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Fig. S1 The comparisons of formation energy in C-, M-, and WVO between interstitial and substitution doping.
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Fig. S2 The energy band of  P-, C-, M-, and WVO, respectively.
[image: ]
Fig. S3 The differential charge densities in P-, C-, M-, and WVO after Zn2+ ion insertion within a-c plane.
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Fig. S4 (a) Partial density of states for Zn d-orbitals and O13 p-orbitals, and (b) the corresponding pCOHP of the Zn–O13 bond. [image: ]
Fig. S5 Considered migration paths of Zn2+ diffusions on P-, C-, M-, and WVO at different view.
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Fig. S6 Optical photograph of the prepared powder sample (P-, C-, M-, and WVO).
[image: ]
Fig. S7 Typical SEM image and corresponding SEM—Mapping of four samples （P-, C-, M-, and WVO）.
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Fig. S8 Typical TEM image and corresponding TEM—Mapping of MVO.
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Fig. S9 Typically part XRD pattern of PVO and MVO.
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Fig. S10 (a) The Overall XPS spectra for the P-, C-, M-, and WVO. (b-c) The fitted XPS spectra of V 2p and Mo 3d in MVO.
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Fig. S11 The dis./charge curves of the four batteries at different current density. 
[image: ]
Fig. S12 Cycling performance of the Zn//PVO and Zn//MVO batteries at 10 A g-1. 
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Fig. S13 (a) GITT potential response curve. 
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Fig. S14 Charge-discharge GITT curves at 50 mA g-1.[image: ]Fig. S15 (a) The full XPS spectra of MVO at initial, fully discharged and charged states. (b) Ex-situ Raman spectrum of MVO at the first cycles.
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Fig. S16 The diagram of Zn2+ insertion/extraction mechanism in the MVO//Zn batteries.
Table S1 BET specific surface area and pore size parameters
	
	PVO
	CVO
	MVO
	WVO

	BET Surface Area (m²/g)
	12.39
	20.47
	46.33
	8.67

	Total Pore Volume (cm3/g)
	0.09
	0.12
	0.203
	0.04

	Desorption Average Pore Diameter (nm)
	24.9
	21.66
	13.5
	18.37





Table S2 The typical modification of VO2-based cathode for AZIBs
	Cathode
	Modification Strategy
	Specific Capacity
a mA h g−1 at b A g−1
	Cycling performance
	Ref.

	Mo-VO2(B)
	Metal-ion doping
	325; 0.1
	264.6 mA h g-1 at 3.0 A g-1; 85% after 3000 cycles
	This work

	NixVO2
	Metal-ion doping
	295.9; 0.1
	130.6 mA h g-1 at 10.0 A g-1after 2000 cycles 
	1

	VO2(B)
	Morphology structure
	283; 0.1
	About 100 mA h g-1 at 3.0 A g-1; 86% after 3000 cycles
	2

	VO2-x(B)
	Anion defect
	330; 0.1
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]150 mA h g-1 at 3.0 A g-1; 700 cycles
	3

	VO••-rich VO2 (B)  
	Anion defect
	375; 0.1
	220 mA h g-1 at 5.0 A g-1; 79.5% after 2000 cycles 
	4

	VO2/MXene
	Composite material
	224.43; 0.2
	158.3 mA h g-1 at 2.0 A g-1; 80% after 700 cycles
	5

	RGO/VO2  
	Composite material
	276; 0.1
	About 220 mA h g-1 at 4.0 A g-1；99% after 1000cycles 
	6

	VO2@V2C
	Heterostructure
	190; 0.2
	68 mA h g-1 at 5.0 A g-1; 81% after 1000 cycles
	7

	H--VO2 @CC
	Heterostructure and Composite material
	340; 0.1
	200 mA h g-1 at 4.0 A g-1; 75% after 4500 cycles
	8



[bookmark: _ENREF_1]1.	Cai, Y.; Chua, R.; Kou, Z.; Ren, H.; Yuan, D.; Huang, S.; Kumar, S.; Verma, V.; Amonpattaratkit, P.; Srinivasan, M. ACS Appl. Mater. Interfaces 2020, 12, (32), 36110-36118.
[bookmark: _ENREF_2]2.	Chen, L.; Ruan, Y.; Zhang, G.; Wei, Q.; Jiang, Y.; Xiong, T.; He, P.; Yang, W.; Yan, M.; An, Q.; Mai, L. Chem. Mater. 2019, 31, (3), 699-706.
[bookmark: _ENREF_3]3.	Zhang, W.; Xiao, Y.; Zuo, C.; Tang, W.; Liu, G.; Wang, S.; Cai, W.; Dong, S.; Luo, P. ChemSusChem 2021, 14, (3), 971-978.
[bookmark: _ENREF_4]4.	Li, Z.; Ren, Y.; Mo, L.; Liu, C.; Hsu, K.; Ding, Y.; Zhang, X.; Li, X.; Hu, L.; Ji, D.; Cao, G. ACS nano 2020, 14, (5), 5581-5589.
[bookmark: _ENREF_5]5.	Shi, Z.; Ru, Q.; Pan, Z.; Zheng, M.; Chi-Chun Ling, F.; Wei, L. ChemElectroChem 2021, 8, (6), 1091-1097.
[bookmark: _ENREF_6]6.	Dai, X.; Wan, F.; Zhang, L.; Cao, H.; Niu, Z. Energy Storage Mater. 2019, 17, 143-150.
[bookmark: _ENREF_7]7.	Chen, J.; Xiao, B.; Hu, C.; Chen, H.; Huang, J.; Yan, D.; Peng, S. ACS applied materials & interfaces 2022, 14, (25), 28760-28768.
[bookmark: _ENREF_8]8.	Luo, P.; Zhang, W.; Cai, W.; Huang, Z.; Liu, G.; Liu, C.; Wang, S.; Chen, F.; Xia, L.; Zhao, Y.; Dong, S.; Xia, L. Nano Res. 2022.

