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KoGeFg COMPOUND CRYSTALLINE
STRUCTURE ANALYSIS

Zavodyannyy V.

O6’ckmom docnidicenns € kpucmariuna cmpyxmypa noaimopduoi mooupixauii cnoryxu KrGeFs. Oonum i3
NPOOICMHUX MICUb € ICHYBANHS BEUKOL KINLbKOCMI OUDPAKUTHUHUX CNeKmpPie, OMPUMANUX 3 260MeMPIEIO 3LUOMKU
Bpez-Bepmpano ¢ 6asi danux PDF-2 3a 2004 pix. B daniii po6omi npononyemocs cmpyxmypna mooenv Ois
ouppakuitinozo cnexkmpy cnoayxu nio womepom 00-037-1154.

B x00i docnidacenns suxopucmosysaiacs 6asa danux PDF-2 sa 2004 pix. A maxooxc npoepama HiphScorePlus 3.0,
aKa 00360JL5€ YMOUHIOBAMU MIKDOCPYKMYPHI NAPAMEMPU CIMPYKMYPHOoT modeni memodom Pimeenvoa.

B pesyrvmami ompumano, wo danuil oudpaxyitinuii cnexmp 00CAiOHCY8anoi cnoiyxku modxce eionogidamu
HACMYNHIL CMPYKMypHiti MOOei:

— OPMOPOMOTUNA CUNZOMIS, NPOCTNOPOBA 2pyna cumempii Imma, nepioou pewimxu a=8,3327 A°, b=5,891212 A°,
c=5,908473 A°;

— mikpocmpyxmypui napamempu Ge 16j x/a=0.172086, y/b=0.353968, z/c=0.291034;

— Koeiyienm 3anosnenns nosuyiti 0,25 K 16j x/a=0.316837, y/b=0.636701, z/c=0.134786;

— Koeiyienm 3anosnenns nosuyit 0,5 F1 16j x/a=-0.087258, y/b=0.119218, z/c=0.783618;

— Koeiyienm 3anosnenns nosuyit 0,5 F2 16j x/a=0.406830, y/b=-0.603655, z/c=0.376365;

— Koeiyienm 3anosnenns nosuuitl 0,5 F3 8f x/a=0.581125, y/b=0, z/c=0;

— Koeiuienm 3anosnenns nosuyiu 1,0;

— ¢paxmop posbixcnocmi R=8,65453 %.

Ananisyiouu ompumani pesyiemamu, MO¥CHA NPUNYCIMUMU, WO OKPIM 080X GIOOMUX NOIIMOPOHUX MOOU-
Qixayit cnoayxu, a came: MpUzOHALLHOT MA 2eKCAZOHANLHOL CUNZOMNIH, ICHYE HO8A NOMIMOPPHA MOOUDIKaUis
i mae earacnuii cmpykmypnuil mun. Ipasurvna cucmema mowox 16j Ons amomie zepmaniio, Kaiio ma ¢mopy
€ He NOBHICMIO 3aN0BHEHO10.

IHoxa3zamno, wo kpucmaniyna cmpykmypa cnoiyku 368 ’s13ana 3 ii ONMUYHUMU 81ACMUBOCMAMU. 30KPEMA, KPUC-
MAIU MPULOHATLHOT 1 2eKCAZOHANLHOL CUNZOHIL MAIOMD CREKMP NOZAUNANNSL 8 iHpauepsoni ooracmi. [Tomiueno
maxoxc 8NaU8 KpUCMAaiiyHoi CMpyKmypu Ha CNeKmpu po3cisihis yiel cnoayxu. Icnye maxoac posuenienns aiii
BUNPOMINIOBAHNSL, WO MICHO N0 s3ane 3 0ydosoio Kpucmaniunoi rpamxu. Tomy eusuenns danoi norimoppnoi
moduixauii cnoayxu KrGeFy dae mosxcaugicmo no nosomy poszisoamu ma eueuamu ii Onmuuni e1acmueocmi,

3A60AKU AKUM 60HA MOYCe OYMu UKOPUCTARA SAK JIOMIHODOD ONisk KOMEPUTIHO20 6U20MOGLCHHS CEIMA00I00i8.
Kmouosi croBa: penmzenocmpyxmypnutl ananis, zeomempis siomxu Bpez-Bepmpano, memod Pimeeavoa,

xpucmaniuna cmpyxkmypa, cnoayxa KoGeFy.

