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Thermochemistry of new holmium-calcium tellurite

The new double holmium-calcium tellurite was synthesized by the ceramic technology. The formation of the
equilibrium composition of the compound was monitored by X-ray diffraction. Double tellurite of holmium
HoCaTeOy, 5 has been synthesized according to the results of X-ray analysis. Calorimetric investigation of the
heat capacity of the new double tellurite HoCaTeO, 5 was carried out for the first time in the range of 298.15—
673 K. Calibration of the device was carried out on the basis of determining the thermal conductivity of a
heat meter. The calorimeter performance was checked by measuring the heat capacity of a-Al,Os. The exper-
imental data and the specific molar heat capacities have been processed by methods of mathematical statis-
tics. The dependence equation Cp°~f (7) has been derived on the basis of experimental data. According
C,,°~f(T) and the calculated value of $°(298.15) of tellurite the temperature dependence of the thermodynamic
functions H(T)-H"(298.15), S°(T) and @*(T) have been determined. Abnormal jumps have been observed on
the dependence Cp°~f (7) associated probably with the phase transitions of the second order. The thermody-
namic characteristics of the new tellurite can serve as source materials for inclusion in fundamental data
banks and reference books, used to predict the thermochemical constants of similar compounds.

Keywords: calorimetry, holmium-calcium tellurite, heat capacity, phase transitions, thermodynamic func-
tions.

Almost all processes observed in nature are associated with the transformation of energy by the absorp-
tion or release of heat. Knowledge in this area allows to understand better the structure of molecules, thermal
effects of physical processes or chemical reactions and many biological phenomena, to optimize production
processes and, and taking into account entropy, to identify the conditions of chemical equilibria. Information
about the values of thermal effects and the nature of their occurrence is one of the main in the practice of re-
search and in the optimization or control of many industrial processes.

Compounds of tellurium, which include little-studied complex oxo-compounds, in particular, double
tellurites of s-f~elements, raise some interest because of their semiconducting, piezoelectric and ferroelectric
properties.

At the Department of inorganic and technical chemistry of the Karaganda State University named after
academician Ye.A. Buketov systematic research on search and the development of scientific bases of di-
rected synthesis of new oxo-compound of tellurium and selenium which have unique physical properties has
been carried out [1, 2].

The aim of this work was to study the calorimetry of new tellurite HoCaTeO, s in the temperature range
0f298.15-673 K.

Double holmium-calcium tellurite with HoCaTeO, s composition was synthesized by the ceramic tech-
nology from holmium (III) oxide, tellurium (IV) oxide, and calcium carbonate of «chemically pure» grade.
In our previous work [3] the method of synthesis and radiographic characteristics of this compound were
described. Formation of the equilibrium composition of the compound was monitored by the X-ray analysis.
The powder X-ray diffraction pattern of each compound was indexed by means of homology. The correct-
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ness of the indication is confirmed by the good agreement between the experimental and calculated values
10*/d”* and the agreement between the X-ray and pycnometric densities.

The heat capacities of double holmium-calcium tellurite were studied via dynamic calorimetry on an
commercial IT-S-400 calorimeter in the temperature range of 298.15-673 K. The calibration of an instru-
ment was carried out on the basis of determination of thermal conductivity of the calorimeter K; [4]. Several
experiments with copper sample and an empty vial were carried out for this purpose. The thermal conductivi-
ty of the calorimeter was determined by the formula

KT: Ccop. sample/ (T ™ — TO T): (1)
where Ceop sampie — full heat capacity of the copper sample, J/(mol-K); T 7, — the average time delay in the

calorimeter in experiments with a copper sample, s; T°; — the average value of the time delay in experi-
ments with an empty ampoule, s.

Full heat capacity of the copper sample was calculated by the formula

Ccop.samplc. = CM'msamplca (2)

where C,, — the tabular value of the specific heat capacity of copper, kJ/(kg-K); msmple. — the mass of the
copper sample, kg.

