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Bac pepaxrop:
KYPBIHOB Mypar ’KypbIHYJIbI, XUMHUS FBUIBIMIAPBIHBIH JOKTOPSL, podeccop, KP ¥FA akanemuri,
Kazakcran PecryOnmukachl ¥ ITTBIK FRUTBIM aKaieMusichiHbIH npe3ueHTi, AK «J1.B. CokobCkii aTbIHIaFbI
OTBIH, KaTaJIH3 )KOHE IEKTPOXUMUS HHCTUTYTHIHBIHY 0ac qupektopsl (Anmarsl, Kasakcran) H = 4

Penaxkmus ankachl:

OJJEKEHOB Cepra3bl MbiHxkacapyJibl (0ac peaakTOpIbIH OpbIHOACAPHI), XUMUS FHIIBIMAAPBIHBIH
JoKTOpBI, podeccop, KP ¥FA akagemuri, «Dutoxumusdy XaablKapaiblK FHUTBIMH-OHIIPICTIK XOIIUHTTHIH
mupexropsl (Kaparanner, Kazakcran) H =11

ATI'ABEKOB Buaagumup EnokoBuu (6ac penaxTopiblH OpBIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
nokTopsl, npodeccop, berapycs ¥YFA akanemuri, JKana marepuaniap XUMUsICbI HHCTUTYTBIHBIH KYPMETTI
nupekropsl (Munck, berapycs) H =13

CTPHAJ MupocaaB, npodeccop, Yexust FhUIBIM aKaJeMHUSICHIHBIH DKCHEPHIMEHTTIK OOTaHHKa
MHCTUTYTBIHBIH 3epTXaHa MeHrepyurici (Onomoy, Yexust) H = 66

BYPKITBAEB Myxam6eTKaJu, XUMUs FbUIBIMAAPBIHEIH JOKTOPEL, podeccop, KP ¥FA akanemuri,
on-Mapadu areiHgarsl Ka3¥Y Y-npiy Oipiamn npopexropsl (Anmarsl, Kazakceran) H =11

XOXMAHH J[Ixymut, Ceren ynuBepcuteriniy ®apmauesruxa daxysnpreTinin Papmakornosust
KadenpacsHBIH MeHrepymrici, JKapaTbuiblcTaHy FBUIBIMIAPBIHBIH TOHAPAIBIK OPTAJIBIFBIHBIH JAUPEKTOPEI
(Ceren, Bernrpus) H =38

POCC Camup, PhD noxropbl, Muccucunu yHUBEpCHTETIHIH OCIMIIK OHIMICPIH FBUIBIMU 3€PTTEY
YITTHIK opTansirel, @apmanust Mektebinin npodeccops! (Oxcdopa, AKII) H =35

XYTOPSIHCKUM Burannii, punocodus mokropst (PhD, (apmarerr), Pequnr yHuBepCHTETIHIH
npodeccopsr (Peaunr, Aurus) H = 40

TEJTAEB Barnat Bypxan6aiiyiabl, TeXHUKa FRUIBIMIAPBIHBIH JOKTOpEI, mpodeccop, KP ¥FA
KoppecnionaeHT-mymreci, Kazakcran PecnyOmukacer WHaycTpust koHe WH(PAKYpBUIBIMIABIK —JaMy
munucTpiiri (Anmarsl, Kasakcran) H = 13

DAPYK Acana Jlap, Xamnap ans-Mamxnaa IIsFpic MeunuHa KoJulepKiHIH Tpodeccopsl, Xamaaps
yauBepcuteTiHig LLsrpic Mmequimnaa akynsreti (Kapaun, [Tokicran) H =21

®DA3bIJIOB Cepik IpaxmeTy.ibl, XUMHs FBUIBIMIAPBIHBIH JOKTOPBL, ipodeccop, KP ¥FA akanemuri,
OpraHuKajiblK CHHTE3 XKOHE KOMIp XMUMUSICHl HHCTUTYTHI JUPEKTOPBIHBIH FBUIBIMH JKYMBICTAp >KOHIHIET
opsiabacaps! (Kaparausl, Kazakcran) H=6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XHMHs FBUIBIMIAPBIHBIH JOKTOPBI, mpodeccop,
Kepreiscran ¥FA akagemuri, KP ¥FA Xumust skoHe XUMESUIBIK TexXHONOTHsS HMHCTHTYTHI (Bimkek,
Kpiprezcran) H = 4

XAJIMKOB [:xypadaii XaJuKkoBHY, XUMUsI FBUIBIMIAPBIHBIH JTOKTOPBI, podeccop, Taxikeran FA
axanemuri, B.M. Huxurun arernarsr Xumust nHCTUTYTHI ([ymante, Toxikeran) H =6

