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ТҮЙІН

Есепте 88 бет, 35 сурет, 21 кесте, 21 дерекнама, 3 қосымша ескерілген.

ҮШТІК ОКСИДТЕР, СИРЕК ЖЕР АСТЫ ЭЛЕМЕНТТЕРІ, ЛАНТАН, ГАДОЛИНИЙ, РЕНТГЕНФАЗАЛЫҚ САРАПТАМА, АДИАБАТАЛЫҚ КАЛОРИМЕТРИЯ, ЭЛЕКТРОФИЗИКАЛЫҚ ҚАСИЕТТЕР

Зерттеу нысандары жер сілтілі элементтер (барий, стронций), лантан негізіндегі сирек жер асты элементтері самарий, европий, гадолиниймен допирленген вольфрамның үштік оксидтері болып табылады.

Жұмыстың мақсаты – зерттеудегі синтезделген нысандардың фазалық құрамын және физика-химиялық қасиеттерін анықтау.

Жер сілтілі элементтер (барий мен стронций), лантан, лантаноидтар мен вольфрам негізінде жалпы формуласы Me(La,Ln)2WO7 бар үштік оксидтер синтезделді және нысандардың элементтік құрамы рентгенфазалық сараптамамен анықталды. Адиабаталық калориметрия әдісімен нысандардың гелий мен азот температурасы (4-320 К) аралығында жылу сыйымдылықтың тәуелділіктері анықталды және аномалиялар тіркелді, олар синтезделген нысандардың құрылымдық ерекшеліктерімен негізделеді. Нысандардың электрофизикалық қасиеттері жиіліктердің кең интервалында зерттелді. Жүргізілген зерттеулер нәтижесінде алынған нысандардың термодинамикалық және физикалық қасиеттері жөнінде жаңа мағлұматтар алынды. Олар материалтануда, химияда, қатты дене физикасы мен электроникада және басқа да аралас салаларда қолданылады.
SUMMARY
Report 88 p., 35 fig., 21 tabl., 21 sources, 3 append.
TRIPLE OXIDES, RARE EARTH ELEMENTS, LANTHANUM, GADOLINIUM, X-RAY PHASE ANALYSIS, ADIABATIC CALORIMETRY, ELECTROPHYSICAL PROPERTIES
The objects of research were ternary oxides of tungsten based on alkaline earth elements (barium and strontium), lanthanum, doped with rare earth elements samarium, europium and gadolinium.

The purpose of this work is to determine the phase composition and physicochemical properties of the synthesized objects of study.

Samples of ternary oxide systems based on alkaline earth elements (barium and strontium), lanthanum, lanthanides, and tungsten with the general formula Me(La,Ln)2WO7 were synthesized by the solid-phase method, and the elemental composition of the samples was determined by X-ray phase analysis. Using the method of adiabatic calorimetry, the dependence of the heat capacity of the samples in the helium and nitrogen temperature ranges (4-320 K) has been investigated and anomalies due to the structural features of the synthesized compounds have been recorded. The electrophysical properties of the samples were studied in a wide frequency range. As a result of the studies performed, new data on the thermodynamic and physical properties of the samples obtained were obtained, which are applicable in materials science, chemistry and solid state physics, electronics and other related industries.
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INTRODUCTION
Developing and obtaining novel materials and compounds is one of the priority tasks of modern materials science to meet the needs of the electronics industry. The data on  the physicochemical characteristics of a substance are significant both for fundamental science and for solving specific technological problems. The availability of information on the certain fundamental parameters of a substance is an obligatory basis for the development and creation of functional materials.

Interest in the synthesis and research into compounds based on rare earth elements (REE) and transition metals is due to a wide range of physicochemical properties being manifested owing to the electronic structure of lanthanides. Ceramic materials based on rare earths exhibit diverse magnetic, structural and transport properties. Thanks to this, oxide compounds based on rare earth elements and transition metals are in high demand in the modern electronics industry.

The goals and objectives for the year 2018 phase included preparation of the initial components for the synthesis of ternary oxide systems based on REE, the synthesis of samples based on alkaline earth elements, lanthanum, samarium and tungsten, identification of the samples, research into the phase composition, crystal structure, thermodynamic and thermodynamic properties of the obtained compounds   (an interim report for the year 2018, inv. № 0218RK00558) [1].

The goals and objectives for the year 2019 stage included  preparation of the initial components for the synthesis of ternary oxide systems based on REE, the synthesis of samples based on alkaline earth elements, lanthanum, europium and tungsten, identification of the samples, research into the phase composition, crystal structure, thermodynamic and thermodynamic properties of the obtained compounds   (an interim report for the year 2019, inv. № 0219RK00716) [2].

The goals and objectives for the year 2020 stage included preparation of the initial components for the synthesis of ternary oxide systems based on REE, the synthesis of samples based on alkaline earth elements, lanthanum, gadolinium and tungsten, identification of the samples, research into the phase composition, crystal structure, thermodynamic and thermodynamic properties of the obtained compounds. The work schedule for the project for 2018-2020 is presented in Appendix A.

To achieve the tasks set, the up-to-date methods of physicochemical analysis were used: X-ray powder diffraction, low-temperature adiabatic calorimetry, dielcometry, etc. The work resulted in determining  the crystallographic parameters of the obtained samples, researching into the molar heat capacity from liquid helium temperature to room temperature, obtaining the values of thermodynamic functions and electrical properties.

The relevance of the research is conditioned by the need for data on the physicochemical properties of up-to-date materials used in radio engineering, electronics, microwave technology, and a number of other industries.

The scientific novelty of the research is in obtaining novel compounds based on alkaline earth, rare earth elements and tungsten doped with lanthanides at various levels, determining the crystal structure and unit cell parameters, and researching into  their thermodynamic and electrophysical properties.

Based on the results of the research performed, articles were published in international journals with a high impact factor and abstracts of the reports at international specialized conferences (Appendix B).
1 Synthesis and research into the properties of samples of barium and strontium tangstates of lanthanum doped with  samarium
1.1 Carrying out the synthesis of samples doped with samarium 
Strontium carbonate SrCO3, barium carbonate BaCO3, tungsten oxide (VI) WO3, lanthanum oxide La2O3, samarium oxide Sm2O3 were used as starting materials for the synthesis. The reagents used while obtaining the final compounds corresponded to a "chemically pure" grade for the oxides of rare earth metals, "pure"  for barium and strontium carbonates, and "analytical grade" for tungsten oxide.

The oxides of alkaline earth and rare earth metals were additionally calcined at 900°С for two hours before the synthesis to remove excess moisture and absorbed carbon dioxide. The synthesis was carried out using the classical solid-phase method for obtaining complex oxides. Weighed portions of the starting reagents, taken in stoichiometric ratios, were thoroughly ground in an agate mortar. Then the resulting mixture of reagents was annealed at a temperature of 700°C for 10-12 hours in porcelain crucibles in an air atmosphere in order to bind tungsten oxide.

Then the precursors obtained were ground in an agate mortar and calcined in alundum crucibles in an air atmosphere in 3 stages for 6-7 hours each with a sequential temperature increase: at 900°C for 6 hours, at 1000°C for 6 hours, and the final annealing at 1200°C in three steps for 7 hours each. After each calcination stage, the product was thoroughly ground again in an agate mortar. The phase composition of the intermediate samples and the formation of target compounds were monitored by taking diffractograms on an X-ray diffractometer.

At 1000°C, in most cases, the formation of a compound structure occurs, accompanied by disappearance of the intermediate phases peaks in the diffractogram and the final separation or merging of the peaks of the basic substance. In the case if  the peaks of residual impurities were present at the final stages of the synthesis, the final annealing time was increased to 12 hours.

In such a way the doped compounds were obtained with the assumed formulas of Me(LaaSmb)2WO7, where Me = Sr, Ba; a, b are the corresponding stoichiometric coefficients depending on the taken molar ratios. The molar ratios chosen for the synthesis of these compounds corresponded to 1%, 3%, and 5% of molar fractions of Sm2O3 oxide with reference to the number of moles of lanthanum oxide La2O3. Similar  levels of substitution correspond to the most commonly used concentrations in the process of doping the rare earth elements.

The synthesis performed resulted in obtaining six compounds from the systems of complex oxides with participation of lanthanum and samarium with three levels of doping. Their theoretical formulas are Sr(La1­xSmx)2WO7 and Ba(La1­xSmx)2WO7, where x is 0.01, 0.03, and 0.05, conventionally designated as Sr­La(Sm)­W(1%), Sr­La(Sm)­W(3%), Sr­La(Sm)­W(5%), Ba­La(Sm)­W(1%), Ba­La(Sm)­W(3%), and Ba­La(Sm)­W(5%). 
1.2 Determining the samples structure by X-ray phase analysis
1.2.1 X-ray phase analysis of the synthesized samples 

Experimental measurements of  the synthesized samples diffraction patterns were carried out at the Institute of Chemistry, Nizhny Novgorod N.I. Lobachevsky State University on a Shimadzu XRD-6000 diffractometer at room temperature (CuK( -radiation, geometry of shooting on reflection, angle range 2( from 10° to 60°, step 0.02°).
The samples with  participation of strontium show the same diffraction pattern, while the compounds with participation of barium, the sample with a samarium content of 5 at% has a diffraction pattern being different from the two previous samples.

The processing of the diffraction patterns obtained, the detection of known phases and search for isostructural compounds were carried out using the Match! Version 2.3 [3] and the PDF-2 powder diffraction database [4].

X-ray phase analysis of the Sr-La(Pr)-W(1%) sample, carried out using the program Match! and the PDF-2 database, showed that the sample is represented by two phases, one of which corresponds to the SrLa2WO7 [5] (PDF-2 No. 00-049-0353), and the other is isostructural to the compound Sr5Re2O12 [6] (PDF-2 No. 01-081-1481), that is, it is the Sr3La2W2O12 substance.

The amount of the basic Sr(La,Sm)2WO7 phase in the Sr-La(Sm)-W(1%) sample is 57.5%, the Sr5W2O12 content is 42.5%.

X-ray phase analysis of Sr-La(Sm)-W(3%) and Sr-La(Sm)-W(5%) samples shows that they are also represented by two phases: Sr(La,Sm)2WO7 and Sr3La2W2O12 .

The Sr-La(Sm)-W(3%) sample consists of 60.3%  of Sr(La,Sm)2WO7  and 39.7% of Sr3La2W2O12 . The Sr-La(Sm)-W(5%) sample is represented by 60.8% of Sr(La,Sm)2WO7  and 39.2% of Sr3La2W2O12. Thus, the samples obtained at the average are composed in 60% of the target substance. It should also be noted that since the lanthanides in these samples enter the composition of only one substance, the samarium content in the target compounds is in 1.67 times higher than it was planned while doping.
X-ray phase analysis of  the samples Ba-La(Sm)-W(1%) and Ba-La(Sm)-W(3%) showed  good agreement with the compound BaLa2WO7 (PDF-2 No. 00-039-0083) [5,7-9].

As impurities with the content not higher than 3-4%, in the Ba-La(Sm)-W(1%) sample we detected by-produced barium tungstate BaWO4 [10] (PDF-2 No. 01-085-0588), and in the Ba-La(Sm)-W(3%) sample we found  residues of the unreacted lanthanum oxide La2O3 [11] (PDF-2 No. 01-083-1349).

In the Ba-La (Sm) -W (5%) sample a target compound BaLa2WO7 is present in relatively small amounts of no more than 10%. This sample mainly consists of two phases one of which is the compound  La6W2O15 (PDF-2 No. 00-037-0124) and the other is isostructural to the compound Sr5Re2O12 (PDF-2 No. 01-081-1481), i.e., most likely corresponds to the composition of Ba3La2W2O12.

The detected phases are contained in the sample in approximately equal volumetric ratios (50: 50%). Thus, the content of the samarium doping impurity of 5% is critical so that, due to the difference in atomic radii of the lanthanides, the crystal structure of the sample transits into a more stable form. 

Based on the data obtained from the X-ray phase analysis of the samples, further X-ray diffraction analysis and refinement of the crystal structure were carried out for the Ba-La(Sm)-W(1%) and Ba-La(Sm)-W(3%) samples. These samples correspond to the theoretical formulas Ba(La0.99Sm0.01)2WO7 and Ba(La0.97Sm0.03)2WO7 to a sufficiently high degree.
1.2.2 Full-profile analysis of the synthesized samples
Determining the parameters of the crystal structure and atomic positions was carried out for the samples, which were identified as individual compounds by the results of X-ray phase analysis. The initial indexing of diffraction patterns and determination of the syngony, space groups of compounds, and parameters of unit cells were performed using the DicVol06, Treor-90, and ITO programs included in the FullProf software package [12]. Simulation of difference diffraction patterns and refinement of unit cells based on the data for the selected  isostructural compounds were carried out using the Powder Cell version 2.4 program [13].

Refinement of the Ba(La0.99Sm0.01)2WO7 compound (space group P1121/b) gave the following unit cell parameters: a = 8.871 Å, b = 12.884 Å, c = 5.8377 Å, γ = 105.128°. The diffraction peaks  attributed to the impurities BaWO4 and La2O3 while doing the X-ray phase analysis after refinement appeared to  correspond to the crystal structure of BaLa2WO7. The experimental, theoretical and difference profile of the compound  are given in figure 1. 
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Figure 1 - Results of refinement of the Ba(La0.99Sm0.01)2WO7 profile 
The uncertainty factors were Rp=11.37%, Rwp=19.67%. The refined atomic positions of the compound are presented in table 1.
Table 1 - Refined atomic positions of the Ba(La0.99Sm0.01)2WO7 sample
	Atom
	Wyckoff position
	x
	y
	z
	Occupation 

	Ba
	4e
	0.4834
	0.1346
	0.4977
	1

	La1
	4e
	0.1982
	0.0860
	0.9899
	0.99

	Sm1
	4e
	-
	-
	-
	0.01

	La2
	4e
	0.0676
	-0.1310
	0.4897
	0.99

	Sm2
	4e
	-
	-
	-
	0.01

	W
	4e
	0.2831
	0.3403
	0.4780
	1

	O1
	4e
	0.5001
	0.3420
	0.4763
	1

	O2
	4e
	0.0609
	0.3221
	0.4641
	1

	O3
	4e
	0.2914
	0.4351
	0.7318
	1

	O4
	4e
	0.2551
	0.2537
	0.1962
	1

	O5
	4e
	0.3171
	0.4617
	0.2609
	1

	O6
	4e
	0.2389
	0.2085
	0.6548
	1

	O7
	4e
	0.0113
	0.0060
	0.2663
	1


Refinement of the Ba(La0.97Sm0.03)2WO7 compound gave the following unit cell parameters:  a = 8.865 Å, b = 12.8837 Å, c = 5.8335 Å, γ = 105.106°. The calculated, experimental, theoretical, and difference profiles of the compound are shown in figure 2.
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Figure 2 - Results of refinement of the Ba(La0.97Sm0.03)2WO7 profile 
The uncertainty factors are Rp=10.24%, Rwp=16.71%. The refined atomic positions are presented in table 2.
Table 2 - Refined atomic positions of the Ba(La0.97Sm0.03)2WO7 sample
	Atom
	Wyckoff position
	x
	y
	z
	Occupation 

	Ba
	4e
	0.4828
	0.1336
	0.4968
	1

	La1
	4e
	0.1964
	0.0860
	0.9899
	0.97

	Sm1
	4e
	-
	-
	-
	0.03

	La2
	4e
	0.0676
	-0.1310
	0.4879
	0.97

	Sm2
	4e
	-
	-
	-
	0.03

	W
	4e
	0.2821
	0.3393
	0.4770
	1

	O1
	4e
	0.5006
	0.3423
	0.4748
	1

	O2
	4e
	0.0592
	0.3227
	0.4623
	1

	O3
	4e
	0.2915
	0.4354
	0.7319
	1

	O4
	4e
	0.2536
	0.2527
	0.1962
	1

	O5
	4e
	0.3153
	0.4619
	0.2609
	1

	O6
	4e
	0.2371
	0.2071
	0.6548
	1

	O7
	4e
	0.0113
	0.0061
	0.2645
	1


As can be seen from the data obtained, with a change in the content of samarium in the composition of the samples studied, the linear parameters of the unit cell change weakly, while the monoclinic angle slightly decreases.
1.3 Research into the temperature dependence of the heat capacity of the compounds doped with samarium by adiabatic calorimetry
1.3.1 Experimental measurements of the low-temperature heat capacity of the samples
The heat capacity of the Sr(La1­xSmx)2WO7 and  Ba(La1­xSmx)2WO7  samples was measured from the temperature of liquid helium by adiabatic calorimetry on a Termax low-temperature thermophysical unit [14]. The weighted portion was 0.70.8 g for strontium samples and 1.1-1.2 for barium samples. Titanium containers with the samples were evacuated and filled with gaseous helium. To improve the thermal conductivity a copper plate was placed into the container. The measurement step was from 0.3 K to 3 K depending on the temperature range, the measurement interval was 4.2–80 K. The total temperature range of measurements was passed twice, in the temperature range up to 20 K, the heat capacity was measured at least three times.

Anomalies in the heat capacity at low temperatures associated with the presence of Sm3+ ions in the crystal structure of the compounds were found in all the studied samples. The anomalies have the form of gentle blurred peaks of a low intensity over the range from 5 to 12 K (figure 3). The smoothed values of the measured heat capacity of the samples are given in table 3.
Table 9 - Molar heat capacity Cp of the samples studied, J/(mol·K)
	T, K
	Sr-LaSm-W(1%)
	Sr-LaSm-W(3%)
	Ba-LaSm-W(1%)
	Ba-LaSm-W(3%)

	5
	0.168
	0.302
	0.143
	0.171

	10
	1.032
	1.055
	1.265
	1.296

	15
	2.998
	3.267
	3.264
	3.233

	20
	6.588
	7.046
	7.185
	7.198

	25
	11.67
	12.26
	12.75
	13.08

	30
	17.90
	18.30
	19.50
	20.12

	40
	31.36
	30.96
	34.20
	34.99

	50
	44.84
	43.93
	48.92
	49.90

	60
	57.30
	56.48
	62.78
	64.43

	70
	68.73
	68.13
	75.56
	77.08

	80
	79.54
	79.34
	87.31
	88.42

	90
	90.30
	90.67
	98.14
	99.05

	100
	101.1
	101.4
	108.4
	109.7

	150
	147.0
	147.3
	152.7
	154.3

	200
	179.8
	181.2
	185.3
	186.3

	250
	205.0
	203.7
	209.1
	210.2

	298.15
	222.1±1.4
	220.5±1.0
	225.7±1.2
	224.1±1.0

	300
	222.6
	221.2
	226.0
	224.7
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Upper: left - Sr-La(Sm)-W(1%), right - Sr-La(Sm)-W(3%); 

below: left - Ba-La(Sm)-W(1%), right - Ba-La(Sm)-W(3%) 

Figure 3 - Experimental dependence of the samples heat capacity 

1.3.2 Determining of parameters of the low-temperature anomalies in the samples

An anomalous component of the heat capacity was calculated by transforming and subtracting the lattice component from the total heat capacity in accordance with  equations [15, 16]:
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For the selected lattice and anomalous components of the heat capacity, the  smoothed dependences were obtained. The equations for these dependences were used to calculate the changes in enthalpy and entropy in the observed anomalous transitions.

As a rule, for mathematical calculation and simulation of thermodynamic characteristics of the low-temperature anomalies of this type, the Schottky equation is used, which relates the number of possible energy levels in a compound, a magnitude  of energy for these levels and the population density of the levels by substance particles participating in the phase transformation in respect to one mole of the substance amount.

However, since the anomalies observed are caused by the presence of atoms of the lanthanide dopant, the number of which is the hundredths of a mole, the application of this equation is not entirely correct. Instead, a mathematical equation for a asymmetric normal distribution describing the observed relationships with reasonable accuracy was used.

The obtained values of changes in the enthalpy and entropy in the anomalies of the samples heat capacity are presented in tables 4 и 5. The magnitude of the entropy change in the observed transformations is much less than a theoretical value of R ln 2, that is due to the replacement of only a part of lanthanum atoms by samarium atoms upon doping of the compounds.
Table 4 - Values of enthalpy change and entropy change in the anomalous heat capacity of the samples
	Sample
	ΔHan, J/mol
	ΔSan, J/mol∙K

	Sr-La(Sm)-W(1%)
	1.778
	0.243

	Sr-La(Sm)-W(3%)
	1.084
	0.176

	Ba-La(Sm)-W(1%)
	1.835
	0.205

	Ba-La(Sm)-W(3%)
	1.188
	0.136


Table 5 - Values of entropy and enthalpy of samples
	T, K
	Sr(La0.99Sm0.01)2WO7
	Sr(La0.97Sm0.03)2WO7
	Ba(La0.99Sm0.01)2WO7
	Ba(La0.97Sm0.03)2WO7

	
	S°(T),

J/mol∙K
	ΔH°(T)

J/mol
	S°(T),

J/mol∙K
	ΔH°(T)

J/mol
	S°(T),

J/mol∙K
	ΔH°(T)

J/mol
	S°(T),

J/mol∙K
	ΔH°(T)

J/mol

	5
	0.050
	0.192
	0.140
	0.478
	0.0475
	0.1781
	0.0436
	0.1736

	10
	0.459
	3.386
	0.559
	3.703
	0.500
	3.754
	0.510
	3.860

	25
	4.491
	81.00
	4.879
	86.71
	4.940
	88.97
	4.975
	89.70

	50
	22.61
	782.4
	22.94
	783.5
	24.69
	853.7
	25.22
	872.7

	100
	71.56
	4473
	71.61
	4459
	78.16
	4881
	79.60
	4966

	150
	121.6
	10716
	121.7
	10718
	130.9
	11459
	132.9
	11609

	200
	168.7
	18943
	169.1
	18984
	179.4
	19933
	181.8
	20154

	250
	211.6
	28580
	212.0
	28636
	223.4
	29815
	226.2
	30125

	298.15
	249.3±2.3
	38916±312
	249.4±2.0
	38845±253
	262.0±2.2
	40360±281
	264.4±2.1
	40582±260

	300
	250.7
	39327
	250.7
	39254
	263.4
	40778
	265.8
	40997


1.4 Research into the electrophysical properties of compounds doped with samarium
1.4.1 Electrophysical properties of strontium samples
The electrophysical properties of the samples were measured over the range from 25 Hz to 10 MHz on an E7-28 immittance meter manufactured by OJSC MNIPI (Minsk) with a Keysight 16451B attachment for measuring the dielectric properties of materials. The measurements were carried out on the samples with a diameter of 1 cm pressed under a pressure of 5 t/cm2. The layer thickness was 2.07-2.12 mm, the electrode diameter (type B) was 5 mm, and the sinusoidal voltage was 1.0 V. It was resulted in obtaining sets of data on capacitance Cp,   the tangent of dielectric loss angle tg δ,  the resistance in parallel connection Rp  a  quality factor Q and modulus of complex resistance | Z | of the samples.  The calculation of the relative permittivity ε was done according to the equation:
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where Cp  is the measured capacity of a sample in a parallel circuit connection, F; l is a sample thickness, m; S is the electrode surface area, м2; ε0  is the dielectric constant value equal to 8,854·10­12 F/m [17]. All the measurements were carried out at room temperature 20 ± 2°С in three series, then the values obtained were averaged.
The dielectric capacitance Cp of the measured samples is several picofarads, and  it gradually decreases in the frequency range from 25 Hz to 1 kHz, and remains practically constant in the rest of the frequency range, slightly increasing at frequencies above 5 MHz. On the graph of dielectric permittivity ε, the maximum value of ε reaches 20 for Sr-La(Sm)-W(1%)  and 53 for Sr-La(Sm)-W(5%). This is a fairly good indicator for ceramic dielectric materials.  At frequencies above 1 kHz, the values of all three samples are mainly in the ε range from 7 to 10, increasing up to 9-15 above 5 MHz, what corresponds to the indicators of conventional dielectric materials.

The active resistance of the samples Rp decreases noticeably at frequencies above 500 Hz, thus, the conductivity of the samples, as the frequency increases, correspondingly increases. The complex resistance modulus |Z| behaves in a similar way, however, a noticeable drop in this value begins at frequencies above 5 kHz, what ultimately manifests itself in an increase in the impedance of the samples over this range. This fact is reflected in the graphs of the tangent of the dielectric loss angle tgδ, which pass through a maximum over the frequency range of 100-1000 Hz.

The dependences of the active resistance Rp , the minimum values of which are  of the order of 1 MΩ, show that the samples are good insulators in the low-frequency region. The dielectric properties in the region of medium and high frequencies are average, however,  above 1 MHz, the samples have rather high Q values. The influence of the content of the dopant element for the samples studied is predominantly linear. The maximum values of the Q- factors of the compounds studied are in the high frequency region above 1 MHz, with two peaks: at 1–2 MHz and at 4–5 MHz.

An error in determining the electrophysical properties of the samples was determined on the basis of the root-mean-square standard deviation in three series of measurements and took values from 8% to 2% over the frequency range of  25-100 Hz, from 3% to 1% at 100-10000 Hz, and from 1% to 0.03% in the rest of the frequency range, 1.04% on the average.
1.4.2 Electrophysical properties of barium samples
The capacitance of the samples has good characteristics; the dielectric constant in most of the frequency range varies from 7 to 9, reaching a maximum of 20 for a 1% samarium content and 60 for a 3% doping level.

