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ABSTRACT

The Five different sitructures of KzReCI6 have been refine

technique from high resclution neutron powder data. At r
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d by the Rietveld

ocm temperature the

structure is cubic Im3n; at 111X, an alternate rotation of ReCls octahedr

rotetion of all cctazhedrz around the b-axis produces the
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monoelinice (b ¢ )} C2/c phase; at 78K, an equivalent rot

around the c—-axis produces ihe tetragonal (00c ) C4/men phase; st 103K a
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INTRODUCTION

'KgRéCl“'has been'of-interest.becausé‘it:appeared to offermtheupossibilify_

6

of'studying the distribution of magnetic moment of the 5d electrons on the
Re4+ ion in 2 simple face-centred cubiérlattice. However,.the earliest
neutron diffraction measurements on this material (Smith and Bacon, 1966)
revealed stxructural changes at low temperaturé. The lowest temperature

structure was said to be primitive cubic; which is possible with.a'tilting

- of the ReClB ocitzhedra 50 as to destroy the face-centering equivalence;

this would be analogous to the cubic Im3 distorted-perovskite structure

proposed by Glazer (1872). Of course, in KthC16 type structures the

cctakedra are not connected as in perovskite and the sequence of possible

space groups is quite different; the cubic low temperature phase would

then be Pr3 rather than Im3.

Busey, Dearman and Bevan (1962) have fournd sharp anzmolies in the specific
heat of K23e016 at 111, 1031{ and 76X, in addition to t‘hat due to the
antiférromagnetic ordering at 11.9K. O'Leary and Wheeler (1570) reported
an extensive study of the lattitice dynamics and phase_transitioﬁs in the
material and concluded that the Fm3m room temperature structure prabably
transformed to 2 cubicg Pné 10w~¢empérature structurervia three distinct

transitions:

- 76
s 30F 14m 19 P4,/n 8 pns3

Yan Driel, Armstrong and McEannan (1875} supported such z view with NQR
evidence for a goftening of the zone-centre, ReCIG Totary mode freguency.

st eoud
Lynn, Patterson, Shirane and Wheeler (1978) have confirmed thellsoftening

of these modes using inelastic neutron scatteringg the ReCl6 rotational

LY

mode Tirst condenses at the zone centre ' (correspondinz tg out-of-~phass

rotztions of EeCl_ octahedra) and then at the zone boundary X (correspondi
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.
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to in-phase rotations). .
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Boysen and Hewat (1978) have ;/\HoasYhyy, shown that the series of transitions
, ,

in the isomorphous KESnCIG is quite different to that proposed by O'Leary

-and- Wheeler for K,ReCl., the symmetry being reduced with temﬁefdturé'fo
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become finally moncclinic:

FPm3m 26%5 P4/mnce ZgﬁK P21/n

This seguence also appears to be in agreement with the inelastic scattering

results. for K25n016- It would be interesting therefore if a different

" sequence, such as that proposed by 0'Leary and Wheeler (1970) could be

verified by quantitative crysiallographic neasurements on K ReCl and

2 6%

especlally if the proposed transition from tetragonal Péz/n to cubic Pn3

at lower temperature could be confirmed.

) Henkel, Petzl, Hbck and Thomas‘(lQSO) have used Landau's theofy of phase

trangitions %o obtaln the only possible sub~groups for a single trans¢tlon
pndoans driou '

© from Fm3m consistent with the~iﬁe%as%%t*&ea%%efiﬁg—fe%&%%s They conclude

that, for a second-order transition, only tetragonal P4/mnec (oxr C4/mnc)
and cubie Pan3 are possible., (Other groups are possible for a first ordexr

transition involving more than one soft mode).

Brown {19642 >has discussed the possible trangitions in KZKCIG structures froﬁ
gsimple packing arguments, withourt the benefit of M lattice dymnamics.

