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In this work, we have successfully fabricated a calcium titanate perovskite compound. The resulting CaTiO3 compound was studied
by preparing samples by compacting it in a powder state and using a Pousson device. The distance between the planes dnk, Miller
indices (hkl), degree of crystallinity and amorphism, structure and lattice parameters of the calcium titanate perovskite compound were
determined using an X-ray diffractometer. Also, according to the results of FT-IR analysis, the formation of CaTiOs perovskite is
confirmed as a result of the study of molecular vibrations. The main broad peaks are observed in the range of 680400 cm’!, the
absorption band at the wave number of 543,93 cm! corresponds to the specific stretching vibrations of Ti-O bonds and indicates the
formation of the CaTiOs perovskite type structure implies. Based on the results of these measurements, it will be possible to use
semiconductor compounds in the future to create nanofilms by magnetron sputtering.

Keywords: X-ray phase analysis; Miller indices; Interplanar distance; Calcium titanate; Crystalline and amorphous phases; FT-IR
PACS: 61.05.C, 61.80.Ba, 61.43.Dq, 42.72.Ai

INTRODUCTION

Along with the rapid development of science and technology, the demand for energy is increasing day by day. The
world is rapidly depleting non-renewable energy sources such as hydrocarbon fuels. Therefore, humanity needs to find
alternative ways to solve these pressing problems. One of the most effective ways to combat global climate change is
concrete measures such as replacing fossil fuels with new energy-efficient materials and renewable energy sources [1].
Based on this, the developed countries of the world are increasing their investments in this field every year in order to
achieve sustainable development of new technologies and green energy [2]. Among renewable energy sources,
photovoltaic generators are the most promising way to replace fossil fuels. Photovoltaic generators are based on the
properties and characteristics of semiconductor materials, and in recent years have been derived from polycrystalline and
monocrystalline silicon compounds. Obtaining high-quality thin coatings of metals, alloys, and semiconductors is one of
the most important tasks in the production technology of integrated circuit elements, various temperature and pressure
sensors, and micro and nanoelectronics in general. In particular, semiconductor nanofilms with a narrow area are needed
to create thermal sensors. Metal silicides are one such semiconductor. Therefore, obtaining thin-layered and thin-sized
films from these semiconductors is an urgent task [3].

Many different methods are used to obtain thin film coatings. The most popular methods of vacuum deposition of
coatings on various types of surfaces are thermal evaporation, electron beam evaporation and various types of ion-plasma
spraying. In this case, only the methods of applying thin films are based on the sputtering of the material with ions of
heavy gases. These include ion-beam and magnetron methods of deposition of thin-film structures, which have been
intensively developed recently [4]. They have a number of advantages: new materials, the ability to obtain oxides, good
film adhesion and physicochemical properties. Especially important in the production of microelectronics and solar
energy elements, it is necessary to use multi-structured coatings such as metal-semiconductor-dielectric, etc., which
requires the use of various vacuum plasma equipment [5].

In recent times, it is known to everyone that it is almost impossible to imagine electronics without semiconductor
heterostructures. Such structures are widely used to create light-emitting diodes, short-wave photodetectors,
semiconductor lasers, solar cells, and other products of modern optoelectronics. An important factor in the widespread
use of such devices is low cost and resistance to high temperature conditions. Calcium titanate is a promising material
for creating various optoelectronic devices based on it. Calcium titanate is a combination of barium and titanium
oxides. Crystal modification of calcium titanate with perovskite structure is ferroelectric with photorefractive and
piezoelectric effect. Calcium titanate is characterized by high values of dielectric conductivity, on the basis of which
several types of ferroelectric ceramics have been developed, which are used to create capacitors, piezoelectric sensors
and posistors [6].

In this work, we study the structural properties and optical spectra of CaTiOj; through the absorption properties of
X-rays and infrared spectrum of light, physicochemical properties.
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PREPARATION OF SAMPLES

The starting material used for synthesizing CaTiOs was analytical reagent grade, initially mixing calcium (96%)
powder to titanium oxide (TiO,) powder in a 1:1 ratio at room temperature using a digital mechanical stirrer for two hours.
This mixture was stepwise calcined by heating in a muffle furnace at a rate of 20 °C/min increasing the temperature to
the next higher temperature until the terminal temperature of the reaction mixture was reached. The resulting powder was
thermally heated in a muffle furnace at 800°C for 1 hour, then heated to 1100°C for another 1 hour, and then naturally
cooled to room temperature by heating to 1300°C for half an hour. The resulting CaTiO3 compound was studied by
preparing samples by compacting it in a powder state and using a Pousson device.

