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New nanostructured manganites of LaMe''CuZnMnQOs (Me!' — Mg, Ca, Sr, Ba)

The copper-zinc manganites of LaMe''CuzZnMnQs (Me'' — Mg, Ca, Sr, Ba) have been synthesized with the
high-temperature interaction of alkaline earth metals carbonates with oxides of lanthanum (111), copper (1),
zinc (1) and manganese (I11). The synthesized polycrystalline copper-zinc manganites have been grinded on
the Retsch vibration mill MM301 (Germany). As a result their nanostructured particles have been obtained.
Their sizes have been determined using an electron microscope Mira3 LMU, Tescan. Methods of radiography
determined that all synthesized nanostructured copper-zinc manganites crystallize in the cubic syngony with
the following parameters of a lattice: LaMgCuZnMnOs — a = 13.53+0.02 A, V°=2476.81+0.06 A3, Z =4,
VOeect.cell = 619.20+0.02 AS, proent= 4.52;  ppick = 4.50£0.01 g/cm?; LaCaCuZnMnOs — a=13.69+0.02 A,
VO = 2565.73+0.06 A3, Z =4, VO%lect.cell. = 641.43+0.02 A3, Proent = 4.43; ppick = 4.41+0.01 g/cm3;
LaSrCuZnMnOs — a = 13.91+0.02 A, V°=2691.42+0.06 A%, Z = 4, VP%lect.cet = 672.85+0.02 A3, proent = 4.99;
ppick. = 4.96+0.01 g/cm®;  LaBaCuZnMnOs — a=14.55+0.02A, V°=3080.27+0.06 A%, Z=4,
VOelect.cell = 770.07+0.02 A3, proent = 4.95; ppick = 4.94+0.01 g/cm®. The X-ray investigations demonstrated that
the values of lattice parameters of the studied copper-zinc manganites have been increased from Mg to Ba. As
a result of the investigations, these compounds can be included in Pm3m spatial group.

Keywords: synthesis, copper-zinc manganite, lanthanum, alkaline-earth metals, nanostructured particles, elec-
tron microscopy, radiography.

Introduction

Cuprates, manganites, zincates of the rare-earth elements, which partially substituted by oxides of alka-
line-earth metals, have the unique physical and physicochemical properties [1-10]. Abishev Chemical-Metal-
lurgical Institute has been conducting the systematic and targeted investigation in this direction for many years.
Thus their results have been summarized in monographs [11-14]. This paper presents the results of synthesis
and the radiousgraphic studies of the new nanostructured copper-zinc manganites of lanthanum and the alka-
line earth metals. Zincates, cuprates and manganites have been combined into a single phase as the copper-
zinc manganites.

Experimental

In order to obtain the copper-zinc manganites of lanthanum and the alkaline earth metals of LaMe'"Cuz-
nMnOg (Me" — Mg, Ca, Sr, Ba) the stoichiometric ratios of La,Os (especially pure), ZnO (analytically pure),
CuO (analytically pure), Mn,O; (analytically pure) and MgCQs, CaCOs, SrCO; and BaCOs (analytically pure)
have been intensively mixed, milled in an agate mortar. Then the mixtures have been placed in the alundum
crucibles and placed in a muffle furnace SNOL. The annealing has been performed at 600 °C for 10 h, 800 °C
for 10 h, 1000 °C for 10 h, 1200 °C for 10 h and at 1100 °C for 20 h. After each annealing at these temperatures,
the mixtures have been cooled to a room temperature and intensively milled and mixed. The low temperature
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annealing of the mixtures have been performed at 400 °C for 10 h to obtain the stable and equilibrium phases
at low temperatures.

Then, the received polycrystalline samples of the copper-zinc manganites have been mixed under the
special conditions to the nanostructured particles on the Retsch vibration mill (Germany). Their sizes have
been determined on an electron microscope Mira3 LMU, Tescan (Fig.).

The X-ray phase analysis of the synthesized nanostructured copper-zinc manganite particles have been
performed on DRON-2.0. The operating conditions: CuKs-radiation, U = 30 kV, J=mA, rotation speed is
100 pps, time constant T = 5 s, an angle interval 20 from 10 to 90°. The intensity of the diffraction maxima has
been estimated on al00-point scale. The indexing of radiographs has been performed with the analytical
method [15]. The pycnometric density has been determined with a procedure described in [16]. Toluene has
been used as an indifferent liquid.

Results and discussion

It has been found that the nanoparticle sizes of the synthesized copper-zinc manganites exceed 100 nm.

