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Lanthanum-magnesium-nickel tellurite:
thermodynamic and electrophysical characteristics

Lanthanum-magnesium-nickel tellurite with composition of La,MgNiTeO; was synthesized from La,0O;,
NiO, TeO, oxides and MgCOj; with the help of the ceramic technology. The temperature dependences of the
isobaric heat capacity of tellurite La,MgNiTeO; were studied on an IT-S-400 calorimeter using an
experimental method of dynamic calorimetry in the range of 298.15-673 K. The operation of the calorimeter
was checked by measuring the standard heat capacity of a-Al,O;. The specific heat capacities were measured,
and then the molar heat capacities of the synthesized tellurite were calculated using them. In the study of the
dependence of the heat capacity of tellurite La,MgNiTeO; on temperature at 423 K, a sharp anomalous
A-shaped jump was found, probably related to a second-order phase transition. This transition can be
associated with cationic redistribution, changes in the coefficient of thermal expansion and magnetic moment,
as well as changes in dielectric constant and electrical resistivity. The equation of the temperature dependence
of the heat capacity of the compound is derived on the basis of the experimental data, taking into account the
phase transition temperature of the second kind. The temperature dependences of the heat capacity CpO(T) and
thermodynamic functions, namely, the entropy S°(7), the enthalpy H’(T) — H(298.15) and the reduced
thermodynamic potential @*(T) were calculated based on the experimental data on heat capacities and the
calculated standard entropy value S$°(298.15) in the interval 298.15-673 K. For the first time, the temperature
dependences of the dielectric constant and electrical resistance of tellurite La,MgNiTeO; in the temperature
range of 293-483 K were studied on the LCR-800 instrument. There are maxima and minima on the curves of
1g€~AT) and IgR~AT), which confirm the A-shaped effect on the Cp0~f(T) curve of a successful compound,
related to the second-order phase transition. The data obtained show that the tellurite studied has
semiconductor properties.

Keywords: lanthanum-magnesium-nickel tellurite, heat capacity, thermodynamic functions, dielectric
constant, electrical resistance.

The study of complex oxides of 3d- and 4f-clements with a perovskite structure is important for inor-
ganic materials science [1]. In this regard, the purpose of this work is to study the thermodynamic and
electrophysical characteristics of new lanthanum-magnesium-nickel tellurite La,MgNiTeO,. Ceramic tech-
nology was used to synthesize lanthanum-magnesium-nickel La,MgNiTeO tellurite from oxides La,0O;, NiO
(«high pure»), TeO, («reagent grade») and carbonate MgCO; («reagent grade»). The method of synthesis
and X-ray study of this compound are described in detail in our previous work [2]. The proposed structure of
the synthesized tellurite is perovskite with the space group P,,,3,,.

The isobaric heat capacity of La,MgNiTeO; was studied by dynamic calorimetry on an IT-C-400 in-
strument in the temperature range 298.15—673 K. The operation of the calorimeter was checked by measur-
ing the standard heat capacity of a-Al,Os;. The value of C,(298.15) a-Al,O; found experimentally was
76.0 J/(mol K), which fully satisfies the reference value (79 J/(mol K)) [3]. At each temperature, the estima-
tion of standard deviation (§) was carried out for the averaged values of specific heat capacity, and the ran-
dom error component (§) [4] was calculated for the molar heat capacity. The measurement errors of the heat
capacity at all temperatures are within the accuracy of the instrument (£ 10 %) [5]. The specific heat capaci-
ties of tellurite were studied, then its molar heat capacities were calculated from the experimental values ob-
tained [6]. The experimental values of the heat capacity of the tellurite under study are listed in Table 1.

When studying the dependence of the heat capacity of La,MgNiTeO; tellurite on temperature at 423 K,
a sharp anomalous A-shaped jump (Fig. 1) was found, probably related to a second-order phase transition.
This transition can be associated with cationic redistribution, changes in the coefficient of thermal expansion
and magnetic moment, as well as changes in dielectric constant and electrical resistivity.
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Table 1
Experimental values of the heat capacities of La,MgNiTeO,
LK | C,+8,3(K) | C'+ A, Jfmol K)
298.15 | 0.5337+0.0124 332421
323 0.5562+0.0173 334429
348 0.6225+0.0155 374426
373 0.7365+0.0201 442434
398 0.8892+0.2277 534438
423 1.0677+0.0100 641+17
448 1.0231+0.0119 614+20
473 0.9651+0.0266 580+44
498 0.8953+0.0248 538441
523 0.8070+0.0134 485422
548 0.7252+0.0189 435432
573 0.7813+0.0177 469+30
598 0.8532+0.0145 512424
623 0.9263+0.0191 556+32
648 1.0213+0.0111 613+19
673 1.1270+0.0291 677+49
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Figure 1. Temperature dependence of the heat capacity of La,MgNiTeO,