He has shown that if the K+ ion is more than 2% smaller than the cavify
avalilable to it, then one can expect a distortion from the ideal cubic
struciure, at least at low tempesrature. The dozen exauples he gives indicate
that the-symmetry_}n such cases will be less than cubic and even triclinic
in-theléase of KzTeI6, where the cavities available for K+ are particglarly

large. Indeed, there are rather few AZXCI6 structures, apart from KZPtCIS
+ T ‘ ) ‘s
itself, where the A cation fits the cavity to within 2% and we can therefore

regaryd this cubic structure as, at best, an idealized or high-temperature form.




The only conclusive way of deciding on the sequence of transitioﬁs for a
: .
particular material is to obtain high resolution ecrystal structures for each

 0f fhe ph3Ses; “inelastic Scattering'measurements and group ﬁheoretical
arguments can only indicate what types of.stfucture'are possible., Such
crystallographic measurements are difficult, if not impossible, with
‘conventional single crystal techmiques because of the inevitable and complex
. twipning in the lower symmetry phasés. Rietveld profile analysis of high
resolution neutron powder patterns has howéveg proved particularly effective
for the crystéllographic study of such phase.transitiqns (Hewat ,1973%).
In this paper we report analjses of thé five different gtructures of KzReClS.
A detailed knowledge of the crystallographicAparaméters cf the le/n phase
aré a neceésary ad junct té polarized neutron diffraction measursments of the-
_ spatial distribution of the aligned paramagnetism at 20K. They eﬁable the
observed flipﬁing ratios to be converted to magneﬁic structure éactors,
‘ﬁhich'themselves carry direct information on the covalency in this 5d
transition metal salt. The polarized neutron study will he reportéd elswhére
(Forsyth, Brown and Wedgwood, 18813,

2. EXPERIMENTAL

¢

" A sample of powdered KzReCIG was supplied by Messrs. Johnson Matthey

Chemicals Limitéd, Roysion, England. It was prepared using the nethod
descriﬁed by Brauer (1965) and originated by W. Gielmann, némely the reaction
between fhenium metal and potassium chloride, heated to BOOQC, first under
N2 then under a slov stream of Clz. A spectroscopic examivation showed
detectabls calcium and silvef impurities &t 3 aad Z parts per million by weight
respectively, An X-ray powder pbotogrzph, taken at ambient temperature wizh

v
Cu Ko radiation amd a 57.3 mm radius Philips camera, showed ounly lines which

could be indexed on a cubic unit cell with a = 9.784.
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The powdered K, ReCl. was firmly pressed into a 16 mm diameter vanadium-
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contéiner and alignedlin a standard He gas-flow crycstat in the 13 mm
.ﬁiéh;QIA'ﬁeﬁtfoﬁ.ﬁééﬁ.(HeWat aﬁd:Baiiey;1é7é .);: Tﬁe abséfbfion;‘ﬁéaédféa
to fe R = 0,87 cmnl,jwas used £6 correct the overal Debye-Waller factor
by AB = 0.57 at the end of each refinement (Hewat 1979). In order to
clearly resolve possible line splitiing and superiattice reflections, a
| wavelength of 1.909-3 was chosen,.givinQISin é/l = O.Sg—lat‘the ﬁaximum
L 28 = 1610. Complete diffraction patterns at steps of 0.059 20 were
céllected at 125K, 107X, 90X, 30K and 5K, takingrzz hours per run (about 37
seconds per point forla constant monitor count of 50 000). When the ten
countefs were average& the statistical errors became vefy.gmall; as is
clear from figufe 1., which shows a part on;y of each scan, It is

immediately clear from these diffractiocn patterms that K ReCl6 is cextainly.

