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New ternary Ln,zNbzxSxs (Ln = La, Ce) compounds have been obtained. They crystallize in the 
orthorhombic space group Ccca with (I = 23.031(9) A, h = 23.216(6) A, c = 5.806(2) A, and 0 = 
22.877(9) A,, b = 23.127(13) A, c = 5.775(2) A for La,zNb2xSxx and CelzNbzsSX8, respectively. The 
structure of La,zNbz&s (Z = 1) has been refined until R = 0.155 for 639 reflections with I 2 4al and 56 
variables. The structure may be described as a mixed sandwiched layered type where jNbS2j and (Las1 
slabs alternate. These new compounds may be classified as misfit layer compounds. o 1989 Academic 

Press, Inc 

Introduction 

The chemistry of chalcogen-rich niobium 
and tantalum chalcogenides has led to 
many low-dimensional compounds among 
which the trichalcogenides, such as NbSex 
(1) or NbS3 (2), and the tetrachalcogenides 
(3) have shown very striking electrical 
properties associated with charge density 
wave instabilities (4). These compounds 
are built up from a metallic chain running 
inside a chalcogen framework which is re- 
spectively trigonal prismatic or rectangular 
antiprismatic. Systems involving a third el- 
ement (e.g., first row transition or rare- 
earth metals) were recently investigated. 
They showed that the low-dimensional 
character is generally preserved, this being 
achieved in different ways. For instance, 
with 3d transition metal elements the low- 
dimensional character is retained either in 

* To whom all correspondence should be addressed. 

M,NbSz phases in which the M atoms are 
ordered between NbS2 slabs or in phases 
such as FeNb$erO (5), TazNiY, (X = S, Se) 
(6), or TazMSeT (M = Ni, Pt) (7) in which 
the association of different chains is real- 
ized with each element exhibiting its prefer- 
ential coordination. 

The ternary systems Ln-MX, (Ln = lan- 
thanides) have been investigated very little. 
Some intercalated compounds Ln,NbSz 
were synthesized through rare-earth solu- 
tions in liquid ammonia (8, 9). Ln,Ta& 
compounds were also recently reported 
(IO); they were prepared by reaction of the 
elements or by direct intercalation of Ln 
into TaS2 powder. All these compounds ex- 
hibit a layered structural type. Donohue 
(II) reported, a long time ago, some new 
compounds of general formulation LnMX, 
(with Ln = all rare earths or Bi; M = Nb, 
Ta; X = S, Se). Such a series of compounds 
could be structurally related to already ex- 
isting (SnIPb)-MX3 compounds (12, 13). 
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However, little information about struc- 
tures or stoichiometry were given at that 
time. Due to its important size, a rare-earth 
cation may act as a structuring agent and 
force the Nb cations to segregate in layers. 
Indeed two-dimensional arrangements are 
already known in the chemistry of rare- 
earth elements and particularly in the case 
of Ln-U-O-S systems (14,15). These con- 
siderations strongly favored the extension 
to rare earths of our investigations on new 
lamellar compounds. In this paper, we re- 
port new phases observed in the La-Nb-S 
and Ce-Nb-S systems. 

Experimental 

The phases were prepared by heating a 
mixture of Ln& and NbS2 (or NbS3) in a 
1 : 1 ratio at a temperature of 1050°C in sil- 
ica tubes sealed under vacuum. The tubes 
were protected by a thin carbon film depos- 
ited by cracking acetone. Niobium and 
rare-earth chalcogenides were handled in a 
glove box under nitrogen. Products were 
intermediately crushed and reheated for I 
week. Finally, samples were simply cooled 
down to room temperature, in the furnace 
itself (-4 hr from 1050 to 20°C). 

Single crystals in the shape of platelets 
were obtained when using iodine as trans- 
port agent (<5 mg cmm3). 

Semiquantitative analysis of these crys- 
tals were carried out with an electron mi- 
croprobe (TRACOR model-dispersive en- 
ergy) mounted on a scanning electron 
microscope. Results are summarized in Ta- 
ble I. They indicate compositions close to 
LnNbS3. (From structural analysis it will 
actually appear to be Ln32Nb&%s .) 

