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Abstract

The room-temperature phase of K,ZnBr, is isomor-
phous with Sr,GeS, (P2,/m) while the low-tempera-
ture structure (P2,) is slightly distorted [the phase
transition occurs at 155K]. Both structures con-
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tain highly deformed tetrahedral [ZnBr,J*~ mol-
ecules with Br(3)—Zn—Br(3") angles of 103.06 (5)
and 102.49 (9)° at 291 and 144 K, respectively. This
distortion is caused by the repulsion of Br atoms
whose distance 3.712 (1) and 3.661 (2) A at 291 and
144 K, respectively, is below the Br—Br van der
Waals distance (3.9 A). The phase transition is
accompanied by minor shifts of cations and
[ZnBr,]>~ tetrahedra which are simultaneously
rotated about a small angle. Below the phase transi-
tion point an inversion twin develops whose twin-
fraction parameter was refined to 0.459 (65).

Comment

Among compounds of composition A,BX, two
families exist. The first contains structures which are
isomorphous with B-K,SO, and which typically
exhibit phase-transition sequences (e.g. on decreasing
temperature), from the prototype B-K,SO, to an
incommensurate structure which is followed by a
transition to ‘the lock-in ferroelectric phase. The
other family is related to Sr,GeS,; either isomor-
phous with it (P2,/m) or slightly distorted (P2,). At
lower temperatures transitions to a ferroelectric state
sometimes occur: Rb,Znl,, TL,Znl, (Gesi, 1984),
K,ZnBr, (Shimizu, Yamaguchi, Suzuki, Takashige &
Sawada, 1990) and K,CoBr, (Suzuki, Shimizu,
Takashige, Sawada & Yamaguchi, 1990). The latter
three structures are reported to undergo a P2,/m—>
P2, phase transition (Gesi, 1984; Ammlung,
Scaringe, Ibers, Shriver & Whitmore, 1979; Mas-
hiyama, Kasano & Yamaguchi, 1991).

On the other hand, there are some rare cases
where the Sr,GeS, isomorphs transform when heated
to the B-K,SO, structure, e.g. T1,CoBr,, K,CoBr,
(Seifert & Stdudel, 1977) and Cs,Cdl, (Touchard,
Louér, Auffredic & Louér, 1987).

Phase transitions in K,CoBr, (Suzuki, Shimizu,
Takashige, Sawada & Yamaguchi, 1990) and
K,ZnBr, (Shimizu, Yamaguchi, Suzuki, Takashige &
Sawada, 1990) have recently been studied by dielec-
tric measurements and DTA (differential thermal
analysis). These experiments revealed similar
behaviour in both compounds and showed the exist-
ence of a ferroelectric phase below 143 and 155 K for
K,CoBr, and K,ZnBr,, respectively. Mashiyama,
Kasano & Yamaguchi (1991) determined their space
groups and discovered the existence of an incommen-
surate phase [qg = (1/3 — 8)c*] of the basic B-K,S0,
structure isomorphs (Pmcn) in the region 473-555
and 473-561 K for K,CoBr, and K,ZnBr,, respec-
tively. Above these temperature intervals unmodu-
lated phases of the prototype B-K,SO, structure
exist. When the incommensurate phases are quickly
supercooled the commensurate threefold structures
appear. These are, however, thermodynamically

© 1993 International Union of Crystallography
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unstable with regard to Sr,GeS, isomorphs (a-
phases). The ability of K,CoBr, and K,ZnBr, to
appear in modifications which are related to Sr,GeS,
and B-K,SO, structure types makes their structure
determination of interest. This work deals with the
X-ray structure determination of the monoclinic
K,ZnBr, at 291 and 144 K.

The coordinates of Rb,Col, (Seifert & Stidudel,
1977) were used as a starting model for the
refinement of the high-temperature structure. The
phase transition to the low-temperature phase may
be accompanied by development of an inversion-
twinned crystal.

Following Flack (1983) the twin-fraction param-
eter x of an inversion-twinned crystal may be
expressed as:

|Eh(1 = x))? = (1 = x)|Fb)P + =) (1)

where |F,[h,(1 — x)]| corresponds to the square root
of observed intensity (corrected for Lp factor,
absorption and fluctuation of checking reflections) of
a reflection h diffracted by an inversion-twinned
crystal.

