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Synthesis and properties of double gadolinium tellurites

For the first time, double gadolinium tellurites of the composition GdM"TeOa4s (M'" — Sr, Ba) were synthesized
by the solid-phase method. The solid-phase synthesis of samples was carried out from decrepitated gadolinium
(1) and tellurium (1V) oxides, strontium, and barium carbonates according to the standard ceramic technology.
The synthesis was carried out in the temperature range of 800-1100 °C. The samples obtained were confirmed
by X-ray phase analysis. X-ray phase analysis was carried out on an Empyrean instrument in the XRDML
Pananalitical format. The intensity of the diffraction maxima was estimated on a 100-point scale. X-ray dif-
fraction patterns indexing of the powder of gadolinium tellurites — alkaline earth metals studied were carried
out by the homology method. The reliability and correctness of the results of indexing the X-ray diffraction
patterns are confirmed by the good agreement between the experimental and calculated values of the interplanar
distances (d) and the agreement between the values of the X-ray and pycnometric densities. It was found that
compounds GdSrTeO4.5 and GdBaTeOa4s crystallize in the monoclinic system and have the unit cell parameters,
namely GdSrTeOss —a=12.7610,0=10.4289,c=8.6235 A, V°=1141.83 A3, = 95.77°, Z = 5, prent. = 3.22,
ppikn. = (3.10£0.09) g/cm®; GdBaTeOss — a=157272, b=15.8351, c¢=7.1393 A, V°=1769.72 A3,
B =95.53°,Z =8, prent= 3.71, ppick = (3.610.10) g/cm?. Using the Landiya method, the standard heat capacities
of the compounds were estimated from the calculated values of the standard entropies, and the temperature
dependences of the heat capacities of the gadolinium tellurites synthesized were determined in the temperature
range of 298-850 K.
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Introduction

It is known that tellurium compounds with metals have semiconducting properties and superconductivity,
such as transition and non-transition metals tellurites. On the other hand, chalcogen compounds containing
three or more elements tend to polymerize, especially if in addition to tellurium there is an oxygen atom in the
composition. These kinds of compounds are used in the non-organic synthesis of composite materials with
organic substances.

Tellurium derivatives are characterized by high chemical activity, which determines the prospects of syn-
thetic transformations aimed at obtaining new semiconductor, ferroelectric, and radioluminescent materials of
a wide range of implementations. Recently, the attention of scientists has been especially attracted by com-
pounds based on rare earth, alkaline earth oxides, and transition metals in connection with their properties in
microelectronics [1]. The investigation of complex oxides of 3d- and 4f- elements with a perovskite structure
has great importance for non-organic materials science [2, 3]. In this regard, the purpose of this work was to
synthesize and study the properties of new phases — double tellurites of gadolinium with composition
GdM"TeOss (M" — Sr, Ba).

Experimental

The solid-phase synthesis of samples was carried out according to the standard ceramic technology from
decrepitated gadolinium (111) and tellurium (IV) oxides, strontium, and barium carbonates. The stoichiometric
amounts of the original materials were thoroughly mixed and ground in an agate mortar. Then they were an-
nealed in alundum crucibles in a SNOL furnace. The following heat treatment mode was used, namely, Stage |
for 15 hours at 400 °C, Stage I1 20 hours at 800 °C, Stage III 20 hours at 1100 °C, then annealing was carried
out at 400 °C for 20 hours in order to obtain stable compounds at low temperatures. After each stage, the
mixtures were cooled, mixed, and thoroughly ground.

An X-ray study of the equilibrium compositions of the tellurites synthesized was carried out on an Em-
pyrean device. Empyrean is the only platform that offers many benefits and high data accuracy for all sample
types. This instrument is designed for a wide range of applications that include X-ray diffraction and X-ray
scattering, as well as X-ray imaging. The Empyrean is designed to operate at 60 kV, which is optimal for X-ray
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tubes with an anode of Mo and Ag. The intensity of the diffraction maxima was evaluated on a 100-point scale.
The X-ray diffraction patterns of the obtained compounds were indexed by the homology method [4].

The pycnometric density of tellurites was determined by the method [5]. Toluene served as an indifferent
liquid. The density of each tellurite was measured 3-5 times and the data was averaged.