METHODS
X-ray diffractometers and infrared spectrophotometers were used to determine the qualitative composition of the
sample, the crystal structure of the substance, as well as the unit cell parameters (full profile analysis - Rietveld method),
the crystal size of the polycrystalline sample (coherent scattering region). X-ray diffraction patterns were obtained using
a XDR-6100 (Shumadzu) diffractometer with a Cu-Ka (B- filter, Ni, current and voltage mode 30 mA, 40 kV) as a
radiation source. Measurements were made with a step of 0.05 degrees, a constant detector rotation speed of 4 deg/min
(@/280 -link) and the scanning angle varied from 10° to 100° at 20. The X-ray power was 2 kW. The results were analyzed

using the database [7]. The penetration depth of Cu-Ka radiation is about 1 mm (980 pum) for light elements (carbon),
several microns for heavy elements (Ag, W). For most inorganic substances, Cu-Ka- is tens of microns (pum) for simple
compounds.

Elemental analysis was performed using Fourier-transform infrared (FTIR) spectroscopy. Absorption and
transmission spectra of the samples were obtained using the “Happ-Hanzel” method on an IRTracer-100
spectrophotometer. In order to reduce the effect of water vapor (H,O) and carbon dioxide (CO,) molecules in the sample
in the range of 4004000 cm™, several of the following corrections were performed: addition, smoothing, main zero
correction, normalization and ATR correction.

RESULTS AND THEIR DISCUSSION
X-ray diffraction analysis

Figure 1 shows the spectral relationships of the CaTiO3; compound obtained by the powder diffractometer method.
In addition, the Miller indices are given, as well as the distance between planes dnq for these samples. We used the
Rietveld method to refine the structure from X-ray powder data [7]. The principle of the method is to use independent
intensity measurements at each point of the diffraction pattern, to describe the line profile using analytical functions,
instead of using the integral reflection intensity. Feature parameters, including structural, device, and other characteristics,
are refined using a nonlinear least-squares method. Using this refinement method, we determined the distance between
the planes dnx and the Miller index (hkl). As mentioned above, powder X-ray diffraction allows for quantitative elemental
analysis.
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Figure 1. Spectral dependence CaTiOs, is obtained by the method of powder diffractometer. Miller indices are given

The degree of crystallinity and amorphism was evaluated for the samples measured by X-ray diffraction analysis
using Search and Match software [8]. For calcium titanate, the amorphous phase is 71.35% and the crystalline phase is
28.65%, respectively. In addition, the phase composition (Weight %) and elemental composition of the CaTiO3 sample
was determined using the "Profex" program. The phase composition of the sample prepared for magnetron spraying
corresponds to 90.7% perovskite (CaTiOs), 3.8% titanium, 5.5% calcium. Our elemental analysis of the samples using
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Search and Match software shows that the samples have the following composition (in weight percent): 35.7% Ti, 32.2%
Ca, and 32.0% O.

As is known from the literature data [9], Miller indices are applicable in all synagogues. As the Miller index
increases, the interplanar spacing decreases [3].

Table 1. X-ray analysis of CaTiO3 perovskite: Miller index, 2theta, intensities, distance between planes, FWHM

No. hkl 2theta [°] d[A] 1/To (peak height) Counts (peak area) FWHM
1 100 23.22 3.8253 120.92 396.92 0.2000
2 110 27.42 3.2447 159.16 417.97 0.1600
3 111 32.20 2.7773 147.20 386.55 0.1600
4 112 33.12 2.7028 1000.00 3939.12 0.2400
5 220 37.36 2.4053 401.92 1055.47 0.1600
6 220 47.54 1.9126 512.76 2019.83 0.2400
7 202 53.86 1.7008 162.85 320.75 0.1200
8 204 59.04 1.5630 157.46 1033.76 0.4000
9 214 62.12 1.4975 181.27 952.06 0.3200
10 224 69.50 1.3514 110.16 361.61 0.2000

Figure 2 shows an X-ray image of a CaTiO3; compound measured at room temperature. X-ray phase analysis at room
temperature shows that peaks at different degrees 23.22, 27.42, 32.20, 33.12, 37.36, 47.54, 53.86, 59.04, 59.32, 69.50 are
visible at several angles.

