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Abstract. (LaS),;5TaS, and the isostructural com-
pound (CeS), ,sTaS, are misfit layer compounds built
of alternate double layers of MS (M = La, Ce), each
approximately a {100} slice of NaCl-type MS, and
sandwiches of TaS, with Ta surrounded by distorted
trigonal prisms of S. Both structural units are
described in centered orthorhombic space groups,
Cm2a for the MS part (Z=4) and Fm2m for the
TaS, part (Z=4) of the structure. A(Mo Ka) =
0-71073 A. For (LaS),,3TaS,, M,=4383, D, =
6:63gcem™3 wu=367-3cm™'; the LaS part: a=
5813(1), b=5773(), c=11-526()A, V=
386-8 (1) A%, F(000) =292, T=295K, R;=0-038
for 255 unique reflections; the TaS, part: a=

* Author to whom correspondence should be addressed.

0108-2701/91/050924-07503.00

3-205(1), b=5778(1), c¢=23057T()A, V=
439-0 (2) A3, F(000) =420, T=295K, Rr=0-034
for 312 unique reflections; the layer stacking direc-
tion is e¢. For (CeS);,sTaS,, M,=4431, D,=
678 gem™3, p =3288cm”'; the CeS part: a=
5737(1), b=5749(1), c=11-444(2)A, V=
377-5 (1) A3, F(000) =296, T=295K, Ry=0-062
for 427 unique reflections; the TaS, part: a=
3293(1), b=5752(1), ¢c=22892(2)4, V=
4336 (2) A%, F(000) =420, T=295K, Rr=0-035
for 310 unique reflections. The composition is
determined by the misfit along the a axes (the ratio
a(MS)/a(TaS,)].

Introduction. Recent investigations  (Wiegers,
Meetsma, Haange & de Boer, 1988; Guemas, Rabu,

© 1991 International Union of Crystallography
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Meerschaut & Rouxel, 1988; Meetsma, Wiegers,
Haange, & de Boer, 1989; Kuypers, Van Tendeloo,
Van Landuyt & Amelinckx, 1989; Wiegers,
Meetsma, Haange, van Smaalen, de Boer, Meer-
schaut, Rabu & Rouxel, 1990; Wulff, Meetsma, van
Smaalen, Haange, de Boer & Wiegers, 1990) have
shown that compounds formerly designated as ter-
nary sulfides MTS; (M = Sn, Pb, rare-earth metals; T
= Nb, Ta) (Schmidt, 1970; van Maaren, 1972; Sch-
midt, McCarthy & Maita, 1970; Donohue, 1975) are
misfit layer compounds (MS),TS, (n=1-08-1-19)
built of alternate double layers of MS, each being
approximately a {100} slice of NaCl-type MS, and
sandwiches of TS, as occur in NbS,-2H and
TaS,-2H. The diffraction patterns of the compounds
are described by two centered orthorhombic lattices;
the unit cells have their b axes in common while the ¢
axes (perpendicular to the crystal platelet) are either
equal or ¢(7TS,) is twice ¢(MS). The ratio of the
lengths of the a axes (the axes being parallel) is
irrational but close to 3"% So far three types have
been found which differ in the stacking of units
along c. The structure types are designated by the
centering types C and F of the two orthorhombic
sublattices. The type indicated by CC, with both the
MS and the TS, lattice C-centered orthorhombic, is
found for (SnS),.;NbS, (Meetsma et al., 1989;
Kuypers et al., 1989); the CF type with a C-centered
MS lattice and an F-centered T3, lattice, ¢(T3S,)
being twice ¢(MS), is found, for e.g. (LaS),.;,sNbS,
(Wiegers Meetsma, Haange, van Smaalen, de Boer,
Meerschaut, Rabu & Rouxel, 1990) while the FF
type with both lattices F-centered is found for e.g.
(PbS),.,5TaS, (Wulff et al., 1990). The composition
of the compounds is determined by the ratio of the
length of the a axes (the misfit axes) and the number
of formula units per cell.

