReZ. 4! Yu. N.
Venevtaev, G. S. Zhdanov, Izv. AN SSSR. Ser. fiz., 21, 2275 (1957)) the
distortion can be assumed to be tetragonal. The cubic phase occurring from
410°C onward makes the radiographs cleareyr. The authors thank V. A. Isupov
who supplied the samples. There is 1 figure. :
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X-ray detormination of symmetry ... B167/38102

« L. . Karpova
CIATION: Fiziko-khimicheskiy institut im. L. Ya
4980 (Physicochemical Institute imeni L. Ya. Karpov)
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20600 (1035, 075172) S/ e/
AUTHORS : Fedulov, S. A., Venevtsev, Yu. ‘N., Zhdanov, G. 5., and
Dzhmukhadze, D. F. ’
TITLE: X-ray and electrical analysis of %he syste; ‘PbTiOB-LaFeO3

PERIODICAL: ‘Akademiya nauk SSSR. Izvestiya. Seriya fizicheskaya, V. 26,
no. 3, 1962, 357 - 361

PEXT: This paper was presented &t the VII Nauchno-tekhnicheskoye
soveshchaniye po primeneniyu rentgenovykh luchey k iggledovaniyu wmaterizlov
(740 Scientific-technical Conference on the Use of X-rays for the

Examinetion of Materials) held in Leningrad from June 22 to 29, 1961. The
systenm PbTiO5 - LaFeO3 was studied by means of X-ray and electrical J/

analysis. The specimeng were prepared by double annealing (preliminary
annealing at 800 - 1100°C, final annealing at 1100 - 1400°C, for one hour
each) in lead oxide vapoT. X-ray analysis was made with CuKa and FeK
radiation in P..¥-114 (BKU-114) and Pn2=143 (RKD-145) cazeras (designed at
the Fiziko-khimicheskiy institut im. L. Ya. Karpova (Physicochemical

Card "1 /¥
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Institute imeni L. Ya. Karpov). The dielectric constant was measured at
450 kcps by a..i-1 (KV-1) Q-meter, electrical conductivity was measured oy
al'31=4 (MOM-4) bridge. The results obtained by X-ray analysis agree with
those in other publications. The system Pb'I'iO3 - LaFeO, forms a

5
continuous series of solid solutions which at room temperature occur in Vy
three modifications: tetragonal, pseudomonoclinic I, and pseudonmonocliric }

II. Specimens with an LaFeO3 content nigher than 5Cjc showed a nyperfine
structure of the lines whose intensities increaged with the La?co3

concentration. The eclementary cell volume of solid solutions (Pb,La)(Ti,F&OB
decreased with increasing LaFeO3 concentration. This became especially

distinet in the region of tetragonal modification and can be explained by
the sgpecific electrostrictive properties of PbTiOa. According to ihe

activation energy deteruined for PbTiO} and LaFeO3 from their conductivities

(with relatively high values), these compounds were clagsified as seni-
conductors. The temperature dependences of conductivity of eolid solutions
as functions log ¢ = £(1/T) had a complicated course when the LaFeO3

Caxd 2/5
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content was increased. This indicates a change in the conductivity
mechanism of solid solutions according %o their composition. At certain
temperatures, corresponding to the phase transition poinis, salient poinis
were observed on these straight lines. & phage diagran (Fig. 5) was set
up on the basis of the data obtained. Comparison of the data obtzinea for
PbTi0, - LaFe0O, with those for PbTiO5 - BiFeO3 showed that in conirast to

3 3
PbTiO3 - BiFeO3 in which the Curie temperature rises when BiFeO3 is added,
the Curie temperature decreases in PbTiOB - LaFeO5 when the LaFeO3 d(

concentration is increased. Probably the pain reason thereof is the
different polarizability of the lLa and Bi ions compared with the |
polarizability of the Pb ion. The different ionic radii of Bi (1.20 4) and
La (1.04 K) probably do not influence the behavior of the Curie temperature.
Presumably they are the main reason of the different sequence of the
phages. The gelatively high temperature of the magnetic transformation of
LaFeO3 (~ 570 €) in part of the solid gsolutions in its neighborhood also

suggest magnetic properties. The authors thank Ye. G. Smazhevskaya for her
help. There are 5 figures and 13 references: 8 Soviet and 5 non-Soviet.
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The four references to English~language Publications read as followg: 3. D.
{egaw, Proc., Phyg. Soc., 58, 133 (1946); n. Roy, J. Res. Nat. Bur. Standards,
28, 2, 15 (1957Y; 1. H. Francombve, 3. Lewis, J, Blectronics, 2, 387 (1957);~'
G. shi )

—

« Shirane, S, Hoshino, X, Suzuku, Phys, Rev., 80, 6, 1115 (1950),

ASSOCIATION: Fiziko-khimicheskiy institut ip, 1, Ta. Xarpova (Physico-
Chemical Instityte imeni L. va. Karpov)

Fig, 5. Phage diagram of the System PbTiO3 - LaFeOB.

