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Calorimetric research of a heat capacity
of a triple lanthanum tellurite in the range of 298.15-673 K

This paper presents detailed results of new lanthanum tellurite synthesis and its heat capacity calorimetric re-
search. For the first time, a triple lanthanum tellurite was synthesized by the solid-phase method from oxides
of lanthanum, nickel (II), tellurium (IV) and calcium carbonate. The generation of the equilibrium composi-
tion of the synthesized compound was controlled by the method of X-ray diffraction analysis (XDA) on the
diffractometer DRON-2.0. By the results of the XDA it was established that there was synthesized a triple
lanthanum tellurite La,CaNiTeO,. Heat capacity at constant pressure of the synthesized tellurite was
researched by the method of dynamic calorimetry at the range of 298.15-673 K. Based on the experimental
data, the equations, describing dependencies of heat capacity of the compound on temperature were
calculated. When studying the temperature dependences of the heat capacity of La,CaNiTeO, abnormally
sharp A-like peaks probably associated with second-order phase transitions, were observed at 423 K.
Temperature dependencies of thermodynamic functions of La,CaNiTeO; S°(T), H(T)-H°(298,15), ®*(T)
were calculated based on the experimental data C,°(T) and the calculated value S° (298.15).

Keywords: calorimetry, heat capacity, lanthanum tellurite, second-order phase transitions, thermodynamic
functions.

The discovery of high-temperature superconductivity in 1986 has served as a powerful incentive in the
development of chemistry of solids. A heightened interest in metal-oxide systems with the perovskite struc-
ture [1] is, primarily, connected to that. It is known, that lack of the symmetry center in its crystal structure is
a strictly necessary condition of generation in solids of non-linear—optical and piezoelectric properties.
Contrariwise, the increase in probability of generation of acentric structures is postulated at the introduction
into the composition of ions’ compound with an unshared electron pair, such as Bi’", Te*", Se*" and so
on [2]. One more factor, favoring the generation of an acentric crystal structure is the presence in the compo-
sition of compounds of d-metals, causing the distortion of the structure due to the Jahn-Teller effect.

The scientific interest to rare earth elements and compounds of lower oxides transition metals was
primarily driven by their applicable properties such as optical, conducting, magnetic, etc. Based on these ide-
as we conduct a systematic search of different tellurite derivatives of rare earth, alkaline earth (alkaline) and
d-metals.

This paper presents detailed results of new tellurite lanthanum synthesis and its heat capacity calorimet-
ric research. Oxide of lanthanum, oxide of nickel (II), oxide of tellurium (IV) and calcium carbonate of
«chemically pure» qualification were used for the synthesis of the triple tellurite of lanthanum. Stoichio-
metric amounts of basic substances were thoroughly grinded in an agate mortar and then were poured, in
amounts, into alundum crucibles and treated with heat for solid phase interaction in the air in the Silicon
Carbide Electric furnace. The following mode of thermal treatment were used: I stage — annealing during
70 hours at the temperature of 600-800—1000 °C, I stage — at 1100—1200—1300 °C during 66 hours with
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periodic grinding and mixing of basic substances. Annealing at 400-500 °C during 22 hours was conducted
to obtain cryotolerant equilibrium phases. The generation of the equilibrium composition of the synthesized
compound was controlled by the method of X-ray diffraction analysis (XDA) on the diffractometer
DRON-2.0. Indexing of X-ray photographs was conducted by the method of homology. A structural type of
perovskite was selected as a homologue. By the results of the XDA it was established that was synthesized a
triple lanthanum telluriteLa,CaNiTeO-.

Heat capacities at constant pressure La,CaNiTeO; were researched by the method of dynamic
calorimetry on the commercially produced instrument IT-S-400 at the temperature range of 298,15-673 K.
Errors in measurement of heat capacity in the temperature range under test are within the limits of the in-
strument accuracy (10 %) [3, 4]. Calibration of the instrument was carried out on a copper sample [3, 4]. At
each temperature, five experiments were conducted, the results of which were averaged and processed by
methods of mathematical statistics.

At each temperature the estimate of the root-mean-square deviation & was conducted for average

values of specific heat [5]:
_ C _ 5 2
5=z, =S
n—1

where n is the number of tests; C; is the measured value of specific heat; and C is the arithmetical average
from measured values of specific heat. A random error component was calculated for the average values of
molar heat capacity [6]:

d-¢,

A = =100,
A="5

°

where A is a random error component in %; ¢, — Student’s coefficient (for n =5, ¢, =2.78 at p = 0.95 con-
fidence interval).
The instrument operation was checked by determining the standard heat capacity o-Al,Os. The obtained

result for Al,Os at temperature of 298.15 K value C2 =76.0 J/(mol-K) is satisfactorily consistent with its

recommending [7] value79.0 J/ (mol-K) within the limits of the instrument error. The experimental values of
heat capacity of the triple tellurite are shown in Table 1.