One expects reflections from the two sublattices in
the crystal and also reflections (satellites) due to their
mutual modulation and indeed these satellites are
clearly visible using electron diffraction (Kuypers et
al., 1989). (LaS),.,;TaS, and (CeS),.,sTaS,, described
in this paper, are isostructural with (LaS),.,;NbS,,
first described by Meerschaut, Rabu & Rouxel (1989)
in a large orthorhombic unit cell with space group
Bbeb and unit-cell dimensions a = 23-216, b = 5-806,
¢=23-031 A. The agreement between the observed
and calculated structure factors was good for reflec-
tions 2 = 4n, n = 1,2,3,..., but rather poor for the & =
Tn, n=0,1,2,... reflections and the remaining weak
reflections. A reinvestigation of these diffraction data
of (LaS),.;4NbS, was performed in terms of a com-
posite crystal with an LaS part with a’ = a/4, b’ = b,
¢ = ¢/2, space group Cm2a, and an NbS, part with
a =all, b’ =b, ¢’ =c, space group Fm2m (Wiegers,
Meetsma, Haange, van Smaalen, de Boer, Meer-
schaut, Rabu & Rouxel, 1990). Refinements conver-
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ged to Rp=0:048 and 0-087, respectively, for
reflections of the LaS and NbS, parts and to 0-067
for the 0k/ reflections which are common to both
parts. The remaining reflections, which are all weak,
are satellites due to the mutual modulation of the
two sublattices. The symmetry of the complete struc-
ture, including the mutual modulation of the two
sublattices, was analyzed in terms of a four-
dimensional space group based on the theory of
Janner & Janssen (1980) and van Smaalen (1989).

A review of recent studies on misfit layer com-
pounds (MS,)TS, (M = Sn, Pb, Bi, rare-earth metals;
T=Nb, Ta) is given by Wiegers, Meetsma, van
Smaalen, Haange, Wulff, Zeinstra, de Boer,
Kuypers, Van Tendeloo, Van Landuyt, Amelinckx,
Meerschaut, Rabu & Rouxel (1989).

Experimental. Powder samples with compositions
(LaS),.;5TaS, and (CeS),.sTaS,, prepared from the
elements at 1073 K, were used as starting materials
for crystal growth. Their powder patterns do not
correspond to those of crystals obtained by vapor
transport using Cl, as the transport agent.
(NH,),PbCls was used as a source for chlorine;
about 10 mg (NH,),PbCly was added to about
300 mg of the starting material. Crystals suitable for
single-crystal X-ray diffraction and electrical trans-
port properties grew as thin platelets at the low-
temperature side of a gradient of 1373 to 1123 K.

The structure determination of (MS),TaS,, M =
La, n=113 (M =Ce, n=1-15). Data for the Ce
compound are given in square brackets following
those for the La compound. Single-crystal X-ray
diffraction with an Enraf-Nonius CAD-4F diffrac-
tometer using monochromatized Mo Ka (A=
0-71073 A) radiation on a crystal of approximate
dimensions  0-066 x 0-059 x 0-006 [0-06 x 0-05 %
0-016] mm revealed that the reflections can be
indexed using two orthorhombic unit cells with cell
constants as given in Table 1. These two lattices have
the b axis in common and the ratio in ¢ axes is
commensurate (cr.s, = 2 X cxs) While the lattices do
not match along the a axes, the ratio of their lengths
being 5-813/3-295 = 1-7642 (6) [5-737/3-293 =
1-7422 (6)]. Because this ratio is irrational, it is not
possible to choose a larger unit cell which describes
the complete structure. The ¢ axes are perpendicular
to the crystal platelet. The structure determination
was therefore split into three different parts, viz the
structure determination of the MS and TaS, parts
separately, during which the common 0k/ reflections
were omitted because their intensities are determined
by both lattices together, followed by determination
of the relative y position of both structure parts in
the complete structure, using the common 0k/ reflec-
tions, as described for (SnS),.;;NbS, (Meetsma et al.,
1989).
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Table 1. Crystal data and details of the structure