The values of the dielectric loss tangent close to zero are observed for frequencies above 1 kHz, and, accordingly, the Q values have good performance over this frequency range. At the same time, several areas of maximum Q-factor readings can be distinguished in the samples: at 700-900 kHz, at 1-2 MHz, and at 5 MHz.

The dependences of resistance and modulus of complex resistance for the samples with participation of barium are similar to those of the samples based on strontium, that is, they also have a logarithmic character and indicate good insulating properties. In this case, the values of the dielectric constant of 60 and higher in barium samples are achieved already at a samarium doping level of 3%, while in strontium samples these values are observed at a samarium content of 5%. The Q factors also noticeably increase to values of 200 and 300 at frequencies above 1 MHz.

The measurement error of the electrophysical properties of barium samples is from 6% to 1% in the frequency range  of 25-100 Hz; from 1% to 0.5% at 100-10000 Hz, and from 0.5% to 0.02% in the rest of the frequency range, 0.51% on the average.
2 Synthesis and research into the properties of samples of barium and strontium tungstates of lanthanum doped with europium 
2.1 Carrying out high-temperature synthesis of the samples doped with europium
Strontium carbonate SrCO3, barium carbonate BaCO3, tungsten oxide (VI) WO3, lanthanum oxide La2O3, europian oxide Eu2O3 were used as starting materials for the synthesis. The reagents used while obtaining the final compounds corresponded to a "chemically pure" grade for the oxides of rare earth metals, "pure"  for barium and strontium carbonates, and "analytical grade" for tungsten oxide.

The oxides of alkaline earth and rare earth metals were additionally calcined at 900°С for two hours before the synthesis to remove excess moisture and absorbed carbon dioxide. The synthesis was carried out by classical solid-phase method for obtaining complex oxides. Weighed portions of the starting reagents, taken in stoichiometric ratios, were thoroughly ground in an agate mortar. Then the resulting mixture of reagents was annealed at a temperature of 700°C for 10-12 hours in porcelain crucibles in an air atmosphere in order to bind tungsten oxide.

Then the precursors obtained were ground in an agate mortar and calcined in alundum crucibles in an air atmosphere in 3 stages for 6-7 hours each with a sequential temperature increase: at 900°C for 6 hours, at 1000°C for 6 hours, and the final annealing at 1200°C in three steps for 7 hours each. 
After each calcination stage, the product was thoroughly ground again in an agate mortar. The phase composition of the intermediate samples and the formation of target compounds were monitored by taking diffractograms on an X-ray diffractometer.

At 1000°C, in most cases, the formation of a compound structure occurs, accompanied by disappearance of the intermediate phases peaks in the diffractogram and the final separation or merging of the peaks of the basic substance. In the case if  the peaks of residual impurities were present at the final stages of the synthesis, the final annealing time was increased to 12 hours.

In such a way the doped compounds were obtained with the assumed formulas of Me(La1-xEux)2WO7, where Me = Sr, Ba; x is a stoichiometric coefficient depending on the taken molar ratios. 
The molar ratios chosen for the synthesis of these compounds corresponded to 1%, 3%, and 5% of molar fractions of Eu2O3 oxide with reference to the number of moles of lanthanum oxide La2O3. Similar  levels of substitution correspond to the most commonly used concentrations in the process of doping of the rare earth elements.

The synthesis performed resulted in obtaining six compounds from the systems of complex oxides with participation of lanthanum and europium with three levels of doping. Their theoretical formulas are Sr(La1­xEux)2WO7 and Ba(La1­xEux)2WO7,  where x is 0.01, 0.03, and 0.05 conventionally designated as Sr­La(Eu)­W(1%), Sr­La(Eu)­W(3%), Sr­La(Eu)­W(5%), Ba­La(Eu)­W(1%), Ba­La(Eu)­W(3%), and Ba­La(Eu)­W(5%). 
2.2 Determination of the samples crystal structure matching by X-ray phase analysis
2.2.1 X-ray phase analysis of the synthesized samples
Experimental measurements of  the synthesized samples diffraction patterns were carried out at the Institute of Chemistry, Nizhny Novgorod N.I. Lobachevsky State University on a Shimadzu XRD-6000 diffractometer at room temperature (CuK( -radiation, geometry of shooting on reflection, angle range 2( from 10° to 60°, step 0.02°).
Both strontium and barium samples show the same diffraction pattern suggesting that identical conditions were maintained in the process of synthesis.

The processing of the diffraction patterns obtained, the detection of known phases and search for isostructural compounds were carried out using the Match! Version 2.3 [3] and the PDF-2 powder diffraction database [4].
X-ray phase analysis of the Sr-La(Eu)-W(1%) sample, carried out using the program Match! and the PDF-2 database, showed that the sample is represented by two phases, one of which corresponds to the SrLa2WO7 [15] (PDF-2 No. 00-049-0353), and the other is isostructural to the compound  Sr5Re2O12 (PDF-2 No. 01-081-1481), i.e.,  taking into account the elements present in the composition, it corresponds to the formula of  Sr3La2W2O12.

The amount of the basic Sr(La,Eu)2WO7 phase in the Sr-La(Eu)-W(1%) sample is 66.34 wt%,  the content of Sr3La2W2O12 is equal to 33.46 wt%.  Also, from the diffraction pattern  one can assume the presence of additional impurities, however, they are observed in quantities not exceeding one percent, that is, less than the determination accuracy of the X-ray phase analysis method.

X-ray phase analysis of Sr-La(Eu)-W(3%) and Sr-La(Eu)-W(5%) samples shows that they are also mainly represented by two phases: Sr(La,Eu)2WO7 and Sr3La2W2O12.

The Sr-La(Eu)-W(3%) sample consists of 66.20% of  Sr(La,Eu)2WO7  and 39.7% of Sr5W2O12. The Sr-La(Sm)-W (5%) sample is represented by 60.8% of Sr(La,Sm)2WO7 and 33.80% of Sr3La2W2O12. Thus, the obtained samples are at least two-thirds of the target substance.

X-ray phase analysis of samples Ba-La (Eu) -W (1%), Ba-La (Eu) -W (3%) and Ba-La (Eu) -W (5%) showed good agreement with the target compound BaLa2WO7 (PDF-2 No. 00-039-0083) [5,7-9],  which crystallizes in the monoclinic system.

Besides the main phase, in all the samples with the participation of barium we detected the residues of incompletely reacted starting compounds represented by barium tungstate BaWO4 (PDF-2 No. 01-085-0588) and lanthanum oxide La2O3 (PDF-2 No. 01-083-1349), the content of which was determined at the level of about 3-4%.

The ratios between the detected side  impurities are approximately in equal molar amounts, what  indicates the absence of nonstoichiometry in the target compounds.  No other impurities were found.

The refined contents  of impurities of barium tungstate and lanthanum oxide in the samples in terms of moles are 7.3 mol.%  for the Ba-La(Eu)-W(1%) sample, 6.8 mol.%  for  the Ba-La(Eu)-W(3%) sample, 7.8 mol% for the Ba-La(Eu)-W(5%) sample, from what it follows that the content of the basic phase in the samples is 92.13 wt%, 92.72 wt%, and 91.71 wt%, respectively.

Based on the obtained X-ray phase analysis data, it was found that the target compounds were formed in all the samples. Thus, further X-ray structural analysis and refinement of the crystal structure were carried out for all the samples. These samples correspond to the theoretical formulas to a sufficiently high degree.

2.2.2 Full-profile analysis of the synthesized samples
The determination of the parameters of the crystal structure was carried out with a sequential refinement, at first, of  general parameters of the diffraction pattern, then the sizes of the unit cell and the shape of peaks, and then variation of atomic positions. 
The initial indexing of diffraction patterns and determination of the syngony, space groups of compounds and parameters of unit cells were carried out using the DicVol06, Treor-90, and ITO programs included in the FullProf software package [12]. The simulation of difference diffraction patterns and refinement of the unit cell parameters were carried out based on the data for the selected isostructural compounds using the Powder Cell version 2.4 program [13].

Refinement of the compound Sr(La0.99Eu0.01)2WO7 (space group P1121/b) gave the unit cell parameters a = 8.8274 Å, b = 12.6750 Å, c = 5.7818 Å, γ = 105.147°. Unreliability factors in the calculation were Rp=14.62%, Rwp=19.14%. 

Refinement of the compound Sr(La0.97Eu0.03)2WO7 gave the unit cell parameters a=8.8274 Å, b=12.6780 Å, c=5.7757 Å, γ=105.142°. Unreliability factors at calculations were Rp=9.47%, Rwp=12.82%.

Refinement of the compound Sr(La0.95Eu0.05)2WO7 gave the unit cell parameters a=8.8274 Å, b=12.6748 Å, c=5.7766 Å, γ=105.148°. Unreliability factors at calculations were Rp=9.83%, Rwp=13.30%.

As can be seen from the data obtained, with a change in the europium content in the composition of samples based on strontium, the unit cell parameters change insignificantly.

Refinement of the Ba(La0.99Eu0.01)2WO7  compound (space group P1121/b) gave the unit cell parameters a = 8.8577 Å, b = 12.8804 Å, c = 5.8371 Å, γ = 105.128 °. Unreliability factors were Rp=11.25%, Rwp=17.17% (figure 4). 
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Figure 4 - Results of refinement of the Ba(La0.99Eu0.01)2WO7 profile
Refinement of the  Ba(La0.97Eu0.03)2WO7 compound gave the unit cell parameters a=8.8577 Å, b=12.8769 Å, c=5.8346 Å, γ=105.126°. Unreliability factors were Rp=11.63%, Rwp=17.34% (figure 5). 
Refinement of the  Ba(La0.95Eu0.05)2WO7 compound gave the unit cell parameters a=8.8577 Å, b=12.8752 Å, c=5.8305 Å, γ=105.124°. Unreliability factors were  Rp=12.49%, Rwp=16.29% (figure 6). 
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Figure 5 - Results of refinement of the Ba(La0.97Eu0.03)2WO7 profile
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Figure 6 - Results of refinement of the Ba(La0.95Eu0.05)2WO7 profile
As can be seen from the data obtained, with an increase in the europium content in the composition of barium-based samples, the linear parameters b and c of the unit cell slightly decrease, while the monoclinic angle remains practically unchanged.

Thus, for compounds with the participation of europium, the unit cell sizes of the compounds change only slightly, since the values of the ionic radius for europium are quite close in size to the lanthanum atoms.
2.3 Research into the temperature dependence of the heat capacity of the compounds doped with europium by adiabatic calorimetry
2.3.1 Experimental measurements of the low-temperature heat capacity of the samples
The heat capacity of the Sr(La1­xEux)2WO7 и Ba(La1­xEux)2WO7  samples was measured from the temperature of liquid helium by adiabatic calorimetry on a Termax low-temperature thermophysical unit [14]. The weighted portion was from 0.8 to 1.3 g for strontium samples and  from 1.3 to 2.2 g  for barium samples. Titanium containers with the samples were evacuated and filled with gaseous helium and were sealed with indium gasket.  The measurement step was from 0.3 K to 3 K depending on the temperature range, the measurement interval was 4.2–320 K. The total temperature range of measurements was passed several times, in the temperature range up to 20 K, the heat capacity was measured at least three times.
In the low-temperature heat capacity of the samples with  participation of barium, anomalous deviations from the usual course of the heat capacity were found. The anomalies have the form of gentle peaks of low intensity in the range from 5 to 8 K; there are no pronounced anomalies in the samples with strontium (figure 7). 
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Upper: left - Sr-La(Eu)-W(1%), right - Sr-La(Eu)-W(3%); 

below: left - Ba-La(Eu)-W(1%), right - Ba-La(Eu)-W(5%) 

Figure 7 - Experimental dependence of the samples heat capacity
2.3.2 Determination of thermodynamic functions of the synthesized samples
To calculate the thermodynamic functions, a mathematical description of the temperature dependences of the heat capacity of the compounds obtained was done. When processing the data measured, we used a spline approximation of the experimental values of the heat capacity by polynomials of the third degree of the form Cp=a0+a1T+a2T 2+a3T 3 [18,19]. Below a temperature of 5 K, the heat capacity values are extrapolated to absolute zero in accordance with the polynomial of an odd degree Cp=aT 3+bT 5. The overlapping of the experimental points in the areas of polynomial change was at least 3-4 points. 

The values of the main thermodynamic functions of entropy S(T),  changes in enthalpy H(T)−H(0)  and reduced thermodynamic potential Φ(Т)  of the synthesized samples were determined by the coefficients of the obtained polynomials using the following expressions:
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The calculated values of the thermodynamic functions of the  compounds studied over the temperature range of 5-300 K are presented in tables 6-9 together with the corresponding uncertainties.
Table 6 – Thermodynamic functions of Sr(La0.99Eu0.01)2WO7 

	
	
	
	
	

	T, K
	C°p(T),

J/mol∙K
	S°(T),

J/mol∙K
	ΔH°(T)

J/mol
	Φ(T),

J/mol∙K

	5
	0.145
	0.045
	0.173
	0.011

	10
	0.286
	0.196
	1.290
	0.067

	25
	5.915
	1.855
	34.628
	0.470

	50
	26.00
	11.84
	423.2
	3.370

	100
	63.95
	42.04
	2711
	14.93

	150
	95.26
	74.05
	6711
	29.31

	200
	119.3
	104.9
	12105
	44.40

	250
	135.7
	133.4
	18501
	59.39

	298.15
	147.8±0.8
	158.4±1.7
	25349±205
	73.40±1.37

	300
	148.1
	159.3
	25623
	73.92


Table 7 – Thermodynamic functions of Sr(La0.97Eu0.03)2WO7 

	
	
	
	
	

	T, K
	C°p(T),

J/mol∙K
	S°(T),

J/mol∙K
	ΔH°(T)

J/mol
	Φ(T),

J/mol∙K

	5
	0.152
	0.056
	0.205
	0.015

	10
	0.929
	0.356
	2.583
	0.097

	25
	7.395
	3.308
	58.10
	0.984

	50
	25.68
	13.75
	460.5
	4.536

	100
	63.46
	43.67
	2727
	16.39

	150
	94.57
	75.34
	6686
	30.77

	200
	118.7
	106.0
	12041
	45.78

	250
	135.2
	134.5
	18437
	60.72

	298.15
	146.3±1.1
	159.2±1.7
	25204±233
	74.66±1.49

	300
	146.8
	160.1
	25475
	75.18


Table 8 – Thermodynamic functions of Ba(La0.99Eu0.01)2WO7 

	
	
	
	
	

	T, K
	C°p(T),

J/mol∙K
	S°(T),

J/mol∙K
	ΔH°(T)

J/mol
	Φ(T),

J/mol∙K

	5
	0.130
	0.027
	0.110
	0.005

	10
	1.053
	0.375
	2.874
	0.088

	25
	11.62
	4.375
	79.75
	1.185

	50
	45.00
	22.57
	784.1
	6.889

	100
	100.7
	71.95
	4507
	26.89

	150
	141.8
	120.9
	10611
	50.16

	200
	171.2
	166.0
	18482
	73.57

	250
	192.9
	206.6
	27598
	96.18

	298.15
	208.4±0.7
	242.0±1.8
	37294±194
	116.9±1.5

	300
	208.9
	243.3
	37680
	117.7


Table 9 – Thermodynamic functions of Ba(La0.95Eu0.05)2WO7 

	
	
	
	
	

	T, K
	C°p(T),

J/mol∙K
	S°(T),

J/mol∙K
	ΔH°(T)

J/mol
	Φ(T),

J/mol∙K

	5
	0.146
	0.040
	0.156
	0.009

	10
	0.956
	0.331
	2.473
	0.083

	25
	11.74
	4.393
	80.69
	1.165

	50
	44.91
	22.64
	786.7
	6.908

	100
	100.8
	72.05
	4512
	26.93

	150
	141.8
	121.0
	10619
	50.22

	200
	170.9
	166.0
	18478
	73.64

	250
	193.6
	206.6
	27597
	96.25

	298.15
	208.4±0.7
	242.2±1.9
	37320±211
	117.0±1.6

	300
	208.8
	243.5
	37706
	117.8


2.4 Research into the electrophysical properties of the compounds doped with europium
2.4.1 Electrophysical properties of strontium samples
The electrophysical properties of the samples were measured over the range from 25 Hz to 10 MHz on an E7-28 immittance meter manufactured by OJSC MNIPI (Minsk) with a Keysight 16451B attachment for measuring the dielectric properties of materials. 
The measurements were carried out on the tablets of samples pressed under a pressure of 5 t/cm2  with a diameter of 1 cm. 
The layer thickness was 2.24-2.40 mm, the electrode diameter (type B) was 5 mm, and the sinusoidal voltage was 1.0V. It  resulted in obtaining sets of data on capacitance Cp,  the tangent of dielectric loss angle tg δ,  the resistance in parallel connection Rp  a  quality factor Q and modulus of complex resistance | Z | of the samples.  
The calculation of the relative dielectric permittivity ε was carried out  according to the equation (1.3). All the measurements were carried out at room temperature 20 ± 2°С in three series, then the values obtained were averaged.
The dielectric capacitance Cp of the measured samples is several picofarads, and  it gradually decreases in the frequency range from 25 Hz to 1 kHz, and remains practically constant in the rest of the frequency range, slightly increasing at frequencies above 5 MHz. On the graph of dielectric permittivity ε, the maximum value of ε reaches 134 for Sr-La(Eu)-WO7 (1%)  and  185 for Sr-La(Eu)-WO7 (3%). This is a fairly good indicator for ceramic dielectric materials.  At frequencies above 1 kHz, the values of all the three samples are mainly in the ε range from 7 to 10, increasing up to 9-15 above 5 MHz, what corresponds to the indicators of conventional dielectric materials.

The active resistance of the samples Rp decreases noticeably at frequencies above 500 Hz, thus, the conductivity of the samples, as the frequency increases, correspondingly increases. The complex resistance modulus | Z | behaves in a similar way, however, a noticeable drop in this value begins at frequencies above 5 kHz, what ultimately manifests itself in an increase in the impedance of the samples over this range. This fact is reflected in the graphs of the tangent of the dielectric loss angle tgδ, which pass through a maximum over the frequency range of 1000-2100 Hz.

The dependences of the active resistance Rp , the minimum values of which are  of the order of 0.37 MΩ, show that the samples are relatively good insulators in the low-frequency region. The dielectric properties in the region of medium and high frequencies are average, however,  above 1.1 MHz, the Q values in the samples increase. The influence of the content of the dopant element for the samples studied is of variable character. The maximum values of the Q- factors of the compounds studied are in the high frequency region above 1 MHz, with two peaks: at 1–2 MHz and at 4–5 MHz.
An uncertainty  in determining the electrophysical properties of the samples was determined based on the root-mean-square standard deviation in three series of measurements and took values from 8% to 2% over the frequency range of  25-100 Hz, from 3% to 1% at 100-10000 Hz, and from 1% to 0.03% in the rest of the frequency range, 1.7% on the average.
2.4.2 Electrophysical properties of barium samples 

The capacitance of the samples has good characteristics; the dielectric constant in most of the frequency range varies from 8 to 10, reaching a maximum of 80 for a 1% europium content and 160 for a 3% doping level.

The values of the dielectric loss tangent close to zero are observed for frequencies above 1 kHz, and, accordingly, the Q values have good performance over this frequency range. At the same time, several areas of maximum Q-factor readings can be distinguished in the samples: at 700-900 kHz, at 1-2 MHz, and at 5 MHz.

The dependences of resistance and modulus of complex resistance for the samples with participation of barium are similar to those of the samples based on strontium, that is, they also have a logarithmic character and indicate good insulating properties. In this case, the values of the dielectric constant of 100 and higher in barium samples are achieved already at a doping level with europium of 3%, as is the case with strontium samples.  The Q factors for the sample with a 3% doping  noticeably increase up to the values of 1400 at frequencies above 1 MHz.

The measurement uncertainty of the electrophysical properties of barium samples is from 6% to 14-19% in the frequency range  of 25-100 Hz; from 3.5% to 95% at 100-10000 Hz, and from 1% to 0.2% in the rest of the frequency range, 3.7% on the average.
3 Synthesis and research into the properties of samples of barium and strontium tungstates of lanthanum doped with gadolinium
3.1 Synthesis of the samples doped with gadolinium
Strontium carbonate SrCO3, barium carbonate BaCO3, tungsten oxide (VI) WO3, lanthanum oxide La2O3, gadolinium oxide Gd2O3were used as starting materials for the synthesis. The reagents used while obtaining the final compounds corresponded to a "chemically pure" grade for the oxides of rare earth metals, "pure"  for barium and strontium carbonates, and "analytical grade" for tungsten oxide. The oxides of alkaline earth and rare earth metals were additionally calcined at 900°С for two hours before the synthesis to remove excess moisture and absorbed carbon dioxide. The synthesis was carried out using the classical solid-phase method for obtaining complex oxides. Weighed portions of the starting reagents, taken in stoichiometric ratios, were thoroughly ground in an agate mortar. Then the resulting mixture of reagents was annealed at a temperature of 700°C for 10-12 hours in porcelain crucibles in an air atmosphere in order to bind tungsten oxide.

Then the precursors obtained were ground in an agate mortar and calcined in alundum crucibles in an air atmosphere in 3 stages for 6-7 hours each with a sequential temperature increase: at 900°C for 6 hours, at 1000°C for 6 hours, and the final annealing at 1200°C in three steps for 7 hours each. After each calcination stage, the product was thoroughly ground again in an agate mortar. The phase composition of the intermediate samples and the formation of target compounds were monitored by taking diffraction patterns on an X-ray diffractometer.  At 1000°C, in most cases, formation of the compound structure occurs, accompanied by disappearance of the intermediate phases peaks in the diffraction pattern and the final separation or merging of the peaks of the basic substance. In the case if  the peaks of residual impurities were present at the final stages of the synthesis, the final annealing time was increased to 12 hours.

In such a way the doped compounds were obtained with the assumed formulas of Me(La1-xGdx)2WO7, where Me = Sr, Ba; x is a stoichiometric coefficient depending on the taken molar ratios. The molar ratios chosen for the synthesis of these compounds corresponded to 1%, 3%, and 5% of molar fractions of Gd2O3 oxide with reference to the number of moles of lanthanum oxide La2O3. Similar  levels of substitution correspond to the most commonly used concentrations in the process of doping of the rare earth elements.

Upon completion of the synthesis, the end products were sampled for diffractometric and calorimetric studies (figure 8). 
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From left to right: the Sr­La(Gd)­W samples with doping levels of 1, 3, and 5 at% Gd
and the Ba-La (Gd)-W samples with doping levels of 1, 3, and 5 at% Gd
Figure 8 - Synthesized samples of ternary oxides
The synthesis performed resulted in obtaining six compounds from the systems of complex oxides with participation of lanthanum and gadolinium elements with three levels of doping. 
Their theoretical formulas are Sr(La1­xGdx)2WO7 and Ba(La1­xGdx)2WO7, where x is 0.01, 0.03, and 0.05, conventionally designated as Sr­La(Gd)­W(1%), Sr­La(Gd)­W(3%), Sr­La(Gd)­W(5%), Ba­La(Gd)­W(1%), Ba­La(Gd)­W(3%), and Ba­La(Gd)­W(5%). 
3.2 Determination of the samples crystal structure matching by X-ray phase and full-profile analyses
3.2.1 X-ray phase analysis of the synthesized samples
Experimental measurements of  the synthesized samples diffraction patterns (figures 9, 10) were carried out at the Institute of Chemistry, Nizhny Novgorod N.I. Lobachevsky State University on a Shimadzu XRD-6000 diffractometer at room temperature (CuK( -radiation, geometry of shooting on reflection, angle range 2( from 10° to 60°, step 0.02°).
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From top to bottom: samples with gadolinium content of 1, 3, and 5 at.%

Figure 9 - Experimental diffraction patterns of Sr-La(Gd)-W samples
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From top to bottom: samples with gadolinium content of 1, 3, and 5 at.%

Figure 10 - Experimental diffraction patterns of Ba-La(Gd)-W samples
Diffraction patterns for the same type of samples with different levels of doping with gadolinium - 1, 3, and 5 at.% are presented in each figure. The samples with participation of barium samples show approximately the same diffraction pattern, however, the strontium samples demonstrate more complex mixture of phases. 

The processing of the diffraction patterns obtained, detection of known phases and search for isostructural compounds were carried out using computer programs the Match! Version 2.3 [3] and the PDF-2 powder diffraction database [4].

X-ray phase analysis of the Sr-La(Gd)-W(1%) sample, carried out using the program Match! and the PDF-2 database, showed that the sample is mainly represented by phase, which is isostructural to the compound  Sr5Re2O12 (PDF-2 No. 01-081-1481), that is, it is the Sr3La2W2O12 substance.

The Sr-La(Gd)-W(3%) sample is represented by two phases, main of which is isostructural to the compound  Sr5Re2O12 (PDF-2 No. 01-081-1481), that is, it is the Sr3La2W2O12 substance, and the other corresponds to the compound of SrLa2WO7 [15] (PDF-2 No. 00-049-0353). The amount of the Sr(La,Gd)2WO7 phase in the Sr-La(Gd)-W(3%) sample is 38%, the content of Sr5W2O12 is 62%.

