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Composition and structure of bismuth doped dysprosium manganite

In the present work, the multiferroic material BiygDy,,MnO3 was synthesized by the Pechini method for its
further study. As starting materials, bismuth oxide, manganese oxide, dysprosium oxide, nitric acid and urea
were used.It is shown that when nitric acid and urea are used as a precipitant, single-phase powders can be
obtained. The powder was sintered at various temperatures of 600 °C, 800 °C, 900 °C, respectively, in order to
evaluate their optimum sintering temperature based on X-ray profiles. The incorporation of Bi*" ions into the
perovskite crystal structure was verified by means of X-ray, SEM methods. The XRD revealed that the
obtained nanocrystalline Bij gDy, ,MnO; was cubic crystal structure of space group: Fm-3m(225) and lattice
parameters were: 5.4763 A, 5.4763 A, 5.4763 A, 90.000, 90.000, 90.000. The density of manganite was
determined by the pycnometric method in accordance with State Standard 2211-65. Toluene served as an
indifferent fluid. Satisfactory consistency of X-ray and pycnometric densities of manganite confirms the
correctness of the results. The results of the electron microscope show that the atomic fractions of the
elements practically coincide, which corresponds to the formula of manganite-BDMO.

Keywords: manganite of bismuth, doping, Pechini method, multiferroic, electron microscope, nanocrystal,
cubic, liquid-phase process.

Introduction

Multiferroics are considered as an important class of materials which display simultaneously
magnetism, ferroelectricity, and ferroelasticity in a single phase. In multiferroics, magnetic and electric
orders are strongly coupled, and therefore have attracted an increasing attention in literature [1-3].A series of
multiferroic materials with the compositional formula RMnO; (where R = Sm, Eu, Gd, Tb and Dy) have
shown significant importance in recent years because of the fact that strongly competing magnetic
interactions could play a very important role in inducing a magnetoelectric effect [4—7].The observation of
colossal magnetoresistance (CMR) in (La, Ca) MnOs [8] has prompted a flurry of recent research on this
material and related perovskite structure manganites [9]. The majority of the recent research has focused on
manganites in which the large (A-site) cation was a rare earth from the left hand side of the lanthanide
series.The manganites of these large rare earth ions (lanthanum manganite through dysprosium manganite)
all crystallize in the cubic perovskite structure, with the same low temperature orthorhombic distortion and
A-type antiferromagnetic ordering of the Mn®" ions.

Experimental

Synthetic method Pechini was used for the synthesis of manganite BiysDy,,MnO; (Fig. 1), which has
the potential for their use in different applications.
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Figure 1. Flowchart for the Pechini method used to obtain the perovskite compound shown in the present work

The selection of method and composition for perovskite was based on the desired application that are
described later. In the method, the standardized oxides were mixed according to the stoichiometry of the
final products, namely, BiygsDyy,MnO; (BDMO). The starting materials were Dy,0; (99.9 %) Bi,O3
(99.9 %) Mn,0; (99.9 %) which had to be dissolved in nitric acid before the addition of the other compound
(urea). A suitable amount of urea was added to the mixture as a coordinate agent. The solution was then
allowed to dry to form a dried gel in an electric oven at 100 °C. The resulting dried gel was annealed in a
muffle furnace to give a black powder at 600 °C for 10 hours. Finally, the resulting powder was heated in air
at 700-900 °C for 7 hours.

Results and Discussion

X-ray diffraction. Powder X-ray diffraction patterns (Fig. 2, 3) show that the samples show single phase
and indexed (Table 1) in the cubic structure with Fm-3m(225) group space.The formation of new phases was
controlled by the method of X-ray phase analysis produced by X-ray diffractometer Miniflex 600 (Rigaku)
using CuKoa-radiation filtered by the filter (U = 30 kV, J = 10 mA, the rotation speed of 1000 pulses per
second, time constant is 5 sec., the range of angles 20 from 5 to 900). Radiographs of the synthesized
polycrystalline powders were indicated by the homology method (homologue is a distorted structure type of
perovskite). The density of manganites was determined by the pycnometric method according to State Stand-
ard 2211-65 [10]. Toluene served as an indifferent liquid. The density of the manganite was measured 4-5
times and data were averaged.
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Figure 2. X-ray of BDMO powder
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Figure 3. Observed (red symbols) and calculated (blue lines) X-ray diffraction pattern for the BDMO sample and the
peaks marked with pink are the remaining after the refinement of the phase by the Rietveld method.