1. Introduction

Potassium hexafluoro germanide KyGeFg is formed by
heating germanium dioxide with hydrofluoric acid and po-
tassium fluoride, resulting in the precipitation of colorless
poorly soluble crystals [1]. This salt does not decompose
to a temperature of 500 °C and melts at 730 °C.

This compound is obtained using the chemical precipi-
tation method, creating optimal preparation conditions for
the red KyGeFg: Mn** phosphors. The obtained trigonal
phase with the space group of symmetry P-3m1 of the
KyGeFg:Mn** compound shows effective red emission,
high-purity color, a fairly stable concentration of Mn**
and low thermal hardening.

Polymorphic transformations at 400 °C are also ob-
served into a hexagonal syngony with a spatial symmetry
group of P63mc and at 500 °C in a cubic syngony with
a spatial symmetry group of Fm3m. This compound of
the hexagonal system has a peak of the zero red line
with a wavelength of A=621 nm. And at the same time
in the cubic phase there are no emissions in the red re-
gion of the spectrum KyGeFg:Mn*" crystals of trigonal

and hexagonal systems can be promising materials for
commercial red phosphors [2]. Therefore, studies of the
crystal structure of this compound are relevant.

2. The ohject of research
and its technological audit

The object of research is the crystal structure of the
compound K;GeFg. The trigonal modification of KyGeFg
was synthesized by adding an aqualine MF solution to
a solution of hydrofluorescent GeO, acid in a molar ratio
of 1:1. The solution was evaporated in a water bath until
a precipitate formed. Hexagonal modification of KyGeFgq
was obtained by heating the trigonal modification for
18 hours at a temperature of 350 °C [3].

One of the most problematic places is the presence of
a large number of diffraction spectra taken for a given
compound, obtained by the Bragg-Bertrand method on
copper filtered radiation. For example, in the PDF-2 data-
base for 2004 [4], there are seven diffraction spectra of
different quality, obtained for the compound KyGeFg, syn-
thesized by various methods.
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3. The aim and ohjectives of research

The aim of research is proposition of a structural model
for the diffraction spectrum of the KyGeFg compound
number 00-037-11543 in the PDF-2 database by 2004.

To achieve this goal it is necessary to solve the fol-
lowing tasks:

1. To index the diffraction spectrum of the test com-
pound and determine the lattice periods, syngonies, and
space symmetry group.

2. To refine micro-parameters for the selected model
using the Rietveld method.

4. Research of existing solutions
of the prohlem

From the analysis of the literature it is known about
two existing structural models of polymorphic modifications
of the compound. Namely, from [5] it follows that the
KyGeFg compound has the structure of the beta-RbyGeFg
SSG type (spatial symmetry group) P63mc (No. 186) with
lattice periods a=5.7100 A°, b=5.7100 A°, ¢=9.2700 A°,
a=90°, B=90°, y=120°. The magnitude of the microstruc-
tural parameters is given in Table 1. The crystal structure
is shown in Fig. 1.

Tahle 1
Microstructural parameters of the K;GeFg compound
according to [5]
Atom | Correct point system | Position {ill ratio X y z

Ge 2(b) 1 0.3333 | 0.6667 | 0.2500
Kl 2(b) 1 0.3333 | 0.6667 | 0.8900
K2 2(a) 1 0.0000 | 0.0000 | 0.6100
Fl B(c) 1 0.1800 | 0.8200 | 0.3500
F2 B(c) 1 0.4900 | 0.5100 | 0.1500
N,

Fig. 1. KoGeFg crystal structure (type beta-BhyGeFg SSG P63me (No. 186))

According to [5], it follows that the KyGeFg compound
has a trigonal structure of a SSG P-3m1 (No. 164) with
lattice periods a=5.6200 A°, b=5.6200 A°, ¢=4.6500 A°,
a=90°, B=90°, y=120°. The magnitude of the microstruc-
tural parameters is given in Table 2. The crystal structure
is shown in Fig. 2.

