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pVYMeHTa, Hanpumep, NpU COMNOCTaBNEHWN [AHHbIX KOHTPONIbHOW W 3KCMepuUMeH-
TafbHOW rpynn, 4To He COBCEM MpPaBOMOYHO. B negaroruke ans 060CHOBaHWSA Le-
Nnecoo6pasHoOCTM  BBeAeHWs paspabaTbiBaeMOit  AMAAKTUYECKOW MEeTO40N0rMn
NPUMEHAIOT WHBEPCUOHHBIA NOAX04 MpW KOTOPOM KOHTPOJIbHYK MNOArpynny
C TPAAMUMOHHBIMU METOAAMMN W3NOXEHUS MaTepuana (GopMUPYOT M3 UL, NOKa-
3aBWIKX 60nee BbICOKME pe3yNbTaTbl MO AaHHbIM CTapTOBOr0 YCTAHOBOYHOIO
KOHTPONS YPOBHA 3HaHW. B akcnepumeHTanbHOW noarpynne cocpefotayvBaloT
npeacTaBuTeneid ¢ HA3KUM YPOBHEM BnafeHWs MaTepuanom, KOTOpble MO UToram
BO3e/CTBMS NPOABUHYTLIX TEXHOMOMMIA N3NOXEHWUSA AOMKHbLI, B 06LLEM, MOKa3aTb
CYLLECTBEHHOE OT/NIMYME B YPOBHE 3HAHWI, TO €CTb NPEB30ITWN YPOBEHb KOHTPO/Ib-
HOI rpynnbl. Takoi NpMHUMN BepUMKaLumM npouecca 06y4YeHnst Takke He NULLEH
Hel0CTaTKOB M3-3a ero M36bITOYHONM hopManm3aynMm No KONNMYeCTBEHHbIM MepKam.
Kpome TOro, nocneaytollee pacCMOTPeHNe HYNeBOW U anbTepHAaTUBHON rMNOTE3bI
C BbISIB/IEHUEM YPOBHS HAAAEXHOCTW NPU YCTaHOBNEHWUM CYLLLECTBEHHbIX OTIMYMIA NO
paccMaTpvBaeMOMy MpU3HaKy AOMOAHWUTENbHO MPUBOAMT K BO3MOXHOCTAM CeKy-
NAUNMA faHHbIMW B BUAY ONpefeNneHHOro Npov3Bona B BbIGOPE MCXOAHbLIX Mnapa-
MeTpOB 3ajauu.

B co06LeHnn paccmMoTpeHa Npo6iema BepupUKaLn YpoBHS YCBOEHNS MaTe-
puana no (huU3MKe Cpeay YYaluxcs TeEXHUKYMA C NPUMEHEHWEM TPagULMOHHbIX
napameTPUYecKNX W PaHroBbIX MPUHLMNOB COMOCTABNEHNSA AaHHbIX CTaTUCTUKM.
Moka3aHo, YTO TPaLMLMOHHbIE METOLbl BEPOSATHOCTHOrO aHajm3a Npu rpaMOoTHON
(hopmanusaummn npouecca pacyeTa C NMPUBMEYEHUEM KOPPENSLMOHHBIX MOMEHTOB
BbICLUMX MOPSAKOB MO3BONANT yCcTaHaBNMBaTb 60Nee afeKBaTHble COOTHOLUEHMS
perpeccuii, KoTopble BMOSIHE MOTYT OTPa3nTb AeMCTBEHHOCTb AMAAKTUYECKUX HO-
BaUWii. Ha nprvmepe paHroBOro KpuTepus cTaTUCTUYECKON 3HaYMMocT CnupmeHa
noKasaHbl BO3MOXHOCTU VHTepnpeTaLuy pe3ynbTaToB Npy COMOCTaBNEHUN OLLEHOK
3KCMEPUMEHTANbHON U KOHTPOMLHOW rpymnn Mo YPOBHH CYLLECTBEHHbIX OT/IMYMNIA B
3HaHWAX C peanu3almen owmnboK Kak NepBoro, Tak 1 BTOPOro poja.

UDC: 537.9:537.621.

