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Molybdenum Oxide Films and Their Devices
MEI Hongzheng, CHEN Qingshan, YANG Mingqing, NIU Chunhui, LV Yong

(School of Instrumentation Science and Opto-Electronics Engineering, Beijing Information Science and
Technology University, Beijing 100192, China)

Abstract: As a typical cathodic coloring electrochromic material, molybdenum oxide has been widely exploited in the field
of electrochromism due to its advantages such as simple preparation method, low cost, good cycling stability and electro-
chemical stability, etc. In particular, molybdenum oxide has a fast response and low biotoxicity, thus, it is very important
and highly desired to study the electrochromic films and devices of molybdenum oxide. In the current review, the preparation
methods of molybdenum oxide films, including physical vapor deposition method, chemical vapor deposition method, spray
pyrolysis method, electrochemical deposition method, hydrothermal/solvothermal method, sol-gel method, Langmuir-
Blodgett deposition method and exfoliation and oxidation method are reviewed in detail. The advantages and disadvantages of
various preparation technologies are also discussed. The effects of different doping elements on the molybdenum oxide films
are summarized to improve the electrochromic properties. The research progress of molybdenum oxide electrochromic devices
is further outlined. Finally, the existing problems of molybdenum oxide films and its devices in the field of electrochromism
and the future research and application directions are discussed and prospected.

Key words ; molybdenum oxide; film; device; preparation method; electrochromism

1 8 =5
KR BEHEI: 2024-03-25 fEEIHH3: 2024-05-10 B URHE R 2 T 6 4 BR A5 A Ak K 52 BR 2050 4F
B WR AR BT (21007158) REAC LA ENEEER, 21, AN
$F—1EE: MULE, B, 1999 4, BLAFTE PN

Email: chengingshan@ bistu. edu. cn

IR, B, 1982 4F4:, EIBFR b1, Wik,

Email: yangmingqing@ bistu. edu. cn

DOI: 10.7502/j. issn. 1674-3962. 202403020

S REUEAH IC Y B AR HE i 1Y 37% ﬁﬁ,ﬁ\qﬂ 50% LA
M EESLREIR T = 0 2s [ v | HEBEAIIREH, i s
HSRPIRE IR, " LAshA ﬂwﬂﬁ;‘ﬁ@ﬁﬁﬂﬁ*ﬂﬁa
T PR BT e, i AR 4 R v % BH O



134 Hh AR

545 &

A7 ESE N, A0 SR Y RECR B L& i R A
KEZ

RLBUE (A — PR IR DL LR, TRARTER I
P, MR R (B R AR B
TEAMIMHLR A T A iy B B R
TERBERTRL . W HOR | e iRl AR U R A T2 (9 6L
FIRT XA S AR . Bonay, BTA B
FURHLBE ., ZEAMRE e f . FAFA B AR GUAR (3t T8 Y
TIENY RS S BUNC K G A VR E e e N
JCIEARAE T IR B, AT (3t T 4 () R R
HDEAPERE, R BT R LIRS PRI IR ) 5l 8 55 7 ]
BE, YRR b TR ORI, BB R Y AT IO
R, NREWIER AR, R REH AL TR AR,
RERSAT OB D', JE R KRB P A 20418, Bk
NIRRT, AT $ v E AL
IR ENEETE, AMFEREEFE, RME R AR
TR BER A R BRAE S S B & LAY, e T
PR EFIERE , B RZ FS OB o 9 B B B AR
RETE BB 5 7 A2 D' BB IR, 11 2lfs B 1 )41 88 Sy 5
W, Mg, e H, R4 AL
HMBTEEIT N AR A i A S X R A R, RS s
o R R W 0 A SR 3 2 v RS AV PN £
SR IR, T AR o T O O I T AR X B S,
R TR BISAECR AR R, SE R TR A A7

2 FLEMR

ML AR — o PR AL B b R
A LR ECE A RORE, TP AL BUE GRS a4 o
& A B OLAT A, FR S R R IS A T
SLEM B kA, BT IERAR AR K, JCHLHEE
AR AT Ly Ry WA, — b B A L SO AR R, TR
B R R 2 A6, FEELESEL (W),
FH(Mo) . BK(Ti), #B(Nb)SFR A, 75 —Fhi FHk
R @R, TEdfbr S b 28 GRS,
BURER(Co) . BR(Ni) | i (Mn) &L, fETCHLE
Bomapbrh, AR B E PV T — A
WINHBECEEZE 2GR, SR A Bk
PRI . A | 48 T v 17 B L S A0 R AR S P R 55
FHE, J38h, Mo B AL ZEY) LT M E TR, HA
BARRE R EE, MEARFHLUER S Mo, 7E AR N AL
AN 9 mg, HA, B o, AN R
H4.692 g/em’, (KT A EE (7.27 ¢/em’), B
TRA 3 BE A R T R AR 5 dn R i, X R
AT R 25 U A 4 B

AP B S 8 R R P A S A S R
HABUE @R, A LH (MO0, ) M B/ E GRET
(MoO, 1y Mo® S g f2,) T LA i J5 25 1 v 1k 27 3o it
AE AR RS (MoO, A Mo* 3B ) 1 S AL 41 AN [
AR A anE 1 R HEB N (2 < <3) 1
FALEIETE T N MoO, B MoO, HIAIRERARF T, 4l MoO,
BAARF A ER, BR300 E B IESEH (a-Mo0, ) | T
FaZS B RHAH (B-MoO,, 2Kl T ReO; 24 45 44) 17X J5 A
(h-MoO,) . HHLBUE R U (D) FoR

MoO, (W) +ali*+ ae ~«— Li, MoO, (£ ) (1)

| %
% ﬁ
1 FACHRIRSH (L Ok AR T) 7, (a) a-Mo0,,
(b)B-Mo0O;, (c¢)h-MoO;, (d)MoO,

(]
(d]

Fig. 1 Crystal structure of molybdenum oxide (red spheres are oxygen
atoms ) (12-17] . (a) a-MoO;, (b) B-MoO;, (c¢) h-MoO5,
(d) MoO,

AR SR S A SH IR A S () ] 5 J5 T FTC 4B 2807
%, RERHRBUE AR ERPT TSR, AN A
SOMTLRGE | 2 ORTORE | W5 ik | iAo it
Bk L R/BRIGE | W IR-BEIE | BB R A AR UL
BRIk AR AR BE S 2 T 0 5 i LA [R) A AL 4
FITEME R, FF R AR5 & 1 £ R B
ST AE 14 1] T R R Ok B WF 5 RSE O 1) 2 AT e A
JEH,