DAP3AJIUEB Barug Mekuaoribl, XuMys FBUTBIMAAPBIHBIH TOKTOPEL, Ipodeccop, ¥FA akanemuri
(baky, O3ipoaiixan) H =13

TFAPEJIMK Xempa, ¢unocodus nokropsr (PhD, xwmmus), Xanplkapalblk Taza jKOHE KOJIIaHOAIBI
XMW OJIaFBIHBIH XMMHUS KOHE KOpIIaraH opTa OemnimiHiH npe3uaeHTi (Jlornon, Aarmms) H = 15
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I'naBHbII perakTop:
KYPUHOB Mypar KypuHoBHY, JOKTOp XMMHUYECKHX HayK, npodeccop, axagemuk HAH PK,
npe3ueHT HaronansHol akagemun Hayk Pecry6mmku Kazaxcran, renepansusiii fupexrop AO «HcTHTYT
TOIUIMBA, KaTanu3a u anekrpoxumun uM. /1.B. Cokonbckoro» (Anmarsel, Kazaxcran) H =4

Penaxkuuonnas xosierus:

AJIEKEHOB Cepra3spl MbIH:kacapoBH4 (3aMECTHUTENb INIABHOTO PEJAKTOPA), JOKTOP XUMHUUECKUX
Hayk, podeccop, akagemuk HAH PK, nupekrop MexayHapoHOro Hay4HO-IIPONU3BOCTBEHHOTO XOJIANHT A
«Dutoxumust» (Kaparanna, Kazaxcran) H =11

AI'ABEKOB B aagumup EHokoBHMY (3aMeCTHTENb TJIABHOTO PENAKTOpa), JOKTOP XMMHUYECKHX
Hayk, npodeccop, akanemuk HAH Benapycu, noderHslii aupexrtop MHCTUTYTa XMMHUH HOBBIX MaTepHaoB
(Munck, benapycs) H =13

CTPHA/I Mupocias, npodeccop, 3aBemyromuii 1abopatopueli HHCTUTYyTa DKCIEPUMEHTAIBHON
6otanuku Yemickoii akagemun Hayk (Onomoyi, Yexust) H = 66

BYPKUTBAEB MyxameTKaan, JOKTOp XMMUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
[epssrit mpopexrop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [IxynuTt, 3aBenyrommii kapenpoit ®apmaxornozun dapmareBTHiyeckoro (akyisrera
Vansepcurera Cerena, upekTop MexXIUCIUIUIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, noxrop PhD, mpodeccop HIkomsr dapmanuy HAIMOHAILHOTO IEHTPa HAYYHBIX
WCCIICJOBaHUH PACTUTEIBHBIX MPOAYKTOB YHUBepcuTeTra Muccucunu (Oxcdopa, CIIA) H = 35

XYTOPSIHCKUM Butammii, noxrop dunocodun (Ph.D, dapmanesr), mpodeccop Yuusepcutera
Penunra (Pepunr, Aurus) H = 40

TEJIBTAEB Baraat Bypxan6aiiyJibl, JOKTOp TEXHHYECKHUX HayK, Mpodeccop, WieH-KOPPECIIOHACHT
HAH PK, Munucrepcto Unnyctpun u nadpactpykrypHoro pa3sutus PecryOnuku Kazaxcran (Anmarsl,
Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop kommiemka Bocrounodd memmmmubel Xampaapia ans-Mapkuzaa,
¢axynsreT BocTouHoit MenuuuHbl yHuBepeutera Xamaapaa (Kapaun, [Takucran) H =21

®DA3bIJIOB Cepuk /IpaxmeToBUY, JOKTOp XHMHUYECKHX Hayk, npodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHOH paboTe MHcTHTYTA Opranmdeckoro cuHTe3a u yrexumun (Kaparanna,
Kazaxcran) H=06

7KOPOBEKOBA Illapumna KopodexoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemuk HAH
Keipreserana, UactutyT Xumun u xumudeckoit texnonorud HAH KP (bumukek, Keipreseran) H = 4

XAJIMKOB J[Ixxypa6aii XaJaukoBU4Y, JOKTOp XHMHYECKHX HayK, mnpodeccop, axkazemuk AH
Tamxukucrana, Wuctutyt xumun nmenu B.W. Hukntuna AH PT (dyman6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua oribl, JOKTOp XHMHYECKUX Hayk, mpodeccop, akanemunk HAHA
(baky, Aszepo6aiimxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopun (Ph.D, xumus), npezunent Otnena XUMUHM M OKpY’Karomieit
cpensl MexIyHapogHOro cor03a YHCTO! 1 npukiiagHoi xumun (Jlonnon, Anrmst) H =15
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M.T. Turdiyev', B.K. Kasenov?’, A. Nukhuly', Zh.I. SagintaevaZ,
Sh.B. Kasenova?, E.E. Kuanyshbekov?, M. Stoev?, 2024,
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SYNTHESIS AND RADIOGRAPHY OF NEW ZIRCON-MANGANITES OF
LANTHANUM AND ALKALINE EARTH METALS AND CALCULATION
OF THEIR THERMODYNAMIC PROPERTIES