2
not cubic at low temperature, and that the symmetry decreases with ﬁecreasigg
temperature, Of course, neutron powder measuréments at low temperature
have already been made by Smith and Bacon (1966) and Minkie?iez, Shirane,
¥razer, Wheeler and Dorain (19568) without any evidence of line splitting
or broadening. It is only because our instrumental resolution is so much .
higher thaf we are able to observé small deviations from cubic symmetry.
Detailed examination of these éplittings and the line symmetries duse to
unresolved splittirgs produced models for refinement. The changes in the latticy
constants and the appesrance of certain groups of superlatfice reflections
¢can be interpreted using the techniques.Glazer (1872) develoﬁed for
distorted perovskites. However, such models must then be tested by
refinement to account for the entire diffraction pattern. Such excellent

. fits were obteined for the different phases'of KZReCIG that it 4ds
difficult to believe thatgwe have not obtained the correct structures,
especially since the sequence of transitions can be ﬁnderstood in an
extremely simple way which is also consistent with the inelastic scattering

results,
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-Tné interactive POWDER programs (Hewat 1978) and the Rietveld profile
. ; . : .
‘refinement programs (Hewat 1973a) were used to analyse the differeni phases.

:3, t-?HEvDIFFERENT PH&SES.OE:K2RgC16

The space group and its equivalent positions, the atomic positional and thermal

parameters and the Re~Cl bond lengths and angles for the five phases of K ReCl6

2

are given in Tables 1, 2 and 3 respectively.

i) Fo3m (125K)

The cubic KthCIG

large octahedral PtClg

structure.can best be described az a cubic close packing of

i,ions, witl thé K+‘ions bccupyiﬁg-the tetrahedral holes
between them (fig., 1XC,10, Wycko;f, 18865). Ail atogs-are ir special symmetry
positions and the only co~ordinate parameter reflects the distance along the

e cube axis between the Re énd Cl étoms. In addition, it is necessary to allow
anisotropic Debye-Waller factors for the C1 atoms in order to account for the

strong libration of the ReC16 ions,

1i1) C4/men (107K)

The line splitting at 107K, only just below the 111K transition, is.too small
to be complefely resolved, but the appearance of superlatticé reflections and
line brozdening characterizes the new structure. Fof exzmple, the cubic (800)
reflection at 20 = 1020 appears to contain a low angle wing of about/half the
igtensity_éf the higher angle component. This indicatés a tetragomnal c¢ell with

2 =58 < ¢, which is to be expected for a single tilt of the ReCl6 octadedra

around the c¢—-axis, shortening both a and b.

In the C4/mcn setting the Fmdm axes'are retained, but all the ReC}.6 ions in one
{001) plane are tilted in the same direction to reduce the size of the toé large
hole available to K+b(fig. 3). The C-centering is therefore retained, but the
ReClg_ octahedra in the next layer are tilted in the opposite sense, destroying

the centering on the other faces and producing thg superlattice reflections ssen
in the diifraction pattern. The weak intensities of these spperlattice reflections,

and hence the tilt angle,are well determined because of the good statistics obtninea

by averaging the ten counters., This (00c ) tilting mode reduces the size of the K+
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hole a little more than the alternative (00c ) mode, in which all layers
9 : _ .
wonld be tilted in the same sense. The only co-ordinate parameteré reflect
the Re-Cl distance and tilt angle, but again anisotropic Debye-Waller

factors are needed for the chlorine atoms to describe the remaining

librations of the ReClG ion.

The standard description of the new cell, P4/mcn,as used for KZSBCI6
- | — o
{(Boysen and Hewat,1878 ) is obtained by rotating the (x,y) axes hy 45 .

However, the C-face centred cell is best retained for continuity between

Fm3m and the next phase, 02/6.