X-ray Latie, Buerger, and Weissenberg 
photographs indicated the orthorhombic 
mmm Latie symmetry. Lattice parameters 
were refined by least-squares treatments of 
the data (Tables II and III for “LaNb&” 
and “CeNbS3 ,” respectively). The patterns 

TABLE I 

CHEMICAL ANALYSIS: CORRECTION 
WEIGHT FRACTION PERCENTAGE (AVERAGE OF 

THREE SAMPLES) 

“LaNbS,” La Nb S 

- exp. 
LaNb$ + theor. 
La32Nb28S8R 4 theor. 

“CeNb& 1, 

42.6 24.2 33.2 
42.35 28.32 29.33 
45.05 26.36 28.58 

Ce Nb S 

- exp. 44.4 22.2 33.4 
CeNbS3 + theor. 42.56 28.22 29.22 
CejzNbzsSss + theor. 45.26 26.26 28.48 

were recorded in a Guinier camera (Nonius 
FR 552) with CuKc~r radiation (A = 1.54059 
A and silicon as internal standard). 

A single crystal of “LaNb&” with di- 
mensions 0.33 x 0.14 x 0.047 mm3 was 
mounted on an Enraf-Nonius CAD4 dif- 
fractometer. MoKa radiation (A = 0.7107 
A) was used. Details of the data collection 
process are gathered in Table IV. The list of 
data reflections revealed the systematic ab- 
sences for hkl, with h + k = 2n + 1, and the 
following ones Okl, I = 2n + I; h01, I = 2n + 
1; and hk0, h = 2n + 1 which are indicative 
of the Ccca space group. 

Lorentz, polarization, and absorption 
corrections were applied. The structure 
was solved by means of the Patterson map 
and subsequent Fourier-difference synthe- 
ses. All atomic positions were found by this 
routine procedure. Full-matrix least- 
squares refinement based on F and neutral 
atom scattering factors taking into account 
the anomalous dispersion were used via the 
“Enraf-Nonius Structure Determination 
Package” (16). In the final stage, only lan- 
thanum atoms were refined anisotropically 
using 639 unique data. Three atoms, Nb4, 
S 1, and S4, took negative isotropic temper- 
ature values. The secondary isotropic ex- 
tinction was taken into consideration dur- 
ing the last stage of refinement (g = 1.57 X 
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TABLE II 

La32Nb28Ss8 GUINIER PATTERN 

dabs (A) dca,c (A\) h k 1 Ill, dabs (A) dcalc (A) h k 1 Ill, 

11.54 
5.764 
3.874 
3.838 
3.350 

2.9058 

2.8802 
2.8564 

2.8178 

2.6943 

2.5910 

2.4413 

11.52 
5.758 
3.866 
3.838 
3.342 

i 

2.9029 
2.9020 
2.8789 
2.8576 

i 

2.8149 
2.8141 
2.6964 
2.5921 
2.5915 
2.4419 

2 0 0 25.9 
4 0 0 16.8 
241 97.8 
600 100 
441 73.2 
0 0 2 35.7 
0 8 0 42.3 
800 15.7 
171 2.1 
2 0 2 24.0 
2 8 0 25.6 
371 1.7 
4 0 2 2.2 
480 1.6 
5 7 1 21.9 

2.3150 

2.3028 
2.1677 
2.0534 
2.0446 
2.0218 

1.8128 

1.7492 

1.6656 
1.6563 
1.6000 

2.3154 
2.3149 
2.3031 
2.1670 
2.0524 
2.0438 
2.0205 

1 

1.8130 
1.8126 
1.7492 
1.7488 
1.6671 
1.6583 
1.6010 

6 0 2 90.7 
6 8 0 29.5 

10 0 0 6.7 
7 71 27.1 
0 8 2 26.0 
8 80 13.7 
2 82 16.7 
2 4 3 9.0 
2 12 1 8.0 
4 4 3 7.6 
4 12 1 7.5 
173 24.4 
0 14 0 4.3 

