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Fig. 1. (a) Schematic diagram of four different adsorption sites; the top view and side view of the most favorable configurations of
monolayer WTe, with (b) CO, (¢) CO,, (d) NHj, (e) NO, and (f) NO, adsorption; the definition of adsorption distance d is shown

in (b).
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Fig. 2. Adsorption distance and adsorption energy for CO,
CO,, NH;, NO, and NO, on WTe, monolayer.
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Fig. 3. The charge difference between WTe, monolayer and gas molecules for (a) CO, (b) CO,, (¢) NHs, (d) NO and (e) NO,. The

isosurface is taken as 6.0 x 10# e/A3. The electron accumulation (depletion) is indicated by yellow (blue) color. The direction (in-
dicated by an arrow) and value of the charge transfer are shown.
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Fig. 4. (a) The band structure of pristine WTey; band structure of (b) CO, (c) CO, and (d) NH; adsorbed on WTe, monolayer;
band structure of (e), (f) NO and (g), (h) NO, adsorbed on WTe, monolayer, the blue and red lines represent the band structure of

spin-up and spin-down, respectively. The olive dots represent the projected band structure of the adsorbed gas molecules.

RS (CO, COy, NO, NO,) 1 WTe, il Y PG HTR, T NH; A7 IR, FL A A
WER, FLAT N WTe, R IHF R B UAIST 1, £ NH; SR 5 # 3 WTe, R, RI K4 T

197101-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 68, No. 19 (2019)

197101

A X AL G AL TSR o W B A A B R
MoS, 2 i i 1% & B4, XF F n % WTe, K ik, 7
W B E—EE T 24 CO, CO,, NO, NO, K,
5> T W B E WTe, £ 101, HLT- M WTe, 55 3
SESTF b, 2550 WTe, 0 FHIG A, PRI HL IR
W/ 25 L SRS TR B E WTe, 3218 5 A HLA
R G 1E WTe, (R R HLBHAYAE AL, [RI L far e A% 1t
S WTey AR SAAR T 1 BHPERE, X i —
HAHERET WTey W N FAS RS 7 HA BARA
FiE.

FE R R TSR B X BALZ WTe, 22 M fiE
ISZIR . BT AE L2 WTe, HYRER 451, H
WA 1.05 eV, X5 LUFE OB 58 45 5 — S B0,
fer ZE R TR ZE SR A 4 /R, 24 CO Al CO,
SR TR HHE WTe, T, WTe, B4 F1 T

" — W-d
R=1 L —— Te-p
5 9 — C-p
3 o
~ 6 i
1)
g
~ 3
0 .
—-10 -8
8
(b)
2
s 6f
=
g
g 4r
~
%)
g
m 2 /\
0 n
—-10 -8
10
() — W-d
8r —— Te-p
— N_p
6+ — Hp

PDOS/arb. units
=~

0 .
-10 -8 —6 —4 —2 0 2
Energy/eV

WA B (A 4(a)— & 4 (c) FiIR), %
B CO fil CO, S Mk4rF5 WTe, Z [0 AAHEAEH
B, XS5 EATE R W EE (1% W R ) A X
M. I H i & 5(a) A 5(b) 2% B 1, fig
SR E R B A R AT £ 2L O JRF A C JRF
B p BE . T2 NH, SRS TR E WTe,
R, WA 4(d) /TH1, TESOKRBEL T 7113 Fl
-8 eV AMERL T ZRJRAEM, 45 ASmER (K 5(c))
AL, XA AT FEE R N R0 p A BT 5T
fik. B8R CO, CO, Fl NH, i3 = Fh S 14 43 F 0% bt
1 WTe, 1 )7, EREM S5 R ol AT 22 R REMT
{HL 2 A AR % K B G BT 14 B A S5 44, 7 B AT N
1.05 eV, XM CO, CO, #l NH; SRS FAE WTe,
FRIAT W B A 520 WTe, [ F 451,

Dy — 7, MGG NO FT NO, I f

PDOS/arb. units

PDOS/arb. units

Energy/eV

() o0 (8)

BO0L H00L

&l 5 (a) CO, (b) COy, (c) NHg, (d) NO 1 (e) NOy 43l W {76 51 )2 WTe, LS5 E K (f) NO H (g) NO, W [t /£ WTe, %

TR P 1 T 2 52 A [

Fig. 5. The density state of (a) CO, (b) CO,, (¢) NH;, (d) NO and (e) NO, adsorbed on WTe, monolayer, respectively. The spin
density distribution of (f) NO and (g) NO, adsorbed on WTe, monolayer.
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Abstract

Since the discovery of graphene, graphene-based gas sensors have been widely studied, but the inherent
zero band gap of graphene limits the response sensitivity of gas sensors. Transition metal dichalcogenides
(TMDs) are ideal materials for designing nanoscaled highly-sensitive gas sensors due to their moderate band
gaps, large surface-to-volume ratios and high carrier mobilities. Tungsten ditelluride (WTe,), as an important
member of TMDs family, has outstanding advantages such as high specific surface area, excellent selectivity,
and fast response. The WTe, has quite a high carrier mobility and thus can provide a great response speed for
gas sensor compared with graphene, which motivates us to further explore WTe, as a promising sensing
material. Recent studies have reported that monolayered and multilayered WTe, films have been successfully
synthesized, and the precise control of the number of atomic layers of monolayered WTe, has been achieved. In
this work, by density functional theory calculation, we examine the most stable adsorption configuration,
adsorption energy, charge transfer, electrical and magnetic properties for each of the gas molecules (CO, CO,,
NH;, NO and NO,) adsorbed on WTe, monolayer. The results show that all the adsorptions of these gas
molecules are physical adsorptions, and the adsorption energy of nitrogen-based gas is smaller than that of
carbon-based gas, indicating that WTe, is more sensitive to the adsorption of N-based gas molecules. The
adsorption of NH; behaves as a charge donor with electron obtained from WTe, monolayer. The adsorption of
CO, CO,, NO, and NO, are charge acceptors, which accept charges from the WTe, monolayer. Moreover,
compared with the adsorption of CO, CO, and NH; gas molecules, the adsorption of NO and NO, gas molecules
introduce impurity states near the Fermi level, which are mainly contributed by the N p orbital and O p
orbital. In addition, the adsorption of NO and NO, induce magnetic moments of 0.99 up and 0.80 up,
respectively. The results obtained in this work not only conduce to further understanding the charge transfer
mechanism of gas molecules adsorbed on WTe, monolayer, but also indicate the promising prospects of

developing WTe,-based ultra-sensitivity gas sensing nanodevices.
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