; Legend: (1) cubic (paraelectric); (2) tetragonal (piezoelectric); (3)
I Pseudomonoclinic I; (4) Pseudomonoclinic 17,
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VENEVTSEV, Yu, N.j ZHDANOV, G. 5.3 ROGINSKAYA, Yu, Ye,; FEDUILV, 3, A.s
IVAIOVA, V. V.; CHYALOVA, V. V.; VISKOV, A, S.; KAFYSERY, 4. G,
BONDARENKO, V. S.; LADYZHINSKIY, P. B.

Some solid solutions on the basis of the ferroelectric-
antiferromagnetic BiFeO3. Izve AN SSSR, Ser, fiz, 28 no, 4:
683-690 Ap '64. (MIRA 17:5)
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FAM ZUI KHIYEN; VISKOV, A,S.; SHPINEL', V,S,; VENEVISEV, Yu,N,
. m . N )

Abrupt change of the probability of the Mossbauer effect during
a phase transition fm ferrcelectric substances, Zhur. eksp, 1
teor. fiz. 44 no.6:2182-2183 Je 163, (MIRA 1626)

1, Insptitut yadernoy fiziki Moskovskogo gosudarstvennogo
universiteta i Fiziko-khimicheskiy institut im, L.Ya, Karpova,
(Mossbauer effect)
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FEDULOV, S.A.; VENEVISEY, Yu.N.

Study of the systems PUTiOy - CaSn0, and PbMO; - CaZrOs.

3 ;e
Kriatallografifa 9 10, 32358362 Hy-.‘?e 1644 (MIRA"17:¢]
1, Veesoyuznyy nauchno-issledovatel'skiy institut khimicheskikh
resktivov,
2 N
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ACCESSION NR: AP4043189 §/0070/64/009/004/0516/0520
AUTHORS: Fedulov, S. A.; Lady*zhenskiy, P. B.; Venevtsev, Yu. N.

* TITLE: Investigation of the system BiFe03~LaA103

. SOURCE: Kristallografiya, v. 9, no. 4, 1964, 516-520

TOPIC TAGS: bismuth inorganic compound, lanthanum compound, ferro-
electric property, perovskite structure, solid solution, dielectric
constant

ABSTRACT: Both investigated compounds have a perovskite structure
and were expected to form solid solutions. It was also assumed that

addition of LaAlO3 to BiFeO3 would lead to a decrease of the conduc-

tivity which would facilitate the study of the temperature dependence
of the dielectric constant in a wide range of temperatures. It was

assumed that the results of these measurements would further confirm
the presence of ferroelectric properties in bismuth ferrite. The in-
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ACCESSION NR: AP4043189

vestigation of the system was also aimed at studying the effect of
various factors on the magnetic properties of similar compounds, and
to determine regions in which they possess special dielectric and
magnetic properties. The starting materials were 81203. Fe203,

A1203 (analytical purity), and Lazo3 (technical purity). The x-ray

analysis was carried out with CuKa and CoKa radiation. The lattice

paramggers were determined to within 0.0015 R, the volume to within
0.07 A%, and the angle to within 2'. The magnetic measurements were
carried out by a method described in Kristallografiya v. 8, no. 4,

p. 610, 1963. X-ray analysis of samples with intermediate composi-
tions showed that one-phase perovskite solid solutions occurred only

up to 37.5 mole % LaAlO Samples with 25--35 mole % LaAlO, exhibit

3° 3

the clear maxima of the dielectric constant typical of ferroelectrics.
With increasing LaAlOj content the maxima shift towards lower tem-
peratures. The temperature dependence of the specific magnetization

for samples of the homogeneous region was obtained at H = 7600 Oe.
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All solid solutions were found to be antiferromagnetic with weak
ferromagnetism. For samples with 35 mole % LaJ\lO3 the specific spone

taneous magnetization reaches 0.15. The Curie temperature of BiFeO
is estimated by extrapolation to be about 850°C. The data make it
possible to construct a part of the phase diagram of the system
BiFeO -'-LauT\lo3 on the side of BJ'.E'eO3 (Encl. 01). The decrease of

3

3

the ferroelectric Curie temperature with increasing LaAlO, content

3
is due, in the opinion of the authors, to the considerably weaker

electron polarizability of the Li3* ion compared with that of Bi3*,
Most interesting is the rather strong increase of the Neel tempera- ’
ture on the introduction of LaA103. .This is due mainly to the some-

what smaller lattice constant of LaA103. “The authors thank Prof.

