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Calorimetry of new double dysprosium tellurite

New dysprosium-barium double tellurite was synthesized based on ceramic technology. The formation of the
equilibrium composition of the compound is controlled by X-ray phase analysis, the results of which revealed
that DyBaTeO, s dysprosium tellurite was synthesized. For the first time, a calorimetric study of the heat ca-
pacity of the new double tellurite DyBaTeO, 5 was carried out in the temperature range of 298.15-673 K. The
calibration of the instrument was carried out on the basis of the determination of the heat meter thermal con-
ductivity. The operation of the calorimeter was checked by measuring the a-Al,O; heat capacity. The experi-
mental data of the specific and molar heat capacity were processed by the methods of mathematical statistics.
The equation for the dependence C,’~f(7) is derived based on the experimental data. The temperature de-
pendences of the thermodynamic functions H(T)-H°(298.15), S°(7) and, F*(T) are determined from
C,"~f(T) and the calculated value of $°(298.15) of tellurite. Anomalous jumps are observed on the depend-
ence C,"~f(T), which are probably related to second-order phase transitions. The thermodynamic characteris-
tics of new tellurite can serve as background information for fundamental data banks and reference books,
and also used to predict the thermochemical constants of similar compounds.

Keywords: dysprosium-barium tellurite, calorimetry, heat capacity, phase transitions, thermodynamic func-
tions.

Modern electronic-technology poses the problem of searching for new compounds with valuable
electrophysical properties and their in-depth physical and chemical research. Criteria for assessing the pro-
spects of using a_particular material put forward the relative cheapness and simplicity of their production,
environmental safety as priority requirements, and also one of the decisive factors when choosing a new ma-
terial is availability of such valuable properties as semiconductor, ferroelectric, piezoelectric and
pyroelectric, radioluminescent and superconducting.

Therefore, compounds formed in systems consisting of REE oxides, alkaline earth metals and tellurium
are of particular interest for inorganic materials science, since they have promising physical and physico-
chemical properties [1]. The purpose of this work is a calorimetric study of the heat capacity of new dyspro-
sium double tellurite in the temperature range of 298.15-673 K.

Dysprosium (III), tellurium (IV) and barium carbonate («chemically pure» oxides) were used as starting
components for the synthesis in a stoichiometric ratio. Dysprosium-barium tellurite DyBaTeO,4 s was synthe-
sized by the method of ceramic technology. The method of synthesis is similar to that given by us earlier in
[2]. The formation of the equilibrium composition of the compound was monitored by X-ray phase analysis
on a DRON-2.0 diffactometer. X-ray data show that the synthesized compound crystallizes in the structural
type of distorted perovskite P,,3,, [3].

The heat capacity of dysprosium-barium double tellurite was studied by dynamic calorimetry on an IT-
C-400 serial device in the 298.15-673 K temperature range. The limit of the permissible error of the device
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is = 10 % according to passport data [2]. The calibration of the instrument was carried out on the basis of
determining the thermal conductivity of the heat meter K7 [4]. For this, several experiments were carried out
with a copper sample and an empty ampoule. Thermal conductivity of the heat meter was determined by the
formula:

KT = CL’S/(TTC _TTO) H
where C,,is the total heat capacity of the copper sample, J/(molxK); 7,. is the average value of the lag time

on the heat meter in experiments with a copper sample, s; T, is the average value of the lag time in experi-

ments with an empty ampoule, s.
The total heat capacity of the copper sample was calculated by the formula:
C,= chms,
where C¢ is the tabular value of the specific heat capacity of copper, kJ/(kgxK); m;, is the mass of the copper
sample, kg.
The value of the specific heat capacity of the analyte was calculated by the formula:

C, =&><(TT -1,7),
m,

where K7 is the heat conductivity of the heat meter; my is the mass of the test substance, kg; 77 is the lag time
of the temperature at the heat meter, s; 17" is the lag time of the temperature on the heat meter in experiments
with an empty ampoule, s.

Taking into account the molar mass, the molar heat capacity was calculated using the specific heat ca-
pacity by the formula:

Cu= C; XM,

where C; is the specific heat capacity of substance, J/(gxK); M is.the molar mass of the substance, g/mol.