Turdiyev Myktybek Tolkynbayuly — doctoral student of L.N. Gumilyov Eurasian National University,
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Abstract. The synthesis of LaMe"ZrMnO, compounds (Me" — Mg, Ca, Sr, Ba) was
carried out using ceramic technology in the range of 800-1200°C by the interaction of
lanthanum (IIT) oxides of the "extra clean" qualification, zirconium (IV), manganese
(IIT) and magnesium, calcium, strontium and barium carbonates of the "clean for
analysis " brand". The weights of the starting materials were weighed with an accuracy
of up to the fourth decimal place. Stoichiometric amounts of the starting materials were
carefully ground in an agate mortar, then poured into alund crucibles and subjected to
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heat treatment for solid-phase interaction in air in the "SNOL" furnace.

X-ray methods have established that all synthesized zircon-manganites crystallize in
cubic symmetry with the following lattice parameters: LaMgZrMnO, —a = 13,46 +£0,02
A;V0=243786 20,05 A% Z=4; Ve | =609,47=0,02A%p =442 g/em’p
4,35+0,07 g/em?; LaCaZrMnO, —a = 14,50 + 0,02A; V° = 3048, 163+0,06 A% Z=4: Ve

=762,16 0,02 A% p = 3,07 g/cm?; P yien = 3,62 £0,05 g/cm’; LaSrZrMnO, — a

elem cell X-ra

=14,56 £ 0,02 A; V' = 3087 52 £0,06 A%, Z = 4 Ve o= 771,88+0,02A% p =
4,03 g/cm?; P pien= 3:99 £ 0,04 g/cm’, LaBaZrMnO, —a = 14,79 £ 0, 02A; V°=3233,45
+£0,06 A% Z = 4 Ve o 4 =380836+0,02A%p =425g/lm’ P e 419 £ 0,05
g/cm’. It was found that with an increase in the ionic radii in the Mg— Ca—Sr—Ba
series, the values of the parameter "a", the volumes of lattices and elementary cells of
zircono-manganites increase. The calculatlon of the temperature dependence of the heat
capacity and the standard heat capacity by indirect methods is carried out. The equations
of temperature dependences of the investigated zircon-manganites of lanthanum and
alkaline earth metals are derived.

Keywords: lanthanum, zircon-manganite, alkaline earth metals, synthesis,

radiography, heat capacity.
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Annoranus. LaMe"ZrMnO, (Me" — Mg, Ca, Sr, Ba) KOCBUIBICTapBIHBIH CHHTE31
KepaMUKaIbIK TexHomorus Ooibrama 800-1200°C apaibIKTaphIHIA Ta3albIFBl «aca
taza» naHTaH (III) TOTeIFBI, «Tanmay yiriH taza» mapkansl nupkoHuil (IV), mapranen
(IIT) TOTBIKTApBl MEH MarHui, KajbITUi, CTPOHIINH XKoHE Oapuii KapOOHATTAPBIHBIH
e3apa opeKeTTeCyiMeH XYpri3iiai. bacTankel 3aTTapAblH emmemMaepi yTipJeH KeHiHTi
TOPTIHII OPBIHFA ACHIH OJIIICHIN albIHIbI. bacTamKpl 3aTTapAblH CTEXHOMETPHUSIIBIK
MeJIIIepi arat Keji/ie MyKUsAT YHTaKTallFaH, COJaH KeWiH allyH T TUTeJIbIepire CalbIHBIII,
«SNOL» menriame ayamarbsl KarThl (hazaiiblK ©3apa OpEKeTTecCy YIIiH TEePMIESUTBIK
OHJICY/IEH OTKEH.

Pentrenmix qudpakiys oxicTepid KomaHa OTBIPBII, OapIIbIK CHHTE3ICATEeH IIMPKOH-
MaHTaHUTTEp KeJieci TOp IMmapaMeTpiiepi Oap TEKMIeNiK JKyhemae KpHCTaIaHaTBIHBI
aubIKTambt: LaMgZrMnO,—a = 13,46 +0,02 4; V° = 243786 £0,05 A% Z = 4; V°
= 609,47 £ 0,02 4°; p o, = 4422/’ p =4,35 0,07 2/em’; LaCaZrMnO, — a =

14,50+ 0,024; V' = 3048631006432 Y Ve =762,16+0,02 4% M—367
elem’; p. = 3,62+0,05 2/cm’; LaSrZrMnO, — a—1456d:002,4 V= 308752i0 06
A 7 =4 ve  =77188+0,024% p —~=4,032kn;p =399+ 0,04 2/car,