V. Sobol, B. Kow T, S. Vasilevski, Ch. Fedorcov, I. Perepechko, O. Mazurenko
BSPU, Minsk, Belarus

T. Bizhigitov, S. Tomaev, B. Nushnimbaeva, A. Nauryzbaev, S. Egemberdieva
TSPU, Taraz, Kazakhstan

MAGNETIC ORDERING IN SAMPLES OF SOLID SOLUTIONS WITH PEROVSKITE
STRUCTURE IN BISMUTH-IRON-OXYGEN SYSTEMHAVING A WEAK
SUBSTITUTION OF BISMUTH FOR LANTHANUM, NEODIMIUM, GADOLINIUM

Last time the materials being simultaneously both the ferroelectrics and mag-
netic one have attracted increasing attention due to benefit of potential applications
for new devices taking advantage of the multiferroic coupling. The rhombohedrally
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distorted BiFe03 perovskite (space group: Ric) is an attractive object as a magne-
toelectric material bccause the ferroelectric and antiferromagnetic orders coexist at
room temperature. The G-typc antiferromagnetic ordering of BiFe03 takes place at
about 640 K, while the phase transition from paraelectric state to ferroelectric state
occurs at about 1100 K. The observation of an antiferromagnetic domain switching
by an external electric field in BiFe03 films indicates that there is a principal
possibility of applying these materials in novel electronic devices. The anti ferro-
magnetic spin configuration of BiFe03 as assumed, can be destructed by an any
action on to a spiral modulated spin structure, having a 620 nm periodicity and sup-
presses the macroscopic magnetization that respectively minimizes prohibits to rea-
lize the linear magnetoelectric effect.

Chemical doping of BiFe03 as supposed can modified both the electric condu-
ctivity and a spiral spin structure to intensify the macroscopic magnetization. The
ferroelectric distortion of BiFe03 as accepted is a result of a hybridization of the
Bi 6s electrons with the s/p orbits of O. Particularly to intensify the macroscopic
magnetic properties usually it is proposed to use some rare earth elements for the
substitution of Bi. The three charged ion radius of lanthanum, neodymium and
gadolinium being equal to 0.101, 0.099 and 0.0938 nm respectively are close to
three-charged ion radius of bismuth being equal to 0.096 nm. So the replacement of
Bi on to La, Nd, Gd would weaken the hybridization and affect the ligand field at the
Fe ions. An investigation of the number of changes in physical properties caused by
the rare earth elements substitution for bismuth has been studied already. There is an
interesting fact that among the parent compounds the GdFe03 crystallizes in an
orthorhombic distorted perovskite structure (space group: Pbnm), exhibits an antifcr-
romagnetic ordering (TN « 660 K), and as it was recently found to be a magne-
toelectric oxide below about 2.5 K. Nevertheless, most of the reports have been
devoted to the characterization only of physical properties without of analysis the
substitution effects on to structure and the relationship between the structure modi-
fication and physical, particularly, optical properties. So it is, thus, desirable to extent
the investigation of the mixed system on the base of BiFe03in order to explore the
novel magneto electric materials, and get an understanding of the underlying physics
processes [1-5].

Here the Bil.xGdx¥e03 Bi' XNdx¥e03 and Bii_xyGdx_ayFe03 polycrystalline
ceramics with x < 0.2 and x+y < 0.2 respectively were prepared and identified at
room temperatures by X-ray powder diffraction (XRD). Some properties of the
magnetization of these samples are also presented here.

Experiment and results

BilxGdx¥e03, Bil XNdx¥-e03and Bij_xyGdxLay Fe03ceramic samples with x =
= 0.0, 0.05, 0.1, 0.15, 0.2 for single substitution and x = 0, 0.05, y = 0.15 also x =
=0.15 y = 0.05 and x = 0.1, y = 0.1 for double substitution respectively were
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synthesized by usual solid-state reaction. Bismuth (M1) oxide (Bi20 3, gadolinium
() oxide (BiD 3, lantanum (I11) oxide (Bi 3), and iron (I11) oxide (Fe203 powder
ingredients have been used for synthesis in accordance with the next transformation

xGdD, +(1- x)BiN3+Fe203=2Gd*Bi*xFe"O]~.
xNd20 3+ (1- x)BiD, + Fe2, =2Nd”"B £ xPe2) P~
xba20b+yGd2 3+ (1- x)Bi2D3+(1- y)BiND $+2Fe203=
= 2LagGdgBirx yFeuO "