12 0 2 4.9 

Nore. a = 23.031(9) A, b = 23.216(6) A, c = 5.806(2) A; orthorhombic symmetry, 
space group Ccca. 

lo-‘). The final obtained R values are R = map showed high background values but no 
0.155 and R, = 0.193 (w = 1). These rather residual peak. Final atomic parameters are 
high values do not mitigate the validity of given in Table V; thermal anisotropic pa- 
the structural model, this being discussed rameters for La1 and La2 atoms are gath- 
below. In particular the Fourier-difference ered in Table VI. 

TABLE III 

Ce,,Nb2& GLJINIER PATTERN 

11.47 
5.725 
3.837 
3.811 
3.319 

2.8892 

2.8586 

2.7993 

11.44 
5.719 
3.848 
3.813 
3.325 

1 

2.8909 
2.8876 
2.8597 
2.8028 
2.7998 

200 s 
400 s 
241 m 
600 vs 
441 m 
0 8 0 
002 s 
800 ms 
2 8 0 
202 s 

2.3025 

2.2857 
2.1585 
2.0352 

1.9054 

1.8021 
1.7934 
1.6611 

2.3036 6 8 0 
2.3020 602 ” 
2.2877 1000 m 
2.1556 771 w 
2.0331 880 s 
1.9064 12 0 0 
1.9022 971 ms 
1.8008 682 m 
1.7932 1002 m 
1.6624 882 ms 

2.5780 I ‘2.5800 
4 8 0 1.5915 12 8 0 

2.5777 402 ms 1.5904 1.5910 1202 vw 
2.4327 ‘2.4299 571 m 1.4435 -1.4438 004 w 
2.3482 2.3429 841 s 

B Visuaily estimated; vs, very strong; s, strong; m, medium; w, weak; VW, very weak. 
Note. a = 22.877(9) A, b = 23.127(13) A, c = 5.775(2) A; orthorhombic symmetry, 

space group Ccca. 
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TABLE IV 

SUMMARY OFX-RAY DATA COLLECTION AND 
CRYSTALSTRUCTURE REFINEMENT 

Radiation 
Monochromalor 
Data collection 
Scan mode 
Angular range 
Index limits 

Limits reciprocal space 
(sin B/h) 

Absorption coefficient (cm-‘) 
Transmission, limits: 
Number of reflections I z 4~1 
Number of variables 
R = Z/I& - l~cll~~I~o/ 
R w = [Xw(l F 1 - 1 F,I)LICvFZ]“’ 0 0 

with K’ = I 
Extinction coefficient 

MoKa 
Graphite 
Nonius CAD4 diffractometer 
w 
2-32 
0 c h 5 35. 0 s I 5 35. 

OS1S9 
0.15-0.70 

147.9 
0.22-0.51 
639 
56 
0. I55 
0.193 

1.57 x 10-7 

Description of the Structure 

The projection of the crystal structure 
onto the (a, 6) plane (Fig. 1) reveals a juxta- 
position of (Nb&\ and [Las1 sheets perpen- 
dicularly to the a direction, in a sequence of 
one trigonal prismatic JNb&( slab for one 
kind of ILa-St ladder. 

Within the lNbSzl slab, Nb atoms are sur- 
rounded by six nearest sulfur neighbors dis- 
tributed at the corners of a triangular prism. 
All Nb atoms are trigonal-prismatically co- 
ordinated. Especially concerning Nb at- 
oms, some generated equivalent positions 
led to too short Nb-Nb contacts. Indeed, 
for instance, Nbl position gives rise to two 
sites which roughly differ only by their z 
elevations (Z and 1/2-z) which corresponds 
to --l/3 c (~2 A). The same situation is 
occurring for all Nb atoms. This fact led us 
to assume a half-occupancy of all the Nb 
sites. This statistical distribution of Nb at- 
oms could be illustrated by both cases sche- 
matized on Figs. 2a and b. Thus it can be 
thought that a part of INb&[ slabs built up 
with INb&,[ prisms is composed of Nbl at z 
= 0.58, and a counterpart is composed of 
Nbl also but at z = 0.92. The same explana- 
tion about Nb occupancies holds for all Nb 
atoms. The INbS21 slabs are generated par- 
allel to the (6, c) plane by INb& trigonal 
prisms sharing S-S vertices perpendicular 
to their triangular basis. It results in a 
nearly perfect plane of Nb atoms sand- 