Using the Landiya method [6], the standard heat capacities of the compounds were estimated from the
calculated values of the standard entropies, and the temperature dependences of the heat capacities of the gad-
olinium tellurites synthesized were determined in the temperature range of 298-850 K.

Results and Discussion

X-ray phase analysis consists in identifying crystalline phases based on their inherent interplanar dis-
tances diy and the corresponding line intensities 1) of the X-ray spectrum. The individuality and distribution
of atoms determine the intensity of the diffracted rays. A powder diffraction pattern is an individual character-
istic of a crystalline substance [7].

Figure 1 shows X-ray diffraction patterns of double gadolinium tellurites synthesized.
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Figure 1. X-ray diffraction of the double-tellurite synthesized

The results of indexing the X-ray diffraction patterns of gadolinium tellurites synthesized are presented
in Table 1.
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Table 1
Radiographs indexing of tellurite GdM'' TeO4s(M'" — Sr, Ba) synthesized
h I k | I I dobs., A I deale., A I 2 thops, deg | 2 theaic, deg I 1/ 1max (%)
GdSrTeO4,5
2 1|-1 4.76531 4.76827 18.605 18.593 11.56
1 2 1 4.13362 4.13439 21.480 21.476 3.44
3 110 3.92007 3.91936 22.665 22.669 1.86
3 1|-1 3.69242 3.69683 24.083 24.053 2.64
0 310 3.47500 3.47408 25.614 25.621 4.03
2 0| 2 3.39862 3.39690 26.200 26.213 6.06
3 210 3.28648 3.28438 27.111 27.128 9.63
3 0| -2 3.17599 3.17418 28.073 28.089 18.58
4 0|0 3.17599 3.17278 28.073 28.102 18.58
4 0| -1 3.07721 3.07777 28.993 28.988 35.75
2 3 | -1 2.91623 2.91613 30.632 30.633 100.00
0 01| 3 2.85710 2.85733 31.282 31.279 4.29
2 0| -3 2.70951 2.70922 33.033 33.037 1.64
3 2 | -2 2.70951 2.71110 33.033 33.013 1.64
4 210 2.70951 2.71023 33.033 33.024 1.64
3 310 2.68234 2.68506 33.378 33.343 5.52
4 0| -2 2.68234 2.68220 33.378 33.380 5.52
0 4 10 2.60492 2.60591 34.400 34.387 2.28
1 3| 2 2.60492 2.60676 34.400 34.375 2.28
3 0| -3 2.48651 2.48655 36.093 36.093 4.16
1 3|3 2.14720 2.14661 42.046 42.059 8.35
6 1|-1 2.06222 2.06207 43.867 43.870 14.88
2 3|3 2.03531 2.03632 44.478 44.454 2.24
5 3 | -1 2.03111 2.03126 44.575 44.571 1.72
5 0| -3 2.00034 2.00021 45.298 45.301 1.78
GdBaTeO4_5

0 0| 2 3.55333 3.55306 25.040 25.042 16.47
4 1|-1 3.49081 3.48785 25.496 25,518 21.87
1 4 | -1 3.40853 3.41004 26.122 26.111 9.03
4 2 | -1 3.25760 3.25868 27.356 27.346 7.19
5 0|0 3.13071 3.13077 28.487 28.487 9.72
4 2 1 3.04373 3.04372 29.319 29.319 12.82
5 0| -1 2.97033 2.97194 30.061 30.044 100.00
0 5 1 2.89253 2.89227 30.889 30.892 6.74
4 3 1 2.79599 2.79629 31.984 31.980 7.69
3 510 2.70704 2.70698 33.064 33.065 7.69
3 2 | 2 2.65330 2.65161 33.754 33.776 10.43
4 4 | -1 2.55330 2.65330 33.754 33.754 10.43
1 0| 3 2.30952 2.30958 38.967 38.966 8.29
7 110 2.21459 2.21429 40.709 40.715 3.84
1 3 | -3 2.16622 2.16651 41.660 41.654 21.48
5 5] -1 2.16622 2.16697 41.660 41.645 21.48
6 3 1 2.16622 2.16702 41.660 41.644 21.48
4 1| -3 2.09957 2.09956 43.047 43.047 3.78
2 7 | -1 2.09470 2.09348 43.152 43.179 3.78
5 4 | -2 2.09470 2.09495 43.152 43.147 3.78
5 3 | -3 1.85549 1.85589 49.057 49.046 5.75
6 6 | O 1.85549 1.85524 49.057 49.064 5.75
3 7 | -2 1.82256 1.82241 50.004 50.008 3.70