(LaS), 5TaS,, ‘LaTaS;’ AND (CeS), ;sTaS,, ‘CeTaS;’

determinations Of (LaS)1.13T382 and (CCS)I.,sTaSZ

(a) LaS and CeS parts

Crystal data
Crystal system
Space group, No.
a(A)

b (A)

cA)

V(A%

z

Data collection
Diffractometer
Radiation (A)
Monochromator
Temperature (K)

8 range; min., max. (°)
/26 scan (°)

Data set

Crystal-to-receiving-aperture
distance (mm)

Horizontal, vertical
aperture (mm)

Reference reflections;
r.m.s. dev. (%)

Instability constant, P

Drift correction

Min. and max. absorption
correction factors

X-ray exposure time (h)

Total data

Unique data

R

Refinement
Number of reflections A= 0

Number of refined parameters

Final agreement factors
Re
wR

Weighting scheme

S

Min. and max. residual electron
densities in final difference

Fourier map (e A™?)
Max. (shift/o) final cycle
Average (shift/o) final cycle

(b) Ta$, part

Crystal data
Crystal system
Space group, No.

Data collection
Diffractometer
Radiation (A)
Monochromator
Temperature (K)

6 range; min., max. (°)
w/28 scan (°)

Data set

Crystal-to-receiving-aperture
distance (mm}

Horizontal, vertical
aperture (mm)

Reference reflections;
r.m.s. dev. (%)

Instability constant, P

Drift correction

Min. and max. absorption
correction factors

X-ray exposure time (h)

Total data

Unique data

Riae

LaS CeS
Orthorhombic
Cm?2a, 39
5813 (1) 5737 (1)
5773 (1) 5749 (1)
11-526 (1) 11-444 (2)
386:8 (1) 3775 (1)
4 4

Enraf-Nonius CAD-4F
Mo Ka, 0:71073
Graphite
295
1-77, 29-97 —10-45, 40-00
Aw=075+0-35tan@ Aw=0-08+0-35tanf
h: 0—8; k: —8—8; h: 0—10; k: —10—10;

L—16—16 E —20-20
173

40; 4-5 42,45
024; 066 024; 0-42
024; 0-69 024; 0-51
0-0062 0:0051
1-000-1-000 0:993-1.000
1:25-4-36 1-82-8:27
147 375
1218 2531
336 683
0039 v 0073
255 a7
12 12
0038 0062
0042 0036
1 1/o*(F)
3-342 2:063

-267, 321 -43,36
0073 0-0009
00177 0-0003

(LaS),.,;Ta8S, (CeS),.45TaS,

Orthorhombic
Fm2m, 42
3-295(1) 3293 (1)
5778 (1) 5752 (1)
23-037 (1) 22-892 (2)
439-0 (2) 4336 (2)
4 4

Enraf-Nonius CAD-4F
Mo Ka, 071073
Graphite
295
1-77, 40-00 0-89, 40-00
Aw=075+0-35tan8 Aw=0-85+0-35tand
h: 0—5; k: —10—10; A —~1-5; & —10—10;

I:— 4040 I. —40—40
173

40,45 42,45
204; 0-42 028; 0-68
204; 0-41 028; 0-49
00062 0-0066
1:000-1-002 1:000-1-004
1:25-5:93 182-8:82
19-7 430
1506 1501
411 408
0043 0073

Table 1 (cont.)

Refinement
Number of reflections £=0 312 310
Number of refined parameters 10 10
Final agreement factors
R 0034 0-035
wR 0-049 0-050
Weighting scheme 1 1
N 6317 6-459
Min. and max. residual electron =325, 7-31 -3-79, 7-69
densities in final difference
Fourier map (¢ A™%)
Max. (shift/o) final cycle 0-109 0-094
Average (shift/o) final cycle 0-041 0027