The equation of the temperature dependence of the heat capacity of the compound is derived On the ba-
sis of experimental data (Table 1), taking into account the temperature of a phase transition of the second

kind,

G, J(molxK) =a + bT+ T, (D
coefficients are given in Table 2.
Table 2
The coefficients of equation (1) in the range of 298.15 — 673 K
AT, K a bx10’ cx10°
298-423 —(3174+191) 7542.7+454.8 1118.15+67.43
423-548 2643+£159 —(3428.5+£206.7) | —(986.92+59.51)
548-673 —(2534+153) 4010.5+241.8 2317.69+£139.76

We used the mean random error values for the temperature ranges under consideration to determine the

error of the coefficients in the Cp°~f(T) dependency equations.

The temperature dependences of the functions S°%(7), H(T)— H"(298.15) and @“(7) have been
calculated based on the known relations [6], using the experimental data on Cp°~f(T) and the calculated value
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5°(298.15). The results are shown in Table 3. Due to the fact that the technical characteristics of the device
do not directly calculate the standard entropy of $°(298.15) tellurite from experimental data on CPO(T), it was
estimated using the ion increment method [7].

Table 3
Thermodynamic functions of tellurite La,MgNiTeO; in the range of 298.15 — 673 K

° o o 0
K | C%T)+A, J(mol x K)| S°(T)%A, J(molxK) | H*(T)—H"(298.15)% A, J/mol | @™ (T) A , J/(molxK)
298.15 255+15 251+8 - 25148
300 33120 253123 660+40 251+23
325 33620 279425 8900540 252+23
350 378423 306+28 177601070 255423
375 44927 33430 28050+1690 259423
400 542433 366433 403902440 26524
425 650439 402436 5526043330 272+25
450 61337 438440 70930+4280 280425
475 577435 470+42 85820+5180 289426
500 53432 498+45 997206010 299+27
525 48529 523+47 1124606780 309+28
550 431426 54549 1239207470 319429
575 47329 565451 135290+8160 33030
600 516531 586453 147630+8900 340431
625 56634 608+55 161140+9720 350+32
650 621438 631457 175970+10610 360433
675 682+41 656+59 192240+11590 371534

The average random components and errors were estimated for all values of heat capacity and enthalpy
over the entire temperature range, and the accuracy of entropy calculation (+ 3 %) was included in the error
estimate for the values of entropy and reduced thermodynamic potential. The presence of a phase transition
of the second kind on the plot of Cp°~f(T) for the tellurite under study suggests that this compound may have
unique electrophysical properties.

In this connection, the temperature dependences of the dielectric constant and electrical resistance of
tellurium La,MgNiTeO; in the temperature range 293—483 K were investigated. The study of electrophysical
properties was carried out by measuring the electrical capacitance of samples on an LCR-800 instrument
(Taiwan) at a working frequency of 1 kHz continuously in dry air in a thermostat mode with an exposure
time at each fixed temperature.

Previously, plane-parallel samples were made in the form of discs with a diameter of 10 mm and a
thickness of 1-5 mm with a binding additive (~1.5 %). Pressing was carried out under a pressure of
20 kg/cm’. The resulting discs were fired in a silica oven at 1000 for 6 hours.

The samples were kept for 8 hours at a temperature of 600 °C in order to impart sufficient strength for
the experiment they were thoroughly double-sided polished. The two-electrode system is applied; the elec-
trodes are applied by firing silver paste.

The dielectric constant was determined from the electrical capacity of the sample for known values of
the sample thickness and the surface area of the electrodes. The Sawyer-Tower circuit was used to obtain the
relationship between the electric induction D and the electric field strength E. A visual observation of D
(E hysteresis loop) was carried out on a C1-83 oscilloscope with a voltage divider consisting of a resistance
of 6 MQ and 700 kQ and a reference capacitor of 0.15 pF. The frequency of the generator is 300 Hz. In all
temperature studies, the samples were placed in a furnace, the temperature was measured with a chromel-
alumel thermocouple connected to a B2-34 voltmeter with an error of £ 0.1 mV. The rate of temperature
change is ~5 K/min. The value of the dielectric constant at each temperature was determined by the formula:

8=C_07 (2)

€S . . . . .
where C, = Od is the capacitance of the capacitor without the test substance (air).
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Since ceramic materials have certain inertia, the change in electrical properties, the data on the integral
electrical resistance and electrical capacity were determined only after preliminary exposure for ~0.5 hours
at a fixed temperature. This is especially important in the area of abnormal changes in the above characteris-
tics., measurements are also carried out by the method of direct deflection using an E6-13A thermometer to
compare the data on the electrical conductivity.

