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The object of research is the crystal structure of the K, TiOF; compound. It is known from
the literature that this material is ferroelectric. The dielectric constant of materials is very high.
Therefore, this material can be used in capacitors, which are much smaller in dielectric size.
Relatively recently, a number of materials with ferroelectric properties have been synthesized,
including K. TiOF . The diffraction spectrum of the compound was taken by the powder method
with the Bmgg Bertrand shooting geometry and is presented in the PDF-2 database for 2009
under the number 00-023-05006 indexed in the tetragonal system, with lattice periods a=6,102°4,
¢=8,655°A. To date, there is no complete information on the crystal structure of this compound.

The study used a 2009 PDF-2 database. And also, the HighScorePlus 3.0 program
(Netherlands), which allows to refine the microstructural parameters of the structural model by
the Rietveld method.

The diffraction spectrum for the study was generated using the HighScorePlus 3.0 program
and the attached pdf-2 database for 2009 in UDF format.

As a result, it was found that the given diffraction spectrum of the compound under study can
correspond to the following structural model: the diffraction spectrum of the K, TiOF ; compound
is indexed in the tetragonal system with lattice periods a = 6.086 A°; b = 6. 086A° c=8.6754°.
The space group of symmetry 141 (80) is possible:

— microstructural parameters K1 8b x/a = 0.252 (9), y/b = 0.588 (4), z/c = 0.2 (4);

— position filling factor 0.5 K2 8b x/a = 0.233 (5), y/b = 0.233 (5), z/c = 0.4 (4);

— position filling factor 1.0 F1 8b x/a = -0.900 (8), y/b = 0.393 (4), z/c = 0.1 (4);

— position filling factor 1.0 F2 8b x/a = 0.749 (7), y/b = 0.262 (7), z/c = 0.8 (4);

— position filling factor 1.0 F3 8b x/a = 0.47 (1), y/b = 0.696 (9), z/c = -0.1 (4);

— position filling factor 0.5; Til 8b x/a = 0.247 (5), y/b = 0.803 (4), z/c = 0.1 (4);

— position filling factor 0.5; Ol 8a x/a = 0.0, y/b = 0.0, z/c = 0.1 (4);

— position filling factor 1.0;

— disagreement factor R = 7.311%.

Analyzing the results obtained, it can be assumed that the studied structure of the compound
crystallizes in its own structural type.

The study of the crystal structure of a compound contributes to a better understanding of its
physical properties, in particular, ferroelectric.

Key words: X-ray structural analysis, Bragg-Bertrand survey geometry, Rietveld method,
crystal structure, K TiOF composition.
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3agooannuii B.B. Kpucmaniuna cmpykmypa cnonyxku K. TiOF

06’ ekmom 00CNiONHCeHHA € KPUCMANIYHA CIMPYKMYpa cnOleKu K TiOF . 3 nimepamyphux
Oanux 6i00Mo, wo yeu mamepian — cecnemoenekmpux. Jlienekmpuuna nponukmcmb Mamepianie
oyaice senuxa. Tomy maxuii mamepian mooice 6ymu GUKOPUCIAHULL Y KOHOEHCAMOPAX, AKi 3HAYHO
MeHwii 3a posmipamu 3a Oienekmpuuni. Ilopiensano HedasHo 6y10 CUHME306aHO HUSKY Mamepia-
16, WO Malomy cecnemoerekmpuyni enacmueocni, 00 sxux nanexcums i K. TiOF . Jlugpparyiii-
HUU CNEKMP CROMYKU, WO SHAMUU NO MemMOOy NOPOUIKY 3 2eOMEMPIEIO stloiku Epee bepmpano,
npedcmasnenuti y 6aszi oanux PDF-2 3a 2009 pix nio nomepom 00-023-05006, inoexcyembcs
6 MempacoHanIbHiti cCuHeoHii 3 nepiodamu pewimxku a=6,102°4, ¢=8,655°A. Ioesni gidomocmi
npo Kpucmaniuny cmpykmypy makoi cnoiiyku Hamenep ioCymHi.