Referring to [17], if a nanoparticle has a complex shape and structure, as a result the size of its structural
element is studied to be characteristic. Such particles are generally referred to as the nanostructured particles,
and their linear sizes can be significantly exceeded 100 nm [17].
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It should also be pointed out that this compound can be referred to nanostructured clusters.
Referring to [18], the nanoclusters formed in the solid-phase reactions are measured from one to hundreds

of nanometers.

These above mentioned arguments demonstrate that copper-zinc manganites of lanthanum and alkaline
earth metals can be studied as the nanostructured nanoclusters.
The Figure illustrates that the LaMgCuZnMnQs has particles within 122.6; 138.4; 159.3: 162.0:
214.9 nm; LaCaCuZnMnOe — 386.5; 543.6; 563.0; 1330.7 nm; LaSrMgCuZnMnQOs — 309.3; 400.2; 711.1
and 1180.2 nm; LaBaCuZnMnQOs — 244.1; 445.2; 476.9 and 842.9 nm.
The Table demonstrates results on the indexing of radiographs of LaMe''CuznMnQs (Me" — Mg, Ca,

Sr, Ba).
Table 1
The indexing of radiographs of LaMe""CuZnMnOs (Me" — Mg, Ca, Sr, Ba)
1/1° d, A 10*/d%exp. hkl 10%/d%calcul.
1 2 3 4 5
LaMgCuZnMnQs
17 3.905 655.8 422 656.0
100 2.763 1310 444 1312
15 2.509 1588 730 1585
13 2.458 1655 650 1667
25 2.245 1984 661 1995
9 2.126 2212 900 2213
4 1.989 2528 8.5.3 2541
32 1.948 2635 9.4.0 2651
7 1.746 3280 10.4.2 3279
33 1.586 3975 11.5.0 3990
8 1.499 4450 991 4454
12 1.379 5259 12.7.0 5274
14 1.230 6610 154.1 6613
LaCaCuZnMnQOg
10 3.862 670.4 500 670.0
100 2.738 1334 1341 1341
8 2.642 1433 1421 1421
13 2.480 1626 1636 1636
I 2.339 1828 1823 1823
15 2.233 2005 2011 2011
4 2.006 2485 2494 2494
35 1.928 2690 2682 2682
5 1.727 3353 3352 3352
I 1.626 3782 3781 3781
32 1.599 3911 3915 3915
15 1.365 5367 5363 5363
11 1.220 6719 6704 6704
LaSrCuZnMnOg
9 3.877 665.3 511 665.0
5 3.370 880.5 600 887.1
32 2.850 1231 550 1232
100 2.735 1337 552 1331
13 2.475 1632 741 1626
4 2.319 1859 555 1848
13 2.222 2025 910 2021
6 2.118 2229 931 2242
8 2.017 2458 10.0.0 2464
42 1.925 2699 952 2710
8 1.638 3727 12.2.2 3745
28 1.576 4026 10.8.0 4041
6 1.469 4634 13.4.2 4657
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Continuation of the Table

11° d, A 10%/d%exp. hkl 104/d%calcul.
1 2 3 4 5
15 1.363 5383 13.7.0 5372
12 1.216 6730 16.4.1 6727
LaBaCuZnMnOs

1 2 3 4 5
12 3.905 655.8 520 656.0
13 3.247 948.5 541 949.8
12 2.890 1197 720 1199
100 2.763 1310 730 1312
5 2.598 1481 811 1493
10 2.475 1632 822 1628
16 2.249 1977 664 1990
35 1.948 2635 104.1 2646
8 1.737 3314 115.1 3324
17 1.375 5289 12.9.3 5292
4 1.258 6319 12.10.6 6332
13 1.231 6599 17.0.0 6581

Correctness and assurance of results on the indexing have been confirmed with the experimental and
calculated values of 10%d?, the X-ray and pycnometric densities (Table).