Tahle 2
Microstructural parameters of the K;GeFg compound
according to (5]
Atom | Correct point system | Position fill ratio X y z
K 2(d) 1 0.3333 | 0.6667 | 0.300
Ge 1(a) 1 0.0000 | 0.0000 | 0.0000
F B(i) 1 0.8520 | 0.1480 | 0.2200
N

Fig. 2. K;GeFj crystal structure (the trigonal structure
of the 55G P-3m1 (No. 164))

In PDF-2 database for 2004 [4], there are seven diffrac-
tion spectra of this compound, obtained by X-ray powder
diffraction (Bragg-Bertrand method) of different quality.
Details of their crystal structure are given in Table 3.

Table 3
Information about the K;GeFg crystal structure
Lattice Card number . .
P A° database P
Trinonal a=5.632 Highest quality
1 | KoGeFg P-%ml b=5.632 | 00-007-0241 of diffraction
c=4.668 spectrum [B]
a=571 Low spectrum
2 | KoGeFg | Hexagonal | 5=5.71 | 00-031-1021 P 7
£=927 accuracy (7]
Cubic a=8.357
3 | KyGeFg Fm-% b=8.357 | 00-037-1154 | Pure phase [8]
=m - —g.357
Cubic a=8.1673
4 | KyGeFg Fm-% b=8.6873 | 00-037-1155 Indexed (8]
M=m  —g673
Hexagonal, a=5.908
5 | KyGeFg PE%me b=5.908 | 00-038-0854 Indexed (8]
c=9.659
Trigonal a=5.62 Calculated spec-
6 | KoGeFg P-%ml b=5.62 | 01-073-1531 | trum by structural
c=4.65 model (5]
Hexagonal a=5.71 Calculated spec-
7 | KoGeFg Pﬁgml: "| b=5.71 | 01-075-0951 | trum by structural
c=9.27 model (4]

The diffraction spectrum of a high-quality K,GeFg
compound is given in [7] and corresponds to the tri-
gonal crystal system, the structure model of which was
proposed in [6].
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The diffraction spectrum of the investigated K,GeFg
compound, which is indexed in hexagonal syngony, was
proposed in [8]; however, the low quality of the spectrum
raises doubts as to whether the given spectrum corresponds
to the crystal structure of the compound. It should be
noted that the proposed spectrum does not coincide with
the model proposed in [5].

According to [9], the diffraction spectrum is 00-037-1155
in the PDF-2 database of the KyGeFg compound obtained
at 500 °C, at the number 00-038-0854 — at 440 °C, and
00-037-1154 — at 25 °C.

The last spectrum deserves special attention. According
to [9], this diffraction spectrum is indexed in a cubic sys-
tem and belongs to the space group Fm3m. In [2] it is
noted that the transition to the cubic modification of the
compound K,GeFg occurs at a temperature of 500 °C.

The infrared absorption spectrum of trigonal and hexa-
gonal K,GeFg crystals was recorded in [3]. The hexagonal
modification is characterized by a low integral intensity
corresponding to the vibrations of octahedral [ GeFg] ions
(about 20 %). This is due to an increase in the interaction
and at the same time a decrease in the metal — fluorine
interatomic distances. The existence of another structural
modification is not specified.

The investigated compound of the trigonal system with
the space group of symmetry P-3m1 is also observed by
the authors of [10]. The octahedra are compressed along
the trigonal axis. This leads to local symmetry, and af-
fects the scattering spectra of this compound, which are
caused by a Physics 165 laser, and were analyzed using
a monochromator and a photodetector.

The optical properties of Mn%" in some crystals, in
particular in KyGeFg, which are closely related to the
type of crystal lattice of the investigated materials, were
investigated in [11, 12].

In particular, in [13], the method of simple synthesis of
red phosphors by wet chemical etching of Ge in a mixed
HF/KMnO; solution was used to obtain KyGeFg:Mn**. As
a result, the trigonal syngony of the compound with the
space group of symmetry P-3m1 was obtained. It has been
observed that the splitting of radiation lines occurs due to the
trigonal distortion of the crystal structure of the compound.

Thus, an analysis of the literature results indicates that
the investigated compound can be used as red phosphors,
the crystal structure of which affects its photoluminescent
properties. In addition, two polymorphic transformations
are observed, from trigonal to hexagonal and then cubic
syngonies of the compound when it is heated.

5. Methods of research

The diffraction spectrum for the study was generated
using the HiphScorePlus 3.0 program and the PDF-2 da-
tabase attached to it for 2004. In the UDF format.