YV x00i 0ocnidsicennsn suxopucmosysanacs 6aza oanux PDF-2 3a 2009 pik. A maxosc npo-
epama HighScorePlus 3.0 (Hidepranou), sika 0036013¢ ymouniosamu Mikpocmpykmyphi napame-
mpu cmpykmypHoi mooeni memoodom Pumeenvoa.

Huppaxyitinuii  cnekmp  Ona  00CNIONHCEHHA 2eHepy8anu 3a O0ONOMO2010 Npocpamu
HighScorePlus 3.0 ma npuednanoi 0o nei 6azu oanux PDF-2 3a 2009 p. y ¢popmami UDF.

YV pesynomami ompumano, wo yeu ougpaxyiiinuii cnekmp 00CTIOHCYBAHOT CHOYKU MOXdCe
sionosioamu maxii cmpykmypnii modeni. ougppaxyitinuii cnexmp cnonyku K TiOF | indexcy-
E€MbCA 8 MEMPALOHANLHIN CUH2OHIT 3 nepiodamu pewimku a=6.086 A°; b=6.086'A°; ¢=8.675 A°.
Moowcnusa npocmoposa epyna cumempii 141 (80):

— mixpocmpykmypHti napamempu K1 8b x/a=0.252(9), y/b=0.588(4), z/c=0.2(4),

—  koeghiyienm 3anosnenns nozuyiti 0.5 K2 8b x/a=0.233(5), y/b=0.233(5), z/c=0.4(4);

—  koeghiyienm 3anosnenns nozuyiti 1,0 F1 8b x/a=-0.900(8), y/b=0.393(4), z/c=0.1(4);

—  koeghiyienm 3anoenenns nosuyiti 1,0 F2 8b x/a=0.749(7), y/b=0.262(7), z/c=0.8(4);

—  koeghiyienm 3anosnenns nozuyiti 1,0 F3 8b x/a=0.47(1), y/b=0.696(9), z/c=-0.1(4);

—  koeghiyienm 3anosnenns nozuyiti 0,5; Til 8b x/a=0.247(5), y/b=0.803(4), z/c=0.1(4);

—  koeghiyienm 3anoenenns nozuyit 0,5; O1 8a x/a=0.0, y/b=0.0, z/c=0.1(4);

—  koeghiyienm 3anoenenus nozuyiti 1,0;

— axmop posbiscnocmi R=7,311%.

Ananizyrouu ompumani pe3yibmamu, MOJCHA NPURYCTUMU, WO OOCTIONCY8AHA CMPYKMYPA
3’ €OHAHHA KPUCMANIZYEMbCA Y GNACHOMY CHPYKIMYPHOMY MUni.

Busuenna kpucmaniunoi cmpykmypu cnoiyku Cnpuse Kpauwjomy po3ymMiHHIO 11020 Di3udHuX
enacmueocmetl, 30KpemMa CMeSHemoe1eKmpUHUX.

Knrouosi cnosa: penmeenocmpykmypuutl ananiz, ceomempis 3tiomxu bpee-Bepmpan, menoo
Pumsenvoa, kpucmaniuna cmpykmypa, cknad K, TiOF .

Introduction

Ferroelectric materials are used in variable capacitors. The dielectric constant
of ferroelectric materials is not only tunable but also very high. Therefore, ferroelectric
capacitors are much smaller in size and have a higher electrical capacity than dielec-
tric capacitors. In comparison, a number of materials with ferroelectric properties have
recently been synthesized, including K TiOF, [1]. Starting materials KF (Ventron,
purity > 99.9%), oxides TiO,, Nb,O, Ta,O,, WO, (Cerac, 99,95%) pre-dried in vacuum
at 473K for 20 hours. Oxyfluorides TiOF,, NbO,F, TaO,F are obtained by the action
of a 40% solution of hydrofluoric acid on the corresponding oxides in a Teflon bath,
after complete evaporation of the solution in a sand bath at 373K. Residual solids are
degassed in vacuum at a temperature of 473K. About 18 g of the mixture is weighed
in stoichiometric proportions, ground in an agate mortar in an oven, then placed in
a Biconical platinum 10% rhodium crucible. The compound is obtained in the follow-
ing reaction 3KF+TiOF,— K,TiOF,. After degassing in vacuum for 20 hours at 473K
and then sealing in a dry oxygen atmosphere, the crucible is fired at a reaction tempera-
ture for 24 hours and then at a melting temperature of + 50K [1].

