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Experimental section
Materials
ZnSO4·7H2O and Glycerol were purchased from Adamas (Tansoole, China). Zn foil (50 μm and 9 μm 

in thickness) and stainless steel (SS) foil (9 μm in thickness) were purchased from Canrd (China). 

Preparation of aqueous and hybrid electrolytes
A certain amount of ZnSO4·7H2O was dissolved into the deionized water to achieve 2 M ZnSO4 

aqueous electrolyte. A certain amount of ZnSO4·7H2O was the mixed solution of deionized water and 

glycerol to prepare 2 M ZnSO4 hybrid electrolytes with different content of glycerol.

Synthesis of CaV6O16·3H2O cathodes materials
CaV6O16·3H2O (CaVO) was synthesized via a conventional hydrothermal route according previous 

study1. 

Electrochemical measurements
The cyclic voltammetry (CV), linear scan voltammetry (LSV), chromoamperograms (CAs) and 

corrosion test were conducted on an electrochemical workstation (Autolab). The electrochemical 
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stability window was investigated in a three electrodes configuration, where the SS foil served as 

working, Pt served as the counter electrode, saturated calomel electrode (SCE) served as the reference 

electrode. In the corrosion test, the Zn foil was used as the working and counter electrodes and SCE 

was used as the reference electrode. The corrosion potential and corrosion current were calculated 

from Tafel fit system in electrochemical workstation. CA measurement used the Zn foil as working, 

counter, and reference electrodes. Electrochemical impedance spectroscopy (EIS) spectra were 

recorded on the electrochemical workstation with a frequency range from 0.1 MHz to 0.01 Hz.

Ionic conductivities were tested by two blocking electrodes (SS) and calculated according to the 

following equation:

         Equation (S1)
𝜎=

𝑙
𝑅𝑏 ∙ 𝑆

  CR2032 coin cells were used to evaluate the electrochemical behaviors of Zn plating/stripping. For 

the testing of Coulombic efficiency, the working electrode was the SS or Cu foil and the Zn foil served 

as the counter electrode, and a disk-like glass fiber paper worked as the separator. For the testing of 

symmetric cells, the disk-like Zn foils were used as the electrodes. The electrochemical performance 

of all samples was carried out by the LANHE battery tester (CT2001A, Wuhan LAND electronics Co., 

Ltd., China) at room temperature. 

Material characterizations
The crystal structures of as-prepared samples were recorded by X-ray diffraction (XRD, Rigaku 

D/MAX2200V PC). The morphologies of as-prepared samples were investigated by scanning electron 

microscopy (SEM, Hitach S4800). H2 gas was detection by gas chromatography (Shimadzu). Surface-

based group analysis was conducted by X-ray photoelectron spectroscopy (XPS, Thermo Fisher 

Nexsa). In-situ optical microscopy (Zeiss Smartzoom 5) observation was carried out applying a special 

device provided by Beijing Science Star technology Co. Ltd.

Computational details
The structures of Zn2+, SO4

2-, H2O, Glycerol and their complexes（Zn2+ with SO4
2-, H2O or Glycerol）

were first optimized by using the density functional theory (DFT) at the ωB97XD/6-311G (d,p) level2 

in vacuum. In the meantime, all geometry optimizations including the implicit solvent effect with 



SMD3 were performed using the Gaussian 09 package.4 Then the single-point energies of 3 complexes 

were done at the same level after previous optimization in a gas phase and in water respectively, which 

considering basis set superposition error (BSSE). The harmonic frequency calculations were carried 

out at the same level of theory to help verify that all structures have no imaginary frequency. 

Meanwhile, the Ghelp charge analysis of the optimized structures was carried out. Subsequently, these 

charged stable structures are applied to dynamics simulation through the Forcite module. 

In order to further investigate the difference of adsorption of H2O and glycerol on Zn electrode. 