The specific heat capacity of the test substance calculated by the formula
¢, =2z, -1, ()

sp.
0

where K7 — the thermal conductivity of the calorimeter; m, — the mass of the test substance, kg; T, — the
time delay of the temperature in the calorimeter, s; 1) — the time delay of the temperature of the calorime-

ter in experiments with an empty ampoule, s.
Then, values of the molar heat capacity were calculated from the values of specific heat by the formula
Cyu=Cy M, 4)
where C,, — specific heat of a substance, J/(g-K); M — the molecular weight of substance, g/mol.
Five parallel experiments were carried out at each fixed temperature, the results of which were pro-
cessed by methods of mathematical statistics [5]. For the average values of the specific heat capacities at
each temperature the standard deviation d [J/(g-K)] was calculated according to the formula

5o [3le=e)” 5)
i n—l ’
where n — the number of experiments; ¢; — the measured specific heat capacity; ¢ — the arithmetic mean
of the values of the specific heat capacity.
Random component of error was calculated for average values of molar heat capacity

A, %% = 100, (6)
C

where A — the random component of error; ¢, — Student's ratio is equal to 2.78 for n =5 at p = 0.95. The
random component of the error (A ) is expressed in J/(mol-K).

Operation of the calorimeter was tested by measuring the heat capacity of a-Al,O;. The resulting
Cp0(298.15) for 0-Al,O; =76.0J/(mol-K) was in satisfactory agreement with the reference value
(79.0 J/(mol-K) [6]. The results of the study of the heat capacity of the synthesized holmium-calcium
tellurite are presented in the Table 1.

From the results given in the Table 1, it is seen that error components in measuring heat capacities on
the IT-S-400 calorimeter does not exceed (10 %) in the entire temperature range [7].

In studying the temperature dependences of the heat capacities of double holmium — calcium tellurite
at 398 and 548 K, we observed abnormally peaks associated probably with second-order phase transitions
(see Fig.). These transitions could be due to the redistribution of cations, with the change in the coefficient of
thermal expansion and changes in the magnetic moment of the double tellurite synthesized.

Based on the experimental data (Table 1) with considering the temperatures of second-order transitions
there has been derived the equation of temperature dependence for the compounds heat capacity
G, [J/(mol K)]

C'=a+bT+cT?, (7)
the coefficients of which are given in the Table 2. The error in the coefficients of dependences Cp0~f (T) was
determined using average values of random errors for the considered interval of temperatures.
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Table 1
Experimental specific and molar heat capacities of HoCaTeQ, 5
T,K C,18,l/(g-K) C, 1A, J/(mol-K)
298.15 | 0.7530 +0.0008 305+0
323 0.8063 + 0.0253 326+ 10
348 0.8441 +£0.0013 342 £ 1
373 0.9793 +0.0475 396 + 19
398 1.0406 £+ 0.0001 421+0
423 0.5664 + 0.0004 229+0
448 0.6059 £ 0.0177 245 +7
473 0.6324 £+ 0.0046 256 £2
498 0.6830 + 0.0009 276 +0
523 0.7898 + 0.0409 320+ 17
548 0.8262 £ 0.0007 334+0
573 0.6583 + 0.0609 266 + 25
598 0.6376 + 0.0000 258 +0
623 0.5696 + 0.0062 230+3
648 0.5080 + 0.0233 206 +9
673 0.5016 £ 0.0001 203 +£0
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Figure. The temperature dependence of heat capacity of HoCaTeOy, s
Table 2
Coefficients of equation (7) in the range of 298.15—673 K for holmium-calcium tellurite
Coefficients
a b-107 c10° ALK
—(1089.9+33) 315.7+0.09 402.9+12 298.15-398
3475.3+104 —(767.4+0.23) — 398423
—(1171.2435) 226.8+0.07 789.4+24 423-548
—(1405.2+42) 146.9+0.04 2806.7+84 548-673

Due to the fact that the technical characteristics of the device do not allow direct calculation of the
standart entropy S$°(298.15) of tellurites from the experimental data on Cp0~f (7), it was estimated by means
of Kumok’s ion increments [8].
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Based on known correlations using experimental data on Cp0~f (T), and the estimated values of
5°(298.15) the temperature dependences of thermodynamic functions were calculated. The thermodynamic
functions H(T)—H"(298.15), S°(T) and @*(T) was calculated by the following formulas:

T
HT) — H'(298.15) = ng‘lscng; (8)
T
— P .
S%T) = 5°(298.15) + ng T ; )
. H°(T)-H"(298.15
@7(n)='r) - DRI, (10)
The results are presented in the Table 3.
Table 3