Table 1
Experimental values of the specific and molar heat capacities La,CaNiTeO,

T,K C,+6,J/ (gK) CO+A,J/ (mol'K)| T.K C, 6,1/ (gK) CY+A, J/ (mol-K)
298.15 0.4768+0.0136 2941423 498 0.3618+0.0086 223+15
323 0.5031+0.0104 310+18 523 0.3395+0.0093 209+16
348 0.5345+0.0083 329+14 548 0.3749+0.0113 231+19
373 0.5681+0.0121 350421 573 0.4033+0.0083 249+14
398 0.6591+0.0086 406+15 598 0.4442+0.0098 274+17
423 0.7435+0.0187 458+32 623 0.4831+0.0131 298+22
448 0.5512+0.0186 340432 648 0.5352+0.0101 330+17
473 0.4290+0.0132 264+23 673 0.5906+0.0149 364426

When studying the temperature dependences of the heat capacity of La,CaNiTeO,, abnormally sharp
A-like peaks probably associated with second-order phase transition, were observed at 423 K. This transition
may be related to the cationic redistribution, modification of the thermal-expansion coefficient and modifica-
tion of the magnetic moment of the synthesized tellurite (see Fig.).

Based on the experimental data, the equations, describing dependencies of heat capacity of the com-
pound on temperature were calculated. Due to the fact that tellurite had the phase transition of the II" type at
423 K, the dependency Cp°~f(T) La,CaNiTeO, was described by three equations, which coefficients are
shown in Table 2. An average random error component for all considered temperature intervals was used to
determine coefficient errors in the equations of the temperature dependence of heat capacity La,CaNiTeO.
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Figure. Temperature dependence of heat capacity La,CaNiTeO;

Table 2
Coefficients of the equation of the temperature dependence of heat capacity
C,=a+bT+ cT, J/(mol-K) La,CaNiTeO,
Cocfficients
a b-107 10’ ALK

—(1115.28+74.33) 3177.27£211.76 410.48+27.35 298-423
—(4737.36+£315.53) 6284.80+418.86 4539.43+£302.54 423-523
—(1164.69+£77.62) 1956.86+130.42 958.52+63.99 523-673

Since technical characteristics of the calorimeter IT-S-400 don’t allow to calculate the value of the
standard entropy $°(298.15) of the studied phases directly from the experimental data, it was valued by the
method of ionic entropy increments of Cumok [8].

The temperature dependences of the thermodynamic functions of La,CaNiTeO, S*(T), H'(T) —
H"(298,15), @“(T) based on the experimental data C,,O(T) and the calculated value S° (298.15) were
calculated (Table 3).

Table 3
Temperature dependencies of thermodynamic functions La,CaNiTeO; at the interval of 298.15-675 K
T.K CAT)£A, ST+ A, H(T)-H"(298.15)£ A QT+ A
J/(mol-K) J/(mol-K) J/(mol-K) J/(mol-K)
298.15 260+17 266+8 - 266+8
300 294420 279427 600+40 277427
325 306+20 303+29 8050+540 278427
350 332422 327+32 16000+£1070 281+27
375 368+25 351+34 24730+1650 285428
400 412428 376+36 34470+2300 290428
425 462+31 402439 45390+3000 300+29
450 333422 424+41 55040+3670 302429
475 260+17 440443 62360+4160 309+30
500 221415 452+44 68310+4550 316431
525 209+14 463445 73630+4910 323431
550 229+15 473446 79100+5270 329432
575 250+17 484+47 850905670 336+32
600 276+18 495448 91660+6110 342433
625 304+20 507+49 98890+6590 348+34
650 334422 519+£50 106860+7120 355+34
675 367+24 532452 115620+7710 361£35

Errors of the temperature dependence of the thermodynamic functions, with account for the average
random heat capacity error and accuracy of calculation of the standard entropy (~3 %), were determined.

70 BecTHuk KaparaHauHckoro yHvusepcuTeTa



Calorimetric research of a heat capacity ...

Therefore, the new triple tellurite of the compound La,CaNiTeO; was synthesized for the first time by
the method of ceramic technology from oxides La, Ni (II), Te (IV) and calcium carbonate. The temperature
dependence of heat capacity La,CaNiTeO; was studied by the calorimetric method in the range of 298.15—
673 K, the standard heat capacity is equal to 260£17 J/(mol-K). The dependence equations Cp0~f(T) were
established and thermodynamic functions were determined. The phased transition of the II™ type was found
the dependence curve Cp°~f(T) at 423 K which indicates of the presence of valuable physical-chemical prop-
erties [9, 10]. Thermodynamic characteristics of the new tellurite can be the initial information arrays of
basic reference books and data banks and are of interest for the chemical informatics.
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A. K. bekrypranosa, K.T. Pycremb6exos, b.K. Kacenos, M. Ctoes, A.A. Toiibek