1ii) C2/c (80K)

' This phase is not found in KzanIG, and aﬁ first presented some difficulty.
At the second transition the splitting élso appeared to be tetragonal; as

. reportéd by O'Leary and Wheeler (1970}, but now with a = b > ¢ instead of

a = < ¢. (See for example the original (800) line at 28 ; 1030, which

agaiﬁ appears to be split into two components, but now wifh twice the intensity
in the lower-angle part). However, it was then‘realiSEd that such a psuedo-
tetragoenality a < b = ¢ is characteristic of a (O b c—) tilting if the

two tilﬁs are nearly equal: the first (00c“) tilt shortens the ; and b

axes, while the second (0O b 0) tilt shortens a and ¢. The absence of the
necesszry additional superlattice reflections rules out @ (O b 0y tilt,

.

o
50 the tilt pattern cen only be (0 b

[+

Oun the same axes (fig 3), the ReClﬁ-octahedra are therefore all tilted by the
same angle around [blq . The C-centering 1s retained, but the whole structure

is sheared around this axis so that the angle between [}Oél and [poﬂ is no

O ' s . — .
loager 90 : th2 structure must be monoclinic with unique axis b, The only




space group which also contains a glide plane along ¢ due to the alternating

tilts about this axis is C2/c¢c. 1In addition to the chlorine cd-ordinate parame te3

e e : . S 7 S
describing the Re-Cl distances and tilts, there are now two different K ions
which are permitted in this space group to move along [ﬁOdI.' The refinement

indicates that these displacements are equal, within the calculated error

limits, znd in opposite directions.

iv) P21/n {30K)

H

The diffraction puitern now becomes very complex, but some characteristic

features can still be identified. TFor example, the (008) compoment at 28 = 103

remaing, but the former (800) satellite dramatically changes sides, and we

can now identify this reflection as (440) on new {x.y} axes rotated by 456.

7 . . +
~ The entire pattern can be explained by another eguivalent (b ©00) rotationm
of all ReCl6 octahedra about the remaining EOé}axis, with a corresponding

. - _
shear of the structure zbout this axis. If the (b+00) and (0 b 0) tilis

'
*

are egual, the resultant shear is about the 6rigina1 @1@] direction, which.
becomes the néw b-axis of a primitive cellibased on the equivalent (000) and
(3 3 0) positions of C2/¢c. ©f course, the glide plzne due to the alternate
tilts around.the c-axis is retained =and the space group is therefore P21/c,

or le/n with our choice of axes.

It is interesting to note that if this last tilt was not egqual to the.
preceding one; the resultant shear coulﬁ not be resolved along a single
lattice direction. The result would therefore be.a triclinic P1 cell

and an even more complex diffractionm pattern. Brown (1964) has found that
KéTeI6 , for which the hole availahle for K+ is particularly large, has a

triclinic ce;l'at room tewperature. We suppose that this is due to unequal

[+ ]



’ . 4 A - -
tilts, ie. (8 b ¢ ), instead of (b b ¢ ) as in ;K2R9016 and K SnClG

2

-

In fact, we can. think Ofuno_physical reason why. the successive tilts in

2 6

K. . ReCl_ should necessarily be equal; our monoclinic cell may be only an
approximation, even though a very good one, to the "true"pl structure

of KZReCla. le/n may, however, be exact for KzanI where the last

6)

. two tilts appear to, condense simultaneously (Boysen and Hewat, 1978).

In addition to the Re-Cl distances and tilt parameters, there appears

t6 be SOmé significant displacement of the K+ ion frgmrits originﬁl

position. However, in all of these centrosymmetric structures the Re4+

ion is strictlyrfixed at the centre of its ReCl6 octahedfon. The excellgnt
fits obtained for the data, especially for -this very complex low temperaturei

pattern, convince us that we have very good descriptions of the structures

without lowering the symmetry still further.

v) PZI/n (SE) antiferromsagnetic structure

The only apparent change in the diffraction pattern is the appesarance
of five additional'ﬁeak refiections between 2& = 100 and 350 (Fig. 2 Y,
due to the antiferromagnretic ordering originally reported by Smith and

Bacon (1968). According tc these. and iater guthors, the spins of the 54
electrons oﬁ Re4+ are all =zligned in the Samé direction in one of the

original cubic planeé and in the opposite direction in the adjacent plane. -
This is the same kind of ordering as the Rec:lsz" (00e”) tilts. For the

purposes oi our model, we therefore assumed that the moments were aligned

in the {110p airections of Re-Cl bonds. This simple model, together with the
?Zlfn atomic structure obtained at 30K, gives an excellent fit to all of the
data at 5K. The magnitudeaof the moment is found to he 2.5 i_O.SuB. In fact, the
resolution of our diffractometer in this low angle region is still not sufficient