3 HWHFBEMHET X
3.1 YESHERRE

P B AR OB ik T A 476 4 S R R R L 25 28
BRI, e — P R 3R T o ) BT B R R R 2
AR, S AT R, BRI R AN



552

MRS SIS R O R i R i S St 135

PR R, im0k TR AT AE P BL I SE B, e
S R R S5 AR, A & FEA
SR, WA B R A R TR A, s BT
Hifeih, ¥ EMEF . T B RIS, R R
Y BLECH TR, RGO A RS DR R &,
RRRRE 2 ¥ AR g, IR B RTORS 6 2 . Han
SR IR S R A T MoO, HLEUAE A RE, BFSE
TR RIREER . TESE . b gl A e B
PERE, FHELI IS T 266 T 3T MoO, H B4R 444 K
B4 SO G g 1, X R i R 56 Y L B0 £
PUELEAT TR FiF38, 76 600 nm KR, K 4 Pa
MoO, Fi 4 JHi 5 L B30 (8 85 RSB0 T /538 509 1 6 18 i 1
B, ZOENEE R 19.3 s, HOHE N 149.4 em’/C,
Usha %572 5% FH S 03 i s % 569 10 46 T Nb, O, M0, (9525,
ke L) AR, 3T TR ZE R | D A B (4
PEMARE, 25 o, W R T R o U R
UL B 2 R e RE | T e A

HAS PR R AR 2 R R R R e s =
M AR T Ek o P R, PR R R
T, U R AR Jr vk o s 28 R 4 I ol 5 1 T A
g WSIERGF, BA RIS, T
T A ) R AR I 1Y) PR B b RE S AT IR IR L R
JEZE N £ B UIM 6, Arfaoui 2515 L4l Bl 99.99% I
MoO, Il WO, #3A A JFkt, >R FH 1 fh i 2025 $78 & ol
WO, Fl MoO, FBEUTARE B B KA [, IF-7E 500 °C ¥ zh
HIES AR EE 1 h, MoO, BRI RL S Gk 52 BE 3 4N i
VAT, 43307 T 336, 816 F1994 em™ 4k, 336 em™ AbAYHiL
ZIEIFFE T § Mo—O0—Mo Z i #3l, 816 cm™ &b M |
B Mo—O—Mo f#i % i shig =X B #7422 485 F (OMo, )
25994 cm™" Kb EIHT S TG X Mo—O 1 45 Ik B 455 X,
U 5 R I B SR BE R DG, B UE T IE3E a-MoO,
MR ZER . 661 em™ Kb iy L & e X 1 T = L A7 A Y
Mo—O iz, i oz T HAR e B0 1 286 F1 454 cm™
AL B AR B fr 2 0 ] 43 ) H T 0O=Mo=0 wagging <3\,
F O—Mo—O scissoring B b R B 0 ) {7 B A Ko
SR 5 2 HTHGE Y MoO, —B(, LAk, MK T 7E MoO,
WO, MERVE AT A F T B 1 K35 e 0 i
it . FERITHIIEET R, MoO, X F JEIR (Y R A AR L T
WO, FHH T AER ARG M A, 7E 120 min
HIRGTIS , MoO, Fl WO, HiE S BIDEIEAR T 81% Fl 72%
ORIA R e e

Yeh %24 DLAERE 99. 95% (4 @A) 19 MoO, M JE K},
TR T —Fhad F w8508 B 5 R 2548 B R e s
MZ 2R R, ZF 5 R E S TOB ARG8T

MoO,/Ag/WO,(MAW ) & 2 i, JF RS Hr 7 HGH
PERE, W0 2 FIis, 1 500~ 550 nm KT A28 5 %
H 88% , FEF] VLI N BB LR KT 80% ., &l 2b Xt
MAW FERRE SRR R T T IS0 E , RRHES 1) MAW
JRRESIR IS R, YARSEAE MoO, FUTAY 12 nm Y Ag
W, BHPR A TR SR, 7EE I WO, 25, DMD
(dielectric/metal/dielectric ) 2 )2 B A8 T 25, 24
WO, JEEH 40 nm B, MAW Z 2458 7E 500 ~ 550 nm 3%
KA H N 1935 5 ATk B (8, FL@E O rERE O I wy
ITO f7KF o [ 2¢ R TRBIRDEIMEE IR, Kl 2d
A3 PR P ol 45 1) MAW L B0 e 2 R R R, R m
BUR 4 mm®, B MAW AR D — A 56 2SR 8 1 2%
(G O N 2y B = R T 52 7 B S e C N R SRR S <
LB (PR RE
3.2 WESHERRAZ

P SARTUR Y & —Fh s LA A A & 4 s T A
b ISR T A T Ak 2 SO A IR 1 O v . DR S R A
PSR A RN, 5K AR AE 32 #R SR T B ) AR
BRI E IR A2 ST R PG o5 2 1T DL 7R 48 A LS
R ATPUBOERRE, W —BobE a4 s 2k 1
FIRTRAAY H A, T LIOKS 45 i DU RS Y 2 88 .
Gy REERE , SRR E S, S Ah, A R R A
B ROV PR AT, TR R ARSI, TR
A0 v 0 8 ) S

Chen %52 R FAL A SARDUR , 7R3 AT Ak 571
MBI ZAET, BT NIIE MoO, 9k ., Z5HR%M,
NIATE MoO, 2K F BA B KL RE, X FH MO,
Yk VB RETF MBI R F1 . Ivanova %20 SR HIMK
SRR, R FH e 5k i O 0k 1) 2R f o i, A9 31 T
MoO, Fll Mo/ W V& WA ALPERR, DIFRAE B S - 1)
Z IR AT WG 1 %2R 80% ., R AL GE i) — Witk 45
FIFT R T MoO, Fll Mo/ W TRA5 Fl 48 AL e () v B2
L PERE, MoO, Fl Moy, o, W, ,, O, THIEAYIEEHRLE 600 nm 4k
AL 48. 4% 15 17. 4%,
3.3 EEMMEE

Mg 25 g 7 20 R Ao 4 R T KR 11 B i R ) A
e R E A BT AL ) B 4 JE 9 ROk i O v, Ll &
(RE SR A b . AR | RIS, Panil 45 SR Bk
S AR AR, 7 400 C KM, BIRA V,0,-MoO,
TEREIUBUE B 35 RN 948 2 S0 8 (FTO) B SLIR |,
) I ) v R 14 SEAR AL (VCL, ) IR TR e A 1A T 1A R
WWIRG, W Mo JTRM &R 5% ~ 15%, 1ERUTH
V,0,-MoO, TE& RS (1 HT SRV, 59X T AN Mo Vi i
U A 2R | B | DBV ket BEE



