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Fig. 1. (color online) Schematic of WO3 crystal structure.
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Fig. 2. (color online) WO3(001) surface structure:
(a) WO-terminated (001) surface structure; (b) O-

terminated (001) surface structure.

4R WO3 55 Ho [ B #4 ) 22, 443 8IW

T HLO0 M) F 52 0 B 3 BT o 4 Bl A 5] W B
0 H R 5 IR A 2 e ] 3 (a) ML 3 (b) 23901
WO 11 (001) R 4584 2 4~ H I BHE [ — A Og
AL _E R AAE Oge £ 1, 43 HHE A H—Og.—H
ﬁanogc--.H—o%; Kl 3 (c) MK 3 (d) 43 318 O
2 11 (001) 26 1 45 #4924 HWRE B 76 [/ — 4> Oy iz
L%ﬂw\i/\ﬁlﬂole fr b, 4y 5Hie N H—O0.—H

MH—Oqc---H—01.. O—H J& 7 I8 & AN
0.1110 nm, HE/KSFFAEFEZSH ) H—O K K.

i1 g
1| |
1 ||

“ =

(d)

B3 (W FIR ) WO3(001) 3 i W B H J5E 7 #4 #
(a) WO £ 1k (001) i £ H: H—0oc—H; (b) WO

# 1k (001) R 45 #: H—Ox -
(001) R &5#: H—O1.—H; (d) O
#j: H—O1¢ - - - H—O1¢

Fig. 3. (color online) H atom adsorption structures
on WO3 (001) surface: (a) WO-terminated (001)
surface structure: H—O2.—H; (b) WO-terminated
(001) surface structure: H—Ogc - --H—O2¢; (c) O-
terminated (001) surface structure: H—O;.—H;
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Fig. 4. Band structure of cubic WO3.
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Fig. 5. (color online) TDOS and PDOS of cubic WOs3.
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Fig. 7. (color online) TDOS and PDOS of WO3 (001) surface structures: (a) WO-terminated (001) surface structure;

(b) O-terminated (001) surface structure.
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Table 1. Variation of structural parameters after H atom adsorption on WO3(001) surface.
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Fig. 8. (color online) Structures of WO-terminated (001) surface (a) before and (b) after H atom adsorption.
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Fig. 9. (color online) Structures of O-terminated (001) surface (a) before and (b) after H atom adsorption.
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Fig. 10. (color online) TDOS and PDOS before and after H atom adsorption on WO-terminated (001)
surface: (a) DOS before H atom adsorption on WO-terminated (001) surface; (b) DOS of H—O2.—H
adsorption configuration; (c) DOS of H—Oxy - - - H—Og. adsorption configuration.
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Abstract

With the development of modern industrial technology, tungsten products prepared from normal tungsten pow-
der cannot meet the demands of industry. The tungsten product produced from ultra-fine tungsten powder exhibits
high strength, high toughness, and low metal plasticity-brittleness transition temperature, which greatly improves the
performance of materials. Hence, it is necessary to carry out theoretical research on the micro adsorption dynamics
during hydrogen reduction of tungsten trioxide to prepare ultra fine tungsten powder. In order to understand crystal
characteristics of WO3 and WO3(001) surface characteristics, and to provide beneficial theoretical support for reaction
law of hydrogen reduction on the WO3(001) surface, the mechanisms of H atom adsorption on cubic WO3 and WO3(001)
surface are studied by the first-principles calculation based on the density functional theory (DFT) plane wave pseudo-
potential method. The results show that theoretically calculated band gap of the cubic crystalline WO3 is 0.587 eV.
There are two kinds of WO3(001) surfaces, WO-terminated (001) surface and O-terminated (001) surface. The W—O
bond length and the bond angle of W—O—W structure change after the geometric optimization of the surface, and
thus the surface relaxation is realized. The WO-terminated (001) surface shows n-type semiconductor characteristics
while the O-terminated (001) surface shows p-type semiconductor characteristics. Four adsorption configurations of
H atoms on the WO-terminated (001) surface and the O-terminated (001) surface, including H—Ogc—H, H—Ox - - -
H—O3., H—0:.—H, and H—O1. - - - H—O1., are calculated. Among them, the adsorption energy of the H—0O.—H
configuration is the smallest (—3.684 ¢V) with the shortest bond length of H—O bond (0.0968 nm), and hydrogen atoms
lose the most of electrons (0.55¢), which indicates that the H—O1.—H adsorption configuration is the most stable one.
The band gap of the H—0O1.—H configuration increases from 0.624 eV to 1.004 eV after adsorption, while the bandwidth
of valence band is almost unchanged. The results about the density of states (DOS) reveal that 1s state of the H atom
interacts with 2p and 2s states of the O atom. Strong isolated electron peaks are formed to be at about —8 and —20 eV.
The outermost O1c atoms of O-terminated (001) surface contain an unsaturated bond, facilitating the bonding between
two H atoms and one O;. atom. Thus, two H atoms and one O;. atom form chemical bonds respectively, and an HoO
molecule is generated, leaving an oxygen vacancy on the surface after adsorption reaction. By combining experimental
observations with simulation results, the mechanism of hydrogen reducing tungsten trioxide can be elaborated profoundly

from a micro view.

Keywords: first principles, tungsten trioxide, hydrogen, adsorption energy
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