Experimental data on the study of the electrophysical properties of La,MgNiTeO; ternary tellurite are
given in Table 4 and in Figures 2, 3.

Table 4

Dependence of electric capacitance (C), dielectric constant (¢) and electrical resistance (R)
of tellurite La,MgNiTeO; on temperature

T,K C, uF € Ige R, Ohm IgR
293 9.24 52 1.71 366300 5.56
303 9.23 52 1.71 230100 5.36
313 9.17 51 1.71 114100 5.06
323 9.49 53 1.73 30340 4.48
333 9.87 55 1.74 395300 5.60
343 10.17 57 1.76 647600 5.81
353 10.60 60 1.77 1043000 6.02
363 10.07 57 1.75 2389000 6.38
373 10.63 60 1.78 2905000 6.46
383 11.07 62 1.79 3115000 6.49
393 11.27 63 1.80 3210000 6.51
403 10.52 59 1.77 2508000 6.40
413 8.85 50 1.70 612800 5.79
423 8.70 49 1.69 436500 5.64
433 8.89 49 1.69 562200 5.75
443 8.89 50 1.70 760500 5.88
453 9.08 51 1.71 1021000 6.01
463 9.29 52 1.72 1179000 6.07
473 9.40 53 1.72 1241000 6.09
483 9.57 54 1.73 1397000 6.15
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Figure 2. Temperature dependence of dielectric constant of La,MgNiTeO,
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Figure 3. Temperature dependence of the electrical resistance of La,MgNiTeO;

Analysis of the data in Table 4 and Figures 2 and 3 shows that La,MgNiTeO; compound in the range of
293-323 K exhibits semiconductor, at 323-393 K — metallic, at 393-423 K — semiconductor and at 433—
483 K — metallic conductivity.

The calculation of the width of the forbidden zone was calculated by the formula

AE=2KDT R 3)
L-T, &

where £ is the Boltzmann constant; R; and R, are resistances at temperatures 7 and 75, respectively.

The width of the forbidden zone (AE), calculated by the formula (3), in the interval 293-323 K is
1.57 eV, and it is 2.56 eV in the interval 393—423 K. The research results given in Table 4 and in Figures 2
and 3 shows that the new tellurite La,MgNiTeO- exhibits semiconductor properties.

Thus, for the first time, the isobaric heat capacity of lanthanum-magnesium-nickel tellurite
La,MgNiTeO; was experimentally investigated by dynamic calorimetry in the temperature range
298.15-673 K. The temperature dependences of the heat capacity for the compound under study are derived
based on the experimental values. The standard heat capacity of ternary tellurite was determined
experimentally. The temperature dependences of the thermodynamic functions S°(T), H(T) — H’(298.15) and
@"(T) are calculated in the range of 298.15-673 K. There is a A-shaped peak related to a second-order phase
transition on the C,’~f(T) dependence curve of lanthanum-magnesium-nickel tellurite La,MgNiTeO; at a
temperature of 423 K.

For the first time, the temperature dependences of the dielectric constant and electrical resistance of
tellurite La,MgNiTeO, have been studied on the LCR instrument. The curves lge~AT) and 1gR~AT) have
maxima and minima, which confirm the A-like effect on the Cp°~f(T) dependence curve of the indicated
compound, related to the phase transition of the second kind.

The obtained data showed that the La,MgNiTeO; tellurite had semiconductor properties and was of
interest for electronic technology.