1o show the monoclinic splitting of the magnetic reflections, so we ¢an unot

determine the absolute spin directions. within the a-b plane and our dalta are

-8 -




also relatively insensitive to small angular displacements of the spins

from this plane. These difficulties are compounded by the rapid fall off

‘with sin G/l'of'thé magnEticffo:m'factdr:for-the rather diffuse 5d electrons,
but might be resoclved by using the longest available wavélength (5.72) to

move the'magnetic lines to higher angles where the resolution is hetter.

4. CONCLISTIONS

Qur results clearly show that the lowest temperature phase of KZRBCIG

is not cubic Pn3, as had previoﬁsly been thought, but monocliniec

lefn as Boysen and Hewat (1978) have recently fourd for K SnClG. The

2

sequence of {ransitions,

rnam 3 cagmen 8 caze K pam M

1 P2 . /n

1l
" although quite different to that assumed until now, is in agreement

with recent inelastic peutron scattering results, which show 2z condensation
/
02 the soft EeClG rotational mode,!

first at the 2oqe centre ' and then

N oo e et e

at the zove houndary %) Furthermore, the sequence iz the same as in

— - ——

KZSnC}.CJ except that there is now an intermediate ﬁhase, C2/c, which is not
" . .

found in this latter materiazl. This intermediate phase is due to tne

+ +
separate coudensation of equal (0 b 0) and (b O 0) retational modes, which

condense a2t the same temperature in Kzsnclg. We coanclude that KZSnCI6 should

then be sirictly momoclinie, lefn, but that KZReCl may be strictly

6
triclinic Pi, and only monoclinic le/n to a good approximation. In ény

case, a triclinic example of this structural type, K2TeI is known.

6’

Thus, far from haﬁing simple cubic structures, KZPtCIG compounds tend to
become tTriclinic at low temperature, with no symmetry apart from perhaps
a centrei This collapse ¢f a highly symmetric structure is simply due to
the fact that the K+ ion is generally too smail for the hole available to

it. The occurence of structures in which there is a small mismatch of ionic

raddii must be the rule rather than the exception in nature: it is likely then

- g =




that many other materials will bei£0und‘t0 exhibit similar phase transitions

below ambient temperature.

The observed antiferromagnetic moment of 2.6 - 0.3 uB is lower than that to

be expected for a Re free ion (5 = 3/2); However, it is in agreement with the
work of Smith and Bacon (1966) and Minkiewicz et al (1968), who found 2.6 = 0.5u8

: +
and 2.7 ~ 0.3uR respectively., The difference between the experimental values

and the free ion form fac¢tor undoubiedly reflects the delocalization of the

pagpetization due to covalency, but our data are too sparse and unrescolved to

support z more detailed analysis.
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. FIGURE CAPTTIONS

Figuvre i Observed and calculated neutron powder diffraction profiles for
‘K ReCL, at (a) 125K, (b) 107K, -‘(‘;’)'- 9’oz<:'an"d'(d)"'3bi{. ihé':;’:aﬁzpléte |
profiles, on which the refineﬁents were madé, extend from 0° to
161° 20, and are averaged over all ten counters. Of particular
interest are the different 5plitﬁing5 of the cﬁbic (800" reflec-
tion at abou; 26 = 103° ; these are well expléiﬁed by the simple
sequence of transitions ﬁroposed in this paper, ﬁhich require the
symmetry at 90K to be only pseﬁdo;tetragonal, and not tet;agonal