Following (1) the difference Fourier synthesis 4p
=V 13 4F(h)e *™™,  where AF(h) = |F,(h)|/Sc —
|F.(h)| for a non-twinned case (Sc is a general scale
factor), is modified for an inversion-twinned crystal:

172

= |Fh)|
, X

Ffh,(1-x)]

AFh) = { sc }‘X[Ff('h’]z

(1=x)

The modified difference Fourier synthesis which
was calculated for x =0.5 {Fh,(1 — x)] were deter-
mined from reflection intensities of the low-
temperature phase while F.(h) from the model of the
high-temperature phase} revealed positions of the
shifted Br atoms of the low-temperature phase. The
Br(2) atom was split into two positions which were
related by inversion. {This splitting of the Br(2) atom
was also observed in the difference Fourier map
when no twinning was included [4F(h) = |F,(h)|/Sc —
|F.(h)]l.} Refinement [y coordinate of Br(3) atom
fixed] of the two models which differed in the choice
of the Br(2) atom converged to virtually the same
minimum: the atomic positions of the respective
models were linked by inversion and the twin-
fraction values were interchanged.

The refinement without introducing the twin-
fraction parameter gave a worse result both for the
inverted and non-inverted structure models [R(x = 1)
=0.0499, wR(x=1)=0.0610, S(x=1)=1.348,
R(x =0) =0.0502, wR(x=10)=0.0608, S(x=0)=
1.339; R factors apply for reflections 7> 3o(/)].

The most interesting feature of both phases is the
presence of the extremely distorted [ZnBr,]*~ mol-
ecule which is more distorted than that observed in
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[N(CH,),},ZnBr, (Asahi, Hasebe & Gesi, 1988) and
Rb,ZnBr, (de Pater, 1979).

In Rb,ZnBr,, the Zn—Br bond lengths lie between
2.37-239A and the Br—Zn—Br bond angles
between 106-114°. In [N(CH,),],ZnBr, the bond
lengths are between 2.36-2.45 A and the bond angles
between 106.7-112.4°. The deformation of [ZnBr,}*~
in the present structure may be explained by the
repulsion of Br(3) atoms from the neighbouring
tetrahedra. The intermolecular distances Br(3)—
Br(3)"/Br(34) are 3.712(1) and 3.661 (2) A for 291
and 144 K, respectively, being substantially below
the Br—Br van der Waals distance [ry{(Br) = 1.95 A;
Bondi (1964)] and somewhat shorter than the intra-
molecular distances 3.765(1)A (291 K) and
3.756 (2) A (144 K) between the Br atoms of the
same species. These Br atoms subtend an extremely
small angle at Zn: Br(3)—Zn—Br(3)" = 103.06 (5)°
(291 K) and Br(3)—Zn—Br(34) = 102.49 (9)°
(144 K). It is worth noting the much smaller U,,
component of the thermal factor of Br(3)/Br(3A4)
atoms in comparison with Br(l) and Br(2). This
seems to be related to the close contacts between
these Br atoms along the b axis. It is also interesting
that although the volume of the unit cell decreases,
the length of the b axis somewhat increases during
the P2,/m— P2, phase transition.

Table 3 lists structures related to the Sr,GeS,
structure type (Bergerhoff, Hundt, Sievers & Brown,
1983). It can be seen that all these structures contain
highly deformed tetrahedral molecules. All the
isostructural compounds reported by Gesi (1984)

Br3 a
' £ Cﬁ)
K2
—_
Br2 an“\ Brl O

O M= B—
K, E%)
Nb

zn f”\
W
5O

Fig. 1. View of the unit cell of K,ZnBr, at 291 K. Zn’ and Br are
translation equivalents of Zn and Br atoms, respectively. The
non-primed and w-primed atoms and molecules are linked by
inversion (3 — x, 3 — y, 3 — 2).
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and Zandbergen, Verschoor & 1Jdo (1979) are com-
plex iodides or bromides; i.e. they contain polariz-
able and deformable anions.