Five parallel experiments were carried out at each fixed temperature, the results of which were averaged
and processed by methods of mathematical statistics [5].

At each temperature, the standard deviation 0 was estimated for the averaged values of the specific
heat capacity using the formula:

where 7 is the number of experiments; C; is the measured value of the specific heat capacity; ¢ is arithmetic
average of the measured values of specific heat capacity.
The random error component was calculated for the average values of the molar heat capacity:

o Ot
A=—-100,
c
where A is the random component of the error in %; ¢, is the Student’s coefficient (for n = 5 7, = 2.78 with
p = 0.95 confidence interval).
The systematic.component of the error was calculated by the formula:
L _C-G,

(&

-100,

0
where A, is.the systematic component of the error in %; C, is the heat capacity value of the model measure
taken at the temperature at which the heat capacity was determined.

In our studies, the systematic error and errors in temperature measurements were not included in the
calculation, since they were negligible compared to the random component.

The work of the calorimeter was tested by determining the a-Al,O; heat capacity. The resulting value of
Cp°(298.15) for a-Al,Os, which is equal to 76.0 J/(molxK), is in satisfactory agreement with its recommend-
ed value of 79.0 J/(molxK) [6]. These data show not only the reliability of the results obtained, but also the
negligible value of the systematic error, such as the measurement of the temperature error.

The results of calorimetric studies of the heat capacity of tellurite are shown in Table 1.
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Experimental values of specific and molar heat capacities DyBaTeO, s

= 0
T.K C, %9, C}‘j + A,
J/(gxK) J/molxK

298.15 | 0.5361+0.0312 250+15
323 0.5061+0.0811 26024
348 0.5464+0.0643 280426
373 0.6393+0.0521 31027

398 0.7721+0.0251 3601
423 0.9352+0.0651 420429
448 1.1234+0.0721 50034
473 1.3293+0.0452 6202
498 0.8582+0.0187 400+4
523 0.6650+0.0335 310+16
548 0.6891+0.0295 330+12
573 0.7932+0.0445 370+19
598 0.9651+0.0362 450+16
623 0.8154+0.0257 380+10
648 0.7283+0.0452 350421
673 0.6961+0.0329 32542

Table 1

It can be seen from the data presented in Table 1 that the random components of the error of the exper-
imental values of the heat capacities are within the limits of the error of the device over the entire tempera-
ture range. The Figure shows the temperature dependence of the heat capacity of the tellurite synthesized.
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Figure. Temperature dependence of the DyBaTeQOy, s heat capacity

Based on the data in Table 1 and the Figure, it was found that the curve of the temperature dependence
of the heat capacity of double tellurite DyBaTeO,s at 473 and 598 K revealed abrupt anomalous A—shaped
jumps, probably due to the second-order phase transitions. These transitions can be associated with cationic
redistribution, with changes in the coefficient of thermal expansion, as well as changes in the magnetic mo-
ment of the tellurite synthesized or changes in the dielectric constant, electrical resistivity, etc. Due to the
presence of the second-order phase transition, the dependence of the compound was described by several
equations, the coefficients of which are given in Table 2.
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Table 2

Equations of the temperature dependence of the heat capacity of double tellurite DyBaTeO, 5

Equation coefficients C) = a + bT + ¢T~, J/molxK AT.K
a b-10~ c10’

—(2550.8+76.5) 5804.6+174.1 951.3+£28.5 298.15-473
—(22283.2+668.5) 28357.0+850.7 21232.6+637.0 473-523
—(9319.0+£279.6) 12143.1+364.3 8966.9+269.0 523-598
—(7443.4+223.3) 7646.6+£229.4 11875.2+356.3 598673

There were used the values of average random errors for all considered temperature ranges to determine
the error coefficients in the equations of dependencies Cg ~ f(T) . Due to the fact that the‘technical charac-

teristics of the device do not allow us to directly calculate the standard entropy S°(298.15) of the test com-
pound from the experimental data on C;(T ) it was evaluated using the Kumok ion increment method [7].

Based on the known relations [8, 9] the temperature dependences of the functions were calculated S°(7),
H°(T)-H°(298.15) and F(T) using experimental data on C2 ~ f(T) and calculated values for S°(298.15).

