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THE COMPOSITION AND STRUCTURE
OF BISMUTH-DOPED DYSPROSIUM MANGANITE

Abstract. The task of this work is to further study the composition and morphology of the powders of man-
ganite synthesized by Sol-gel method using oxides of dysprosium, manganese and bismuth. It is shown that when
using nitric acid as a precipitator, a single-phase powder can be obtained. Were identified methods of obtaining
perovskitelike powders of dysprosium manganite. Structural and morphological properties of the samples were
studied by x-ray phase analysis (X-ray) and scanning electron microscopy (SEM) in combination with optical micro-
scopy. By the method of X-ray phase analysis has previously been used to determine the structure and parameters of
elementary cells of the synthesized manganite. According to X-ray data, the manganite has an orthorhombic structure
with the following parameters: a=35.2793, b= 5.83, C=7.382 A, Z=4. Methods of optical and electronic microscopy
defined shapes and sizes of the obtained powders of the manganite. It is shown that the powders of manganite are
formed in the dendritic structure and it has particle sizes from 1 micron to 30 microns.
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Introduction. The development of spintronic devices based on nanoscale boundaries of magnetic
materials is a complex task. In [1], heterostructures of complex materials with the use of manganites,
multiferroics, compounds of rare earth elements, etc.for non-volatile storage devices were considered.
Recently, a structure for memory cells has been proposed, providing reliable spin manipulation and
switching of magnetization between two stable positions in intermetallic structures [2]. The solution is
based on the superlattice of single-bonded rare earth compounds TbCo, and 3d transition metal FeCo. The
structure is characterized by a giant magnetostriction and demonstrates the transitions of spin reorientation
by an external magnetic field and/or elastic deformation [3, 4]. In transition metal oxides Ri.xAxMnQO;
(manganites), where R is one of the rare earth elements La or Pr, A is one of the alkaline earth metals Sr or
Ca, the new state electric and magnetic phases can occur when electric fields and strains in thin films or on
surfaces with dielectrics or other oxides. [5].

Methods. In this method of synthesis, trivalent metal oxides were used: dysprosium, manganese and
bismuth. The required amount of oxides was dissolved in distilled water. Citric acid and glycerol (2:3)
were added to the obtained solution as gelling agents. Then the solution was heated using an electric stove
with constant stirring at 80°C to remove excess water and obtain viscous gels. The gel was dried at 250°C
and annealed at 500°C for 10h to obtain the desired powder. The powders were crushed in an agate mortar
to obtain a homogenous mixture. Then they were placed in crucibles and annealed at temperatures of
600-1000°C for 19 hours [6].

The finished single-phase powder of the manganite was studied using XRF to determine the structure,
parameters of electronic cells and methods of optical and electron microscopy.
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Results
X-ray diffraction. It was found that the manganite synthesized by the Sol — gel method is single-phase
(figure 1).
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Figure 1 — The diffraction pattern of the manganite synthesized by the sol-gel method

The formation of new phases was controlled by the method of x-ray phase analysis produced by
X-ray diffractometer Miniflex 600 (Rigaku) using CuK o-radiation filtered by the Ni filter (U = 30 kV,
J =10 MmA, the rotation speed of 1000 pulses per second, time constant = 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 were deter-
mined by the pycnometric method according to GOST 2211-65. Toluene served as indifferent liquid. The
density of the manganite was measured 4-5 times and data were averaged [6].

