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Thermal capacity of new nanodimensional cobalt-cuprate-manganite
LaLi,CoCuMnOQg and nickelite-cuprate-manganite LaLi,NiCuMnQOq
in the interval of 298.15-673 K and their thermodynamic properties

The specific thermal capacities of our new obtained nanodimensional cobalt-cuprate-manganite and nickelite-
cuprate-manganite of lanthanum and lithium of structures LaLi,CoCuMnOg and LaLi,NiCuMnOg were first
studied with the method of a dynamic calorimetry in the. interval of temperatures of 298.15-673 K. Their
mole thermal capacities were calculated from specific. thermal capacities. It was established that
LaLi,CoCuMnOyg at 398 K and LaLi,NiCuMnOg at 373 K and 573 K were subjected to II-type phase transi-
tions. Based on temperature of phase transitions the equations of temperature dependence of thermal capacity
were set up. All obtained experimental and calculated data were processed strictly with methods of mathe-
matical statistics. The mean square deviations. were measured for average values of specific thermal capaci-
ties, as well as random components of an error for mole thermal capacities. The standard entropies of the
studied compounds were calculated with method of ionic increments. Referring to the experimental data on
thermal capacities and calculated values of standard entropies in the interval of 298.15-675 with step through
50 K the temperature dependences of an enthalpy of H°(T)-H°(298.15), entropy of S°(7T) and the specified
thermodynamic potential @™ (T) were calculated.

Keywords: thermodynamics, cobalt, nickelite, cuprate, manganite, thermal capacity, calorimetry, lanthanum,
lithium.

Introduction

It has been known that cuprates, cobaltites, nickelites and manganites of the rare-earth elements doped
with oxides of alkaline and alkaline-carth metals have the unique physical and chemical properties as semi-
conductor, magnetic, superconducting and they represent as materials of operative memory [1-9]. For sever-
al years we have been conducting the systematic and purposeful researches on synthesis and studying the
thermodynamic and electrophysical properties of double and threefold manganites, chromites, ferrites,
cuprate-manganites, manganite-ferrites, chromite-manganites, cobalt-manganites, nickelite-manganites, fer-
ro-chrome manganites, etc. [10-15].

The certain theoretical and practical interest includes the research of thermodynamic properties of new
phases consisting of cobaltites, nickelites, cuprates and manganites. Thus, this paper demonstrates the re-
search results of the thermodynamic properties of new nanodimensional cobalt-cuprate-manganite and
nickelite-cuprate-manganite of lanthanum and lithium of structures LaLi,CoCuMnQOg4 and LaLi,NiCuMnOs.
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Experimental

LaLi,CoCuMnQOg and LaLi,NiCuMnQOy were synthesized with method of the ceramic technology in the
interval of 800—1200 °C by interaction of La,0O3 (especially pure), CoO (analytically pure), NiO (analytically
pure), CuO (analytically pure), Mn,Os (analytically pure) and Li,CO; (analytically pure) with intermediate
milling and stirring every 100 °C for 20 h. Low-temperature annealing for obtaining a stable phase at a low
temperature was made at 400 °C for 10 h. By grinding of polycrystalline samples in a vibration mill of the
Retsch (Germany) company of the MM301 brand there have been obtained their nanodimensional
(nanocluster) particles, the sizes (4090 nm) of which were determined on an atomic-force microscope
JSPM-5400 Scanning Probe Microscope «JEOL» (Japan). The radiographic research of nanodimensional
LaLi,CoCuMnQg and LaLi,NiCuMnOg was performed on the DRON-2.0 diffractometer at FeKy — radia-
tion, with Ni-filter. It was established with the indexing of roentgenograms of compounds that they were
crystallized in an isometric system with the following parameters of grid: Laki,CoCuMnOg —
a=11.33£0.024;  1°=2563.20£0.06A%  Z=4;  Vyecar= 640.80£0.028%;  pru=4.0 g/om’;
Dpick=3.90£0.02 g/cm’;  LaLi,NiCuMnO a=13.83£0.02A;  1°=2644.1620.06A°; Z=4;
V° stec.cen= 661.04+0.02A°; P, = 4.03 g/em’; p i = 3.99+0.01 g/em’ [16, 17].

The thermal capacity of compounds was investigated on IT-S-400 calorimeterin the interval of 298.15—
673 K. Calibration of the device was performed using copper standard, and checking operation — measure-
ment of thermal capacity of a-Al,Os. The specific thermal capacity (C,peciic) Was measured at each temper-
ature every 25 K from which the mole thermal capacity (C°, (,,)) was calculated. The procedure of experi-
ments is in detail described in [18]. Our similar researches on this calorimeter were performed in [10-15,
19]. Table 1 demonstrates below the results of calorimetric researches.