Thermodynamic properties of tellurite HoCaTeQ,s in the range of 298.15-673 K

T.K CUD+ A, S+ A, H(T) - H'(298.15) + A, (1) + A,
J/(mol-K) J/(mol-K) J/mol J/(mol-K)
298.15 305+ 0 188 + 19 - 188 + 19
323 316 £ 10 211 +£21 7383 + 464 189+ 19
348 341+ 1 234 +23 14967 + 941 191+ 19
373 377+ 19 257 +26 23373 + 1470 195+ 19
398 421+0 283 +28 33102 +£2082 199 + 20
423 229+0 302 +30 41227 +£2593 205 £ 20
448 238 +7 316 £32 47044 + 2959 211 £21
473 254+ 2 329+ 33 53175 + 3345 217 +22
498 276+ 0 343 + 34 59787 £ 3761 223 +£22
523 303+ 17 357+ 36 67015 £ 4215 229 +23
548 334+ 10 372 +37 74970 £ 4716 235+23
573 291 +£25 386 + 39 82762 + 5206 241 + 24
598 258+ 0 397 +£40 89608 + 5636 248 + 25
623 23343 407 £ 41 95730 + 6021 254+ 25
648 215+9 416 £42 101318 + 6373 260 + 26
673 203+ 0 424 + 42 106533 + 6701 266 + 27

For all values of heat capacity and enthalpy over the whole range of temperatures there were evaluated
average random components of the error, and for the values of entropy and thermodynamic potential the ac-
curacy of the calculation of entropy (£3 %) was included to the estimation of error.

Thus, for the first time the capacity of the new holmium-calcium tellurite in the range of 298.15-673 K
has been investigated by the method of dynamic calorimetry. Equations of temperature dependence were de-
rive and thermodynamic functions C,°(7), S%(7), H(T) — H(298.15) and @*(T) of the double tellurite syn-
thesized were determined. A-Like effects attributable to a second-order phase transition were detected on the
curve of dependences Cp0~f (7). The existence of a second-order phase transition indicates that this com-
pound could have unique electrophysical properties. Thermodynamic characteristics of the new tellurite can
serve as the starting materials for inclusion in basic data banks and references and can also be used for di-
rected synthesis of new derivatives of chalcogens with desired properties.
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K.T. Pycrem6ekos, E.C. JlazapeBa, M. Ctoes, B.H. ®omun, J[.A. KaiikeHoB

I'onbMuii-KaabIUi JKaHA TEJJIYPUTIHIH TEPMOXUMMSCHI

KepamukanblK TEXHOJOTMSAMEH JKaHA I'OJIbMHH-KAJIBLUH KOC TEIIypHUTi cuHTe3zenni. KochblUbICThIH Tere-
TeHIIK KYpaMbIHBIH Ty3Ulyi peHTreH(asanblk Tanmay oniciMeH OaxputaHibl. Penrtrendasansik Tanmay
Hotmkeci oA HoCaTeO, s roinbMuit KOC TeIUTYpUTIHIH CHHTE3/IeIreHI aHbIKTa bl AJrram pet 298,15—
673 K apanbireiaga xana HoCaTeOy s KOC TEIUTYpHTIHIH KbUTY CBHIMBIMIIBUIBIFEI KaJOPUMETPIIK JIiCIICH
3eprrenni. KypbUIFBIHBIH TpagyHpiieHyi SKbUTy OJIIEYIIITiH >XBUTYJBIK OTKI3TIIITITiH aHBIKTAy Heri3iHme
xKy3ere acelpbuiibl. Kamopumerpain skyMbIchl o-AlyO3-TiH JKbITYy CHIABIMABUIBIFBIH OJIICYMEH TEKCEepiii.
MeHIIIKTI JKOHE MOJBIIK JKbUIy CHIABIMABUIBIKTAPBIHBIH TOKIPHOSTIK MoIiMETTepi MaTeMaTHKAaJbIK
craTucTUKa dmicrepimer emHzenai. ToxipuOenik MamiMeTTepAiH Herisinae C,,°~f(T) TOYENITIK TeHIeYi
LIBIFAPBUIBL. C,,°~f(T) JKOHE TEJUTYPUTTIH €CeNTeNreH 5°%(298.15) moHi Goiibinma H(T) — H°(298.15), S%(T)
xone @ (T) TepMOIMHAMHUKAIBIK (hYHKIHSUIAPBIHBIH TEMIICPATYPAIbIK TOYEIAUTIKTEP] aHBIKTAIIBL. Cp0~f ©))
Toyenninirinae, II TexTi aybicymeH 60Iysl MYMKIH, KYPT aHOMAJIIBI ceKipyiep Oaiikannsl. XKaHa TeIuTypuTTiH
TEpMOAMHAMUKAIBIK CHIATTaMallapbl ipredi MoniMerrep OaHKiHE »JKOHE aHBIKTaMajlapra OacTaIKsl
Marepuaigap OOJybl BIKTHMAJ, COJI CHSKTBI YKCac KOCBUIBICTAp/ABIH TEPMOXHMMSUIBIK KOHCTaHTAIAphIH
GoipKayna KOJIaHbUTYbl MYMKiH.