G. S. Zhdanov and Yu. E. Roginskaya for valuable advice and remarks."
Orig. art. has: 7 figures.
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ASSOCIATION: VNII khimicheskikh reaktivov i osobo chisty*kh vesh-
chestv Fiziko-khimicheskiy institut im. L. Ya. Xarpova (All-Union

IR Institute of Chemical Reagents and Ultrapure Materials, Physico-
chemical Institute)

SUBMITTED: 25Sep63 o ENCL: Ol

SUB CODE: &S _ NR REF SCV: 014 OTHER: 002
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Part of the phase diarram of the Bi.}‘eoa-l,a.t't.lo3 system
on the Bi"eO3 side.

'I‘K - ferroelectric Curie temperature, 'I’N - antiferromasmetic
A Neel temperature

1 - fer-roelec*mc renion
II - resion of weak fezm;'netlsm
4 f %jl II - repion with combined properties
nl
n 20 W W
amo, iy % Laatly
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ACCESSION NR: AP4030644 $/0048/64/028/004/G683/G690 ‘

AUTHOR: Venevtsaev, Yu.N.; Zhdanov, G.S.; Roginskaya, Yu.Ye.; Fedulov, S.A.; Ivanova,

V.V.; Chkﬁlova V"V., Viskov, A, s-.&&py*shev; A.G,; Bondarenko,V.S,; Lady*zhinskiy,
PCB.

TITLE: TInvestigation of some solid solutions based on the ferroeclectiic-ferromagnet
bisnuth ferrite Zﬁcport Symposium on Ferromagnetism and Ferroolectricity held in
Leningrad 30 May to 5 June 19b37

SOURCE: AN SSSR. Izv. Ser.fiz., v.28, no.4, 19864, 683-690

TOPIC TAGS: ferromagnetism, ferroelectricity, bismuth ferrite, bismuth ferrite so-
1id solution

ABSTRACT: DBy investigating solid solutions of B15034Fcp03 in PbTi04, some of the
authors, together with others, were able to show the existence of the compound Bi-
FeO3 with the perovskite structure and strong ferroelectric properties. Tai{s worlk is
reviowed, and later investigations are roported of the olectric and magnatic propere-
ties of solid solutions containing BiFeOz. The solutions discussed are the two-com-
ponent systems in which one component is BiFeO3 and tho other is LaFeO3, LaCrog3,

Card1/3

APPROVED FOR RELEASE: 09/01/2001 CIA-RDP86-00513R001859410007-6"

ko




S zeknd sl

3

10007-6
"APPROVED FOR RELEASE: 09/01/2001 CIA-RDP86-005130 54

TR v e S AN AR
TR DS B S S ] T Py
5 5 ARSRSUIERES SRRy B G : :
SHEMITTES DRI FRIRST SRR

ACCESSION NR: AP4030644

PbTiOz, BaTiog, 20Zr03, LaAl03, or Sr5n03. of these Bolutes, two are ferromagnetic,
two are ferroclcctric, one is antilerroeclectric and two aro Jerovikites with noroa:
mignetic and elecetric Properties. Phase diagrans are glven for the PbTi0;, LaCer,
and BaTiO3 sclutions. Curves of magnetization versus temperature are given for viar-
ious compositions of the LaCros and #bZr03 solutions, and Curves of dielectric con-
stant versus temperiture for the LaAriog, 2bZ103 ahd BaTiO3 solutions. The Neel point
is plotteg 2gainst comnosition for all the solutions axcept those containing Szﬁnoa,
viiieh could not po ouwtdained as a Single phase. Extrapolation of tiie Curin points of
the LaAl03 and PbZrls solutions to zero colicentration confirmed the nigh ferroelec-
tric Curie point (about n50°%C) of Di¥ed3. The woak forromagnetic propertics of Ji-
Fel3 persisted in solutions containing high concentrations of materials without pe-
cuiiar magactic properties, Particulnrly intoresting is the Goncentration dependerce
ol the spontancous Hagrnetization of the LaCr03 solutions: the magnetizatisn increzs-
cddiscontinuously s the system crossed the boundary from the ferroele:tic to the
antiferrocicctric state, The LaFeO3 solutions are said to have behave: similarly,
but as these solutions have been discussed {4 detail olsowhorg (Yu.B.dog;nsknyﬂ, Yu,
N.Vcncvtscv, G.5.Zhdunov and S.A.Fedulov, Kristullografiya,s,lﬂss), “iie data are rot
given. Agn anonaly in the Mossbauer 8pactrum of the Sr8n03 solutions that was prg-
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*viously ascribed to a ferroclectric transition (Fam Zui Khiyen, A.8.Viskov, V.C.
Shpinel' and Yu.XN. Venevtsev, Zhur »oksp.i teor.f£1z.,44,19G63) is now beliaved to be
duo to an\.iforromugnotic ordex'ing. Orig art.has: 10 figuros,
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TOMASHPOL'SKIY, Yu,Ya.; VENEVTSEV, Yu,N.; ZHDANOV, Gade