Table 1 — The results on indexing of radiographs of manganite

# [°2Th.] d[A] Int. [%] 10*/d*skern. hkl 10Y/d*reop.
1 11.38 7.769 02 165.67 (1,1,0) 165.67
9 16.12 5.494 1.8 331.3 2,0,0) 331.3
3 19.78 4.486 6.5 496.91 2,1,1) 496.91
4 22.87 3.885 27 662.54 (2.2,0) 662.54
5 25.62 3.474 22 828,59 (0,1,3) 828,59
6 28.11 3172 100.0 993,88 (2.22) 993,88
7 30.42 2.936 3.0 1160,08 (12,3) 1160,08
8 32.57 2747 37.0 13252 (4,0,0) 13252
9 34.61 2.590 3.9 1490,74 4,1,1) 1490,74
10 36.54 2.457 17 1656,49 0,2,4) 1656,49
11 38.40 2.342 23 1823,16 (3.32) 1823,16
12 40.18 2243 0.6 1987,65 (422) 1987,65

The results of the synthesized manganite radiograph indexing by different methods show that the
manganites have the orthorhombic structure with the following unit cell parameters (table 2).

The reliability of the indexing results is controlled by a satisfactory coincidence of experimental and
calculated values of the inverse squares of the interplanar spacing’s (10*/d%), and the coincidence degree of
the x-ray and pycnometric densities values of the studied compounds.

Thus, the double bismuth-manganite BDMO was synthesized by the sol-gel method, where glycerin
was used as the stabilizer of the sols. The use of this method made it possible to obtain single-phase
crystalline particles with a much shorter time [6].
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Table 2 — The unit cell parameters of the manganite obtained by sol-gel method

Ne C()mp()und a B c Vun.cell.: A3 Z PX-ray: g/ Cm3 Ppyc.: g/ Cm3

1 Big 1Dy eMnO; 5.2793 5.83 7.382 227.26 4 7.765 7.761

Morphological study. Figure 2 shows a micrograph of manganite powders taken from a digital
material science microscope Leica DM 6000.
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Figure 2 — A micrograph of powders of manganite with different magnifications:
a) an increase of 50, b) an increase of 100, ¢) an increase of 150

Microstructure of bulk samples was studied by scanning electron microscopy (SEM) JOEL JED-2300
with approaching up to x2000 and the ability to conduct elemental analysis. Photographs of the coatings
obtained are shown in figure 3.

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. Accor-
ding 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 (insert in figure 4) showed
that the atomic fractions of the clements practically coincide, which corresponds to the formula of
bismuth-dysprosium manganite - BDMO. As can be seen from figure 3, the powders obtained by this
technology are practically monodisperse, which is a great advantage of the method.
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Figure 3 — A micrograph of manganite powders taken on an electron microscope with different magnifications:
a) an increase of 100, b) an increase of 2 000, ¢) EDS microanalysis

Discussion. The manganite powders obtained by the sol-gel method have a single-phase structure.
According to micrographs, manganite has particle sizes from 1 micron to 30 microns.
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AnnoTtamust. By >KyMBICTBIH MAakcaThl JUCHPO3HH, MApPTraHEN >KOHE BHCMYTTHIH OKCHATEPIH MaHmalIaHBIIT
30JIb-TEJIb SAICIMEH CHHTE3JCIITCH MAHTAHHWT YHTAFbIH apbl Kapad KypaMbl MEH MOP(OIOTHACHIH 3epTTEy OOIbII
TaObIIaabI. A30T KBIIKBUIBIH TYHOAFa TYCIPYII PETiHAEC MaiaaaHy apKbLibl Oip (ha3aiabl MAHTAHUT YHTAFBIH alyFa
00NaTBIHABIFBI KOpCETUeH. [ICpOBKCHT THITI JUCTIPO3MH MAHTAHWTIHIH YHTAFBIH ANy OMICI AHBIKTAIFaH. YJITi-
JICPAIH KYPBLTBICTHIK KOHE MOP(OOTHIBIK KaCHSTTepi peHTreHO(asanblK Tamaay (POT) skoHE ONTHKAIBIK MHKPO-
CKOTIHSIMEH OIpre CKaHUPJCYIi 3MeKTPOHAb MUKpockomus (COM) spicrepimer 3eprrenni. bypbiH penTreHodasza-
JBIK TANAAY OMICI apKBUIBI CHHTE3JCITCH MAHTAHWUTTIH KYPBUIBICHI MCH KApamaibIM YAMIBIK MapaMeTpicpl aHBIK-
tasraH. POT momiMerrepi OOMBIHIIA MAHTAHUT OPTOPOMOTHI KYPBIIBICKA ME EKEHI KOPCETII JKOHE MapaMeTpIiepi
Kemecizeit: a=5.2793, B= 5,83, ¢=7.382A, Z=4. OnTHKATBIK 5KOHE 3MEKTPOHIB MHKPOCKOIIHS OTICTEPIMEH ATBIHFAH
MAHTAHUT YHTAKTAPBIHBIH KOJICMI MCH 6JIIICMICP] AaHBIKTAIABl. MaHTaHUT YHTAKTAPBIHBIH ACHAPHTTI KYPHUIBICKA HE
EKCHI KOPCETLNl YKoHE OHBIH omeMaepi 1 MukporHaH 30 MUKPOHFA apaNIbFbIHAA.