Kinm ces3oep: xanopumeTpHs, TOIbMHUN-KaIbLUA TEJUTYPUTi, KbUTYy CHIMBIMIBUIBIFEL, (ha3ajblK TYpIIEHYIEp,
TEPMOJANHAMUKAIBIK QyHKIHUSIAP.

K.T. Pycremb6exos, E.C. JIazapeBa, M. Ctoes, B.H. ®omuH, J[.A. KaiikenoB

TepMOXI/IMI/IH HOBOTI'O TCJUIYpUTA I'OJbMUA-KAJbIIUSA

Ha ocHOBe kepaMn4eckoi TEXHOJIOTMH CHHTE3UPOBAH HOBBIM ABOMHOH TeTypuT roiapMus-kamsuug. OOpa-
30BaHHE PABHOBECHOI'O COCTaBa COCAMHEHUS] KOHTPOJIMPOBAIN METOJOM PEHTreHO(ha30BOro aHajn3a, o pe-
3yJIbTaTaM KOTOPOTO OBLIO YCTAHOBJEHO, YTO CHUHTE3UpOBaH ABOHHOHN Temnyput roiapMusi HoCaTeOys.
Brepseie B unTepBasie 298,15-673 K npoBeneHo KaJopHMETPUUECKOE UCCIeI0OBAaHUE TEIIOEMKOCTH HOBOTO
nsoitaoro temryputa HoCaTeO, s. I'pagynpoBky npubopa oCyIIecTBISUIN Ha OCHOBAHUH ONpPEJETICHHS Tell-
JIOBOH IPOBOJMMOCTH TeruioMepa. IIpoBepKy paboThl KaJlopuMeTpa NPOBOJHIN U3MEPEHHEM TEIUIOEMKOCTH
a-AlO3. DKcriepuMeHTalIbHEIE JaHHBIE yASIBHONH U MOJIBHOM TEII0eMKOCTeH 00paboTaHbl METOJAMH MaTe-
MaTHUYeCcKOH cTaTUCTUKN. Ha OCHOBE SKCIIEpHMEHTAIBHBIX JaHHBIX BEIBEICHO YPaBHEHUE 3aBUCUMOCTH Cp°~f
(7). Tlo Cp°~f (7) 1 BeIuKCIEHHOTO 3HAaYeHMs S°(298,15) TEJUTYpUTa, OIIpEeICHbl TeMIIepaTypHbIE 3aBHCUMO-
e TepmoauHammaeckux dyuxuuit H(T) — H°(298,15), S%(T) u @™(T). Ha 3aBucumocty Cp°~f (T) nabio-
JIAI0TCSl aHOMAJIBHBIE CKauKH, CBSI3aHHBIE, BEPOATHO, ¢ (asoBbiMu nepexonamu Il pona. TepmonuHamuueckue
XapaKTEePUCTUKKM HOBOTO TEJTyPHTA MOTYT CIYXKHUTh HCXOIHOI MH(OpManueil 1yt BKIIoYeHUs B QyHIaMeH-
TaJbHbIE OAHKH JAHHBIX M CIIPABOYHUKH, A TAKXKE HCIOJIL30BAHbI I IIPOTHO3UPOBAHUS TEPMOXHMHUYECKIX
KOHCTAHT aHAJIOTHYHBIX COCTMHCHUI.

Knioueswvie cnosa: KaJIOpUMETpPUs, TCIIIYPUT I'OJIbMUA-KAJIbIUA, TCINIOEMKOCTD, (1)a3013f,le nepexoanl, TECPMO-
JUHAMUYCCKUC (1)yHKIII/II/I
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