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SYNTHESIS OF NEW NANOSIZED (NANOCLUSTER)
COBALT (NICKELITE)-CUPRATE-MANGANITES

Abstract. Synthesis of cobalt (nickelite)-cuprate-manganites of the composition
LaMgCoCuMnOg and LaMgNiCuMnQOg were carried out by solid-phase interaction of
stoichiometric amounts of La,Os; ( extra-pure grade), NiO, CoO, CuO, Mn,03; and MgCO;
(analytical grade) in the interval 800-1200 °C for 20 hours. To obtain equilibrium phases
at low temperatures, low-temperature annealing was carried out at 400 ° C for 10 hours.
On a vibrating mill of “Retsch” company (Germany) of the "MM301" brand, polycrys-
talline samples of new compounds were ground to nanoscale (nanoclusters) particles. The
dimensions of the nanoclusters are determined using the “JSPM-5400" Scanning Probe
Microscope "JEOL" electron microscope. X-ray phase analysis of new nanosamples were
carried out on a DRON-2.0 unit. The analytical method of X-ray indications is established
that the synthesized compounds are crystallize in cubic syngony with the following
lattice parameters: LaMgCoCuMnOg — a=14,12+0,02A; V°=2814,87+0,06A% Z=4;
VO cen=703,7240,02A%  pyo,=4,19g/cm®;  LaMgNiCuMnOs — a=14,38+0,02A;
V°=2973,5620,06A% Z=4; V% cei =743,39+0,02A%; py oy=4,22g/cm®.

Keywords: synthesis, cobalt-cuprate-manganite, nickelite-cuprate-manganite, lan-
thanum, alkali, alkaline earth metals, X-ray, nanoscale, nanoclusters.

The end of the XX century and the beginning of the XXI century were
marked by outstanding discoveries in the field of inorganic materials science: the
discovery of superconductivity in cuprates, giant (colossal) magnetoresistance in
manganites of rare-earth elements partially replaced by alkaline-earth metal
oxides [1, 2]. Along with these discoveries, the effect of a giant value of the di-
electric constant in nickelite La;sgSrisNiQO,4, has recently been revealed, which
opens up good prospects for technological solutions in electronics [3].

In connection with the above, in order to obtain new promising compounds,
the results of synthesis of nanoscale (nanocluster) cobalt-cuprate-manganite and
nickelite-cuprate-manganite of lanthanum and magnesium LaMgCoCuMnOg and
LaMgNiCuMnQg are given in this paper. Earlier, we studied cobalt-manganites,
nickelite-manganites and cuprate-manganites of rare-earth, alkaline and alkaline-
earth metals [4-10].

The synthesis of the above LaMgCoCuMnOg and LaMgNiCuMnQOg was
carried out by solid-phase interaction of the reagents in the range of 800-1200 ° C
according to the reactions:

0,5La,03+Co0+Cu0+0,5Mn,03+MgCO; = LaMgCoCuMnQOg+CO,, (1)
0,5La,03+NiO+Cu0+0,5Mn,03;+MgCO; = LaMgNiCuMnOg+CO.. 2
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The purity of the starting materials: La,O3; — “extra-pure grade” and the rest-
qualification “analytical grade”. The annealing time at 800-1200 ° C is 20 hours.
Before each increase through 200 °C (800 °C, 1000 °C, 1200 °C) the mixtures
were cooled and thoroughly mixed. For stable at low temperature modifications
annealing was carried out at 400 ° C for 10 hours.

Nano-sized particles of synthesized new compounds were obtained by
grinding them on a vibratory mill of the company "Retsch" (Germany) of the
brand "MM301". Speed from 3 to 30 Hz (180-1800 vibrations per minute). The
grinding time is 40-60 minutes.

The sizes of the crushed particles were established on an electronic micro-
scope JSPM-5400 Scanning Probe Microscope "JEOL" (Japan). The electron mic-
roscopies of the investigated compounds are shown below (figure 1).