The object of research is the crystal structure of the K, TiOF compound.

PDF-2 database for 2009 contains indexed diffraction spectrum obtained for
the K, TiOF, compound. The crystal structure of this spectrum is unknown.

The aim and objectives of research

The aim of research is to propose a structural model for the diffraction spectrum
of the K, TiOF, compound under the number 00-023-0506 in the PDF-2 database for 2009.
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To achieve this aim, it is necessary to solve the following objectives:

1. Determine the periods of the lattice and the crystal system in which the studied
compound crystallizes.

2. Select the space group of symmetry and propose a structural model for the given
spectrum of the compound.

3. Carry out the refinement of microstructural parameters for the selected model by
the Rietveld method.

Solvothermal synthesis of K, TiOF, was carried out in a stainless steel autoclave with
a Teflon lining at reduced pressure. All reagents (KOH, KF-2H,0, Ti0,, Ti, NH,HF , H,0,)
and methanol were analytically pure and used without further purification (purchased
by Shanghai Chemical Reagent Company). The mixture is placed in a stoichiometric
ratio in a teflon-lined stainless steel autoclave of milliliters, which is then filled with
methanol to 80 times the total volume. The autoclave was quickly closed and heated
at 200°C for 24 or 36 hours and cooled naturally to room temperature. The precipitates
were collected and washed with ethanol, distilled water, and dried in a vacuum at 60°C
for 2 hours [3].

Diffraction patterns were taken from the obtained sample by the powder method
with the Bragg-Bertrand geometry. The diffraction spectrum corresponds to K, TiOF,
numbered 00-023-0506 in the PDF-2 database [2; 3], indexed in the tetragonal system,
with lattice periods a=6,102°A, ¢=8,655°A.

The results of the analysis of the literature indicate that the crystal structure of the test
compound is unknown. With its electrical properties it can be used as a ferroelectric.

Methods of research

The diffraction spectra of the compounds for the study were generated using High-
ScorePlus 3.0 and the attached PDF-2 database for 2009 in UDF format.

Analysis of the proposed structural model of this spectrum was performed using
the program HighScorePlus 3.0 by the Rietveld method.

Research results

The diffraction spectrum of the compound K,TiOF, is indexed in tetragonal syn-
gony with lattice periods a=6.086 A°; b=6.086 A°; ¢=8.675 A. Possible symmetry
group 141 (80).

The correct system of points and their specified coordinates for this spectrum are
presented in Table 1.

Table 1
Microstructural parameters of K3TiOF5 for spectrum 00-023-0506
in PDF-2 database up to 2009

Atom | Wyck. s.o.f. x v z Uy
K1 8b 0.500000 0.252(9) 0.588(4) 0.2(4) 0(1)
K2 8b 1.000000 | 0.233(5) 0.233(5) 0.4(4) 5.8(4)
F1 8b 1.000000 -0.900(8) 0.393(4) 0.14) 10(1)
01 4a 1.000000 0.000000 0.000000 0.1(4) 0(1)
F2 8b 1.000000 0.749(7) 0.262(7) 0.8(4) 0(1)
F3 8b 0.500000 0.47(1) 0.696(9) -0.1(4) 0(2)
Til 8b 0.500000 0.247(5) 0.803(4) 0.14) 0(1)

Note: Wyck. — correct point system; s.o.f. — position filling factor with atoms; X, y, z —
coordinates of atoms in the fate of lattice periods (x=X/a; y=Y/b; z=Z/c); Uisoa — temperature
factor
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The values of observed and calculated interplanar distances and integral intensities
of the diffraction spectra are given in Table 2.

