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1 TIBATS I WO, | J5 s S8 B 5T iiae
Table 1. Lattice parameters, band gap and formation energy of pure h-WOj before and after Tl-doped.
a/A b/A c/A E,/eV E/eV
h-WOj; (Expt.) 7.2981 7.29801 3.899032
h-WO; (Calc.) 7.4403 7.4403 3.8240 0.62
7.43812 7.4381 3.82713 0.66
Tly 33WO3(Cale.) 7.4673 7.4673 3.8220 0 -2.359
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Fig. 2. Energy band structure and DOS of pure h-WOj;: (a) Energy band structure; (b) TDOS of h-WO3; (c) PDOS of W;

(d) PDOS of O1; () PDOS of O2.
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Fig. 3. Energy band structure and DOS of Tly33WOs3: (a) Energy band structure; (b) TDOS of Tly33WO;; (¢) PDOS of Tl

(d) PDOS of W; (d) PDOS of O1; () PDOS of O2.

. XFEE 3 5E 2 B S% BT, Tly s WO,
WA 8l 0-2p. W-5d Fll T1-6s 41 %, 4 =
B W-5d Fl T1-6p AS41AL, L HEZRJE W-5d i
i PORBEGL By E AT, M TRl IS 34
W-5d S AL, XKW T1 484 h-WO, T EHEE
TERE T AR €. AL 3(a) TN, ol THURI S e
(L B A U (AR TR R%, Sl IR 9%
KEED Bp TERURIIEAS, JF HLSAr Ry Z [R5 47
TE— & BY [ B, X 3R W] T125 07 48 % 1 Y
Tly.3s WO A AARE n B F:3%6. h-WO, 182201
J& BOKRBGL A AR AR B dab A A ek 1) ARG AR

QA LS S Gy SE0B) e DN G N M )
e BT A R o — P IR X — 4518

ST T1B 24 EG 5 h-WO, f 6241 5, X
T1 235 B 245001 5 75 7 A h-W O, AU HE R B0E 17
THEWISE. 1A h-WO, BRI, 5%
SRHIBY IR AE T FE5 M T TR IE, 11RO
PE 5T B SR FH AH [R]85 77 3845 R AT 48 1, A8 3C h-
WO, L F A58 A G o 8 A 5 ) B AT U
H20eV. MHMKHFEAN e(w) = g(w) +
ieg(w), AT XA B

3.4

=) 2 { [ sl M3 () — Eu() - hw1}7 1)
v,C BZ T
B 2¢ 2dK |a- Mcyv(K)|* B3
o= ZC: / (2n)? [Ec(K) — By(K)]  [Ee(K) — By(K)]” — i2w?’ @)

— sty

Krf, C, VAAERFA  MNiF; BZ Fom8—1 K
X kPR B K 2B K; |a- M, v(K)|?

BRI TT; Eo(K), By(K) AR T a4
TEREZR. ARAE reni BRI 7e i e Ay (Kramers-Kronig)

047102-4


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 Z 3R Acta Phys. Sin. Vol. 69, No. 4 (2020)

047102

G R B BRSO A i R R
S e (w) HHEES eo(w) TS H AR (10 5 5 %
R(w) FIR U R EL ow).

Kl 4 (a) K T1484% h-WO, HiJ5 14 HL PR EE
BB eo(w), MERSSAFRIBRITA G, Bk T 5 M
MIERAE, ATIE A BB 450 5B B R, KL 4 (a)
ATLAE Y, h-WO3 B/ HL BRI RELY R 2.6 eV, iX
J& h-WO3 BTG, 2T Ae i & T UL (ERT,
REER AR G - TF. 4l h-WO, B HL R B P
FRAFE UG, 06 1 A1 2 43 B RO T REE N 5.8 eV
M 11.4 eV. 1§ 1 X0 O-2p & HF 0] W-5d 25 H
FERRIE TS 1 2 2 I RBZUETIn] AT BE S
BRAEPTEL. TR F2 B4, Tlyss WO FEAKfE
0.1 eV Kb 384 fin B A9 5 KORFAIE e, 332 A 47 T W-
5d A A1 F417 I W-5d BT AT, How BN FRAE
W IR HE Ty 1 7% 5).

