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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, 
Astana, Kazakhstan, e-mail: turdiev.miktibek@gmail.com, Nukhuly Altynbek – Doctor of Chemical 
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Abstract. The synthesis of LaMeIIZrMnO6 compounds (MeII – Mg, Ca, Sr, Ba) was 
carried out using ceramic technology in the range of 800-1200оС by the interaction of 
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 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: LaMgZrMnO6 – а = 13,46 ±0,02 
Å; V0 = 2437,86 ±0,05 Å3; Z = 4; V° elem cell = 609,47 ± 0,02 Å3; ρ x-ray = 4,42 g/сm3; ρ picn = 
4,35 ± 0,07 g/сm3; LaCaZrMnO6 – а = 14,50 ± 0,02Å; V0 = 3048,63 ± 0,06 Å3; Z = 4; V° 

elem cell = 762,16 ± 0,02 Å3; ρ x-ray = 3,67 g/сm3; ρ picn = 3,62 ± 0,05 g/сm3; LaSrZrMnO6 – а 
= 14,56 ± 0,02 Å; V0 = 3087,52 ±0,06 Å3; Z = 4; V° elem cell = 771,88 ± 0,02 Å3; ρ x-ray. = 
4,03 g/сm3; ρ picn.= 3,99 ± 0,04 g/сm3, LaBaZrMnO6 – а = 14,79 ± 0,02Å; V0 = 3233,45 
± 0,06 Å3; Z = 4; V° elem cell = 808,36 ± 0,02 Å3; ρ x-ray = 4,25 g/сm3; ρ picn= 4,19 ± 0,05 
g/сm3. 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 calculation 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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Аннотация. LaMeIIZrMnO6 (MeII – Mg, Ca, Sr, Ba) қосылыстарының синтезі 
керамикалық технология бойынша 800-1200оС аралықтарында тазалығы «аса 
таза» лантан (III) тотығы, «талдау үшін таза» маркалы цирконий (IV), марганец 
(III) тотықтары мен магний, кальций, стронций және барий карбонаттарының 
өзара әрекеттесуімен жүргізілді. Бастапқы заттардың өлшемдері үтірден кейінгі 
төртінші орынға дейін өлшеніп алынды. Бастапқы заттардың стехиометриялық 
мөлшері агат келіде мұқият ұнтақталған, содан кейін алунд тигельдеріге салынып, 
«SNOL» пешінде ауадағы қатты фазалық өзара әрекеттесу үшін термиялық 
өңдеуден өткен. 

Рентгендік дифракция әдістерін қолдана отырып, барлық синтезделген циркон-
манганиттер келесі тор параметрлері бар текшелік жүйеде кристалданатыны 
анықталды: LaMgZrMnO6 – а = 13,46 ±0,02 Å; V0 = 2437,86 ±0,05 Å3; Z = 4; V° эл.ұяш 
= 609,47 ± 0,02 Å3; ρрент. = 4,42 г/см3; ρпикн. = 4,35 ± 0,07 г/см3; LaCaZrMnO6 – а = 
14,50 ± 0,02Å; V0 = 3048,63 ± 0,06 Å3; Z = 4; V° эл.ұяш = 762,16 ± 0,02 Å3; ρрент. = 3,67 
г/см3; ρпикн. = 3,62 ± 0,05 г/см3; LaSrZrMnO6 – а = 14,56 ± 0,02 Å; V0 = 3087,52 ±0,06 
Å3; Z = 4; V° эл.ұяш = 771,88 ± 0,02 Å3; ρрент. = 4,03 г/см3; ρпикн. = 3,99 ± 0,04 г/см3, 
LaBaZrMnO6 – а = 14,79 ± 0,02Å; V0 = 3233,45 ± 0,06 Å3; Z = 4; V° эл.ұяш = 808,36 ± 
0,02 Å3; ρрент. = 4,25 г/см3; ρпикн. = 4,19 ± 0,05 г/см3. Mg→ Ca→Sr→Ba қатарындағы 
иондық радиустардың ұлғаюымен циркон-манганиттердің «a» параметрінің, 
тор көлемдерінің және бірлік ұяшықтарының мәндері өсетіні анықталды. 
Жылу сыйымдылығы мен стандартты жылу сыйымдылығының температураға 
тәуелділігі жанама әдістермен есептелді. Зерттеліп отырған лантан және сілтілі-
жер металдарының циркон-манганиттерінің температураға тәуелділік теңдеулері 
шығарылды.

Түйін сөздер: лантан, циркон-манганит, сілтілі-жер металдары, синтез, 
рентгенография, жылу сыйымдылығы.
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Аннотация. Синтез соединений LaMeIIZrMnO6 (MeII – Mg, Ca, Sr, Ba) проводили 
по керамической технологии в интервале 800-1200оС взаимодействием оксидов 
лантана (III) квалификации «ос.ч.», циркония (IV), марганца (III) и карбонатов 
магния, кальция, стронция и бария марки «ч.д.а.». Навески исходных веществ, 
взвешивались с точностью до четвертого знака после запятой. Стехиометрические 
количества исходных веществ, тщательно перетирали в агатовой ступке, 
затем пересыпались в алундовые тигли и подвергались термообработке для 
твердофазного взаимодействия на воздухе в печи «SNOL».