Table 2
The values of interplanar distances and intensities are given in [2],
and calculated according to this model

( A:?’l) ( Ao'g,s) I, I,. H K L

1 2 3 4 5 6 7
4.94655 4.94993 13.62 10.18 0 1 1

4.31978 5.07

4.27702 4.27999 6.24 5.11 1 1 0
3.04189 1.25 1 1 2
3.03006 3.02998 100.00 100.00 0 2 0
2.60241 0.75 0 1 3
2.58765 0.58 1 2 1
2.58765 1.10 2 1 1
2.48259 2.48098 14.95 20.18 0 2 2
2.16240 2.16201 14.37 15.10 0 0 4
2.14553 2.14599 26.43 30.39 2 2 0
1.97672 1.93400 0.30 5.12 1 2 3
1.97672 1.74 2 1 3
1.97024 1.13 0 3 1
1.93177 5.98 1 1 4
1.92271 0.89 2 2 2
1.91972 0.10 1 3 0
1.91972 0.89 3 1 0
1.76209 491 0 2 4
1.75521 1.75600 1.48 15.23 3 1 2
1.75521 8.14 0 1 5
1.66499 1.66301 1.08 5.06 0 3 3
1.65726 1.65299 0.62 5.15 2 3 1
1.65343 4.07 3 2 1
1.65343 0.63 2 2 4
1.52462 1.52501 8.86 15.18 0 4 0
1.51868 1.51800 8.66 10.14 1 2 5
1.46044 0.06 2 1 5
1.46044 0.33 2 3 3
1.45522 1.45400 0.50 5.10 3 2 3
1.45522 0.44 1 4 1
1.45263 0.87 4 1 1
1.45263 0.50 1 3 4
1.43702 1.43200 0.59 5.11 3 1 4
1.43702 0.53 0 4 2
1.43328 1.94 3 3 0
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Table 2 (Continued)

1 2 3 4 5 6 7
1.43204 0.43 1 1 6
1.36835 1.36900 0.16 5.04 3 3 2
1.35979 1.35900 0.34 10.21 2 4 0
1.35873 1.15 4 2 0
1.35873 1.68 0 3 5
1.31656 0.23 1 4 3
1.31273 0.20 4 1 3
1.31273 1.35 0 2 6
1.30398 1.04 2 4 2
1.29657 0.09 4 2 2
1.29657 0.07 0 1 1

Disagreement factor R = 7.311%.

Table 3 shows the interatomic distances of the proposed structural model for
the K, TiOF, compound for spectrum 00-023-0506 in the PDF-2 database for 2009.

Interatomic distances of the 3TiOFS compound

Table 3

Atom! Atom? Distance, A°
1 2 3
K1 - Til 1.343
-F2 1.421
-F1 1.558
-F2 1.576
- Til 2.130
-F1 2.177
-K2 2.235
-Fl1 2.278
- 01 2.300
-F3 2.360
-F3 2.479
-K1 2.578
-K2 2.661
- Til 2.684
-F1 2.800
-0l 2.988
-F3 3.018
-F3 3.126
-K1 3.206
-K2 3.208
-K1 3.246
-F2 3.267
-K2 3.357
-K2 3.389
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Table 3 (Continued)