The results are shown in Table 3.

Table 3
Thermodynamic functions of tellurite DyBaTeQ, s in the temperature range of 298.15-673 K
° ° ° 0
AT, K Cﬁ(T)iA, J/(molxK) | S%(T)£A, J/(molxK) | H'(T)—=H (298,15)= A, J/mol | F*(T)%A , J/(molxK)
298,15 250+15 21048 - 210+6
323 260+24 22947 5959+60 211+7
348 280+26 24748 12033+146 213+7
373 310+14 266+9 18899+187 216+8
398 360+7 288=+11 270924216 2169
423 420433 312413 37018+270 226+9
448 500432 339+£16 48996+357 230=x10
473 620+15 370+19 63275478 237+11
498 400+15 396+12 75726597 244412
523 310+9 413£19 84357+788 252+12
548 330+17 427+10 92163+898 260+13
573 370+17 443=+11 10073348 267+13
598 450+17 460=+14 110923+998 275+14
623 380+18 477+11 121231+1109 282+14
648 350+17 491=£10 130170+1181 290+15
673 325+17 503+20 13842441219 298+15

The errors in the temperature dependence of enthalpy were estimated with the average random compo-
nent of the error in heat capacity, and the errors in temperature dependence S°(7) and F*(T) were calculated
by summing the average error of the experimental determination of heat capacity and the accuracy of the cal-
culation of entropy (+3 %).

Thus, for the first time, the isobaric heat capacity of new double dysprosium tellurite DyBaTeO, s was
investigated by the dynamic calorimetry method in the range of 298.15-673 K.

The standard heat capacity C,°(298.15) =250 + 15 (J/molxK) was determined for tellurite DyBaTeO, s
experimentally. The equations of temperature dependences of the heat capacity for the compound under
study were derived based on the experimental values.

Abrupt anomalous jumps of A—shaped effects related to the second-order phase transition were detected

for the tellurite under study, at 473 and 598 K, on the dependence curve C pO(T )~ f(T) . The standard entro-

py of the double tellurite under study was calculated by the method of ionic increments. The temperature
dependences of the heat capacity were calculated in the range of 298.15-673 K Cg (T) and thermodynamic
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functions such as entropy S°(7), enthalpy H°(7)-H°(298.15) and reduced thermodynamic potential F**(7) of
tellurite DyBaTeO,s.

The presence of the second-order phase transition in the temperature dependence curve of the heat ca-
pacity suggests that this compound may have unique electrophysical properties [10]. Thermochemical and
thermodynamic characteristics of tellurite can be initial information files of fundamental reference books and
data banks and are of interest for chemical informatics, and also have theoretical and practical interest for
inorganic materials science in the field of directional synthesis of compounds with polyfunctional properties.

This work was supported by the Ministry of Education and Science of the Republic of Kazakhstan
[grant number AP05132001].

References

1 Haboxa M.H. Ctpykrypa u cBONCTBa TOHKHX IUICHOK Ha OCHOBE COEIMHEHHH pernko3eMenbHbIX MeTawioB /. M.H. HaGoka,
A.C. INanatruk, B.4. llleuenxo // XKypu. Beecoros. xum. obmecrsa um. JI.11. MenneneeBa. — 1981. — T. 26, Ne 6. — C. 31.

2 TexHu4ecKkoe omMcaHue U HHCTpYKIuH 1o 3kcruryatarmu U T-C-400. — AxTroOHHCK: AKTIOOMHCKHH 3aBOJ «OTaon», 1986.
—48c.

3 PycrembexoB K.T. Jlucmpo3uii Koc TETypUTTEPiHiH CHHTE3i, KPUCTAIIOXHUMHUsIChLaKoHe Kypbuibichl / K.T. Pycrembekos,
A.A. Toiibex, M. Croes // Bectn. Kaparann. ya-ta. Cep. Xumus. — 2016. — T. 84, Ne 4. — C. 49-54:

4 TInarynoB E.C. Temnodusnueckue usmeperus u npubopst / E.C. Ilnatynos, C:E. Bypagoii, B.B.Kynepun, I'.C. IletpoB. —
JI.: Mammsoctpoenue, 1986. — 256 c.