Notes. hkl — Miller indices; dobs. — experimental interplanar distances; dca. — calculated interplanar distances; 2thops. — exper-
imental double angle of Bragg reflection; 2thcac. — calculated double angle of Bragg reflection; I/Imax. — is the relative intensity of the

X-ray patterns.
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As can be seen from the data in Table 1, the experimental and calculated values of (d) and the X-ray and
pycnometric densities values (Table 2) are in satisfactory agreement with each other, which shows the relia-
bility and correctness of indexing results.

Based on indexing radiographs of tellurites investigated, it was found that the compounds GdSrTeOas
and GdBaTeOss crystallize in the monoclinic system and have the unit cell parameters presented in Table 2.

Table 2

Type of syngonies and tellurites unit cell parameters

Density, g/cm®

The lattice parameters, A VO A3

Compound Syngony type B,deg. |Z

" b c Radiog. Pycnom.

GdSrTeOqs monoclinic | 12.7610 | 10.4289 | 8.6235 | 1141.83 95.77 5| 322 3.10+0.09
GdBaTeOss monoclinic | 15.7272 | 15.8351 | 7.1393 | 1769.72 95.53 8| 371 3.61+0.10

According to ASTM card files reference databases [8], tellurites synthesized X-ray diffraction patterns
have been compared with X-ray indices [I/lo, d] of original materials and with possible tellurites of this system.
It was revealed that the diffractograms of new tellurites had no analogues. This data additionally confirms that
synthesized tellurites are new compounds.

X-ray diffraction data shows that synthesized tellurites crystallize in the structural types of distorted per-
ovskite Pm3m. It allows supposing that these compounds can have unique electrophysical properties [9-12].

To calculate the temperature dependence of the heat capacities of the gadolinium tellurites synthesized,
we chose the Landiya method [6], which is the most reliable of those available in the literature. The standard
entropies were calculated using the Kumok ion increment method [13]. Using the Landiya method, the stand-
ard heat capacities of tellurites were estimated from the calculated values of the standard entropies, and the
temperature dependences of the heat capacity were calculated using the Mayer-Kelly equation. The calculation
results are shown in Table 3.

Table3
Calculated heats capacity of double gadolinium tellurites in the range of 298-831 K

C,°, J/(molK) C,°, J/(mol'K)
T,K T, K
GdSI’TEO4_5 GdB&TEO4_5 GdSI’TE‘O4,5 GdBaTeO4,5

298.15 152.84 154.42 575 181.69 177.19

300 153.20 154.37 600 183.47 180.38

325 157.31 154.36 625 185.19 183.65

350 160.86 155.12 650 186.87 186.97

375 163.98 156.46 675 188.52 190.34

400 166.78 158.25 700 190.14 193.75

425 169.33 160.37 725 191.73 197.20

450 171.69 162.76 750 193.30 200.68

475 173.90 165.36 775 194.85 204.18

500 175.98 168.13 780 195.15 204.89

525 177.96 171.04 800 196.38

550 179.86 174.07 831 198.26

Figure 2 below depicts graphically the temperature dependences of the heat capacity of the tellurites
investigated.
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Figure 2. The temperature dependence of tellurites heat capacity

Thus, based on the calculated values of S°(298.15) by the Landiya method, for the first time, the estimated
values of the standard heat capacity of double gadolinium tellurites are given and their equations for the tem-
perature dependence of the heat capacities are derived. The obtained values of the standard heat capacities of
tellurites are equal for GdSrTeO45(152.84+9.23) and GdBaTeO45(154.42+10.22) J/(mol-K). Equations of the
temperature dependence of the heat capacity are as follows:

for GASrTeOus Cp®=37.16 + 13-103T — 4.0-10%>T2 (298-831 K),
for GdBaTeO4s Cp®=19.98 +36:10°T + 5.5-10°>T2 (298-780 K).
Conclusions

New double gadolinium-strontium GdSrTeOas and gadolinium-barium GdBaTeOuss tellurites were syn-
thesized by the method of ceramic technology. The formation of equilibrium compositions in the compounds
synthesized was controlled by X-ray phase analysis. The XRF method was used to determine the system types,
unit cell parameters, X-ray, and pycnometric densities. Tellurites crystallize in the structural types of distorted
perovskite Pn3m. It allows supposing that these compounds can have unique electrophysical properties.

