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Abstract—Tellurite of the composition Li,CeTeOjs is synthesized by solid-phase method from ceriwm (V). and
tellurium(IV) oxides and lithium carbonate. The type of syngony, the unit cell parametess, and the com-
pound’s X-ray and pycnometry densities are determined via X-ray diffraction analysis. The, isobaric heat
capacity of lithium—cerium tellurite is studied by means of dynamic calorimetry in theftemperaturé range of
298.15—673 K; the results serve as the basis for deriving C, ~ f(T') dependengy equations and determining
the compound’s thermodynamic functions. A-shaped anomalous effects, due probably t0 Type II phase tran-

sitions, are found on the C; ~ f(T) dependence.
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INTRODUCTION

Rare-earth elements (REE) form numerous com-
pounds of various types with other elements. With
respect to electric properties, some of these com=
pounds are magnetic semiconductors, since the(pres-
ence of REE ions with vacant 4f-electronghells, in
them results in uncompensated for spinand orbital
moments and the emergence of ordering at a specific
temperature [1]. Studies of the chemicaland physico-
chemical properties of compounds based onlexides of
rare-earth, alkali (alkali-earth) anigtals;jand tellurium
are thus of interest from both theoreftical and practical
viewpoints [2].

The aim of this work was to study the X-ray diffrac-
tion and thermodynamic‘properties of tellurite of the
composition Li,CelleOx:

EXPERIMENTAL

The compotind was synthesized in accordance with
ceramic gechnology using cerium(IV) and tellu-
rium@l V) oxides, and lithium carbonate of chemically
pure grade. Stoichiometric quantities of the initial
compounds were thoroughly ground in an agate mor-
tar and transferred quantitatively to alundum cruci-
bles. The mixtures were subjected to thermal treat-
ment for solid-phase interaction in air in an SNOL
furnace at 400—800 and 1000°C for 25 and 15 h. Prior
to any temperature increase at 400—800 and 1000°C,
the mixtures were cooled, thoroughly homogenized,
and ground. To obtain equilibrium phases that were

stable,atlowitemperatures, low-temperature annealing
at400°C was conducted for 20 h.

The formation of the equilibrium compound’s
composition was controlled via X-ray diffraction anal-
ysisqusing a DRON-2.0 diffarctometer (CukK|, radia-
tion; U = 30 kV; I = 10 mA; pulse counter scale,
1000 pulses/s; counter rotation speed, 2 deg/min; time
constant T = 5 s; angle range (20), 10°-90°). The
intensities of the diffraction maxima were determined
using a 100-point scale. The XRD patterns were
indexed by means of homology [3]. The pycnometry
density was determined as described in [4]. Tetrabro-
moethane was used as an indifferent liquid.

The tellurite heat capacity was studied by means of
dynamic calorimetry using an IT-S-400 device in the
temperature range of 298.15—673 K [5]. The device
was calibrated by determining its heat conductivity K,
[5, 6]. Several experiments with a copper sample and
an empty ampoule were performed for this purpose.
The calorimeter’s heat conductivity was determined
according to the formula

Kh = CCu sam/(Thm _Tl?)’ (1)

where C¢, ..m 1S the total heat capacity of the copper
sample, J/K; T, is the average value of the calorime-
ter’s time delay in experiments with the copper sam-

ple, s; and Tho is the calorimeter’s average time delay in
experiments with the empty ampoule, s.

622



X-RAY DIFFRACTION AND THERMODYNAMIC CHARACTERISTICS

1/1,, %

623

5
20, deg

Fig. 1. X-ray diffraction image of the synthesized tellurite (Li,CeTeOs).

The total heat capacity of the copper sample was
calculated according to the formula

CCu sam — CCumsam3 (2)

where C, is the reference value of the copper’s spe-

cific heat capacity, J/(kg K); and m,,, is the mass of
the copper sample, kg.