TABLE V 

POSITIONAL ANDOCCUPANCY AND THERMAL ISOTROPIC PARAMETERS 
FOR LajzNbzsSxx 

occ. BeqO 
Atom Posit. (%o) x Y z B I\0 

La1 16i 100 0.3246(3) 0.069 (1) 0.497 (3) 6.6(2)(’ 
La2 16i 100 0.1726(2) 0.1899(3) 0.5118(7) 1.30(7)” 
Nbl 16i -0.003 (1) 0.0280(7) 0.575 (3) I .4(3) 
Nb2 16i :i -0.003 (1) 0.0946(7) 0.076 (3) 1.9(3) 
Nb3 16i 50 0.0003(8) 0.1800(8) 0.575 (3) 0.8(2) 
Nb4 8s 50 0 t 0.075 (3) -0.4(2) 
SI 16i 100 0.0655(6) 0.1745(6) 0.249 (3) -0.3(2) 
s2 16i 100 -0.076 (1) 0.037 (2) 0.241 (8) 3.1(5) 
s3 8e 100 0.426 (2) 4 1 1.6(5) 
s4 16i 100 0.0656(5) 0.1071(8) 0.7;o (3) -0.5(2) 
SS 16i 100 0.196 (1) 0.186(2) 0.012 (6) 3.2(5) 
S6 16i 100 0.2997(8) 0.069(l) -0.002 (8) 1.5(3) 

a Anisotropically refined atoms are given in the form of the isotropic equiva- 
lent thermal atoms defined as: B,, = 3 Zi Zj pij . ai . Uj. 
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TABLE VI 

THERMAL ANISOTROPIC PARAMETERS FOR La1 AND La2 

u,, 62 63 Ul? UP 63 

La1 0.039(3) 0.138(4) 0.074(5) 0.020(9) 0.036(5) 0.040(6) 
La2 0.017(2) 0.025(2) 0.008(1) 0.001(3) -0.007(2) -0.001(3) 

Note. The form of the anisotropic thermal parameter is: exp[-2d(h2a**Ull 
+ + 2hka*b*U12 + . . .)I. 

wiched by two sulfur planes. These latter, The interatomic distances between Nb 
rather corrugated, are built up from adja- atoms located along the b axis, and which 
cent curved planes constituted by four dif- roughly differ by b/2 in elevation (Table 
ferent sulfur atoms (Sl, S2, S3, S4). VIIB), are found in the following sequence: 

Y=O Y = 0.25 

3.181 3.287 3.519 3.330 1 3.330 
Nbl+ Nbl -Nb2- Nb3 ___ Nb4 - Nb3. . . 

Z = 0.58 z = 0.08 Z = 0.58 Z = 0.08 
Z = 0.92 Z = 0.42 Z = 0.92 Z = 0.42 

0 b 0 

0 ” 0 

0 0 0 

0 (b 0 

0 ” 0 

0 () 0 

0 () 0 

0 ” 0 
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0 0 0 
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FIG. 1. Projection of the structure of La31NbzxSxx onto the (u,b) plane. 
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a ~. - b- 

FIG. 2. Distribution of Nb atoms (2 = 0.58, 2 = 0.92) in a trigonal prismatic coordination INbS21. 