Based on the indexing of radiographs of the nanostructured LaMe''CuZnMnQs (Me!' — Mg, Ca, Sr, Ba),
it has been found that all synthesized copper-zinc manganites are crystallized in the cubic syngony with the
following parameters of the lattice: LaMgCuZnMnOg — a = 13.53+0.02 A, V°=2476.81+0.06 A3, Z = 4,
VOt ceit. = 619.20+0.02 A%, pyray. = 4.52; ppick = 4.50+0.01 g/cm?; LaCaCuZnMnOs — a = 13.69+0.02 A,
VO=2565.73+0.06 A%,  Z=4,  VOuitcen. = 641.4340.02 A3, peray=4.43;  ppick= 4.4120.01 g/cm?;
LaSrCuZnMnQOs — a = 13.914+0.02 A, V°=2691.42+0.06 A3, Z = 4, Vit cenn = 672.85+0.02 A3, pyray = 4.99;
Ppick = 4.96£0.01 g/cm®;,  LaBaCuZnMnOs — a=14.55+0.02A, V°=3080.27+0.06 A%, Z=4,
Vounitce = 770.07 + 0.02 A3, pyeray = 4.95; ppick = 4.94+0.01 g/ecm?,

Referring to [19], the obtained LaMe"CuZnMnOs can be included in Pm3m spatial group.

In a row from Mg to Ba, the values of “a” parameters and cell volumes have been increased.

Conclusions

The polycrystalline copper-zinc manganites of LaMe"CuZnMnOs have been first synthesized with a
solid-phase method. Their nanostructured particles have been obtained with further milling.

Their parameters of lattices have been determined with the radiographic methods.

The results of investigations make a certain contribution to the nanochemistry, radiography of the new
inorganic oxide compounds. They are a basis for further thermodynamic and electrophysical studies of the
obtained nanostructured particles.

This investigation has been performed under the agreement concluded between the Committee of Science
of the Ministry of Education and Science of the Republic of Kazakhstan and Abishev Chemical-Metallurgical
Institute under the grant of IRN AP08855601.
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III.b. Kacenona, JXK.W. CarsiaraeBa, b.K. Kacenor, M.O. Typribaesa,
A. Hyxynsl, E.E. Kyansimbexkos, M.A. McabaeBa

LaMe''CuzZnMnOs (Me!' — Mg, Ca, Sr, Ba) :kaHa HAHOKYPbLILIMIbI MAHTAHUTTEP]

Cinrinibxep Metanmap kapOonarrapel MeH santaHa (III), mbic (II), meipemm (II) xene mapraner (III)
TOTBHIKTAPBIHGIH KOFAPLITEMIIEPATYPANIBIK dpekeTTecyi apkpuisl LaMe!'CuZnMnOs (Me!' — Mg, Ca, Sr, Ba)
KYpaMbl MBIC-MBIPBIIITHI-MaHTaHUTTEPi CHHTE3AeiHII anbHAbl. «MM301» mapkansr «Retschy (I'epmanns)
BUOPALMSUTBIK MIPMEHIH/Ie CHHTE3ASIIHIIN AJIBIHFAH MOJUKPUCTAIIBIK MBIC-MBIPBIITH-MAHTaHUTTEPl YTITy
apKBUTBl OJIAPABIH HAHOKYPBUIBIMIBIOOIeKTepi anbiHbm, Mira3 LMU, Tescan 35meKTpOHIBIK MHKPOCKOII
KOMETIMEH OJIapJbIH eJIeM/epi aHbIKTanIbl. PeHTreHorpadus omiciMeH CHHTE3IEeNiHIeH HaHOKYPBUTBIMIIBI
MBIC-MBIPBIITH-MaHTAaHUTTEPAIH KyOTBIK CHHTOHUSAA Kelleciiell TOp KepCeTKITepMeH KPHUCTAIAaHATHIHEI
ampikTangel: LaMgCuZnMnOs — a = 13,53+0,02 A, V° = 2476,81+0,06 A3, Z = 4, Vv, = 619,20+0,02 A3,
Ppenr. = 4,52; pumar. = 4,5020,01 r/em®; LaCaCuZnMnOs — a = 13,69+0,02 A, V°=2565,73+0,06 A3, Z =4,
VO y. = 641,43+0,02 A%, ppeur. = 4,43;  Puuen. = 4,4140,01 r/em®;  LaSrCuzZnMnOs — a = 13,91+0,02 A,
VO =2691,42+0,06 A3, Z=4, VO, 4. = 672,85+0,02 A%, Ppenr. = 4,99; P, = 4,96+0,01 r/em’;
LaBaCuZnMnOs — a = 14,55+0,02 A, V°=3080,27+0,06 A%, Z = 4, V .y, = 770,07+0,02 A3, ppeur. = 4,95;
P, = 4,9440,01 r/cm®. PeRTreHIiK 3epTTeyNEp HETI3iH e, SFHI HOHIBIK PaIHyCTapIbIH ocyiMen Mg-nen Ba-
Te 3epTTENN OTBIPFAH MBIC-MBIPBIITEI-MAHTAaHUTTEPAIH TOp KOPCETKIMTep ImaMachl yiFasasl. JKacamrax
3epTTeyJepi eCKepe OTHIPHIM, OYIT KOCBUTBICTApApl Pm3m KeHICTIKTIK TOITKA JKaTKbI3yFa OOabl.