LaBaZrMnO, U= 14,794 0,024, V7 = 3233 45+ 0,06 4% 7= 4; V g = 808,36 %
0,024 p P, = 425 elem’y p = 4,19+0,05 o/cm’. Mg— Ca—Sr—Ba KaTapbIHIAFbI
HOHJIBIK PaJUyCTap/AbIH VJIFAIOBIMEH I[IMPKOH-MaHTaHUTTEPIH «a» IMapaMeTpiHiH,
TOp KOJIEMIEPiHIH MKoHe OIpiiK VSIIIBIKTapBIHBIH MOHIEPl ©CETiHI aHBIKTaJIbI.
Kby CHIMBIMABLIBIFBI MEH CTAHIAPTThI HKbUTY CHIMBIMIBIIBIFBIHBIH TEMIIepaTypara
TOYEJIIIT1 )kKaHaMa SJICTEPMEH eCEeNTeNAl. 3epPTTENiN OThIPFaH JJAaHTaH JKOHEe CIITLII-
JKep MeTaJlapbIHBIH IMPKOH-MaHTaHUTTEPiHIH TeMIIepaTypara TOYeIIUTIK TeHaeyIepi
IIBIFAPBUTIBL.

Tyiiin ce3mep: IaHTaH, NHPKOH-MAHTAHUT, CIATUTI-)KEpP MeETaamaphbl, CHUHTE3,
peHTreHorpadusi, *KbUTy ChIMbIM/IBUTBIFBI.
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Annoranus. Cunres coenunennii LaMe"ZrMnO, (Me" —~Mg, Ca, Sr, Ba) nposonuiu
Mo kepamuieckoir TexHomornu B uHTepBane §00-1200°C B3auMomeHCTBUEM OKCHUIIOB
nanrtana (III) kBamudukanmm «oc.4.», nupkonus (IV), mapranma (III) u xapOoraTroB
MarHusi, Kajablys, CTPOHLUS U Oapus Mapku «4.1.a.». HaBecku MCXOAHBIX BEILECTB,
B3BELIMBAJIMCH C TOYHOCTHIO JI0 YETBEPTOro 3HAKA Moce 3aniaTol. CTeXHOMeTpUIEeCKHe
KOJJMYECTBAa MCXOJHBIX BELIECTB, TIIATEILHO NEpEeTHpald B araToBOM CTYIIKE,
3aTeM MEPeChINaluch B alyHAOBBIC THIVIM M IOJBEPrajHcCh TEPMOOOPaOOTKE JUIs
TBepA0(ha3HOTO B3aUMOJICUCTBHS Ha Bo3ayxe B reur « SNOLy.

MeronaMu peHTTeHOrpauu yCTaHOBICHO, YTO BCE CHHTE3MPOBAHHBIC IIMPKOHO-
MaHTaHUTBI KPUCTAJITU3YIOTCS B KyOMUECKOM CHHIOHUH CO CJICAYIOIIUMHU NapaMeTpaMu
pewerkn: LaMgZrMnO, —a = 13,46 0,02 A; V* = 2437,86 +0,05 4% Z = 4; V° =
609,47 + 0,02 A%; P, = 4,42 2/cm’; P = 435 £ 0,07 olem’; LaCaZrMnO, — a =
14,50 = 0,024; V" = 3048,63 £ 0,06 A% Z = 4; V°  =762,16%0,02 4% p =367
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elem’; p, = 3,62 £ 0,05 e/em’; LaSrZrMnO, — a = 14,56 + 0,02 A; V' = 3087,52
i006/f3 Z=4; Ve W=771, 88£0,024° p P peu =4,032/cm’; p, = 3,99+ 0,04 2/car’,
LaBaZrMnO, - a = 14,79+ 0,024; V0 = 333,45 + 0,06 4% Z = 4; Ve, .= 80836+
0,02 Af3 P rerm. = =425 2/cM’; P, = 4,19+ 0,05 2/cm’. YcTaHOBIEHO, UTO c HOBLIIHGHI/ICM
HOHHBIX PaauycoB B psy Mg— Ca—Sr—Ba yBeIMuHBalOTCS BEJIMYHHBI TapameTpa
«a», 00BEMOB PEIIETOK M 3JIEMEHTAPHBIX SYCCK IUPKOHO-MAaHTaHHUTOB. [IpoBeneH
pacueT TeMIiepaTypHOH 3aBUCUMOCTU TEIUIOEMKOCTH M CTaHJApPTHOHN TEIIOEMKOCTH
MO0 KOCBEHHBIMU METO/AMH. BBIBEJICHBI YPABHEHUS TEMIIEPATYPHBIX 3aBHCHMOCTEH
HCCJICYEMBIX [IMPKOHO-MAHTaHUTOB JIAHTAaHA M MIEJIOYHO3EMEIbHBIX METaJIOB.