X-ray phase analysis of Sr-La(Gd)-W(5%) sample shows that it is also represented by phase Sr3La2W2O12.

The Sr-La(Gd)-W(3%) and Sr-La(Gd)-W(5%) samples consists of Sr3La2W2O12 more than 90%. Thus, the samples obtained are composed mainly of the non-target substance. It should also be noted that since the lanthanides in these samples enter the composition of only one substance, the gadolinium content in the target compounds is in 1.67 times higher than it was planned while doping. Due to the high content of non-target compounds, X-ray diffraction analysis of strontium samples was not performed, as well as subsequent calorimetric measurements.

X-ray phase analysis of samples Ba-La (Gd) -W (1%) and Ba-La (Gd) -W (3%) showed good agreement with the compound of BaLa2WO7 (PDF-2 No. 00-039-0083)  [12-15] . As impurities with a low content we detected in the samples accidentally formed barium tungstate BaWO4 (PDF-2 No. 01-085-0588) and the remains of unreacted lanthanum oxide La2O3 (PDF-2 No. 01-083-1349).

According to the X-ray phase analysis data the content of the target compound BaLa2WO7 in the Ba-La(Gd)-W samples  is about 80-90%. Based on the data obtained from the performed X-ray phase analysis of the samples, further X-ray structural analysis and refinement of the crystal structure were carried out for barium samples. These samples correspond to the theoretical formulas of Ba(La0.99Gd0.01)2WO7, Ba(La0.97Gd0.03)2WO7 and Ba(La0.95Gd0.05)2WO7 to a sufficiently high degree.
3.2.2 Full-profile analysis of the synthesized samples
Determining the parameters of the crystal structure and atomic positions was carried out for the samples, which were identified as individual compounds by the results of X-ray phase analysis. The initial indexing of diffraction patterns and determination of the syngony, space groups of compounds, and parameters of unit cells were performed using the DicVol06, Treor-90, and ITO programs included in the FullProf software package [9]. Simulation of difference diffraction patterns and refinement of unit cells based on the data for the selected  isostructural compounds were carried out using the Powder Cell version 2.4 program [10].

Refinement of the Ba(La0.99GD0.01)2WO7 compound (space group P1121/b) gave the following unit cell parameters: a = 8.871 Å, b = 12.884 Å, c = 5.8377 Å, γ = 105.128 °. The experimental, theoretical and difference profile of the compound  are given in figure 11.
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Figure 11 - Results of refinement of the Ba(La0.99Gd0.01)2WO7 profile 
The uncertainty factors were Rp=11.37%, Rwp=19.67%. The content of the main phase is 85.58 wt%, the BaWO4 impurity is 8.69 wt%, the La2O3 impurity is 5.73 wt%. The refined atomic positions of the compound are presented in table 10.

Table 10 - Refined atomic positions of the Ba(La0.99Gd0.01)2WO7 sample
	Atom
	Wyckoff position
	x
	y
	z
	Occupation 

	Ba
	4e
	0.4834
	0.1345
	0.4977
	1

	La1
	4e
	0.1973
	0.0851
	0.9890
	0.99

	Gd1
	4e
	-
	-
	-
	0.01

	La2
	4e
	0.0667
	0.8681
	0.4888
	0.99

	Gd2
	4e
	-
	-
	-
	0.01

	W
	4e
	0.2830
	0.3402
	0.4779
	1

	O1
	4e
	0.4997
	0.3414
	0.4757
	1

	O2
	4e
	0.0601
	0.3218
	0.4632
	1

	O3
	4e
	0.2906
	0.4345
	0.7310
	1

	O4
	4e
	0.2545
	0.2536
	0.1953
	1

	O5
	4e
	0.3162
	0.4610
	0.2600
	1

	O6
	4e
	0.2380
	0.2080
	0.6539
	1

	O7
	4e
	0.0104
	0.0052
	0.2654
	1


Refinement of the Ba(La0.97Gd0.03)2WO7 compound gave the following unit cell parameters:  a = 8.8570 Å, b = 12.8741 Å, c = 5.8206 Å, γ = 105.0797°. The calculated, experimental, theoretical, and difference profiles of the compound are shown in figure 12.
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Figure 12 - Results of refinement of the Ba(La0.97Gd0.03)2WO7 profile 
The uncertainty factors are Rp=10.25%, Rwp=13.56%. The content of the main phase is 89.76 wt%, the BaWO4 impurity is 5.62 wt%, the La2O3 impurity is 4.62 wt%. The refined atomic positions are presented in table 11.

Table 11 - Refined atomic positions of the Ba(La0.97Gd0.03)2WO7 sample
	Atom
	Wyckoff position
	x
	y
	z
	Occupation 

	Ba
	4e
	0.4834
	0.1345
	0.4977
	1

	La1
	4e
	0.1973
	0.0851
	0.9890
	0.97

	Gd1
	4e
	-
	-
	-
	0.03

	La2
	4e
	0.0667
	-0.1319
	0.4888
	0.97

	Gd2
	4e
	-
	-
	-
	0.03

	W
	4e
	0.2830
	0.3402
	0.4779
	1

	O1
	4e
	0.4997
	0.3414
	0.4757
	1

	O2
	4e
	0.0601
	0.3218
	0.4632
	1

	O3
	4e
	0.2906
	0.4345
	0.7310
	1

	O4
	4e
	0.2545
	0.2536
	0.1953
	1

	O5
	4e
	0.3162
	0.4610
	0.2600
	1

	O6
	4e
	0.2380
	0.2080
	0.6539
	1

	O7
	4e
	0.0104
	0.0052
	0.2654
	1


Refinement of the Ba(La0.95Gd0.05)2WO7  compound gave the following unit cell parameters:  a = 8.8575 Å, b = 12.8705 Å, c = 5.8238 Å, γ = 105.0473°. The calculated, experimental, theoretical, and difference profiles of the compound are shown in figure 13.
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Figure 13 - Results of refinement of the Ba(La0.95Gd0.05)2WO7 profile 
The uncertainty factors are Rp=12.56%, Rwp=17.06%. The content of the main phase is 88.77 wt%, the BaWO4 impurity is 5.93 wt%, the La2O3 impurity is 5.30 wt%. The refined atomic positions are presented in table 12.

Table 12 - Refined atomic positions of the Ba(La0.95Gd0.05)2WO7 sample
	Atom
	Wyckoff position
	x
	y
	z
	Occupation 

	Ba
	4e
	0.4834
	0.1345
	0.4977
	1

	La1
	4e
	0.1973
	0.0851
	0.9890
	0.95

	Gd1
	4e
	-
	-
	-
	0.05

	La2
	4e
	0.0667
	-0.1319
	0.4888
	0.95

	Gd2
	4e
	-
	-
	-
	0.05

	W
	4e
	0.2830
	0.3402
	0.4779
	1

	O1
	4e
	0.4997
	0.3414
	0.4757
	1

	O2
	4e
	0.0601
	0.3218
	0.4632
	1

	O3
	4e
	0.2906
	0.4345
	0.7310
	1

	O4
	4e
	0.2545
	0.2536
	0.1953
	1

	O5
	4e
	0.3162
	0.4610
	0.2600
	1

	O6
	4e
	0.2380
	0.2080
	0.6539
	1

	O7
	4e
	0.0104
	0.0052
	0.2654
	1


As can be seen from the data obtained, with a change in the content of gadolinium  in the composition of the samples studied, the linear parameters of the unit cell change weakly, while the monoclinic angle slightly decreases.
3.3 Research by adiabatic calorimetry into the temperature dependence of compounds doped with gadolinium
3.3.1 Experimental measurements of the low-temperature heat capacity of samples
The heat capacity of the Ba(La1­xGdx)2WO7 samples was measured from the temperature of liquid helium by adiabatic calorimetry on a low-temperature thermophysical unit of the "Termax" company [11]. A weighed portion of the samples ranged from 1.26 to 1.53 g. Titanium containers with samples were evacuated, filled with gaseous helium and sealed with an indium gasket.

The measurement step was from 0.3 K to 3 K, depending on the temperature range, the measurement interval was 4.2–320 K. The heat capacity was measured in several repeated series, both in the helium and nitrogen temperature ranges. The experimentally obtained values of the heat capacity of the samples were corrected for the content of side phases in them, calculated as the difference between the experimental values of the heat capacity and the specific heat capacities of barium tungstate and lanthanum oxide [20, 21], multiplied by the corresponding mass fractions. The results of measurements of the heat capacity of the samples are given in tables 13-15.

Table 13 - Experimental specific heat capacity of Ba-La(Gd)-W(1%)
	
	

	T, K
	Cp, J/mol·K

	Series
	1

	4.5292
	0.09316

	4.8573
	0.12551

	5.0488
	0.14303

	5.2344
	0.16163

	5.4191
	0.17953

	5.6226
	0.19787

	5.8393
	0.21337

	6.0649
	0.23159

	6.3875
	0.25850

	6.7986
	0.30089

	7.2162
	0.34511

	7.6384
	0.40023

	8.0647
	0.47177

	8.4941
	0.53547

	8.9289
	0.62278

	9.3657
	0.71132

	9.7906
	0.82804

	10.456
	1.00562

	11.356
	1.26731

	12.266
	1.58462

	13.182
	1.97734

	14.101
	2.37331

	15.021
	2.82967

	15.944
	3.38122

	16.879
	3.90422

	17.817
	4.56032

	18.755
	5.23936

	19.700
	5.93893

	21.115
	7.18797

	23.006
	8.77756

	Series
	2

	4.4879
	0.09338

	4.7790
	0.11960

	4.9439
	0.13815

	5.1065
	0.15467

	5.2817
	0.17036

	5.4707
	0.18584

	5.6804
	0.20122

	5.9026
	0.22300

	6.1241
	0.23671

	6.4450
	0.26861

	6.8676
	0.30865

	7.2927
	0.35473

	7.7194
	0.41255

	8.1520
	0.47635

	8.5873
	0.56061

	9.0257
	0.64809

	9.4585
	0.74666

	9.9014
	0.85516

	10.574
	1.0414

	11.481
	1.3023

	12.396
	1.6302

	13.314
	2.0288

	14.236
	2.4307

	15.161
	2.9106

	16.092
	3.4433

	17.028
	4.0085

	17.967
	4.6913

	18.908
	5.3841

	19.856
	6.0704

	21.276
	7.3142

	23.166
	9.0073

	25.076
	10.953

	26.999
	13.076

	28.930
	15.326

	30.871
	17.671

	32.824
	19.970

	34.783
	22.408

	36.747
	24.859

	38.715
	27.312

	40.685
	29.883

	Series
	3

	33.536
	20.774

	35.935
	23.778

	37.907
	26.215

	39.878
	28.629

	41.848
	31.188

	43.819
	33.530

	45.791
	35.643

	47.765
	37.913

	49.741
	40.137

	51.715
	42.819

	53.689
	45.614

	55.668
	47.804

	57.651
	49.495

	59.636
	51.876

	61.618
	54.478

	63.602
	56.785

	65.592
	58.663

	67.581
	60.701

	69.573
	62.676

	72.062
	65.590

	75.058
	68.531

	78.063
	71.552

	81.076
	74.576

	84.096
	77.578

	Series
	4

	79.878
	73.250

	83.713
	76.902

	86.753
	79.843

	89.803
	82.552

	92.858
	85.339

	95.919
	88.452

	98.997
	90.855

	102.08
	93.415

	105.16
	95.991

	108.25
	98.383

	111.35
	101.13

	114.45
	103.76

	117.57
	105.91

	120.69
	108.49

	123.82
	110.66

	126.95
	113.01

	130.10
	115.38

	133.24
	117.76

	136.39
	119.89

	139.54
	122.08

	142.69
	124.34

	145.84
	126.72

	149.01
	128.92

	152.18
	131.00

	155.35
	133.35

	158.54
	135.36

	161.73
	136.83

	164.93
	139.09

	168.14
	140.56

	171.34
	142.30

	174.56
	144.22

	177.79
	145.86

	181.08
	147.13

	184.31
	148.60

	187.54
	150.73

	190.80
	152.65

	194.07
	153.58

	197.33
	155.62

	200.61
	157.33

	203.92
	158.08

	207.21
	159.54

	210.51
	161.25

	213.84
	162.28

	217.19
	163.67

	223.88
	166.61

	230.61
	169.30

	237.47
	172.29

	271.41
	184.50

	278.16
	186.66

	295.04
	191.07

	298.37
	191.28

	301.69
	192.07

	304.99
	191.92

	Series
	5

	79.331
	72.493

	83.167
	76.171

	86.216
	78.971

	89.267
	81.756

	92.322
	84.583

	95.382
	87.470

	98.457
	90.068

	101.53
	92.651

	104.62
	95.266

	107.71
	97.803

	110.80
	100.22

	113.90
	102.76

	117.01
	105.13

	120.13
	107.45

	123.24
	109.74

	126.37
	112.38

	129.52
	114.78

	132.66
	117.01

	135.79
	119.16

	138.93
	121.49

	142.08
	123.56

	145.23
	125.69

	148.38
	128.13

	151.54
	130.49

	154.70
	132.36

	157.87
	134.42

	161.06
	136.20

	164.24
	138.23

	167.43
	139.90

	170.62
	141.68

	173.82
	143.20

	177.02
	144.87

	180.27
	146.45

	183.47
	148.51

	186.70
	150.36

	189.93
	151.43

	193.15
	153.61

	196.39
	154.52

	199.62
	156.63

	202.87
	157.47

	206.11
	160.01

	209.37
	161.41

	212.64
	162.81

	215.93
	163.99

	219.23
	165.19

	222.53
	166.80

	225.85
	168.31

	229.18
	169.33

	232.61
	170.38

	235.96
	171.93

	239.31
	173.86

	242.67
	175.28

	246.03
	176.55

	249.40
	178.22

	252.77
	179.37

	256.14
	180.28

	262.88
	182.45

	266.23
	183.92

	269.58
	185.31

	272.92
	186.16

	276.26
	186.74

	279.59
	187.78

	Series
	6

	81.534
	74.743

	85.389
	78.272

	88.441
	81.171

	91.499
	83.976

	94.564
	86.644

	97.634
	89.533

	100.72
	92.260

	103.81
	94.961

	106.91
	97.473

	110.02
	99.686

	113.12
	102.39

	116.23
	104.90

	119.35
	107.36

	122.48
	109.59

	125.61
	112.00

	128.75
	114.42

	131.91
	116.88

	135.06
	119.17

	138.21
	121.26

	141.37
	123.43

	144.52
	125.68

	147.68
	127.93

	150.84
	130.09

	154.01
	132.22

	157.18
	134.18

	160.36
	136.13

	163.55
	138.23

	166.75
	140.11

	169.95
	141.96

	173.16
	143.68

	176.37
	145.16

	179.59
	146.74

	182.85
	148.27

	186.07
	150.09

	189.30
	151.89

	192.54
	153.73

	195.78
	154.97

	199.03
	156.55

	202.28
	158.04

	205.54
	159.67

	208.81
	161.11

	212.08
	162.49

	215.37
	163.93

	218.68
	165.10

	221.99
	166.22

	225.31
	167.85

	228.64
	168.90

	231.98
	170.16

	235.41
	171.61

	238.77
	173.49

	242.12
	175.21

	245.49
	176.42

	248.87
	177.76

	252.25
	178.57

	255.62
	179.74

	259.00
	180.90

	262.36
	182.24

	265.72
	183.14

	269.08
	184.55

	272.43
	185.80

	275.77
	186.05

	279.11
	187.12

	282.44
	188.26

	285.77
	189.16

	289.19
	189.13

	292.52
	190.21

	295.84
	190.40

	299.15
	190.92

	302.45
	191.82

	305.73
	192.11

	309.01
	192.65

	312.27
	193.11

	315.51
	194.10

	318.73
	195.38

	321.92
	196.32

	Series
	7

	92.918
	85.063

	96.791
	88.582

	99.870
	91.359

	102.96
	94.169

	106.06
	96.599

	109.16
	99.091

	112.27
	101.57

	115.37
	104.22

	118.50
	106.62

	121.62
	108.91

	124.75
	111.45

	127.89
	113.76

	131.04
	116.19

	134.19
	118.39

	137.34
	120.65

	140.50
	122.87

	143.69
	125.14

	146.85
	127.34

	150.02
	129.51

	153.19
	131.59

	156.37
	133.81

	159.56
	135.62

	162.76
	137.64

	165.96
	139.81

	169.17
	141.31

	172.39
	143.06

	175.61
	144.85

	178.84
	146.41

	182.07
	147.81

	185.30
	149.65

	188.54
	151.27

	191.78
	153.08

	195.11
	154.52

	198.37
	156.18

	201.63
	157.70

	204.89
	159.25

	208.17
	160.89

	211.45
	162.22

	214.74
	163.72

	218.04
	164.73

	221.34
	166.16

	224.66
	167.51

	227.98
	169.04

	231.31
	169.92

	234.64
	171.35

	237.98
	173.01

	241.33
	174.67

	244.69
	176.16

	248.19
	177.43

	251.58
	178.36

	254.96
	179.51

	258.34
	180.48

	261.71
	181.70

	265.07
	182.72

	268.43
	184.06

	271.78
	185.07

	275.13
	185.89

	278.47
	187.04

	281.80
	188.13

	285.12
	188.70

	288.44
	189.36

	291.75
	190.26

	295.05
	190.74

	298.36
	191.15

	305.05
	192.06

	308.32
	192.49

	311.58
	192.73

	314.82
	193.47

	318.03
	194.45

	321.22
	195.91

	Series
	8

	85.876
	78.808

	89.737
	82.298

	92.799
	85.035

	95.869
	87.676

	98.944
	90.406

	102.03
	93.234

	105.13
	95.794

	108.22
	98.291

	111.33
	100.79

	114.43
	103.34

	117.55
	105.65

	120.67
	108.04

	123.79
	110.54

	126.92
	112.87

	130.06
	115.37

	133.20
	117.43

	136.37
	119.97

	139.53
	121.90

	142.68
	124.09

	145.83
	126.66

	149.00
	128.40

	152.16
	130.68

	155.33
	133.21

	158.51
	135.29

	161.70
	136.66

	164.89
	139.08

	168.10
	140.45

	171.31
	142.05

	174.51
	143.74

	177.72
	145.28

	180.94
	147.41

	184.17
	149.19

	187.47
	150.20

	190.71
	151.99

	193.94
	154.00

	197.20
	155.75

	200.46
	157.23

	203.73
	158.69

	207.01
	160.14

	210.29
	161.80

	213.59
	163.29

	216.89
	164.54

	220.21
	165.72

	223.53
	166.90

	226.86
	168.13

	230.19
	169.83

	233.53
	170.80

	236.88
	172.31

	240.35
	174.09

	243.71
	175.73

	247.08
	177.33

	250.46
	178.75

	253.84
	179.83

	257.22
	180.29

	260.60
	181.36

	263.97
	182.29

	267.33
	183.75

	270.68
	185.23

	274.03
	186.13

	277.38
	187.08

	280.72
	187.68

	284.06
	188.27

	287.39
	189.05

	290.71
	189.71

	297.45
	190.70

	300.76
	191.18

	304.05
	191.96

	307.33
	192.17

	310.60
	192.41

	313.85
	192.88

	317.08
	193.92

	320.28
	195.54

	Series
	9

	82.785
	75.855

	86.640
	79.498

	89.694
	82.200

	92.750
	85.027

	95.814
	87.750

	98.885
	90.456

	101.96
	93.183

	105.05
	95.720

	108.14
	98.454

	111.24
	100.82

	114.34
	103.34

	117.45
	105.71

	120.56
	108.08

	123.68
	110.37

	126.80
	112.67

	129.93
	115.08

	133.10
	117.34

	136.24
	119.87

	139.39
	121.86

	142.53
	124.05

	145.68
	126.28

	148.83
	128.40

	151.98
	131.09

	155.15
	132.72

	158.33
	134.62

	161.51
	136.56

	164.69
	138.53

	167.88
	140.27

	171.08
	142.33

	174.29
	143.72

	177.49
	145.69

	180.72
	146.87

	183.98
	148.37

	187.20
	150.71

	190.44
	152.44

	193.68
	154.15

	196.93
	155.63

	200.18
	156.98

	203.44
	158.68

	206.71
	160.16

	209.99
	161.62

	213.28
	162.74

	216.58
	164.27

	219.88
	165.58

	223.20
	167.00

	226.52
	167.97

	229.85
	169.62

	233.18
	170.62

	236.65
	172.18

	240.00
	174.17

	243.36
	175.53

	246.73
	176.98

	250.10
	178.41

	253.48
	179.46

	256.85
	180.29

	260.22
	181.22

	263.58
	182.57

	266.93
	183.76

	270.28
	184.72

	273.62
	185.97

	276.96
	187.09

	280.29
	187.59

	283.62
	187.51

	286.91
	189.25

	290.33
	189.18

	293.66
	190.46

	296.97
	190.94

	300.26
	191.62

	303.55
	192.32

	306.82
	191.52

	310.06
	193.15

	313.31
	193.06

	316.54
	194.01

	319.74
	195.50

	
	


Table 14 - Experimental specific heat capacity of Ba-La(Gd)-W(3%)

	
	