The analysis of the proposed structural model of this
spectrum was also performed using the HiphScorePlus 3.0
program using the Rietveld method.

6. Research results

The diffraction spectrum of the compound is indexed in
an orthorhombic system with lattice periods a=5.929 A®;
b=8.294 A°; ¢=5.914 A°. Possible space group symmetry
Imma (74).

The analysis of the proposed structural model of this
spectrum was also performed using the HiphScorePlus 3.0
program using the Rietveld method.

The correct system of points and refined their coor-
dinates for this spectrum are presented in Table 4.

Table 4
K,GeFg microstructural parameters

At Eurl.‘et:t Position i

om 53;‘:“] * ¥ z fill ratin 150
K1 16 |0.316837 | 0.636701 | 0.134786|0.500000 |7.565899
Ge 16 |0.172086 | 0.353968 | 0.291034 |0.250000 |0.000000
F1 16j |-0.087285| 0.119218 |0.783618|0.500000 |0.000000
F2 16j |0.406830 |-0.603655(0.376365|0.500000 |0.000000
F3 8f |0.581125| 0.000000 |0.000000 |1.000000 |6.566590

The magnitude of the interplanar distances and inten-
sities, observed and calculated by this model, are given
in Table 5.
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Table 5
The magnitudes of interplanar distances and intensities,
which are also ohserved and calculated

dei(A°) | dpps(A°) Lo Lobs H ):1 L

1 2 3 4 5 6 7
4.85001 | 4.85394 | 100.00 | 100.00 1 0 1
419431 |4.18895 | 0.21 50.29 0 1 1
4.18880 - 52.30 - 2 0 0
2.96527 | 2.96398 | 77.69 89.86 0 0 2
2.95896 - 7.07 - 2 1 1
2.95657 - 6.18 - 0 2 0
2.52527 [ 2.52089 | 9.86 59.83 1 1 2
2.52152 - 49.11 - 3 0 1
2.52123 - 9.76 - 1 2 1
2.41706 | 2.41389 | 24.69 49.98 2 0 2
2.41234 - 26.29 - 2 2 0
2.09115 | 2.08900 | 18.21 69.89 0 2 2
2.08841 - 52.74 - 4 0 0
1.92103 | 1.92100 | 3.53 5.13 1 0 3
1.91818 - 1.51 - 3 1 2
1.91641 - 2.35 - 3 2 1
1.87198 | 1.87399 | 4.52 5.14 0 1 3
1.86829 - 0.03 - 2 2 2
1.86782 - 3.48 - 4 1 1
1.86759 - 0.13 - 0 3 1
1.70776 | 1.70701 | 26.68 50.23 2 1 3
1.70580 - 6.40 - 4 0 2
1.70442 - 0.85 - 2 3 1
1.70414 - 0.55 - 4 2 0
1.60850 | 1.61001 | 24.51 50.22 3 0 3
1.60943 - 8.64 - 1 2 3
1.60768 - 3.57 - 1 3 2
1.60685 - 11.686 - 5 0 1
1.47949 | 147501 | 0.18 50.27 0 0 4
1.47635 - 1.05 - 4 2 2
1.47516 - 37.67 - 0 4 0
1.41417 | 1.41200 | 7.19 20.25 1 1 4
1.41256 - 1.71 - 3 2 3
1.41148 - 0.60 - 5 1 2
1.41138 - 0.25 - 3 3 2
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Continuation of Tahle 5 Continuation of Tahle 6