The main ideal peak appears at an angle of
33.12 degrees (112). When heated to 400 K, the angle of
peaks in the image does not change, but the intensity
changes. In this X-ray phase analysis in the
literature [10] of a sample heated to 900°C, X-ray phase
analysis peaks can appear at certain angles, although the
peaks are very small in intensity and contrast. The results
of the analysis measured at 1100 °C show that the
intensity of the peaks has changed by a factor of 1.5.

X-ray diffraction data were processed using
“Fullprof” software [11]. The results of X-ray diffraction
data measurement and processing are shown in Fig. 2.

Processing by the full-profile method of X-ray diffraction data showed that the sample has a orthorhombic structure
(sp. gr. Pbnm) with the following lattice parameters: a= 5.3064 A, b=5.3531 A, ¢=7.1760 A and positions, coordinates
of atoms in the unit cell (Table 2).

Figure 2. Crystal structure (orthorhombic structure sp. gr. Pbnm)

Table 2. Comparative analysis of lattice parameters with the literature

Lattice parameters a/ A b/ A c/ A
This work 5.3064 5.3531 7.1760
Literature [12] 5.380 5.443 7.640

Figure 2 shows the crystal structure CaTiO; of calcium titanate, the unit cell of the crystal lattice CaTiOj3 corresponds
to the orthorhombic space group and consists of three chemical formulas: Ca, Ti, O.

Infrared spectroscopy analysis

Powder absorption and transmission infrared (IR) spectra of perovskite CaTiOs annealed several times at different
temperatures were investigated in the range of 4004000 cm™ at room temperature. The spectra vary depending on the
composition, annealing temperature and structural state. Autocorrelation analysis was used to determine the variation of the
average line width of groups of peaks in primary IR spectra [13-15]. Fourier transform infrared spectroscopy (FTIR) analysis
of CaTiOs synthesized at high temperature (1300°C) was carried out and its spectrum is shown in Fig. 3. It can be seen from
the transmission spectrum that there is a band at the wave number 3600 - 3800 cm’'. It corresponds to the symmetric and
asymmetric stretching vibration of weakly bound water interacting with the environment through hydrogen bonding and the
O - H stretching modes corresponding to the stretching vibrations of hydrogen-bonded OH groups. As the molar ratio
increased to 1:4, no peak was found indicating the absence of moisture and water molecules in this system [16]. Therefore,
a molar ratio of 1:4 is the best condition for the anhydrous formation of CaTiOj; perovskite powders.

The main broad peaks are observed in the range of 680+400 cm™, the absorption band at the wave number of
543.93 cm™ corresponds to the specific stretching vibrations of Ti-O bonds, which indicates the presence of TiOs
octahedra and CaTiO; implies the formation of a perovskite-type structure [17]. The band at wave number 435.91 cm™ is
characteristic of Ca-Ti-O bending vibrations of calcium titanate. It is due to a weaker, symmetric stretching band (C-O)
in the range of 14801380 cm™' [18]. The strongest peaks correspond to the wave number of 543.93 cm™, 435.91 cm™,
420.48 cm’!, 405.05 cm’!, characteristic vibrations of calcium titanate in the range of 9103600 cm™ at 1100 °C. its
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absence indicates the formation of pure CaTiOs; [19]. This clearly shows that thermal annealing can be one of the well-
established synthetic routes to prepare calcium titanate perovskite materials. Table 3 presents several correlations and
wavenumber intensities in the absorption spectrum of a sample prepared using a stoichiometric mixture.

Table 3. Multiple correlations and intensity in the absorption spectrum of CaTiO3

no Peak Intensity Corr. Intensity Base (H) Base (L) Area Corr. Area Area color
1 405.05 24.00 5.71 410.84 401.19 699.526 29.405
2 420.43 28.43 5.06 422.41 420.84 802.448 32.825
3 543.93 31.05 3.90 553.27 532.05 1395.688 50.320
4 858.32 23.13 23.68 857.93 857.63 6531.839 1185.06
5 1473.62 83.92 6.46 1455.11 1422.32 398.420 82.770
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Figure 3. FTIR transmission and absorption spectrums of CaTiOs prepared at 1300°C

The results of X-ray and IR absorption measurements of the CaTiOj; perovskite compound show that it is one of the
most versatile oxides of the perovskite family for applications in fields such as electronics and photovoltaics due to its
structural structure and optical properties. Therefore, it is important to study the ways of forming semiconductor material.