Table 1
Experimental values of thermal capacities of LaLi,CoCuMnO; and LaLi,NiCuMnQy

[Cp(speciﬁc) + S ) J/(g.K); Cop(m) + A 9 J/(mOI.K)]

K LaLi,CoCuMnOg LaLi,NiCuMnOgq
’ Cospecifio = & Copam) TA Cospecifio = 8 Cohm A
298.15 0.6022+0.0056 257+7 0.5962+0.0183 254422
323 0.7895+0.0077 336+9 0.7704+0.0130 328+15
348 0.80354+0.0081 342+10 0.8730+0.0058 372+7
373 0.838440.0077 35749 0.901440.0099 384412
398 0.8736%0.0072 37249 0.8199+0.0139 349416
423 0.8233+0.0204 351424 0.9554+0.0138 407+16
448 0.9887+0.0084 421+10 0.9975+0.0098 425412
473 1.0365+0.0107 442413 1.0553+0.0154 450+18
498 1.0468+0.0108 446+13 1.0689+0.0187 455422
523 1.0678+0.0141 455+17 1.1006+0.0208 469425
548 1.0917+0.0130 465+15 1.1132+0.0120 474+14
573 1.1136+0.0082 475+£10 1.1465+0.0186 488422
598 1.1293+0.0112 481+13 1.0405+0.0168 443+£20
623 1.1428+0.0078 487+9 1.1089+0.0261 472431
648 1.1588+0.0127 494415 1.1314+0.0152 482418
673 1.1751£0.0052 501+6 1.1691+0.0185 498+22

Results and Discussion

Results of the calorimetric researches in Figure 1 and Table 1 show that there were defined the anoma-
lies changes of thermal capacity probably connected with II-type phase transitions on the curve of depend-
ence C°,~AT) for LaLi,CoCuMnOs at 398 K, and LaLi,NiCuMnOs at 373 K and 573 K. These transitions
might be caused with Schottky effects, changes of magnetic resistance, conductivity, dielectric permeability,
existence of Curie and Neel points, etc. Including temperatures of phase transitions the equations of tempera-
ture dependence of thermal capacity were set up for LaLi,CoCuMnOg [J/(mol-K)]:

Coy = (1284437) — (1454.1£41.9)-10°T — (527.7+15.2)- 10°T %, (298.15-398 K); (1)
Cop) = (714+21) — (857.7+24.7)- 10T, (398-423 K); 2)
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Coh3) = (959+28) — (430.6£12.4)-10°T - (761.8+21.9)-10°T 2, (423673 K) (3)
and for LaLi,NiCuMnOg [J/(mol-K)]:
C°1y = (2402.31£105.7) — (3540.0£155.76)- 10 °T — (971.0£42.72)-10°T >, (298.15-373 K); 4)

C°ha) = (902.0+39.69) — (1388.80+61.11)-107°T, (373-398 K); (5)

C°3) = (915.07+40.26) — (403.53£17.76)- 10 °T — (641.86+28.24)-10°T %, (398573 K); (6)
C°y = (1522.45+66.99) — (1804.72+79.41)-107°T, (573-598 K); (7)

C°ys) = (635.83+27.98) + (70.76+3.11)- 10T — (840.05+36.96)-10°T >, (598-673 K). (8)

The standard entropy of LaLi,CoCuMnQOg and LaLi,NiCuMnQg was calculated with system of ionic en-
tropy increments according to [20].
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Figure. Dependence of thermal capacity of LaLi,CoCuMnOg (a) and LaLi,NiCuMnOg (b)
on teémperature in the interval of 298.15-673 K

Referring to the experimental data on C°y(7) and calculated values of standard entropies of $°(298.15)
the temperature dependences of the thermodynamic functions of H°(7)-H°(298.15), S°(T) and @"(T) were
calculated. Their values are presented in Table 2. Errors of thermodynamic functions were calculated using
errors of the experimental data on'C°,(7) and calculated values of $°(298.15).

