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Composition and structure of bismuth doped dysprosium manganite

In the present work, the multiferroic material BiygDy,,MnO; 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, BiyjgDyy,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
at700-900-°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 erystal 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
5-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 um 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.
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BucmyTneH JiernpJieHreH JUCHPO3Uii MAHTAHUTIHIH KYPaMbl 5K9He KYPbLIbICHI

Maxkanana mynsTudeppoukti BijgDyy,MnO; matepnans! Ileunnn omici apKbUIBI apbl Kapail 3epTTey YIIiH
cuHTe3nenl. bacTramkpl 3arrap peTiHAe BHCMYT OKCHJI, MapraHell OKCHJi, IUCHPO3HI OKCHAi, a30T
KBIIIKBUIBl JKOHE MOYEBHMHA KOJIIAHBUIABL A30T KBIIIKBIIBI MEH MOYECBHHAHBI TYHIBIPYLIBI DPETiHIE
naiifanany apkeuibl 6ip (azaabl KOCBUIBICTHI allyFa OOJATBIHIBIFBI KOPCETIreH. PeHTren coyieci apKbuibl
PeaKiAHbIH THiMAI TEMIIepaTypachlH aHBIKTAY YIIIH YHTAKThl 9pTYpIIi Temreparypana Kyiaipaik — 600 °C,
800 °C, 900 °C. HepoBCKHTTIH KPHCTAIIBIK KYPHUTBICHIHA Bi®" HOHBIHBIH eHyiH peHTreH (asambk Tamiay
JKOHE. CKaHepJIeylli 3JIEKTPOH/ABl MHKPOCKOI apKbUIbI 3epTTEeliK. PeHTreH HoTwkeci OOWBbIHIIA aJbIHFaH
kpuctangsl Big gDy, ,MnO; manranuti Fm-3m(225) keHicTik ToONKa jkoHe KyOThI KPUCTAIABIK KYPBIIBICKA He
ekeli GalKasIbl; JKOHe OHBIH KapamnaiblM yAIbIK TapameTpiepinin Moni: 5.4763 A, 5.4763 A, 5.4763 A,
90.0005 90.000, 90.000 Ter Oommel. MaHraHuTTiH THIFBI3IBIFE 2211-65 MeMCT OoWBIHIIIA MTHKHOMETPITIK
omicnieH aHbIKTaiAbl. MHmudGdepeHTTi CYMBIKTBIK peTiHae TONyon KoJiaHbUlasl. CHHTE3/en albHFaH
MaHIaHUTTIH THUKHOMETPJIIK TBHIFBI3JBIFBI MEH PEHTICHJIK ThIFbI3JBIFBIHBIH COiKec Keilyi Taxipube
HOTIDKECIHIH AYPBICTBIFBIH gdnenzeiini. bacrankel 6-Bi,O; OKCHIIHIH KPUCTAIIBIK YSAIIBIK MapaMeTpiepi
MEH MaHIaHMUTTIH KPHUCTAJIBIK YAIIBIK IapaMeTpiIepiHe CalbICTBIPMaNbl TalJay XKyprisinai. 3eprrey
HOTIDKECI «a» jkoHe «b» mapameTpiepiHiH MoHIepi Colikec KeNeTiHIH KepCeTTi, «C» mapaMeTpi OacTamkbl

MoHHeH ~/2  CHIFBLTFaH. CkaHepieynr »ICKTPOHABI MHKPOCKOII HOTIDKECI OOHBIHINA 3IEMEHTTepAIH
aToMIbIK  (pakiusuIapsl  TOJBIFBIMEH BHUCMYTTHI-AUCIPO3Ui  MaHranutiHin — BDMO 0Oepinren
(hopMyIackIMEH TONBIFBIMEH COMKEC KEIe .