The value of the specific heat capacity of the inves-
tigated substance was calculated according to the for-
mula

sam

Cspcc = Kh(Th - Tg)/mm (3)

where K, is the calorimeter’s heat conductivity; m,, is
the mass of the investigated substance, kg; T, is_the

. . 0 . .
calorimeter’s time delay, s; and 1, is the calorime€ter’s

Table 1. Results from indexing the X-ray diffractiomimage
of double tellurite (Li,CeTeOs)

1/1y, % d,A 10%/d2, Ikl 104/d2,.
10 6.7914 217 100 217
8 4.9870 402 003 406
3.4308 850 210 859
32 3.3709 880 202 868
100 3.1079 1035 212 1040
30 26641 1409 204 1409
5 2.6430 1432 221 1420
7 2.5007 1599 301 1592
10 2.2624 1954 303 1953
10 2.2500 1975 116 1968
75 1.9085 2745 400 2750
63 1.6285 3771 307 3757
7 1.5509 4158 424 4160
26 1.2388 6516 507 6508
15 1.2084 6848 1.1.12 6840
12 1.2067 6868 620 6876
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time delay in experiments with the empty ampoule, s.
The values of the molar heateapacity.were then calcu-
lated from those of the spégcifi¢c heat capacity accord-
ing to the formula

G, =C M, 4)

where Cg, is the substance’s specific heat capacity,

J/(kg K9g#and, M is the substance’s molar mass,
kg/mol.

At eachfixed temperature of every 25 K, five paral-
lel experiments were performed and their results were
avéraged and processed by means of mathematical sta-
tistics:9At each temperature, the mean-square devia-

spec

tion (S, J/(g K)) was estimated for averaged values of
the specific heat capacity and a random error compo-

nent (A (J/(mol K)) was calculated for averaged values
of the molar heat capacity [7].

The calorimeter’s operation was tested by deter-
mining the heat capacity of a-Al,O;. Experimental

value C;(298.15) of a-Al,O5 equal to 76.0 J/(mol K)
was in agreement with its recommended value of
79.0 J/(mol K) [8]. The reliability of the experimental
values of heat capacity was also corroborated by the
experimental value of the heat capacity of sodium
arsenate (Na;AsQO,) determined earlier using the same
IT-S-400 calorimeter [9] and equal to 169.1 J/(mol K),
being in agreement with the recommended value
(170.3 J/(mol K)) given in [10].

RESULTS AND DISCUSSION

Figure 1 shows an X-ray image of the synthesized
tellurite (Li,CeTeOs). Table 1 shows the results from
indexing the X-ray image of double lithium—cerium
tellurite of the composition Li,CeTeOs.

As seen from Table 1, the values of experimental
and calculated values of 10%/4?> and X-ray and pyc-
nometry densities (Table 2) are in satisfactory agree-
ment with one another, as is corroborated by the reli-
ability and accuracy of indexing results. We may state
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Table 2. Type of syngony and unit cell parameters of the synthesized tellurite

Lattice parameters, A Density, g/cm?
Compound Type of po &3 | pO A3 V4
syngony a c cell» un.cell> pX—ray ppycn
Li,CeTeOs | Tetragonal 6.72 13.11 1154.98 144.37 8 4.16 4.08 £0.10

Table 3. Experimental values of specific and molar heat capacities of tellurite (Li,CeTeOs)

T.K C,£8,1/(K) | C5+A,I/(mol K) T.K C,+3.0/€K) | Co+ Agl/(molK)
298.15 0.5274 +£ 0.0111 1915 498 0.8409 + 0.0056 3048
323 0.6972 £ 0.0055 252 +6 523 0.7986 + 0.0059 289 £ 7
348 0.5696 * 0.0055 206 £ 5 548 0.6776 £ 0.0055 245+ 6
373 0.4524 £+ 0.0054 164 £ 4 573 0.5954 £ 0.0050 215 5
398 0.5611 + 0.0057 203+ 5 598 0.6270 + 0.0053 227+ 6
423 0.6417 £ 0.0050 232+ 6 623 0.6560,+ 0.0055 237+ 6
448 0.7379 £ 0.0057 267 £ 7 648 0.6712+ 0.0053 243+ 6
473 0.8044 £ 0.0055 291 £ 7 673 096925 + 0.0051 250 £ 6

that lithium—cerium tellurite (Li,CeTeOs) crystallizes
in tetragonal syngony and has the unit cell parameters
presented in Table 2.

