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Introduction

Many transition metal dichalcogenide materials
form with layered structures [1]. Most adopt a structure
related to the Cdl, structure type, where the transition metal
is octahedrally coordinated by the chalcogen. Some few
others though, adopt a structure, for which MoS, isthe
parent example, where the coordination is trigonal prismatic.
In this type, the title compounds MoS,, MoSe, and WS, are
particularly remarkable in that the layers can be, after
lithium intercal ation, separated (exfoliated) [2, 3] and
subsequently restacked with other materials incorporated
between the layers[4, 5]. This provides a new approach for
the synthesis of new materials: layered nanocomposites.

Knowledge of the structure of these single layer
systemsisvita to the understanding of the properties of both
the single layers and the layered nanocomposites but is
incomplete. Both electron and X-ray diffraction studies [6,
3] indicate that the coordination of the transition metal
transforms to octahedral during lithiation/exfoliation. Recent
electron crystallography work [6] hasindicated an
orthorhombic unit cell for MoS, and WS,, with a proposed
two-dimensional structural model related to WTe, [7].
XAFS studies performed on MoS, and derivative materials
[8, 9] have revealed a contracted nearest Mo-Mo distance
consistent with aWTe, - related structure but no analysis has
been done on this or the other systemsin the context of a
WTe, model. By combining diffraction results with XAFS
on exfoliated layers of WS,, MoS, and MoSe,, and some
elementary geometry, we obtain three-dimensional models
of the structures.

Experimental

Exfoliated samples were prepared by lithium
intercalation and extraction as per the literature [2, 3].
Powder X-ray diffraction measurements were made on moist
exfoliated slurry sealed under plastic using a Siemens model
D500 diffractometer. X-ray absorption measurements were
made at the PNC-CAT beamline, Sector 20, Advanced
Photon Source [10]. Distilled, de-ionised water was added to
moist paste of the exfoliated materials and sealed in plastic
bags. The material was allowed to settle in the bag and the
bag clamped to give aregion of uniform thickness when
viewed in transmission on to a phosphor crystal. Powdered
binary dichal cogenide samples were prepared on tape and
examined as well by XAFS for reference. Sample containers
(tape or bag) were oriented at an angle between 30 and 45
degrees to the polarisation vector of the synchrotron beam in
case of preferred orientation of the samples relative to the
container surfaces. XAFS data were collected in
fluorescence and transmission modes using helium

(transmission) or argon (fluorescence) filled ionisation
chambers.

Results and Discussion

XAFS interference functions, c(k) (Figure 1), were
extracted from the absorption data using polynomial
background removal, normalisation to edge jump and a
McMaster correction. Fourier transforms to R-space were
done using k? weighting and 10% Gaussian window over a
range using zero-crossings of c(k) between 3A to 4A* and
13.5A to 15A™, depending on sample. Data were fit in R-
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Figure 1. XAFS interference functions for reference (upper
curve) and exfoliated (lower) WS,, MoS, and MoSe,.



space between 1.6A and approximately 4A using models
generated by FEFF7 [11] in WinXAS [12] with no
polarisation dependence. Coordination numbers were fixed
according to the WTe, -based models used and shiftsin edge
energy (DE,) were fixed for the samples to the values
obtained from fitting the reference compound data. Separate
DE, values were used for M-M and M-X interactions. All
other parameters (S% {R} and {s;%}) were allowed to vary
when fitting the sample data.

Table 1 summarises the metal-scatterer distances
obtained from the fits for the nearest metal-chalcogen and
metal-metal distances. The valuesfor MoS, arein good
agreement with published values. By combining these
distances with the lattice constants from diffraction, the out-
of-plane puckering is obtained. By locating the chalcogens
within the average M-X distance, atomic positions can be
modeled. Figure 2 shows the model for WS,.

Table 1. Summary of absorber-scatterer distances for
exfoliated single layers of WS,, M0oS, and MoSe,.

RANMX, WS, MosS, MoSe,
M-X 2.42(1) 2.41(1) 2.54(1)
M-M, 2.74(1) 2.75(1) 2.74(2)
M-M, 3.24(2) 3.15(1) 3.20(1)
M-M, 3.82(2) 378(2)  4.07(3)
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