136 rh b R 5545 %
100 MOO)’/AQ’WO; Sim'ulltlon 1 IE 100}
5 nm/12 nm/X nm
g O RIS g o
- ,//. N g o
£ % —o—10nm g7
E ] —a— 20nm = x
] 7 5 nm/12 nm/X nm
8 ©f i § 40f —e—20mm —Giss X X x ]
= —v—50nm Pl —&— 30 nm = Commercial ITO
—p— B0nm —e—40nm A MoOs(5nm)
20 . : ) ) . 1 20} —v—50nm X MoOs (Snm)/ Ag (12nm) |
300 400 500 600 700 800 900 400 450 500 550 600 650 700
Wavelength (nm) Wavelength (nm)
60 ! . - T .
X Ag(12nm) 80
—a— MoO:»
—a— MoO¥ Ag
| —®— MoOy Ag/ WO =
¥ S0}
5 o
g e
g Sa0
2 &
< &
= 20+
400 450 500 550 600 650 700 200 560 660 760 800
Wavelength (nm) Wavelength (nm)
2 RIEJEE WO, HY MoOy/Ag/WO( MAW) £ 2 HUAEIGE ST R (a) ; WO, JEEE 9 20, 30, 40 F1 50 nm B MAW . B 1TO FI

EPEFEIE G (b) 5 FLWUF TR MAW 22 B IO, 245 MoO;(5 nm) | MoO;(5 nm)/Ag (12 nm) Hl MoO,
(5 nm)/Ag (12 nm)/WO,;(40 nm) () ; BIIRFIIE S RARR FHY 4 mm? [ FTBRESIFR I (d) 2
Fig. 2 Simulated transmittance of MoO;/Ag/WO;( MAW ) multilayer electrodes with different thicknesses of WO;(a) ; transmission spectra of

MAW with WOj5 thickness of 20, 30, 40 and 50 nm, commercial ITO and pure glass (b) ; absorption spectra of sequentially deposited

MAW multilayer electrodes including MoO5(5 nm) , MoO5(5 nm)/Ag (12 nm) and MoO5(5 nm)/Ag (12 nm)/WO;(40 nm) (c);

transmission spectra of transparent devices, the following figure shows the actual device with a pixel area of 4 mm?*(d) [24]

Mo $BZ% BN, V,0, MV FHIGE IR 24 0%, I8¢ )
(101) IEZZTT V,04 AH, Bl % B EAE 0. 5 mol/L LiClO,
TR T 4 T P A T P X R R BN R B (b 55 15%
MoO, JRAH V,0, W5 GRCR iR N 35.27 em™/C,
Kumar 25" 5l 35 %) W 1 MoCl, R/iy B (404 W& 114 155 55 Bt 43
fife, TEBEISILICAN FTO B ELIE 14l il 4 T KB 24 M
W B2 MoO, i, 28 XRD 434, A i AR 2 %
mmi, H&A MoO, IEASHH, 2R IAIE S RAE R WA B
AFEIU Y B R MoO, HEBRIMT AL ; 45 & 18 FR AR 242 1l i 5=
B1, MoO, WBEMAR ) 177 | B ERCR A AL e E 1
SER AR T R B 1 TR 45 R R AE T BEOUR 285 A4 R AT A2
W BRI, 1E 3% W(RTEE) B2 T 1
FR AT fi e 14 (0 80 A R AR Y Lk 2 Ao M, T
LRENTRI, 76 1% W 544 F 1 BB A e A iy vl 5
PRI LA ) e o
3.4 HBUFERRE

LA TUBGL Y R AE S A LA TR A R s, DA
PR BN, FEAMINHL R & A S B s v, K R

fiff b HR 1) S TR R SR RS SR TR G ) i, Hdk
EUURUE IO S A BRI &, ATAEAS P A6 52 2 i SRR
ERAPUR, ERIT 2 (L, AL, T pH
T WREE | AREE) PR R I TORZ R EE | fheEd
BRZESE, T AR, AR, S84E, £ AR
W, IEHF Tl Ak 7=, Elkholy 557 F LAk ~# T AL i
BT a-MoO, Hife, FFiE—41% T XIS 2 g it
TEHTNAN 301 Wkg BUTEAL T, T4k 22 Whkg 1Y
g, AT MoO, HLHK (electrochemically deposi-
ted MoO, electrode, E-MoO, )il i S AL 18 JF J2 B AL il 474
HLfar, R —F A AT, E-MoO, HL AR il 1 frY
XFFRAB R HL 725 FL L E 0.3 F13.3 kW/kg FLIIRT, 4341
AIHRAE 21.8 F1 0.9 Wh/kg Y LU RS, Tl 45 (19 E-MoO,//
E-MoO, XS FRHL T8 i AR %5 (0. 5 mA/em® ) 76/ i FLI
I 10 MBS, TSR KRR A Y 37. 1 pAh/cm’
(=33.4mAl/g), HIMFIIFHEE 60.7 mF/em’(=54.7 F/g) .
FEHREE N 1 mA/em® B, 26 20 YCRIER 120 WAGER I
BSR4 9 27. 3 #1127, 7 pAh/em®, RHIZEELER



552

MRS SIS R O R i R i S St 137

TN S T A7 T A R AR SR AR E . E-MoO,//
E-MoO, X H h 114 0 A F i AL T 2 T fL Al vGO/MoO, |
Ti,C,T./MoO, ., Ag@ MoO,. MoO,@ CuO F1 MoO,-CNF [¥J
IFRER A E-MoO,//E-MoO, Hi it {96 FF e /g M, 7R 4L
500 Y3/ CHAEER T, IR 80%, R A
W, FUETE 10% /547, HZ 16 000 NMEIF, 7R3N
I R R, R CRCRIRZARRE 97% L I
3.5 JkAFIPE
KRR R TE A R R S 2% b, IOK/AR
IRV R B VR AR A S ) 22 ) R A R SR Ak 2 I
JE, NI AR RS RE 7 W 1 ks o 3K R T 1 U SO )
o T R K SR R R A 4 R R AR A2
N B AL R RO IR T LU A A, Ve AR
AL S 25 2 b2 B L K/ A B A R X R 8
ML/ AR — S AL R T N 4, KA DAOE R
M, Wb THRIRIHFE, BRI T A A, BAA R
Rtk Li 558 KA A T MoO, 9K FERIZNK A,
R OGS S, T h-MoO, 5 a-MoO,