Particularly the dried starting materials, for an example Bi2) 3 Fe20 3and Gd2 3
(purity > 0.9999) were measured by using a high-precision balance and have been ta-
ken in stoichiometric proportion (for composition Ndo.isBio.&~e0 3 the start ingre-
dient quantity was taken: Nd2 3- 0.08326 g, Bi 3- 0.65332 g; Fed 3- 0.26342 g).
The powders were mixed thoroughly with a mortar and pestle with a small amount of
high-purity isopropanol. The prepared powder was precalcined at 750 °C for 3 h (the
heating velosity of 10 °C/min, furnace colling) before being cold pressed into pellets.
Than the pellets have been heated up to 820 °C with a velocity of 7.5 0C/min and
sintered for a further 2 hours with consequent furnace colling. Further grinding was
applied too before leaching the powder in 15 ml-of 1.0 M solution of nitric acid for
4 h to remove unwanted impurities. To carry out the phase control of synthesized
samples the X-ray diffraction method was applied on the base of high-resolution
diffractometer Dron-3 with Cu Ka radiation. A comparison of the parameters and
characteristics of the magnetic ordering of bulk samples of bismuth ferrite and its
substituted solid solutions was carried out from measurements of magnetization on
powdered samples using the The High Field Measurement System (Cryogenic Ltd.,
London, UK). The temperature dependence of the magnetization in a constant mag-
netic field including the hysteresis loop was investigated at fixed temperatures of 5,
100, 200 and 300 K in a magnetic field up to 10 T. A laboratory facility based on
a ponderomotive method was used for magnetic susceptibility for magnetization had
been measured in the temperature range 80-930 K too.

The dependences of the magnetization of solid solutions of bismuth ferrite with
partial replacement of bismuth ion on rare-earth ions of neodymium, lanthanum, ga-
dolinium show the tendency of materials to exhibit properties of magnetic ordering at
low temperatures. In this case, double substitution, i.e., doping in comparison is
simply neodymium and complex doping with gadolinium and lanthanum affects the
realization of magnetic properties more strongly. Complex doping may have
a greater positive effect due to the violation of crystallochemical stoichiometry, since
in this case 20 % ofthe bismuth ions are replaced by foreign ones.
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------- MD-2 (1.8 K)

------- MD-2 (300 K) 18K
MD-14 (1.8 K)

------- MO-14 (300 K)

Figure - Comparative behavior
- of magnetization for systems
2 W0A/eO3 neodymium - bismuth - iron -
MD-14 m La0iGdQBioaFe0  OXYgen and lanthanum -
gadolinium - bismuth -iron-
oxygen that is Nd Qi Bi aFe03
and La 0.iGd QiBi 08eO3from
A2 10 8 6 the point of view of activation
Magnetic field (T) of ordering mechanisms in the
low -temperature region.
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Doping with neodymium with replacement of bismuth in an order of 10 atomic
percent more affects the magnetic saturation moment both at high and low tem-
peratures, with approximately the same proportion. At low temperatures, 20 % do-
ping leads to a substantial saturation ofthe magnetic moment in a field ofthe order of
6-8 T. As follows from Fig., the process of destruction of the so-called spin cycloid
in solid solutions is more productive when about 20% of bismuth ions are replaced
by neodymium, lanthanum, gadolinium ions. Magnetization in its striving for satu-
ration, attained at levels of induction ofthe external field of the order 0f4-6 T, shows
the prospects of the approach of the chemical internal effect on the crystal lattice of
the material and the integrity of the spin cycloid. Of course, the temperature range
corresponding to a level much lower than even liquid helium and the magnitude of
the control field are from the point of view of dircct applied importance beyond the
limits, but the trends of the crystallochemical effect on magnetic properties deserve
further development.
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