The experimental values of the specific heat capac-
ity and the calculated values of the molar capacity for
Li,CeTeOjs tellurite are shown in Table 3.

As seen from the data of Table 3 and Fig. 2, the
C; ~ f(T') dependence for Li,CeTeOs at 323 g4and
498 K contains anomalous A-shaped peaks, due prob-
ably to Type II phase transitions. These peaks@re likely
related to cationic redistributions, changesfin‘the coef-
ficients of thermal expansion, electr@conductivity,
and dielectric permittivity, the Schottky capacity and
effects, the Curie point, ferroelectrig,and antiferro-
electric transitions, and so on [ ]

Our experimental data on C;’ for/tellurite can be
approximated using the equation

C° =ft P T eT 2,

» Q)
the coefficients of which are shown in Table 4. Errors
in the coeffigients of the tellurite heat capacity equa-
tion were, estimated from the average random values

for the investigateditemperature ranges.

The ealorimeter’s technical limitations did not allow
calculations of the tellurite standard entropy directly
from thelexperimental data. It was therefore estimated
using ionic entropy increments according to [12]. Based
on the experimental data on C; ~ f(T) and the calcu-
lated value of §°(298.15), we calculated the tempera-
ture dependences of the following thermodynamic
functions: C(T), SXT), H(T)—- H°(298.15), and

®(T) (Table 5).
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Themmodynamic functions H°(T)— H°(298.15),

ST), arld, D" (). were calculated according to the
formulas

T
Bo(T) — H°(298.15) = j CodT, (6)
298.15
e
S°(T) = §°(298.15) + j 247, (7)
298.15T
DN(T) = ST - [HT) — H°(298.15)]/T. (8)

3, J/(mol K)

400 -
300 -
200
100 1 1 1 1
250 350 450 550 650
T, K

Fig. 2. Temperature dependence of the heat capacity of
Li;CeTeOs.
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Table 4. Coefficients of Eq. (5) in the range 298.15—673 K

for Li,CeTeOs
T, K a bx 1073 ¢ x 10°
298—-323 | —541.5 £ 13.7| 24569 £62.2 —
323-373 | 824.1 £20.9|—1770.8 £ 44.8 —
373—498 | 752.6 £19.0| —409.0 = 10.4| —607.3 £ 15.4
498—573 | 893.7 £22.6| —1184.0 £ 30.0 —
573—673 | 693.7 £ 17.6| —374.1t9.5 |—-866.0 £21.9

Errors in the temperature dependences of thermody-
namic functions were calculated with allowance for
the average errors of determining heat capacity and the
accuracy of our entropy calculations (£3%).

The data from our X-ray diffraction studies show
that the synthesized tellurite crystallizes in the struc-
tural type of distorted perovskite P,,3,,. We may there-
fore assume that this compound is characterized by
valuable electrophysical properties [13]. Our earlier
studies of the temperature dependence and electro-
physical properties of a series of double selenates and
tellurites of s—d- and s—f-elements showed that the
graphs of these dependences probably contained
Type II phase transitions related to anomalous
changes in heat capacity or electrophysical properties,
depending on temperature [2, 14—16]. The Type 11
phase transition characteristic of semiconductors was
observed in studying the temperature dependence of:

625

the electric resistance of CaCeTe;04 and SrCeTe;0,
tellurites in the temperature range 300—600 K [2]. The
assumption that the Type II phase transition charac-
teristic of semiconductors can be observed in the
above temperature range agrees with the data from
studies of the temperature dependences of these tellu-
rites’ heat capacities in the range of 298.15—673 K
[16].