	T, K
	Cp, J/mol·K

	Series
	1

	4.5549
	0.08932

	4.8904
	0.13210

	5.0797
	0.15537

	5.2557
	0.17623

	5.4239
	0.19581

	5.5821
	0.20741

	5.7465
	0.22249

	5.9496
	0.23938

	6.2690
	0.26434

	6.6935
	0.30458

	7.1241
	0.35857

	7.5605
	0.41848

	7.9994
	0.48611

	8.4395
	0.56186

	8.8822
	0.64787

	9.3269
	0.74923

	9.7681
	0.85531

	10.213
	0.97602

	10.891
	1.1807

	11.804
	1.4875

	12.723
	1.8402

	13.645
	2.2606

	14.568
	2.7225

	15.495
	3.2456

	16.432
	3.8091

	17.372
	4.4322

	18.312
	5.1181

	19.255
	5.8560

	20.205
	6.6317

	21.631
	7.9075

	23.529
	9.7185

	Series
	2

	4.5403
	0.09113

	4.8341
	0.12650

	4.9977
	0.14702

	5.1519
	0.16542

	5.2989
	0.18107

	5.4478
	0.19739

	5.6121
	0.21504

	5.8027
	0.23071

	6.0094
	0.24892

	6.3210
	0.26778

	6.7328
	0.30735

	7.1477
	0.35871

	7.5649
	0.42024

	7.9852
	0.48817

	8.4137
	0.55288

	8.8453
	0.64027

	9.2712
	0.72957

	9.7091
	0.83518

	10.151
	0.95330

	10.826
	1.1548

	11.737
	1.4681

	12.655
	1.8200

	13.579
	2.2308

	14.503
	2.6768

	15.428
	3.2110

	16.362
	3.7674

	17.299
	4.3830

	18.239
	5.0659

	19.183
	5.8098

	20.133
	6.5555

	21.556
	7.8439

	23.452
	9.6996

	25.367
	11.711

	27.289
	13.913

	29.222
	16.243

	31.165
	18.655

	33.118
	21.116

	35.079
	23.382

	37.042
	26.056

	39.000
	28.697

	40.966
	31.247

	Series
	3

	36.130
	24.943

	38.546
	27.893

	40.519
	30.622

	42.493
	33.137

	44.465
	35.544

	46.438
	37.998

	48.415
	40.344

	50.392
	42.697

	52.369
	45.451

	54.346
	48.028

	56.326
	50.276

	58.312
	52.206

	60.298
	54.694

	62.279
	57.121

	64.264
	59.375

	66.252
	61.578

	68.245
	63.632

	70.238
	65.911

	72.731
	68.732

	75.732
	71.755

	78.742
	74.839

	81.759
	77.993

	Series
	4

	79.827
	75.762

	83.655
	79.584

	86.692
	82.589

	89.733
	85.596

	92.780
	88.677

	95.842
	91.422

	98.905
	94.220

	101.98
	97.003

	105.06
	99.742

	108.14
	102.39

	111.24
	104.99

	114.34
	107.56

	117.45
	110.10

	120.56
	112.52

	123.68
	115.07

	126.80
	117.50

	129.95
	120.03

	133.08
	122.26

	136.21
	124.66

	139.35
	127.31

	142.50
	129.54

	145.65
	131.45

	148.79
	133.50

	151.93
	135.70

	155.07
	137.87

	158.22
	139.88

	161.37
	142.32

	164.53
	144.21

	167.70
	145.80

	170.87
	147.81

	174.04
	148.84

	177.20
	150.50

	180.39
	152.26

	183.54
	154.81

	186.72
	156.46

	189.90
	157.67

	193.07
	159.72

	196.26
	161.33

	199.45
	163.16

	202.64
	164.80

	205.85
	166.34

	209.07
	167.62

	212.30
	169.15

	215.54
	170.49

	218.80
	171.75

	222.06
	173.15

	225.33
	174.30

	228.61
	175.63

	231.95
	176.62

	235.24
	177.93

	238.53
	179.69

	241.83
	180.72

	245.12
	181.18

	248.41
	182.55

	251.71
	183.27

	255.00
	184.11

	258.27
	184.92

	261.54
	185.81

	264.79
	186.98

	268.02
	187.93

	271.24
	188.88

	274.44
	189.86

	277.62
	190.91

	280.79
	192.06

	283.95
	193.07

	287.09
	194.52

	290.22
	195.48

	293.32
	196.67

	296.41
	197.92

	299.48
	198.94

	302.52
	200.31

	305.55
	201.55

	308.56
	202.39

	311.56
	203.26

	314.53
	205.25

	317.48
	204.17

	320.42
	205.17

	323.35
	205.19

	Series
	5

	79.463
	75.275

	83.287
	79.095

	86.326
	82.135

	89.373
	85.154

	92.425
	88.135

	95.483
	91.065

	98.549
	93.883

	101.62
	96.623

	104.70
	99.326

	107.78
	101.99

	110.87
	104.60

	113.97
	107.12

	117.07
	109.65

	120.16
	112.40

	123.27
	114.80

	126.37
	117.22

	129.50
	119.66

	132.61
	122.05

	135.73
	124.39

	138.85
	126.60

	141.97
	129.19

	145.09
	130.95

	148.21
	133.53

	151.33
	135.36

	154.45
	137.48

	157.58
	139.59

	160.71
	141.96

	163.84
	143.73

	166.97
	145.11

	170.11
	146.85

	173.24
	148.54

	176.37
	150.38

	179.49
	152.57

	182.62
	154.40

	185.75
	155.67

	188.87
	157.60

	191.99
	159.55

	195.11
	161.30

	198.23
	163.00

	201.36
	164.56

	204.51
	166.05

	207.67
	167.39

	210.85
	168.68

	214.04
	169.97

	217.25
	171.38

	220.46
	172.56

	223.68
	173.78

	226.91
	175.23

	230.19
	175.45

	233.42
	177.03

	236.65
	179.35

	239.91
	180.42

	243.18
	181.31

	246.44
	182.49

	249.71
	183.67

	252.99
	184.43

	256.25
	185.04

	259.51
	186.00

	262.75
	187.01

	265.99
	187.60

	269.22
	188.51

	272.43
	189.81

	275.62
	191.01

	278.81
	192.27

	281.99
	192.66

	303.81
	200.52

	306.88
	201.19

	309.93
	202.21

	312.97
	203.30

	315.98
	204.36

	318.98
	205.22

	321.96
	205.89

	Series
	6

	110.73
	104.37

	114.62
	107.62

	117.73
	110.14

	120.85
	112.70

	123.97
	115.17

	127.09
	117.97

	130.23
	120.21

	133.37
	122.55

	136.49
	125.07

	139.63
	127.16

	142.77
	129.36

	145.90
	131.82

	149.04
	134.04

	152.18
	136.34

	155.32
	138.32

	158.46
	140.04

	161.62
	142.42

	164.77
	144.30

	167.93
	146.02

	171.08
	147.34

	174.23
	149.13

	177.37
	150.72

	180.51
	152.35

	183.65
	154.08

	186.79
	155.81

	189.93
	158.32

	193.07
	160.09

	196.22
	161.64

	199.37
	163.30

	202.54
	163.98

	205.71
	166.72

	208.91
	167.57

	212.14
	168.81

	215.35
	170.54

	218.58
	171.85

	221.81
	172.85

	225.05
	174.29

	228.29
	175.65

	231.54
	176.90

	234.80
	177.93

	238.06
	179.68

	241.32
	180.65

	244.60
	181.41

	247.88
	182.46

	251.16
	183.22

	254.44
	184.37

	257.71
	185.28

	260.97
	186.08

	264.29
	186.93

	267.54
	187.96

	270.77
	188.91

	273.99
	189.92

	277.20
	191.22

	280.40
	192.39

	283.58
	193.66

	296.15
	198.38

	299.27
	198.42

	302.38
	199.64

	305.47
	200.47

	308.55
	201.56

	311.60
	203.29

	317.66
	204.51

	320.68
	206.35

	
	

	
	


Table 15 - Experimental specific heat capacity of Ba-La(Gd)-W(5%)

	
	

	T, K
	Cp, J/mol·K

	Series
	1

	4.5036
	0.19787

	4.7417
	0.31896

	4.9566
	0.33313

	5.1880
	0.34724

	5.4259
	0.34893

	5.6656
	0.34576

	5.9078
	0.33739

	6.2433
	0.34365

	6.6773
	0.36393

	7.1093
	0.40573

	7.5394
	0.46230

	7.9751
	0.52312

	8.4148
	0.59677

	8.8578
	0.67364

	9.3036
	0.75776

	9.7531
	0.84466

	10.201
	0.95624

	10.887
	1.1449

	11.811
	1.3724

	12.739
	1.7582

	13.667
	2.1362

	14.594
	2.5474

	15.522
	3.0285

	16.458
	3.6039

	17.397
	4.1920

	18.338
	4.8471

	19.283
	5.4931

	20.231
	6.3081

	21.657
	7.3985

	23.553
	9.1682

	Series
	2

	4.4477
	0.19329

	4.6406
	0.30466

	4.8351
	0.33097

	5.0716
	0.34201

	5.3119
	0.34425

	5.5496
	0.34629

	5.7896
	0.33897

	6.0336
	0.34030

	6.3707
	0.34327

	6.8047
	0.37584

	7.2400
	0.41940

	7.6746
	0.47825

	8.1137
	0.54504

	8.5562
	0.61841

	9.0002
	0.70184

	9.4475
	0.78469

	9.8966
	0.88249

	10.581
	1.0757

	11.503
	1.2968

	12.432
	1.6572

	13.363
	1.9864

	14.290
	2.3726

	15.217
	2.8443

	16.149
	3.4307

	17.092
	3.8957

	18.035
	4.6179

	18.972
	5.2313

	19.919
	6.1203

	21.346
	7.0243

	23.225
	8.7748

	Series
	3

	10.037
	0.89768

	10.722
	1.0765

	11.637
	1.3619

	12.568
	1.6303

	13.489
	1.9845

	14.413
	2.4896

	15.341
	2.9170

	16.275
	3.4017

	17.208
	4.0409

	18.141
	4.6264

	19.082
	5.3916

	20.029
	6.0405

	21.447
	7.3100

	23.341
	9.0301

	25.256
	11.058

	27.175
	13.256

	29.103
	15.668

	31.052
	17.934

	33.004
	20.307

	34.961
	22.574

	36.918
	25.133

	38.879
	27.602

	40.843
	30.347

	Series
	4

	36.053
	23.893

	38.526
	27.109

	40.501
	29.724

	42.473
	32.409

	44.446
	34.767

	46.419
	37.016

	48.393
	39.313

	50.367
	41.788

	52.341
	44.535

	54.316
	47.041

	56.294
	49.253

	58.279
	50.825

	60.264
	53.653

	62.247
	56.223

	64.234
	58.550

	66.223
	60.751

	68.216
	62.472

	70.210
	64.232

	72.700
	67.464

	75.702
	70.844

	78.714
	74.185

	81.734
	77.453

	Series
	5

	79.995
	75.200

	83.942
	79.393

	86.990
	82.545

	90.046
	85.684

	93.111
	88.585

	96.184
	91.470

	99.264
	94.238

	102.35
	97.064

	105.44
	99.752

	108.55
	102.42

	111.66
	105.09

	114.77
	107.67

	117.90
	110.27

	121.02
	113.07

	124.17
	115.41

	127.30
	117.90

	130.47
	120.45

	133.61
	123.07

	136.77
	125.27

	139.93
	127.50

	143.09
	130.03

	146.26
	132.08

	149.42
	134.01

	152.59
	136.97

	155.76
	139.30

	158.95
	140.88

	162.13
	142.75

	165.32
	144.81

	168.53
	146.99

	171.74
	148.93

	174.95
	150.37

	178.17
	152.38

	181.43
	154.21

	184.66
	155.75

	187.88
	157.95

	191.13
	159.30

	194.36
	161.66

	197.59
	163.39

	200.84
	164.70

	204.09
	166.47

	207.36
	168.02

	210.63
	169.40

	217.22
	172.55

	220.53
	174.05

	227.19
	176.74

	257.59
	187.79

	260.95
	189.45

	264.29
	189.99

	267.63
	190.61

	270.94
	191.95

	274.23
	193.78

	277.51
	194.83

	287.31
	196.77

	290.54
	198.26

	293.76
	199.19

	296.96
	200.12

	300.14
	200.98

	303.30
	202.27

	306.45
	202.87

	309.58
	204.25

	312.69
	205.59

	315.78
	206.54

	318.84
	207.04

	321.89
	207.34

	Series
	6

	79.512
	74.731

	83.462
	78.839

	86.509
	81.957

	89.564
	84.996

	92.627
	87.989

	95.697
	90.869

	98.776
	93.844

	101.87
	96.624

	104.96
	99.309

	108.06
	101.98

	111.17
	104.48

	114.29
	107.05

	117.41
	109.77

	120.54
	112.36

	123.67
	114.91

	126.81
	117.32

	129.98
	119.86

	133.13
	122.30

	136.28
	124.97

	139.45
	127.07

	142.62
	129.58

	145.79
	131.30

	148.96
	133.67

	152.13
	135.95

	155.31
	138.30

	158.50
	140.22

	161.69
	142.42

	164.91
	144.47

	168.13
	146.52

	171.36
	147.60

	174.58
	150.31

	177.83
	152.31

	181.17
	153.05

	184.41
	154.51

	187.65
	156.89

	190.91
	158.89

	194.18
	159.87

	197.44
	161.66

	200.69
	164.16

	203.96
	165.80

	207.24
	167.44

	213.80
	170.40

	217.09
	172.72

	223.71
	174.25

	230.40
	177.66

	233.85
	179.36

	243.94
	183.41

	254.11
	186.74

	257.49
	187.91

	260.86
	188.02

	264.22
	189.01

	267.56
	190.99

	270.89
	192.51

	274.20
	193.03

	280.76
	194.52

	290.49
	198.04

	296.86
	200.93

	300.03
	201.29

	303.19
	202.15

	306.32
	202.61

	309.44
	203.20

	Series
	7

	120.43
	112.25

	124.48
	115.55

	127.64
	117.90

	130.79
	120.56

	133.96
	123.05

	137.13
	125.26

	140.29
	127.96

	143.47
	129.80

	146.64
	131.95

	149.82
	134.17

	152.99
	136.60

	156.18
	138.94

	159.38
	140.77

	162.58
	142.57

	165.79
	144.72

	169.01
	146.88

	172.30
	148.36

	175.53
	150.31

	178.77
	152.64

	182.03
	153.49

	185.28
	155.10

	188.53
	156.95

	191.79
	158.80

	195.05
	161.03

	198.34
	162.53

	201.63
	164.55

	204.92
	166.10

	Series
	8

	117.03
	109.46

	121.08
	112.84

	124.23
	115.39

	127.38
	117.60

	130.53
	120.16

	133.68
	122.60

	136.84
	125.27

	140.01
	127.41

	143.18
	129.52

	146.35
	132.18

	149.53
	134.23

	152.71
	136.71

	155.91
	138.81

	159.11
	141.04

	162.32
	143.06

	165.53
	144.88

	168.80
	146.64

	172.03
	148.68

	175.27
	149.71

	178.50
	151.91

	181.74
	153.99

	185.01
	155.00

	188.26
	156.85

	191.52
	158.70

	194.77
	160.14

	198.04
	161.78

	201.30
	163.67

	204.57
	165.97

	211.14
	169.19

	221.14
	173.69

	227.81
	176.64

	231.20
	177.88

	234.57
	179.89

	237.95
	180.94

	241.33
	182.19

	244.73
	183.85

	254.86
	186.48

	268.32
	190.87

	271.65
	191.70

	275.09
	193.49

	307.56
	204.48

	Series
	9

	81.304
	76.503

	85.257
	80.629

	88.306
	83.716

	91.365
	86.820

	94.437
	89.663

	97.508
	92.624

	100.60
	95.316

	103.68
	97.958

	106.78
	100.76

	109.88
	103.27

	112.98
	105.87

	116.09
	108.85

	119.22
	111.48

	122.35
	114.02

	125.49
	116.35

	128.62
	118.69

	131.79
	121.29

	134.93
	123.57

	138.08
	126.03

	141.23
	128.66

	144.39
	130.64

	147.55
	132.69

	150.71
	135.42

	153.89
	137.69

	157.08
	139.45

	160.27
	141.33

	163.46
	143.28

	166.66
	145.17

	169.86
	147.39

	173.08
	148.90

	176.30
	150.47

	179.52
	152.34

	182.80
	154.03

	186.04
	155.42

	189.28
	157.71

	192.54
	160.08

	195.82
	161.70

	199.10
	163.20

	202.40
	164.75

	205.71
	166.38

	209.03
	168.06

	212.35
	169.34

	219.00
	172.61

	225.71
	174.93

	235.89
	179.71

	242.66
	182.63

	246.05
	183.86

	249.45
	185.49

	252.86
	185.99

	256.26
	186.88

	269.70
	191.11

	282.85
	194.97

	286.08
	197.45

	305.28
	202.46

	Series
	10

	94.879
	90.014

	98.874
	93.907

	101.96
	96.513

	105.06
	99.329

	108.16
	102.14

	111.28
	104.63

	114.40
	107.27

	117.52
	110.03

	120.65
	112.65

	123.79
	115.13

	126.93
	117.66

	130.08
	119.88

	133.23
	122.60

	136.38
	124.77

	139.54
	127.29

	142.71
	129.66

	145.92
	131.89

	149.10
	133.87

	152.28
	136.58

	155.46
	138.52

	158.65
	140.36

	161.84
	142.73

	165.06
	144.51

	168.27
	146.40

	171.50
	148.29

	174.73
	149.84

	177.97
	152.01

	181.22
	153.51

	184.47
	155.13

	187.73
	156.80

	190.99
	158.90

	194.26
	160.57

	197.61
	162.07

	200.91
	163.70

	204.20
	165.86

	207.52
	167.48

	210.83
	168.74

	214.14
	170.35

	217.46
	171.97

	220.79
	173.75

	227.45
	176.09

	230.81
	177.69

	234.17
	179.43

	237.54
	180.48

	240.93
	181.97

	244.31
	183.31

	247.71
	184.55

	251.27
	185.31

	254.68
	186.49

	258.09
	187.68

	268.26
	190.76

	Series
	11

	101.52
	96.093

	105.53
	99.675

	108.63
	102.53

	111.74
	105.04

	114.84
	107.77

	117.97
	110.07

	121.09
	112.95

	124.23
	115.46

	127.37
	117.75

	130.51
	120.38

	133.66
	122.98

	136.82
	125.28

	139.98
	127.34

	143.14
	129.81

	146.31
	132.07

	149.48
	133.94

	152.68
	136.80

	155.87
	138.77

	159.07
	141.02

	162.27
	142.84

	165.48
	144.75

	168.69
	146.68

	171.92
	148.42

	175.16
	150.07

	178.39
	152.16

	181.63
	153.79

	184.88
	155.23

	188.14
	157.25

	191.40
	158.96

	194.66
	160.84

	197.94
	162.25

	201.21
	164.08

	207.84
	167.92

	211.14
	169.13

	214.45
	170.70

	217.78
	172.31

	221.11
	174.14

	224.46
	175.14

	231.14
	177.96

	234.51
	179.81

	237.92
	180.91

	244.67
	183.14

	248.06
	184.43

	251.47
	185.00

	258.37
	187.79

	261.76
	188.47

	271.81
	192.20

	281.66
	195.75

	284.90
	197.24

	Series
	12

	181.64
	153.55

	185.60
	155.88

	188.86
	157.49

	192.13
	158.60

	195.38
	160.50

	198.63
	163.24

	201.93
	164.19

	208.49
	168.02

	228.45
	176.68

	235.31
	179.83

	245.44
	183.64

	248.85
	184.38

	259.05
	187.52

	269.15
	191.15

	285.59
	196.10

	292.03
	198.62

	298.32
	201.28

	301.41
	201.33

	322.11
	207.46

	
	

	
	


In the low-temperature heat capacity of the samples with  participation of barium, anomalous deviations from the usual course of the heat capacity can be noted. The anomalies appear as gentle peaks of low intensity in the range from 5 to 9 K (figures 14-16). The deviations are associated with the presence of Gd3+ ions, which have strong magnetic properties, and thus the anomalies manifested are associated with magnetic ordering in the crystal structure of the compounds.
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Figure 14 - Experimental dependence of the heat capacity of Ba-La(Gd)-W(1%)
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Figure 15 - Experimental dependence of the heat capacity of Ba-La(Gd)-W(3%)
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Figure 16 - Experimental dependence of the heat capacity of Ba-La(Gd)-W(5%)
3.3.2 Determination of thermodynamic functions of the synthesized samples
An anomalous component of the heat capacity was calculated by transforming and subtracting the lattice component from the total heat capacity in accordance with  equations (1.1, 1.2). 

The linear sections of the dependences used for determining the lattice component of the heat capacity of the samples under study are shown in figures 17-19.

[image: image29.emf]y = 6.2062x - 7.0182

R² = 0.9994

-8.5

-8

-7.5

-7

-6.5

-6

-5.5

-0.25 -0.2 -0.15 -0.1 -0.05 0

1% Gd


Figure 17 - The linearized heat capacity of the Ba-La(Gd)-W (1%) sample 
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Figure 18 - The linearized heat capacity of the Ba-La(Gd)-W (3%) sample 
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Figure 19 - The linearized heat capacity of the Ba-La(Gd)-W (5%) sample 
For the selected lattice and anomalous components of the heat capacity, smoothed dependences presented in figures 20-22 were obtained. The equations for these dependences were used to calculate the changes in enthalpy and entropy in the observed anomalous transitions.
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Figure 20 - Lattice and anomalous heat capacity of the Ba-La(Gd)-W(1%) sample
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Figure 21 - Lattice and anomalous heat capacity of the Ba-La(Gd)-W(3%) sample 
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Figure 22 - Lattice and anomalous heat capacity of the Ba-La(Gd)-W(5%) sample 
To calculate the thermodynamic functions, a mathematical description of the temperature dependences of the heat capacity of the compounds obtained was carried out. When processing the measured data, we used a spline approximation of the experimental values of the heat capacity by polynomials of the third degree of the form Cp=a0+a1T+a2T 2+a3T 3 [18,19]. Below a temperature of 5 K, the heat capacity values are extrapolated to absolute zero in accordance with the polynomial of an odd degree Cp=aT 3+bT 5. The overlapping of the experimental points in the areas of polynomial change was at least 3-4 points. The obtained values of the coefficients of the heat capacity polynomials are given in tables 17-18.

On the basis of the obtained smoothed values of the specific heat, a corridor of the experimental points measurement errors of  was determined within the 95% confidence interval. The error was found as the ratio of the difference between the experimental measurement and its smoothed value to the smoothed value.
Table 16 – Coefficients of the heat capacity polynomials of Ba(La0.99Gd0.01)2WO7 

	Temperature interval, K
	Coefficients of polynomials 

	
	a0
	
	a0
	

	5-6
	-2.36180
	1.17302
	-0.188832
	1.08758·10-2

	6-8
	-0.42808
	0.23571
	-3.72806·10-2
	2.70161·10-3

	8-12
	-0.33477
	0.09984
	-9.11531·10-3
	1.12272·10-3

	12-20
	2.76498
	-0.61917
	4.74856·10-2
	-3.95718·10-4

	20-30
	10.2885
	-1.54633
	8.42039·10-2
	-8.55846·10-4

	30-50
	-24.5613
	1.58602
	-9.35015·10-3
	7.56022·10-5

	50-90
	-36.4320
	1.90868
	-8.27232·10-3
	1.95367·10-5

	90-140
	-34.4626
	1.78858
	-6.59025·10-3
	1.29861·10-5

	140-200
	-125.267
	3.23922
	-1.36594·10-2
	2.25778·10-5

	200-260
	193.949
	-1.31951
	8.27814·10-3
	-1.30311·10-5

	260-300
	-1263.83
	14.2579
	-4.71146·10-2
	5.25187·10-5


Table 17 – Coefficients of the heat capacity polynomials of Ba(La0.97Gd0.03)2WO7 

	Temperature interval, K
	Coefficients of polynomials 

	
	a0
	
	a0
	

	5-6
	-1.30306
	0.49628
	-4.90806·10-2
	1.56379·10-3

	6-8
	1.70102
	-0.67271
	9.10542·10-2
	-3.24182·10-3

	8-12
	1.27137
	-0.37863
	3.79977·10-2
	-3.69387·10-4

	12-20
	1.61044
	-0.39946
	3.41757·10-2
	-1.03851·10-4

	20-30
	7.58340
	-1.23217
	7.28607·10-2
	-7.03831·10-4

	30-50
	-17.7261
	1.03279
	5.87226·10-3
	-4.89873·10-5

	50-90
	-38.9284
	2.07685
	-1.06499·10-2
	3.30729·10-5

	90-140
	-37.3029
	1.88583
	-6.99246·10-3
	1.37994·10-5

	140-200
	-145.458
	3.74490
	-1.70654·10-2
	3.03272·10-5

	200-260
	162.592
	-0.97076
	7.55864·10-3
	-1.33866·10-5

	260-300
	1081.52
	-9.90804
	3.54829·10-2
	-4.08653·10-5


Table 18 – Coefficients of the heat capacity polynomials of Ba(La0.95Gd0.05)2WO7 

	Temperature interval, K
	Coefficients of polynomials 

	
	a0
	
	a0
	

	5-6
	-8.10389
	4.47520
	-0.787247
	4.59847·10-2

	6-8
	4.36910
	-1.63551
	0.209147
	-8.09066·10-3

	8-12
	3.6275·10-2
	2.1098·10-2
	-1.18944·10-3
	7.79115·10-4

	12-20
	4.03980
	-0.84832
	6.08134·10-2
	-6.67290·10-4

	20-30
	21.5523
	-2.91516
	0.137332
	-1.51921·10-3

	30-50
	-13.2337
	0.69441
	1.31119·10-2
	-1.01532·10-4

	50-90
	-30.3131
	1.68454
	-5.63047·10-3
	1.34346·10-5

	90-140
	-33.6071
	1.77799
	-6.08898·10-3
	1.15145·10-5

	140-200
	-186.445
	4.40248
	-2.05023·10-2
	3.61983·10-5

	200-260
	-13.7140
	1.23395
	-1.66864·10-3
	-3.43564·10-7

	260-300
	191.473
	-0.69613
	3.93907·10-3
	-5.03406·10-6


The scatter of the experimental values points relative to the smoothed curves obtained is shown in figure 23, where the dotted lines indicate the boundaries of the 95% confidence interval.
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From top downward - Ba(La0.99Gd0.01)2WO7, Ba(La0.97Gd0.03)2WO7, Ba(La0.95Gd0.05)2WO7 

Figure 23 - Deviations of the experimental heat capacity values of the samples

The values of the basic thermodynamic functions of entropy S(T), changes in enthalpy H(T)−H(0) and reduced thermodynamic potential Φ(Т) of the samples synthesized were determined by the coefficients of the  polynomials obtained using the expressions (2.1-2.3):

The calculated values of the thermodynamic functions of the compounds under study over the temperature range 5-300 K are presented in tables 19-21 together with the corresponding uncertainties.
Table 19 – Thermodynamic functions of Ba(La0.99Gd0.01)2WO7 

	
	
	
	
	

	T, K
	C°p(T),

J/mol∙K
	S°(T),

J/mol∙K
	ΔH°(T)

J/mol
	Φ(T),

J/mol∙K

	5
	0.140
	0.0406
	0.1574
	0.0091

	10
	0.875
	0.311
	2.302
	0.0805

	15
	2.826
	0.987
	10.96
	0.256

	20
	6.210
	2.231
	33.00
	0.581

	25
	10.89
	4.093
	75.15
	1.087

	30
	16.57
	6.570
	143.5
	1.786

	35
	22.74
	9.595
	242.0
	2.680

	40
	28.76
	13.02
	370.8
	3.755

	45
	34.76
	16.76
	529.6
	4.990

	50
	40.81
	20.73
	718.5
	6.364

	55
	46.77
	24.90
	937.4
	7.858

	60
	52.53
	29.22
	1186
	9.458

	65
	58.05
	33.64
	1462
	11.15

	70
	63.34
	38.14
	1766
	12.91

	75
	68.43
	42.69
	2095
	14.75

	80
	73.32
	47.26
	2450
	16.64

	85
	78.04
	51.85
	2828
	18.57

	90
	82.59
	56.44
	3230
	20.55

	95
	87.11
	61.02
	3654
	22.56

	100
	91.48
	65.60
	4101
	24.60

	110
	99.82
	74.72
	5058
	28.74

	120
	107.7
	83.75
	6096
	32.95

	130
	115.2
	92.67
	7211
	37.20

	140
	122.4
	101.5
	8399
	41.48

	150
	129.5
	110.2
	9659
	45.77

	160
	135.8
	118.7
	10986
	50.06

	170
	141.6
	127.1
	12373
	54.35

	180
	146.9
	135.4
	13816
	58.62

	190
	151.9
	143.5
	15310
	62.87

	200
	156.8
	151.4
	16854
	67.10

	210
	161.2
	159.1
	18445
	71.30

	220
	165.6
	166.7
	20079
	75.46

	230
	169.8
	174.2
	21756
	79.60

	240
	173.9
	181.5
	23475
	83.69

	250
	177.8
	188.7
	25234
	87.75

	260
	181.4
	195.7
	27031
	91.76

	270
	184.9
	202.6
	28863
	95.74

	273.15
	185.8
	204.8
	29447
	96.99

	280
	187.5
	209.4
	30725
	99.68

	290
	189.5
	216.0
	32611
	103.6

	298.15
	190.9±0.6
	221.3±1.2
	34161±150
	106.7±1.0

	300
	191.2
	222.5
	34514
	107.4


Table 20 – Thermodynamic functions of Ba(La0.97Gd0.03)2WO7 

	
	