5 Cnupunono B.I1. Marematnueckas o6paboTka sxcnepuMeHTaIbHbIX OaHHBIX / B.IL. Cniupunonos, JI.B. Jlonatkun. — M.:
Wza-eo MI'Y, 1970. — 221 c.

6 Robie R.A. Thermodynamic Properties of Minerals and Related Substances at.298.15 and (10° Paskals) Pressure and at High-
er Temperatures / R.A. Robie, B.S. Hewingway, I.R. Fisher. — Washington: United States Government Printing Office, 1978. —
456 p.

7 Kymok B.H. Ilpsmbie u obpaTHbIe 3aaun xumudeckoil tepmoaunamuky / B.H. Kymok. — HoBocubupck: Hayka, 1987. —
C. 108.

8 TepmonuHaMuueckue CBOMCTBa HHANBUAYAIBHBIX BellecTB/-nox ped. B.I1. I'mymko. — M.: Hayka, 1978. — T. 1. — 496 c.

9 TepacumoB S.M. Xumnueckass TepMOJUHAMUKA B [[BeTHOH MeTayutypruu: B 4-x 1. / S1.U. I'epacumos, A.H. KpectoBHHKOB,
A.C. IlTaxoB. — M.: Metamnyprus, 1960. —T. 1. — 230 c.

10 Rustembekov K.T. X-ray Diffraction and Thermodynamic Characteristics for Tellurite of the Composition Li,CeTeOs /
K.T. Rustembekov, A.Zh. Bekturganovna // Russian Journal of Physical Chemistry A. — 2017. — Vol. 91, No. 4. — P. 622-626.

K.T. PycrembexoB, M.C. KaceimoBa, /I.A. KaiikeHoB,
B.H.‘@omun, C.K. Anga6eprenosa, A.A. TolibGek

JAuncnpo3uii JkaHa KOC TeJUTYPUTIiHIH KaJOPUMeTPHSIChI

KepaMuKkalibIK [ TEXHOJIOTHSAMEH JKaHa JUCIPO3HH-0apuil KOC TeTypuTi cuHTe3zenni. KoChUIbICThIH Tere-
TeHJIK KYpaMbIHBIH KYPBUIBICEI PEHTTeH(a3alblK Tannay omiciMeH OakputaHibl. PeHtreHdasanslk Tanpay
HoTIXKECi OobiHIMA DyBaTeO, s Koc TEJUTypHTiHIH CHHTE3/ENTeHi aHbIKTalAel. Asram per 298,15-673 K
apanbiFbiHIa xkaHa DyBaTeO, s Tucpo3uii KOC TEUTyPUTiHiH KBLTYCHIHBIMIBLIIBIFB KATOPUMETPIIIK dJliCIIEH
3eprreni. KypbUIFbIHBIH TpagyupieHyl *KbUTYeIIIeyilITiH KbUTyOTKI3TIIITITH aHbIKTay HETi3iHAe XKy3ere
aceIpbUIIbl. KamopumeTpai skyMbIchl o-Al,O3-TiH JKbUTY CHIABIMABUIBIFBIH OJIIIEYMEH TeKcepiiai. MeHIiKTi
JKOHE MOJIBIIK IKBUTYCHIBIMIBUIBIKTAPBIHBIH —TOKIPHOEIIK MAIIMETTEpi MAaTeMaTHKAIBIK CTaTHCTHKA
omictepiMeH eHIeNmmi. ToXIpHOETiK MONIMETTepAiH HETi3iHe Cp°~f (7) Toyenminmik TeHICYl MIBIFAPBUIIBL.
C,"~f (T) xoue Temrypurtiy ecentenren $°(298,15) moni Goieama HY(T)-H’(298,15), S°(T) xone @(T)
TEPMOJIMHAMUKANIBIK  (DYHKIMANAPBIHBIE  TeMIlepaTypanslk — Toyenuimikrepi — ambikramuel.  C,"~f(7)
toyenainirinae, II-rekri dasanbik aybicyMeH 0oiybl MYMKIH, KYPT aHOMalibl cekipysep Oatikanasl. XKaHa
TEJUTYpPUTTIH TEPMOAMHAMHKAJIBIK CHIIaTTaManapbl ipreii MoiiMerTep OaHKiHE >XKOHE aHBIKTaMaiapra
Oacranmkbl Marepuanmap OONybl bBIKTHMal, COJ CHAKTBI YKCAC KOCBUIBICTApIbIH TEPMOXHMHSIIBIK
KOHCTaHTaJIapblH 00JDKay/1a KOJIIAHBUTYbl MYMKIH.

