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Novel Titanium-Manganites of Lanthanum and Alkali Metals

The titanium-manganites of LaMe'2TiMnOs (Me' — Li, Na, K) were synthesized by the ceramic technology
with the high-temperature reaction of oxides of La20s, TiO2, Mn203 with carbonates of Li2COs, Na.COs,
K2COs3 within 800-1200 °C. The X-ray diffraction methods demonstrated that all of them were crystallized in
the cubic syngony with the lattice parameters such as LaLi;TiMnOs — a=13.48+0.02 A,
VO = 2449.46+0.06 A3, Z = 4, V%l ce = 612.8740.02 A3, proent. = 3.81; ppick. = 3.7810.03 g/cm3; LaNaTiMnQOs —
a=14.06£0.02 A, V°=2779.43+0,06 A3, Z = 4, VVP%.cell = 694.96+0.02 A3, proent. = 3.67; ppick = 3.65£0.01 g/em?,
LaKzTiMnOs — a =14.74+0.02 A, V°=3202.52+0.06 A3, Z =4, VCicen=800.52+0.02 A3, proent. = 3.45;
p pick. = 3.4310.01 g/cm?®. Correctness and authenticity of the results on the indexing of X-ray photographs of
titanium-manganite were confirmed with the good experimental and calculated values (10%/d?), the pycnomet-
ric and X-ray densities, and also the theoretical and experimental values of cell volumes. The rising of values
of the lattice parameters of the synthesized titanium-manganites was determined with increasing in the ionic
radii from Li to K.

Key words: titanium-manganite, lanthanum, alkali metals, synthesis, X-ray diffraction, indexing, syngony,
unit cell, lattice parameters.

Introduction

To date the sustained interest in the ferroelectric materials was observed. This is caused by the ability to
develop electrically controlled ultrahigh-frequency (UHF) devices on their basis. The ferroelectric materials
have anomalously high nonlinearity of the dielectric properties. As a result they are very attractive to use in
the ultrahigh-frequency electronics [1]. Manganites of a fixed composition are materials with the high spin
polarization to research some fundamental issues and to use in the spintronic devices and in the magnetic
tunnel structures. The interest in using of manganites is caused by some unique properties such as the high
spin polarization reaching 100 %, high Curie temperature, chemical stability, etc. [2]. Attention is also drawn
to the fact that the semiconductor titanium oxides with transition metal impurities are able to be as the ad-
vancing materials to use in the spin electronics and catalysis [3, 4]. For instance, barium titanate is a tradi-
tional electroceramic material and it has the ferro-, ferroelectric — and pyroelectric properties. It ought to be
noted that the high values of dielectric permittivity in the ferroelectric materials near a transition temperature
permit to use them in the miniature capacitors [5].

It should be pointed out that a field of the potential applications of materials with the colossal magnetic
resistance such as Laix(Ca, Ba)xMnOs; manganites include magnetic field sensors, the reading heads for
high-density magnetic recording, displacement sensors, temperature sensors, bolometers, etc. [6]. Data on
the fuel cells based on perovskite-like solid solutions of (LaosxSros«)1yMnosTiosOss (x = 0-0.25, y = 0—
0.03) are described in [7, 8].

The abovementioned literature review demonstrates that compounds based on manganites and titanates
of the rare-earth elements doped with oxides of s-elements are of the great scientific and practical interest.
As a result, the purpose of this paper is to synthesize and study the X-ray diffraction characteristics of the
novel titanium-manganites of lanthanum and alkali metals.