(¢) Projection down [100]
(LaS),.;;TaS; (CeS),.sTaS,

Crystal data

Space group, No. Plim, 6
bA) 2:889 (1) 2:875 (1)
c(A) 11-528 (1) 11-446 (1)
Refinement
Number of reflections A0 98 97
Number of refined parameters 1 11
Final agreement factors
Re 0-055 0-042
wR 0074 0-051
Weighting scheme 1 1
N 3-490 2298
Min. and max. residual electron —2-50, 194 =121, 1-61
densities in final difference
Fourier map (¢ A3
Max. (shift/o) final cycle 0-374 0-0106
Average (shift/o) final cycle 0-163 00023

MS part. Unit-cell dimensions and their standard
deviations were determined from the setting angles of
19 reflections in the range 22-71 < 8 < 28-00° [20-45
< 0 <21-80° in four alternate settings (de Boer &
Duisenberg, 1984). All reflections were measured in
one hemisphere up to @ = 30° [40°]. The two refer-
ence reflections measured every 2-0 [2-8] h showed
only a small fluctuation (<0-7%) [< 0-5%] about
the mean value during the 147 [37-8] h of X-ray
exposure time. A 360° ¢ scan was made for
(CeS),.;sTaS,: the reflection 211 close to axial
showed an intensity variation up to 14% about the
mean value. The net intensities of the data were
corrected for the scale variation, Lorentz and polari-
zation effects and for absorption using a Gaussian
integration method (Spek, 1983) (corrections in the
range 1-25 to 436 [1-82 to 8-27]). Standard devia-
tions in the intensities based on counting statistics
were increased according to an analysis of the excess
variance of the two reference reflections: o%(]) =
o2(I) + (PI)* where P =0-0062 [0-0051] is the in-
stability constant (McCandlish, Stout & Andrews,
1975). Averaging equivalent reflections resulted in
336 [683] unique reflections satisfying the I = 2-5a(])
criterion of observability. From the systematic
extinctions (hkl: h +k=2n+1; hk0: h, k=2n+ 1),
the possible space groups are Cmma, C2mb, Cm2a.
As discussed in our papers on (SnS);.;NbS,
(Meetsma et al, 1989; van Smaalen, 1989) and
(LaS);..4NbS, (Wiegers, Meetsma, Haange, van
Smaalen, de Boer, Meerschaut, Rabu & Rouxel,
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1990), the space group of the MS lattice must be
Cm2a, on the basis of the symmetry of the complete
structure. It was not possible to discriminate between
Cmma, C2mb, Cm2a on the basis of R factors. In
space group Cm2a the atoms are on site 4(c): i, y, .
To define the origin, y of M was chosen equal to
zero. The midplane of the MS double layer was put
at z=3 Refinements on F by full-matrix least
squares with 255 [427] unique reflections converged
at Rp=0-038 [0-062]; wR = 0-042 [0-036]; S =3-342
[2:063]; 12 parameters refined; the weighting scheme
was w=1 [w=1/a*(F)]. Cell data, details of data
collection and refinement are given in Table 1, final
fractional coordinates are given in Table 2.

TaS; part: Unit-cell dimensions and their standard
deviations were determined from the setting angles of
23 reflections in the range 25-50 < 6 < 27-65° [25-56
< 0 <27-68°] in four alternate settings (de Boer &
Duisenberg, 1984). All reflections were measured in
one hemisphere up to 6 =40:0°. The two reference
reflections measured every 2-0 [2-8] h showed only a
small fluctuation (<04%) [<0-7%] during the
19-7 [43] h of X-ray exposure time. A 360° i scan for
the reflection 220 of (LaS),.,sTaS, close to axial
showed an intensity variation up to 40% about the
mean value. The net intensities of the data were
corrected for the scale variation, Lorentz and polari-
zation effects and for absorption (Spek, 1983)
(corrections in the range 1-:25 to 593 [1-82 to 8-82]).
Standard deviations in the intensities based on
counting statistics were increased according to an
analysis of the excess variance of the two reference
reflections. Refinements by full-matrix least squares
performed in space group Fm2m with Ta at 4(a):
0,y’,0 with y chosen equal to zero and S at 8(c):
0,y',z’, using 312 [310] unique reflections with /=
2-50(I) converged at Rp= 0-034 [0-035]; wR = 0-049
[0-50]; S'=6-317 [6-459]; 10 parameters refined; the
weighting scheme was w = 1. Cell data, data collec-
tion and refinement details are given in Table 1, final
fractional coordinates are given in Table 2. The y’
coordinates are transformed according to the results
of the common projection (0k/ reflections), see
below.