The present structure is the first one among these
isostructural compounds where inversion twinning
was observed. Rb,Fel, (Zandbergen, Verschoor &
1Jdo, 1979) was suspected to be another candidate
where inversion twinning could have appeared. The
authors could not distinguish between the inverted
structure models because refinement converged to
the same values of R factors. The refinement of
Rb,Fel, which included the twin-fraction parameter
was based on the original observed structure factors

(w=1) [Zandbergen, Verschoor & IJdo (1979),

Supplementary Publication No. SUP 34273]. This
refinement, however, did not give a decisive answer
about whether inversion twinning takes place in this
compound: x =0, R=0.0418, wR=0.0444; x=1, R
=0.0419, wR=0.0442; x=0.27 (26), R=0.0417,
wR =0.0442. The reflection set from the supple-
mentary material contained, however, only indepen-
dent reflections from 1/4 of the reciprocal space (with
the exception of 112 and 112 reflections).

O™

O

Fig. 3. Environment of K(2) atom.

Experimental
At 291K
Crystal data

KzZIle

M, = 463.19
Monoclinic
PZl/m
a=17200Q2) A
b=174772) A
c=9144(3)A
B = 108.95 (1)°
V= 4653 A’
Z=2

D, =3.303 Mg m™>

Data collection
Enraf-Nonius CAD-4
diffractometer
w scans
Absorption correction:
spherical
Tmin = 0.0362, Tpmax =
0.0551 '
3393 measured reflections
881 independent reflections
533 observed reflections
[IZ30(D]

Refinement

Refinement on F

Final R = 0.0282

wR = 0.0315

S =1.123

533 reflections

40 parameters

w = [0(F,)+(0.01|F,|)*]!
(A/0)max = 0.01

At 144K
Crystal data
K>ZnBr4

M, = 463.19
Monoclinic

P2,
a=1204(3)A
b=17413(4) A
c=9.028(5 A

B = 108.67 (3)°

V = 456.7 (6) A3
Z=2

D, = 3367 Mg m™3

Cu Ka; radiation for powder
diffraction _

A = 1.54056 A

Mo Kq radiation for single
crystal

A=071073 A

0 = 5-23.75°

p =2.052 mm™!

T=291 (1)K

0.128 (8) mm (radius)

Colourless

Crystal source: prepared by

the Bridgman method
Rin = 0.047
Omax = 25°
h=-8—18
k=-8—38
l=-10—-10

4 standard reflections
frequency: 60 min
intensity variation:

<5%

Apmax = 127 € A7?

Apmin = —1.05e A3

Atomic scattering factors
from Cromer & Mann
(1968) and International
Tables for X-ray Crystal-
lography (1974, Vol. IV)

Cu Ka; radiation for powder
diffraction _ .

A = 154056 A

Mo Ko radiation for single
crystal

A=071073 A

0 = 5-25°

p=2.092 mm™!

T=14(3)K

0.128(8) mm (radius)

Colourless

Crystal source: prepared by
the Bridgman method
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Table 1. Atomic positional parameters and anisotropic thermal parameters (A% x 10%) with e.s.d.’s in
parentheses

The anisotropic temperature factors are of the form:
expl — 22 (Un iPa*® + Upk?b* + Us3l%c*? + 2U ohka*b* + 2U shla*c* + 2U,klb*c*)).

UZZ U33 Ul2 U|3 U23
819 (24) 435 (16) — 220 (14) —
499 (25) 214 (15) 32(32) 93 (13) -2(31)
806 (23) 432 (15) — 173 (13) —
521 (26) 203 (14) 6 (31) 68 (12) 102 (30)
455 (9) 428 (7) — 164 (6) —
294 (8) 220 (7) 16 (15) 80 (6) 27 (15)

1117 (14) 377 (7) — 140 (6) —
679 (14) 190 (7) ~54(16) 48 (6) - 15 (15)
1284 (14) 445 (7) — 225 (6) —
781 (13) 229 (7) -78(17) 97 (6) -44 (17
376 (4) 572 (5) 40 (4) 185 (4) 10 (5)
289 (13) 323 (15) 64 (12) 7201 14 (12)
200 (11) 257 (13) 30 (10) 77 9) 5(10)

™ First row: structure at 291 K; second row: phase at 144 K.