Experimental

Oxides of lanthanum (IIT) (“puriss. spec.” 99.99 %), titanium (1) and manganese (I11), and carbonates
of lithium, sodium and potassium (production Russia) (“p.a.” 99.0 %) were the initial reagents to synthesize
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the titanium-manganites of LaMe';TiMnOs (Me' — Li, Na, K). These substances were pre-annealed at
300 °C to remove the adsorption moisture. Then, the stoichiometric amounts of these substances were thor-
oughly mixed and ground in an agate mortar to obtain the titanium-manganites of LaMe';TiMnOs (Me' —
Li, Na, K). Further, the mixtures were placed to the alundum crucibles pre-calcined at 600 °C. Then they
were annealed at 600 °C in a SNOL furnace for 5 h. Mixtures were cooled to a room temperature with the
repeated processes of mixing and grinding. Then the mixtures were heat-treated at 800 °C for 5 h with pro-
cesses of cooling to a room temperature, grinding and stirring. Further the analogous procedures were per-
formed at 1000 °C for 10 h twice and at 1200 °C for 4 h. After repeating the mixing and grinding, a low-
temperature annealing at 400 °C for 10 h was performed to obtain the equilibrium phases at a low tempera-
ture.

Formation of the equilibrium compositions of titanium-manganites was identified with the X-ray phase
analysis on DRON-2.0 diffractometer (production Russia). The recording conditions: CuK,-radiation,
U =30KkV, J=10mA, rotation speed — 1000 pps, time constant t =5 sec and angles 26 from 10 to 90°.
Intensity of diffraction peaks was graded on a 100-point scale.

Results and Discussion

The indexing of X-ray photographs of titanium-manganites demonstrated that all synthesized titanium-
manganites were crystallized in the cubic syngony.

The lattice parameters and X-ray densities were determined. The indexing of X-ray photographs was
performed with the analytical method [9]. Table 1 below demonstrates the indexing results.

Table 1
The indexing of X-ray photographs of LaMe'>TiMnOs (Me' — Li, Na, K) powders

/1, | d/A | 10%d 2%y | hkl | 104/d Ziarc.
LaLizTiMnOe
6 3.89 660.8 410 661.0
100 2.75 1322 433 1322
12 2.50 1600 621 1597
23 2.24 1993 7.11 1982
11 2.06 2356 6.5.0 2368
44 1.94 2657 8.2.0 2643
40 1.57 4057 10.2.0 4075
7 1.41 5030 10.5.2 5011
18 1.37 5328 10.6.1 5341
14 1.22 6719 13.2.0 6718
LaNa,;TiMnOg
10 3.90 657.5 320 658.0
100 2.76 1313 510 1315
11 2.40 1736 530 1720
21 2.23 2011 620 2013
38 1.93 2685 720 2685
33 1.59 3956 752 3945
13 1.37 5328 10.2.1 5311
10 1.23 6610 11.3.1 6625
LaKzTiMnOG
7 3.94 644.2 321 644.0
100 2.82 1257 333 1242
20 2.25 1975 533 1978
30 1.97 2577 642 2577
5 1.74 3305 660 3313
27 1.59 3956 921 3957
12 1.38 5251 871 5246
5 1.23 6610 12.0.0 6626
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It should be stated that the theoretical cell volumes of the synthesized titanium-manganites were deter-
mined with using the actual literature data on the cell volumes of the oxides included in their composition
[10, 11] under the scheme:

VO cet LaMe, TiMNOg = 0.5 V% cenllLaz03 + VOel.cett ME20 +V0%icen TiO2 + 0.5 V% cet MN203, (1)

where Me' — are Li, Na, K.
The X-ray density of compounds (preent.) Was calculated with the formula [1]:
1,66-Mr-Z
proent = V—o ! (2)
where Mr is the molecular weight of a compound; Z is the number of formula units in the lattice; VO is an
elementary cell volume.

Four to five parallel measurements of manganite density were performed in 1-mL glass pycnometers
under the procedure [12]. Toluene was used as an indifferent liquid i.e. it wetted these compounds well. It
was chemically inactive towards them and its density was stable to the temperature changes.

Table 2 below demonstrates the cell parameters, X-ray and pycnometric densities of the synthesized ti-
tanium-manganites.