b)
Figure 1 — Electron microscopy of LaMgCoCuMnQg (a) and LaMgNiCuMnOg (b)
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Table 1 — Indication of X-ray patterns of powders of nanoscale (nanocluster)

cobalt-cuprate-manganite and nickelite-cuprate-manganite

/1o d, A 10%/%yp, hkl 10%/0
LaMgCoCuMnOg
18 3,920 650,8 422 651,0
6 2,944 1154 599 1166
100 2,763 1310 444 1302
19 2,503 1596 731 1600
13 2,464 1647 650 1654
4 2,340 1826 733 1817
22 2,251 1973 830 1980
14 2,120 2225 910 2223
29 1,952 2624 940 2630
5 1,745 3284 11.0.0 3281
4 1,695 3481 880 3471
34 1,592 3946 11.5.0 3959
9 1,494 4480 10.8.1 4474
6 1,462 4678 13.2.0 4691
12 1,377 5274 135.1 5288
6 1,300 5917 13.7.0 5911
13 1,232 6588 15.3.3 6589
7 1,224 6675 1455 6671
LaMgNiCuMnOg
3 4,82 430,4 410 431,0
16 3,89 660,8 510 658,3
3 2,952 1147 630 1139
100 2,756 1317 640 1317
12 2,426 1699 733 1696
8 2,314 1868 750 1874
19 2,249 1977 752 1974
26 2,098 2272 930 2279
29 1,945 2643 10.2.2 2633
5 1,867 2869 10.3.2 2861
8 1,743 3292 11.3.0 3291
3 1,700 3460 11.4.0 3469
13 1,484 4541 11.7.3 4532
15 1,374 5297 10.10.3 5291
4 1,296 5954 15.3.1 5950
7 1,263 6269 14.6.4 6279
13 1,230 6610 16.2.1 6608
7 1,212 6808 16.3.2 6811
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X-ray diffraction study of nanophases was carried out on a DRON 2.0. The
intensity of the diffraction maxima was estimated from a one-hundred-point scale.
The X-ray diffraction patterns of the compounds were determined by the analy-
tically method [11]. Below in table 1 shows the results of the X-ray diffraction.

Based on the indication of the X-ray patterns of the new nanoscale (nano-
cluster) compounds established that they crystallize in a cubic system with the

following lattice  parameters: LaMgCoCuMnOs — a=14,12+0,02A;
V°=2814,87+0,06A%, Z=4; V°4=703,7240,02 A% py=4,19 glcm?
LaMgNiCuMnOg - a=14,38+0,02A:; V°=2973,56+0,06A%; Z=4;

Voo cen=743,39+0,02 A% py o,=4,22 g/lcm®. Satisfactory agreement of 10%/d%,. and
10*/d%.4c. shows the correction of the results of the indication.

Thus, nanoscale (nanocluster) cobalt-cuprate-manganite LaMgCoCuMnOg
and nickelite-cuprate-manganite LaMgNiCuMnQOg were synthesized for the first
time. The type of their syngony and parameters of the lattices were determined.

The work was carried out in accordance with the agreement concluded
between the Ministry of Education and Science of the Republic of Kazakhstan
and Zh.Abishev Chemical-Metallurgical Institute under the grant of (IRN:
AP05131317, AP05131333).
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Pe3rome

b. K. Kacenos, Ill. b. Kacenosa, K. Y. Casvinmaesa,
M. O. Typmybaesa, E. E. Kynviuubexos

XAHA HAHOOJIIIEM/II (HAHOKJICTEPJIIK)
KOBAJIbT (HUKEJIUT)-KYIIPAT-MAHI'AHUTTEP/IIH, CUHTE3I

Conrsr popmynacet LaMgCoCuMnOg xore LaMgNiCuMnOg Gonatsid KOGAIBT
(uuKenuT)-KynpaT-manranuTTepaiy curesi La,0; (Mapkacer «aca Taza»), NiO, CoO, CuO,
Mn,03 xxore MgCO; (kBamM(UKAIMACH «TajIay YIIIH Ta3a») CTEXHOMETPHSIIBIK OJIIIEM-
nepin 20 carat 60iibl 800-1200 °C kaTThI (ha3aibl SpeKeTTecy )KOIBIMEH KYPTi3i.

Temen temmnepatypaja tene-TeH (azanap ajgy YIIIH TOMEH TeMIIepaTypaliblK KbI3-
nbipy sl 10 carar 6oiibt 400 °C sxyprizismi.

Retsch (I'epmanms) xommaHuschiHBIH «MM301» Mapkajibl BHOpAIMSIIBIK JHipMe-
HiHJIE YTITy KOJBIMEH TOJUKPUCTAIIBIK Y/TiIep HaHOommeMai (HaHOKIACTepItik) 6e-
mekke geitin yritingi, «JSPM-5400» Scanning Probe Microscope «JEOL» (Smonust)
SIIEKTPOHIBIK MUKPOCKOTIBIHBIH KOMETIMEH OJIAP/IbIH OJIIIEMICP] AHBIKTAI/IBI.