The complete structure. From the size of the unit
cells in the ab plane and the number of formula units
MS and TaS, per cell one finds that the compositions
of the compounds are (LaS),;;TaS, and
(CeS),.;sTaS,, respectively. The symmetry element in
the structure projected along [100] is a mirror plane
perpendicular to the ¢ axis. Since the 0k/ reflections
are only present for k=2n (and /=2n), a smaller
unit cell can be chosen for the refinement, viz the unit
cell with 6" = (1/2)b and ¢”” = (1/2)cr,s,; this unit cell
contains one TaS, and 1-13[1-15] MS units. The
two-dimensional spacc group is pm [No. 3 of the 17
two-dimensional space groups (International Tables
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Table 2. Atomic positions and temperature factors of
(Lasl.13)T352 and (CCS)LISTaSZ

Values are fractional coordinates with respect to the unit cells
defined in Table 1. E.s.d.’s are given in parentheses.

Ueq = (113)3,3, U, ,a*a*a, a,.
F(h) = Fy(h)exp{ — 872U,.(sin?6/A?.

x y z U, (AY)
LaS
La(l) i 00 065272 (9) 00172 (3)
S(1) i - 0506 (8) 0-6005 (4) 0-012 (1)
CeS
Ce(1) i 0-0 065087 (9)  0-0217 (2)
S(1) i -0:512 (3) 0-5994 (3) 0013 (1)
x y 7 Uq, (RY)
TaS, of (LaS),;TaS,
Ta(l) 0-0 -0:079 (-) 00 0-0047 (2)
S(2) 0-0 0-2587 (8) 0-0679 (1) 0-072 (8)
TaS; of (CeS), ,sTaS,
Ta(l) 0-0 ~0:0795 (-) 00 0-0047 (2)
S(2) 0-0 02584 (8) 0-0685 (1) 0-0070 (8)

Common part of (LaS),,;TaS, [coordinates in a unit cell with 6" =
2:889 (1), ¢ = 11-528 (1) A]

x" y 2" s.o.f. U, (AY)
Ta(l) - =0-158 (2) 0-0 1-0 0-0012 (5)
S(2) - —0-485 (5) 0-136 (1) 10 0-005 (2)
La(1) - 0-0 0-6521 (6) 051 (2) 0011 (1)
S(1) - -0-013 0-597 (2) 0-51 (2) 0-006 (4)
Common part of (CeS),,sTaS; [coordinates in a unit cell with b =

2:875 (1), " = 11-446 (1) A]

x y” z" s.0.f. Uo (AY)
Ta(l) - -0159 (2) 0-0 1-0 (0) 0-0027 (4)
S(2) ~0-484 (4) 01373 (7) 1:0 (0) 0-007 (1)
Ce(1) - 0-0 0-6507 (4) 0-53 (1) 0-017 (1)
S -0-025 0-597 (2) 0-53 (1) 0012 (4)