Методами рентгенографии установлено, что все синтезированные цирконо-
манганиты кристаллизуются в кубической сингонии со следующими параметрами 
решетки: LaMgZrMnO6 – а = 13,46 ±0,02 Å; V0 = 2437,86 ±0,05 Å3; Z = 4; V°эл.яч = 
609,47 ± 0,02 Å3; ρрент. = 4,42 г/см3; ρпикн. = 4,35 ± 0,07 г/см3; LaCaZrMnO6 – а = 
14,50 ± 0,02Å; V0 = 3048,63 ± 0,06 Å3; Z = 4; V°эл.яч = 762,16 ± 0,02 Å3; ρрент. = 3,67 
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г/см3; ρпикн. = 3,62 ± 0,05 г/см3; LaSrZrMnO6 – а = 14,56 ± 0,02 Å; V0 = 3087,52 
±0,06 Å3; Z = 4; V°эл.яч = 771,88 ± 0,02 Å3; ρрент. = 4,03 г/см3; ρпикн. = 3,99 ± 0,04 г/см3, 
LaBaZrMnO6 – а = 14,79 ± 0,02Å; V0 = 3233,45 ± 0,06 Å3; Z = 4; V°эл.яч = 808,36 ± 
0,02 Å3; ρрент. = 4,25 г/см3; ρпикн. = 4,19 ± 0,05 г/см3. Установлено, что с повышением 
ионных радиусов в ряду Mg→ Ca→Sr→Ba увеличиваются величины параметра 
«а», объемов решеток и элементарных ячеек цирконо-манганитов. Проведен 
расчет температурной зависимости теплоемкости и стандартной теплоемкости 
по косвенными методами. Выведены уравнения температурных зависимостей 
исследуемых цирконо-манганитов лантана и щелочноземельных металлов.

Ключевые слова: лантан, цирконо-манганит, щелочноземельные металлы, 
синтез, рентгенография, теплоемкость

Introduction
Zirconium dioxide (ZrO2) 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 
(Zimichev, 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, ZrO2 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 Ln2Zr2O7 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 (Díaz-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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LaMeIIZrMnO6 (MeII – Mg, Ca, Sr, Ba), their X-ray studies and calculation of their 
thermodynamic properties.

Materials and basic methods
Solid–phase synthesis of LaMeIIZrMnO6 compounds (MeII – 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 LaMeIIZrMnO6 (MeII – 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 (Ср = Сv + Т). 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.
It 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;
Сv

а.s. = (6,6 – а/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;

Sаt = S298/n - is the atomic entropy.
n - is the number of atoms in the compound;
S298 -  is calculated from the ionic entropy increments of Kumok (Kumok, 1987).
When T is unknown, Т/ is taken, it is found from the formula Т/= 5070/ Sаt

Determine the coefficients a, B and K necessary for the calculation formulas (1-4) 
below, а=507+1070/ Sаt, в=0,8а, К=0,34, Тmetl=Т/

Calculation formulas
C′р 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	                а
С′′

р = n [6,6 - _______  +  _________	 (6,6 -  ___________ )2  ,                     		 (1)
                       298	         Тmetl	                 298

                        14,76   n1
2 + n2

2       6,38	        14,76   n1
2 + n2

2

С′′′
р = n [6,6 - _______.     _________  +  _________ (6,6 - _______.     _________  )2]   ,  (2)

                        Sаt	         n2              Тmetl	         Sаt	        n2

where n1, n2 is the number of cation and anion atoms in the compound, represented 
as a salt of oxygen acid.

                            1,24               а	
Ср,Т = n[6,6     +   ______   (6,6 - _______)2  Т3/2 10-3]  ,          (3)
                             ТHeating	         298

                           a                 1,24             а	
Ср,Т = n[6,6 - ____________     +   ______   (6,6 - _______)2 Т3/2 10-3] ,(4)
                       в+К(Т-в)         Т Heating		     298

(up to Т << в,   К = 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 LaMeIIZrMnO6 powders (MeII – Mg, Ca, Sr, Ba) 
I/I0 d, Å 104/d2

exp hkl 104/d2
calc.

1 2 3 4 5
LaMgZrMnO6

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

LaCaZrMnO6 

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

LaSrZrMnO6 

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

LaBaZrMnO6 

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 ( ) of the investigated zircono-manganites was determined 
by the formula (Kumok, 1987).

