Suppressing Formation of Zn-Mn-O Phases by In-Situ Ti Decoration of MnO2 for Long Lifespan MnO2-Zn Battery 
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[image: ]Figure S1. The ball-milled commercial EMD nano particles used as active material: (a) SEM image, (b) TEM image, (c) BET surface area, (d) XRD pattern, (e) crystal structure, (f) SEM EDX spectrum.
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Figure S2. (a) In-situ XRD profiles and (b) selected XRD patterns of EMD in Figure 1a. 

Note S1. 
The average mass loading of EMD is 1.5 mg cm-2, and the electrode disc with 16 mm diameter has an area of 2 cm-2. Since the molecular weight of MnO2 is 87 g mol-1, the total number of moles of Mn in the cathode is:

The increased amount of dissolved Mn2+ in the 0.2 ml electrolyte after 1st discharge is:

The percentage of Mn dissolved from the EMD active material after 1st discharge = 0.006/0.0345 = 17.4%.
Since Mn dissolution is a 2e- transfer reaction with a total capacity of 616 mAh g-1, therefore, the contributed capacity from Mn dissolution is

As the total 1st discharge capacity is 250 mAh g-1, about 107.2 mAh g-1/250 mAh g-1 = 42.8% of the initial discharge capacity is contributed by Mn dissolution.  



[image: ]
Figure S3. The 1st cycle voltage profiles of the coin cell (electrolyte amount: 200 ml) and beaker cell (electrolyte amount: 5 ml) using (a) 1M ZnSO4 electrolyte and (b) 1M ZnSO4 + 0.1M MnSO4 electrolyte; (c) their Coulombic efficiency comparison. 
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描述已自动生成]Figure S4. XPS full spectra of EMD electrodeposited in (a) 1Zn+0.4Mn electrolyte, (b) 1Zn+0.4Mn+0.5Ti electrolyte, and (c) commercial EMD. 




Table S1. Atomic percentage of each element in the electrodeposited EMD on CNT electrode after charging in different electrolytes. 
	Element
	Atomic % (deposited in 1Zn+0.4Mn electrolyte)
	Atomic % (deposited in 1Zn+0.4Mn+0.5Ti electrolyte)

	O
	73
	65

	Mn
	22
	32

	Zn
	5
	<1

	Ti
	<1
	3

	S
	<1
	<1
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低可信度描述已自动生成]
Figure S5. (a) Raman and (b) XRD patterns of the EMD electrodeposited in 1Zn+0.4Mn+0.5Ti electrolyte comparing with the two most common TiO2 phases (anatase TiO2 and rutile TiO2).  

Table S2. Atomic percentage of each element in the electrodeposited EMD in 1Zn+0.4Mn+0.5Ti electrolyte before and after immersing in 0.5M NaSO4 overnight for ion exchange.
	Element
	1Zn+0.4Mn+0.5Ti
	1Zn+0.4Mn+0.5Ti
After 0.5M NaSO4 immersion

	O
	65
	71

	Mn
	32
	25

	Ti
	3
	4

	Na
	<1
	<1
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低可信度描述已自动生成]
Figure S6. Illustration of Ti decoration in the EMD structure.

[image: 图示

描述已自动生成]Figure S7. The voltage profiles of the electrodeposition tests with charge capacity limit of (a) 0.2 mAh cm-2 and (b) 1.0 mAh cm-2; (c) comparison of the Coulombic efficiency of the electrodeposition tests with different capacity limits. 
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描述已自动生成]Figure S8. Cycle performances of the CNT-Zn cells with electrolyte of (a) 1Zn+0.4Mn, (b) 1Zn+0.4Mn+0.5Ti with a fixed areal charge capacity of 0.5 mAh cm-2 and discharge current of 0.05 mA cm-2. 




Table S3. Ionic conductivity and pH of the electrolytes.
	Electrolyte
	Ionic conductivity (mS cm-1)
	pH

	1Zn
	25.2
	4.71

	1Zn+0.1Mn
	28.0
	4.64

	1Zn+0.1Mn+0.5Ti
	28.7
	2.03
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Figure S9. Cycle stability comparison of the 1Zn+0.1Mn, 1Zn+0.1Mn+0.5Ti, and 1Zn+0.1Mn with the pH adjusted to 2.10 (close to pH of 1Zn+0.1Mn+0.5Ti) with H2SO4.

[image: ]Figure S10. Charge-discharge profiles of KB cathode without EMD at a low current of 0.3 mA.


Table S4. Cycle performance comparison with the recent literatures.
	Design
	Current rate (A g-1)
	Capacity after cycles (mAh g -1)
	Cycle number
	Reference

	Cu-MnO2
	3
	151
	1000
	[1]

	IER membrane
	1
	215
	300
	[2]

	
	5
	75
	900
	

	C@PODA/MnO2
	0.5
	192
	600
	[3]

	
	2
	137
	2000
	

	Rescue of dead MnO2
	1
	177
	600
	[4]

	K0.27MnO2·0.54H2O
	3
	84
	1000
	[5]

	H+/NH4+ co-insertion
	4
	115
	4000
	[6]

	Co-Mn3O4
	2
	103
	1100
	[7]

	MnO2/KB
	5
	90
	3000
	[8]

	Ca-MnO2
	3.5
	101
	5000
	[9]

	Bi2O3/MnO2
	1
	190
	1000
	[10]

	MnO2@AEPA
	0.5
	223
	200
	[11]

	
	1
	142
	1700
	

	defect rich b-MnO2
	1
	171
	800
	[12]

	Increase top voltage cut-off
	0.1
	305
	300
	[13]

	
	1
	100
	6000
	

	 Ce(SO4)2 additive
	1
	130
	1000
	[14]

	K+-intercalated δ-MnO2
	3
	190
	1000
	[15]

	TiOSO4 additive
	1.5
	230
	1500
	this work

	
	4.8
	92
	10000
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Figure S11. Cycle performance of the cells with different electrolytes at a low current density of 300 mA g-1.
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中度可信度描述已自动生成]
Figure S12. (a) XRD profile of ZnMn2O4; (b) cycle performance of ZnMn2O4 electrode in 1Zn electrolyte and (c) the corresponding voltage profiles.
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Figure S13. Comparison of cycle performance of the EMD electrode in electrolytes with different amount of TiOSO4 additive with 0.1M Mn2+ added.
[image: ]
Figure S14. Comparison of cycle performance of the pre-doped EMD and the in-situ Ti-decorated EMD without Mn2+ addition.

[image: ]Figure S15. Cycle performances of the other MnO2 polymorphs using TiOSO4 electrolyte additive: (a) b-MnO2, (b) d-MnO2, (c)γ-MnO2 (synthesized).
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