Using the Landiya method, the compounds standard heat capacities were estimated from the standard
entropies calculated values, and the heat capacities temperature dependence of the tellurites synthesized in the
temperature range of 298-850 K was presented. The data obtained is of certain interest for chemistry and non-
organic materials science of rare earth elements and chalcogenes complex oxide compounds.
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I'agoanumii KOC TeJJIYPUTTEPIHIH CHHTE3I )KoHe KacueTTepi

Auram per kartel (azansik spiciien GAM''TeOss (M!" — Sr, Ba) Kypampl TafoNMHUHLIH KOC TETYpUTTEp]
CHUHTE3eN 1. YIrilepaiH KaTThl (azanblK CHHTE31 anablH-ana Kyhaipinren ragonuauit (111) xone temmyp (IV)
OKCHATEpi, CTPOHLIUI jkoHe Oapuii kKapOOHATTaphIHAH CTAHIAPTTHI KePAaMHKAJIBIK TEXHOJIOTUs OOMBIHIIA icKe
aceipbuiibl. Cuate3 800-1100 °C TemmepaTypa apaibiFbIHAA KYPTi3iiai. ANBIHFAaH YITIep PeHTTeH(pa3abIK
aHanu3 oxiciMe 3epTrensi. Pentrendasansik anann3 Empyrean KOHIBIPFEICHIHIA XY Pri3inai. Judpaknusursik
MaKCHUMyM/IapAblH KapKbIHABUIBIFBI JKY3 OaiiplK IIKajdaMeH OaramaHipl. 3epTTENCTiH TaJOiuHHA —
JKEPCUITINIK MeTanaapsl TELTypPUTTEPiHIH YHTAKTapbIHBIH PEHTICHOIPaMMallapblH HHIUIUPICY TOMOJIOTHS
oniciMeH >Xyprisinai. PeHTreHorpaMmanapiasl MHIWIMpPIECY HOTHIKENEPIHIH TYPHICTHIFBIH JKOHE MQNIIriH
JKa3BIKTHIKAPAIBIK KAIIBIKTHIKTEIH (d) TOXIpHOETIK >KOHE €CENTeNreH MOHAEpI MEH PEHTTeHIIK >KOoHE
NUKHOMETPJIIK THIFBI3IBIKTAPBIHBIH MOHEPiHiH colikectiri monmenneiini. GdSrTeOss xone GdBaTeOss
KOCBUIBICTaphl MOHOKIMHJI CHHIOHHUSJA KPHUCTAJJ[AHATBHIHBL JKOHE KeNECied AIIEMEHTApIIBIK YSIIBIK
napamerpiepi Tabsunasl: GdSrTeOss —a = 12,7610, b = 10,4289, ¢ = 8,6235 A, V° = 1141,83 A3, B = 95,77°,
Z=5, pperr. = 3,22, puun = (3,10£0,09) r/cm®; GdBaTeOss — a=15,7272, b=15,8351, ¢=7,1393 A,
V© =1769,72 A3, p=95,53°, Z=8, ppenr.= 3,71, pruu. = (3,61£10) r/cm®. Jlanaus onicimen ecenrenren
CTaHJIApPTTHl SHTPOIHS MOHJIEPIHEH KOCBUIBICTAP/BIH CTaHAAPTTHI JKbUTY CHIMBIMABLIBIKTAPHI TAOBUIIBI KIHE
298-850 K  Temmeparypa  apaibIFbIHOa ~ CHHTE3IENI€H  TaJONMHUHA  TEJUTyPUTTEPIiHIH  JKBLIY
CBIMBIMIBIIBIKTAPBIHBIH TEMIEPATyPAJIBIK TOYEIIUTIKTEP] aHBIKTAI/IBI.

