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The two inorganic polymers Ru(SPk); and Mo(SPh); were examined by large-angle X-ray scattering,
showing in both cases chains of face-sharing octahedra with alternating metal-metal distances
(Ru-Ru: 3.25 and 2.65 A; Mo—Mo: 3.30 and 2.70 A). © 1987 Academic Press, Inc.

Introduction

Research in the field of inorganic poly-
mers to obtain materials with new and
unusual properties has often been inhibited
by the microcrystalline or amorphous na-
ture of these compounds. Hence, structural
information is very limited compared with
the large number of compounds.

Large-angle X-ray scattering (LAXS)
provides a tool which permits investigation
of the local order of such compounds and
establishment of structural models that may
give further insight into organic polymers
and their physical properties. The series of
amorphous polymers MM'(EDTA)(H;0),,
2H,0 with M,M' = Ni, Co, Mn, Cu is an
example of the correlation between local
order and magnetic behavior (7).
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We present a structural model for the
amorphous polymers Mo(SPh); and Ru
(SPh); obtained from LAXS experiments
and relate this model to some observed
physical properties.

Experimental

Preparation of the Compounds

The synthesis and properties of Mo
(SPh); and Ru(SPh); have been published
elsewhere (2, 3). The amorphous powders
were carefully crushed, pressed to pellets
at 210 kg/cm?, and mounted on a goni-
ometric head. The structure of each com-
pound has been investigated using the
LASIP system built in this laboratory and
described elsewhere (¢, 5).
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Structural Investigations

Data were collected using the special o —
¢ diffractometer equipped with a position-
sensitive detector for the MoKa wave-
length. The measurements were carried out
at room temperature in the transmission
mode. Some 2200 equidistant points were
measured in 21.5 hr with 1.5° = 8 < 66°.
Measuring was done in an integrative way
to minimize the parallax and nonlinearity
problems of the straight linear position-
sensitive detector. All 20 points were suc-
cessively run through all the detector chan-
nels. At each angular displacement of the
detector an equivalent offset of the chan-
nels in the memory is emulated to compen-
sate this movement. This leads to the effect
that at a given 26 angle the scattered inten-
sity is always integrated in the same chan-
nel. These data were corrected for back-
ground, absorption, polarization, and
multiple scattering according to (6). Then
they were normalized by the method de-
scribed in (7). Atomic scattering factors
were taken from Ref. (8), Compton scatter-
ing factors from Ref. (9). Treatment of the
experimental data led to the radial distribu-
tion function (RDF):

F(r) = D(r) — 4mpor’. 4}

The experimental RDF was obtained using
the Zernicke and Prins relation (10)

2
D) = dmpyr? — =
o

f:m Si(8)expM(s) sin(rs) ds  (2)
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where p, = average electron density, s =
4ar(sin 6/\) (20: scattering angle), i(s) = re-
duced intensities; and M(s) = modification
function M(s) = [ f,z(O)/f?(s)] exp(0.01s?).
M(s) is used to down-weight inaccurately
known high-angle data and to reduce rip-
ples resulting from termination of the inte-
gral at s.... Theoretical intensities were
calculated according to Debye’s formula
(1)

i) = X >, fils)fi(s)
i
S exp(-bysd) )

iy

where i # j, f(s) is the atomic scattering
factor, corrected for anomalous scattering,
r;; is the distance between two atoms, and
b;; is a temperature-related factor influenc-
ing the i—j interaction, taking into account
both the structural disorder at greater dis-
tances and the thermal vibration.

The curve F(r),, is obtained as the Fou-
rier transform:

F)o = <§f) [

Si($)u M(s) sin(rs) ds. (4)

Results and Discussion

The best fit between theoretical and ex-
perimental RDFs (Figs. 1 and 2) was ob-
tained using a chain geometry and the fol-
lowing bond lengths and angles:

Ru(SPh);  Ru-Ru =3.25 A; Ru-S =250 A S—Ru-S = 98°
Ru-Ru = 2.65A; Ru-S =240A S-Ru-S = 112°

Ru-S-C = 12¢°

Mo(SPh); Mo-Mo = 3.30 A; Mo-S =2.55A S-Mo-S = 99°
Mo-Mo = 2.70 A; Mo-S = 245X S-Mo-S§ = 113°

Mo-S-C = 120°
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F1G. 1. Experimental (continuous line) and theoretical (broken line) radial distribution curves F(r) of

Mo(SPh)s.

The overall geometry is the same as that
found in the single-crystal structure analy-
sis of the oligomer Fey(SPh)¢(CO)s de-
scribed in Ref. (2).

The best description of both polymers is
obtained on the basis of alternating long
and short metal-metal distances leading to
a distortion of the octahedral geometry
around the metal atoms (Fig. 3). Using an
undistorted model with equal M-S and
M-M distances, it was not possible to
obtain a correct broadness of the first peak,
which represents the superposition of the
first three coordination spheres around the
metal: two sets of each three M-S bonds
and one M-M interaction. This observed
distortion is in agreement with the vibra-

tional spectrum which shows a splitting of
the T,, vibration into two vibrations of
types A,, and E, in the region of the valence
vibrations and the appearance of two defor-
mational vibrations as expected for this
type of geometry (2).

It is interesting to note that Cramer et al.
(12) propose a similar model for amorphous
MoS; as evidenced by an EXAFS study
indicating a short and long Mo—-Mo interac-
tion with 2.75 and 3.15 A and two different
Mo-S distances separated by 0.1 A. The
RDF of amorphous MoS; investigated by
Liang et al. (13) also shows the first peak at
2.45 A with a spread of 0.7 A.

In another study we undertook (/4) ex-
amining the local order of the analogous
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F1G. 2. Experimental (continuous line) and theoretical (broken line) radial distribution curves F(r) of

Ru(SPh),.

Mo(SePh); by EXAFS at the Mo K-edge
and the Se L-edge and comparing these
results with LAXS experiments, we found

FiG. 3. Partial geometry of the chain M(SPh);..

the same distortion. With this model geom-
etry the weak powder conductivity [1.5 X
10~° for Mo(SPh); and 2 x 107¢ for Ru
(SPh);] can be rationalized that the alternat-
ing short and long metal-metal interactions
result in a localized bonding behavior
rather than in an electron delocalization
along the metal-metal chains. Also, the
magnetic measurements (2, 3) showing
magnetic moments of (.59 BM for Ru(SPh);
and 1.02 BM for Mo(SPh); at 393 K and in
both cases a positive susceptibility in the
temperature range from 153 to 393 K,
which is nearly temperature independent,
can reasonably be explained by the pair-
wise coupling of the metal d electrons in an
antiferromagnetic behavior, even though
the Néel point is never reached because the
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TABLE I

CORRELATION BETWEEN MAGNETIC MOMENT AND
M-M DISTANCE

Magnetic M-M bond

moment distance
Compound (BM) (A Reference
MoBr; 1.20 2.91 (15, 16)
Mo(SPh), 1.02 2.70 (3), this work
RuBr; 0.50 2.73 (17, 18)
Ru(SPh); 0.58 2.65 (3), this work

compounds decompose beforehand. The
correlation between the magnetic moments
and the observed metal-metal distances is
in good agreement with that observed for
the crystalline compounds RuBr; and
MoBrs3, as shown in Table 1.
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