X z Un
K(1)* 0.7809 (4) 0.2500 0.5744 (3) 603 (18)
0.7748 (5) 0.245 (1) 0.5726 (4) 334 (16)
K@) 0.7043 (4) 0.2500 0.0440 (3) 537 (18)
0.7087 (5) 0.245 (1) 0.0467 (4) 316 (16)
Zn 0.2816 (2) 0.2500 0.2066 (1) 385 (8)
0.2804 (2) 0.2573 (6) 0.2050 (2) 243 (8)
Br(1) 0.1073 (2) 0.2500 —0.0656 (1) 581 (9)
0.1029 (2) 0.2691 (6) —-0.0693 (2) 333 (8)
Br(2) 0.0750 (2) 0.2500 0.3635 (1) 460 (8)
0.0769 (2) 0.2656 (7) 0.3676 (2) 259 (7)
Br(3) 0.5012 (1) —0.0018 (1) 0.2667 (1) 548 (5)
0.4929 (4)  —0.001786t 0.2618 (3) 378 (14)
Br(34) — — — —
0.5093 (4) 0.5046 (3) 0.2681 (3) 270 (11)
t Fixed coordinate.
Data collection
Enraf-Nonius CAD-4 Rine = 0.039
diffractometer Omax = 25°
w scans =—-8—-8
Absorption correction: k=-8—38
spherical 1 =0-10

Timin = 0.0360, Tpax =
0.0549
1696 measured reflections
1594 independent reflections
1141 observed reflections
[I>30(D)]

4 standard reflections
frequency: 60 min
intensity variation:

<7%

Refinement

Refinement on F Apmax = 4.06 ¢ A~
Final R = 0.0493 Apmin = -4.16 ¢ A3
wR = 0.0597 Atomic scattering factors
S =1318 from Cromer & Mann

1141 reflections

64 parameters

w = [0*(F,)*+(0.03|F,|*]~!
(A/0)max = 0.01

(1968) and International
Tables for X-ray Crystal-
lography (1974, Vol. 1V)

FTNobs/(A26)average] after least-squares refinement of lattice pa-
rameters are: F(18/0.007) = 34.75 for 144 K, F (14/0.007)=22.99
for 158 K and F(20/0.006)=37.05 for 291 K. The temperature
stabilities of the single-crystal and powder experiments were
+1 and £3 K, respectively.

In the determination at 144 K, the refinement indicated that
the phase transition from P2,/m to P2, was accompanied by the
formation of the inversion-twinned crystal with a domain frac-
tion parameter which was refined to 0.459(65).

The program used for the powder diffraction experiment was
STADI P (Stoe & Cie, 1987). The program used for structure so-
lution and refinement was the SDS (Petiicek & Maly, 1988) sys-
tem. Figs. 1, 2 and 3 were prepared using SCHAKALSS (Keller,
1989). Table 1 lists atomic coordinates and anisotropic thermal
parameters and Table 2 lists selected interatomic distances and
angles.

Table 2. Selected interatomic distances (A) and

The crystals are soft and extremely hygroscopic and all manip-
ulations were performed in a dry nitrogen atmosphere or in cy-
clohexane. The single crystal was prepared by grinding which
turned out to be the only feasible way of obtaining a sample of
well defined shape with non-split reflection profiles. The grind-
ing, however, caused the reflection profiles to be very broad
and consequently the accuracy of the lattice parameters obtained
from the single crystal was inferior to that obtained from the
powder experiment. Thus the result of the powder diffraction
experiment for the determination of cell parameters is reported
here. These experiments were performed on a Stoe focusing
monochromatic transmission diffractometer equipped with a lin-
ear position detector. The powdered sample was inserted into
a Lindemann-glass capillary of 0.3 mm diameter. The lattice
parameters at 158(3) K are: a = 7.214(3), b = 7.378(4), ¢ =
9.063(3) A, B = 108.53(3)°, V = 457.4(5)A>. The measured re-
gion was 5 - 25° for the structure at 158 K. Figures of merit

angles (°)