KuaroueBble cjioBa: JlaHTaH, ITUPKOHO-MAHTAHUT, IEIOYHO3EMEIIbHBIC METAILIbI,
CUHTE3, peHTTeHOTrpadusi, TSIIIOEMKOCTh

Introduction

Zirconium dioxide (ZrO,) is interesting as a ceramic material with valuable optical,
electrical, thermal, strength and other characteristics, and phase transitions in it and
impurity stabilization are the subject of many experimental and theoretical studies
(Zimicheyv, et al, 2014; Zavodinsky, 2005). Zirconium dioxide is in third place among
the available raw materials in terms of relative wear resistance after graphite and silicon
carbide, which is confirmed by the practice of their operation in extreme conditions.
Among the available highly refractory oxides, ZrO, occupies a leading position.

Oxide materials based on zirconates of rare earth elements (REE) are widely
used in various industries. Thus, such materials are used to create thermal barrier
coatings, oxygen-conducting solid electrolytes, as well as to immobilize nuclear waste
(Mazilin, et al, 2013). Lanthanide zirconates Ln,Zr,O, have high melting points. These
compounds exhibit a number of properties that suggest the high practical importance of
developing new functional materials based on them. In particular, they are considered
as new solid electrolytes with (Mazilin, et al, 2013) high oxygen-ion conductivity
(Fergus, 2014). They exhibit dielectric, piezo- or ferroelectric, as well as fluorescent
and phosphorescent properties, can be used as materials of electronic technology, as
well as as catalysts (Diaz-Guillen, et al, 2015; Wang, et al, 2023; Shlyakhtina, et al,
2005). REE zirconates have chemical and radiation resistance, high radionuclides and
are considered promising highly active materials for nuclear energy, and are also of
interest as luminescent materials (Sohn, et al, 2002; Popov, et al, 2013; Erdogan, et
al, 2017; Chena, et al, 2009; Zhong, et al, 2014; Mahade, et al, 2016; Gagarin, 2018;
Merkushkin, et al, 2010).

Lanthanum manganites are a unique system in which their electronic, magnetic and
lattice properties are interconnected, which can be regulated by changing the chemical
composition and the degree of doping. The search for new polyoxo compounds of zircon
and manganese with rare earth elements doped with alkali and alkaline earth metal
oxides and the study of their properties is of particular interest both for fundamental
research and from the point of view of their practical use.

The aim of the work is to obtain new materials from lanthanum (III) oxides, alkaline
earth metals, zirconium (IV) and manganese (III) in the form of zircono-manganites
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LaMe"ZrMnO, (Me" — Mg, Ca, Sr, Ba), their X-ray studies and calculation of their
thermodynamic properties.

Materials and basic methods

Solid—phase synthesis of LaMe"ZrMnO, compounds (Me" — Mg, Ca, Sr, Ba) was
carried out using ceramic technology from lanthanum (III) oxides of the «extra clean»
qualification, zirconium (IV), manganese (III) and magnesium, calcium, strontium and
barium carbonates of the «clean for analysis» brand. The stoichiometric amounts of
the starting substances, previously dehydrated at 400°C, were thoroughly mixed and
ground in an agate mortar. Then they were annealed in alund crucibles in the "SNOL"
furnace at first at 600°C for 10 hours, 800°C for 10 hours, 1000°C with and 1200°C
for 20 hours. At each temperature, the mixtures were cooled to room temperature with
repeated mixing and grinding processes and reheated. To obtain equilibrium phases at
low temperatures, low-temperature annealing was performed at 400°C for 10 hours,
followed by repetitions of mixing and grinding.

X-ray phase analysis (DRON-2.0 device) confirmed the production of synthesized
zircono-manganites with a phase composition of LaMe"ZrMnO6 (Me" — Mg, Ca, Sr,
Ba). The intensity of diffraction maxima was estimated on a one-hundred-point scale.

The X-ray images were indexed by the analytical method (Cowba, et al, 1976) (Table
1).

The basic function in thermodynamic modeling is the temperature dependence of
the heat capacity, knowledge of which allows us to calculate the change in enthalpy,
entropy, and Gibbs energy, i.e. to obtain a wide range of thermodynamic properties of
the substance under study (Chumilina, 2016). In fact, the heat capacity is a parameter
that characterizes the ability of substances to accumulate and store thermal energy
when temperature changes. The study of heat capacity makes it possible not only to
calculate thermodynamic functions over a wide temperature range, but also to study
various ordering processes that determine, for example, magnetic, ferroelectric or
superconductivity properties, as well as the formation of point defects. In connection
with the above, we further calculated the temperature dependence of the heat capacity
of the studied zircono-manganites of lanthanum and alkaline earth metals.