	
	
	

	T, K
	C°p(T),

J/mol∙K
	S°(T),

J/mol∙K
	ΔH°(T)

J/mol
	Φ(T),

J/mol∙K

	5
	0.145
	0.0368
	0.1469
	0.0074

	10
	0.915
	0.322
	2.409
	0.0813

	15
	2.958
	1.031
	11.49
	0.265

	20
	6.461
	2.327
	34.44
	0.605

	25
	11.32
	4.267
	78.34
	1.133

	30
	17.19
	6.838
	149.3
	1.861

	35
	23.51
	9.965
	251.1
	2.790

	40
	29.85
	13.52
	384.5
	3.905

	45
	36.18
	17.40
	549.6
	5.186

	50
	42.47
	21.54
	746.2
	6.612

	55
	48.59
	25.87
	973.9
	8.165

	60
	54.49
	30.35
	1232
	9.826

	65
	60.15
	34.94
	1518
	11.58

	70
	65.61
	39.60
	1833
	13.42

	75
	70.88
	44.31
	2174
	15.32

	80
	75.99
	49.04
	2541
	17.28

	85
	80.97
	53.80
	2934
	19.29

	90
	85.83
	58.57
	3351
	21.34

	95
	90.57
	63.34
	3792
	23.42

	100
	95.15
	68.10
	4256
	25.54

	110
	103.9
	77.58
	5252
	29.84

	120
	112.2
	86.98
	6333
	34.21

	130
	120.0
	96.27
	7494
	38.63

	140
	127.5
	105.4
	8732
	43.07

	150
	134.7
	114.5
	10043
	47.53

	160
	141.1
	123.4
	11422
	51.99

	170
	147.0
	132.1
	12863
	56.45

	180
	152.6
	140.7
	14361
	60.89

	190
	158.0
	149.1
	15914
	65.31

	200
	163.5
	157.3
	17522
	69.71

	210
	168.1
	165.4
	19181
	74.07

	220
	172.3
	173.3
	20883
	78.41

	230
	176.3
	181.1
	22626
	82.70

	240
	179.9
	188.7
	24408
	86.96

	250
	183.2
	196.1
	26224
	91.18

	260
	185.9
	203.3
	28069
	95.35

	270
	188.7
	210.4
	29941
	99.48

	273.15
	189.7
	212.6
	30537
	100.8

	280
	192.0
	217.3
	31845
	103.6

	290
	195.6
	224.1
	33783
	107.6

	298.15
	198.6±0.6
	229.6±1.2
	35389±152
	110.9±1.0

	300
	199.2
	230.8
	35757
	111.6


Table 21 – Thermodynamic functions of Ba(La0.95Eu0.05)2WO7 

	
	
	
	
	

	T, K
	C°p(T),

J/mol∙K
	S°(T),

J/mol∙K
	ΔH°(T)

J/mol
	Φ(T),

J/mol∙K

	5
	0.354
	0.176
	0.5870
	0.058

	10
	0.907
	0.510
	3.153
	0.194

	15
	2.746
	1.174
	11.66
	0.397

	20
	6.060
	2.387
	33.13
	0.731

	25
	10.77
	4.209
	74.40
	1.233

	30
	16.68
	6.686
	142.8
	1.927

	35
	22.78
	9.711
	241.3
	2.817

	40
	29.02
	13.16
	370.8
	3.891

	45
	35.31
	16.94
	531.6
	5.128

	50
	41.58
	20.99
	723.9
	6.510

	55
	47.54
	25.23
	946.6
	8.017

	60
	53.39
	29.62
	1199
	9.633

	65
	59.08
	34.12
	1480
	11.34

	70
	64.62
	38.70
	1790
	13.13

	75
	70.02
	43.34
	2126
	14.99

	80
	75.29
	48.03
	2490
	16.91

	85
	80.44
	52.75
	2879
	18.88

	90
	85.48
	57.49
	3294
	20.89

	95
	90.22
	62.24
	3733
	22.94

	100
	94.82
	66.99
	4196
	25.03

	110
	103.6
	76.44
	5188
	29.27

	120
	112.0
	85.82
	6267
	33.59

	130
	119.9
	95.09
	7426
	37.97

	140
	127.6
	104.3
	8664
	42.38

	150
	134.8
	113.3
	9976
	46.80

	160
	141.4
	122.2
	11357
	51.24

	170
	147.3
	131.0
	12801
	55.67

	180
	152.8
	139.6
	14302
	60.10

	190
	158.2
	148.0
	15857
	64.50

	200
	163.5
	156.2
	17466
	68.88

	210
	168.6
	164.3
	19127
	73.23

	220
	173.3
	172.3
	20837
	77.55

	230
	177.6
	180.1
	22592
	81.84

	240
	181.6
	187.7
	24389
	86.09

	250
	185.1
	195.2
	26223
	90.31

	260
	188.3
	202.5
	28090
	94.49

	270
	191.6
	209.7
	29989
	98.62

	273.15
	192.6
	211.9
	30594
	99.91

	280
	194.9
	216.7
	31922
	102.7

	290
	198.1
	223.6
	33886
	106.8

	298.15
	200.7±0.7
	229.1±1.4
	35511±174
	110.0±1.2

	300
	201.2
	230.4
	35883
	110.8


The thermodynamic functions of compounds of the Ba(La1­xGdx)2WO7 series have some tendency to increment as the content of doping element gadolinium increases.
3.4 Research into the electrophysical properties of compounds doped with gadolinium
3.4.1 Electrophysical properties of barium samples 
The electrophysical properties of the samples were measured over the range from 25 Hz to 10 MHz on an E7-28 immittance meter manufactured by OJSC MNIPI (Minsk) with a Keysight 16451B attachment for measuring the dielectric properties of materials. The measurements were carried out on samples with a diameter of 1 cm pressed under a pressure of 5 t/cm2, the thickness of the layer was 2.31-2.27 mm, the electrode diameter (type B) was 5 mm, and the sinusoidal voltage was 1.0 V. As a result we got sets of data on the capacitance Cp , a dielectric loss angle tangent tg δ, the resistance in parallel circuit of connection Rp, the quality factor Q and modulus of complex resistance | Z | of the samples. The calculation of the relative permittivity ε was carried out according to the equation (1.3). All the measurements were carried out at room temperature 20 ± 2 ° С in three series.  Then  the values obtained were averaged.
Figures  24-29 show dependences of the electrical properties for barium samples over the frequency range studied. The dielectric capacitance Cp for the measured samples is at the level of several picofarads, while it gradually decreases over the frequency range from 25 Hz to 1 kHz, and remains practically constant in the rest of the frequency range, slightly increasing at frequencies above 5 MHz.

On the dielectric permittivity plot ε, the maximum value of ε reaches from 360 for Ba-La(Gd)-WO7 (1%) and up to 190 for Ba-La(Gd)-WO7 (3%), what is a fairly good indicator for ceramic dielectric materials. At frequencies above 1 kHz, the values of all the three samples are mainly in the ε range from 7 to 10, increasing to 9-15 above 5 MHz, what corresponds to the performance of conventional dielectric materials.

An active resistance of the samples Rp decreases noticeably at frequencies above 6 MHz, thus, conductivity of the samples increases correspondingly as far as the frequency increases. The complex resistance modulus |Z| behaves in a similar way, however, a noticeable drop in this value begins at frequencies above 5 kHz, what ultimately manifests itself in an increase in the impedance of the samples over this range.

A dielectric loss angle tangent tg δ plot has a pronounced peak at 3.56 at 190 Hz for a 1% doping level.
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Figure 24 - Capacity in a parallel circuit Cp of barium samples
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Figure 25 - Dielectric permittivity ε of barium samples
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Figure 26 - Active resistance Rp of barium samples
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Figure 27 - Modulus of complex resistance |Z| of barium samples
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Figure 28 - Tangent of a dielectric loss angle tg δ of barium samples
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Figure 29 - Q-factor for barium samples
Dependences of the active resistance Rp, the minimum values ​​of which are of the order of 0.37 MΩ, show that the samples are relatively good insulators in the low frequency region. The dielectric properties in the region of medium and high frequencies are average, however, above 1.1 MHz, the Q-factor values increase. The influence of the dopant element content is variable for the studied samples. The maximum values of the Q factor of the compounds studied are in the high frequency region above 1 MHz, with two peaks: at 1-2 MHz and at 4-5 MHz.

An uncertainty in determining the electrophysical properties of the samples was calculated on the basis of the root-mean-square standard deviation in three series of measurements and took on values from 9% to 14% over the frequency range of 25-100 Hz, from 13% to 2% at 100-10000 Hz, and from 2% to 0.03% in the rest of the frequency range, 6.6% on an average. 
3.4.2 Electrophysical properties of strontium samples 
Dependences of the electrical properties based on the calculated data for the Sr(La,Gd)2WO7 samples at the doping levels with gadolinium of 1%, 3%, and 5% are shown in figures 30-35. The capacitance of the samples has good characteristics, the dielectric permittivity for the most part of the frequency range varies from 8 to 10, reaching a maximum of 131 for 1% of gadolinium content and 180 for the 5% doping level.

The plot of the dielectric loss angle tangent tg δ has a pronounced peak at a value of 4.23 at 82 Hz for a 1% doping level, and values of the dielectric loss angle tangent close to zero are observed for frequencies above 1 kHz, and, accordingly, the Q values have good indicators in this frequency range. At the same time, several areas of maximum Q-factor readings can be distinguished in the samples: at 700-900 kHz, at 1-2 MHz, and at 5 MHz.
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Figure 30 - Capacitance in the parallel circuit Cp of strontium samples
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Figure 31 - Dielectric permittivity ε of strontium samples
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Figure 32 - Active resistance Rp of strontium samples
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Figure 33 - Module of complex resistance |Z| of strontium samples
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Figure 34 - Tangent of a dielectric loss angle tg δ of strontium samples
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Figure 35 - The Q-factor of strontium samples
Dependences of resistance and modulus of complex resistance for the samples with participation of barium are similar to those of the samples based on strontium, that is, they also have a logarithmic character and indicate good insulating properties. In this case, values of the dielectric permittivity of 100 and higher for strontium samples are achieved at a level of doping with gadolinium of 1%, as well as for barium samples. The Q-factor values for the sample with 3% doping increase significantly up to 1400 at frequencies above 1 MHz.

An uncertainty of measurement  of the electrophysical properties of strontium samples is from 11% to 14% over the frequency range of 25-100 Hz, from 15% to 1% at 100-10000 Hz, and from 1% to 0.03% in the rest of the frequency range, on average being the value of 3.52%.
CONCLUSION
Doping of compounds from the systems of complex oxides with atoms of rare-earth elements makes it possible to expand significantly the range of their promising properties, thanks to which they are in high demand in the modern radio-electronic industry. By virtue of the unique electronic structure of lanthanides at a new level, the resulting compounds exhibit luminescent, semiconducting, magnetic, dielectric, optical, catalytic properties, ionic conductivity, etc. In view of a significant variety of possible manifestations of these features and a large number of options for doping compounds,  consistent systematic studies of the physicochemical properties of such substances are required.

In the period under review we carried out  the synthesis of compounds based on alkali-earth elements (Sr, Ba), transition metals (W) and rare earth elements (La and Sm, Eu, Gd as doping elements) and researched their structural, thermodynamic and electrophysical properties. On the basis of X-ray diffraction data, X-ray analysis of the samples was carried out, crystallographic systems, space groups and unit cell parameters of the samples synthesized were determined.

It was found that the crystal structure of the samples mainly corresponds to the structure of distorted pyrochlore. The ratios of target and side phases in the samples synthesized were determined. For the samples with the determined structure, measurements of the thermodynamic functions and electrophysical properties were carried out. Anomalies associated with changes in the magnetic and structural properties of the samples are revealed. It was established that a number of synthesized samples exhibit pronounced magnetic and dielectric properties.

Thus, the goals and objectives set in the process of the research under the project have been fully accomplished. The research performed was carried out at a high scientific and technical level using up-to-date methods of physical and chemical research and software. The results obtained can be used in the synthesis of novel materials while designing the substances with predetermined properties, and also be included into thermodynamic databases. According to the research results, articles have been published in international journals included in the Scopus and Web of Science databases, and reports at specialized international scientific conferences.
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A State institution "The Science Committee of the Ministry of Education and
Science of the Republic of Kazakhstan", hereinafter referred to as the Customer,
represented by Chairman A. Abulkasova, acting on the basis of the Regulation on
the Science Committee, approved by order of the Executive Secretary on July 10,
2018 No. 169-K, and by order of the Minister of Education and science of the
Republic of Kazakhstan dated May 22, 2019 No. 52-zhks on the one hand and the
Limited Liability Partnership "Institute for the Problems of Complex Development
of Mineral Resources ", hereinafter referred to as the "Contractor", represented by
Director B. P. Khassen, acting on the basis of the Charter approved on July 23
2007, on the other hand, hereinafter collectively referred to as the "Parties”, on the
basis of clauses 401, 402 of the Civil Code of the Republic of Kazakhstan,
subparagraph 40) of clause 394 of the Code of the Republic of Kazakhstan "On
taxes and other obligatory payments to the budget (Tax Code)" and subparagraph
23-1) of clause 1 of the Law of the Republic of Kazakhstan "On Science" and
protocol decisions of the National Scientific Council on the priority direction
"Rational use of natural resources, including water resources, geology, processing,
novel materials and technologies, safe products and structures" (Protocol No. 2
dated March 12, 2019), concluded this Supplementary Agreement to the
Agreement No. 241 dated March 26, 2018 (hereinafter referred to as the
Agreement) and came to an agreement as follows:

1. Clause 3.5 of the Agreement shall be reworded:

In accordance with subparagraph 40) of clause 394 of the Code of the Republic of
Kazakhstan dated December 25, 2017 "On taxes and other obligatory payments to
the budget (Tax Code)", the Contractor is exempt from value added tax.

2. Appendix 1.3 to Contract No. 241 dated March 26, 2018 (Technical
specification and work schedule on the project theme: No.: AP05130095
"Fundamental research into the structural, thermodynamic and electrophysical
properties of novel compounds synthesized on the basis of lanthanoids and
transition metals") shall be stated in a new edition in accordance with Appendix
Nel to this Supplementary Agreement.

3. This Supplementary Agreement is an integral part of Agreement No. 241
dated March 26, 2018 and comes into force from the moment of signing by the
Parties and is valid until December 31, 2020.

4. The terms of Agreement No. 241 of March 26, 2018, not affected by this
Supplementary Agreement, remain unchanged, and the Parties confirm their

obligations under them. /
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5. The Supplementary agreement is made in two copies, one copy for each
of the Parties, having the same legal force.

Legal addresses of the Parties:

""Customer'': ""Contractor'":

SI "The Science Committee of the Limited Liability Partnership "Institute
Ministry of Education and Science of the of Complex Development of Mineral
Republic of Kazakhstan" Resources"

010000, Nur-Sultan, 100019, Karaganda, 5 Ippodromnaya Str.
8 Mengilil El Ave. BIN 040 840 002 180

BIN 061140007608 BIC TSESKZKA

BIC KKMFKZ2A IIC KZ06 998HTBO00 0022 6446

IIC KZ92070101KSN0000000 BC 17

BC 11 JSC «JYSAN Bank»

RSI "Committee of the Treasury Tel. 87212 (41-48-14), (41-45-20)
Ministry of Finance of the Republic of

Kazakhstan "

Chairman of the Science Committee
MES RK

A.S. Abulkasova

#/
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TECHNICAL SPECIFICATION AND
WORK SCHEDULE

Under Contract Ne 241 dated 26 March, 2018

1. LLP «Institute of problems of complex development of mineral resources»

1.1 By priority: Rational use of natural resources, including water resources,
geology, processing, novel materials and technologies, safe products and structures.

1.2 By sub-priority: Fundamental and applied research in the field of chemical
science.

1.3 On the theme of the project: No. AP05130095 '"Fundamental research into
the structural, thermodynamic and electrophysical properties of novel compounds
synthesized on the basis of lanthanides and transition metals"

1.4 The total amount of the project is 18,120,000 (eighteen million one hundred
twenty thousand) tenge, including with a breakdown by years, for the performance of
work in accordance with paragraph 3:

- for 2018 - in the amount of 6,000,000 (six million) tenge;

- for 2019 - in the amount of 6,054,000 (six million fifty-four thousand) tenge;

- for 2020 - in the amount of 6,066,000 (six million sixty-six thousand) tenge;

2. Characteristics of scientific and technical products according to the
qualification features and economic indicators

2.1 Direction of work: physicochemical and electrophysical properties of the basis
for the synthesis of novel materials in ternary systems of oxides doped with rare earth
elements.

2.2 Areas of application: materials science, chemistry

2.3 Final specific result:

- for 2018: Obtaining synthesized samples of barium and strontium tungstates
doped with samarium, research into their temperature dependence and electrophysical
properties.

- for 2019: Obtaining synthesized samples of barium and strontium tungstates,
doped with europium, research into their temperature dependence and electrophysical
properties.

- for 2020: Obtaining synthesized samples of barium and strontium tungstates
doped with gadolinium, research into their temperature dependence and electrophysical
properties. One article will be published in a peer-reviewed foreign journal with a non-
zero impact factor and one article in a domestic journal with a non-zero impact factor,
and three articles will be published in peer-reviewed foreign journals indexed in the Web
of Science or Scopus databases with a non-zero impact factor .

2.4 Patentability: Research results are patentable.

2.5 Scientific and technical level (novelty): High (novel compounds)

2.6 The use of scientific and technical products is carried out: by the Customer
together with the Contractor.

2.7 Type of use of the result of scientific and (or) scientific and technical activities:
Publications in international rating journals with a high impact factor, submission of

interim and final reports.
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Code Name of works under the Contract _Schedule time Expected results
number of and the main stages of its beginning | completion
assignment, implementation
stage
1. Synthesis and research into the January 2018 until [The synthesis and
properties of samples of barium and INovember 1 jresearch into the
strontium tungstates of lanthanum 2018 [properties of samples
doped with samarium lof barium and
strontium tungstates
lof lanthanum doped
with samarium will
Ibe performed
1.1 Carrying out synthesis of the January |March 2018 [Samarium-doped
samples doped with samarium 2018 samples will be
synthesized
1.2 Determining the structure of April 2018| June 2018 [The structure of the
samples by X-ray phase analysis samples will be
determined by X-
ray phase analysis
1.3 Research into the temperature July 2018 | September [The temperature
dependence of the heat capacity of 2018  [dependence of the
icompounds doped with samarium heat capacity of
by adiabatic calorimetry compounds  doped,|
with samarium will
be  studied by
ladiabatic
calorimetry
14 Research into the electrophysical October until  [The electrophysical
properties of compounds doped with| 2018 November 1 ,jproperties of
samarium 2018  [compounds doped
with samarium will
be researched
2. Synthesis and research into the January until Synthesis and
properties of samples of barium and| 2019 November 1,research into the
strontium tungstates of lanthanum 2019  |properties of
doped with europium samples of barium
land strontium
tungstates of
lanthanum doped
with europium will
be performed
2.1 High-temperature synthesis of the January  [March 2019 [High-temperature
samples doped with europium 2019 synthesis of the
samples doped with
europium will be
iperformed





[image: image54.jpg]22 Determination of the samples April 2019 | June 2019 (The correspondence
crystal structure matching by of the samples
IX-ray phase analysis structure to the

required
compounds will be
determined by the
methods of X-ray
iphase and full-
profile analysis.

23 Research into the low temperature July 2019 | September [The temperature
dependence of the heat capacity of 2019  |dependence of the
compounds doped with europium by lheat capacity of
adiabatic calorimetry compounds doped

with europium will be
studied by adiabatic
calorimetry
24 Research into the electrophysical October Until  [The electrophysical
properties of compounds doped with| 2019 INovember 1,properties of
leuropium 2019  |compounds doped
with europium will
be researched
3. Synthesis and research into the January Until  [The synthesis and

Iproperties of samples of barium and | 2020 INovember 1 research into the

strontium tungstates of lanthanum 2020  |properties of samples

doped with gadolinium of barium and
strontium tungstates
of lanthanum doped
with gadolinium will
lbe performed

3.1 High-temperature synthesis of January  |March 2020 [High-temperature
gadolinium-doped samples 2020 synthesis of the

samples doped with
igadolinium will be
iperformed

32 Determination of the samples April 2020 June 2020 [The matching of the
crystal structure matching by X-ray structure of the
phase and full-profile analyses samples to the

required compounds
will be determined by
IX-ray phase and full-
profile analyses.

33 Research into the temperature July 2020 | September (The temperature
dependence of the heat capacity of 2020  |dependence of the

icompounds doped with gadolinium
by adiabatic calorimetry

lheat capacity of
icompounds doped
with gadolinium will
lbe studied by
ladiabatic calorimetry





[image: image55.jpg]34 Research into the electrophysical October Until  [The electrophysical
properties of compounds doped with| 2020 November 1,jproperties of
gadolinium 2020 icompounds doped
with gadolinium
will be researched.
One article will be
published in a peer-
reviewed foreign
scientific journal
with a non-zero
impact factor and
one article in a
domestic journal
with a non-zero
impact factor, and 3
articles will be
published in peer-
reviewed foreign
scientific journals
indexed in
databases of Web of]
Science or Scopus
with a non-zero
impact factor.

On behalf of the Customer: On behalf of the Contractor:
Chairman Director

of the SI "The Committee of Science of LLP "Institute of problems of complex
the Ministry of Education and Science  development of mineral resources”
of the Republic of Kazakhstan"

A.S. Abulkasova

Familiarized with:
Scientific supervisor of the project

-
%= MR Bissengaliyeva
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Astana «2»_ 27 2018

State Institution "The Science Committee of the Ministry of Education and
Science of the Republic of Kazakhstan ", hereinafter referred to as the Customer,
represented by Acting Chairman Nurseitov R.S., acting on the basis of the
Regulation on Science Committee, approved by Order of the Executive Secretary of
July 4 2013 No. 96 and Order No. 145-k of June 11, 2018, on the one hand, and the
Limited Liability Partnership "Institute of Problems of Complex Development of
Mineral Resources", hereinafter referred to as the Contractor, represented by director
Khassen B.P., acting on the basis of the Provision, approved on 23 July 2007, on the
other hand, on the basis of Clause 401 of the Civil Code of the Republic of
Kazakhstan, resolutions of the Government of the Republic of Kazakhstan dated May
25, 2011 No. 575 "On approval of the Rules for basic, grant, program-targeted
financing of scientific and (or) scientific and technical activities ", Order of the
Minister of Finance of the Republic of Kazakhstan dated 4 December 2014 No. 540
"On approval of the Rules for the execution of the budget and its cash services " on
the basis of a protocol decision of the National Science Council on priority direction
"Rational use of natural resources, including water resources, geology, processing,
novel materials and technologies, safe products and construction" No. 5 dated April
17, 2018, concluded this additional agreement to Agreement No. 241 dated March
26, 2018 (hereinafter referred to as the Agreement) on as follows:

1. In clauses 1.1 and 3.1 of the Agreement, the figures and words "59 363 000
(fifty nine million three hundred and sixty-three thousand) tenge ", replace with
figures and the words "71 443 000 (seventy one million four hundred forty three
thousand) tenge ".

within the amount of financing for 2018 - in the amount of 22 000 000 ) (twenty
two million) tenge, replace with figures and words 26 000 000 (twenty six million)
tenge ";

within the amount of financing for 2019 - in the amount of 22 198 000 (twenty
two million one hundred ninety eight thousand) tenge, replace with figures and the
words “26 234 000 (twenty six million two hundred thirty four thousand) tenge ";

within the amount of financing for 2020 - in the amount of 15 165 000 (fifteen
million one hundred sixty-five thousand) tenge, replace with figures and the words
"19 209 000 (nineteen million two hundred and nine thousand) tenge".

2. In clause 1.4 of Appendix 1.3 to the agreement, the figures and words “18 120
000 (eighteen million one hundred twenty thousand) tenge” shall be replaced with
figures and words “30 200 000 (thirty million two hundred thousand) tenge”;

- for 2018 in the amount of 6 000 000 (six million) tenge, replace with figures

and words 10 000 000 (ten million) tenge ";




[image: image57.jpg]- for 2019 - in the amount of 6 054 000 (six million fifty-four thousand) tenge,
replace with figures and words 10 090 000 (ten million ninety thousand) tenge ";

- for 2020 - in the amount - 16 066 000 (sixteen million sixty-six thousand)
tenge, replace with figures and words by 10 110 000 (ten million one hundred ten
thousand) tenge ".