Table 2
Thermodynamic functions of LaLi,CoCuMnQOg and LaLi,NiCuMnQj
LaLi,CoCuMnOg LaLi,NiCuMnOg

LK CLT), ST, |H°(T)-H°(298.15),| @™(D), (1), ST, [|H(D)-H°(298.15), @™(D),
J/(mol:K) | J/(mol'K) kJ/mol J/(mol'K) | J/(mol'K) | J/(mol'K) kJ/mol J/(mol'K)

298 257+7 248+7 — 248+15 254+11 239+7 — 239+18

300 262+8 250+15 520415 248+15 261+11 241+18 515420 239+18

350 | 345+10 298+18 15970+460 252415 371+16 291+21 16870740 243+18

400 | 373+11 345+20 340704980 26115 346+15 341425 35450+1560 252419
450 | 389411 389423 52370+1510 273£16 41718 386+29 5479042410 265420
500 | 439+13 433425 73160+£2107 286+17 457120 433432 76700+£3370 279421
550 | 470+13 476128 95940+2760 302+18 481+21 477+£35 100190+4410 295422
600 | 489+14 518£30 107840+3100 318+19 440+19 519438 123870+5450 312423
650 | 499+14 557433 131160+3780 335420 483+21 556441 147100+£6470 329424
675 | 501+14 576+34 157180+4520 343+20 499422 574442 159390+7010 338+25
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The standard enthalpies of formation A;H°(298.15) of LaLi,CoCuMnOs and LaLi,CoCuMnOs calculat-
ed by the method developed by us are equal to 2934.3 and 2935.3 to kJ/mol, respectively [21].

Conclusions

The isobaric thermal capacity of new nanodimensional (nanocluster) cobalt-cuprate-manganite and
nickelite-cuprate-manganite of lanthanum and lithium of structures LaLi,CoCuMnQOg and LaLi,NiCuMnQOg
was investigated in the interval of 298.15-673 K. Temperatures of II-type phase transitions were determined.
The equations describing temperature dependences of thermal capacity compounds were set up with the help
of temperatures of phase transitions.

The temperature dependences of the thermodynamic functions S°(7), H°(T)-H(298,15) and @"(T) of
cobalt-cuprate-manganite and nickelite-cuprate-manganite were calculated on the basis of the experimental
data on C°,(7) and calculated values of $°(298.15) in the interval of 298.15-675 K.

Research results are of interest to the physical and chemical modeling of the directed synthesis of ob-
tained and similar compounds, used as basic data for the fundamental reference books and databanks and
have an importance for physical chemistry of oxide materials and prediction of valuable'physical and chemi-
cal properties of cobalt (nickelite)-cuprate-manganites.

Work was performed within the Contract No. 65 dated 23.02.2018 signed between Committee of science
of the Ministry of Education and Science of the Republic of Kazakhstan and Abishey Chemical-Metallurgical
Institute, the Grant Code of Individual Registration Number: AP05131317; AP05131333).
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b.K. Kacenos, I11.b. Kacenona, )X.I. Carsiaraea, E.E. Kyansmu6exkos, H.M. Konbiios

298,15-673 K apajbIfbIHA KAHA HAHOMOJIIIEPJIi KOOANbT-KYNIPAT-MAaHT AHUTI
LaLi,CoCuMnOg4 men LaLi,NiCuMnQOg¢ HUKeJIUT-KyNPaT-MaHT AHUTiHIH
JKBLITY ChIH BIM/IBLIBIFBI K9HE 0JIapAbIH TEPMOAUHAMHMKAJIBIK KacueTTepi

298,15-673 K apanbirplHAa AMHAMHUKAIBIK KAJIOPUMETPUS SICIMEH ajfall peT CHUHTE3JeN allFaH JKaHa
Hanomenmmrepi LaLi,CoCuMnOg men LaLi,NiCuMnOg Kypamas! KoOaJIbT-KynpaT-MaHTaHUT HEeH HUKEIUT-
KyIpaT-MaHTaHUTIHIH MEHIIIKTI JKbUTYCHIMBIMIBUIBIKTAPHI 3€PTTEIII. MEHIIIKTI KBUTYCHIABIMIBLIBIKTApIaH
ONIApJBIH MOJIBIIK KBUTYCHIMBIMIBUIBIKTApEl ecenteminl. . Lali,CoCuMnOg 398 K xone LaLi,NiCuMnOg
373K wmen 573 K Ttemmeparypacerama II-mii< perreri ¢dasanmsk e3repictep aHbIKTanmbl.  Paszainbik
©3repiCTep/liH TeMIepaTypalapblH €CKepe OTBIPHII, KbUIYCHIHBIMIBIIBIKTAPBIH TEHACYIIEPl KOPBITHUIBII
IIBIFAPBULIBL.  BapibK anblHFAH TOKIPHOENIK JKOHE ecenTey HOTHKeIepi MaTeMaTHKalblK CTaTHCTHKA
onicTepiMeH HAaKThl TYPAC OHIEN, MEHIIIKTi >KbUTyCHIMBIMIBUIBIKTAPBIHBIH OpTalla MOHIAepi opTarii
KBQJIPaTTBIK  ayBITKYIIBIIBIKTADMEH;  al  MOJBJIK JKbITy  ChIHBIMIBUIBIKTApBl  AYBITKYIIBUIBIKTBIH
Ke3JIeHCOKTEIK ~KYpaMbIMEH aHBIKTaNAbl. VIOHIBIK MHKPEMEHTTEp oficiMEeH 3epTTelNN  OTHIpFaH
KOCBUIBICTapABIH CTaHAAPTTHIK YHTPONMSUIAPH! ecenteli. JKbUTy ChIIbIMIBUIBIKTAPEIHBIH TOKIPHORIIK jKoHe
CTaHJApPTTHIK DHTPONISIAPIBIH ecenTey MoHAepiHiH Herisinge 298,15-673 K apansreiama 50 K cailibin
sutanenustHel,  HY(T)-H°(298,15), * suTpormsHblH ~ S°(7) JkoHE  KENTIpUITeH  TepMOJMHAMHUKAJBIK
noreHmanasiK @ (7)-TiH TemMIieparypara ToyeIIiTiKTepi ecenTei.