Based on the dependence of the isochoric heat capacity on temperature according
to Debye's theory, Landia (Veritin, et al, 1965) proposed a scheme for calculating the
isobaric heat capacity of crystalline inorganic substances. According to Landius, the
transition from isochoric to isobaric heat capacity is carried out according to the Magnus—
Lindemann equation (Cp =C +a EﬂT). We will carry out a complete calculation scheme
borrowed from (Veritin, et al, 1965).

Initial data:

1) melting, dissociation and sublimation temperature (T, K);

2) standard entropy;

3) temperatures of polymorphic (ferromagnetic) transformations.

1t should be noted that in his calculations, Landia used a calorie as a thermal unit.
We also leave it unchanged.
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Designations:

n - is the number of atoms in the compound;

h - is the number of hydrogen atoms in the compounds;

m- is the number of water molecules in crystallohydrates;

C = (6,6 —a/298 ) (n — 3m)) is the heat capacity at V = const and T = 298 To
anhydrous salt (in crystallohydrates), and "a" is calculated according to this scheme
depending on the type of anhydrous salt and in its standard entropy;

Sa = §2%/p - is the atomic entropy.

n - is the number of atoms in the compound;

S#% - is calculated from the ionic entropy increments of Kumok (Kumok, 1987).

When T is unknown, T’ is taken, it is found from the formula T'= 5070/ S*

Determine the coefficients a, B and K necessary for the calculation formulas (1-4)
below, a=507+1070/ 8%, 6=0,8a, K=0,34, T, =T

Calculation formulas

O is calculated as the sum of atomic heat capacities, which for individual elements
are assumed to be equal in our case La, Mg, Ca, Sr, Ba, Zr, Mn=6,2,for O=4 cal/mol.
degree

a 6,38 a
C;Zn [6,6 -—— + (6,6 - )2, ()
298 T ., 298
14,76 n*+n}? 6,38 14,76 n*+n}?
Cp =n[6,6 - + 6,6 -—— 2], (2)
Sat nz T Sat nz

metl

where 7, n, is the number of cation and anion atoms in the compound, represented
as a salt of oxygen acid.

1,24 a
prr= n[6,6 + 6,6 -——)Y 177?107, 3)
e 298
eating
a 1,24 a
prr =n[6,6 - + (6,6 - —)27°2107],(4)
6+K(T-8) T 1 eating 298
(upto T<<g, K=1).

Results

Based on the indexing of radiographs, it was found that all synthesized zircon-
manganites crystallize in cubic symmetry. The main parameters of the X-ray and
pycnometric density gratings are determined (Table 2).
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Table 1 — Indexing of radiographs of LaMe"ZrMnO, powders (Me" — Mg, Ca, Sr, Ba)

I, d A4 10"/dzexp hkl 10Yd
calc.

1 2 3 4 5

LaMgZrMnO,

23 15.4449 647.5 422 647.5

8 13.9129 718.8 511 728.4
42 10.1124 988.9 610 998.2
30 8.1796 1223 630 1214
100 7.6729 1303 444 1295

8 6.9169 1446 633 1457

8 6.5025 1538 722 1538
23 5.0625 1975 661 1970

9 4.7961 2085 832 2077

8 4.4521 2246 753 2239
39 3.8025 2630 770 2644

8 3.4225 2922 10.2.2 2914

9 3.0625 3265 11.0.0 3265

8 2.8900 3460 880 3453

6 2.7889 3586 964 3588
32 2.5281 3956 11.5.1 3966

8 2.3716 4217 12.3.2 4236

8 2.1904 4585 11.7.0 4586
11 1.9044 5251 11.7.5 5261
10 1.5129 6610 12.10.1 6610

LaCaZrMnO,

11 16.2409 615.7 511 615.7
13 15.4449 647.5 520 661.3
16 9.7344 1027 630 1026
12 8.8209 1134 710 1140
31 8.1225 1231 633 1231
100 7.6176 1313 730 1323
12 5.0176 1993 664 2007
11 4.0401 2475 10.3.0 2486
31 3.8025 2630 953 2623
10 3.3124 3019 10.4.4 3010