Table 1
The results on indexing of radiographs of manganite
No. [2Th.] d[A] Int. [%)] 10*/d” exp. hkl 10%/d” theory

1 28.20 3.162 100.0 1000 (1,1,1) 1000.02

2 32.68 2.738 38.5 1333.9 (2,0,0) 1333.36

3 46.89 1.936 35.2 2668.02 (2,2,0) 2667.6

4 55.62 1.651 324 3668.65 3.1,1) 3669

5 58.32 1.581 8.1 4000.7 (2,2,2) 4002

6 68.48 1.369 3.8 5335.7 (4,0,0) 5336

7 75.63 1.256 9.0 6338.9 (3,3,1) 6339

8 77.96 1.225 7.6 6663.89 (4,2,0) 6664

9 87.12 1.118 54 8000.48 (4,2,2) 8000

10 93.92 1.054 52 9001.58 (5,1,1) 9002.01

11 105.44 0.968 1.4 10672.05 (4,4,0) 10671.95

12 112.64 0.926 4.6 11662.13 (5.3, 11661.8

13 115.12 0.913 2.7 11996.6 (6,0,0) 11997

14 125.65 0.866 1.9 13334.12 (6,2,0) 13333.7

15 134.55 0.835 1.6 14342.57 (5,3.3) 14343

16 137.83 0.826 1.6 14656.83 (6,2,2) 14659
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The results of the synthesized manganite radiograph indexed by this method show that the manganite
has the cubic structure with the following unit cell parameters (Table 2).

Table 2
The unit cell parameters of the manganite obtained by the Pechini method
Compound a b c Vincen, A 4 Dx.ray., 8/ em’ Dpye., 8/ cm’
BDMO 5.4763 5.4763 5.4763 164.233 1 8.647 8.635

The reliability of the indexing results is controlled by a satisfactory coincidence of experimental and
calculated values of the inverse squares of the interplanar spacings (10%/4%), and the coincidence degree of
the X-ray and micrometrically densities values of the studied compounds.Thus, the double bismuth—
manganite BDMO was synthesized by various methods. Using the ceramic technology, considering the
Tamman’s conditions, the authors determined temperature regime of the synthesis of the dual mixed
manganite BDMO. The type of crystal system and unit cell parameters were determined by the radiographic
method. It is established that a complex mixed manganite is crystallized in the orthorhombic crystal system,
the correctness of the results of X-ray studies of the manganite is confirmed by the good concordance
between the experimental and calculated values (10%/d%), concordance between the values of X-ray and
picnometer densities. The comparative analysis of parameters between the lattice parameters of the source
8-Bi,0; shows that the values of the parameters a and b satisfactorily coincide with the lattice parameters

6-Bi,03, the parameter c is distorted from the value of the @ parameter on V2.

Morphological study. Microstructure of bulk samples was studied by scanning electron microscopy
(SEM) JOEL JED-2300 with approaching up to x500 and the ability to carry out elemental
analysis.Photographs of the coatings obtained are shown in Figure 4.
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Figure 4. Results of SEM of powder BDMO obtained by the Pechini method

This increase in particle size with the level of doping is apparently due to a change in the melting point
of the samples, which reduces the increase in the content of cations of alkaline earth metals. According to
Harton et al. (2002), this effect leads to a liquid-phase process, which is facilitated by sintering and
increasing grain growth. On the surface, it can be seen that the resulting coating has a dense structure
consisting of 50 pm crystals.

The elemental analysis performed on an electron-scanning microscope (Fig. 4) shows that the atomic
fractions of the elements practically coincide, which corresponds to the formula of bismuth-dysprosium
manganite — BDMO. As can be seen from Figure 4, the powders obtained by this technology are practically
monodisperse, which is a great advantage of the method.
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Summary

The nanoparticle of the manganite BDMO was synthesized with the Pechini method, using surface-
active material. Using the Pechini method, single-phase crystalline nanoparticles were obtained at lower
temperatures (up to 900 °C) as compared with the solid-phase method. Both phase and morphological
understanding of the samples were made on the basis of measurements of XRD, SEM features.

Acknowledgments

This article was prepared with the financial support of the grant of the Ministry of Education and
Science of the Republic of Kazakhstan No. AP05130165 «Development and physical basis of new crystal
systems in the class of multiferroics».

References

1 Kimura, T., Goto, T., Shintani, H., Ishizaka, K., Arima, T., & Tokura, Y. (2003). Magnetic control of ferroelectric
polarization. Nature, 426, 55-59.

2 Zvezdin, AK., Logginov, A.S., Meshkov, G.A., & Pyatakov, A.P. (2007). Multiferroics: Promising Materials for
Microelectronics, Spintronics, and Sensor Technique. Bull. Russ. Acad. Sci., Phys., Vol. 71(11), 1561-1562.

3 Lahmar, A., Habouti, S., Solterbeck, C.H., Dietze, M., & Es-Souni, M. (2010). Multiferroic properties of
BiolngollFeolgMnollo} J. Appl PhyS, ]07, 024104.