Kinm coe30ep: cuHTe3, MBIC-MBIPBIITHI MAaHTaHUT, JIAHTAH, CUITUIDKEp MeTanaap, HaHOKYPBUIBIMIIBI
OeuteKTep, MEKTPOH Il MUKPOCKOIIHS, peHTTeHorpadus.
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I1.b. Kacenona, XK.W. Carunraea, b.K. Kacenos, M.O. Typty0aeBa,
A. Hyxynsl, E.E. Kyansim6ekos, M.A. HcabaeBa

HoBble HAHOCTPYKTYPUPOBAHHBbIC MAHTAHUTDI
LaMe""CuzZnMnOs (Me'' — Mg, Ca, Sr, Ba)

BeIcOKOTEMITEPATYPHBIM B3aUMOJICHCTBHEM KapOOHATOB LIEIOYHO3EMEIBHBIX METAIIOB C OKCU/IaMH JIAHTaHA
(1, memm (1), mmexa (1) u mapranma (I11) cuHTE3MpOBaHBI MEIHO-IIMHKOBBIE MAaHTAHHTHI COCTaBa
LaMe''CuZnMnOs (Me" — Mg, Ca, Sr, Ba). 3MenbueHneM CHHTE3UPOBAHHBIX MONHKPUCTATIIMYECKHX
ME/IHO-IIMHKOBBIX MaHTaHUTOB Ha BHOpauuoHHOW MenbHHIEe «Retschy (I'epmanus) mapku « MM301» mody-
YeHBI X HAHOCTPYKTYPHPOBAHHBIE YaCTHIIBI, Pa3Mephl KOTOPBIX ONPEIENICHBI C IOMOIIBIO AIEKTPOHHOTO MHK-
pockora Mira3 LMU, Tescan. Merosamu peHTreHorpaguu yCTaHOBIEHO, YTO BCE CHHTE3MPOBAHHBIE HAHO-
CTPYKTYPHUPOBAHHBIC MEIHO-IIMHKOBbIC MaHTAaHUTHI KPUCTAUIN3YIOTCS B KyOUUECKOH CHHIOHUM CO CIIEYIO-
IEME TlapameTpamm  pemeTkn: LaMgCuZnMnOs — a=13,53+0,02 A, V°=2476,81+0,06 A3, Z =4,
VO, a. = 619,20i0,02 AS, Ppent. = 4,52, Prmku. = 4,50i0,01 F/CMS; LaCaCuZnMnOs a= 13,69i0,02 A,
VO = 2565,73+0,06 A3, Z=4, VO = 641,43+0,02 A3, Ppenr. = 4,43; P, = 4,4140,01 r/em;
LaSrCuZnMnOs — a = 13,91+0,02 A, V°=2691,42+0,06 A3, Z = 4, V. = 672,85+0,02 A3, ppewr. = 4,99;
Puuce. = 4,960,001 r/em’®;  LaBaCuZnMnOs  —  a=14,5540,02 A, V°=3080,27+0,06 A%, Z=4,
V0,40 = 770,07+0,02 A3, Ppenr. = 4,95; P, = 4,9420,01 r/cm®. Ha ocHOBaHUM peHTreHorpaGHuecKux uccie-
JIOBaHUH yCTaHOBJIEHO, YTO C IOBBIIIEHHEM HOHHBIX paxuycoB oT M k Ba yBennumnBaroTcst BeIMYMHEI Tapa-
METPOB PEIIETKH MCCIEIYeMBIX MEIHO-IIMHKOBBIX MaHraHUTOB. C yd4eTOM IPOBEICHHBIX HCCIEIO0BAHUH
MO’KHO OTHECTH 3TH COSIMHEHMS K IIPOCTPAHCTBEHHOHU rpymme Pm3m.

Kniouesvie cnosa: cunte3, MEHO-IIMHKOBBII MaHTaHUT, JTaHTaH, IETOYHO3EMEIIbHBIE METAILIbI, HAHOCTPYKTY-
PHPOBaHHBIE YACTHIIBI, JIEKTPOHHASI MEKPOCKOIIHS, PEHTI€HOT pads.
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