Sfor Crystallography (1983, Vol. A)]. Tantalum of the
Ta$S, sandwich was placed at the mirror plane at z”
= 0; from the refinement of the Ta$, lattice one finds
for the z” coordinates of the two S atoms of the Ta$S,
unit z”” = *0-1358 [£0-1370]. The y” coordinate of
La (Ce) was fixed at zero; using the y coordinates of
the atoms in the LaS (CeS) lattice one finds y” of
S(1) equal to —0-013 [—0-025]; this coordinate was
also kept fixed. The midplane of the LaS (CeS)
double layer is at z”” = 3. Starting values for the y”
coordinates of Ta and S(2) were from the isostruc-
tural compound (LaS), 4,NbS,. For the refinement
using XTAL (Hall & Stewart, 1987), we chose the
three-dimensional space group P11m, with atoms on
positions 1(a) and 2(c). The full-matrix least-squares
refinement on F with anisotropic thermal parameters
converged at Rr= 0-055[0-042]; wR = 0:074 [0-51]; S
= 3-490 [2-298]. Parameters in the refinement were
coordinates, except y”’of M and z” of Ta, the site
occupancy factor of M(1) [s.o.f. of S(1) kept equal to
the s.o.f. of M(1)] and the isotropic thermal param-
eters of all atoms. It may be noted that it is useless to
relate the x coordinates in the complete structure
because of the incommensurate character of the
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structure along the a axes. It is seen that the site
occupancy factor of MS [0-5]1 (2) and 0-53 (1) for
LaS and CeS, respectively] is lower than expected,
0-565 and 0-575, respectively, from the ratio of the
misfit axes. This lower MS ‘content’ than expected is
also observed in the ratio of the experimental scale
factors (0-9764:1 for LaS:TaS, and 0-9802:1 for
CeS:TaS,). The ‘theoretical’ ratios are 0-8850:1 and
0-8696:1 for (LaS),.,3TaS, and (CeS),.,sTaS,, respec-
tively. A possible explanation is the effect of the
modulation which is strongest for the MS lattice (see
below). The intensity of the satellites is borrowed
from the main reflections, thus causing a decrease of
the intensities compared to a ‘rigid’ MS lattice.
Another possibility is stacking disorder, especially in
the MS lattice, which decreases the intensities of the
main reflections.

Crystal data and experimental details of this part
of the structure determination are compiled in Table
1. Final fractional atomic coordinates and equivalent
isotropic thermal parameters and s.o.f.’s are given in
Table 2.* It is now possible to give the true )’
coordinates of the TaS, lattice relative to LaS (CeS)
with La (Ce) at y = 0; this is done by halving the y”
coordinates for Ta in the common projections and
using these values for Ta in the TaS, tables. The y’
coordinate of S(2) is changed accordingly, viz y'[S(2)]
= yo[S(2)] —0-5 x y”[M] in which yg[S(2)] is the
coordinate for the refinement with y’[Ta] = 0.

In all our calculations scattering factors were
taken from Cromer & Mann (1968). Anomalous-
dispersion factors are those given by Cromer &
Liberman (1970). All calculations were carried out
on the CDC-Cyber 170/760 computer of the Uni-
versity of Groningen with the program packages
XTAL (Hall & Stewart, 1987) and EUCLID (Spek,
1982; calculation of geometric data).

Discussion. (LaS),.;;TaS, and (CeS),.;sTaS, belong to
the CF structure type of misfit layer compounds with
centered orthorhombic lattices; the compounds are
isostructural with (LaS),..;NbS, and (PbS),.;4NbS,,
neglecting the disorder in the NbS, lattice in the
latter compound (Wiegers, Meetsma, Haange, van
Smaalen, de Boer, Meerschaut, Rabu & Rouxel,
1990). They are built of alternate double layers of
MS (M = La, Ce) (Fig. 1) and sandwiches of TaS,
(Fig. 2). The complete structure is shown in projec-
tion along the misfit a axes in Fig. 3.

The four-dimensional space group which describes
the complete structure, including the mutual modula-

* Lists of structure factors and anisotropic thermal parameters
have been deposited with the British Library Document Supply
Centre as Supplementary Publication No. SUP 53682 (15 pp.).
Copies may be obtained through The Technical Editor, Inter-
national Union of Crystallography, 5 Abbey Square, Chester CH1
2HU, England.
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tion of the two sublattices, P77 (a,0,0) [a=
a(TaS,)/a(MS) =4/7] agrees with that of the

isostructural compound (LaS),.,NbS, (Wiegers,
Meetsma, Haange, van Smaalen, de Boer,
Meerschaut, Rabu & Rouxel, 1990; van Smaalen,
1989).

M(=La, Ce) is coordinated in an approximate
square pyramid by five S atoms from the MS double
layer; the M—S distances (Table 3) are close to those
found in NaCl-type MS: a(LaS)=5-860 (Flahaut,

Ste

(a ()

Fig. 1. Projections of the MS double layer: (a) along the ¢ axis,
only upper half shown; (b) along the a axis.