4 Feyerherm, R., Dudzik, E., Wolter A.U.B., Valencia, S., Prokhnenko, O., & Maljuk, A., et al. (2009). Magnetic-field induced
effects on the electric polarization in RMnO;. Phys. Rev. B., 79, 134426.

5 Chupis, E. (2011). Some features of the phase diagram of the ferroelectromagnet TboMnO;. Low Temp. Phys. 37, 126.

6 Taka-Hisa Arima. (2011). Spin-Driven Ferroelectricity and Magneto-Electric Effects in Frustrated Magnetic Systems.
J. Phys. Soc. Jpn., 80, 052001.

7 Andreev, N., Abramov, N., Chichkov, V., Pestun, A., Sviridova, T., & Mukovskii, Ya. (2010). Fabrication and Study of
GdMnO; Multiferroic Thin Films. Acta. Phys. Pol. A., 117, 218-220.

8 Jin, S., Tiefel, T.H., McCormack, M., Fastnacht, R.A., Ramesh, R. & Chen, L.H. (1997). Science, 264, 413.

9 Damay, F., Maignan, A., Martin, C., & Raveau, B. (1997). Cation size-temperature phase diagram of the manganites
Lng 5SSty sMnOs. J. Appl. Phys., 81, 1372.

10 Mataev, M.M., Saxena, S.M., Patrin, G.S., Tursinova, Z.Y., Kezdikbayeva, A.T., & Nurbekova, M.A., et al. (2018).
Manganite Synthesis by Different Methods. Orient. J. Chem., 34, 3, 1312—1316.

M.M. Maraes, C.M. Cakcena, I'.C. [Tatpun, XX.W. Typcunora, A.T. Keznukbaepa

BucmyTneH JiernpJieHreH JUCIPO3Uii MAHTAHUTIHIH KYPaMbl 5K9He KYPbLIbICHI

Maxkanana mynsTudeppoukti BiggDyy,MnO; matepnans! [leunnn omici apKbUIBI apbl Kapail 3epTTey YIIiH
cuHTe3leN . bacramkel 3arTap peTiHAe BHCMYT OKCHAI, MapraHel OKCHAI, JHUCIPO3Mil OKCHIi, a30T
KBIIIKBUIBl JKOHE MOYEBHMHA KOJIIAHBUIABL A30T KBIIIKbUIBI MEH MOYECBHHAHBI TYHIBIPYLIBI DPETiHIE
naiianany apkpuibl Oip (hazayubl KOCBUIBICTBHI allyFa OOJaTBIHIBIFBI KOPCETIIreH. PeHTren coyieci apKbuibl
peaKIMsIHBIH THIM/II TEMIIEpaTypachlH aHbIKTAy YIIIH YHTaKThI SpTYpPJI Temiieparypaaa kyiaipaik — 600 °C,
800 °C, 900 °C. T1epoBCKHTTIH KpHCTAIIBIK KYPHUTBICHIHA Bi®" HOHBIHBIH eHyiH peHTreH (asambk Tamiay
JKOHE CKaHepJIeylli SJIEKTPOH/ABl MHKPOCKON apKbUIbI 3epTTeliK. PeHTreH HoTmkeci OOWBbIHIIA albIHFaH
xpuctangsl Big gDy, ,MnO; manranuti Fm-3m(225) keHicTik ToOnKa jkoHe KyOThI KPUCTAIABIK KYPBIIBICKA He
ekeHi GalfKasibl; JKoHe OHBIH KapamnaiibM yAIIBIK TapameTpiepiHin Momi: 5.4763 A, 5.4763 A, 5.4763 A,
90.000, 90.000, 90.000 Ten Gommbl. MaHranuTTiH THIFBBIBIFE 2211-65 MeMCT Oo#bIHIIA TUKHOMETPIIK
omicnieH aHbIKTaAbl. MHIuMGEpeHTTI CYMBIKTBHIK pPETiHAEC TOJYON KOoiAaHbUiabl. CHHTE3IEN ajbIHFaH
MaHTaHUTTIH IIMKHOMETPJIIK TBIFBI3JBIFBI MEH PEHTICHIIK THIFBI3JBIFBIHBIH COliKec Keilyi Taxipude
HOTIDKECIHIH AYPBICTBIFBIH Adnenzeini. bacrankel 8-Bi)O; OKCHIIHIH KPUCTAIIBIK YAIIBIK MapaMeTpiepi
MEH MAaHTAHUTTIH KPHCTAJABIK YSMIBIK HapaMerpiepiHe CalbICTHIPMAajbl Tanay >Kyprizingi. 3eprrey
HOTIDKECT «a» jkoHe «b» mapamerpiepiHiH MSHIepi ColiKec KeNeTiHIH KOpCeTTi, «C» mapaMerpi OacTamkbl

MoHHCH /2  ChEBUIFaH. CkaHepieynr »ICKTPOHABI MHKPOCKOI HOTIDKEC OOHBIHINA 3IEMEHTTepAIH
aTOMIbIK  (pakiusuapsl  TOJBIFBIMEH BHUCMYTTHI-AMCIPO3Wi MaHraHutiHin — BDMO  0Oepinren
(bopMynachIMEeH TOJBIFBIMEH COHKEC KeNei.