6 3.0276 3303 12.1.0 3307
11 2.6569 3764 10.8.1 3763
27 2.4964 4006 12.4.4 4014

4 2.4025 4162 10.9.1 4150
13 1.8769 5328 15.3.0 5336

8 1.5129 6610 17.1.0 6613

LaSrZrMnO,

8 15.3664 650.8 511 650.8
20 9.8596 1014 541 1012
100 8.5264 1173 700 1181
69 7.6176 1313 633 1302
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12 5.0625 1975 833 1977
29 4.2436 2356 770 2362
25 3.8025 2630 10.3.0 2627
8 3.6864 2713 10.3.2 2724
31 2.8224 3543 11.5.1 3543
12 2.1025 4756 12.7.2 4748
7 1.8769 5328 14.5.0 5327
11 1.6950 5917 11.10.5 5930
6 1.5129 6610 15.7.0 6604
LaBaZrMnO,
9 15.4449 647.5 510 647.5
6 9.9225 1008 540 1021
100 8.8209 1134 631 1146
11 5.8564 1708 821 1718
14 5.1076 1958 725 1943
34 4.4100 2268 931 2266
22 3.8416 2603 10.2.1 2615
5 3.0625 3265 955 3262
37 2.9241 3420 883 3412
4 2.6896 3718 10.7.0 3711
21 2.5600 3906 11.6.0 3910
16 2.1904 4565 12.6.2 4582
7 1.9044 5251 997 5255
14 1.7689 5653 11.9.5 5653
8 1.5376 6504 12.9.6 6500
6 1.4641 6830 12.11.3 6824

The X-ray density (Px—ray) of the investigated zircono-manganites was determined

by the formula (Kumok, 1987).

where

166-Mr-Z,
Pe—ray = 42
Mr - is the molecular weight of the compound,
Z - is the number of formula units in the lattice,
V° - is the volume of the unit cell.

)

The experimental values of the densities of the studied compounds were determined
by pycnometry in toluene (V=1 ml) (Kiwilis, 1959). In this case, the following operations
were performed sequentially: determination of the mass of an empty pycnometer (M,);
then a pycnometer filled with distilled water (M); a pycnometer filled with toluene
(tetrabromoethane) (M); then the test substance was placed in the pycnometer and its
mass was determined with a dry substance (M)); finally, the powder was poured with
a pycnometric liquid and determined weight (M,). The density of the test sample is
determined by the formula:
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Mg—M

Ppicn = E;_—Ei__ﬁ:_—ﬁ;, (6)
Fi Pz

where

p, - is the density of water at 20° (0.9971 g/cm’);

p, - is the density of the pycnometric liquid, determined by the formula:

MMy
P2 =y T, Pr (7

The density of each compound was measured 3 times and the data were averaged.

Table 2 shows the parameters of the elementary cells, X-ray and pycnometric
densities of the obtained new zircono-manganites of lanthanum and alkaline earth
metals (alkaline earth metals).

Table 2 — Lattice parameters of lanthanum zircono-manganites and alkaline earth metals

Zircon-manganite a, A po, A3 Z |V Ce“_A3 (p), g/em?
P yray Ppicn
LaMgZrMnO, 13,46 +£0,02 2437,86 £0,05 4 609,47 +0,02 (4,42 4,35+0,07
LaCaZrMnO, 14,50 £ 0,02 3048,63 0,06 |4 762,16 0,02 |3,67 3,62 +0,05
LaSrZrMnO, 14,56 £ 0,02 3087,52 £0,06 |4 771,88 0,02 (4,03 3,99 +£0,04
LaBaZrMnO, 14,79+0,02 |323345+0,06 |4 |80836+0,02 |425 |4,19+0,05

Next, we will calculate the heat capacity using the Landius method for zircono-
manganites of lanthanum and alkaline earth metals using the example of LaMgZrMnO,.

Q o 185,42 = . - ‘
S7,,=1854 Jmol K, S, =0 = 443117 g2 = 22T — 44312 T-
S070 !
le 144,17, K=0,34,
a=507+:::fﬂ = 748,47, 8=0,8-2=598,7757, K=0,34.

Cp=6,2-4+6-4=48,8 cal/mol deg,

C'p=10[6,6-74847 | 638 (&5 . ?4344?) 2 — 41,816 cal/mol deg,
298 114417 298

I F . 2 E z =
C ple [6,6- 14,76 3°+7 6,38 ( 1276 . 3°+7
¥

44312 102

. Tt T Taa- )3: 47,896 cal/mol deg.
44312 1 114417

Next, go to section 3 of the scheme (Veritin, et al, 1965) and select the item "non-
polymorphic transformations", the sub-item "complex oxygen compounds" and the
column "consisting of solid oxides" with its subsection "other cases". Then, in section
4 of the scheme (Veritin, et al, 1965), we stop at point V with the wording “calculate C,
at 298 K according to formula (3)". The subparagraph indicates the calculation of C, at
673 Kand 7, according to the formula (4).

_ 48,8+41,816+47.85%

Cp = 46,1707 cal/mol deg,
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o 748,47 TABAT\ 2 o0 o
C pm_lo[6’6'593,??5?+n,34(6?3—593,??5?} 673 (55 298 ) 673°%-10°=59,383
cal/mol deg,
748,47 124 | T4BAT 4
C Piissns™ =10[6,6- 393??5?+u34nu44n 598,7757) 114417 298
1144, 173/2 10 3=63 ,467 cal/mol

1144,17%%=38702,22.