The obtained new thermochemical and thermodynamic data serve as initial information files for
fundamental data banks and reference books; they are of theoretical and practical interest for inorganic
materials science in the field of directional synthesis of compounds with multifunctional properties.
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K.T. Pycrem6ekoB, M.C. KaceimoBa, E.B. Munaesa, A.)K. bekrypranosa

JlaHTaH-MarHuii-HUKe/Ib TeJUIYPHUTi: TEPMOAUHAMHUKAIBIK
JKOHE IEKTPPU3NKAJBIK CHIIATTAMAJIAPbI

Kepamukansik Texnonorus aaiciven La,03; NiO, TeO, oxkcuarepi men MgCO; kapbonateinan La,MgNiTeO,
KypaMzbl JaHTaH-MarHuii-HUKenb Tenyputi cuntesgenai. UT-C-400 xajgopumerpiHie IMHAMHUKAJIBIK
KaJIOMETPUSIHBIH ~ TaXipubenik omicimen 298,15-673 K apaneirbinga  La,MgNiTeO; Temnyputinig
n300apanblk  KBUTYCHIABIMABUIBIFE  3epTTenui. Kamopumerpnin  xymbicel  a-AlL,O;  craHgapTTh
JKBUTYCHIMBIMABIIBIFBIH  OJIIIEYMEH TeKCepiimi. MEHIIKTI JKBUTyCHBIMBIMABUIBIK OJIIEeHAI, KeHiH oJap
OOMBIHIIA CHHTE3JEIreH TEUTyPUTTIH MOJIBIIK KBUTYCHIMBIMABLIBIFEI ecentenni. La,MgNiTeO; Temmypuri
JKBLTYCBHIBIMIIBUIBIFBIHBIH TEMIICpaTypagaH TOyCJAUIriH 3eprrey Oapbichinna 423 K kypr aHomaibai
A-Topi3mi cekipic Oaiikammbel, oHbIH II-mi Texti Qasanblk aybicyra colikec kemyi MyMkiH. bynm aywicy
KaTHOHAAPABIH KaliTa OesiHynepiMeH, TepPMUSIIBIK YIFar0 Ko3(GHIHSHTTEPiHIH )KOHE MAaTHUTTIK MOMEHTIHIH
e3repicTepiMeH, COJ CHSKTHI IMANEKTPIIK OTKI3TILUTIr JXOHE OSJIEKTPIK KeAEpriciHiH e3repicTepiMeH
GaitnmanpiCTBl  GOmybl MyMKiH. ToxipuOenik ManmimerTepinid Herisinme, Il-mi TekTi ¢Qasanslk aybicy
TEMIIEpaTypachlH €CKEePe OTBIPBIN, KOCBUIBICTBIH JKbUIYCHIHBIMABUIBIFBIHBIH TEMIEPATYPaJbIK TOYEIIiTiK
TeHJeyaepl MbFapsuInbl. JKBUTYCHIMBIMABLIBIKTAPEIHBIH TOKIPUOSIIK MOTIMETTEpiHIH KOHE CTaHIapTTHI
SHTPONUSHBIH S0 (298,15) ecenrenren moHiHIH HeriziHAe 298,15-673 K apanbirbIHIa )KbUTYCBIHBIMIBUTBIKTHIH
Cpo(T) KOHE TEPMOIMHAMUKAIBIK (yHKIMAIapabE: suTporuanby S°(7), snransmusuasy HO(T) — H°(298,15)
JKOHE KEITIpUIreH TepMOINHAMHUKAIBIK ToTeHIHaIabe O (T) TeMiepaTypaliblK TOYeIIUTIKTepi ecenTeli.
LCR-800 xypeutrbichinaa anram per 293-483 K temmeparypa apanbirbinna La,MgNiTeO; temnypuTinig
JMJICKTPIIK OTKI3TIMITITT MEH JJIEKTPIIK KeIepTiCiHIH TeMIepaTypaiblK Tayeniurri seprrenmi. 1g€~AT)
xoHe 1gR~AT) Toyenninik KACHIKTAaphIHIAa MAaKCHMyMAp MEH MHHHMYMAAPIBIH OOJIyBI, Oy KOCBUIBICTHIH
Cp0~f(T) TOyeNIUIIK KUCHIFBIHAArel, II-mi Qasanslk aysicyra Tuecimi A-Topizai sddexTini monmenmesni.
AnpIHFAaH ~ MONIMETTEp 3epTTelNill  OTBIPFAH TEUIYPUTTIH IKapThUIAHOTKI3TIITIK  KacueTTepre He
0OJIaTBIH/IBIFBIH KOPCETTI.

Kinm co3dep: naHTaH-MarHui-HUKEIb TEIUTYPHTI, KBUTYCHIHBIMIBUIBIK, TEPMOANHAMUKAIBIK (DYHKIHSLIIAP,
JHJICKTPIIIK OTKI3TIMITIK, 3eKTPKeAeprici.