Adsorption structures of them on Zn (101) surface were performed using the DMol3 program package 

in Materials Studio. The exchange and correlation terms were determined using the Generalized 

Gradient Approximation (GGA) in the form proposed by Perdew, Burke, and Ernzerhof (PBE).5 

Solvation effects were incorparated by COSMO solvation model for all the systems with water as 

solvent. 

The interaction energy of 3 possible interaction patterns of the molecules (Einter) was calculated by 

the following equation:

Einter = EAB - (EA + EB )+ E_BSSE                           Equation (S2)

Where EA and EB respectively represent the energies of A (Zn2+）and B (SO4
2-, H2O or Glycerol ) ,the 

E_BSSE is the BSSE corrected energy of each interaction patterns and the Einter is the total energy of one 

of 3 possible interaction patterns , a negative value of Einter indicates that the process is an exothermic 

reaction and high negative value corresponds to a stronger interaction, which indicates more heat 

release and a more stable product.

Two MD simulation models containing Zn2+, SO4
2- and aqueous solution were built with or without 

glycerol molecules. The initial numbers of each component are H2O:ZnSO4=1000:36 for 2 m ZnSO4 

aqueous electrolyte, and H2O:ZnSO4:glycerol= 1000:72:200 for 2 m ZnSO4 in water/glycerol (50/50) 

electrolyte, which is in strict agreement with our experimental data. After energy minimization to 

remove potential overlaps among all molecules, 3 ns simulations of this system were performed in 

order to obtain an equilibrium state at constant temperature and pressure (NPT) with periodic boundary 

cell optimized. Finally the initial system was built in a cube simulation box, of which the dimensions 

was x = 41.6 Å, y = 41.6 Å, and z = 41.6 Å, respectively. During the simulation, periodic boundary 

conditions were applied in all three dimensions. 

The MD simulation of different systems can be performed after charges and potentials are assigned 



to each atom. The long-range electrostatic interactions have been accounted for using the Ewald 

method. The total energy is written as a combination of valence terms including diagonal and off-

diagonal cross-coupling terms and nonbond interaction terms, which include the Coulombic and 

Lennard-Jones functions for electrostatic and van der Waals interactions,6 

                   Equation (S3)bonds angles dihedrals cross VDW elecE = E E E E E E    

where EVDW and Eelec are given by the eq 4:

         Equation (S4)
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The parameters for each like-site interaction are given by the COMPASS force field. 7-8 The energies 

of the initial configurations are minimized with the Smart Minimizer method. After the minimization, 

all simulations are equilibrated at constant temperature and volume (NVT) for about 20 ns. Atomic 

coordinates were saved for every 500 ps. The analysis was performed by averaging over the final 1ns 

of each trajectory.



Figure S1. Schematic illustrations of Zn deposition (a) 2 M ZnSO4 aqueous electrolyte or (b) 2 M 

ZnSO4 glycerol/water (50/50) electrolyte.



Figure S2. Digital photos of the working electrode, the counter electrode, and the separator (Post-

mortem cell after short-circuit)



Figure S3. XRD pattern of the dendrites adhered to the glass fiber.



Figure S4. Photographs of the ignition tests of the glass fibers saturated with glycerol/water (50/50) 

hybrid electrolyte.



Figure S5. Coulombic efficiency of Zn plating/stripping cycles on the Cu substrate at 1 mA cm−2 and 

1 mAh cm−2.



Figure S6. Voltage profiles of symmetric cells as a function of time at (a) 3 mAh cm−2 and 1 mA 

cm−2, (b) 2 mAh cm−2 and 2 mA cm−2



Figure S7. Cycling performance comparison of the symmetric cells in aqueous and hybrid electrolytes 

at 3 mA cm−2.



Table S1 The performance comparison of symmetric cells for various hybrid electrolyte.