3. The term of this supplementary agreement is December 31, 2020.

4. The Supplementary agreement is an integral part of the Agreement No. 241
dated March 26, 2018.

5. The terms of the Agreement not affected by this agreement remain
unchanged.

6. The Supplementary Agreement comes into force from the moment of its
registration with the Treasury bodies of the Ministry of Finance of the Republic of
Kazakhstan.

7. The Supplementary Agreement is made in two copies, one copy for each of
the parties, which are equally valid.

Legal addresses and bank details of the Parties:

""Customer'": ""Contractor'':

SI "The Science Committee of the Limited Liability Partnership "Institute
Ministry of Education and Science of the of Complex Development of Mineral
Republic of Kazakhstan" Resources"

010000, Astana, 8 Mengilil El Ave. 100019, Karaganda, 5 Ippodromnaya Str.
BIN 061140007608 BIN 040 840 002 180

BIC KK MF KZ 2A BIC TSESKZKA

IIC KZ92070101KS N0000000 IIC KZ06 998HTBO00 0022 6446

BC 11 BC 17

RSI "Committee of the Treasury JSC "TSESNABANK"

Ministry of Finance of the Republic of ~ Tel. 87212 (41-48-14), (41-45-20)
Kazakhstan "

Acting Chairman Director

R.S. Nurseitov B.P. Khassen
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1. Zhakupov R.M., Taimassova Sh.T., Bissengaliyeva M.R., Knyazev A.V., Gogol D.B., Balbekova B.K. Low-temperature calorimetry of praseodymium-doped barium-lanthanum tungstates – BaLa2-xPrxWO7 // Book of abstracts of the 12th European Symposium on Thermal Analysis and Calorimetry (ESTAC12) / Braşov (August 2018). - Braşov, 2018. - P. 66.
2. Zhakupov R.M., Bissengaliyeva M.R., Knyazev A.V., Gogol D.B., Taimassova Sh.T., Balbekova B.K. Calorimetric studies of complex oxides based on lanthanum, tungsten and magnesium or calcium // Book of abstracts of the 12th European Symposium on Thermal Analysis and Calorimetry (ESTAC12) / Braşov (August 2018). - Braşov, 2018. - P. 230.
2019
3. Bissengaliyeva M.R., Gogol D.B., Bespyatov M.A., Taimassova Sh.T., Bekturganov N.S. Thermodynamic and magnetic properties of compounds in the system MeO–Nd2O3–Mo(W)O3 (Me = Mg, Ca, Sr) // Materials Research Express. - 2019. - Vol. 6, No. 10. - P. 106109(1-16). - DOI: 10.1088/2053-1591/ab3ae3. 
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6. Bissengaliyeva M.R., Zhakupov R.M., Knyazev A.V., Gogol D.B., Taimassova Sh.T., Balbekova B.K., Bekturganov N.S. Structural characteristics and thermodynamic functions of compounds Ba(La1­xPrx)2WO7 (x from 0.005 to 0.05) // Journal of Chemical and Engineering Data. - 2019. - Vol. 64, No. 12. - P. 5398-5406. - DOI: 10.1021/acs.jced.9b00596. 
2020
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Low-temperature calorimetry of praseodymium-doped barium-
lanthanum tungstates -BaLay ,Pr,WO,
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Bakhyt BALBEKOVA®

Lobachevsky State University of Nizhny Novgorod, 23 Gagarin avenue. 603950,
Nizhny Novgorod, Russian Federation,
“Hastitue of Problems of Complex Development of Mineral Resources,
5 Ippodromnaya sr., Karagands, 100019, Kazakhstan
*Karaganda State Technical University. 56 Bulvar Mira, 100027, Kar:
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Samples of barium lanthanum wngstate BaLa PrWO; doped with prascodymium the
content of which was 05, 1, 2. 3, and 5 at.%, were synthesized by the "sol-zel” method and
anncaled at [150°C. The synthesis resulted n obtaining compounds with the
Balay PrWO; from complex oxide sysems involving. prascodymium at five doping. levels,
Structural studies of BaLax.PrWO, samples were carried ot on 4 Shimadzu XRD-6000
difractometcr. The structural type of these compounds s presented in the form of luo
coincides with the undoped model of Bal.a:WO;. The parameters of a unit cel having a monoclinic:
syngony with the space group P112,/b were calculated by the Rietveld method (Table

‘Table Elementary cel caleulated parameters for Balas Pr, WO,

Compound | Amountof | ol parameters

o [ .y A Y S
Bl PO, 6 S TS
i s Sl
2 [ET] S81s st
3 8839 5816 |
5 5551 580

As is obvious from the table, as the prascodymium content increases in
lincar parameters of unit cell @, b and ¢ decrease, that is explained by  smaller atomic radius Pr
‘compared to La. All the samples have a small amount of impuriics, consising of BaLaWO.. L0
“The weight profile factor R for al the sythesized compounds ranges from 4,62 (0 6.40.
The samples of lanthanum-barium tngstate BaLa WO, were measured by
calorimetry over the temperature range of 5-320 K. Measurements of the heat capacity over the
arried out on & low-temperature thermophysical installation produced by
the “Termax” firm. Five series of the experimental data were obtained over the temperature 1
0f4.5-25 K. 4.5-40 K, 35-85 K. and 5320 K. The weighed sample was 0.9
pitch was from 0.3 K 10 3 K, depending on the temperature range. In all the measured samples
below 15 K. the deviations from the normal course of the heat capacity were recorded with the
position of the maximum over the range from 7.5 K 1o 10 K. To determine the anomalous
component, we separate he latice heat capaciy in the coordinates -In(CPIT3) v -In(1-Cpl3Rn). An
excessive contibution 1o the heat capacity below 4-5 K becomes insignificant. The anomalies
detected in the synthesized samples can be  reflction of changes in the electronic Siructure of the
substances caused by the presence of lanthanide atoms i the compounds compostion. and require
additional studics. Based on the data obai
synthesized substances over the fange of

he samples, the

cd, we calculated the thermodynamic functions of the
0K,
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Calorimetric studies of complex oxides based on lanthanum, tungsten
and magnesium or calcium

Ramazan ZHAKUPOV', Shynar TAIMASSOVA
BISSENGALIVEVA?, Alexander KNYAZEV',

Daniil GOGOL”, Bakhyt BALBEKOVA®

Lobachevsky State Uriversity of Nizhny Novgorod. 23 Gagrin avenuc, 603950,
Niziny Novgorod, Russian Federation
institute of Problems of Complex Development of Mincral Resources.  Ippodrormiaya sz
100019, Karaganda. Kzakhstan
Karaganda State Technical University. 56 Bulvar Mica 10002

. Karagands, Kuzakhstan

The "sol-gel” method is widely used in the synthesis of inorganic substances, ceramic
ials and complex oxide systems. This method allows o increase homogencity of & materil,
reduce the temperature of synthesis and simplify the methods of obtaining materisls. Synthesis of
‘compounds with the theoretcal formula MeLa;WO; (Me = Me. Ca) was casried out by the sol-gel
method by the stagewise _annealing of citrate precursors in a Nabertherm N7/H furmace at
temperatures from 700 to 1150°C in alundum crucibles. As initial materials for the synthesis we
used L3, NasWO, 2H:0, MCl-6H:0 and CaCl-6H- of at least 9986 purity. X-ray patierns
Of the synthesized samples were recorded at room temperature on an XRDG0OU X-ray
diffractometer (Shimadzu) in the range 20 from 20° to 60° at 154056 A. Indexing of X-ray
diffraction patterns and refinement of the unit cell were performed using the software Match |
FullProf, PowderCell. Studies of the microsiructure and composition of the samples were carried

out using scanning clctron microscopy and elctron probe microanayvis on 4 JX A $230 cectron
probe microanalyzer produced by JEOL. Distribuion of lements in the syriheszed samples i
reltively uniform. The Mg-La-W compound can be characterized in 4 pscudo-<ubic <yiem wih
el paramete of about 11.17 A. A detiled indexing shows that the compound belongs 10 an
onhorhombic syngons. the space group Cemm, with the cel purameters = 11,130, b = 7905
7874 A, id e, it i close 1o tetragonal ysiem [1] The Ca-La-W sample, scccrdin 10 X-ay
iffacion analysi, consits of two plises, cubic and hoxagoml, pprovmatcly n equil
proparions. The cubie phase is rested t the compound LauWOs 121 with ome calcium content
and the hexagonal phase conesponds o the compound CaLsW-0: 131

The thermodynamic proprtiesof the synthsized samples were abtined by mesari
heat capacty by adiabaic calormety over the iterval of 4.3-320 K on an mstallton “Ter
The weighed sample was 1.1 and 16 g. the measurement pitch varied from 0.3 K 10 3
{emperature incressed. Throughout the entie temperature ange measured we did ot obcrve in e
sampls any devitions from the normal course of the heat capacity: Based on he cquaton i
we calulaed the temperature dependences of the sundund thermodynamic funcions the hea

AT, absolute ontropy ST, crthalpy shange H-(T) A1) and e reduced

hermodynan potential (1),

[11W.T. Fu, DJ.W. Ildo, J. Solid State Chem... 182 (2009) 2451
[2] A Magrase et al.. Dalton Trans., 38 (2009) 10273
[3] PDF-2 Release 2014 RDE, entry # 00-049-0965
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Thermodynamic and magnetic properties of compounds inthe
system MeO-Nd,03-Mo(W)0s (Me = Mg, Ca, Sr)

MiraR Bissengallyeva’ 0, Danil B Gogol’, Michacl A Bespyatov', Shynar TTaimassons” nd.

NordyShebangr”
s v
) ‘G005, Rusia

=y
Using the sal-gel method we synthesized the samples oftriple oxide compoundsin equimolar
raios inthe MeO-Nd;05-MoOs and MeO-Nd:05-WOs systams, where Me ialkaline-carth.
(Mg, Ca.Sr Ba. esearch confirmedhe formation of complex compounds
inthe samplesof MgNdMo, CaNdMo, MgNd W, CaNdW, SeNdW. By adisbatic clorimetry
e detcrminedth therodynamic functons ofthe samples and reveled low-temperature
anomaliesindicating: ionsin their ‘Thedataof magnetic
inthe comspounds studied showthe competitve fero-antiferomagneticinteractions which
inthe caseof CaNdMoexertina transiton from the par amagnetictoantferromagnetic sate
aT- 6K

LIntroduction

incomplexoxide: g s, ki -crthandrare-eath
possss. (propetiesthat rein demandinthe e . Foringnce,the.
withstructures deived rom perovskite and yrochlors tructres extibit dictric properties[1-3]. The
presence of anthanide doping tomsinth tructureead 0 occurrng of minescen prperties - The
mpoundscanainglaibnidennparicda sodmiam sl e o ormced

Thus i ofthe s nc onthe
beinthepar 5 or sate[5-11),
Basides, heionsoft loweroxidaton tates, canmakean.
contribution(12].
™ s sublnice re by theimerns

b compound,whatis plotid asphasetrasitions ofthe second rderon the eat capacty curve-15] These
e e atthe icienly dose e, v

ofthe therm metion afthe atice By e i o
ot Dirct o ofthemost

ctive metbodsaf presence nd sudy ubstacesand, the

el b, Py s oo s e o s
arows natre [16-19]. Thi

prescntsthe hintoth " e

complexoidesof MeO-Nd,0,-MoO, (WO,

E
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2. Methods.

“The choridesfablaline et etls (MECL 6H,0, 3,610, SC 6H,0, BaCl, 2H,0), ranstion metl.
s (N, MoD, 2H,0, Na WO, 2H,0) nc chemcllypr xideaf e et ebment (N0, were e nthe
‘work To btinprecursorsby thecitate methodafthe ol el method, 02 mole oflahanideosice Lo, O, wss

ol inasolutionafcrc aci o with i ad Golution 1), Furhe, 025 mole ofNa, WO, 2H.Owas

i il withan, o et el ok Mel,
i T nd htredina The
MO inai ofcrk acid sltion 3, itic aid s
sedtoincss th pHofthe mediu. Soluon ? wa g added dropeisetoSouton 1 ith consantsiing
anda o0°C “Themiueal bindidat
e C 0 Cloom ey
Themade i N/H e

eopeasics i C gt gl ettt rodocs Sybeleample s ol
ettt by ot et rodicsenpemursol 10800100 0 1150°C

<mchis. Aferach: shd o powder monas The
._.m._-........m-c,m-cu.umm.m._-..m.sa-cn.“.-.m,.,.,u
Thesh.U htag, chang inthe phse ofth productsfomd

raypocer . e

ileoidespsems wthe i ormubs MeNE 000, and MV, where Me—Mg Ca S B
comenionaly dsgrted Mg, CaNEMo, SN, NN, MENOW, CINEW, SOV BNV,
T cloofthe anplesvaris fompale ueto v,
o mictscopy SEM o doutons EOL XA 8250
decranpobe: (Ntone St ColleciveUseat]SCstnseoN
‘ndOne Bencication) The sampiesformschwer applid o el condctive crbondouble-ded
hempend abjctabieperpendiculaytosneocon e st an
‘cckruinguolageof 25 KV and s bsmcure up 025 A For e sl the sl icd ande o
“=condy decuonigin 5 sl ade ik scaeredlctons COMPO) which s more
nated magescftheabias.
Elcmonprobe: PN ot i el ns
JEOLIXA $250decronproe spectoscopy (WD) Abean
focth syt 100, Elncntnap iofthe smplswascareid vt g ionf x2000and
5000 WDSmods. Thismthodis mor sendtheinrationto e vy cemerts thn the eodof ey
perivespecscopy(EDS) WDS s ineisnordeofagatuc onger hunht ofEDS i
e, il o ditiguihctsinbinesof chrcterktic ey it pracical rocefor
Srontum sndtngeen5 1 - 1808 KeYand WM, LA33 KAV
Thex ey i e gl Laborsoryof o Chenitry
Nk acv Ittt of nhic ey SERAS o Shimadsu XRD-7000 &ifctometert oom
empersure (CUK,rdtion N, e range 29 rom 10 60,105, cumulation | ) As
[ e —y
Fcingr e Gt il g g s ik
vt g e Mt ot Vo2 (] andthe PDF 2pncer
e 1] oo ol sy ffconptmach i nd i o b gy ace
poupsofcompoundeeeprfred g DIel0,Treor- 9030 TO programsinchuddinhe ot
ackage(22) Refnmeotof h il structrs paratesof e saplswas caisdoutb sedon the et
e s g s b 2411 b, oy e s s
weusedtelitrstuedstaon the e e
e MO-NG0,-XO,(M = Mg Ca %, BaiX = Moy WL
“The hestcapuy fthesam sl st g e thetempesturs o bqidheumby
sbaiccloimetyona owtemp s themophyseal salation T 15 Asmple s phcedinta
1 o, which e cvicusted Sled bt e -5 K7, sl vihan
ndium gkt The messsementinerales (42X w330, sampleweigswere om0 1017 e
s fom 03 K10 3K, o rnge Ioheham ot
hemesurementea e hetcapaciywere made s et o i
Magncttioncsueenwer made wing physic propey ekt e PMS9 of
Doy g e g o A G
yRAS) 15-63 Mgwre wettd it il
e e s
‘Acorection formagoetimf syl hokdr,  olethyln pcketand amierl i e
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10000c ver thetemperstre rane from 300 K104 K while coling asample. Ateach oo, bfore
saingmessurementsthesampleswers adionally xposed fo 60 safe thetempersture wasstsbilzed.
‘Mesurementsofthe hyteressloops M(H) were mode t emperatres fd K and 300K overthemagnetc feld
nnge o intensityof H = £50Kk0e.

3. Results and discussion

3.1, Morphlogy and ekmentalcompasition
‘SEM st ot smple st hey are oy dividsd poders it patic e vryog fom 210 10
mand ggomerates o particlswithsiz p t0 100 (supplnnentry materal 1 s vl onlne tstacks
iop s/ MEX /106103 mmedia. Microphotogeaphs forsome selected compounds e dsopreseedin
fguwel.

SEM imagesof MN Qo sample (e 1) showthat n COMPO moc theparids havea brght
contrst, and fine paricles have darker ontrst,whichmeans thatelements with asalleatomc number

i them. Therefoe, hismpuriy oxide, pailyeesed urig .

CaNdMo sampie fure 1) eprsented by wotypesof paices: i prticls arein the form ofmehed
Aatrounded gains, and in COMPO mode theseparicles haveabrght contrast.Larger particslock e grins
ofirreglarstape and have darke conrstin COMPO mod, sggesing more cakiumcontent.

In NG samplethros phascscan bedisingushed,diflrog i partice size and shape.One fhe phases:
s represcntedby flatparices, partofuich s deavedinto parall inlayers approvimately .1-02 ymar.
s Simarsigns ndicatr ot theelessed lanhanideaxide n ergocsydrtio nto NA(OH) g 0
stmopheric moiture.

I BaNcMo sl ther s o seversl st partices f dflereot shape snd size. COMPOmock s
iteinformatie due o age somic masmofthe dements inthe compound.

T e B 00 e

‘MgNAW sample (fure 1) shves s hgh homogeneiyofthe micrstrctue. Reatively e porous
segomerstsarepintod s good sintrsbliyof the particls. COMFO tode shvs s uriform distruon of
helight dementsinthe sample.

CaNW sample o (gure ) b rthes igh trcture bomogeney. Th formed grin re ot

articls it stongly. inditinga bighfusbiley of thesamplesor
combined nt sgglomerats.In COMPOmod the sumplehas uniform contrs.

“The SNAW sample ke he previous unstn:bsed sampes, abo demonsttes he igh bomogenciy of
e strcture and microdisperstyofthe patidespartally fuse o sgretes.

“The microstucture of BaNAW sampledflesrom e tungsen sampls. Severlphsescanbe seenin
SEM imags Thers aarge numberofstratifid racked partilssvel s amalecontrst patdsof
nrgulrshap,onth utac of whic ther presnt wel-ct e particls

Thereahs orWDS: gveninsupp ymateria 1. Mapping scording1
heteroge ety dtraionoflementsinsome samples.In MgNGMo sampl,analpricsbing nthe.
sufac of e sample prticsconain more magoesum comparedto th bsicp s, In CaNcMo sample
e coare particescontai mainlyclcum,malybdenum, nd cxygen. Inthe Tt paricles theresareduced
contentofcacium 1 S/NdMosmplecoars particls conanstontiam and molybenum, the contntof.
codymimn themslowe than i s anicpated: in e grains threis andoverse disributonof the

" ol bariumand is

abservedin BaNdMo k.
“Thiee tungten-busd samples, MENGW, CINAW and NG, show the highuiformityin disibutonal

ements nd the sbenceof additionalphass At the sn e, BNGW sample showsastrong ifferentiation

ofncodymium from baram and ungsten, sgge g heprenceofa miure of gmple pscs.

32 Crpslstracture
“The st ofx ayphase nalyss cofimed that the SENMo, BaNAM, and BaNW samplesaremisuresof
phases mainya ) oxide o ydroxide,aswells

b binary compounds Forexnple it thefac tht th experimentax. oy ifction pttenal
BaNGosampleagoed el it preiously desibed compound Nds(BassMos .07 biainedby olid-
‘hase synthess 26, an anslyi of e stucure sing the PDF-2databse showedthat thesample msily
ofbarium molyh e Babossnc ydroxide NA(OH . inappre
egualproportons. Threis o smal conent(sbout 103)of eodymium xide N&04 Inaditon, asmull.
partaf th sample e than 5% s epresentecbya hase thatcanbeidenifiod s N&:Mo,O withan.
orthorhombictuctur 27 Further caloimeric and magntc sy ofthsesampleswas o camiod out. The
sy diffction o™ mpls e g ymaera 2.

ThelulkofMgN@Mosmpleis epreseotedby the phase fosructuralto thecompound NdsMoOs with
ateragonalsyngony, thepace goup 2 m[ 2630, Thesamplvwasrefnd inthe spacegroup ./ acd of
‘e ttragonslyngony. The vohume contnt of MgOimpurity nthe sample, aconding o the svrsgs etimate
ofthedataofsevra programs, fsabout 15%. The theoretial valumeratoofthe cquimolr mixtureis
MEONGMoOL-13,446% t085554%.Thus, about 10%of the intalamount of magoesium wasdesseds
anoxide,he remainiog amount entrsnt the composiional thebsic phuse. With regard o his the
formla ofhe sic componnd s Mg ;N&,MoOL . Fctosaf uncertinty are B, = 5.13%, R, = 6345

AsampleofCaNdMoshowed the presence ofphase sostrctural o thecompound Bi. N WozsOro
‘whichrysatiasina monodinie (pseudo-orthohexagona)syngpny,thespoce group C2/ 311 iy
peskscanbe scribed o compound structurd o the tetragonal G N Wz GaRedOsa St ResOrt
St MOyt thespacegroup 4/ 413235 The contentofCarNd:MouOsmpurty i about 7%,
consequentyhecompsion afth basc phas corrspond o he formubof Ca <N MosOs . Fctorsof
ncertinyaeR, = 616%,F, = 837%.

“Thelsicphaseof MgNAW sampl s epresented by thecompound of No.W.Ouswithamonocinc
(ucudahexagonalsygony the pac roup 12/m[36, 7] Theremlnig part i sstrctual o e double
perovakit NaLaMgWOL witha monicini sygony, thespacegroup C2/ 36, and corespondstothe
formudaof Mg:Nck WO The conten ofthe second plase s about one thied Facors o uncerintyare
By = 618 Ry = 8930

Thcanalysi ofCANAW smple shows thatt s mixture of cubic phase ostrcturl 10 CesZrs0, space
‘oup Ra3m[39),anda hexsgonl(hombohedrs)phas Sostructura 0 the compoundsof CaLaW A0, 401,
andCauResO0al 1] thespace roup R3c. Th raoofthe cubic and hexagonsl(Ca NA;W:0; phasesinthe
‘mplis 6040, thats,inthe bexagonal pruse threis CaNEW = 05:0.4:04from the il raioa the
ements(12:0). Then forth ubic pase CHNW = 0.41.60.6 whatgvesthe formulaof GINAJW, 0, o
CaneNdWasOss.Factorsof censinyarely = 6.19% Ry = 903%.
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For SINGW sample good matching wasfound o the sostructuracompoundof BaL WOy witha
‘monodinic sygony, the space goup P112,/b 421 A sy of SeLa;WO, Sructuweisalo gheninthe eerrce
1420404 SeNAWO, compound vasdescbed previously 24,51 A mpusiy, e conten ofwhic sl than
396 canbe atrbued t0a compound of NW,O e witha cubicsygony, hespce goup Pa 51

i e N WO e yresedioeatoter omp stemgmlor
hexagonal sygony oiinating roman il cubi srucure, s it o enythe mpurky tructure
more xsrly duetosuperpositonaf the bascphase peaks Factorsof uncartainty are R, = 6415,

6%

"The lcubted snd xperimenta oy diffacion ptemsofihe simplsae hownin figure 2 Parsmeters

ofthe cstallaticeof e dentfed compounds e givenin bl : tomic positionsaregivn i
supplementay matrisl2.
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33 Hotapackyandthemodymimic nctons
T rcutea h xeroentalmes s fth s capachy s rstdin e and i e 15 o
upplementary il Th mesurcnest vl ised o o MENIW 8 CINGW, bt o
e ks he o v, e ennly o comp on pores Al b smplsstodied st
tmperstues bove3D K didotrevsl ny pacic s the o ofenperstur dependenc of e et
capcity. Atlowtempetres i st sam e et od ol o he s capacy cvin o the rsence
NG ominthecrps srucun of h compou.

e ot ol nomais s e b e compounds it he syt 6K
CNdbeng ook, whilen MgNEMoftisher i e s sprasimaly 0¥ Fo
MONE i CaNW he o with hemasis i, S K and 5 K. rspectvey,iem ahvioin
on,nthe ampistemperse o K. anecan e ot the xdof st e peak e
‘aimisblone 4 K. Thisfct e etdwith e o fsditons p nthe sl In SeNGW
‘plthetemperstus iz fth nomalyfound o th xtrpobted aesafthe ependence st
ey

Al ithe simpes i ourcofthe st caacty aving
othe prsenc o neodymin sostahecryl e of e compounds o e h ol
e componentofhe st cpaity s dcemind i cordacewith e quors[ 44, 45

Ferl-si o
)= {1 ) < @

Dependince of th hest capacityof rysaline bdisinthe coondinstes In(Cy/ T verssIn(1—C, 3R is s
it e i the e wherethelattce component reom nstes An anomalons componentofthe st
capaityress detcrmin st iflnc betveen the ol anlatic et capaciis. Thevlussof e aice
‘ndanormaloushest capacty sne ivenin supp e mentarymaterial3.
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Amathematal dscripionof the nomlisinhelowemperatre e apacity oEMENQMo, CaNaMo,
ndSONQW sampleseas o sing exresions o the Schoky it 16].For the remaiiog s,

o sbeclte 1o g spproximating ofoddpover. Thevaussofthe
entropy chang inthe rrsitors were15.9, 15 and 135 ol K- fothe smples ofMgN Mo, GaNdMo,
ndSNQW, respctively.Taking nto sccount s setopes N and “*Nd (which constitte 2074 of maurs
codymium)have aporserospin, the ctropy changecorelated 10 s fraction e for two smpls avalue
dosetoRIn2, . temperaue increse The.

e tice s ofthehestcapcinyo hect sudcdintheucact
nomslisareshavninfigue .