K.T. Pycrem6exoB, M.C. KaceimoBa, E.B. Munaesa, A.)K. bekrypranosa

TesypuT TaHTAaHA-MATHUSA-HUKEJIS:
TEPMOJAMHAMHUYECKHE H YJIeKTPOPU3NUECKHE XAPAKTEPUCTUKHU

MertonoM KepaMHU4ecKOW TexHoJoruu u3 okcunos La,0jz, NiO, TeO, u xapbonara MgCO; cuHTe3upoBaH
TEJUTypUT JlaHTaHa-MarHusi-HUKelst cocraBa La,MgNiTeO,. Ha xamopumerpe NT-C-400 skcmepumen-
TaJIbHBIM METOJIOM TMHAMHYECKOW KalopuMeTpuu B uHTepBaie 298,15-673 K uccnenoBans! TeMiepaTypHbie
3aBHCUMOCTH Hu300apHOil TeroeMkoctd Ttemwtypurta La,MgNiTeO,. IlpoBepky pabGoTsl Kamopumerpa
HPOBOAMIM HM3MEPEHHEM CTaHIApPTHOW TeroeMkocTu a-Al,O;. V3MepeHsl ynenbHble, a 3aTeM IO HUM
paccuuTaHbl MOJBHBIC TEIUIOEMKOCTH CHHTE3UPOBAHHOTO TEJUIypHUTa. [IpM HCCIenoBaHUM 3aBHCHMOCTHU
TemtoeMkocT Teiurypura La,MgNiTeO; ot temmeparypsl npu 423 K oOHapykeH pe3kuil aHOMalbHBII
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A-00pa3HbIil CKauOK, CBSI3aHHBIM, BeposATHO, ¢ (a3oBbiM mepexonoM Il poma. DToT mepexo] MoxeT ObITh
CBS3aH C KaTHOHHBIM IIepepaclpe/eieHueM, ¢ U3MEHEeHUAMH KO3 (GHIIMEHTa TEPMUUECKOTO PACIIMPEHHS U
MarHUTHOTO MOMEHTA, a TakkKe C U3MEHEHHAMH IMAJIEKTPUYECKOH NMPOHUIIAEMOCTH U 3JIE€KTPOCONPOTHBIIE-
HUs. Ha ocHOBaHMM SKIEpHMEHTAIBHBIX JAHHBIX, C Y4eTOM TemIeparypsl ¢as3oBoro mepexoza Il poma
BEIBEICHO ypaBHEHHE TeMIEpaTypHOH 3aBHCHMOCTH TEIUIOEMKOCTH coeAnHeHHs. Ha OcHOBaHMH ONIBITHBIX
JAHHBIX IO TEIJIOEMKOCTAM H PAaCUETHOTO 3HAYEHHs CTAaHJapTHOH sHrpommu S°(298,15) B uHTepBaie
298,15-673 K BbIUUCICHBI TEMIEPaTypHbIC 3aBUCHUMOCTU TEILIOEMKOCTH CpO(T) U TEPMOJUHAMHYECKUX
GbyHKUMit:  SHTPOIHH SUT), ouramemam  HY(T)— H°(298,15) wu MIPUBEACHHOTO TEPMOJHUHAMHYECKOTO
norenimana @(7). Bnepseie Ha npubope LCR-800 wuccnenoBaHbl TeMIepaTypHbIe 3aBHCHMOCTH
JHUDJICKTPUYIECKONH MPOHULIAEMOCTH M 3JeKTpoconportusieHus Ttemwtypura La,MgNiTeO, B anamo3oHe
temneparypsl 293-483 K. Ha kpusbix 3aBucumoctsix 1gE€~AT) n IgR~f(T) uMeroTcss MakCUMyMBI H
MHHUMYMBI, KOTOpBIE IOJATBEPXKIAIOT A-00pasHbIi >((eKT Ha KPHUBON 3aBHCHMOCTH Cp0~f(T) YAa4HOTrO
COCIMHEHHs, OTHECEHHBIH K (pazoBomy nepexony Il pona. IlonyueHHble faHHBIE TOKA3aJIM, YTO UCCIEAYEMbIH
TEIUTypUT 00J1a/1aeT MOIYNPOBOAHUKOBBIMU CBOWCTBAMH.

Knouesvie cnosa: TCIUIYPUT JIaHTaHa-MarHUs-HUKEJIA, TCILIOEMKOCTb, TCPMOAUHAMUYCCKUC q)yHKHI/II/I,
JUBJICKTPUIECCKass MPOHUIAEMOCTD, 3JICKTPOCONPOTUBJICHUEC.
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