Tyiiin ce3maep: BHCMYTTHIH KOCAPJIAHFAH MAHTAHHUTI, 30JIb-TCAb OiCi, KYPBUIBIC, ONTHKAIBIK MHKPOCKOIL,
3NEKTPOHABI MHKPOCKOIL.
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COCTAB U CTPYKTYPA JIETUPOBAHHOI'O BUCMYTOM MAHI'AHHUTA JTUCITPO3UA

Annotamus., 3agavucii JaHHOH padOTHI ABILICTCA MATBHCHIICS WCCICAOBAHHE COCTaBA W MOP(OIOTHIO TO-
POIIKOB MAHTAHUTA, CHHTC3UPOBAHHOTO 30JIb-TE€JIb METOAOM C HCIMOJIB30BAHHEM OKCHIOB JHMCIPO3HA, MAPraHUA H
BucMyTa. [10Ka3aHO, YTO MPH HMCTIOIB30BAHHHM A30THOM KHCJOTHI B KAUECTBE OCAAMTEIS MOYKHO MOJIYYHTh OJHO-
(ha3HBIH OPOMIOK. BRLIH OTIPEICICHBI METOIBI TOJIYYCHHS ICPOBCKATOMOA0OHBIX TOPOIIKOB MAHTAHUTA THCIPO3HUL.
CrpykTypHBIC B MOP(OIOTHUCCKHE CBOHCTBA 00pA3LOB M3YUAIH METOAAMH PEHTTeHO(a30Boro anamm3a (POA) u
CKaHUPYIOIICH 3ICKTPOHHOH MHUKpockomud (COM) B COUCTAHHH C ONTHUCCKOH MHKPOCKOMHCH. METOIOM PCHT-
reHO(hA30BOTO AHATM3A PaHESE OBLTH OMPSACICHBI CTPYKTYPA H MAapaMCTPHI 3JICMCHTAPHBIX AYCCK CHHTC3HPOBAHHOTO
Mmanranura. [1o nanHbIM POA yCTaHOBIEHO, YTO MAHTAHHUT UMEET OPTOPOMOHMUECKYIO CTPYKTYPY CO CICAYIOIIMMHA
napamerpamu: a=5.2793, B= 5,83, c=7.382A, Z=4. MerogaMu ONTHYCCKOH H 3JCKTPOHHOM MUKPOCKONHH OIpe-
JCICHBI (POPMBI U PA3MEPHI MOIYUCHHBIX MOPOITKOB MAHTAHHWTA. [10KA3aHO, YTO MOPOIIKH MAHTAHHTA CKJIAIbI-
BAIOTCA B JCHAPHUTHYIO CTPYKTYPY H OH HMEET Pa3MEPBI 4aCTHI 0T 1 MukpoHa A0 30 MHKPOHOB.

KmoueBnie cji0Ba: ABOHHONH MAHTAHHT BHUCMYTA, 30Jb-TCIb METOJ, CTPYKTYPA, ONTHUYCCKHH MHKPOCKOLL,
3JCKTPOHHBIA MHKPOCKOIL.
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