Interrelation of specific dielectriz and ragnetic propertics
in "ferromagnetica." Zhur, eksp. 1 teor. fiz. 4tH no. 511921

1923 My '64. (MIRA 17:6)

1. Fiziko- <himicheskiy institut imeni Karpova,
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ACCESSION NRi AP4030634 8/0048/64/028/004/b630/0635
AUTHOR: Venevtsev,Yu.N.; Lyubimov,V.N. | Solov'yov,S.P. Zhdanov,G.8.

TITLE; .Calculation of the internal electric fields and their gradients in perov-
skite compounds with distinctive dieleotric properties [ﬁeport, Symposium on Ferro-
magnetism and Ferroelectricity held in Leningrad 30 May to 8 June 18637

SOURCE: AN SSSR. Izv.Ser.fiz., v.28, no.4, 1964, 630-635

TOPIC TAGS: internal field , crystal internal field , perovakite structure, ferro-
electricity, ionic ferroalectricity model, ferroeloctric compound

ABSTRACT; For a number of years the authors have been engaged in calculat{ng the
internal electric fields in compounds having the perovskite structure and peculiar
dielectric properties. The methods of calculation and the results have been reported
in a series of papers appearing in Kristallografiy (Crystallography) and Fizika
tverdogo tela (Solid State Physics) from 1958 to 1062. The results of these calcula-
-tions aro discussed in the present paper. The calculations were based on the ionic
model of a crystal with known or assumed structure. Tho charges and polarizabilities
of the point ions were treated as given quantities, but the induced dipole momsents
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were calculated. Calculations were performed for several values of the charge, pola-
rizability, and radius of the ions; roasonable variations of these parancters did
not alter the qualitative picture of the fields in the six compounds investigated
(lead, barium, calcium and cadmium titanates, sodium tantalate, and lead zirc ot
Good agreement was obtaincd between observed and calculated valucs of the spoatan-
eous polarization with the value 0.5 for the ionic charge factor. The results of
the calculations indicate that NaTaO3 and CdTiO3 are ferrielectric materials and
that PbZrOj is a ferrielectric material with nearly antiferroelectric properties.
The internal fiecld at the position of the Ti ion was found to vanish in CaTiO3 but
to be large in BaTiO3 and PbT103. This difference in the fields accounts for the
different dielectric behavior of these materials. Because of the strong field at the
T4 ion, the conclusion of H.D.Hegaw (Acta crystallogr,,5,739,1852; Ibid.,7,187,1954)
that the principal factor in ferroelectric transitions of ABO3 type materials nust
ba a sharp increase in the covalent character of the B-O bond is regarded as inade-
quately grounded. It is concluded that further theorstical and experimental investi-
gation of the possibilities of the lonic model is desirable, and improved calcula-
tions of field gradients are promised for the near future. Orig.art.has: 1 table.

.
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'AUTHORSs Fedulov, Se A} Venevtsev, Yue No ' :
oTiLEs Investigating the system PUT10;-CaSn0y and PuTi03-Celr0y

SOURCEs Kristallografiys, v. 9, nos 3, 1964, 358-362

TOPIC TAGS: ceramic technology, x ray analysis, electric property/ RKU 14k x ray
' camera, RKD 143 x ray cemera :

-. . . ic
'ABSTRACT: Samples of the indicated systems were prepared by ordinary ceram
technology. X-ray analyses were madae with CuK, FoKe, and CrKe radiation in RKU-11L
and RKD-1L3 cameras. The results show a continuous series of solid solutions in
tha PbTiO3-CaSnO3 system. The solid solutions form at room temperature in three