298,15-673 K apajbIfbIH/Aa JIAHTAH YIUTIK TeJUIyPHUTIHIH KbLTY
ChIBIMABLIBIFBIH KAJOPUMETPJIIK 3epTTey

MakaJiaa JJaHTaHHBIH JKaHa TeJUTYPHTIHIH CHHTE31 KOHE JKbUTY ChHIBIMABLIBIFBIH KaJOPUMETPIIK 3ePTTCYIiH
HoTKesepi kentipinred. Kartel ¢asansik oxmicrien anram pet jgantad, Hukens (I1), temutyp (IV) oxcnarepi
JKOHE KaJblMil KapOOHATBIHAH JIAaHTAaH YIITIK TeJUTYpHUTi cuHTe3aenai. CHHTE3IENIreH KOCBUIBICTBIH Telle-
TeHIIK KypambiHbiH Ty3inyi JIPOH-2,0 mudpaxromerpinae penTreHdpaszanblk omicneH Oakputamsl. POA
HOTIDKesIepi OoifbIHINa naHTaHThH yIITiK Temutyputi La,CaNiTeO; cunresnmenreni aitkpiagangsl. 298,15—
673 K apaibifblHIa JUHAMHKAJIBIK KaIOPUMETPUS 9MIiCIMEH CHHTE3IEIreH TeJUIYPHTTIH H300apaiblK JKbUTY
CBHIMBIMABLIBIFBL 3epTTeni. Toxipnde MomiMeTTepi HeTi3iHae KOCBUIBIC XKBUTY CHIBIMIBUIBIFBIHBIH TEMIIEpa-
TypagaH Toyennimik tenaeynepi uibrapbuiabl. La,CaNiTeO; KbUly ChHIABIMIBUIBIFBIHBIH TEMIEpaTypajiaH
ToyemIiIirin 3epTTey Oapsichia 423 K Temneparypana [I-TexTi (azaisik aysIcyFa skaTybl MyMKIH A-Topi3ai
AQHOMAJIBJI CeKipic OaifKasnsbl. CpO(T) ToxipuGenix Mouzepi xone S°(298.15) ecentenren MoHI Herizinze
La,CaNiTeO; TepMOoANHAMHKAIBIK (YHKIUSIAPHIHBIH SUT), H(T)-H’(298,15), &(T) TeMIIepaTypabIK
TOYeIIiNIKTEePi eCenTei.

Kinm cesdep.: KanopuMeTpusi, XbUTy CHIMBIMABLIBIK, JIaHTAH TEIUTYPHUTi, eKiHIIN TeKTi (a3aiblK aybIcy,
TEPMOJANHAMUKAIBIK QyHKIHMSIAP.
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Kanopumerpunueckoe uccie10BaHHe TEII0EMKOCTH
TPOMHOIO TeJUIyPHUTA JIAHTaHA B MHTepBaJie 298,15-673 K

B crathe mpuBeneHBI pe3ynabTaThl CHHTE3a M KAJIOPHMETPHYECKOTO HCCIEHOBAHMS TEIUIOEMKOCTH HOBOTO
TeJuTypuTa JaHTaHa. Brepsoie TBepaodasHbiM crocodoM u3 okcuaoB nanrana, Hukens (I1), Temnypa (IV) u
kapOoHaTa KaJdbLUsl CHHTE3MPOBAH TPOiHON TelurypuT naHTaHa. OOpa3oBaHHME PABHOBECHOTO COCTaBa
CHHTE3MPYEMOTO COEJMHEHHS! KOHTPOJIMPOBAIOCH METOJIOM PEHTIeHO(a30BOro aHanu3a Ha IU(paKkTOMeTpe
JAPOH-2.0. Ilo pesynpratam P®DA ycraHoBieHo, 4TO OBII CHHTE3UPOBAH TPOMHOM TEIYpUT JaHTaHA
La,CaNiTeO,. Meronom nuHaMudeckoi kanopumeTpun B uHTepBane 298,15-673 K uccnenoBana nzobapHas
TEIJIOEMKOCTh CHHTE3UPOBAHHOTO TeUTypuTa. Ha OCHOBE SKCIIEpMMEHTAIBHBIX JAHHBIX PacCUUTAHBI
YpaBHCHUS, OIMHCHIBAIOIINE 3aBUCHMOCTH TEIUIOEMKOCTH COEAMHEHHS OT TeMneparypsl. [Ipu ncciaenoBanun
3aBucuMoctH Tertoemkoctu La,CaNiTeO; ot temneparypsl npu 423 K oOHapyXeH pe3kuil aHOMalbHBII
A-00pa3HBIl CKAauOK, CBS3aHHBIN, BEPOSATHO, C (ha3oBbIM nepexonoM Il poma. Ha ocHOBaHMM ONBITHBIX JaH-
HBIX Cpo(T) ¥ pacuerHoro 3HaueHus S°(298,15) BHIMMCITHIN TEMIIEPATYPHBIC 3aBHCHMOCTH TEPMOIHHAMHE-

geckux $ynxumii La,CaNiTeO, SU(T), H(T)-H"(298,15), &*(T).

Kniouesvie cnoga: KamopuMeTpusi, TEIIOEMKOCTb, TEJUIYPUT JaHTaHa, (a3oBBI Mepexoj BTOPOTro poja,
TePMOANHAMUYECKHE QyHKIUH.
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