as indicated at first sight. - ' o : B

Figure 2 Observed and calcﬁlated diffraction profiles at.5K sﬁQWing five‘
Vweak antiferromagnetic lines between 26 = 10° and 35° : these
lines are well explained by opposing R34+ spins on alternaté
-tOO!] pianes, eghoing the altérnate [0Cc ] octzhedral tilts around
this axis. Since the monoclinic spliﬁting cannot be resolved at
such low éngles . we havé,however, no experimental evidence for the

absolute spin directions,

Figure 3 The [00c¢ ] tilt pattern in the (x,v) plane at the first tramsition,
éhowing opposing tilts in alternate planes along [001]. The next
two transitions produce in~phase tilts, first about [0I10] and then
.about [100]. Since these latter tilts are equal, at least to a very
good approximation, the final structure is [b+b+ch] mostoclinic

(le/n) rather than [a+b+c—} triclinic (PT).




. CAPTIONS

. Zable 1

Table 2

Table 3

. Symmetry equivalent positions:for the different settings of

the space gfoups. The original Fm3m axes have been retained
for all settings except P2]/n, where the (x,y) axes have baen
rotated by 45° to avoid the use of the triclinic cell wkich
would be needed if the [a+OO].and [0b¥0] hits were not
equivalent, An attempt has been made to show which equivalent

positions are retained at each transition, and which are lost.

Structural parameters obtained by profile refinement at each

temperature, with scattering lengths bK = 0.35, er = 0.95
-12 '

and bCE = 0.958 (10 “cm). Anisotropic temperature factors

have been refined for the chlorine atoms to account for the

strong librations of the'ReCR6 octahedra. (Large chlorine

B-factors perpendicular to the Re-C% bonds); In tﬁe low tempe-
rature PZI/n phase, such librations were no 1onggr gvident,
since all of the tilts had condensed, and.isotropic B~factors
ware tharsfore used to reduce the nﬁmber of parémeters. The
R-factor for integrated intensities RI = ZRF, the usual
R-factor for structure factors, shows that very good fits

were obtainmed, especially for the highast an& lowest symmetry

phases.

Re—C2 bond lengths and angles show that the ReCZ6 octahedra

are quite regular, especially in the lowest (and highest)

Ld

remperature phases.




Table 1

S OV
.. Fm3m S Cafme . C2/e Ez_lfn
(xyz) (yzx) etc. (yxz) etc. (xyz) (xyz) (xyz)
(;§z) (§z§} etc, (§§z) ete. (;§z)
(§xz) (xz§)-etc. (x}z) ete, | - (§xz)
/f(y;z) (Ezy) ete. (Eyz} etc., (yEz)
RELEY + (04 P [3] | B |
(xyz) etc. + (0 % 4) (xyz) + (0 ¥ B (xy2) + (0 F D) Gy2) + G+
(xyz) etc. + (0 + %) - (xyz) + (0 + D -
) (yxz)'etc. + (O %-%J (yxz) + (0-% S
. (yxz) ete. + (0 %—%) (§§z) + (O % %)
[o] + G- Fo0) [af + G %0 + (3% 0)
B+ G+o) | B+ @10

Bl + G%o)=[a] + God

Notes @

Fm3m is the standard set-
ting (International Tables,
1972)