Kinm cesdep: BUCMYT MaHTaHuTi, jnerupney, Iledunn omici, MymbTH(HEPPOUKTI, SIEKTPOHAB MHKPOCKOIL,
HAHOKPHCTAILI, KyOTHI, CYHBIK (hazarsl mporecc.
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CocTaB M CTPYKTYypa JIerHPOBAHHOT0 BUCMYTOM MAHTAHUTA AUCIIPO3USsI

B crarse mymeTHheppondeckuii Marepuan BiggDy,,MnO; 6511 cuHTE3MpOBaH MeronoM lleunHn s ero
JadbHEHIIero M3ydeHWs. B KadecTBe HMCXOTHBIX MaTepuajoB OBUIM HCHOJB30BAHBI OKCHABI BUCMYTA,
MapraHIa, JUCIPO3Hs, a30THAsl KUCIO0Ta U ModeBHHA. [1oka3aHo, 9TO MPH MCTOIB30BAaHUH a30THOM KHUCIOTHI
M MOYEBUHBI B Ka4eCTBE OCAAUTENS MOXKHO MONYy4YHTh OJHO(a3Hble mopomkd. [lopomiok cnekamu mpu
pazmuusbix Temmeparypax: 600 °C, 800 °C, 900 °C, coOTBETCTBEHHO, [yl OLEHKM HX ONTHMAJIbHOU
TEMIepaTyphl CIIEKAHHS HA OCHOBE PEHTTCHOBCKHX Nyuell. Bitrouenne monoB Bi*' B kpucrammiueckyio
CTPYKTYpY TEPOBCKUTA OBUIO MPOBEPEHO C MOMOIIBIO peHTreHoBckoro Meroaa u COM. XRD nokasain, 4yto
MOTy4YeHHBIH HaHOKpUcTayuTdeckuil Big gDyy,MnO; npencrapisier co0oil KyOMUECKyr0 KpUCTAJUINYECKYIO
CTPYKTYpy C MpOCTpaHCTBEHHON Trpymmoi: Fm-3m(225) m wmmeer cienyromme mHmapaMeTpbl pPEIIETKH:
54763 A, 54763 A, 54763 A, 90.000, 90.000, 90.000. IIIOTHOCT MaHraHHTA ONpENENANACH
mukHOMeTprdeckuM MetomoM 1o ['OCTy 2211-65. Tomyonm cmyxuna B KadecTBe HHAM(GEPEHTHON
JKUIKOCTH. Y JIOBJICTBOPHUTENbHAST COITACOBAHHOCTh BEJMYMH PEHTTCHOBCKOM M INHKHOMETPHIECKON
IUIOTHOCTEH MaHraHHUTa JI0Ka3bIBACT NMPABUIIBHOCTD PE3YyJIbTATOB SKCIEpHUMEHTa. [IpoBe/ieH cpaBHUTEIbHBIH
aHaJIM3 B3aMMOCBS3M I1aPAMETPOB KPUCTANIMYECKOI PELICTKH C IapaMeTpaMH KPUCTAUIMYECKUX PEHICTOK
ucxoHoro okcuna 8-Bi)0;. AHann3 nmokasbIBaeT, 4TO 3HAUCHHS NapaMeTPOB «@» U «b» YIOBISTBOPUTEIBHO
COBNAJAIOT C MapaMeTpaMH KPHCTALIMYecKoi pemerku 6-BiyO;, mapamerp «c» HEKaKEH OT 3HAuCHHSA

napamerpa Ha V2. Pe3ynbTarsl 3JIEKTPOHHOTO MHKPOCKOIA CBHAETEIBCTBYIOT, YTO aTOMHBIE (paxmuu

OJIEMEHTOB IIPAKTHYECKU COBHNAAANOT, YTO COOTBETCTBYET (1)OpMyJ'IC MaHI'aHUTa BUCMYTa-IUCHPO3UA —
BDMO.

Kniouesvie cnosa: MaHTaHUT BUCMYyTa, JIeTUpoBanue, Merox Ileunuu, MymsTu(QeppondecKnii, 37IeKTPOHHBIH
MHKPOCKOT, HAHOKPHCTAILT, KyOU9ecKuii, >kuko(a3HbIH mporiecc.
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