Kinm cesdep: BUCMYT MaHraHuWTi, jerupney, Iledunn omici, MyIbTH(HEPPOUKTI, SIEKTPOHAB MHKPOCKOIL,
HaHOKPHCTAILI, KyOTHI, CYHBIK (hazars! mporecc.
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CocTaB M CTPYKTYypa JIerHPOBAHHOT0 BUCMYTOM MAHTAHUTA ANCIIPO3USs

B crarse mymeTHheppondeckuii Matepuan BiygDy,,MnO; 6511 cuHTE3MpOBaH MeronoM IleunHn s ero
JaTbHEHIIero M3ydeHWs. B KadecTBe HMCXOTHBIX MaTepuajoB OBUIM HCHOJB30BAHBI OKCHUABI BHCMYTA,
MapraHIa, JUCIPO3us, a30THas KUCIOTa U ModeBHHA. Iloka3aHo, 9TO MPH WCIOJIB30BAaHUH a30THOH KHUCIOTHI
M MOYEBHHBI B Ka4eCTBE OCAAUTENTI MOXKHO IMOIYyYHTh OXHO(A3HBIe Hopomkd. [lopomiok crexamu mpu
pasmuunblx Temmepatypax: 600 °C, 800 °C, 900 °C, coOTBETCTBEHHO, JIi OLEHKH HX ONTUMAaJIbHOH
TeMIepaTyphl CIICKAHWsS HA OCHOBE PEHTICHOBCKHX Nyuell. Brmouenne momoB Bi’' B kpucrammiueckyio
CTPYKTYpY NEpPOBCKUTa ObLIO IMPOBEPEHO C MOMOIIBIO peHTreHOoBcKoro Merona 1 COM. XRD nokasain, 4ro
MOTy4YeHHbIH HaHOKpUcTauTideckuil Big gDyy,MnO; npencrapisier co0oil KyOMUECKyr0 KPUCTAJUINYECKYIO
CTPYKTYpy C MpOCTpaHCTBEHHON Trpymmoit: Fm-3m(225) m wmmeer cienyromme mmapaMeTpbl pPEIIeTKH:
54763 A, 54763 A, 54763 A, 90.000, 90.000, 90.000. IIIOTHOCTP MAHTaHHTA OMNpENENANACH
mukHOMeTpHdeckuM MetomoM 1o ['OCTy 2211-65. Tomyonm cmyxuna B KadecTBe HHAM(pGEPEHTHOH
JKUJKOCTH. Y JIOBJICTBOPHUTENBHAS] COITTACOBAHHOCTh BEJIUYMH PEHTTCHOBCKOM M INHKHOMETPHYECKOH
IVIOTHOCTEH MaHraHHWTAa JIOKa3bIBACT MPABUIIBHOCTD PE3yJIbTAaTOB 3KCIICPUMEHTA. [IpoBesieH cpaBHUTEIbHbIN
AHAJIM3 B3aMMOCBA3HM I1APAMETPOB KPUCTAUINYECKON PELICTKH C IapaMeTpaMH KPUCTAJUIMYECKHUX PEIIETOK
ucxoaHoro okcuna 6-Bi,0;. AHann3 nmokasbIBaeT, 4TO 3HAUCHHS NapaMEeTPOB «@» U «b» YIOBJICTBOPUTEIBHO
COBNAJAIOT C MapaMeTpaMH KPHCTALIMYecKoi pemerkn 6-Bi,O;, mapaMerp «c» HCKaKeH OT 3HAUYCHHSA

napamerpa Ha V2. Pe3ynbTaTsl 3JIEKTPOHHOTO MHKPOCKOIA CBHAETEIBCTBYIOT, UTO aTOMHBIC (paKiuu
3JIEMEHTOB IPAKTHYECKH COBIAJAIOT, YTO COOTBETCTBYET (DOpPMyJie MaHTaHWUTA BHCMYTa-IHCIPO3UA —
BDMO.

Kniouesvie cnosa: MaHTaHUT BUCMYyTa, JIeTUpoBaHue, Metox Ileunnu, MymsTudeppondecKnii, 3IeKTPOHHBIH
MHKPOCKOT, HAHOKPHCTAILT, KyOU9eCcKHH, )kuIKo(a3HbIHA Iporiecc.
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