Fig. 3. Projection of the structures of (LaS),;;TaS, and
(CeS),.;sTaS, along the misfit @ axes. In order to demonstrate
the F centering of the Ta$, lattice Ta atoms (at z=0 and z = 3)
in the same plane parallel to (100) have the same symbol (+ or
—); Ta atoms 3a, apart have different symbols. Large circles are
S atoms.
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Table 3. Distances (A) in (LaS),.;sTaS, and
(CCS)l.lgTaSZ (M = La, Ce)
(LaS), ,;TaS, (CeS),.(sTaS,

M—S,, 2968 (1) 2:929 (1)
M—S,, 2968 (1) 2929 (1)
M—S, 2:98 (5) 3-00 (2)

M—S,, 291 (5) 287 (2)

M—S,, 2919 (5) 2-865 (4)
Ta—S,, 2 %) 2:502 (3) 2:497 (5)
Ta—S,, (4 %) 2:459 (3) 2:457 (3)

Note: The numbering of the atoms refers to Figs. | and 2.

1960), a(CeS) = 5-779 A (Hulliger, Natterer & Ott,
1978). NaCl-type MS may be considered to be the
parent substance of the MS part since the double
layer is a distorted slab with a thickness of half the
cell edge of f.c.c. MS; the distortion is such that the
M atoms are on the outside of the ]planes of S atoms.
The M atoms (at y =0 and y =) are lying in the
grooves parallel to a formed by rows of S atoms at y
=(-258 and y =0-758 of the TaS, sandwiches. In
this way each M atom is coordinated to the S atoms
of the MS double layer and also to the S atoms of
the neighboring TaS, sandwiches. Owing to the
incommensurate character of the structure along the
a axes, the number of coordinating S atoms ranges
from two to three (Fig. 4). The total number of
coordinating S atoms for each M atom is, therefore,
seven or eight.

The Ta$S, sandwiches are, apart from a distortion
as discussed below, the same as in TaS,-2H. The
relationship becomes visible by comparing the a and
b axes of the Ta$, part with the orthohexagonal axes
of TaS,-2H, a=3-314, b= 5740 A [from a single-
crystal X-ray diffraction study by Meetsma, Wiegers,
Haange & de Boer (1990)]. On the basis of an
orthohexagonal cell the space group is changed from
P6;y/mmc for TaS,-2H to Pm2c for the distorted
structure. Owing to the different way of stacking
of the sandwiches of TaS, in TaS,-2H and
(LaS),.,3TaS, and (CeS),.,sTaS,, the translational
components of each element may differ for the two
compounds. It is thus found that the subsystem
space group of the TaS, part, Fim2m, is compatible
with the orthohexagonal space group of TaS,-2H.
Since the distortion is small, the ratio b/a being
somewhat larger than 3'2 (1-754 for the La com-
pound and 1-747 for the Ce compound), the Ta-Ta
distances in the TaS, units differ: 3-295 (1) (4 x) and
3326 (1) A(2x) for the La compound and
3:293 (1) (4 x ) and 3-314 (1) A (2 x) for the Ce com-
pound. There are two types of Ta—S distances in the
Ta$S, sandwich (Table 3), those occurring in pairs
being longer than the remaining four equal Ta—S
distances. The same trend is found in (PbS),.,5TaS,:
2:524 (4) (2x) and 2443 (3) A (4x) (Wulff er al,
1990). The average Ta—S distances, 2:477 A for the
La compound, 2-470 A for the Ce compound and
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2:470 A for the Pb compound, are close to the
2468 (2) A observed in TaS,-2H (Meetsma et al.,
1990). For misfit compounds with NbS, sandwiches
(SnS),.;;NbS, (Meetsma et al., 1989), (LaS),.,4NbS,
and (PbS),..,NbS, (Wiegers, Meetsma, Haange, van
Smaalen, de Boer, Meerschaut, Rabu & Rouxel,
1990), the Nb—S distances are close to those for
undistorted trigonal-prismatic coordination.

