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Introduction 
Nanostructures of lamellar 

dichalcogenides of d-transition metals 2Н-MCh2 
(M= W, Mo; Ch=S, Se) are promising materials 
for materials science [1-2], particularly for 
synthesis of novel hydrogenous nanomaterials 
and hydrogen sensors. The state of the 2H-MCh2 
nanoparticles’ surface is one of the determinant 
factors for structure and sensing properties of the 
nanomaterials synthesized on their base. In the 
work the changes of phase contents of the 
surface and adsorption properties of anisotropic 
lamellar nanoparticles 2H-WS2 (“nanosheets”) 
were studied by XPS-method for different 
temperatures of preceding anneal in vacuum. 
 
Results and discussion 

Nanocrystalline powders 2Н-WS2 were 
synthesized by chemical deposition from gas 
phase [3]. According to the data of X-ray 
investigations the nanocrystalline powders  
2Н-WS2 are homogenous, without mixtures of 
secondary phases and can be characterized as  
2H-MoS2 structure type and atomic order. 
Electronic structure of the surface of lamellar 
nanoparticles was explored with electron 
spectrometer with PHOIBOS-100_SPECS 
energy analyzer (Е МgКα = 1253.6 eV, Р = 200 
W). Preceding anneal of the samples was carried 
out in the camera of spectrometer by heating 
with the electron beam in vacuum ~2·10-5 Pa. 
XPS-spectra of W4f-, S2p, and O1s-levels were 
obtained for nanocrystalline 2H-WS2 with 
average size of anisotropic nanoparticles 3,8(3) 
nm [013]/17(1) nm [110]; 7,1(4) nm 
[013]/27,8(9) nm [110]; 57(4) nm [013]/76(5) 
nm [110] at different temperatures of preceding 
anneal. The spectra of W4f-level were 
decomposed into peak couples with parameters 
of spin-orbit separation  
ΔЕp  (4f5/2 - 4f7/2) = 2.15 eV and I4f5/2/ I4f7/2 = 0.77, 
their full width on half maximum height 
(FWHM) was 0.9 eV. The spectra of S2p-level 
were decomposed with parameters ΔЕ(2p3/2–2p1/2) = 
=1.12 eV and I2p1/2/I2p3/2 = 0.5; FWHM was  
0.92 eV. The spectra of O1s-level were 

decomposed into separate peaks with  
FWHM=1.4 eV. The decomposition was carried 
out by Gauss-Newton method; the areas of peaks 
were determined after subtraction of nonlinear 
background by Shirley method [4-5]. 

The surface of nanoparticles 2Н-WS2 with 
d[013]=3.8(3) nm at 293 К consist of  
2Н-WSx(OH)n phase, which was formed after the 
contact of the surface with air (comp. e on fig.1. 
with ЕbW4f7/2 =32.8 eV and comp. c on fig. 2 with 
ЕbS2p3/2 =162.5 eV) and 2Н-WSx-phase with 
ЕbW4f7/2 =32.6 eV (comp. d, fig. 1-1) and 
ЕbS2p3/2=162.2 eV (comp. b, fig.1-2). After anneal 
at 473 K 2Н-WSx(OH)n-phase disappears and the 
surface of nanoparticles almost completely consists 
of 2Н-WSx-phase with  
x = Sат/Wат = 1.5. The dependencies from 
temperature of components’ relative contributions 
for W4f- and S2p-spectra for nanocrystalline  
2H-WS2 with larger size of nanoparticles are 
mostly the same. 

Comparing to the data for the surface of 
particles of micron-sized powder 2H-WS2, 
synthesized by similar method and studied by XPS-
method (Sат/Wат=2), the most significant difference 
of the nanocrystalline powders’ surface is the 
decrease of value Sат/Wат down to 1.4 – 1.5. It can 
be because the nanoparticles have the shell of WSx 
and contain 2Н-WS2-phase inside, which was 
detected by X-ray investigations. Particular 
structural disorder of W and S atoms or 
autointercalation in the subsurface layers can be 
caused by statistic distribution of deficiencies of 
sulphur atoms positions on the surface. In general 
the fact of significant deviation from stoichiometry 
characterizes the features of the real structure of the 
2H-WS2 nanoparticles surface. 

The surface of the smallest 2H-WS2 
nanoparticles is the most nonstoichiometric and 
adsorbs the maximum number of OH-groups. In 
the region of sizes d[013] = 7,1(4) – 57(4) nm the 
nonstoichiometry value of the surface and the 
quantity of adsorbed substance remains the same. 
This indicates the significant influence of the size 
factor on the surface state of the nanoparticles with 
d[013]= 3,8(3) nm. 
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Fig.1. Peak synthesis for W4f-spectra (1) 
and S2p-spectra (2) for nanocrystalline 2H-WS2 

with d[013]= 3,8(3) nm / d[110]=17(1) nm at 
different temperatures of preceding anneal. 
Conclusions 

The surface of the lamellar 2H-WS2 
nanoparticles in contrast to micron particles is 
nonstoichiometric and corresponds to WSx-phase 
(x = 1.4 – 1.5). In the non-annealed micron and 
nanoclystalline powders 2H-WS2 the surface of the 
samples is hydrated as a sequence of contact with 
air. The contents of oxide and hydroxide tungsten 
phases is insignificant (2 – 3% mass), the WOxS2-x-
phases are absent. 

Obtained information conserning the features 
of real the surface state of the studied lamellar 
nanostructures allows to optimize the technology of 
synthesis of 2H-WS2 as well as numerous 
intercalation nanophases, that is important for 
improving of the characteristics of multifunctional 
nanomaterials on their base. 
 Authors thank much to Ph.d. L.G.Axelrud, 
and sc. researcher V.M.Davydov (I.Franko Lviv 
national university) for the X-Ray studies and 
discussion of their results. 
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