1 2 3 4 5 5] 7 1 2 3 4 5 B
1.41077 - 0.75 - 5 2 1 - Ge 3.265 - F3 3.226
1.41062 - 2.59 - 1 4 1 - F2 3.323 - F1 3.272
1.39426 | 1.39000 | 0.02 5.11 2 0 4 - K1 3.332 - F2 3.288
1.39274 - 0.07 - 4 1 3 - K1 3.349 - F2 3.288
1.39265 - 0.58 - 0 ki 7 - K1 3.349 - K1 3.323
1.39093 - 0.49 - 4 3 1 - F2 3.353 - K1 3.353
1.39082 - 0.52 - B 0 0 - Ge 3.363 - F1 3.433
1390683 | - 3.84 - 2 4 0 - F1 3.403 - K1 3.467
132219 [ 1.32000| 000 | 40.31 0 2 4 - Ge 3.425 - F2 3.469
1.32085 _ 5733 _ 2 3 3 - F2 3.467 F3 F3 1.352
131987| - | 2422 | - 0 4 2 Ge F2 1214 - K1 1.416
131947 - | 1282 | - B 1 1 - Ge 1225 - K1 1416
127497 [ 127400 | 830 | 3031 3 1 4 = Ge 1.586 - Ge 1.685
127382| - | 1875 | - 5 0 3 - Fs 1685 - Ge 1.685
1.272%6 _ 719 ~ 3 2 1 - K1 1.725 - F1 1.818
- F1 1.771 - F1 1.818
. R - Ge 1.850 - F1 2.296
The disagreement factor is R=8.65453 %. The re- ~ T2 1893 ~ 1 5 295
fined lattice periods of the proposed structural model are = K 5034 ~ T2 2308
a=8.332702 A°; b=5.891212 A°; ¢=5.908473 A°. - T2 2035 ~ T2 2308
Table 6 shows the interatomic distances of the KyGeFg — Rl 5052 — = e
compound number 00-037-1154 in the PDF-2 database — %1 2:402 —~ 1 2:437
by 2004. - F2 2.434 _ K1 2476
Table 6 - F2 2.501 - K1 2.478
Interatomic distances of the investigated compound _ F% 2539 _ Ge 2539
Atom1 | Atom2 | Distance, A° | Atom1 | Atom2 | Distance, A° - F1 2.542 - Ge 2539
1 2 3 4 c 6 - F3 2.592 - Ge 2.592
K1 F1 1.193 F2 Ge 1214 - F1 2.703 - Ge 2.592
- K1 1.335 - F1 1.424 - K1 2.781 - F2 2.725
- F3 1.416 - F2 1.553 - F3 2815 - F2 2725
_ Ge 1.725 _ 2 1.724 — F2 2.835 - F1 2.801
- K1 1.759 _ Ge 1.89% - Ge 2.868 - F1 2.801
- F1 1.865 - F2 1.904 - F1 2.909 - Ge 2.815
- F1 1.975 - F1 2012 - K1 2.925 - Ge 2.815
— Ge 2.0%4 _ Ge 2035 - F2 2.932 - F2 2.876
_ F2 2146 _ F1 2070 — F1 2.999 - F2 2.876
- K1 2.208 - K1 2.146 - Ge 3.010 - F3 2.946
- Ge 2.254 - F3 2.308 - K1 3.034 - F3 2.946
— K1 2265 - F2 2.720 — K1 3.070 = K1 3.027
_ F2 2342 _ K1 2.342 - F1 3.084 - K1 3.027
_ Ge 2402 _ K1 2417 - Ge 3.119 - F1 3.124
- F2 2.417 - Ge 2.434 - F2 3.139 - F1 3.124
_ F1 2421 _ F2 2457 - F3 3.213 - F1 3.132
- F3 2.437 - Ge 2.501 - F1 3.213 - F1 3.132
- F1 2.441 - F1 2511 - F1 3.219 - K1 3.173
- F3 2.476 - F1 2589 - K1 3.265 - K1 3.173
- Ge 2.791 - F3 2.725 - F1 3.298 - Ge 3.213
- F1 2.814 - Ge 2.835 - K1 3.363 - Ge 3.213
- F2 2.854 - K1 2.854 - F1 3.376 - F2 3.226
- Ge 2.925 - F3 2.876 — F3 3.396 - F2 3.226
- F2 2.990 - F1 2.906 - K1 3.425 - F3 3.241
- F1 3.004 - Ge 2.932 - F1 3.434 - F3 3.241
— F3 3.027 - K1 2.990 — F1 3.500 - Ge 3.396
- Ge 3.034 - F1 2.994 F1 K1 1.183 - Ge 3.396

- K1 3.052 - F2 3.010 - F2 1.424 - - -

- F2 3.057 - K1 3.057 — F1 1.455 - - -

- Ge 3.070 - F1 3.087 - F1 1.541 - - -

- F2 3.118 - F1 3.116 - Ge 1.771 - - -

- F3 3.173 - K1 3.118 - F3 1.818 - - -

- F2 3.189 - Ge 3.139 — K1 1.865 - - -

- F1 3.200 - K1 3.189 — K1 1.975 — — -
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Continuation of Tahle 6