Two factors seem to be important for considering
the stability of these misfit layer compounds. (a)
Compared to TaS,-2H, the van der Waals inter-
action between neighboring sandwiches of Ta$, is
replaced by probable bonding interactions between
the M(La, Ce) atoms and the S atoms of TaS,. It
may be noted that the distortion of the {100} slice in
NaCl-type MS is such that the metal atoms are
protruding, making these bonds possible. (b) Elec-
trical transport properties (resistivity, Hall coefficient
and Seebeck coefficient) and magnetic properties [for
(LaS),..4NbS, given by Wiegers & Haange (1990)]
indicate that there is an electron donation from the
MS part to the TS, (T = Nb, Ta) part of the struc-
ture. The electrical transport properties of
(LaS),.,4sNbS, are those of a d-band metal; the con-
duction is by holes in a 4d,. band of mainly Nb
character, the band being half-filled in the case of
NbS,-2H. In the misfit compound the band contains
0-12 hole/Nb indicating a transfer of 0-88/1-14 = 0-78
electron/La. The magnetic properties indicate that
the remaining electrons are in an La 4f orbital.

T y=-007
S y=s025

My=0
Sy~0

S ye025
T y~-007

My=0
Sy~

S y2025
T ye=-007

k- 40, = 70, -

Fig. 4. Projection of the structures of (LaS),.,;TaS, and
(CeS), 1sTa$S, along the [010] axes. Large and small open circles
are S and Ta atoms, respectively; La (Ce) atoms are indicated
by dashed circles. Along the misfit axes a length corresponding
to four unit cells of the LaS (CeS) part is indicated. Only the
sheets of LaS (CeS) parallel to (010) with y = 0 for La (Ce) and
y =0 for S(1) and the Ta$, sandwich with Ta at y = —0-07 and
S at = =+ 0-25 are shown for clarity.
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Crystal Chemistry of cyclo-Hexaphosphates. XIV. Structure of Silver Ammonium
cyclo-Hexaphosphate Monohydrate
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France
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Abstract. Ag3(NH4)3P6013.H20, M,. = 869’562,
trigonal, R3, a=15172(5), ¢c=13-994(5) A, Z=
6, V' =2790 (3) A®, D, = 3-105 Mg m 3, A(Ag K@) =
0-5608 A, x =1-873mm~!, F000)=2508, room
temperature, final R=0-036 for 2442 reflections.
Pseudo-hexagonal rings built up by three silver
atoms and three ammonium groups alternate with
the P¢O,3 groups along the ternary axes. The
Ag;(NH,); rings are centred by the water molecule.

Introduction. The crystal structures of ammonium
cyclo-hexaphosphate monohydrate, (NH,);P¢Os.-
H,O, and of the corresponding silver salt,
AgPcO,3.H,O, have already been described
(Averbuch-Pouchot, 19894,b). These two compounds
have very similar unit cells: a=15445(10), c¢=
7-553 (7) A for the ammonium salt, a = 14-807 (10), ¢
=6-597 (7) A for the silver salt. B

Both crystallize with the space group R3 and Z =
3. The title compound, Ag;(NH,);P¢0,5.H,0, is also

0108-2701/91/050930-03$03.00

trigonal, R3, and its unit cell is closely related to the
previous ones. The observed a value is approximately
halfway between the values measured for a(Ag) and
a(NH,) and the value of c is close to the sum c(Ag)
+ ¢(NH,). These observations suggest that the
atomic arrangement of the title compound must be
very similar to those determined for the silver and
ammonium salts with, in addition, an order between
the associated cations to explain the doubling of the
¢ axis.

Experimental. Crystals of the title compound have
been prepared by adding a dilute aqueous solution of
silver nitrate to a dilute aqueous solution of ammo-
nium cyclo-hexaphosphate to obtain a ratio Ag/NH,
= 1/2 in the resulting solution. After several weeks of
evaporation at room temperature large crystals of
Ag3(NH,);Ps0,5.H,O appeared as stout trigonal
prisms. The compound is very sparingly soluble in
water.
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