TABLE VllA 

Laj2Nb&&: INTERATOMIC DISTANCES@) 
FOREACH POLYHEDRON 

Within the “Nb&” slab 

Nbl-S2a 2.587(7) Nb3-S4a 2.480(4) 
S2b 2.587(7) S4b 2.488(4) 
S2c 2.579(8) Sla 2.420(3) 
S2d 2.457(7) Slb 2.422(3) 
S4a 2.622(S) S3a 2.553(5) 
S4b 2.548(4) S3b 2.562(5) 

Average 2.563 Average 2.487 

Nb2-S2b 2.493(7) NM-Sla 2.527(2) 
S2c 2.353(8) Slb 2.530(2) 
S4a 2.480(S) S3a 2.534(5) 
S4b 2.398(4) S3b 2.534(5) 
Sla 2.633(4) Sla 2.530(2) 
S lb 2.558(4) Slb 2.527(2) 

Average 2.485 Average 2.530 

For instance, the average (Nb-S) distance for 
NbSl is 2.54 (Ref. (2)) 

Within the “La-S” ladder 

La1 -S2a 2.850 (7) La2-St 2.930 (2) 
S2b 3.631 (8) s3 3.010 (5) 
s4 3.040 (4) S4 3.418 (3) 
S5 2.772( 12) S5a 3.020 (5) 
S6a 2.862(4) S5b 2.954 (5) 
S6b 2.950(S) S5c 2.957 (5) 
S6c 2.969(8) S5d 2.929( IO) 
S6d 3.254(8) S6 2.876 (6) 

Average 3.041 Average 3.010 

For instance, La-S distances (A) given in the 
literature (4) 

n=6 n=8 
La’+ 2.970 3.025 

Similar Nb-Nb bond values are observed 
for a series of pseudo-1D conductors such 
as the (NbSe&I compounds (3). The inter- 
atomic Nb-S distances within the INbS61 
polyhedra are given in Table VIIA. 

The [LaSl slab is made of a double row of 
La atoms, perpendicular to the a axis. The 
La atoms have eight closest sulfur neigh- 
bors, which can be, in fact, decomposed 
into 6 + 2 and 7 + 1 in the case of La1 and 
La2, respectively (Table VIIA). The aver- 
age La-S distances (3.04 A for La1 and 
3.01 A for La2) agree well with the value of 
3.023 A given in the literature for La3+ in an 
eightfold sulfur coordination (17). Figure 3 
shows the lanthanum-sulfur arrangement 

TABLE VIIB 

INTERATOMIC DISTANCES&BETWEEN 
METAL ATOMS 

Nbl (z = 0.5X)-Nb2 (z = 0.07) 3.287(6) 
(7 = 1.07) 3.291(6) 

Nb2 (z = 0.08)-Nb3 (z = 0.57) 3.512(4) 
(z = -0.42) 3.519(4) 

Nb3 (z = 0.58)-Nb4 (z = 0.08) 3.330(3) 
(z = 1.08) 3.324(3) 

Nbl (z = 0.58)-Nbl (z = 0.08) 3.181(2) 
(z = 1.08) 3.181(2) 

Average 3.328 

Shortest La-La distances 

Lal-La1 4.3 15(S) 
Lal-La2 3.980(4) 
La2-La2 3.928(2) 
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in the La-S layers, along with the La1 and 
La2 surroundings. 

Discussion 

The structure of La32Nb28S88 recalls that 
of La72Cr60S192 (commonly mentioned as 
“LaCrSx”) (1&z, 186). This latter phase 
was earlier described as consisting of alter- 
nating layers of /LaSl and ICrS21 parallel to 
(001). The 1CrS2( layers have a CdIz-like or- 
ganization while the [LaSl layer exhibits a 
NaCl-like atomic arrangement. A sche- 
matic representation is shown in Fig. 4. But 
things are a bit more complicated and that 

structure has been thoroughly discussed in 
terms of order-disorder (OD) in connection 
with a lack of commensurability between 
both kinds of layers. Moreover, that 
structure was determined on the basis of a 
twinned crystal data. The unit cell pa- 
rameters of an individual twin were found 
equal to: 

a = 5.94 A [Y = 99.3” 
b = 17.2 A p = 95.3” 
c = 66.2 A y = 90.0” 