Table 2
Lattice parameters of titanium-manganites of LaLi2TiMnOe (1),
LaNa TiMnOs (11) and LaK2TiMnOe (111)
Titanium- o %3 o 3 p, g/cm®
manganite a A v A z Voataa, A Proent, Ppick.
I 13.48 £0.02 2449.46 + 0.06 4 612.37 +0.02 3.81 3.78 £0.03
I 14.06 £ 0.02 2779.43 = 0.06 4 694.96 + 0.02 3.67 3.65+0.01
Il 14.74 £ 0.02 3202.52 £0.06 4 800.63 +0.02 3.45 3.43+0.01

Correctness and authenticity of the results on the indexing and determination of the lattice parameters
for titanium-manganites were confirmed with the good experimental and calculated values (10%/d ?), the X-
ray and pycnometric densities, and also the theoretical and experimental data on cell volumes of
LaLi; TiMNnOs (VOreor. = 622.10 A3, Vo = 612.36 A%), LaNa; TiMnOg (V°meor. = 693.71 A3, VO, = 694.86 A%)
and LaK,TiMnOs (Vomeor. = 790.97 A3, Vo, =800.63 A%). All experimental data was processed with
methods of the mathematical statistics.

Based on the described above studies, the obtained titanium-manganites can be attributed to the
perovskite Pm3m space group.

The pattern was observed in change of the lattice parameters of the synthesized titanium-manganites in
transition from Li to K.

The symbate changes i.e. the rising in values of parameters “a”, the lattice volumes and the elementary
cell volumes of titanium-manganites were observed with increasing in the ionic radii from Li to K.

Conclusions

Titanium-manganites of lanthanum and alkali metals of LaMe',TiMnOs (Me' — Li, Na, K) were first
obtained with the ceramic technology, and their syngony types and lattice parameters were determined. It
was found that the lattice parameters of the synthesized titanium-manganites were able to change symbatical-
ly with increasing in the ionic radii of alkali metals. The results are a basis to perform the thermodynamic
and electrophysical investigations, to determine the advancing physical-chemical and physical properties of
the obtained novel titanium-manganites of lanthanum and alkali metals.
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b.K. Kacenos, I11.b. Kacenosa, )X.1. Carsiaracsa, C.O. baiicanos,
H.1O. Jly, E.E. Kyansimb6ekos, M.O. Typri6aea, M.A. HcabaeBa

JIaHTaH JKoHe CIITLII MeTalapAbIH KAHA TUTAH-MAHTAHUTTEPi

Kepamukansik texuomorus omicimen La20s, TiOz, Mn203 rtoteikrapeiasie, Li2COs3, Na:COsz, K2COs
xapOoHnarTapbiMeH 800—-1200 °C apasbIKTa KOFaphl TeMIIepaTypaibsl apekerrecyimen LaMe'2TiMnOs (Me' —
Li, Na, K). Kypamapl THTaH-MaHTaHUTTEpi cuHTE3nenai. PeHTreHorpadms omictepi omapabH OapibIFbI
KeJleciZiell Top mapameTpliepiMeH KyOTBIK CHHTOHHUS/Ia KPUCTAIIAHATHIHABIFBIH aHbIKTaael: Lali2TiIMNnOs —
a=13,48+0,02 A, V°=2449,4620,06 A3, Z=4, VO;ym =612,8740,02 A%, ppewr.=3,81; prucu. = 3,78+
+0,03 r/em3; LaNa2TiMnOs — a = 14,0620,02 A, V° =2779,4340,06 A3, Z = 4, V. yau = 694,96+0,02 A3,
Ppenr. = 3,67; pmen. = 3,65+0,01 r/em?®; LaK2TiMnOs — a = 14,7440,02 A, V°=3202,52+ +0,06 A3, Z =4,
Vs . = 800,5240,02 A3, ppeur. = 3,45; pumar. = 3,43+0,01 r/cm®. TUTAH-MaHTaHMTTEP/IIH PEHTIEHOTpaMMa-
JApBIH MHIULOUPICYAIH HOTHXKEIEPiHiH IONAUTI MEH aHBIKTBUIBIFBI 10%/d? TOKIPUOEITiK MEH TEOPHSIIBIK
MOHIEPIHIH, MHUKHOMETPIIK JKOHE PEHTTCHAIK THIFBI3IBIKTAPBIHBIH JKOHE O3JIEMEHTApIbl YSIIBIKTAP/IbIH
TEOPHSIBIK JKOHE TOKIPHOEIIK KOPCETKIMITEPiHIH KAKCHI YilleciMIiniriMer nonenaeHai. MoHabIK paanyCcThiH
Li-nen K-re s>korapbUIaybIMEH CHHTE3JE]IT€H THUTaH-MAHIAHUTTEP TOP MapaMerpiepi I[aMaiapbiHbIH
apTaTBIH/BIFbI AHBIKTAJIIBL.