291K 144 K
Zn—Br(1)/Br(l) 2.396 (2) 2.398 (2)
Zn—Br(2)/Br(2) 2.378 (2) 2.385 (3)
Zn—Br(3)/Br(3) 2.405 (1) 2.407 (4)
Zn—Br(3)/Br(34) 2.405 (1) 2.410 (4)
K(1)—Br(1%)/Br(1%) 3.366 (3) 3343 (3)
K(1)—Br(2")/Br(2%) 3.295 (4) 3.281 (4)
K(1)—Br(2")/Br(2") 3.872 (1) 3.703 (10)
K(1)—Br(2)/Br(2") 3.872 (1) 3.992 (10)
K(1)—Br(3")/Br(34") 3.406 (3) 3.366 (6)
K(1)—Br(3)/Br(3") 3.406 (3) 3.364 (6)
K(1)—Br(3)/Br(34) 3441 (2) 3.398 (6)
K(1)—Br(3)/Br(3) 3.441 (2) 3.421 (6)
K(2)—Br(1)/Br(1%) 3.364 (4) 3332 (4)
K(2)—Br(1%)/Br(1%) 3.960 (1) 3.765 (9)
K(2)—Br(1"9)/Br(1*) 3.960 (1) 4.096 (9)
K(2)—Br(1)/Br(1) 4.084 (3) 4.153 (4)
K(2)—Br(2")/Br(2%) 3255 (3) 3.245 3)
K(2)—Br(3)/Br(3) 3.430 (3) 3.388 (6)
K(2)—Br(3)/Br(34) 3.430 (3) 3.404 (6)
K(2)—Br(3")/Br(3") 3313 () 3.285 (6)
K(2)—Br(3")/Br(34") 3313 () 3.298 (6)
Br(1)—Br(2)/Br(2) 4.006 (2) 4.009 2)
Br(1)—Br(3)/Br(3) 3.902 (1) 3.935 (3)
Br(1)—Br(3)/Br(34) 3.902 (1) 3.897 (3)
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Br(2)—Br(3)/Br(3) 3938 (2) 3.957 (4)
Br(2)—Br(3)/Br(34) 3938 (2) 3.930 (4)
Br(3)—Br(3*)/Br(34") 3712 (1) 3.661 (2)*
Br(3)—Br(3')/Br(34) 3.765 (1) 3.756 (2)
Br(1)—Zn—Br(2) 114.06 (7) 113.91 (8)
Br(1)—Zn—Br(3)/Br(3) 108.72 (5) 110.0 (2)
Br(1)—Zn—Br(3)/Br(34) 108.72 (5) 108.3 (2)
Br(2}—Zn—B1(3) 110.84 (5) 1113 2)
Br(2)—Zn—Br(3')/Br(34) 110.84 (5) 110.1 (2)
Br(3)—Zn—Br(3)/Br(34) 103.06 (5) 102.49 (9)

Symmetry code: (i) x, —y + 3, z; (ii) x + 1, y, z; (i) —x+ 1, y+ i
—z+ (V) —x+ 1 y=3 -z (V) —x+ ], -y, —z+ 15 (vi)
—x+1,y—1 —z (vil)) —x+ 1,y +3, —z (vii)) —x+ 1, —p, —z
@x-y-3z&xy-LzE)x+1,pz+1

* Denotes intermolecular distance.

Table 3. A4,[BX,] structures related to the Sr,GeS,
structure type

Shortest
X—X intra-/ Minimal/
intermolecular maximal
Space distance (A) angle (°)
group R in [BX,] within [BX,] T(K)*
Ba,SiSe,” P2i/m 0.071 3.577 (2)/3.456 (2)  105.3 (3)/116.3 (3)
Ba,SiTe,” P2,/m 0.059 3.917 (1)/3.709 (1)  103.5 (2)/117.9 (2)
Cs,CdI> P2,/m 0.029 4.3980 (5)/3.9990 (5) 105.50 (4)/113.93'(4)
Cs,;Hgle P2/m 0032 4.4402 (7)/3.9458 (7) 106.35 (3)/114.03 (3)
Eu,GeS4 P2, 0.032 3.389.(9)/3.288 (9)  100.9 (2)/115.2 (2)
K,ZnBrys P2im 0.028 3.765 (1)/3.712 (1)  103.06 (5)/114.06 (7)
K,ZnBrs P2, 0.049 3.756 (2)/3.661 (2)  102.49 (9)/113.91 (8) 144
Rb,Col{/ - P2,/m 0.150 4.137 (4)/4.007 (4) 106.0 (2)/114.2 (2)
Rb,Felé P2, 0.041 4.152(3)/4.032 (3) 103.96 (9)/115.91 (6)
Sr;GeS/  P2,/m 0.096 3.402 (6)/3.327 (6)  101.5 (2)/115.7 (2)
ThLZnlS P2, 0.120 4.090 (15)/3.919 (15) 101.8 (10)/114.0 (10) 113

References: (@) Brinkmann, Eisenmann & Schaefer (1985); (b)
Sjovall (1989);.(c) Sjovall & Svensson (1988); (d) Bugli, Dugue &
Barnier (1979); (¢) This work; (f) Seifert & Stdudel (1977); (g)
Zandbergen, Verschoor. & 1Jdo (1979); (h) Philippot, Ribes &
Maurin (1971); () Ammlung, Scaringe, Ibers, Shriver & Whitmore
(1979).