image1.bmp




image2.png
o

Lae}
v

PVO

0.97 eV

<]

Le]

[}

[~

(A9)

>

A3J19u

a

wvo

0.67 eV

(A9) ASa9uy

PR A R
B (ho) &Baouy

]

>

=

%

<

<
I




image3.png




image4.png
~
2
~

PDOS (staJes/eV)

Bonding :
| Anti-bonding !
ICOHP =-0.383

Vo,

-75

5.0

75




image5.png
, o#-%o E(h)o%@o

s ilug ptlha m iU ;
) I:Coag% %m\ ::CD pp4¢
Vi tie A i

b1 ollo 44 “?;?”L%w%:»ok«m M#)oi

o0 R

® ® O » T Ml I |
< %H Ay A o S,

-----------





image6.bmp
“MVO WVO




image7.png




image8.bmp
sum





image9.emf
22 24 26 28 30 32

(400)

(111)

(002)

Intensity (a.u.)

2 Theta (degree)

 

MVO

 

VO

2

(110)


image10.png
(a)| Tota1 XPS livap+ois
—— WVO — MVO .
— CVO — PVO
~| war
) D
S|
N .o
=
=l A
=
9
e
=
= o A
= A
0 100 200 300 400 500 600 700
Binding energy (eV)
(b) (©)
, Mo 3d
~ e
- =] Mo*3d,, ;
3 s
< ~—
N
z £
2 £
o & |mvo
= =
Ll ]
N T e e A N A N e
Vo
vo, :
s12 sis 520 524 228 232 236 240

Binding Energy (eV)

Binding Energy (eV)





image11.bmp
Voltage (V vs Zn/Zn**)

Voltage (V vs Zn/Zn*"f&

=
'S

=
o

e
)

o
)

N
'S

=
¥}

14
;g-\
S 1.2
3
N 1.0
v
z 0.8
Unit: A g? z Unit: A g*
5.0 3.0 2.0 1.0 0.5 02 0.1 ) 0.6 503020 1.0 05 02 01
£
= 0.4
T T T T T 0.2 T T T
50 100 150 200 2501 300 0 100 200 300 400
Specific Capacity mA hg”)  (d) Specific Capacity (mA h g)
14
;g-\
5 1.2
N=
N 1.0
v
- 0.8
ez Unit: A g™
@
&0 0.6 50 3.0 2.0 10 05 02 01
3
= 0.4
T 0.2 T

210 280

140
Specific Capacity (mA h g?)

70 350

0 70 140 210 280
Specific Capacity (mA h g™)

350




image12.emf
0 2000 4000 6000 8000 10000 12000

0

100

200

300

400

500

Specific Capacity 

(

mA h g

-1

)

Cycle Number

10.0 A g

-1

 

PVO--Dis.

 

MVO--Dis.

0.1 A g

-1

0

20

40

60

80

100

120

 

PVO--CE

 

MVO--CE

Coulombic Efficiency (%)


image13.emf
0 2000 4000 6000

0.52

0.53

0.54

0.55

0.56

0.57

D

E

s

Voltage 

(

 V vs Zn/Zn

2+

)

Time (s)

D

E

t

iR drop

iR drop

iR drop


image14.emf
0 100 200 300 400

0.0

0.4

0.8

1.2

1.6

Voltage 

(

V vs Zn/Zn

2+

)

Specific Capacity (mA h g

-1

)

 

VO

2

 

MVO

50 mA g

-1


image15.bmp
MVO

1% cycle

Cha.to 1.4V

Dis. to 0.2V

Initial

(ne) Aysuopu]

—— Cha.to 14V
— Dis. t0 0.2V

Initial

600 800 1000

400

a Total XPS

(ne) Apsuouy

400 600 800 L 1000 1200
Raman Shift (em™)

200

1200
Binding energy (eV)

200




image16.png
Dis.to 0.2V
° 5 0

Cha. to 1.4V

The Zn?*insertion/extraction mechanism

@ Zn**