The periodicity of alternated layers is c/6 
(11.03 A); in La32Nb28S88 it is expressed by 
a/2 (11.52 A). The difference in thickness 
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W 

FIG. 4. Schematization of the “LaCrS,” structural 
type (after (18~)). 

can be of course related to the difference of 
size of chromium and niobium, but it also 
expresses the usual difference of thickness 
of an ]MS6( trigonal antiprismatic (C&-oc- 
tahedral) as compared to an [MS61 trigonal 
prismatic (Nb&) coordination in a layer 

structure (compare, for example, [NaSJ in 
both cases in Na,TiSz derivatives (19)). 

In the case of “LaCrS,” the ]CrS2] lay- 
ers are stacked with vector -b/30 + c/6 
(Fig. 5). There is no clear evidence of such 
a complicated stacking order in La32Nb2s 
S88. 

In the course of the structural refinement 
we were led to assume a half-occupancy of 
Nb sites since the closest generated posi- 
tions could be filled at the same time (too 
short Nb-Nb contacts, 52 A). Thus, the 
half occupancy can reflect a situation where 
when one position is occupied the other 
one should be empty. This hardly suggests 
a kind of mismatch situation like in 
“LaCrS” (Z&I, 18b). Indeed, it is not to be 
excluded that the studied crystal was con- 
taining microdomains with some niobium 
atoms at z elevations such as 0.58 and 0.08, 
and some others at 0.92 and 0.42. What we 
took into consideration was an equal proba- 
bility of 50-50% for such different domains. 
This is imposed by the Ccca space group 
and corresponds to an average solution of a 
likely more complex situation. In that way, 
a better solution could perhaps be obtained 
by decorrelating the occupancy of these 
two closest positions (through a change of 
space group) and then refining X and 1 - X, 
respectively. However, this is neither a cer- 

b 

(b) 

FIG. 5. Mismatch of alternated layers of [LaSI and /Cr.% along the c axis. 
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TABLE VIII 

STATISTICS BASED ON hkl INDICES ACCORDING 
TO k VALUES (21 FIRST VALUES) 

K 

-0 
1 
2 
3 

*4 
5 
6 

-7 
*x 
9 

10 
11 

*12 
13 

-14 
15 

*16 
17 
18 
19 

*20 
-21 

No. of 
hkl 

58 
27 

2 
25 
42 
20 
16 
46 
57 
16 
8 

21 
38 
7 

50 
21 
45 

0 
7 
9 

24 
29 

F “hS 
average 

536 -0.162 0.188 
91 0.143 0.183 
47 0.263 0.265 

102 0.167 0.200 
390 *0.063 0.074 

87 0.195 0.230 
56 0.477 0.525 

416 -0.259 0.305 
365 *0.069 0.070 

73 0.269 0.312 
70 0.491 0.562 
95 0.215 0.244 

324 *0.035 0.041 
61 0.336 0.393 

351 -0.236 0.263 
84 0.171 0.214 

276 *0.099 0.113 
- - 

74 0.389 
87 0.133 

230 *0.064 
270 -0.285 

- 

0.443 
0.150 
0.070 
0.332 

R 

Note. * mod. 4. - mod. 7. 

tainty nor an obvious solution, although the 
structure is well established in other re- 
spects. 

A detailed analysis of the R factor shows 
inhomogeneous results according to the hkl 
data groups. Particularly, if one classifies 
hkl reflections as h01, hll, h21, h31 . . . , the 
R values range between 0.03 and 0.49 (see 
Table VIII). One can also notice that inten- 
sities of some reflections are much larger 
when hkl indices are concerned with k val- 
ues of type: 

-k = 4, 8, 12 . . . mod. 4, in relation 
with the “La-S sublattice” which exhibits 
a periodicity of 41La-SI small bars along the 
b axis; 

-k = 0,7, 14. . . mod. 7, in connection 
with the “Nb& sublattice” which exhibits 

a periodicity of 71NbSzl also along the b 
axis. 

