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Experimental Section

Materials: o-Cyclodextrin (a-CD), Zinc sulfate heptahydrate (ZnSO,4-7H,0), Zinc
acetate dihydrate (Zn(CH3COO),-2H,0), Vanadium (V) oxide (V,0s) were purchased
from Aladdin.

Electrolyte preparation: 2 M ZnSO, electrolyte was obtained by dissolving
ZnSOy4-7H,0 in deionized (DI) water. The modified electrolytes (ZnSO,4 + a-CD) were
prepared by adding different amounts of a-CD (243, 486 and 730 mg, respectively) into
2 M ZnSO, electrolytes to get clear solutions at concentrations of 5, 10 and 15 mM,
respectively.

Synthesis of Zn,V,05-nH,0 nanorods cathode: ZVO was synthesized according to
a previous research.!: 2 Briefly, 1.5 mmol V,0s5 and 1.2 mmol Zn(CH3COO), 2H,0
were dissolved into 35 mL DI water, followed by an addition of 5 mL acetone and 2
mL 10% nitric acid. After ultrasonic treatment for 5 min. The mixed solution was
transferred into a Teflon-lined stainless-steel autoclave and heated at 180 °C for 24 h.
After naturally cooled to room temperature, the ZVO was obtained by centrifugation,
washed with DI for three times and vacuum dried at 80 °C for 12 h.

Material characterization: X-ray diffraction (XRD) profiles of the samples were
recorded on a Panalytical Aries with Cu Ka radiation. The morphologies of the samples
were revealed by a Crossbeam350 field emission scanning electron microscope (SEM).
The plating behaviors of Zn anodes in symmetric cells were observed by an optical
microscope (Olympus BX43). Fourier transform infrared spectra (FTIR, Thermo

Scientific Nicolet iS50) were recorded in a wavenumber range of 650-4000 cm!.
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Raman spectra (Renishaw Invia) were collected using 532 nm laser. The pH values
were determined by Conductivity Meter DDSJ-308F. The contact angles were
measured on an Optical Surface Analyzer OSA-100.

Electrochemical measurements: The electrochemical properties of symmetric cells
and full cells were tested in CR2032 coin cells, which were assembled in air
atmosphere. 2 M ZnSO, or 2 M ZnSQO, with different concentrations of a-CD aqueous
solution was used as the electrolyte. The symmetric cells were composed of two Zn
foils (100 um) separated by a glass fiber separator (Whatman GF/D). For ZVO||Zn full
cell, the slurry for cathode material was coated on steel mesh, which was prepared by
mixing ZVO, conductive carbon black, and polytetrafluoroethylene (PTFE) binder at a
mass ratio of 7:2:1. Galvanostatic charge/discharge cycling tests were carried out on a
LAND battery testing system at room temperature. Chronoamperometry (CA) was
tested in a symmetric cell. Linear sweep voltametric (LSV) were carried out with a
three-electrode setup, where Zn foil was used as the working electrode, and platinum
foil and Ag/AgCl electrode were used as counter and reference, respectively. Cyclic
voltammetry (CV) were measured on a CHI 760E electrochemical workstation
(Chenhua, China).

Zn?" transference number measurement: The Zn?>' transference numbers were
obtained by alternating-current (AC) impedance and direct-current (DC) potentiostatic
polarization measurements using symmetric cells. The cation transference number

(t7,°") was determined by the following equation,
I(4V - 1,R)

t =
2T LAV - IRy
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where AV is the voltage polarization applied, /j is the initial response current, /g is
the steady-state response current, R, and Rs are the electrode interface impedances
before and after the polarization, respectively.
Density functional theory (DFT) calculations: Ab-initial calculations: The
calculations related to the interaction between Zn atom/a-CD molecule and Zn crystal
were performed in the Vienna ab initio simulation package (VASP) based on the DFT.3
The exchange-correlation energy was approximately described by the Perdew-Burke-
Ernzerhof (PBE) functional based on the generalized gradient approximation (GGA).*
The plane wave basis sets with projector-augmented wave (PAW) pseudopotentials
were applied.®> A vacuum layer of 20 A is applied to each unit cell. For interaction
between Zn atom and Zn crystal, the convergence tolerance was set as 1.0 x 107 eV
for energy, and all the forces on each atom were smaller than 0.01 eV A~!. The plane-
wave cutoff energy was set to 300 eV, and the Brillouin zone was sampled by a 2 x 2
x 2 array of k-points in the Monkhorst—Pack grid.® The Zn slab was built with two
atomic layers in rectangular 3 x 3 supercell with fixing during structural relaxation. For
interaction between a-CD molecule and Zn crystal, the convergence tolerance was set
as 1.0 x 107 eV for energy, and all the forces on each atom were smaller than 0.05 eV
A=, The plane-wave cutoff energy was set to 400 eV, the Brillouin zone sampling was
carried out on a Gamma-centered. The Zn slab was built with four atomic layers in
rectangular 10 x 10 supercell with fixing during structural relaxation. All the structures
discussed in this study were visualized in the Visualization for Electronic and Structural