Kinm ce30ep: TagomuHuil KOC TEIUTypUTTEPi, peHTreH(pa3aIbIK aHAIN3, CHHTOHUS, TOP HapaMeTpiepi, KbUry
CBHIABIMIBLIBIK.

A.A. Toitbek, K.T. Pycrembexos, J[.A. Kaiikenos, M. Ctoes

CuHTe3 M cBOliCcTBa Z[BOﬁHBIX TCJUIYPUTOB IraI0JIMHUS

TrepaodasHbIM METOAOM BIIEPBbIE CHHTE3UPOBAHBI JABOUHBIE TEUTYPHUTHI ragonuuus cocrasa GAM''TeO4s
(M" — Sr, Ba). Teepaodasubiii cunTe3 06pa3ioB ObUT OCYIIECTBIEH [0 CTAHIAPTHON KEPAMHUYECKOM TEXHO-
JIOTUH M3 NPE/IBApUTENILHO MpoKajeHHbIX okcuaoB ragoiaunus (I11) u temrypa (IV), kap6oHATOB CTPOHIUS U
Oapust. CunTe3 npoBoauics B TemmeparypHoMm uatepsaie 800—1100 °C. TTomyuyeHHble 00pa3ibl ObLTH aTTe-
CTOBaHBI METOJIOM PEHTTeHO(a30BOro aHaIM3a. PeHTrenodaszoBrlii ananmu3 nposeneH Ha nmpubope Empyrean.
MHTencuBHOCTD TU(PPAKINOHHBIX MAKCHMYMOB OLICHUBATIACH IO CTOOAIUTBHON mIKate. HANIMpOBaHUE PEHT-
TEHOTPaMM ITOPOIIKA HCCIEYEMBIX TEJUTyPHTOB I'aI0IHHIS — IIEI0THO3EMETbHBIX METAJUIOB MPOBOHIIN Me-
TOJIOM FOMOJIOTHH. JIOCTOBEPHOCTh M KOPPEKTHOCTh PE3yIbTaTOB HMHANIMPOBAHMUS PEHTTEHOTPaMM MOTBEp-
JKJTAIOTCSI XOPOIITUM COOTBETCTBHEM HKCIIEPHMEHTAIBHBIX W PACIETHBIX 3HAUYCHUH MEXKIUIOCKOCTHBIX PacCTOs-
Hui (d) ¥ COTIIaCOBAHHOCTBIO BEJTMYMH PEHTTCHOBCKOM M IMKHOMETPHUYECKOH IIIOTHOCTEH. Y CTaHOBIICHO, YTO
coenuneHnst GdSrTeOs5 u GdBaTeOs5 KpuCTAIUIU3YIOTCS B MOHOKIIMHHOM CHHTOHUHM M UMEIOT HapaMeTphl
sneMeHTapHbIX sueek: GdSrTeOss — a = 12,7610, b =10,4289, ¢ = 8,6235 A, V' =1141,83 A3, B = 95,77°,
Z=5, ppenr.= 3,22, pumar. = (3,10£0,09) r/cm®; GdBaTeOss — a=157272, b=158351, ¢=7,1393 A,
Vo =1769,72 A3, B=95,53°, Z = 8, ppenr. = 3,71, puun. = (3,61£0,10) r/em®. Metonom JIaHAuS U3 BEIYHCICH-
HBIX 3HAQUCHUH CTaHAAPTHBIX SHTPONHI pacCUNTAHbI CTAHAAPTHBIE TEIIOEMKOCTH COSIMHEHUH, OTPEeIeHb
TeMIIepaTypHbIE 3aBHCHMOCTH TEIIOEMKOCTEH CHHTE3UPOBAHHBIX TEJUTYPHTOB T'aJJOJIMHUS B HHTEPBAJe TEM-
nepatyp 298-850 K.

Knrouesvle cnosa: NBOMHBIE TEIUTYPUTHI TaOJMHUS, PEHTIeHO(A30BbIA aHANN3, CHHIOHHS, apaMeTphl pe-
IIETKHU, TeTJIOEMKOCTb.
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