JIPOH-2,0 mudpakroMeTpiHae alblHFAH »XaHAa HAHOYITLIEpPre PEeHTreHO(a3aIbIK
Tanjay OKypri3suimi. PeHTreHorpamMManapblH aHAIMTHKANBIK OMICHCH HHAMIHPIIEY
OapbIChIHA CHHTE3/IEIIHIN albIHFaH KOChUIBICTAp TOP KOPCETKIIITEpi Kenecineil KyOThIK
CHHTOHHMSIIa KPUCTAJIJAHATHIHBI aHBIKTAJIJIBI:

LaMgCoCuMnOg - a=14,12+0,02A; V°=2814,87+0,06A%; Z=4;
V0,1 =703,7240,02A°%  p,...=4,19r/cm’;  LaMgNiCuMnOs —  a=14,38+0,02A;
V°=2973,56+0,06A%; Z=4; \V°,, ,=743,3920,02A% p,c.. =4,22r/cm’.

Tyiiin ce3mep: cuHTe3, KOOAJIBT-KYNpaT-MaHT'aHUT, HUKENUT-KyIpaT-MaHTaHHMT,
JIAaHTaH, CUITLM, CUITLTI-Kep MeTauAapsl, peHTreHorpadusi, HaHOeIIEMAEP, HAHOKIIAC-
TepIep.

Pe3iome

b. K. Kacenos, I1l. b. Kacenoesa, K. Y. Cacunmaesa,
M. O. Typmybaesa, E. E. Kyanviubexos

CHUHTE3 HOBBIX HAHOPA3MEPHbBIX (HAHOKJIACTEPHBIX)
KOBAJIbTO(HUKEJIUTO)-KYIIPATO-MAHI'AHUTOB

CuHTe3 KOOaNbTO(HUKEIUTO)-KyIPATO-MAHTaHUTOB B IIepecyeTe Ha KOHEYHBIE
dopmyner LaMgCoCuMnOg u LaMgNiCuMnOg poBoani myTeM TBEpAO()Aa3HOTO B3au-
MOJICHCTBHS CTeXHOMeTpHueckux konuuectB La,Oz (Mapku «oc.u.»), NiO, CoO, CuO,
Mn,03 u MgCO; (kBanmdpukarmu «d.1.a.») npu Temreparypax 800-1200 °C B Teuenue
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20 4. [Ins mosryyeHUs] paBHOBECHBIX (ha3 MPH HU3KUX TEMIlepaTypax IMPOBOJMIN HU3KO-
temnepatypubiid orxur npu 400 °C B Teuenne 10 u. Ha BuOpanmnoHHO# MeIbHHUIIE KOM-
nanun Retsch ([epmanus) mapku «MM301» monumkpucTauTHYecKue 0Opa3Libl HOBBIX
COCIMHEHUI U3MENBYCHBI JI0 HAHOPa3MEePHBIX (HAHOKIACTEPHBIX) YACTHII, pa3Mepbl KOTO-
PBIX OIpEACNICHBI ¢ UCIOJIb30BAHMEM 3JIEKTPOHHOro Mukpockorna JSPM-5400 Scanning
Probe Microscope «JEOL».

PenTrenoda3oBblii aHaNN3 MOJTYYCHHBIX HOBBIX HAHOOOPA3LOB MPOBOMMIM Ha M-
¢pakromerpe JJPOH-2,0. MHaumupoBaHreM PEHTTCHOTPAMM COCIAMHEHHHA aHAIATHYEC-
KHM METOJIOM YCTAQHOBJICHO, YTO CHHTE3UPOBAHHBIC COSIUHEHH KPHCTALIU3YIOTCS B KY-
OWYecKOW CHHIOHHMU CO cleayromuMmu mnapamerpamu peunrerku: LaMgCoCuMnOg —
a=14,12+0,02A; V°=2814,87+0,06R°% Z=4; V°,,,,=703,72+0,02A% p,...=4,19r/cM®,
LaMgNiCuMnOg — a=14,38+0,02A; V°=2973,5620,06A%; Z=4; \V/°,,,,=743,39+0,02A°%
Ppeur.=4,22 rlem®,

KnroueBsbie cjioBa: cuHTE3, KOOAIbTO-KyIPaTO-MaHI'AHUT, HUKEJIUTO-KyIIPaTO-MaH-
TaHUT, JIaHTaH, LIEJOYHbIE, IIEIOYHO3EMENbHbIE METaIlIbl, peHTreHorpadus, HaHOpa3-
Mepbl, HAHOKJIACTEPHI.
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