In addition, the R values are markedly 
lower for hkl reflections with k = 0 mod. 4 
group than for those belonging to the k = 0 
mod. 7 group. This corresponds to the fact 
that the complications met in the structural 
determination are to be associated with the 
“NbS sublattice.” A similar presentation 
has been done for “LaCrS .” Thus, R fac- 
tors calculated for hkl reflections with k = 0 
mod. 3 (La-S sublattice) are much lower 
than those calculated when k = 0 mod. 5 
(Cr& sublattice). R factor values increase 
when Fobs values decrease. 

Another factor attached to the relative 
periodicities of both 1LaSJ and INb& layers 
could have prevented the R factor to de- 
crease. The unit cell as deduced from least- 
squares refinement of a powder pattern 
leads to a b parameter of 23.181 A which 
corresponds to 71NbS21 for 41LaSI entities 
along the b direction. A commensurate situ- 
ation has been considered. The situation 
was found to be somewhat different for 
“LaCrS” and “SnNbS” as both com- 
pounds are illustrative of misfit layer struc- 
tures. For “LaCrS,” the structure deter- 
mination was done with a 5/3 ratio along 
the layer (5jCrS21 for 3(LaSI entities) but an 
electron diffraction study (1&z, 186) gave 
evidence of a mismatch in the b direction 
between subcells of the two layers types. 
Wiegers er al. (20) have very recently re- 
ported similar features on “SnNbS”; an 
incommensurate ratio of 1.7081(5) is found 
between both layer types (ISnSI and INbS& 
which could be approximated as 17/10 or 
1217. An incommensurate situation which 
has to be resolved using a superspace sym- 
metry is not to be completely excluded in 
“LaNb&” despite the fact that one did not 
find yet any clear evidence of it. 

Beyond these remarks, the structural 
type is well established. Thus, we also as- 
certained the structure by calculating the 
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FIG. 6. Normalized resistance of “LaNbS,” and “CeNb&” as a function of temperature. 

relative intensities of the powder pattern rare-earth monochalcogenides. They have 
with the LAZY-PULVERIX program (21) the NaCl structure. LaS and CeS are metal- 
using the fractional coordinates obtained lic, their behavior being consistent with the 
from the single-crystal determination. A formulation La3+(S2-)e- (22). The same be- 
good agreement is observed as only reflec- havior holds for the reduced iodides LaIz, 
tions appearing with significant calculated CeI2 according to the scheme La3+(I-)2em 
values, and all of them were indeed taken (23). It is likely that this situation is repro- 
into account, which tends to prove the cor- duced here and contributes largely, or even 
rectness of the proposed structure. totally, to the metallic conductivity. 

Conclusions 

It can be said that La32Nb28Sss represents 
a trigonal prismatic transposition of the 
“LaCr&” structural type. It shows alterna- 
tively trigonal prismatic lNb&[ layers sepa- 
rated by a lLaS/ region with a NaCl-like ar- 
rangement whereas “LaCrS” is built up 
from octahedral CdI*-like ICrS2/ slabs sepa- 
rated by similar ILaSt domains. 

The metallic behavior (Fig. 6) could 
come from the INb&l layers. However a 
comparison with tetrachalcogenides such 
as (NbSeJ,I phases shows that a Nb-Nb 
distance of 3.51 A is very likely too high to 
allow an electronic delocalization (3). Nev- 
ertheless the (La-S1 layer recalls that of the 

A series of phases, “PbNbS3,” “PbTi 
s3 3” and “SnTiS3 ,” was recently synthe- 
sized and characterized through their unit 
cell parameters in a first approach (12, 13, 
24). It appears clearly that these phases are 
directly related to La32Nb&8 and La&r60 
S Iy2. One expects a trigonal prismatic 
lNbS21 slab in “PbNb&” which would give 
the Pb32Nb28S8s formulation and an octahe- 
dral lTiSzl slab in “PbTiS” and “SnTiS3” 
with a connection with the “LaCrS3” struc- 
tural type. 
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