- modificationss tetragonal I, tetragonal II, and pseudomonoclinic. In the field of
‘tetragonal I, the lattice constant c- decreasas sharply and a increasos with v
inerease in Ca8m3 contents When the GasSnO3 content reachas ~22% (by weight), the

tetragonal II field is reacheds With further increase in 0:8:\03 contant, the b
change in ¢ is negligible, but & diminishes appreciably. At ~55% CaSnl, the

k)
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pseudomonoclinic field is reached, Here a = ¢ &nd the two increase slightly witi.
increase in CaSn03, but b remains almost unchanged, The PbTiOJ-CaZIO:, system

displays no continuous series of solid solutions. Here thore is a broad two-phase .
region consisting of two perovakite modifications. The dielectric constant shows &,
‘gharp maximum for each system when the concentration of the second congtituent ;
(stannats or siyconate) is 20% or leas. The absolute value is higher for PUHO’- ]

Cazr0, (~ 3000) than for PuT10,-CaSnd, {~2000). In both systems the values

decrease appreciably with increase in content of the second constituent. Conduc= §
tivity and dielectric loss diminish markedly with increase in these second :
constituents. The decrease in conductivity was found to be on the order of a ?
thousandfold for a content of 15% CaSnOy over pure PUT104 at 100C, The suthors

'concludo that no anomalous effects were noted that might be associated with
_transitions of *crumpling.” The authors thank Professor G, 8. Zhdanov for his
{nterest in the work and his discussions of the resulte. Orige arte hast 3

figures.
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meters, the dielectrie constant, and the specific magnetization,
with special care in the region of the antiferromagnetic transition.
The details of the experiment are described. fThe noticeable anoma~-

:lies in the curves of these Parameters in the region of the Neel

point offer evidence of the existence of a connection hetween the
magnetic, electric, ang atomic structures. It is Precisely by vipe

~tue of this connection that the sharp change in the magnetic stryc-

in BiFeO, indicates that this Connection ig experimentally detectable
"and can ge observed andg investigated in a comprehensive fashion, by
studying the changes in the magnetic ang electric characteristjcg and
-0f the pParameters of the Atomic lattice ag functions of Beveral exw-
tranaous fagtors (temperature, Pressure, fields, otc.). Tha connag=
tion can be TYegarded both on a unit~call 8cale, as well ag on a scale
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i oly-
of multidomain formations in the case of single crystals or poly
crystals. Orlg. art. has: 1 figure.
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SOURCE CODE1 un/oze.s/és/ooo/oz2/0067/0067"‘

PlotnikOV&, H, V,

OROt none

TOPIC TAQ3: temperature measurement,

contact with the investigated sample.

SUB CODEs 20/ SUBHM DATE1

!
TITLE: Method for measuring tﬂarature% Class 42, No. 176Lki2
SOURCE: Byulleten! izobreteniy 1 tovarnykh znakov, no. 22, 1965, 61

ABSTRACT: This Author Certificate presents a method for measuring temperature, baged
on the discontimious change of the ef fect of resonance gemma-Tray abgorption with a /Z
phase transition in the absorver. To increase the accuracy 0 measurements, & geries
of absgorbers with different phase transition temperatures is placed in direct tharmal

regonance source of gamma-rays and the absorption effect 1is racorded with detectors.

L{ Lf

gamma ray gbzorption L{

The absorbers are expoged to radiation frea &

Uiaprél .
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AUTHOR: Roginskays, Yu. Ye.; Tomashpol'skiy, Tu. Ya.; Venevtsev, Yu. N.; L
V. M.; Zhdanov, G. S. =

ORG: FPhysicochemical Institute im. L.
TITLE: On the character of dielectric oand magnetic properties of BiFeOj
SOURCE: Zhurnal eksperimental'noy 1 teoret icheskoy fiz.iki. v. %, no. 1, 1966,

- 69-15
TOPIC TAGS: Dbismuth compound, ferroelectric material, dielectric property, solid
solution, Curie point, Neel temperature, magnetic property P

ABSTRACT: This is e continuation of earlier work by the authors on }z_iFeo;,' ( ZhETF
v. 46, 1921, 1964). In view of the contradictory reports on the properties of

BiFeOlas, especially with respect to its ferroelectric propertles, the authore &nf-
lyze the published data and in addition carried ocut a more detalled {nvestigation
of the ,dielectric" properties end the strﬁcture of BiFeO5 in a b}" d rar‘ge(’éf tem-
peratures, as well as of 7_6_9‘1417d7§39>lqtions »f this subatance with EbFel/zrf_b;_(iOg.
Paurticular attention is paid to the Loo--500C region, and to the solid solution.
talline semples for the investigation were prepared by the usual ce-
The dielectric constant and the losas angle were meesured at

The polyerys
ramic techniques.
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