Based on the values of Cp at 298.15, 673 and 1144 K, we calculate the coefficients
of the temperature dependence of the heat capacity, the conclusion of which we gave
in the previous sections, and find the equation in the form of the following polynomial:

Cnp:58,93+4,805' 10°T-12,604-10°T"* cal/mol deg ®)
Cnp=246,56+20,083- 10°T-52,72-10°T2J/mol K (298.15-1144K). 9)
The heat capacities for lanthanum and calcium, strontium and barium zircono-

manganites are calculated in a similar way, summarizing the temperature dependence
equations are given below in Table 3.

Table 3 — Temperature dependence LaMe"ZrMnO heat capacity according to Landium

Equations of temperature AT, K C° (298,15) by |C "p( 298,15)
Content dependence, J/(mol K) Land, J/((mol.K) |according to Kumok,
a 5107 -c10° J/(mol.K)
LaMgZrMnO, | 246,6 20,08 52,72 | 298,15-1144 193,2 199,6
LaCaZrMnO, | 246,6 5,0 50,0 | 298,15-1056 196,5 204,7
LaSrZrMnO, 246,6 21,34 48,28 | 298,15-1001 198,7 206,7
LaBaZrMnO, | 2479 20,04 47,43 | 298,15-953 200,54 205,8

To compare the standard heat capacity of zircono-manganites calculated using
the Landius method, they were also calculated with the independent method of ion
increments using (Kiwilis, 1959) according to the scheme:

Cp°(298,15)LaMe"ZrMnO =Cp'(298,15)La’ "+
Cp'(298,15)Me>*+Cp/(298,15)Zr*+Cp(298,15)Mn**+
6Cp'0(298,15)07, (10)

where Cpi(298,15) are the increments of the heat capacity of ions which (J/(molk
La*(29,3), Mg?(22,2), Ca*(27,3), Sr*(29,3), Ba*'(28,4), Zr*(22,9), Mn*(25,0), O*
(16,7). As can be seen from the data in Table 3, the Cp°(298,15) calculated using the
Landius and Kumoku methods are in satisfactory agreement with each other within the
error limits of the calculation methods.

Discussion

The reliability, correctness and reliability of the results of indexing and determination
of lattice parameters are confirmed by a satisfactory agreement of experimental and
calculated values of 10%/d?, X-ray and pycnometric densities. Based on the conducted
studies, it was found that the obtained zirconate-manganites crystallize in cubic
symmetry and they can be attributed to the spatial group of perovskite Pm3m. It was
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revealed that with an increase in ionic radii in the range from Mg to Ba, the values of
parameter "a" and the volumes of lattices and elementary cells of synthesized zirconate-
manganites increase.

The temperature dependences of the heat capacity of the investigated zircono-
manganites were calculated using Landium method. The standard heat capacities of
their values are also calculated along with the Landius method by the independent
Kumoku ion increment method, the results of which are in satisfactory agreement with
each other, which shows the reliability and correctness of the data obtained for the
values of standard heat capacities.

Conclusion

1. For the first time using ceramic technology, zirconium-manganites of
LaMe"ZrMnO, (Me" — Mg, Ca, Sr, Ba) compositions were obtained from lanthanum
(1), zirconium (IV) manganese (III) oxides and magnesium, calcium, strontium and
barium carbonates.

2. The types of syngony and the parameters of their gratings were determined by
X-ray method. It has been established that all zircono-manganites crystallize in cubic
symmetry: LaMgZrMnO, — a = 13,46 0,02 A; V°=2437,86 +0,05 A>; Z=4; V°_
=609,47 £ 0,015 A%; p oy — 42 g/cm’; Ppien = 435 £ 0,07 g/cm’; LaCaZrMnO, — a =

14,50 £ 0,024; VO = 3048 630,06 A% Z=4; Vo =762,16£0,02A%p =367
glem’; p . =3,62+ 0,05 g/em’; LaSrZtMnO, —a = 14,56 + 0,02 A; V0=3087,52+0,06
A Z= 4 Ve wemcen = 171,88 £0,015 A p vy = 4,03 g/em’; P pen— 399 £ 0,04 g/em’,
LaBaZrMnO, —a = 14,79 + 0,02A; V° = 3233 45+£0,06 A’ Z= 4 \% = 808,36 +

elem cell

0,015 A% p  =425g/em’p . =4,19+0,05 g/em’.

It was revealed that the lattice parameters of zirconate-manganites change
symbatically with an increase in ionic radii in the Mg— Ca—Sr—Ba series.

3. Using the Landius and Kumok methods, the temperature dependences of the heat
capacity and the standard heat capacities of the investigated zircono-manganites were
calculated. The results of the research can later be used for thermodynamic justification
of reactions involving the above and similar compounds.

4. The results obtained are of interest for the directed synthesis of similar compounds
in inorganic materials science and chemical informatics as new in terms of radiographic
and thermodynamic characteristics of previously unexplored compounds.
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