K PSS — PR I B E B ok i b R A B B
R(w) FIIGE o(w) FRAAZ B

20

2

r= (117 g)e:;F(zzg)) ’ 3)
(For d v RS B ) AT S Sa0MA ) 350 v R )2
TR A A BH R S SR e R . T 4R HE R R AR
VB 118 0 325 Y B S ARl S S 15 AR R A i ] 4
FHTFR R A ZE AL MERRR 2 MR 3B R 2
SUMHEMR ISR 1 R OS5 2R, TR 4 2 A
BRI, 5] 5 24 200 nm 5 h-WO4 Fl Tl 5, WO,
WA HLE B R . A 5(a) FHATLIF H h-WO,
S TGS R P A S DA SR -] WG B 3 4T AP 4
S BERCVE AR 55 (HHABISE (T3 WO3) XJ Al UL
AR RYEEA, FEGI 711 nm A KAt
R 61.9%; TR I 21 41 A AR 58 1 S5 VR A
TEOGPA 1607 nm Ab i/ NESER K 2.0%, PIHE 2%
HZ924 60%. M 5(b) Hh484% h-WO; Hi 5 IRk /2
J (R B 15 1L R AT LA Y, h-W O U2 T R
PR S5 TG AR T8 A4 IE Tl 53 WO 12 13
Wik R L 2 MM, 75 ok

50 2.0 ¢
....... (b) 5
h-WO3
16 | 40F — TlossWOs -
g 1.5
X 3] i
~ ['r]
12t Z 30} S ,
3 E : >
= = . g 1.0 [
) 9 K Bel :
8r & 20 - g,
Q = :
b N e e 2 [ Y A
4r 10 = 051 — Tlo.53sWOs3
0 O 1 1 1 1 0 ..'b 1 1 1
500 1000 1500 2000 2500 500 1000 1500 2000 2500
Energy/eV Wavelength/nm Wavelength/nm
& 4 h-WO; Hl Tl 35WO; RIJGAHERT:  (a) /v HLEREUE AR (b) S (o) Wl

Fig. 4. Optical performance of h-WO; and Tl 33WOs: (a) Imaginary part of the dielectric function; (b) reflectivity; (c) absorption

spectrum.
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Fig. 5. Theoretical transmittance of h-WOj3 and Tl; 33WOj5 films: (a) The compacted film; (b) the coated film.
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Abstract

With energy-saving and emission-reduction have become the theme of today's social development, the
theoretical design and research of novel transparent heat insulation materials for windows, which can save
energy and improve the comprehensive utilization efficiency of solar energy, are particularly crucial.

In this paper, a calculation method based on DFT(density functional theory) is used to study the lattice
parameters (the geometric structure of h-WO; crystal was optimized by calculation) electronic band structure,
formation energy, and optical properties of pure hexagonal phase tungsten trioxide(h-WQ;) before and after
doping with TI1. The calculated results indicate that the lattice volume increases and the total system energy
decreases to a negative value after Tl-doped h-WO;, while the system has better stability; The electron band
structure changes greatly after doping, but the material still maintains n-type conductivity. In the meantime,
the optical properties of the material also changed, h-WOj3; had no near-infrared absorption performance before
Tl-doping, and Tl 33WO3 after Tl-doped had strong near-infrared absorption performance. On this basis, the
solar radiation shielding performance of h-WOj; before and after Tl doping has been studied. The results show
that pure h-WOj; has no solar radiation shielding performance, while Tlj 33WOj5 thin films after Tl-doped h-WO,
have high transparency in visible light region and strong absorption in near infrared radiation. The calculation
results provide a theoretical basis for the application of transparent thermal insulating material for windows of
Tl-doped h-WOs;.
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