Kinm ce3dep: nucrpo3mii-Gapuii TEJUTypHTi, KalIOPUMETpPHUs, KBUIYCHIMBIMABUILIFEI, (ha3ajbIK TYpIICHYIep,
TEPMOANHAMUKAIBIK (QYHKIUSIIAp.
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K.T. Pycrem6ekoB, M.C. KaceimoBa, [[.A. KalikeHOB,
B.H. ®omun, C.K. Annabeprenoa, A.A. Toitbek

KaJIOpl/lMeTpl/lﬂ HOBOTI'0 IBOMHOIO TCJUIypUTaA TUCIIPO3USL

Ha ocHOBe kepaMn4ecKoi TEXHOJIOTHH CHUHTE3UPOBAH HOBBIM ABOIHOM TenypuT auciposus-6apus. O6paso-
BaHHE PAaBHOBECHOTO COCTAaBA COEJMHEHHUs] KOHTPOJIMPOBAHO METOAOM PEHTIeHO(ha30BOTO aHAIN3a, MO pe-
3yIbTaTaM KOTOPOTO OBIIO YCTaHOBJIEHO, YTO CHHTE3MPOBaH ABOHHON TemrypuT aucnposus DyBaTeO,s.
Brepseie B nHTepBasie 298,15-673 K npoBeneHo KalopHMETPUUECKOe UCCIIeI0BaHUE TEIIOEMKOCTH HOBOTO
asoiiHoro temryputa DyBaTeOys. I'panynpoBky npubopa oCyIIECTBISUIM Ha OCHOBAaHUH OIIPEIEICHHS Tell-
JIOBOHM NPOBOJMMOCTH TeruioMepa. IIpoBepKy paboThl KaJopuMeTpa HPOBOMIN H3MEPEHHEM TEIUIOEMKOCTH
a-Al,O3. DKkcriepuMeHTaIbHbIE JaHHbIE YAENEHOH U MOJBHON TEIIOEMKOCTH 00paboTaHbI METOJaMU MaTe-
MaTH4ecKol crarucTuky. Ha 0CHOBE SKCIIEPHMEHTAIBHEIX JAHHBIX BBIBEJICHO ypaBHEHHE 3aBUCUMOCTH C,’~f
(7). o C,°~f(T) u BeI4HCICHHOMY 3HaueHHIO S°(298,15) TemmypuTa ONpeneneHbl TEMICPATYPHBIE 3aBHCH-
MOCTH TepMmoauHamudeckux Qyukuuii H°(T)-H°(298,15), S°(T) u ®(T). Ha 3aBucumoctu C,°~f(T)
HaOJII0AI0TCS aHOMAJIBHBIC CKAa4KH, CBA3aHHbIE, BEPOATHO, ¢ (hasoBbiMu nepexonamu Il pona. Tepmonuna-
MHYECKHE XapaKTePUCTHKH HOBOTO TEJUTypHTa MOTYT CIIY)KUTh UCXOIHOW MH(OpMaluei s BKIIOYEHUS B
(yHIaMeHTaIbHbIe OAHKH JaHHBIX U CIIPAaBOYHUKH, a TAK)K€ MOTYT OBITh MCHOJIE30BAaHbI JUISl HPOTHO3HPOBA-
HUSI TePMOXUMHYECKUX KOHCTAHT QHAJIOTHYHBIX COCIMHEHHUIL.

Kniouesvie cnoga: TeITypuT TUCHPO3UA-OapHsl, KAJIOPUMETPHUS, TEIUNIOEMKOCTS, (ha30BbIe HEPEXOABI, TEPMO-
JUHAMHUYEeCKUe QYHKINN.
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