Electrolyte
Current density

(mA cm-2)
Capacity

(mAh cm-2)
Voltage hysteresis

(mV)
Life 
(h)

Reference

0.5 M Zn(CF3SO3)2 in 
TEP-H2O (9:1)

0.25 0.25 ~76 ~1020

0.5 M Zn(CF3SO3)2 in 
TEP-H2O (8:2)

0.25 0.25 ~80 ~1020

0.5 M Zn(CF3SO3)2 in 
TEP-H2O (7:3)

0.5 0.5 ~140 ~1020

9

2 M ZnSO4/H2O+50% 
EG

1 1 ~86 1200 10

1 M Zn(CF3SO3)2 in 
(ACN-H2O) in a 

volumetric ratio of
3:1

1 1 38 ~1300 11

2 M ZnSO4 in 
EG/water (40/60)

2 1 ~50 145 12

3 M Zn(CF3SO3)2 
with 0.1 M 

Mn(CF3SO3)2 in water 
with 2 vol% of diethyl 

ether

0.2 0.2 ~25 250 13

1 M Zn(ClO4)2 in 
H2O-EC/EMC(4/6)

2 2 ~85 400 14

0.2 0.2 73 1500
0.5 0.5 104 1500
1 1 106 1500
1 3 59 1000
2 2 137 700

2 M ZnSO4 in 
glycerol/water (50/50)

2 6 61 900

This 
work



Figure S8. Voltage profiles of the symmetric cells as a function of time at 1 mA cm−2 and 1 mAh cm−2, 



Figure S9. The rate performance of symmetric cells in the aqueous and hybrid electrolytes.



Figure S10. Electrochemical impedance spectra of symmetric Zn||Zn cells in aqueous and hybrid 
electrolytes.



Figure S11. XPS C1s spectrum of the surface of the Zn foil after 10 cycles. Two additional peaks 

appear after cycle in glycerol/water electrolyte, the species at ∼285 eV is ascribed to alkyl carbon and 

∼286.4 eV is ascribed to C-O species, indicating the presence of glycerol on the surface of cycled Zn.



Figure S12. SEM images of the deposited Zn on the SS substrate after plating for 3 mAh cm-2 (a) in 2 

M ZnSO4 aqueous electrolyte and (b) in 2 M ZnSO4 glycerol/water (50/50) hybrid electrolyte.



Figure S13. (a-f) Top-view and cross-sectional SEM images of the deposited Zn of (a, d) 2 mAh cm-

2, (b, e) 4 mAh cm-2 and (c, f) 6 mAh cm-2on the SS substrate in 2 M ZnSO4 aqueous electrolyte. Top-

view and cross-sectional SEM images of the deposited Zn of (g, j) 2 mAh cm-2, (h, k) 4 mAh cm-2 and 

(i, l) 6 mAh cm-2 on the SS substrate in 2 M ZnSO4 glycerol/water (50/50) electrolyte. The deposition 

current density is 2 mA cm-2. It should be noted that the deposited Zn of 6 mAh cm-2 in aqueous 

electrolyte is very fragile, and only incomplete cross-section was observed in Figure S13f. 



Figure S14. (a-b) SEM images of the Zn foil after cycled at 1 mA cm-2 for (a) 2 h and (b) 20 h in 2 M 

ZnSO4 aqueous electrolyte. (c-g) SEM images of Zn foil after cycled at 1 mA cm-2 for (c) 2 h, (d) 20 

h, (e) 100 h, (f) 200 h, and (g) 500 h in 2 M ZnSO4 glycerol/water (50/50) electrolyte.



Figure S15. In situ optical microscopy observations of the Zn deposition process at a current density 

of 3 mA cm−2:(a) in 2 M ZnSO4 aqueous electrolyte and (b) in 2 M ZnSO4 glycerol/water (50/50) 

electrolyte.



Figure S16. Digital photos of glass fiber separator in symmetric cells using 2 M ZnSO4 aqueous 

electrolyte after (a) 10 cycles and (b) 20 cycles; using 2 M ZnSO4 glycerol/water (50/50) hybrid 

electrolyte after (c) 10 cycles and (d) 20 cycles.



Figure S17. XRD pattern of CaVO powders.



Figure S18. SEM image of the CaVO powders.



Figure S19. Cycling performance of the Zn||CaVO full cells in aqueous and hybrid electrolytes at 1 A 
g-1.
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