1 2 3 4 5 6
- F2 2.012 — - -
- F2 2.070 — — -
- F1 2.119 - - -
- F3 2.296 - - -
- K1 2.421 - - -
- K1 2.441 - - -
- F2 2.511 - - —
— Ge 2.542 — — —
- F2 2.589 - - -
- Ge 2.703 - — -
- F1 2.741 - - -
- F3 2.801 - - -
- K1 2.814 - - -
- F2 2.906 - - -
- Ge 2.909 - - -
- F1 2.917 - - -
- F2 2.994 - - -
- Ge 2.998 - - -
- K1 3.004 - - -
— Ge 3.084 - - —
— F2 3.087 - - -
— F2 3.116 - - —
— F3 3.124 — — —
- F3 3.132 - - -
- F1 3.144 - - -
- K1 3.200 - - -
- Ge 3.213 - - -
- Ge 3.218 - - -
- F1 3.260 - - -
- F2 3.272 — — -
- Ge 3.299 — - -
- Ge 3.376 — — -
- K1 3.403 - - -
- F2 3.433 - - -
- Ge 3.434 - - -
- Ge 3.500 — — —

Fig. 3 shows the resulting diffractograms, which are
implanted and calculated by the proposed microstructural
parameters of the KyGeFg compound.

1]

Fig. 4 shows the KyGeFjg crystal structure of the ortho-
rhombic syngony of the Imma space group, which belongs
to its own type of structure.

F3

4'—7 ’; 2 ::?‘ {-‘i
Sz i
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F1( 2N

¥

e

Fig. 4. Images of the crystal structure of the KpGeFg compound

As can be seen from Fig. 4, fluorine and potassium
atoms form irregular hexagons. In addition, these positions
of atoms may not be completely filled, as for germanium
atoms.

7. SWOT analysis of research resulis

Strengths. As a research result, the proposed struc-
tural model for the KyGeFg diffraction spectrum numbered
00-037-1154 in the PDF-2 database for 2004. A check on
the COD 2014 database did not reveal a similar structure.
Therefore, it can be assumed that this structural model
belongs to a new structural type.

Weaknesses. In the proposed structural model, the regu-
lar systems of 16; points have vacancies for germanium,
potassium, and fluorine atoms (Table 4). Such situation
can lead to a distortion of the crystal lattice of the in-
vestigated compound.

Opportunities. [2] indicated polymorphic transforma-
tion at 400 °C from trigonal to hexagonal and at 500 °C
from hexagonal to cubic. However, it can be noted that
the diffraction spectrum presented here does not refer to

a cubic system, but has an orthorhombic
W ” I l system with vacancies in the correct sys-

00-037-1154

15000~ k2GeF6 100.0 %

10000 1

5000 -

tem of points of 16j. These vacancies can
occupy Mn atoms, the impurities of which
are added to this compound to improve
emission in LEDs [12].

Threats. The existing vacancies in the
proposed structural model for the correct
system of 16j points may also indicate a pos-
sible shift in the stoichiometric composition
of the studied spectrum obtained for the
KyGeFg compound. Therefore, the crystal
structure of this compound may require
more detailed study. In particular, using the
single crystal method or obtaining more
reflexes with the Bragg-Bertrand geometry.

8. Conclusions

Position [°2Theta] (Copper (Cu))
Fig. 3. The resulting diffraction of the KyGeFg compound

1. Conducted X-ray phase analysis did
not reveal the presence of several phases
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in the tested compound, presented in Table 1. So it is
possible to conclude that the connection is single phase.

Using the TREOR program for indexing radiographs of
the KyGeFg compound number 00-037-1154 in the PDF-2
database for 2004.

The diffraction spectrum of the compound is indexed in
an orthorhombic system with lattice periods a=8.3327 A°,
b=5.891212 A°, ¢=5.908473 A°. Possible space group sym-
metry Imma (74).

2. Using the HiphScorePlus 3.0 program, the diffraction
spectrum of the compound numbered 00-037-1154 was
investigated using the Rietveld method. A structural model
is proposed: the spatial symmetry group Imma (74). The
refined lattice periods of the proposed structural model
are a=8.3327 A°, b=5.891212 A°, ¢=5.908473 A°. The
disagreement factor is R=8.65453 %. Microstructural para-
meters are given in Table 4.

The crystal structure of this compound may belong
to a new type of structure.
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