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Figure S1. Corresponding O and Mn elemental mapping images of -MnO2 samples.



Figure S2. Corresponding O and Mn elemental mapping images of δ-MnO2@Zn. 



Figure S3. Cross-sectional O and Mn elemental mapping images of δ-MnO2@Zn. 



Figure S4. Corresponding Zn, S, O and Si elemental mapping images of bare Zn after plating at 0.25 mA cm−2 and 0.5 mAh 
cm−2.



Figure S5. Corresponding Mn, Zn, S, O and Si elemental mapping images of δ-MnO2@Zn after plating at 0.25 mA cm−2 

and 0.5 mAh cm−2.



Figure S6. Electrostatic potential on van der Waals surfaces δ-MnO2.

Supporting Note: limit element analysis (FEM) conducted by COMSOL Multiphysics has been used to 

investigate the distribution of Zn2+ through our structure. The migration of Zn2+driven by electric field and 

diffusion flow in both liquid phase (electrolytes) and solid phase was considered in these simplified 

simulations. Two physical models of electrostatic and transport of diluted species based on the partial 

differential equations listed below were coupled to conduct FEM simulation. [1-2]
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where ϕ is the electric potential, E is the electric field, D is the diffusion coefficient of Zn2+, c is the 

concentration of Zn2+, u is the ionic mobility of Zn2+` in electrolytes, and N is the flux vector of Zn2+, t is the 

diffusion time. These FEM simulations on the routine our composite separator was performed in a rectangle 

area, respectively. The potential difference Δϕ through these electrolytes was set as 10 mV. To investigate the 

ion transport behaviors with limited liquid electrolytes in long time cycling, the same physical model was 

established and the ratio of diffusion coefficients of Zn2+ in liquid electrolytes and solid particles was 

decreased to 8.0. The mobilities of Zn2+ for liquid electrolyte and solid particles are defined by the Nernst-

Einstein equation. The bottom boundaries of two simulation areas are the Dirichlet boundaries with ϕ0 = 0 V 

and c0 = 0 M. The top boundaries of two simulation area are also Dirichlet boundaries with ϕ1 = 20 mV and 



c1 = 1.0 M. The other boundaries are natural boundaries with zero flux.



Figure S7. Schematic images of the Zn deposition process on (a) bare Zn and (b) δ-MnO2@Zn anodes.



Figure S8. Chronoamperometry (CA) at -200 mV of overpotential and the corresponding illustration of the Zn2+ diffusion 
and reduction processes for bare Zn and δ-MnO2@Zn anodes.



Figure S9. Photographs of (a) bare Zn and (b) δ-MnO2@Zn electrodes after 10 cycles at 3 mA cm−2 and 1.5 mAh cm−2.



Figure S10. CV curves of Zn‖V2O5 and δ-MnO2@Zn‖V2O5 cells at 0.5 mV s–1.



Supplementary Table

Table S1. Comparison of main parameters and cycling property for this work with recently reported Zn-based symmetrical 
cells.

Interfacial layer
Current density

(mA cm−2)
Capacity

(mAh cm−2)
Life (h) Reference

rGO 1 1 300 [3]

CaCO3 1 0.05 836 [4]

Carbon 1 1 200 [5]

TiO2 1 1 480 [6]

PSN 1 1 800 [7]

Mxene 0.2 0.2 820 [8]

PAN 0.5 0.25 350 [9]

δ-MnO2 1 0.5 890 This work
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