C4/mac is ob-

tainad from

P4/mc by
= XY
X==
Y = xty
2

C2/c is ob-—-
tained from the
standard set—
ting by rotaion

z + X

PZl/ﬁ is obtained
from P21/c by

rotation
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125 K (Fm3m)| 107K (C4/mnc) 90K (C2/c) 30K (le/n) SK (P2, /n
IR .25 0.25 025 ©00:5032 (22) | 0.5054 (1%
X 0.25 0.25 S 0.2392 - (21) 0.0097 (18) 0.0079 (1°
Y . -0.2560  (23)
K 0.25 _ J 0.25 0.25 0.2481 (26) 0.2552 (2C
: Tom (1) T ma(Rd) ) 1 (£€)
Re 0. 0. 0. | 0.
 Re 0. 0. .
Re 0. 0. -/ 0.
w3 (QD W\MLM A G“)
cgrx 0.2399 {(11)} 0.2375 (2) 0.2400 (4) 0.2621 (5) 0.2612 (4)
cel 0. 0.0051 (4) 0.0117 (4) 0.2181 (&) 0.2187 (&)
21 0. 4 o. _ ~0.0147 (12 -0.0180 (3) | -0.0175 (3)
z Eynm_ (24 Qbﬁ} %)
c22 0. -0.0051 -0.0122  (5) 0.2264 (5) 0.2248 (&)
s
czzy 0.2399 0.2371, s-n_ 0.2388 (&) ~0.2579  (4) -0.2583 (&)
c22 0. 0. —0.0035 (8) -0.0098 (4) t -0.0100 (%)
i ¢ (&4
C23 0. 0. 0.0140 (7 0.0249 (&) 0.0256 (&)
c;z3y 0. 0. -0.0022 (8) ~0.0003 (7) -0.0011 (7}
c1.3 0.2399 0.2433 (3) 0.2422 (5 0.2415 (3 0.2408 (3)
z x / JC:) ‘
S
B(X) 1.28 (8) 0.85 (6) 0.87 (10) 0.91 (9 0.63- (10}
3(Re) 0.42 (3) 0.10 (4) 0.43 (4) 0.39 (5) 0.20 (4)
© L B(CLD) 0.39 (3) 0.565 (7) 0.79 (10) 0.33 (7) 0.26 (6
2.07 (4) 2.61 (19) 0.96 (23) 0.33 0.26
2.07 1.63 (10) 1.56 (22) 0.33 0.26
0. 0.84 (20) 0.09 (19) 0. 0.
0. 1.01 (24> 0. 0.
0. 0.31 (16) 0. 0.
B(C22) 2.07 2.61 2.74 (27) 0.66 (7) 0.31 (6)
0.39 0.65 0.20 (13) 0.66 0.31
2.07 1.63 0.14 (22) 0.66 0.31
0. 0.86 0.15 a7 0. 0.
0. 1.52 (27) 0. 0.
0. 0.16 (21) 0. 0.
4
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125K (Fm3m)

107K (C4/mc) 90K (C2/c¢) 30K (P2 /a) 1 sx (P2, /n)
B(C13) | 2.07 2.23  (16)[ 1.33 (30) | 0.89 (6) | 0.48  (5)
' 2.07 2,23 1.95  (35) 0.89 0.48
0.39 0.10 (1] 0.3& (186) 0.89 0.48
0. 0. 0.33  (16) 0. 0.
‘ 0. 0. 1.37  (19) 0. .
| 0. 0. 0.31  (39) 0. 0.

' a/ 9.7754 (1)] 9.7602 (1) 9.7329 (2) 6.8884 (1) | 6.8877 (1)
b 9.7754 9.7602 9.7835 (2) 6.8713 (1) 6.8673 (1)
c 9.7754 9.7833  (2) 9.7673 (3) 9.7875 (2) 9,7926 (2)
B 50. 90. 90.046 (4) 90.078  (3) | 90.090  (3)

934.11 (2)]932.00 (3) l930.06 (&) 926.52:22 (%) |926.38%2 - (2)
R, 3.8 6.0 6.7 4.6
x2 . 11,1 10.3 . 8.9




Table.3

‘91.4 (3

- 125K-(Fm3m)_“--107&-(ca/mn¢) 90K (C2/¢) 30K”(P2£/ﬁj - SK'(Pzilﬁ) 1
2.346 (1) 2.314  (2) 2.337 (3) . 2.353  (4) 2.351 (3)
2.346 2.314 2.338  (4) 2.360 (&) 2.355 (3)
2.346 2.382  (3) 2.375 (5) 2.365 (3) 2.361 (3)

90. 90. 90.6  (2) | 90.3  (2) | 90.0  (2)

90. 90. 90.8 (2) 90.8 () | 90.3 ()

90. 90. 91.2 2y | 91.6 (2)
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