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Abstract: Nanoscale tungsten oxide, as a functional semiconductor with unique physical and chemical properties, is
widely used in environment, energy, life science and information technology fields. Based on the application of
first-principles study in nanoscale tungsten oxide, the functions of theory calculations are reviewed in the paper. Firstly,
the development and basic theory of the first principles and density functional theory are illustrated based on quantum
mechanics. Then, the commonly related software in such field of semiconductors, such as MS (Materials Studio) and
VASP (Vienna ab initio Simulation Package) are introduced. Furthermore, the recent study of the first-principles on
tungsten oxide in terms of electronic structure, interaction of materials, molecular thermodynamics, and so on, is
clarified. Finally, the existing problems and future developments of theory calculations used in the field are

summarized and prospected.
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Type of tungsten oxide  Configuration 3D Model
Cubic WO, pm3m(221) ﬁ:
Hexagonal WOj p6/ mmm(191) ﬁ
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Fig. 1 (A) Optimized adsorption structures of HCHO with red,
white and black balls representing O, H and C, respectively, on
W5 (HCHO-Wj5 configuration) (a) and O; (HCHO-O; configuration)
(b) sites of WO-terminated h-WO; (001) surface; (B) Calculated
electron density difference of the clean (001) surface (a),

HCHO-absorbed on (001) surface for HCHO-W; (b) and
HCHO-05 (c) configurations®”

Bl 2 (A)YW 5040 GIKLR I RIA T (2) S N HE H IO 2545 50T
NWI1(b)Fl NW2(c) iR HLE, Horh NW1 SIS A ) W i
£, NW2 BEIS AT WO SE £ 5 (BYW5040(010) 44 KR AR AL
1) NW1(a) 1 NW2(b) R Kz NO, 1] A M1 W B {32 51 >4 ¢1-62)
Fig. 2 (A) Monoclinic structure (a) of W30, nanowires
supercell model and its top views of NW1 (b) and NW2 (c),
where NW1 and NW2 include largely cations W>" and cations
WS, respectively; (B) Optimized models for NW1 (a) and
NW2 (b), of W,5049 (010) nanowires!** ¢'621 |

O, W and H atoms are represented by red, blue and white balls,
respectively (1 A=0.1 nm)
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Fig. 3 (a) Density of states and projected density of states of bulk WO; without oxygen vacancy, and (b) structure

of WO;(002) with one oxygen vacancy
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(a) Schematic illustration of the vertical WSe,-MoS, device with the WO, layer, where pink, blue, green, purple and yellow balls represent W, O, Se,
Mo and S, respectively; (b) Cross-sectional HR-TEM image and EDS elemental line profiles across the WO,/WSe,/MoS; heterointerfaces
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molecule adsorbed on the NW-Co; (e) Oxygen molecule adsorbed on
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