1 2 3
K2 -F1 1.394
-F3 1.787
-01 2.133
-K2 2.176
-F3 2.195
-Kl1 2.235
-F1 2.344
- Til 2.634
-Kl1 2.661
- F1 2.682
-01 2.946
-F2 2.973
-F2 3.003
- Til 3.011
-F3 3.021
- Til 3.116
-01 3.166
- F1 3.170
-Kl1 3.208
-F2 3.219
-F2 3.248
- Til 3.260
-F2 3.348
-Kl1 3.357
-Kl1 3.389
-F3 3.399
-F3 3.430
-F2 3.458
- Til 3.480
- Til 3.494
F1 -K2 1.394
-Kl1 1.558
- F1 1.783
-Kl1 2.177
-0l 2.211
-Kl1 2.278
-K2 2.344
- Til 2425
-0l 2.469
-F2 2.509
-F2 2.536
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1 2 3
- Til 2.656
-F2 2.679
-K2 2.682
-F2 2.771
-Kl1 2.800
- F1 2.808
-F3 2910
- Til 3.016
-F3 3.098
-F3 3.106
-K2 3.170
- Til 3.182
- Til 3.264
-F3 3.324
- Til 3.331
-F3 3.355
01 - Til 1.939
-F3 1.994
-K2 2.133
-F1 2.211
-Kl1 2.300
-F2 2.302
- F1 2.469
-F2 2.569
-K2 2.946
-Kl1 2.988
- Til 3.065
- Til 3.098
-F3 3.137
-K2 3.166
F2 - Til 0.976
- Til 1.274
-Kl1 1.421
-F3 1.519
-Kl1 1.576
-F3 1.958
-F2 2.171
-0l 2.302
-F1 2.509
- F1 2.536
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Table 3 (Continued)

1 2 3
-0l 2.569
- F1 2.679
-F1 2.771
-K2 2.973
-K2 3.003
- Til 3.114
-K2 3.219
-K2 3.248
-F3 3.252
-K2 3.253
-F3 3.263
-Kl1 3.267
-K2 3.348
- Til 3.434
-F3 3.438
-K2 3.458

F3 - Til 1.184
-F2 1.519
-K2 1.787
-F2 1.958
-0l 1.994
-K2 2.195
- Til 2.259
-Kl1 2.360
-F3 2415
-Kl1 2479
- Fl1 2.910
-F3 2.921
- Til 2.970
-Kl1 3.018
-K2 3.021
-F1 3.098
- Til 3.099
-F1 3.106
-Kl1 3.126
-0l 3.137
-F2 3.252
-F2 3.263
-F3 3.269
-F1 3.324
- F1 3.355
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1 2 3
- K2 3.399
- K2 3.430
-F2 3.438
Til -F2 0.976
-F3 1.184
-F2 1.274
- K1 1.343
-0l 1.939
-Kl1 2.130
- Til 2.216
-F3 2.259
- F1 2425
- K2 2.634
- F1 2.656
- K1 2.684
-F3 2.970
- K2 3.011
- F1 3.016
-0l 3.065
-0l 3.098
-F3 3.099
-F2 3.114
- K2 3.116
- F1 3.182
- K2 3.260
- F1 3.264
-F1 3.331
-F2 3.434
- K2 3.480
- K2 3.494

Fig. 1 shows diffraction patterns generated and calculated from the structural simu-
lator for the K, TiOF compound.

Fig. 2 shows an image of the proposed model of the crystal structure of the investi-
gated compound.

The space group of symmetry /4, (80) has a rotary axis of symmetry of the 2nd order
parallel to 001, a helical axis of the 4th order with translation 1/3 ¢ parallel to 001.

Also, partial filling of the correct systems of points in the structure under study may
indicate that the stoichiometric composition of the compound may be slightly changed.
So, the structure of the connection requires further investigation.
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Fig. 1. The resulting X-ray diffraction pattern of the K ,TiOF . compound generated
and calculated from the structural modeling

Fig. 2. Crystal structure of the K, TiOF . compound for the investigated diffraction spectrum
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Conclusions

1. Using the TREOR program, the diffraction spectrum of the K, TiOF, compound
is indexed in the tetragonal system with lattice periods a=6.086 A°; b=6.086 A°;
c=8.675 A°.

The diffraction spectrum of the B-phase (compound 00-049-0903) is indexed
in the orthorhombic system with lattice periods a=8.668(7) A°; b=8.677(8) A°;
c=8.685(7) A°.

2. The space group of symmetry /41 (80).) is possible and proposed for the calcula-
tion of the structural model.

3. Using the HighScorePlus 3.0 software, the parameters of the structural model
of the compound under study were refined by the Rietveld method. Microstructural
parameters are given in Table 1.
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