Kinm co30epi: TepMOINHAMEKA, KOOAIBT, HUKEIIHUT, KyIPAT, MAHTAHHUT, JKbUTYCHIABIMIBLIBIK, KAJIOPHUMETPHS,
JIaHTaH, CUITLTIK MeTajiap:

b.K. Kacenos, [II'b. Kacenosa, XX.1. Carunraesa, E.E. Kyansim6ekos, H.W. Komnbuios

Tem10eMKOCTh HOBBIX HAHOPA3MEPHBIX KOOAJIBTO-KYNIPATO-MAHTAHUTA
LaLi;CoCuMnQOg¢ n Hukeauro-kynparo-manranura LaLi,NiCuMnQOg
B nHTepBaje 298,15-673 K u ux repmoaAnHaMu4ecKHue CBOMCTBA

MeTtooM AMHAMUYECKOW KaJIOpUMETpUH B MHTEpBane Temmneparyp 298,15-673 K BmepBble HccieqoBaHbI
yIeIbHbIE TEINIOEMKOCTH MOTYYEHHBIX HAMH HOBBIX HAHOPa3MEPHBIX KOOATbTO-KYIPATO-MaHTaHUTA U HUKE-
JMTO-KYTpaTo-MaHranura jantana u autusi coctaBoB Lali,CoCuMnOg un LaLiNiCuMnOg. U3 yaenbHbIX
TEIUIOEMKOCTEH pacCUuTaHbl X MOJIBHBIE TEIUIOEMKOCTH. Y cTaHoBieHo, uto Lali,CoCuMnOg¢ npu 398 K u
LaLi,NiCuMnOg ipu 373 K u 573 K nperepnieBatot dazossie nepexonst II-pona. C yuerom Temnepatyp da-
30BBIX IIEPEXOJIOB BBIBEJICHBI yPaBHEHUSI TEMIIEPaTypHOH 3aBHCHMOCTH TEINIOEMKOCTH. Bce moirydeHHEIE
SKCIIepUMEHTAIbHEIE W PacueTHBIE AaHHBIE 00pabOTaHBI CTPOTO METOJaMH MaTeMAaTHYeCKOW CTaTHUCTHUKH,
JUISL YCpeHEHHbBIX 3HAYEeHWH yIETbHBIX TeIIOEMKOCTEH pacCUMTaHBl CPeJHEKBAIPATHIHBIC OTKIOHEHUS, a
JUISL MOJIBHBIX TETIOEMKOCTEH — CllydJaifHbIe COCTaBISIOLINE MOTPEITHOCTH. MEeT0I0M HOHHBIX HWHKPEMEH-
TOB BBIYHMCIIEHBI CTAaHJAPTHBIE SHTPONHUH HCCIEAYEMBIX coequHeHNH. Ha ocHOBE ONMBITHBIX AAaHHBIX MO TEM-
JIOEMKOCTSIM U PacyeTHBIX 3HAYEHUH CTaHIapTHBIX SHTponui B uHTEepBaie 298,15-675 K marom yepes 50 K
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BBIYKCJICHBI TEMIIepaTypHble 3aBucUMocTu 3HTansnuu H°(7T)—-H%(298,15), sutponuu S°(7) u mpuBeAEHHOTO
TepMoanHaMUUecKkoro rorerimana @ (7).

Kniouesvie cnosa: tepmoanHaMuka, KoOalbT, HUKEINUT, KylpaT, MaHTaHUT, TETJIOEMKOCTb, KaJOPUMETPUS,
JIAHTaH, JINTHIA.
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