* If temperature is not specified the structure is assumed to have
been measured at room temperature.

JF and TB gratefully acknowledge the support of the
CGCYT of the Spanish Ministry of Education and Sci-
ence. This work was supported by the UPV project No.
063.310-E160/90.

Lists of structure factors have been deposited with the British Library
Document Supply Centre as Supplementary Publication No. SUP 55884
(28 pp.). Copies may be obtained through The Technical Editor, Inter-
national Union of Crystallography, 5 Abbey Square, Chester CH1 2HU,
England. [CIF reference: AL9484] )

References

Ammlung, R. L., Scaringe, R. P., Ibers, J. A., Shriver, D. F. &
Whitmore, D. H. (1979). J. Solid State Chem. 29, 401-415.

Asahi, T., Hasebe, K. & Gesi, K. (1988). J. Phys. Soc. Jpn, 57,
4219-4224, o

Bergerhoff, G., Hundt, R., Sievers, R. & Brown, 1. D. (1983). J.
Chem. Inform. Comput. Sci. 23, 66-69.

Bondi, A. (1964). J. Phys. Chem. 68, 441-451.

0108-2701/93/050950-05506.00

REGULAR STRUCTURAL PAPERS

Brinkmann, C., Eisenmann, B. & Schaefer, H. (1985). Z. Anorg.
Allg. Chem. 524, 83-89.

Bugli, G., Dugue, J. & Barnier, S. (1979). Acta Cryst. B35,
2690-2692.

Cromer, D. T. & Mann, J. B. (1968). Acta Cryst. A24, 129-144.

Flack, H. D. (1983). Acta Cryst. A39, 876-881.

Gesi, K. (1984). J. Phys. Soc. Jpn, 53, 3850-3854.

Keller, E. (1989). J. Appl. Cryst. 22, 19-22.

Mashiyama, H., Kasano, H. & Yamaguchi, T. (1991). J. Phys.
Soc. Jpn, 60, 45-48.

Pater, C. J. de (1979). Acta Cryst. B35, 299-302.

Petficek, V. & Maly, K. (1988). SDS. A system of computer
programs for the solution of structures from X-ray diffraction
data. Unpublished.

Philippot, E., Ribes, M. & Maurin, M. (1971). Rev. Chim. Min-
éral. 8, 99-109.

Seifert, H. J. & Stdudel, L. (1977). Z. Anorg. Allg. Chem. 429,
105-117.

Shimizu, F., Yamaguchi, T., Suzuki, H., Takashige, M. &
Sawada, S. (1990). J. Phys. Soc. Jpn, 59, 1936-1939.

Sjovall, R. (1989). Acta Cryst. C45, 667-669.

Sj6vall, R. & Svensson, C. (1988). Acta Cryst. C44, 207-210.

Stoe & Cie (1987). STADI P. Stoe automated diffractometer
systems for powder diffractometry. Stoe & Cie GMbH,
Darmstadt, Germany.

Suzuki, H., Shimizu, F., Takashige, M., Sawada, S. & Yamaguchi,
T. (1990). J. Phys. Soc. Jpn, 59, 191-196.

Touchard, V., Louér, M., Auffredic, J. P. & Louér, D. (1987).
Rev. Chim. Minéral. 24, 414-426.

Zandbergen, H. W., Verschoor, G. C. & IJdo, D. J. W. (1979).
Acta Cryst. B35, 1425-1427.

Acta Cryst. (1993). C49, 950-954
Structure de KgTh(MoO,)s
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Abstract ,

The cation array in the compound, octapotassium
thorium hexamolybdate, is very similar to that of
palmierite-like K,Pb(SO,)» Ks(K,Th)(MoO,)s is
equivalent to 3K,Pb(SO,),. Three atoms (K, K, Th)
are found to be ordered over the Pb sites along some
particular directions. The triclinic cell is related to
the K,Pb(SO.,), hexagonal one by a,=a,—b,, b,=
a, + 2b, and ¢, = 2¢,/3. The structure consists of two
different densely packed layers. In contrast to the
palmierite, the K—O distances have a wide range of
values whereas the Th atom exhibits an eightfold
coorc}ination with bond lengths ranging from 2.31 to
2.56 A. :
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