Analysis VESTA).”
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The adsorption energy (E,) between Zn slab and Zn atom/a-CD molecule was
defined as following equation:

Ea = Eznstab+zn/a-cp — Eznstab — Ezwa-cp

where Ez, gap+zn/a-cp 18 the energy of the Zn slab bound with Zn atom/a-CD molecule,
Ezus1ab 18 the energy of the Zn slab, and Ez,.cp is the energy of Zn atom or a-CD
molecule.
Quantum chemistry calculations: The calculations of interaction between Zn?>*, H,O
and a-CD molecule were performed with Gaussian 09 package.® The geometry
optimization was performed at B3LYP-D3(BJ)/def2-SVP level.>12 Single point
calculation after geometry optimization was carried out at B3ALYP-D3(BJ)/def2-TZVP.
The implicit universal water solvation model based on solute electron density (SMD)
was applied in all calculations.!® The electrostatic potential (ESP) were obtained from
Gauss View.

The binding energy (Ep) between Zn?*, H,O and a-CD molecule

Epb = Etotal — E1 — Ez
where Erq is the energy of the whole system, E; and E, are the energies of Zn?",

water molecular or a-CD molecule.
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Figure S1. (a) Molecular structure and (b) Optical photo of a-CD (C35Hg0O30).
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Figure S2. XRD patterns of pristine Zn foil.
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Figure S3. Simulation models of Zn atom adsorbed on the Zn (101) and (103) planes

and corresponding adsorption energies.
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Figure S4. Schematic illustration of the relationship between (102) and (002) planes.
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Figure S5. Simulation models of a-CD molecule adsorbed on the Zn (101) and (103)

planes and corresponding adsorption energies.

Figure S6. Schematic diagram of the Zn?>" plating process in 2 M ZnSO, + 10 mM a-

CD electrolyte.
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Figure S7. pH values of electrolytes with varied amounts of a-CD additives.
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Figure S8. Contact angles of the electrolytes with a-CD additives on Zn foils.
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Figure S9. XRD patterns of the Zn anodes cycled for 50 runs in Zn||Zn symmetric cells

at a current density of 5 mA ¢m? with 5 mA h cm2, using 2 M ZnSO,4 + 5 mM o-CD

and 2 M ZnSO, + 15 mM a-CD, respectively.
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Figure S10. Optical photos showing gas production of cells with modified and

unmodified electrolytes at 1.6 V.
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Figure S11. Evaluation on transference number of Zn?" ion. (a, ¢) Variation of current
along time during polarization of Zn||Zn symmetric cell at an overpotential of 10 mV.

(b, d) EIS plots of Zn||Zn symmetric cells before and after polarization.
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Figure S12. SEM images for morphology evolution of Zn anode in 2 M ZnSO,. Plating

current density: 1 mA cm™.

Figure S13. SEM images for morphology evolution of Zn anode in 2 M ZnSO4 + 10

mM a-CD. Plating current density: 1 mA cm.
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Figure S14. Galvanostatic charge/discharge (GCD) voltage profiles of Cul|Zn cells

with (a) 2 M ZnSO, and (b) 2 M ZnSO,4 + 10 mM a-CD.
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Figure S15. Coulombic efficiency of Cu||Zn asymmetric cells with 2 M ZnSO, and 2