[a]
100
< 50
=
g 0-
a
-‘-:' -50 .
g
5-100-
o = Ultrathin Nanopaper
150 —— Thick Nanopaper
-0.8 -06 -04 -02 0.0
Potential(V vs. Ag/AgCl)
< 1600
L\al-} 1400 Theoretical Specific Capacitance
e 12004 o
iL) —&— Ultrathin Nanopaper
'g 1000 - —a— Thick Nanopaper
§ 8004
E-LE) 600 4
|9
2 400+
(2]
200 4
0 20 40 60 80 100

Scan Rate(mV/s)

Z IR AL LI, 92T h-MoO, Fll a-MoO, HYFHTL#44k,
Yao %5538 i K #GE B I A B T — 22 0 35 A 114 3 B R
I K EE R 200 wm B MoO, #1k H, & 3a il
3b PEA T 5 B MoO, 49K FHLARFE 5 mol/L LiCl Hi fig
WP B A2 EERE . A0 3a FizR, £E 100 mV/s I
FR, O MoO, 4K R HL A CV AL K TE MoO, 44
KA, (EAER A, R R 2 mV/s i, H
W MoO, 4K i M I LU L3R 5] 1198 F/g (18] 3e) , 423k
MoO, 7£ 0.8 V TAEHAH [ B EEIS b L2 (1256 F/g)
W MoO, 40K i il /s T I IR AR e 1, T
20 000 JAEFR LA PRFR A 99. 1%, BT %X K
Yk h, FERTIEIXIR AT A E] 90% FSFEBER (18 3d) .
Zheng %5 fifi FEIZK #Ri DA T 1] A 33 480 T 40 B Rk T
URRVE R P A B T HAT LA 55 44 A0 B I AE  h-MoO,
YK, MRENN-1.0 V B R, MRS B R
M AN R - 2.0 VOB, A A S A Y TR
i, 1€ 1500 nm BT, JRIR h-MoO, ZK R AR i) i7%
A 63.0%, TE& GRS H-1.0 F-2.0 Vi,

(]
100 A
2 50-
=
@ 04
g 2 mV/:
o) —2Z2mV/s
' -50+ ——5mVis
g —— 10 mV/s
3 -1004 — 20 mV/s
— 50 mV/s
-150 A —— 100 mV/s
-08 -06 -04 -02 0.0
Potential(V vs. Ag/AgCI)
1.2 (d]
c
-_g (VR EE P e pe———
[}
nqt, 0.84 RE ~7
S 0.6
S
S 0.4-
o
®
O 0.2 CE
WE
0.0

0 5000 10000 15000 20000
Cycles

3 100 mV/s T, #3# (0. 076 mm/cm®) FIJE (2. 44 mm/cm®) MoO; 44K Fr Bz i) CV 4R (a) 5 AT MoO, 44K i 75 A [A] 3 R
TR CV HIZE (D) ; EBHFISE MoO; 4K i A LLHL A R BRI (¢) 5 B MoO5 4K i FLHLAE 100 mV/s T 20 000 IRAE

TR 75 5 {3 50 2 (37 P SR i 2 e 25 ) () 1)

Fig. 3 CV curves of ultrathin (0. 076 mm/cm?) and thick (2. 44 mm/cm?) MoO; nanosheet electrodes at 100 mV/s (a) ; CV curves of ultra-

thin MoO5 nanosheets at different scan rates (b) ; specific capacitance of ultrathin and thick MoO; nanosheets as a function of scan rate

(¢); cycling performance of ultrathin MoO; nanosheet electrodes measured at 100 mV/s for 20 000 cycles ( the inset shows a schematic

of the test cell) (d) (331



138

Hh AR

545 &

BECREBFEALR] 13.0% A4, EMEARET, WKW E
HHA LMK E F) 59. 5%, % HHEAE 800 nm L I3RS 4T
30% W ETHHIBE J1, W h-MoO, J&— 7l al i I T % fiE
7 A BEARLLT AN AR
3.6 AE-EEE

IR R R R AL A ik A 2
TR - -V I I A A AR, SEELM R AR, R
AP R AL SO E A S W T T o TS - R T AR
SR W AR R B 0 E AR T A, BEORG O 4 R
BHOZEFIE BT, TIOR8 i, B B
SEFHPERE PR, UG RS N T8 H R AR AR IR B
THEET, ARTRRARREYE, Cong %6 i i 44 il Fr A
T2 1 3 i o %l VS -8R IS T 3 R T @-MoO), 3 3
Pl A A, AR K R G oK IR, T AR R
mn TE SR T AR IR L . AP 52 IR 5 1 0 i 40 Jo 1 £ 1) LE
FpeZsmtia), LI H 3 Bl W], 16 400 °C T hed
15 min, 520 a-MoO, 44K 173+ B 294 500 nm,
YA B KA B AT B 22 2 600 nm,

100

—— [a]
80 1
60 {MRGO MRGO-MoO,
= =
'_
40 —_mRGO
~——mRGO-MoO,
20 —MmRGO 2.0V
~—mRGO-MoO,, 2.0 V]
0 T v T Y
400 500 600 700 800 900
Wavelength(nm)
100+
804
_ 604
S
=
40+ — 2.0V 100" cycles
- 3.5 V 100" cycles
204 - 3.5V 15t cycle
—— 2.0V 15t cycle
0 ———r -~ -
400 500 600 700 800 900
Wavelength(nm)

Current(mA)

T(%)

3.7 BAZR-IEARBINRE

Zhang %5 38 1 —Ff i 5y 19 B 28 JR A 3% 7% 4% (Lang-
muir-Blodgett, LB) Ui, # i LT aEfLif A b £ 55
W B AN K 246 ) (mRGO-MoO,_ ) FI T 2 kvl 37
o, AL —DEEES, mRGO-MoO,_, 5t AT L) 52 B 76 4% Ff ik
JiE LR T, T da 38t H AN LA RIS RT DO X3
e, AN T FTO 383 | mRGO Fl mRGO-MoO,
LB A L B0 (7 BE . mRGO Al mRGO-MoO,_, LB 74
T4 HLAT R 3 90% 1) i W) R i %, ik 55 B 3 1
WO R EEARLT, 11 HA mRGO-MoO,_, Y5 5 R %
TR, FRAEAE 550 nm Ab, mRGO-MoO,_, LB # % 7R
5 mRGO LB #BEAH [ 9325 5% (78 550 nm 44 97% )
TEREN 2.0 V AIELAL S, mRGO-MoO, , LB 3 [ 1% 5 R
(550 nm Ab) & FH R 22% (AT=75%) . MILZ T,
mRGO LB i & 11 3% 5 AT FE 3] 83%, 16 W] mRGO-
MoO,_, LB #EE )5 YR AR 22 i F MoO,_, 7 mRGO
WA B E U AR, IR 4b BTk, T MoO,, 1)
2, 5 mRGO ML, mRGO-MoO, , LB K ELA 45 1