The it o Mo s SN sl corspond o peccicd
thecsseal andSeNEW, andfor
thecase of CaNea 7501 e,
ndGiNaW be the posibilyof thepresence of
‘Gcribod s intrmediste o between he Fbenberg and dng models.
“The xprinentl vlucsofth hst cpacityof the nples weredscrbd by et fthird-degre
bt

peks nMENAW.

“The
dtenninedbasedon the ocfc

therans fom K 0320 Kare
polyromis by the
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ey
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“The cbsined tandard aluesofth themodynamic uncions—the etropy T changesinthe ntilpy
T} H0) nd heredoced themmod i potentl 6T) areshownin bl . For the btained depencences

oftheinegl & 20K,00 fom theusualcosea the
anvear “An stempt 1o extractspossble bt
‘apaitysess prtormed for SNGW sample.

“The N jonhasan sk 1y (511 e S—
Twovarantsofspling hs level bya crysal feldarepsible i princple 1) two guarets one dovblet (when
e crysal Bl isofacutic symmety): 2) e doubes (ymmetryofthe feldslower thanacubic o). As
kot e e g e el At s s of
the excited st b, Snceinthi ctenergy
e T —_——
“Thus thetord het capaciyof SNWO, inthelo regioncanbs.

Cam() = Cu(D) + D) + Caa(D). ©

B (el

ere (T 8T e the et capctycompons ittt magaoes ndphoncns epecivey,
nd, e dgenrsy ey energyofthe e,

‘Sice et sceplty o v compound doc ot et o e e W ks the
empersuerange s consraton, he e componen o )b . To e theSchoty
‘namly oy o hetatal s cpacty e e dscr i 5] sl

Toch eC,(n) (e weueddsonhe bt

capaityof eL, WO, smpl 53, whicis diamagoetc aalogac fth compound underconsideraton. The
resulf sl g theSchorty anomalyfrom thetoal hst capacty o SeL ;WO s presentd ingure5.To

° E, = 300 s mybe o ot s cmpound he ndamcntd
ermofthe N on sltsotofe doubletsunertheincnce of s eldofeymncrylowe thanacubic
o e " e ¥

Theeper e ot ———
ofthe sample tempertursfom K 0300 K i dof 1000 O and ld depencencesof magneization t.
Stemperstureofd K nthe i range pto 50 KO (upplementary mteia 9,

“The emperature dependenesofmagnetatona l th simpls, except for CaNaM have theform

chuncristcal optems For CaNdMo sample, e v, = 6Kis
e ot e M(D). fgure 7). Thepresenceofthe
i ofthe ubstnceto withal orderatthe

ndicaod tmpurature.Adecressei magnetaton'alueatemperatres wer tha T ndicatsthatat s
tmpersture the sample ormostpartaf) ransis o the anierromagncic st
"o determine the presenceof magetc neractons i th samples,weconstructedhe depen dences fthe
eciprocal magtic usceptbiliy onthe tmperature 1/ (T (fgure 5 and pproximationoftheie igh-
temperstur art (T o 100 1o 300 K)by he Crie-Wes suation' — C/(T — ) forslthe compounds
Sudied bl 3.1t cabe e from ble 3t thevalucs oftheparamter ol he compoundsare negive,
sugesing presenceaty e samples.
Abolut valuesof the parameter 8  40-50 Kindicateasuficient teniyof thsentersctions what o the
‘Caof CaNdMo smple st sl the presence of  hase Uansition fom thepramsgoe it the
et T Con e N emperstref this
Forthe: CaNaw MENQW, SINAW, such wasnondetcied,
sty duetodighibut i notcesie s it sl pckingfthe compoundsnd o e changed
Jocalenvionmest and mutua srangement ofprsmognetic N ions.
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PIIL-1. Electrophysical and Transport Properties of
Me(La,Sm);WO; (Me=Sr;Ba)

Taimassova Sh.T, Gogol D.B.", Bissengaliveva MR, Balbekova B.E

lnstitue of Probles of Complex Development of Mineral Resouuces, Kazakbtan:
“Karagonds Sste Techsical Universiy, Kazakhoten
smisbic @ipkon ks, 160655 @mailra

Ranges of the propertes exlubited by rare-sarth compounds can be extended by means of doping with
toms of othe lathnides. Doping with lthanides ha: 2 ignificant ffct o fhe raneport propesies
of substances, zuch 32 conductivity, 3z well : on dielactic properties. This work studied the temary.
oxider of Slkaline earh (arium and ) and I doped with
samarium. The syathesis by the solidphase method wwas camied out i alundum crucibles n several
stage: over the temparstus inerval from 700" C 0 1200° C with intermedist sbrseion of the mples
in a0 agate mortar. As 2 result, compounds with the theoretical formulas Me(Lar.Sm;WO; were
obiained, where Me - Sr 20d Ba, xare 1. 3, and 5 mol%.
According tothe resuls of X.ay phase anahyi, he samples based on strontium on an sverage comsist
o 60% of the taget S(La.Sm), WO, phice and 40% of the phise fsstructural to the compound.
StReOp ie, StW,0,, Xoray phase analysis of barium-based samples a1 in good agreement with
BaL2,WO, compound (1] There i n impuny of BaWO, (sbout 34 voL%) in the sample with 1%
Sm, 2nd there & 2n impuny of Lafhasmum oxide 13,0, i the sample with 3% Sm. There i 2o more
@an 10 voL % of the farget compound BaL;WO, in the sample with 5% Sm. This sample basically
comsists of fwo phases, ane of which iz La;W:0ys, and the otber comesponds to BaW:0p i
approximately equal volume raios. Thus, the confent of 5 mol% of samanum is entcal for
erystllizaton i the space group PL12,b.
‘The clectrophysical propertes of he samples were measured over the range from 25 Hz to 10 MHz
with 3 paralll sichin scheme on bles i 3 dameter of | e 2nd  hickness of sbout .1 mum,
pressed at 5 ', We obtained the data on the capacity C,. the dilectric permitivity <, the dlectric
lows anpst . o e R, and h condacy G Th emples e good sl i o o

e ofthe frquency, 20 well 2
o meriag e oot o 3y e e ol oo a0
Sncresse with meressing samarium share, however,the value: of 1§ e also bigh i his fequency
sanze. Therefor, he best values of the quality fator Q (sbave 0) are observed at Sequencies sbove.
100 KHz. The influence of dopine can be traced a0 in the growh of inductance of samples. Thic, for
he magnetic moments o theatoms of samariumin the samples, thee 5 ot only an orderng observed.
in the fomn of perks of the hest capacity at low temperstures, but alio mn imteracton with the
enystllne sructue ofthe compounds up fo oo temperstue.
Acknowledgement The fnsncil uppartof grant APOS130085 by Sence Ce of MES RE.
\

Figure . Conducaviy (sf) nd dielectic peritivity (ngh) of the emple
T_BaLaWO, 2 BalLausSeaoo)s WO 3 - BaLacsSmn WOy
()W, Fa. D. ido sud A Bonteual . S Sate Chem., 2013, 201, 138
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The heat capacity and magnetic properties of BaLa;WO7 samples
doped with samarium

Mira BISSENGALIVEVA!, Irina ZVEREV A%, Daniil GOGOL',
‘Bakhyt BALBEKOVA!
ostitte of Problems of Complex Development of Mineral Resource, 5 Ippodromnaya s,
Karaganda 100010, Kazakhstan
of Chemisty. Saint P Stte University, 26 Uni prospect St
Petershurg 198504, Russia.
*Karaganda State Technical Universty 52 Biv Mia, Karaganda 10019, Kazakbstan

Samples with the general formnla Ba(Las -Sm: WO doped with semarium t 1 2nd 3 t%
(5= 001 or 003), were synthesized by bigh-temperatre up to 1200°C. The Xaay
‘&factograuns ofthe samples were messred i the ange of 28 fom 10° 1o 60°with 3 sep of 0.2
‘on 2 Shimadzu XRD-6000 diffractometer (CuK. radiation). According to the results of X-ray phase
smalysic 5o exraneous phases in appreciable amotnts were detected The crystal smictre of e
cangples comesponds tothe simene descibed i (1] 3d belongs to the monoclini yngony wih
thespace group LIy

“The hest capacity ofthe samples was messured on  low-temperanze adisbaic calorimeter
2] overthe range om 4.5 10 320 K. In the tempersture area below 20 K. the sanples showed.
devitions from the norsl course of the heatcapacty cve,presumably e to the presence of 1
‘magnetic moment in samarium atons. Anomalous “were identified by calclating the
It heat capacity of i the coondinates of -I(G/T) vs. -b1-C/3Rw), The
temperaure maris of the anomales i both compounds were 3t 8. K. an excess cobution o
the hest cpacity up o 20-22 K was observed.

“The magnetic propertis of the samples were measuzed in two mades: Zero Field Cooling
(ZFC) and Field Cooling (FC) on a Quantum Design installation ove th temperatre range fom
o 400 K (ZFC) and from 400 to 2 K (FC) with an external field of 5000 Oe . As a result, we.
‘btaned th dta on the magnetizaton and magneic suscepbiliy of the conpounds sudied

“The vistal sppesraic of the temperanae dependences of the magaeic auceptily 7 of
the samples is charscenisti for the substnces exlibting feromagnec properses. The magnetc
‘usceptbilty curve messured i the FC mode nms higher hanthe curve btaned i the ZFC mode,
‘which indicate he resence of feomagnetic bieraction between samii stoms, manfested in 3
e precis criention of e magnetc momentsuer the effct of an extenal e, what leads
o icressing of magnetzaton.

“A graphical snalysis of the magneic suscepebilty crves makes it possbe o detemmine the
posiion o the Curie paia at 2 temperstre of sbout 25 K. The graphs of th inverse magnetc

1y show tht the lnearregion in which the Crrie-Wesss I blds s locted a 3
temperaure foms 100t 400 K. The spprosimation ofthis region b the sraigh ine equation gves
the Cuieconstan o 7.2’ » Kol for these compounds.

[1] W. Fu. D. Udo, A Bontenkal, I Solid State Chem, 01 (2013) 128
[2]M Bissengaliyeva. D. Gogol Sh Taymasova. N. Belurganor; ] Chem Eng Data, 56 Q011) 195
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Structural Characteristics and Thermodynamic Functions of
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INTRODUCTION

The compounds and materials based on are-earth
clements (REES) with diffrent properies are wide-
spread and highly demanded in contemporary technol-
gy Among the REE compounds wih a pyrochlore-
related structure there are feroclectrics, magnetics,
semiconductors, and superconduciors. The doping of
‘compounds from the systems of complex xides with
REE atoms appreciably expands the spectrum oftheir
‘promising propertes. Due 1o the speciic fatures of
he clectronic Structure of lanthanides, the Synihe-
sized_compounds exhibi luminesceni, dilectric,
ransport,and other properie. In view ofagrea vari-
ety of specifc features and a considerable number of
doping variants for these compounds, their physico-
chemical properties require systematic studies.
‘Among the dopants, a prominen place is held by
europium, which hus 2 high fluorescence period

WO} group and the Ew>* fon, which enabies their

o heat capaciy, adisatic calo-

‘applcation a luminescent ightsources [2]. The sam-
plesof CaMoO, : xEw* luminophors = | -6mol %)
prepared by the sol-gel method, according 1o the.
eflection measuremen results 3], are opiclly active
‘compounds. Tungstate BaLa, Bl o((WO,), demon-
Strates red luminescence of medium cfficency at
foom temperature and lower and in the ulizaiolet
region 4.

Rather efficient luminophors are Bal;WO, based
‘compounds, which show optical actvty not only in
he case of éaropium, bt also with the other lantha-
nides [S-9]. Here, the possblies of exhibiting the
luminescen! propertiesbecome broader with the com-
bined appiicaion of two lanthanides or the partial
substitution of the are-carth clement.

“The number of works describing the thermody-
namic properties of the europium daped compounds
s much lower. Thus, the " high-temperature heat
capaciy of (U, _ ;Eu)0; compounds was studied.
‘within 2 temperature range from 30010 1550 K in the
‘work [10]. Hence, there i a gap in the study of the.
thermodynamic and other propertes of these com-
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— Experiment —-Ba(La,EusWO; ~-BaWO, --La;0; - Diffrence

Vi 1. Exprimenal, horecl and dflroce X ray diffacion acers o B3 WO,

region oftemperatures below 20 K. heat capaciy mea-
Surements were performed o les than three times.
The measured data were processed via the spine
‘approximation of experimental heal capacity values.
with cuble polynomials Ike G, = ay + &, + a1 +
T Below the emperature of S K. heat capacity val-
ues were extrapolated to absolute ro in compliance.
‘with the odd-degree polynomial G,— al* + 6T Over-
Iapping inthe regon of ¢ the polynomials was

presened. by _barium tungsiate BaWO, (PDF-2,
0. 00.008-045) and anhanam oxide L, (PDF-2,
no. 01-076.7398), whase content was csimated 55
=34 ol % The impuiies were pesent t nearly
caual molar ratios, which argucs for he absence of
o stochiomety n th trse compounds. No any
other impuriis have boen dtected.

“The eslts of cystal structure refinement o the
synthesized compounds wih consderation for the

0 les than 34 experimental points

RESULTS AND DISCUSSION

The Xray diffaction analysis of the samples
showed good correspondence (o BaL&,WO, (PDF-2,
0. 00-039-0083) [16, 17, which cystalizes in mono-
clinic system (space group P112,/6). Inaddition 0 the.
‘major phase, all samples were foud (0 contain trace
‘amountsof incompletey converted nitial compounds.

partial occu of atomic positions by
‘curopium atoms are given in Table 1. The crysiallo-
‘sraphic positions of ioms in  uni cll o the samples
‘comespond o he atomic positions from the paper [17]
‘i 3 deviation of no more than 2%

AS can be scen from the obiained data, the lincar
it col parameters b and c are slightly decreased with
ncreasing europium content n the sampls, whereas
the monoclinic angle emains almost unchanged. This
circumsiance is explained by that the fonic radius of
uropium i rather close o the values for lanthanum
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‘poundsat low temperatures, and this gap may beflled
by the method of adiabatic clorimetry.

In the present work, the doped compounds with
the generalformula Ba(La,_,Eu), WO, wherexisthe
stoichiometric index depending on the taken molar
ratos, were synihesized and messured. The molar
ratios slected for the synthesis o these compounds.
corresponded 01, 3,and S mol % of xide E,0, wilh
respect 1o the number of lanthanum oxide La,0;
‘moles.

EXPERIMENTAL

The inital compounds used for synthesis were.
stoniiumcarbonate SrCO,, barium_carbonate
BaCO,, wngsten(VI) oxide WO, lanthanum ovide
La,0,,and earopium oxide Eu,0, T reagenis were
of chemically pure (REE owdes), pure (barium and.
stroniium carbonates), and pure fo analyss (tungsien
oxide) grades. Oxides of alkal-earth and rare-earth
‘metals were additionally calcined before synthesi at
1173 K (900°C) for 2 h 10 remore the excessive water
and adsorbed carbon dioxide. oxides were
‘synthesized by the solid-phase method. The preciscly
‘weighed porions of the Intial reagents taken in stol.
chiometric amounts were carefully ground in an agate
‘mortar, and the resulting mixture was further annealed
ata termperature of 73 K (700°C) for 10-12 n por-
celain crucibles in an ar aimosphere. Afterwards, e
prepared precursors were triturated i an agate mortar
and calined in alundum crucibles in an ai atmo-
sphere at a sequentil increase in temperature from
1173 K (900°C 6 1) t0 1773 K (1000°C, 6 ) with triple-
terminal annedling a 1473 K (1200°C} for 7h.

“The X-may diffacton patters of the synthesized
‘samples were recorded on Shimadzu XRD-6000 dif-
fractometer at room temperature (Cu, radiation;
eflection geometry; range of angles 20 = 10°—60°;
step,0.02°). The processing of recorded X-ray diffrac-
o patterns,the detection of known phases, and the.
search or sostrctural compounds were performed by
the Match! Version 2.3 sotware [11] and the PDF-2
‘powder X-ay diffaction database [12]. The primary
Indexing Xty diffraction patternsand the deermi-
nation ofthe symmetry ysiem, space groups, and unit
cell parmameters of the compounds were performed by
he DicVoI06, Treor-90, and ITO programs incorpo-
rted o the FullProfsoftvare sute [13]. The model-
ing of difference X.-ray diffaction patterns and the
efinement of unit cell parameters on the basis of data
for the seleced sostrucuural compounds were per-
formed in the Powder Cell Version 2.4 sotware [13],
Crystal sirucure parameters were_determined by
means of sequential efinement s for general X-ray
difftction pattern parameters and then for unit cell
parameers and peak shapes with urther optimization
ofatomic positons.

“The heat capacity of the samples was measured
from the liquid helium temperature by adiabatic calo-
rimetry on a Termax low- lemperature thermophysical
setup [15]. The portions of the samples were from 1.3
1022 in veight. The ttanium containers with sam-
ples were cvacuated, flled with gascous halum, and.
sealed with an indium gasket. The siep of measure-
ments was varied ffom 0.3 10 3 K depending on the
temperature range, and the region of measurements
was 3.25-320 K. The common temperature range of
measurements was pased several times, and in the
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atoms, and the unit cell parametersof the compounds.
are ony sighly changed-

The_experimental, theoretcal, and difference
X.ray difraction patterns of the compounds are.
Shown in Fig_|. The difference curves were obtined.
by subiracting the sum of theoretical profle o the.

‘doped major compound and impurites, which are
a0 taken o account incalulation,from the exper-
imental X-ray diffaction pattern.

“The refined content of barium tngstate and lan-

thanum axide impurites n the samples on molar basis
7.3 mol % for the sample with 1% of Eu, 6.3 mol %
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forthe sample with 3% of By, and 7.8 mol % for the.
sample with % of Eu each. From this data it fllows.
hat the major phase content in the samples is 92.13,
92.72,and 9171 wt %, respectivel.

Taken 10 account the BaO, and La,O, impuri-
ies found n the sample, the coecton (or ther con
tent was applied (0 the experimental heat capacity
data. The specific heat capaciis of barium tngstate
[18]and lanthanum oxide 19] was subtracted from the
tota experimentally measired heat capacity in pro-
portion (o the weight content of an impuriy.

The heat _capacity—temperature _dependences
obiied as a rsull ofthe calorimetric measurements
are shown in Fig. 2. The - lemperature heat capac-
ity ofthe samples was shown 0 have sbnormal devia_
ons from the conventional heal capacity behavior
due 10 the presence of Eu* ons i thei crystal struc-
ture. The anomalies look Iike gentle low-intensity
peaks within  range from 5 10 8 K-

“The abnormal component of the heat capacity was.
caleulated via the transformation and subiracton of
the latice componen from the total heat capacty
according o the cquations [20,21]

S-S
(G =1 ) 1

“The smoothed dependences shown in Fig. 3 were.
obtained for the solaied sbnormal and atica compo-
nents of the heat capacity. The equations of these
dependences were used to calculate the cnthalpy nd
entropy changes in the observed abnormal ransiions.

The heat capacity anomaliesseem t0 appear due (0
the possible occurrence of magnetc nteractions inthe.
‘samples becatse of the presence of europium aioms.
‘Natural europium generaly consiss of two isolopes,
1B and S2Eu, which have aspin of3/2 predetermin.
ing the existence of magneti propertes for s com-
‘pounds. The found enthuipy and entropy changs n the.
anomalies of the sampies only slightly vary despie an
ncrease in europim content: from 019 10 0.26 /ol
and from 0.030 to 0.042 J/(mol K), respecively. in
‘compliance with the error estmatéd at a level of
£I5%. This circumstance may indicate that the
observed effects do no directly depend on the doping.
clement concentration. The values of ntropy change
in the observed tranitions are much smaller than the
theoreical value RIn2 due o that the lanthanum
atomsare only pariallysubsituted by europium atoms.
uring the doping of hese compounds. Being calci-
Iated per mole of europium atoms with consideration
foris molar contentin:s compound, hese parameters
are 401555 J/mol and 0.646-0.895 J/(mol K),
respectively

“The major thermodynamic functions of the syn-
thesized compounds, such as th entropy S and the.
enthalpy change A i, were determined from the

14
12

10

osf —

06

04

sxrw 7

in Table 2, together with corresponding errors. The

coeffciens of appr polynomials as folows:

mént rrors were ned from the spread
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THERMODYNAMIC PROPERTIES OF EUROPIUM-DOPED @

Table 2. Thermodynamic funcionsofcompounds
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of experimental points from the smoothed curve
‘within 3 95-% confidence interval (Fig. 4).

“The found thermodynamic functions appreciably
increase wih increasing europium doping level. The.
absence of pronounced_dependence between the.
entropy and enthaipy changes and the curopium con-
tent may be considered ss an indictor of that the mag-
‘netic iteracton between europiumatoms, which result
in the trasitons, occurs s soon as t ¢ lowest con-
centration, and isfrther increase oes not lad 10 any
essentalchanges wihin th stuied range of doping.

CONCLUSIONS
based on barium, tungsten, and

Compounds
REES, such as lanthanum and curopium, nave been
prepared by solid-phase synthesis. Ther structural

‘and thermodynamic propertes have been studied.
Based on the X-ay difraction data, the X-ray diffac-
ton analyss of the samples was performed, and their
unt oel parameters and atomic positons have been
determined. Heat capacity meastrements have been
‘carried ot from the liquid helium temperature and as
‘aresul, he low-temperature anomalis elaed [0 ihe.
magneic transitions in the siructure of the samples
due to the presence of doping europium atoms have
been found.
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Structure and calorimetric study of complex oxides based
onlanthanum, tungsten, and alkaline earth elements MeLa,WO,

(Me=Mg, Ca, Sr, Ba)
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Abstract

As aresult ofcirate synihesis by the “sol_geT” o we obtained sampesof e compoundsofernary axides wih la
{hanum, tngstcn, and alkaline <arth clements with te general formula MeL &, WO, (Me =g, Ca. 1. Ba). The sructae
of the sampls obtained was studid b the X-ray diffacton, clctron robe, and X-fa spectral microanalysi; the infured
S Raman spctrs of the compounds wee obtined. The rsulsof indexin for St 4;WO, and Ba W0, e i oo
agrcrmentwit e previouly published erystalographic data. The beal capciy f the samples was e by sing of

caloimery and her therm wer

Keywords Lanthanum - Tungscn Termasy oxides - XRD - EPMA - Adabatc caorimetry

Introduction

“The sol-gel method s widly sed in e syethess of inor-
sanic substances, ceramic mterialsand comples oxidesys-
e The e ofthis method llows o increse the homoge.
ity ofamterial,reduce te emperatae of syhess, nd.
Simpltythe mthoc of obaiing he materile.

For e s e thecompounds under sty e syser
B0-Lu,0;- WO, wer obvained by the authes [1-3], who,

scroncspplmencrymatrl The ot o 5
ik e 0 O TS 30 015 oo

s determind e crystal st for BaLa,W0, The
Sacegroup P21 with e e s =557 A,
2572 A, =530 A, =103 16" was il et
i for s compound 1.1 s making e
Srucue mor precie acordingtothe daaof X ray i
o of gl cxysals he space g P waschosers i his
cac e s o cdo-cotns f sy wes 202
S well 3 the fact ht 4 rsition o cntrsymmeiric
Sacegroups P2 and P2 posie (2
Tasr,resarch o crysal et o e sampes
BaLaWO, and S1La WO, wacamied ot i e po
Xy it o o dicion 1), A sosrocurd

[Eprry—
[P

s of Priensof Conpi: Dot e

R o 5 001 s

2 NI Lohosty S Uiy o Ny
N G e 2 Ny N,

K S T Ui, i st 5.
10087 g K

Nt Acdm f S o e Reput

(HLaRu0), 3nd L0, wer used. The sam-
Pl under sty wer: found o be smorpic o csch other
and belong 0 the centrosymmetrc space oup of P12y
ymmetry.

“The capaily fo luminescence was shown for samples
57120, and Bl a,WO, dopec withneodymim, nd for
Bal.a;WO,,doped with copiuam 5. 6. The uminescnee
propeties of mteials basd on B8, WO, doped withdit.
et lanthaides havebeen widly ivestigaed n  umber.
of subsequent stdies 1-10].