CONCLUSION

The qualitative composition of CaTiOs perovskite compound formed by mechanical mixing and thermal heating,
the amorphous and crystalline phase of the substance, and its structure were studied with the help of XDR-6100 type
diffractometer. Using "Fullprof”, "Profex" processing programs, unit cell parameters, Milner indices and interplanar
distance of the sample were determined. It was observed that as the Miller index increased, the distance between the
planes decreased. For calcium titanate, the amorphous phase is 71.35% and the crystalline phase is 28.65%, respectively.
The phase composition of the sample corresponds to 90.7% perovskite (CaTiO3), 3.8% titanium, 5.5% calcium. Elemental
analysis shows that the samples have the following composition (in weight percent): 35.7% — Ti, 32.2% — Ca and
32.0% - O. FT-IR analyzes of the CaTiO3; compound were conducted. The main broad peaks are observed in the range of
680400 cm’!, the absorption band at the wave number of 538.14 cm™! corresponds to the specific stretching vibrations
of Ti-O bonds and indicates the formation of the CaTiOs perovskite type structure implies. The band at wave number
43591 cm! is characteristic of Ca-Ti-O bending vibrations of calcium titanate. The strongest peaks correspond to the
wave numbers of 543.93 cm!, 435.91 cm’!, 420.48 cm’!, 405.05 cm™!. Absence of characteristic vibrations of calcium
titanate in the range of 910+3600 cm™ at 1100°C indicates the formation of calcium titanate perovskite. Based on the
results of these measurements, it will be possible to use semiconductor compounds in the future to create nanofilms by
magnetron sputtering.
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OTPAUMAHHS MMIEPOBCKITHOI CIOJYKH TUTAHATY KAJIBIIIO, ONITUYHI TA CTPYKTYPHI BIACTHBOCTI
Xymxamkya T. lappanos?®, Mypaayiuia T. Hopmypanos?, Mysaddap A. lasaaros®, Kysouauk T. JloBpaHos?,
T.Y. Towes®, H.A. Kyp6onos”
“Kapwuncokuti depocasnuii ynisepcumem, Kapwi, 180100, Y36exucman
bKapwuncoxuii inoicenepno-exonomiunuti incmunym, Kapwi, 180100, Vzbexucman

VY wi#t po60Ti MU yCTIINIHO BUTOTOBIIIM TIEPOBCKITHY CIIONYKY TUTaHATy Kanblito. OTpuMany cronyky CaTiOs mociiKyBamu IUIsIXOM
NIPUTOTYBAHHS 3pa3KiB IIPECYBaHHSIM Yy MOPOLIKONONIOHOMY CTaHI Ta BHMKOpHCTaHHAM npmiaany Ilyccoma. 3a momomororo
PEHTTeHIBCHKOTO Au(paKTOMeTpa BU3HA4aNy Bifcranb Mk IromuHamu dhkl, imnexcn Mimrepa (hkl), crynine kpucraniyHocTi Ta
amopdi3My, CTPYKTYpy Ta HapaMeTpH PEeLIiTKH IepPOBCKITHOI CIIONYKH THTaHATY Kaiblito. Takox 3a pesynbratamu FT-IR ananizy
MiATBEpIUKEHO yTBOpeHHs mepoBckity CaTiOs B pe3ynbTaTi JOCHIIDKEHHS MOJIEKYJSIPHHX KojuBaHb. OCHOBHI INUPOKI IiKK
cnocTepiraroThes B aianazoni 680400 cm™!, cMyra noriMHaHHS Ha XBHILOBOMY uMciti 543,93 cM™! BifnoBigae muTOMUM BaJleHTHUM
konuBaHHAM 3B’s3kiB Ti-O i cBimuuTh mpo yTBOpeHHs mependadeHol nepoBckitHOi crpykrypu CaTiOs. 3a pesyiabpratamu LHX
BHMIpIOBaHb y MailOyTHOMY MOKHa OyZe BHKOPHCTOBYBATH HAIiBIIPOBiIHUKOBI CIIONYKH AJISI CTBOPEHHS HAHOIUIIBOK METOIOM
MAarHeTpOHHOTO PO3MHUJICHHS.

KnarouoBi cinoBa: penmeenogpazosuii ananisz; indexcu Minnepa; Midcniowunna 6iocmanb;, Mumanam Kaioyilo, KpUcmaniyna ma
amopna gpazu; FT-IR