0.2

0.0+
-0.24
— mRGO-MoO,
—— mRGO
-0.44
-0.64
Vb
16 1.8 20 22 24 26 28 3.0 32
Potential(V vs Li*/Li)
100+ @
80+
60 4
— Initial

40+ =20V 1%t cycle
= 3.5V 1% cycle
=—2.0 V 100" cycle
== 3.5V 100" cycle
600 700 800
Wavelength(nm)

20+

0 T
400 500 900

Bl 4 i SRR mRGO Fl mRGO-MoO,_, LB W EEAE FTO BEHS [ AYE R (a) ; HIEFH 10 mV/s B mRGO Al mRGO-MoO,_, LB
WIAE FTO BE38 LG R ML (b) s MBUE M mRGOMoO,_, LB WEAE FTO 35 (c) Al ITO-PET(d) LA [FIAEFR R AL n]

ARSI )

Fig. 4 Transmittance of mRGO and mRGO-MoO;_, LB films on FTO glass before and after applying potential (a) ; cyclic voltammograms of

mRGO and mRGO-MoO,_, LB films on FTO glass with a scanning rate of 10 mV/s (b) ; electrochromic mRGO-MoO5_, LB films on FTO

glass (c¢) and ITO-PET (d) with reversible cycling up to 100 cycles[”:



2

RS TE A SR A O RS e A F AT it

ot 139

BIR, FE 2.2 f13.0 VI BL—XF 8 & A i,
& 4c 7R, mRGO-MoO, , LB 3 IR AE FTO Bl B 5L € L%
PSSO A rT itk . ] 4d it AL ET S mR-
GO-MoO,_, LB W JEFE ITO-PET FAYE R, HFsE & MH
mRGO-MoO,_, LB AL HIPEFZE AT HAB A R AT
CIBE kS Gl &
3.8 |HFEE

Novak 2538 34 A FNRIES B9 5 3058 T 48 MoO,
Yk BB bR RE, A S TR, A A R

Sonication
In NMP

MoS, & HUHE 4 A MBI MoS,0,, S5 RS MR AT 58 2 A
b, XEE5EREALN) MoO, 9K H 4B T 7% MoS, 1) —
HEPERT(70% 90K B IR EE/NT 9 nm) , 5 KEF MoO,
KAHEL, MoO, 44K J i B+ B 45 Syl o Wi 18, 4
PR AR AR R, X RS R BEH 3 AT e
(7E 700 nm &by 48. 6% ) FIHRH M )37 B[] ( % €24 9.8 s,
e 1.3 s), it TRIA MoO, ¥3A, IRl 5%
YREER WO, AHIESE X BoR T X 28 MoO, 49K R 7E
HL S5O 0, R i 2 T

Stirring in
4M HNO,

Exfoliation

MoS O Nanosheets

Oxidation

...V
MoO Nanosheets

S

@ Intercalants @) Mo

Lateral Slze(nm)

n=50

0
BRRRAR R

8 —Bleached State
----- Color State
g 604 E
g %
S 40 21.98% . 34.82%
E o
2 e
g 204 e
0 MoO, Powder
400 600 800 1000
Wavelength(nm)

Fls AL MoO; HIRTEE (a)

MoO; #K i) AFM i Jr, ZeAHl R R (b) 5

%%

[o]

°
Q
=
(]
©
2
o

I—- ITO
y l MoO, Film
ITO

Colored

- Bleached State

Color State
;\;~ 60
@
o
=
8 40 69.02%
E
0
§
': 20 e
..................... A
0
400 600 800 1000
Wavelength(nm)

MoO, 4K BB I R 4306 () 6T

MoO G4K 1l 4% 1 78 B IRTRLIT ] 46 A 1 20 7E A8 (LRI (OIRAS T RYERS IR (d) 5 BIJH MoO; MoK (e) Fl MoO5 245K J1 (1) 1l

LSBTk SN Tha
Fig. 5

Schematic of MoO; prepared by oxidation method (a) ; AFM image of MoO nanosheets with line scan showing surface thickness (b) ; trans-

verse size distribution of MoO; nanosheets (¢ ) ; schematic of the prepared devices based on MoO; nanosheets and digital photographs of the

prepared devices in faded and colored states, respectively (d) ; optical tuning range of commercially available MoO; powder (e) and MoO,

nanosheet (f) prepared devices!*]

4 FHEHERNTRBRAE

ALY R B R ﬂ%?%ﬁ%ﬁwﬁﬁ%ﬁ
TTTE 32 A T 246 oI B 48 250 T AU 3 — R o
@A%?ﬂ%%Mi&%ﬁ$%ﬁ%EAE,ﬁﬁ@*ﬁ

AR LA R A A i M B . Gao 5 4RIE T — Rl LT
ITO IR AATHN %, E it i AL A TR AR B il 48 T 4
LB P B (U SIS, SRR A i 7 FsF [ R £
AT HRAT PR PERE . i B[R] A 5.5 98031 3.9 s,
HORCRM 15,47 #2155 40. 43 em’/C, W 524 MoO,



140 Hp R R 45 %

JERY I YRR oL T 4l MoO, FHEIE, MRt REH, W5 MoO, il Co $82% MoO,(MoO,: Co) Wi, WFFEFM, Sl
ZREm T MoO, MY EUA ke, FWH T HERERE . K MoO, AL, Co 872 B IR & T B IR E M,
B RTINS S e s R R D W N AR VIR o = v o R B WE 6 fras, £t 5000 IGH)E, 54l MoO, TR HL Ak

AR TSR . Tutel 55 R B JmES DU & 740 (54%) ML, MoO,: Co It/ Hi H & B8 /2y 1 L 250 B2
100

—-08V Moo |la] 10— MoO,Co |[2]
— 05V — 0.5V
80} 80
3 <
% 60} < 6o}
g g 60
£ 35% s
g 40 T 40t
C [}
© c
= g
0 A A i A 0 A " A A
300 400 500 600 700 800 300 400 500 600 700 800
Wavelength(nm) Wavelength(nm)

@

o
[]