It should b o thst i i e bove st the method
ofslid phae reaction was ed forsyibeszing compounds

A il maerias o he synbesis, L3,0,, Na;WO, 2H0,
MECIz6H1.0. CoClyGH.0. SCl 610, s BaCl .0 of
ot s tha 99 5% of purity wer: wsed.Lanthanum oide
was aditonlly purificd by disaving innitic acid (65%).

clectronprobe micro-amlyzer IXA-8230 o JEOL company
at an acecierating vllag of 25 KV and an electron beam
curknt of up 0 25 1A For ll the aras ofte samples, e
mode of backscatered lectons (COMPO) was used. The
mode gives betcr quality images of sch objets compared
o1he monioring mode ind imaging in secondary lctrons
(SEI. The bsic daa i he SENY imsges e msgnicstion,
amarer, s kngth i microns,dae and e, 2 wel s e
monitoring mode (COMPO or SED).
EPMAstudis were camid oo usng e followng medh-
s of anaysis: eneray-dispersiv spectoscopy (EDS), 25
well a5 wave-dispenive speciroscopy (WDS). EDS was
carried out from an area, WS was semiquantaive, and

e or WS snsly-

ol acid, and e i alsoWDS. Abeam,
ol o he temperatur of 850 C: the salts wers sis was 100 s the size of the anlyzed srea using EDS.
purified by ecrystallzation. analysis was approimay 110 100 The tme o WDS

“To obain precursos by the “sol-gel” rthod, 6516 ¢
(002 mol) of L0, were disabved n s it of ciric snd
nitic acids (Souion 1) We issohved 6397 0.02ml) of
NaWO, 2H.0 n disled water and added dropwie 01
solton of MeCl, und coninous tiing. The precipiat:
‘was washod and filerd n s Buchner funne under vacuum.

anaysis wasan order of magntude onge han tht o EDS
analyss; however, WS analysis allows (o distinguish
confdenty some lines of the characersic X-ray radi-
tion, which practically coincide n strontium and wagsien
(Lo 806KV for St snd My~ 835 ke for W). Mapping.
of the samples by the clements was carried out in WDS.

The ey MeWO, vas in

mode st o 200x.

ciric and iic acids (Solution 2). Soutcn 2 was added 0
Solion o 1 under consant siing 1 70 °C for 2. The
mixtur of e soltions was evaporaied o orma el

‘Synesis of e complexaxides was condocied by means
of astagewise annaling of the cbained citte precursors
8 muffc fumace Nabertherm NTH. The

‘Specroscopi studics wer: perormed on a Raman scat-
{ering spectometr Trplenate Spex, cquipped with 8 .
‘hannl electorLN-1 40P (Princcton Isiumeats) i e
resion of 25-1500 e and on a ifrared Fourir spec-
frometr Verex 80 inte egion of 80-4000

ofthe cirateprcursors wasconduced a emperataes of
200-600 °C. A complets buming of carbon partices was
Schieved st 800 C. The formative sanealing was contin.
ed 2 emperatres of 300, 1000, nd 1150 <€ 1o control
Phase composiion o the producis. The time of nermeds-
e annealing at ach tage was 4, and e time of e fnal
Sonealing was 8 st 1150°C Afer cch sage, theproccts
were trurated n gate mortar

e Xoay difraction paters o e sympesized sampies
e e o e 01 4.1 i
cler XRDOODO (Shimad). The mesumments werscar
tid ot v the ane of ngls 20 from 2° 1o @ with
ot of 002 rdstion of Cuk 11 54056 A
Phascanysis and ndexing of e obain difacion i
e was erformed using programs Malch! 1.24.7 nd
FullPof (16, To it el paramecr of e sylesized

The ur et capacity of he
obtained was messared ove the temperature range of
42320 by adishtic calorimetry on mstallaion of the
‘company «Termass (Moscow, Russi) [17]. The weighied
portions of shout 1-1.5  were plced in 8 ttaniam con-
tainer 1 e, which then was fled with te eat exchangs
5 helium s sl with indiam ol Messurment s
varied from 0.3 K at low temperatures up o 3 K at room
temperature. Resuls of the calormetric measuments
were prsented by data st n 200-300 expeimentl oiis
obained inseversl comecutve seics.

Results and discussions
Morphology and stability
“The esuls of EMPA study ae presented in Appendix A

ALA%in Appendix A show SENEimages of the siric.
{ars of the ssmples at diffren magnificatons Disperiy

i i S o 010l st empraes of 10-1350 °C. As it s nod nvork mpies e e ey P of e powder o irmind b . psce ofmdvidu
fien {61 decompostio of th compound o sl phas potiens paicssnd s e mmhr of e sgsomerscs. e
[ p—— Qs @ s
o s o sty of s ot g, Sl st
B — E
ounded sap. o calcam sty of pricle in e sl ot Ty o ey compoind
et st par ofslomeris st (. Whh s Sl 10 B SO 0 1. Pt B
(e paicis i amotcompicicy o o form i h irctogam o ot e of BaL WO, e s N
ounded bk, I e COMPO e, all . s he  dionl e st 157,213 300- and 9.5 which
i g cotrt, which e  igh unformity of e U prscnce of st of st i o
i s s AS-A8 1 APFeR A shok WS- LaOFD, Homerer. evin i e i cll s
pestr 2 e sl of e, bacdon e lound o e aerTines i e of . . I
e et of WD iin by e clemens v cen ke o o A s for P11, it rspes vy A
< Comcluion s  HEh homogere iy of Gitionof 1t should e mled 1t e eharom i, whe
the clements for the studied compounds of tungsten series.  stored in air, depending on conditions, can form a pum- rorrrr o rerrerie "
In e calciom sarple, it canbe e thal calcium toms are  ber of substances: hydranides La(OH),, LaO(OH), car e == s = = =
e i oo of e o phics. i A9 bomts L 0,00, L4001, e composnds
et At . EDS secs o ama o LayO1D,CO. Las(OM)COs L nd oters 135311 -
s e The pecn g chariert [n 4Gon (he e of cy Sl st of e st o
sk elngin oty 0 cleners g b The. im0 0 st e formation of et . -
oo of et e s e o ks of (b s o besagonallanhanum o egriion, -
cmiguttaie £DS sy el corsspond b hydrovie LsOF) i formed sl g
et s ol o e compounis it cioeof i o, the proc’s iy =

roces o the o LiOIOR) ormato. Sufec- -
Crysa structure ey cihontc compounts may form. o e b

Y p— A L s
i from Xoay dffactonpatcrss (. 1)ttt La,OF) (€0, 0 compounis i sccumlscd e P TR TR YA T
e st degeof e i n sl Wheh i e e o o procics o
ingth somic mumter of 4 akain cath cement s high mpersure synhss i hydmd . ramberof - e oe 2 oe w e s e
icrved ALt b o sl ML WO ok i s alcin oo e O e e  oncluin
Fitetons o e cuie ydem with e it ol aramcers  dring sealin. s of e b e ke
Ol oot 117 Fowerc o ealod micang 3 for of & g pests Rexgone moicanon.
s it e sape st s o cuc, sty which was sbecuenlyydted 0y
(i compon s o b cygeny ik The eyl e of e compounds e e et
et which s clo o ezl 1. it ol The e st B
T samplc b on clcum. s s gt ofcry s At cerinston o e sempls s v N

can e dentified a5 mixtre of o phases—cubic and hex-
asonal. The cubic phase i laed o the compound LWOL
with some calcium content (sp. g5 Fim. a=11.129 &),
the efnementfor s phae was based on wrks 13, 1]
“The former refersnce describe the undoped compound
LaWO,,.and the e eerence deseribes the compound
doped withcertain quanityof calcum ions. The hexago-
nal phase coresponds o the compound Ca &, W-0, 2]
described by Smirnov snd coworkers 21, 22]. Refine-
ment o th hexagonal phas (sp. £ Ki/e a=0.T5T5 A,
o2 55,468 A) was carried ou skin i sccount crystal
ographic datafo isostrctural compounds from the work
23 So i smple conist o two phiaes; the oz
the cubic and bexagonal hases i spproimately 40:60 by
the vaare.

In the cas of SrLs; WO, and BaL&;WO,, we took 55
the bassth data from R [4]. The samples syntesized
by us ar in good conformity wit these dat; Bowerer,
here ae some discrepancis. Thus, in our diffactogram
for SHLaWO, ther s o pea a1 277" (20, and there ae-
peske 1 20.7° snd 312 The frst and second pesks n Ret.

inTable 1.The aomic position o lemeats n the crystal
structure refined or our sampls e given in Tabk 2. The
xperimental data of the Xray diffaction ofthe samples
ar presated in Appendix B. The calculation esuls are-
prscaed in Appenda C.

Figure 1 shows that fo 2 sample with the theoretical
formala Mg.a;WO,, good agrement was ablained n he
framework of the Phm space group of the arthorhom-
bic syngony. Relabilty factors amounied o B, =741%,
Fup=10.61%. e sampl Cal.aW was smoodhed s a s
areofbxagonal ;W01 and cubc Lo o WOy
Phases; rliability factors amounicd to Ry=8.63%

1216%. The volume ratio of phases i 6247 for the

the phase ratio i 63.436.6 mass%. The rfnement o the
5tL,WO, compound. akin ino account the peseoce of
the assumed admixtre S5aW,0,, gave bty -
{ors o B, =0.44%, R,,= 13.27% The volumeti content
of the admixur: of 1 vol%. is approximatly equal o s
mass raction of 1.3 Wi, tha i, the conient o te basic
substance is 8.7 Wi, Acconding o the eicment sl

€ spnger
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of the crysal structur, there is 3 potieable admixtur of
lanthanum hydroxide LaOH), in the Bal a;WO; com-

Pound (Ry—8.18%. R,y 11.185%). The voume atioof the
Phases i 81119 voi% ht i fems of s fractions s
2138w,

Incompound MlLa;WO,, coondinationpiyhedra ofan-
hamumLal snd L2 stors e inked through edees it
chains, which when ntrecting form a thee dimeasional
framework. The octahedra of ngsien a lnked through
verice and arangdotochans alcrmatng with polyhedra

Timi. Fo othe lkline cathelemerts, a deviton rom e
‘boundariesof sability is even greaer, and the structures
being formed ar o romte cubic ones. I the case of cal-
cium, n additon s i radis is vy close 10 the inic
i ofanthanam s ther i (49-51. s, an.
{hanumcan e replaced by calcium i e crysal et n
noneguivalent ositions,axd i some cases this distbuton
el dividing the strctur no separse phases (5251,
Presumably. a similar siwaton s observed i the case of
our calcum sample thal gives two compounds. I should b
menioned tht n the Ca0-N&.0; WO, sysem the form.
tionoftwo phass (ublc nd hexagonal was also nced n
the sample syntesized 551,

o some. The of magne-
St stoms e s insn ctaherl confguraion.

In sccordance with Rf. 4], the sirucure of SrLs;WOy
(3 wel 23 BaL ;WO ) compound i fomed by te aers of

vib spectra

“The Raman soctaof the compounds (i ) ca b divide
ot four frequency bands: () 700-1000 v —steiching

atrnai olybodra o Lal and La2 toms ke
togethcr by sharng 0-0 cdges These Ly, i trn, ae
inked together trough the octahedra of ngsicn atoms,
betwen which he polyhedraof sotium stoms a locued

o W-pelyhedes (ot ey, WO,
most ne e mode n i rnge s ot oalysymnct-
ic vibraton of the cctahe dron (5 400-600 - —efor.
mation vibraions of Wepolyhedrs: (©) 300-400 cm—

sewell The. umber inpoytecaof

nd stontum soms i .

By snslogy, WO, octahedrssnd polyhedrs of La1 snd
L2 stoms with the coordination umber §sr slso prsent
e sirucureof Ba W0, bt te poybecia of bariom
Rave the coondination mumber 9. This factis causd. oa e
onehand, by alarerion radius f baium than tat of e
ium, o the ot hand.its condioned by the oclizaton
of the atomic pasitons o barium in 2 positon elatively
more equidistant from the oxyaen atom O, which leads (0
e ofan

ibraton vibratons of W- (estricied tams); (@)
50-300 - mised ranstonsl ibations o stons and
Weons.

One can note that in the Raman speciza of the sam-
Pl ther are no noticable sharp peaks in the area of
10501100 cmY, which correspond to vibrations o the
€O, roup [31] tht indicatesthe abscnce of asbanum
oxycarbonates in the samples oblained. In the speciram
of BuLaWO,, there are signs indicating the preseoce of
Tanthanurm ydroride. The basic vibrational lnes acive in

‘According 1o the itraure, the compounds wih he for-
muls of pymochlor type AB:0; arc wsually crystallzed
i the cubicsysiem with s pace roup symmetry of Fa3

the Ramen O La(OH), whichare locaed at 500,
657, and 559 e [56] and corespond to roational and
tranlatonal vibrations of OH-groups, overiap with vibes.
tionsofthe crystal stuctre of the main phas. Neverthe.

m[32-35 and i [36-35), however, area

s the C ar 140 o,

e of e 3 Tower ety of e it
cll 561, For th compounds of A5, e, e -
iy of he prchion: e i demined e rto
ofoic ud of caions ryry ove e e from 14615
[T —
e o e st of 3 e o e i
.. e otz i the

g lo e of soms in
ydronide, can b corelied withthe band in e spctrum
of the Bl WO, sample st 138 cr, which s abnt in
the Raman spectum of S1La,WO,. O can also e he
sbsence of oscilltons charstersic of scheslie struc.
{ares in the specta of samples with the pacipation of

sysem. Inthe pesence of & partal cationic substtution,
an dispositon can become o complcsed,especially n
case of asgaificantdiffrece betneen the o i of A
and B atoms. As  esult fsuch distortions of e unit el
pyrochlon withth tigona [39, 40, ttragonal [41, 421,
crthorhombic (43, nd monoslinic sysem [44-46) can b
formed.

For the compounds understudy i et s saisted anly
0 the cas of magresiam, and i very clos to the stabily

calcium, and barium. The mot nteme vibr-
tionallneof W-0 bonds i etrabedra, ocaed in the rangs
from 910 cm!fo calium tungstate wp 10 925 e+ for
barium tungstae docs no appea n the sectr: alo, e
second mest nense band i ot observed a 30 e (57,
3511 he case of magacsium, the main peak of MEWO,
5915 cm! (59] would overlap with & wide band st
500-1000 c! ssocisted with the sructral festures of
th sampc;bow e, an ey ifaction paien disinctly
Showsthe absenc of magacsium ungstat.
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In the specta of al the sampls in the range over.
750-800 ", theee s  band cormspnding o sttching
vibrtions of W—0 bonds in the octabedral conigurtion,
‘which usually hae  ength ofthe order of L9 A [S5] The
postonof s band s st towardlonsrwses s
e s ofalkaline carth et ncrsses that efcts il

due o the very difent bond lengts in te distortd octa-
s of e crystal et of the sempie. A 3 el e
asembie of shortee onds in the polyledron oscllaes 15 3.
singl ragment. A simila ictur s observed n the spctra
of oher compounds with a sigificant distorton of tung-
sen-onygen octahedr,forexample in CSLuW,0, [60.n

Iason orie oscilaons. addiion, in the of the sample te possbiliy of
“This pesk s rther arrow for S WO, snd Bal a0, partial eplacement of oher catons withtgsien i their
sincethe bond engths i the wagsten ctabe. o foma

e clos n size Lo cacholer (fom 19010 195 A)and s o e out.A smilar combination of trabedral nd.
oscllae a pproximately the same Inte cue of roups in e strctre of s
caium, the sample s by o Inte forcxampe nsodium. NaW.0, (61,621 and in

Cublc phase, the ength of the W-0 bonds i he octahedra
5193 & that corresponds o 8 peak a T80 e, whik in
he hexagonal phase the engths ofthe bonds inthe octa
edraar 180-183 A and give peaks u $05-825 ™. n
the spctrum, hese bands ovelapeach ot and he main
Peakis wider han hat ofsronium and brium. Futher, n
e spectrum o & magresium sample sppear bands tht st
it glance coresponding t bt vibrations of W-0 bonds
i octabedra (eaks rom 750 10 850 ) and vibrasons

soldsolaions B_LaWO, 63

In the e of deformaton and oration vibrtions,the
sampis lso have maxima coresponding (0 the ocabedral
evironmentof tangsen stoms. They rlste tobending and
sppin vibration of O-W-0 band angls. For the cal-
i szontuny snd s e sampls, tese bande
ar rouped i the area o 2300 v and 00450 e
into iy sharppeaks, showing eltelyhigh symmetry of
he octaedra In a magnesium sample these vibrations

of bonds in WO, tetrabecra (e band with o o by etinly wide bands ht et
00em 551 . s primarly inthe oftie
@ spnger

R msergen

8.2 R ot .
g Frori i o e

In ranstational vibrations region, in the sample
MgLe,WO, the vibraton requency of igh magnesium is
quie figh (200-300 cm' and s partilly cverlapped by
the gon of lration vibrations ofccabede.n the sample,
Bal.a,WO, vibrations of heavy Ba ae shiftd o he ow-

3400-360 e et the vibrtionsof H,0 i the s
Or KB, inwhich e poeris presed.

Heat capacity and thermodynamic unction.

Rgion of 50-150 ™ e specraof
SL4,WO, nd Bala;WO, aresmila de o the ienity of
{he crysal strctue of the sumpes.

“The ifrared spctraofall the compounds (Fig.3) e ep-
rescnidy broad bands, bt awidhofthelnes s not .
ssariy determined by disorderin, but it s ssociied with
Physica peculisitis f the 1R sheorpion seetr occur
rerce. As can b scen from he igure, the ssental vibra-
tions of the compounds studied ae located in the egion
of wave numbers up to 1000 cm-1 which cormespond (o

I

41

i crystal e of e

“The peaks observed in the region of S00-1000 e+
cormespond to symmetric snd atisymmetrc longitad-
nal vibratons of the vance bonds of Me—0, La-0 and
W0, The deformtion v rstions o he vaene honds e
locaied in the region of up 0 500 e and tey ar par-
tilly obseried n the presenied spectr. The basic vibrs.
tion requency for a ttrabedral aion WO s 931 e
« symmric ). 373 e sy

metrical ), 833 cnr ! (seiching antisymmeric +,) and

The of e het capacity o the sam-
s v the ring: from emperate of id el o oo
cmperatur showed po deviations fom e normal coure:
of the curve. The experimental data wer: procesed by the
spine appeoxmaton metho The vales of e cofficients of
polynomil f th third degre have becn obaind and ter-
modynamic functons o th sustanes have eca calculatd.
over the range of 5-320K. The emperaur depdences of
e heat capacity fhesampes steda preerid inFig
andin Append D.

For SILasWO and BaLsWO sampes the cxprimnal
st capacity wa corscted for the presence of sdmixurs
et For Baa;WO. the specifichet capiy of ant-
um bydrenide L(OH), [71] was subtracid fom the el
experimentally measued spcific bea capacity o the sample
proporionaly o the admixuremass facion. n the case of
StL:WO,. e 1 the lck of diretexperimental messare
menis of e beatcapacty ofte sustances cormsponding
o formals fo the deicied simixure SLa:W-Or. U
kpoun beat capciisfor srontium oxic SO [12], I

ara Thus, forthe caeium sample vibrtions o W—0 bonds
ar found 1 720760 e, 350-370 ' 600-650 e

e 320 ™ (deformation atisymmetic 1, 64, 651, I e num oxide La,0, 73], and strontum tungstae StWO, 73]
Specrnofte sy sampls,tese cor were ued to ke “The et of e
spon 0 the vibratons of ungstca-oxyeen bonds i e substances were summed up based cn he epresenttion of

ey s s ot e formuls s 3570.L,0, 3SOWO,,afcr which s cormcton

‘was made for i bt capciy proporioally o he admix-
{are s fraction. 1t shoid b ke tht i Re. 174, the

0260310 - whil the banc of the e

ofthe spectc eatof o

o cawo, w910 e
408 cmr-, 523, and 769 -, 330, and 290 e (661, A1
simile picare s observed o fo otbertungsties of lka
lin cart metals the coniom sn sbsenceof sheelie s
ares n the sampls 6665

Frse vibeations of the bond La-0 are placed a8 26
for ksl et clments e vibrations o e bond Me O
are rspectivey, TS, 650, 653 e, nd 670
i order of inceasing the aomic aumber of an clement
165 n the spctra of the compounds obtalned hes vibrs.
tions corespond o the bands at 90880 ', 570 e
550 ", SO cnr ! and 510 c'. I geeral, the paternof
e sif oward e igh-rgueney egion with decreasing.

lkln carh s MeWO, ht showed good et
Wilh he caperimentl messuEments of CRWO, 75 and
BAWO,[76] wes camcout. The ey of e et
conecions s conimed by oy o e comecedvaies
Tt bt caparity of BLaWO, o e et capclsof
BlL ey 7, WO; compund withdopig om0 105 8%
[

Exurapolion o the dt o bl 260 o e s
e was doe g n - dge polyomia n e form
OF Coma T The dat o the masrenent of the het
capciy of e smpcs e prcesd b polynomils of e
i degeeof e fom Cpama 47 51+l o 84
o oo e T By o

atomic weigh of  alklne canhclement s totha

T the rang: of 5 520K ar onte

‘bservednsmilarcompounds wih increasing e proportion
of  ihterclement [69]. ALhe same time,the absorpion
bands show o vibrations in the region characierstic o the
ek groups W-0-W, sugeesin tha here e o ridd
aroupsof aions i he form o W0 inthe crystal srctue
of e magresium and calcium smpls 10 A weak band of

@ spnger

ot et e oqenn o e et
capacity polynomisls in acondance with the formulas.
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From the low-iemperar:bestcapscty of e samples
measurd, the characeristc temperatures of the com-

pounds wers obtained in sccordsnce with the cquation

2 4nR (718, (73], In the case of 2 magnesium-

bsed sample the  value 5 310 K_for asconiumsample

G

ncreasing the atomic mass o th alkalin carth clement
hat refects decrasing i he inertomic inkracion i e

“The standard vales o the thermodynamie functions—
the crtropy S, the cnbalpy chins: HCP) - HO) and the

b s that the chracteristc temperaur: decreases with
Crystal et of e compounds.

tegualsto 302K, snd for abarium sample 5 278 K. [t can

“Tabl 3. These values arecharcteized by 8 smooh nresse
v the entre measured emperature range without any

signs of regula behavior. Te valus of elative rros t

reduced thermodynamic pocnial @(T)—ar preseated in

withinthe rnge of0.31-0.55% for MeL;WO:0.41-0.62%

sandard temperstur for Cy 5 and HQ98.15)— HO) s
o S1La,WO, 4nd0.37-0.58% for B WO,

Condlusions

Me. St Bawere

syntesied. The study of e strctural parameers shoved.

As el of citrate symihesis by the “so-=I” mcthod the
compounds f the eries VL&, WO, (e

2 grudual ditortionof he compounds cystal srucur: rom
he neary cubic to monecinc sysem when changing an
alkaline canhcation rom Ms 10 Ba Inhe case o acacior

sampl, cton disspation at crystallographic positions is:

e o the istortions tht eads t dividing the structue

into two phises. The resuls of spectoscopic studics o
i he presence of coondimaton ungsien octabedra i e

siractre of compounds. The adiabaic calorimetry of he
compounds howed the sbicnceof shrormal signsof phase

transtons in the samples. The heat capaciy below 20 K

submits e wel 10 the Iow-temperature approximation
of the Debye . The dependences ofthe themmodyramic
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Rare-carth metals are used in the production of optical materals for various purposes like
ares etc. The of compared to other i its wide charge pass
‘band i the region close o ultraviolet radiation,  low cost, and environmenta friendliness.
‘We synthesized two compounds with the general formula of St(LarEue):WOs doped europium
at 1 and 3 at % by the solid-phase method. The crystal structure of the samples was confirmed by
Xy powder difficion. Xay phase anlyss caried out using Matc! v23 and the PDF-2
hat the besides the main phase. i to the
Cmpouid Sy 1 o e e ettt compound S s 2w
hexagonal structure (sp. gr. R3c). A full-profile refinement of the siructure of compounds related
to monoclinic syngony with the space group P112y/b was performed, and proportion between fwo
phases was determined. The ratio values were used to infroduce 2 comrection info
heat capacity of the samples for the presence of admixture phase SnLmW:0;2 in accordance to
its mass fraction.
Their thermodynamic fnctions in the range of 5-320 K were investigated. The heat capacity of
the obtained samples was measured from the temperature of liquid helium to 320 K with using of
adiabatic calorimeter [3]. At low temperatures, abnormal deviations from the usual course of the:
heat capacity curve were detected, indicating the possible presence of the second-order phase:
transitions. Anomalies were detected in the heat capacity of the samples below 15 K. and we
calculated the excess and lttce heat capacity for these anomalies.

Figure 1. Experimental molar (e and abnormal heat capacity (ight) of Sr(LaassEuscs WOr.

The standard thermodynamic fmctions are: Cpas=219.5411 J/(molK), Se=353225

Jmol'K), Hiss—H5=37.64£0.30 Klimol — for Sr(LasssEuaWOs, and Cpass=219.5+16

J/(mol K), $3%5=240.0+2.6 J/(mol K), Hiss—HE=37.98+0.35 kJ/mol — for Sr(Lacs7Euo:):WO:.
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XV Intemnatonal Conference on Thermal Analysis and Calorimetry in Russi s following witha
long-time Russian and Soviet radifion of such meetings. The wadition was based by Lev
‘Germanovich Berg (1896-1974), Professor of Kazan University, who gave the early theoretical
‘oases of DTA. Berg was the major person i organizing the first Russian conferences on thermal
analysis (formerly named thermography) in Kazan (1953 and 1957), followed by All-Union
conferences in Riga (1962). contimied by Moscow (1969), Novosibisk (1973), Zvenigorod
(1976), Riga (1979), Kuybyshev (1982). Uzhgorod (1985). Leningrad (1989), and by Russian
conferences in Samara (1993), Kazan (1996), Samara (2003) and St. Petersburg (2013, 2016). This.
radition of meetings hasreflected a considerable spread of thermal analyss methods i tersitory.
of Soviet Union (up to 1991) and Russia.
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