M ZnSO, + 10 mM o-CD at 5 mA cm? with 5 mA h cm™.
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Figure S16. Galvanostatic cycling voltage profiles of symmetric cells with 2 M ZnSO4

and 2 M ZnSO, + 10 mM o-CD at a current density of 2 mA c¢cm2 with a capacity of 2
mA h cm™.
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Figure S17. Galvanostatic cycling voltage profiles of symmetric cells with 2 M ZnSO,

and 2 M ZnSO, + 10 mM o-CD at a current density of 3 mA c¢cm with a capacity of 3

mA h cm=.
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Figure S18. Galvanostatic cycling voltage profiles of symmetric cells with 2 M ZnSO,

and 2 M ZnSO, + 10 mM o-CD at a current density of 10 mA c¢m with a capacity of

10 mA h cm™.
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Figure S19. Comparison on the performance of Zn||Zn symmetric cells with different

additives from some recently reported works. 4?7
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Figure S20. Initial nucleation overpotentials (NOP) at different current densities in 2

M ZnSO4 and 2 M ZnSO,4 + 10 mM a-CD. (NOP is taken at 0.5 h.)
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Figure S21. High magnification SEM images of Zn anode in Zn||Zn symmetric cells

with (a) 2 M ZnSO, and (b) 2 M ZnSO,4 + 10 mM a-CD after 50 cycles.
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Figure S22. Cross-sectional SEM images of Zn anode in Zn||Zn symmetric cells with

(a) 2 M ZnSOy, (b) 2 M ZnSO,4 + 10 mM a-CD after 50 cycles, and (c) pristine Zn foil.
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Figure S23. Optical photos of separators obtaining from Zn||Zn symmetric cells with

(a) 2 M ZnSO, and (b) 2 M ZnSO,4 + 10 mM a-CD after 50 cycles.
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Figure S24. SEM image of ZVO.
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Figure S25. EIS spectra and equivalent circuit diagrams of Zn||ZVO cells using
different electrolytes before cycling. R, R, and R, are the electrolyte bulk resistance,

interface resistance and charge transfer resistance, respectively.
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Figure S26. Charge-discharge curves of ZVO||Zn full batteries with 2 M ZnSOj,.
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Figure S27. Cycling performance of ZVO||Zn full cell at a current density of 1 A g!

using 50 pum thickness Zn foil.

Table S1. Corresponding corrosion potential and corrosion current density of Linear

polarization curves in Figure 3(b).

Corrosion potential ~ Corrosion current density

Samples
(V vs. Zn/Zn*") mA cm
2 M ZnSO, -1.1 1.39
2 M ZnSO,4 + 10 mM a-CD -1.105 0.44

S17



Table S2. Comparison on the performance of Zn||Zn symmetric cells with different

additives from some recently reported works. 4?7

Current Capacity Cumulative Depth of
Additive Electrolyte density (mA h capacity discharge/thicknes Reference
(mA c¢cm?) cm?) (mA h cm?) s of Zn anode
Glucose 1 M ZnSOy4 5 5 675 100 um 14
EDTA-2Na 2M ZnSO, 5 2.5 1250 - 15
Cex(S04); 1 M ZnSO,4 1 1 200 30 um 16
1,4-Dioxane 1 M ZnSO, 5 2.5 1500 100 um 17
M
B-CD 5 5 875 100 pm 18
ZH(C104)2
1 1 600 80 um 19
La(NO;); 2m ZHSO4
10 5.93 160 80%/13 pm 19
B-CD 2 M ZnSOy4 4 2 3400 50 um 20
a-CD 3 M ZnSO4 5 5 500 30%/25um 21
Silk fibroin 1 M ZnSO,4 10 5 2500 150 pm 22
Sorbitol 1 M ZnSO, 5 5 1200 100 pm 23
Cysteine 2 M ZnSO, 5 5 1550 50 um 24
Silk peptide 2 M ZnSOy4 1 1 1500 100 um 25
Maltose 2 M ZnSOy4 1 0.5 600 100 pm 26
Graphene
2 M ZnSOy4 1 1 250 - 27
quantum dot
a-CD 2 M ZnSO, 5 5 3000 8.7%/100 pm This work
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Table S3. Resistance values deduced from the fitting of EIS curves in Figure S25.

Electrolytes R, R;,/Q R./Q
ZnSQOy 0.69 188.40 471.00
2M ZnSO, + 10 mM o-CD 093 163.30 589.50
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