8

——MoO, ——Mo0O,:Co

-
o
~
o

—

Transmittance(%)
w D [4)] [2]
& © & o

Transmittance(%)
w D n (2]
o = o o
L —em—

e —

B —

—
———

-_—

- —
——— —
_——

25 200 400 600 800 1000 20, 200 400 600 800 1000
Time(sec) Time(sec)
65
— Mo0,:Co/NiO Device |[€] € 955 —Mo0, CalNIO Device
60f 55 !
{55 S '
g W ﬁ g 50
g 50 ‘ g
© ©
= £ 45
E 45 | e
5 | & 40
£ 40 b = :
35K 35 '
r—
30 " " i " i " i " " 30 i i " i 13'0.8 "
0 200 400 600 800 1000 12001400 1600 1800 2000 40 60 80 100 120 140 160 180
Time(s) Time(s)

El

K6 &l MoO, Tl (a) Fl MoO5: Co WM (b) 768 (AR (RS T RIBIDOEHE , I 40 A Xt BRRAS T BB IR A5 46 MoOy T ()
1 MoO; 2 Co TR (d) 7 700 nm P& T A B A7 1 R BEIR A1 5972 f it 2 s FL B (AR 1AE 700 nm ST A B AN B I 58 (e th 2k

(&) FCK R L B0E (LR P Bh A5 B S 3 AR R 2R (1) 5 B (R PR AR (0 (@) A (6 () IRAS T S e L)
Fig. 6 Transmission spectra of pure MoO; films (a) and MoO5: Co films (b) in the colored and bleached states, the insets are digital photo-
graphs of the corresponding states, respectively; dynamic transmittance versus time curves of pure MoOj; film (¢) and MoO;: Co film (d)
at 700 nm; dynamic transmittance change curve of ECD at 700 nm (e) ; zoomed-in dynamic transmittance change curve of ECD (f) ; dig-

ital photographs of ECD in bleached (g) and colored (h) states *?/



552

MRS SIS R O R i R i S St 141

F(92%) , MoO,: Co HLM L4l MoO, Hi#% HL A i il ot
FE A, WO B H B 0 38 A LA R S A B
fig, TEUEFR 5000 Y5 HL AR IFFHTTIA 99% , X SRk
B, Co #8251 MoO, T JR A2 il £ voi P R i B0 (5 2540 1Y
HAEM B Z —

Kamoun %" 38 1 5% %5 #4fi# 1 %5 T MoO, il Fe-Co
HBH, & IHIB IR Fe-Co ) MoO, 7 B AEME HE Fe-Co
VA JE ST R o X A T R A K 2 B R LA
SEAEE, RIEXT B AR AU, MoO, 13 R
Homik 24.1 W/ (m -K), A HRECHK 3.8%107° m’/s,
2%Fe-19%Co (P 1 53 45) B 2= 1) MoO, TR HA i 5
HF M, MoO, Fl Fe-Co #8251 MoO, i i &2 L i — 4>
FLRE (9 2 1m0, B A7 BEALEC ) A BE B R B A, XX T
2%Fe-1%Co 7% ) MoO, MOGAMILTEEIL N EEL, Xk
B2 Fe-Co B4 MoO, MRIILEAWISE, JBR T H
SR | eEFDL ML Z DI RR R, BB T B 2%t
MoO, FLuRe P 1) 58 5 52 25 A I A 1) 1 55 44 ik T
20, WORHBRAIR T K 42 J Sl fh 4 T 1 TS A2 1l 8 3% %
T RLAS

Dhanasankar 25" 5 F s B-BEE 1%, 7E 250 °C &1+
T, 7E FTO BEES A IS Ll T Ce(5% ~15%, Fit/40)
B MoO, M, Ce $B2HE AR S S L5 WA AT A
SR, Ce B4R N 10% 1Y MoO, T8 R (1) 5 K B
PHLRE N 24.99% 107" em’/s, & 058 @RS 22 1A
(550 nm Ab) B RASAL N 79.28%, JEHE N 1.15,
HABWREUEarEGE, el iR A bk, TEFR
SEVET A, Mahajan 250 SR W55 i F R il 45 T Ti 8
ZRH MoO, A, B HI Ti 48 4% e BE 25 521 1E 58 MoO), )
LR, IFREE SRR ST BN T A 22 4 R 1) 3
SEREEAE . B T BARRIE R, B ORCRIES, 9%
(540 Ti 2% MoO, & RN 37 em’/mC,
BTN 45% .

5 SNHEBHTEHF[MNTR

TESEBRIV I AR, 5 S0 H S50 2 35 20 2 IO 1 1
W, B OSBRI SR A5, EEALE
TCAEHIE X AR R TR A T EAER, MR
s AR B H S, O sk 5770z, 6
HOEH A O RIEF YL LA H, OPPO Reno5 Pro+
CARFBRE MUE K R BUE EOR N T TSk
PURE SRR 2/ = U i A s 2 R 23 % N T 5 0 I G
FEGHARFIIEMT 4015 mm HEEMZA 1.5 ¢ 1Y
B, AU 25 P A R, U @ H R
FIPEAR IR 3R Ty R TR p fE R AR S, A —
MoO, HLE5UAR (25 1 (1 ] 45 A SR 2 AP 9 3 45 . Han 551"

4 MoO, WA Sy Ha BOUE 6 8% 7 ( ATF-ECDs ) H1 i B 1)
P BSCE (0 )23 3 A WA i IO e S ot R v A R T, SR
AR EE SR A ARG, BT PR, BT
4 Pa MoO, 1Y) ATF-ECD SEZ3R T 24 50% 19 =5 614 (600 nm )
F1149.4 em®/C, 5 HRF, T AE K 5% MoO, F1 ATF-
ECDs (416 K 3% % ( SLG ) /1TO/NiO,/Ta,0,/Mo0,/1TO ) )
DURGEER | b R | 2R RE R U b ARG TR K
(AIRZ I

P B — S A VR ) 8 1 Pl 08 a3 B SR AT AR
@, (HREHERER /DN, HESREAR, HEEESH
BB ORGSR o o U0 PR TR LT H O (5
FE L B 52 A8 0 25 A2 1T D M 0 A Al B — | o
PEEEEIG , A A A R R BUE M RE

Hsu 25 I 4 Bhk Bl 46 T WO,/MoO, 4K
HEME, St e, 53] 7 HA QKT 255
ERE R WO,/ MoO, BRI, EMFE RS, L4
KA (MO, ) Bl A T A% i, Wik, 54 wo,
MoO, WAEAI L, WO,/MoO, &2 & K 3 BH H 14 58 /Y FL 2L
A PERE, RN RN U AR AE 650 nm Ab PR
T 55. 4% W)igE RG] WE 8 IR, AR ARl ] Dy
7.4 s(RR() 3.6 s(FM), 1E 2000 IRTGH G, HLEUAE
G I B O RCR A 154 em’/C, B KRG E KA
80. 6%, WIFTEER LI, WO,/ MoO, B A 1L — Fli il
£ e PERE B0 @ 2R 1 BRAER R