In [17], we studied the temperature dependence of
the electric resistance of K,CeTeOs tellufiteyin: the
temperature range of 300—600 K. Asthe temperature
rose, major changes in this cHagacteristic were
revealed in a certain temperature ramge, as with
ceramic materials. The electric resiStance'grew in the
range of 300—340 K; afterwardg'(at 340—420 K), we
observed a jump with a minipasm ap420'K, and finally
reversed changes, i.es, a rise Amyresistance (at 430—
520 K). A positive temperature resistance coefficient
at 430—520 K indicated a phase transition (possibly
Type II) in this ranget Tn‘thegrange of 340—420 K, the
sample exhibited semieonductor properties; i.c., the
electric resistance fell along with the temperature. The
calculated, widthjef the forbidden band (AE,) for the
studiedscompound was 1.12 eV. Simple explanations
for such'behavior are changes in the type, variety, and
nature of the charge carriers. The possibility of struc-
firal changes was indicated by the probability of two
phases coexisting in the above temperature ranges.

Table 5. Temperature dependences of the thermodyfnamic fanctiomis of tellurite (Li,CeTeOs) in the temperature range of

298.15-673 K
T K CoT) + A, S°(T) + A, HOT) — H°(298.15) % A, ONT) £ A,
J/(mol Ky J/(mol K) J/mol J/(mol K)
298.15 19145 173+ 5 — 173+ 5
300 196 +5 174 £ 10 386 + 10 173 £ 10
325 B+ 192 + 11 6044 + 153 174 £ 10
350 2042 5 209 + 12 11705 + 296 176 + 10
375 160 + 4 20+ 12 16260 + 411 178 + 10
400 209 £ 5 234+ 13 20992 + 531 181 + 10
425 243+ 6 248 + 14 26659 + 675 185+ 10
450 269 + 7 262 + 15 33063 + 837 189 + 10
475 289 + 7 277+ 15 40046 + 1013 193 £ 11
$00 305+ 8 293 + 16 47485 + 1202 198 + 11
525 27247 307 + 17 54658 + 1383 202 £ 11
550 243+ 6 319 + 18 61091 + 1546 207 £ 11
575 2345 329 + 18 66784 + 1690 23+ 12
600 228+ 6 338+ 19 72349 + 1831 218 + 12
625 238+ 6 348 + 19 78181 + 1978 23+ 12
650 245+ 6 357420 84224 + 2131 228 + 13
675 251+ 6 367 +20 90428 + 2288 233+ 13
RUSSIAN JOURNAL OF PHYSICAL CHEMISTRYA Vol.91 No.4 2017
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As a rule, a temperature dependence of electro-
physical properties is observed in ceramic ferroelec-
trics.

Our data serve as the basis for attributing the phase
transitions on the CpO ~ f(T) curve of Li,CeTeOs (an
analog of K,CeTeOs) to possible Type II transitions
caused by anomalous changes in the material’s elec-
trophysical properties.

CONCLUSIONS

Tellurite of the composition Li,CeTeOs was syn-
thesized from cerium(IV) and tellurium(IV) oxides
and lithium carbonate by solid-phase means. The type
of syngony, the unit cell parameters, and the X-ray and
pycnometry densities of the synthesized lithium—
cerium tellurite were determined for the first time. The
isobaric heat capacity of Li,CeTeQOs tellurite was
determined for the first time via dynamic calorimetry
in the temperature range of 298.15—673 K. Equations
describing its dependence on temperature were
derived. The temperature dependences of the follow-

ing thermodynamic functions were calculated: C;’(T),

ST, HXT) — H°(298.15), and ®**(T"). The anom-
alous A-shaped effects observed on the temperature
dependence of the synthesized compound’s heat
capacity probably indicate Type II phase transitions
caused by valuable electrophysical properties of the
new double cerium tellurite. Our results can be used irf
predicting, synthesizing, and studying of new coms
pounds of tellurium and rare-earth elements charac-
terized by important electrophysical properties.
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