                                                         ,                                               (5)
where 
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 (М0); 
then a pycnometer filled with distilled water (М1); a pycnometer filled with toluene 
(tetrabromoethane) (М2); then the test substance was placed in the pycnometer and its 
mass was determined with a dry substance (М3); finally, the powder was poured with 
a pycnometric liquid and determined weight (М4). The density of the test sample is 
determined by the formula:
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, 			                               (6)

where
ρ1 - is the density of water at 200 (0.9971 g/cm3); 
ρ2 - is the density of the pycnometric liquid, determined by the formula:

.					                     (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 а, Å V0, Å3 Z V° elem cell.Å

3 (ρ), g/cm3

ρ x-ray ρpicn

LaMgZrMnO6 13,46 ±0,02 2437,86 ±0,05 4 609,47 ± 0,02 4,42 4,35 ± 0,07
LaCaZrMnO6 14,50 ± 0,02 3048,63 ± 0,06 4 762,16 ± 0,02 3,67 3,62 ± 0,05
LaSrZrMnO6 14,56 ± 0,02 3087,52 ±0,06 4 771,88 ± 0,02 4,03 3,99 ± 0,04
LaBaZrMnO6 14,79 ± 0,02 3233,45 ± 0,06 4 808,36 ± 0,02 4,25 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 LaMgZrMnO6.

S 298=185,4 J/mol К, S 298= , Sat= , Tˈ=
=1144,17, К=0,34,   

              
a=507+ , в=0,8·a=598,7757, К=0,34.

Cˈp=6,2·4+6·4=48,8 cal/mol deg,
Cˈˈp=10 [6,6-  cal/mol deg,

Cˈˈˈp=10 [6,6-  cal/mol deg. 

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 Ср 
at 298 K according to formula (3)". The subparagraph indicates the calculation of Ср at 
673 K and Тdens according to the formula (4).

Ср=  cal/mol deg,
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С р673=10 [6,6-  ·6733/2·10-3=59,383 
cal/mol deg,

С р 1 1 4 4 , 1 7 = 1 0 . [ 6 , 6 - ·
.1144,173/2·10-3=63,467 cal/mol deg

1144,173/2=38702,22.
Based on the values of Ср  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:

С р=58,93+4,805·10-3Т-12,604·105Т-2 cal/mol deg                                                                            (8)
С р=246,56+20,083·10-3Т-52,72·105Т-2 J/mol К (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 LaMeIIZrMnO6heat capacity according to Landium

Content
Equations of temperature 

dependence, J/(mol K)
∆Т, К Со

р(298,15) by 
Land, J/(mol.K)

С о
р ( 2 9 8 , 1 5 ) 

according to Kumok, 
J/(mol.K)а в.10-3 -с.105

LaMgZrMnO6 246,6 20,08 52,72 298,15-1144 193,2 199,6
LaCaZrMnO6 246,6 5,0 50,0 298,15-1056 196,5 204,7
LaSrZrMnO6 246,6 21,34 48,28 298,15-1001 198,7 206,7
LaBaZrMnO6 247,9 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:

Сро(298,15)LaMeIIZrMnO6=Cpi(298,15)La3++
Cpi(298,15)Me2++Cpi(298,15)Zr4++Cpi(298,15)Mn3++
6CpiO(298,15)O2-,                                                                                                                           (10)

where Cpi(298,15) are the increments of the heat capacity of ions which (J/(molk 
La3+(29,3), Mg2+(22,2), Ca2+(27,3), Sr2+(29,3), Ba2+(28,4), Zr4+(22,9), Mn3+(25,0), O2-

(16,7). As can be seen from the data in Table 3, the Cpо(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 104/d2, 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 

LaMeIIZrMnO6 (MeII – Mg, Ca, Sr, Ba) compositions were obtained from lanthanum 
(III), 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: LaMgZrMnO6 – а = 13,46 ±0,02 Å; V0 = 2437,86 ±0,05 Å3; Z = 4; V°elem cell 
= 609,47 ± 0,015 Å3; ρx-ray = 4,42 g/cm3; ρpicn = 4,35 ± 0,07 g/cm3; LaCaZrMnO6 – а = 
14,50 ± 0,02Å; V0 = 3048,63 ± 0,06 Å3; Z = 4; V°elem cell = 762,16 ± 0,02 Å3; ρ x-ray = 3,67 
g/cm3; ρ picn = 3,62 ± 0,05 g/cm3; LaSrZrMnO6 – а = 14,56 ± 0,02 Å; V0 = 3087,52 ±0,06 
Å3; Z = 4; V° elem cell = 771,88 ± 0,015 Å3; ρ x-ray = 4,03 g/cm3; ρ picn = 3,99 ± 0,04 g/cm3, 
LaBaZrMnO6 – а = 14,79 ± 0,02Å; V0 = 3233,45 ± 0,06 Å3; Z = 4; V° elem cell = 808,36 ± 
0,015 Å3; ρ x-ray = 4,25 g/cm3; ρ picn = 4,19 ± 0,05 g/cm3.

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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