PRl g 2 A B GRS, ZTRed 2 AT
PIRIFFE RS, Herp—F R AR €0 R RE Y HE B0UAE € g R 45 2]
T, Dong Z&17 1 A IR A MoO,-WO, 15K
IHUZ, ST T RSO € R L U A L) i MoO, -
WO,/ Ag MoO,-WO,( MWAMW ) 4 A5 14 25 % 91 1 A 22 1 vl
g R4S, RS MWAMW 5 7R Y R 1 i
kVEBE, HBHA 9.4 Q, SFHBEIREIL 77. 4%, %Mk
FERT WG AT I 5 () S8 e I R, 2.7 s (&
) 4. 1 s(RRA) A PR DI ], 70 em®/C 1) 5
FHAORCE LI 40 nm L ECE @2, Friiilin MAM
( MoO,/Ag/MoO, ) . MWAMW-31, MWAMW-21, MWAMW-
11 Al WAW (MoO,/Ag/ WO, ) #iflE, 7E 400~800 nm P f1Y°F- 35
BTN 72.9%, 76.5%, 17.4%, 13.9%F179.3%, %
B WO, $B20] LI = WAW JH IR 5 058 328 IH B, % it
T LR -0, 50 B IREAE A +0. 55V, 3 B i 5 1 2 1
AR €2, TT 335 1l R B 5 €8 ( MAM I MWAMW 1925 B0 25
R W] (R IR ) BB R (L (WAW) |, X 200 51
P, S5O 1 B T T R R T SR ) 386 i DL R ek 1) P
Tr S RS RIS 91, XTI RE F B3040 €0 45 14 o0 412 5 29 F 41
FRAARRHY F B0 M AR AR AL T 05 — Rk e, IF Hizor
Petl n] LY R B e B R GG L RE A R 4



142

Hh AR

545 &

100 : y Y

——1Pa a
- ----2Pa
X 80F. 3Pa
= [=4Pa _
O 6o0f--6Pa ;.,"‘ip
-a ‘{4
k] -
g 4or
w
= |
E 20t Bleached

state
100 + t H :

——1Pa £
< _|----2Pa ‘
& 80 .. 3pg
c ~~—-4Pa
,g 60|-----6 Pa Colored
E state
& “Or
c
©
=

%0 a0 S0 6 700 80

Wavelength(nm)

OD of the ECDs at colored state

and bleacrl’ed state

B

"y

N

T T - T -
—1Pa b
---2Pa
'\ @Colored state """ 3Pa
AR -.—-4Pa ]
. -~ 6Pa

@ Bleachs state

400

500 600 700 800
Wavelength(nm)

F7 BT MoO, By ATF-ECDs 7ERE (AR () I (RS (b) T RIBHOLIE (RN ATF-ECD $URS IR A ) ; 7ERR G AHIE @

BT I (OD) Wil (o) LR ARRI A EB BE 2 (AOD) (d) 1)

Fig. 7 Transmission spectra of MoO;-based ATF-ECDs in bleached state (a) and colored state (b) (inset is a digital photo of ATF-

ECD) ; optical density (OD) spectra (¢) in the bleached and colored states and the corresponding AOD (d)

i b =

)|
P-WO,/MoO,
ITO \ compgsite :
substrate electrolyte
PANI:PSS 0.1M LiCIO,/PC
41 Q,=4.59 mC/cm?

Current density(mA/cm?)
o

4 F

Q,=4.51 mC/cm?
0 50 100 150 200
Time(s)

Absorbance(a.u.)

Transmittance (%) at 650 nm

[19]

80

(]
o

N
[<)

N
o

500 600 700 800
Wavelength(nm)

7,=7.4s

7=3.6 s

50 100 150 200
Time(s)

P8 EAMUH R O R R (o), JRALEESN-AT WG O (I 1 D B O g 1R B 7R R AR T B B
) (b), BEUE ORRPFR I AL (o) , LB 6 R FB R B Y 22 2 () 1)
Fig. 8 Schematic diagram of the complementary ECD (a) , in situ UV-Vis absorption spectra (insets are digital photographs of ECDs

in faded and colored states, respectively) (b), timing current curve of the ECD (c¢) , variation curve of ECD transmittance as

a function of time (d) [46]



MRS SIS R O R i R i S St

143

6 & i&

MoO, RLEUVE ORI C &+ 70T 2, A2
# MoO, 9773, (BATIAFAE— 5 B R R, A2 AR
Rkl th MR S RE i, A AP 21k, (HaRm
ARPRECR G, A R P TUBLL A Moo,
WA, WM e, RSy, R AT
Ko, AFEERBREN S, R/ AT
MR, SN A, PRI, A BRI RE,
ARRAE = A, (EL RS 7 i BE AT PR, Tk i L BE 0
SEME TR IR ) 45 19 MoO, IR AT B2
B LERTERR , BRS04 2 AR SR AR B, S B K
PSR, BB i S PR A E AR, R
WREMS AR BRI R T b T, AR TR RRE T, [EH
F A A L BUL B PR B — PR e, il A
BRI

MoO, HUBUE (bR R4 (/A (0 O I AL B8
ARART S g A D7 TR B AL, (HUR MoO, HLEX
AR IR O A ACATI IR B B — PR AR E PRI A F
T PHBHE (R AR RO R PR OB BA 5 107 LR, Bl
B MoO, LR (i PH A A i . D MoO, I
I BCE A MERE, TR JUAS 5 ek

(1) L4 H MoO, MBEHIFENE, MoO, HiBE7E
SR ISL T H ST R A B, AR R LRI TR A
MR ENE, NI 2L A BN AR E 1) MoO, IR,
AR R NICRE T, AR MO, JEH, 45
F AR, 32wl A A E 1

(2) I AN BULE g M5, 5 H A 2L
AREBEARZE 5, 41 EA B A O @ AR LR R
& B E AR,

(3) FREARG W FE A 4 4 277 A . I A ) 6 12 2
WA, BB, B a%, WEME G T, K
BEYRA =R, FEARsAS, SO HOR R T R e g
oY

S#EHE  References

[1] WANG S Z, CAIS W, CAIW A, et al. Scientific Reports[]], 2017,
7(1); 14627.

[2] WANG Z., WANG X Y, CONG S, et al. Nature Communications| J ] ,
2020, 11(1) : 302.