Kinm ce30ep: TWTaH-MaHTaHUT, JIAHTaH, CINTUN MeTalAap, CHHTE3, pPEHTreHorpadus, HHAUIUPIEY,
CHHTOHHUSI, DJIEMEHTAPIIBI YSIIIBIK, TOP KOPCETKIIITEP.

b.K. Kacenos, I11.b. Kacenona, XK.1. Carunraesa, C.O. baiicaHoB,
H.I1O. Jly, E.E. Kyansimbekos, M.O. TyprybaeBa, M.A. McabaeBa

HoBble THTAHO-MAHIaHUTHI JIAHTAHA U IICJTOYHBIX ME€TAJIJIOB

MeTooM KepaMHYecKOl TEXHOJOTHH C BBICOKOTEMIIEpPATypHBIM B3auMoeiicTBueM okcuioB Lax0s, TiOz,
Mn203 ¢ kapGonaramu Li2COs3, NaxCOs, K2COs B unrepsane 800-1200 °C cHHTE3MpOBaHBI THTAHO-
MaHTaHuTH coctaBa LaMe'sTiMnOs (Me' — Li, Na, K). Metonamu peHTreHorpaduu yCTaHOBIEHO, UTO BCE
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OHH KPHCTAJUTH3YIOTCS B KYOHUYECKOM CHHTOHHH CO CIeAyIommMMe napamerpamu pemerku: LaLi:TiMnOs —
a=13,48+0,02 A, V°=2449,46+0,06 A3, Z =4, V. =612,87+0,02 A3, pperr. = 3,81; puur. = 3,7840,03 r/em’,;
LaNa;TiMnOs — a = 14,06+0,02 A, V°=2779,43+0,06 A3, Z =4, VO = 694,96+0,02 A%, ppeur. = 3,67;
Prmar, = 3,65+0,01 r/em®; LaKeTiMnOs — a = 14,74+0,02 A, V°=3202,52+0,06 A%, Z = 4, V.. = 800,52+
+0,02 A3, ppenr. = 3,45; P = 3,4340,01 1/cm®. KOPpEeKTHOCTH M IOCTOBEPHOCTH PE3YIBTATOB HHIMIMPOBA-
HUSI PEHTTEHOIPaMM THTAaHO-MAaHTaHHUTOB MOATBEP)KIATICH C XOPOLIMM COTJIACHEM OIBITHBIX M PAaCUeTHBIX
suavernii 10%/d 2, TMKHOMETPUYECKMX W PEHTTEHOBCKUX TUIOTHOCTEH, & TAKIKE TEOPETHUECKHX U OTBITHBIX
3HaueHHIT 06BEMOB IEMEHTAPHBIX sideeK. BBISIBICHO, 4TO MOBBINIEHHEM HOHHBIX paamycoB ot Li k K yBenn-
YHUBAIOTCS BEJNYHMHBI IAPAMETPOB PELIETOK CHHTE3UPOBAHHBIX THTAHO-MAHI'aHUTOB.

Knrouegvie cnosa: TUTAaHO-MAHI'aHUT, JIaHTaH, IICJIOYHBIC METAJLJIbI, CUHTE3, peHTreHorpa(bnﬂ, UHIUIUPOBa-
HHUE, CHHTI'OHUS, DJIEMECHTapHast 5{‘{6171}(8., napaMeTphl peHICTOK.
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