[3] WANG Z, WANG X, CONG S, et al. Materials Science and Engi-
neering: R: Reports[J], 2020, 140, 100524

[4] HASANI A, LE Q V, NGUYEN T P, ef al. Scientific Reports[J],
2017, 7(1) . 13258.

[5] VIDALES-HURTADO M A, MENDOZA-GALVAN A. Solid State Ton-

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[25]

[26]

ics[J], 2008, 179(35/36) : 2065-2068

WANG C K, SAHU D, WANG S C, et al. Ceramics International [ J ],

2012, 38(4) : 2829-2833.

GRANQVIST C G, AVENDANO E, AZENS A. Thin Solid Films[J],

2003, 442(1/2) : 201-211.

BH T, IR, AR, S hEARERELT], 2023, 42(4):

353-360.

ZHAO R R, YANG M Q, NIU C H, et al. Materials China[ J], 2023,

42(4) : 353-360.

JRENE, MK, AR, S RIEAREEREL )], 2022, 41(3): 197-

205.

KANG H, YANG M Q, NIU C H, et al. Materials China[ J], 2022,

41(3) ; 197-205.

AR, TEXINE, XU, 45 WA SR MRS TART], 2024, 53
(5): 1503-1516.

HU L J, WANG L Y, LIU G, et al. Rare Metal Materials and Engi-

neering[ J], 2024, 53(5) : 1503-1516

LINYS, LAITY, TSAI T H, et al. Thin Solid Films[J], 2011,
519(11) ; 3875-3882.

YANG S, WANG Z, HU Y, et al. ACS Applied Materials & Inter-
faces[ J], 2015, 7(17) : 9247-9253.

CHEN X, LEI W, LIU D, et al. The Journal of Physical Chemistry C
[J1, 2009, 113(52): 21582-21585.

HU H, DENG C, XU J, et al. Journal of Experimental Nanoscience
[J1, 2015, 10(17) : 1336-1346.

NGUYEN T T, NGUYEN T D, VU T B, et al. Physica Scripta[ J],
2023, 98(12) ; 125961.

WANG C, BAOCH, WU W Y, et al. Journal of Materials Science
[J], 2022, 57(26) ; 12341-12355.

CHEN J, LIU C, XU S, et al. Materials Science in Semiconductor
Processing[ ], 2021, 132; 105920.

SINGH M, VASUDEV H, KUMAR R. Materials Today: Proceedings
[J1, 2020, 26: 2277-2282.

HAN Q, WANG R, ZHU H, et al. Materials Science in Semiconduc-
tor Processing[ J], 2021, 126, 105686.

USHA N, SIVAKUMAR R, SANJEEVIRAJA C. Materials Science in
Semiconductor Processing[ J], 2015, 30: 31-40.

ALVARADO J A, MALDONADO A, JUAREZ H, et al. Beilstein
Journal of Nanotechnology[J], 2015, 6: 971-975.

BROMLEY D, WRIGHT A J, JONES L A H, et al. Scientific Re-
ports[J], 2022, 12(1): 7786.

ARFAOUI A, TOUIHRI S, MHAMDI A, et al. Applied Surface Sci-
ence[ J], 2015, 357. 1089-1096.

YEH T H, LEE C C, SHIH C ], et al. Organic Electronics[J], 2018,
59; 266-271.

CHEN X, LEI W, LIU D, et al. The Journal of Physical Chemistry C
[J1, 2009, 113(52) : 21582-21585.

IVANOVA T, GESHEVA K A, POPKIROV G, et al. Materials Sci-
ence and Engineering: B[J], 2005, 119(3): 232-239.



144 AR R 545 %
[27] WORKIE A B, NINGSIH H S, SHIH S J. Journal of Analytical and Materials Science and Engineering[ J], 2021, 2021(1) ; 5102014.
Applied Pyrolysis[J], 2023, 170, 105915. [38] CONG S, SUGAHARA T, WEI T, et al. Crystal Growth & Design
[28] SRIRAM S R, PARNE S R, POTHUKANURI N, et al. Joumal of (1], 2015, 15(9) ; 4536-4542.
Analytical and Applied Pyrolysis[J], 2022, 164: 105527. [39] ZHANG H, JEON K W, SEO D K. ACS Applied Materials & Inter-
[29] PATIL C E, JADHAV P R, TARWAL N L, et al. Materials Chemis- faces[ 1], 2016, 8(33) ; 21539-21544,
try and Physics[J], 2011, 126(3) ; 711-716. [40] NOVAK T G, KIM J, TIWART A P, et al. ACS Sustainable Chemis-
[30] KUMAR A, PRAJAPATI C S, SAHAY P P. Materials Science in try & Engineering[ J], 2020, 8(30): 11276-11282.
Semiconductor Processing[J], 2019, 104; 104668. [41] GAO G, TAO X, HE Y, et al. Applied Surface Science[ J], 2023,
[31] E&8, FmE, D#E=. THAMESR1TT, 2021, 36(5): 640 158346.
461-470. [42] TUTEL Y, DURUKAN M B, HACIOGLU S O, et al. Applied Materi-
WANG J M, HOU L J, MA D Y. Journal of Inorganic Materials[J], als Today[ 77, 2023, 35; 101924.
2021, 36(5) : 461-470. [43] KAMOUN O, MAMI A, AMARA M A, et al. Micromachines[]],
[32] ELKHOLY A E, DUIGNAN T T, SUN X, et al. ACS Applied Energy 2019, 10(2) ; 138.
Materials[ J], 2021, 4(4) . 3210-3220. [44] DHANASANKAR M, PURUSHOTHAMAN K, MURALIDHARAN G.
[33] YANG G J, PARK S J. Materials[J], 2019, 12(7): 1177. Materials Research Bulletin[ J], 2010, 45(12) ; 1969-1972.
[34] 11Z, MA J, ZHANG B, et al. CrystEngComm[]], 2017, 19(11);  [45] MAHAJAN S, MUJAWAR S, SHINDE P, et al. Solar Energy Materi-
1479-1485. als and Solar Cells[J], 2009, 93(2) . 183-187.
[35] YAO B, HUANG L, ZHANG J, et al. Advanced Materials[J], 2016,  [46] HSU S C, CHAO S H, WU N J, et al. Journal of Alloys and Com-
28(30) : 6353-6358. pounds[ J], 2023, 945, 169256.
[36] ZHENG L, XU Y, JIN D, et al. Chemistry of Materials[ J ], 2009, 21 [47] DONG W, LVY, XIAO L, et al. ACS Applied Materials & Interfaces

[37]

(23) ; 5681-5690.
BOKOV D, TURKI JALIL. A, CHUPRADIT S, et al. Advances in

[J], 2016, 8(49) . 33842-33847.



