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Experimental Section

Reagents and Materials

Zinc trifluoromethanesulfonate (Zn(OTf)2, 98%) was purchased from the Shanghai
Macklin Biochemical Co. Dimethylformamide (DMF, 99.5%), fluorinated 2,2,2-
trifluoro-N, N-dimethylacetamide (DMTFA, 95.0%), sodium hydroxide (NaOH, 96%),
and vanadium pentoxide (V20s, 96%) were purchased from the Aladdin Biochemical
Technology Co. All chemicals were directly used without further purification. The
deionized water was purified on a MilliQ device from Millipore (18 MQ cm 2 at 25°C).
Glass fiber separator (Whatman, 47 mm) was provided by Shanghai Huanao

Technology Ltd.

Preparation of Electrolytes and Electrode

Electrolyte preparation. The modified electrolyte was prepared by dissolving 1.2 M
Zn(OTYf), into H,O: DMF: DMTFA with a molar ratio of 1:1:1 (labeled ternary
electrolyte). The Zn(OTf),~DMF—-H>O electrolyte (labeled binary electrolyte) was
prepared by dissolving 1.2 M Zn(OTfY), into H>O: DMF with a molar ratio of 1:1. The
Zn(OTf),—H>O0 electrolyte (labeled baseline electrolyte) was prepared by dissolving 1.2
M Zn(OTY), into deionized water. The electrolytes were stirred for 48 hours at room
temperature before use.

NaV30s (NVO) electrode fabrications. 0.400 g NaOH and 1.819 g V205 were mixed
and dissolved in 40 ml deionized water (H2O) under stirring for 0.5 h. Then the mixture
solution was transferred into a polytetrafluoroethylene reactor and maintained at 200°C
for 48 h. The obtained precursor was washed with (H20) and ethanol, then dried at 80°C
for 12 h in a vacuum oven. Finally, NVO nanorods were fabricated and calcined at 300°C
for 2 h in a muffle furnace (Fig. S33). To prepare the NVO cathode electrode, the
obtained NVO was mixed with ketjenblack and PVDF in NMP with a mass ratio of
7:2:1, and casing the slurry on carbon cloth or Ti mesh. The electrodes were dried at
60°C for 24 h. The carbon cloth-based electrode was cut to get a 12 mm diameter disc,
and the NVO loading was ~3 mg cm 2. The Ti mesh-based electrode of 4 cm x 5 cm

was cut for assembling a pouch cell and the NVO loading was ~11.5 mg cm 2.
2
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Characterizations

The chemical structures of the solvents and electrolytes were characterized by NMR
(400 MHz, Bruker Ascend400), FTIR spectra, and Raman spectroscopy (532 nm,
Horiba LabRAM HR800). For the 'H NMR test, D,O was used as the internal standard.
The ionic conductivities of electrolytes were measured by an ionic conductivity meter
(Leici, DDSJ-319L). The surface morphology of cycled Zn anode was viewed using
SEM (Hitachi SU4800), and TEM (Tecnai F30 TEM) with a Gatan Continuum EELS
spectrometer. The SEI layer components were investigated by TOF-SIMS analysis
using a TRIFT V nanoToF II equipped with a 30 kV Au-LMIG. In-situ observations of
Zn deposition behaviors were detected on optical microscopy (6XB-PC, Optical
Instrument Factory). The chemical bonding environments were probed by XPS via a
PHI 5000 Versa Probe II spectrometer. XRD analysis was carried out by a Rigaku
Miniflex600 diffractometer equipped with Cu Ka radiation. Young's modulus and
hardness of the formed SEI on the Zn surface were measured by a nanoindentation test
(Nano indenter G200, USA) with a laser scanning confocal microscope and AFM
(Bruker, Dimension icon) with the quantitative nanomechanics mode. SECM

measurements were performed using a three-electrode system on BioLogic M470.

Density functional theory (DFT) calculations

The DFT calculations were carried out in the Gaussian 16 package' with Becke’s
three-parameter hybrid method using the Lee—Yang—Parr (B3LYP)? correlation
functional at 6-31G(d, p) level’. Besides, the DFT-D3 (Becke-Johnson) method was
taken into account for the effect of the van der Waals interactions of these calculations®
3. After optimization and single-point calculations, the visualizations of the LUMO and

HOMO results were using the Multiwfn® and VMD’ software.

Molecular dynamics (MD) simulations

The MD simulations for the electrolyte systems were performed using the
GROMACS 2022.4 simulation package.® An all-atom optimized potential for liquid
simulations (OPLS-AA) force field was employed.” The OPLS-AA force field with a

scaling factor of 0.8 was utilized for the anion OTf", based on previous work.'® The
3
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OPLS-AA force field parameters of the molecules H O, DMF, and DMTFA were
established by the Ligpargen web server.!!"!* The molecules Zn(OTf),, HO, DMF, and
DMTFA were optimized by the B3LYP/6-31g(d, p) level of the Gaussian 16 package,
with the inclusion of the DFT-D3 (Becke-Johnson) method to account for the effect of
the van der Waals interactions before simulations. The atomic charge distributions of
these molecules were obtained using the restrained electrostatic potential 2 (RESP2)
charge calculation through Gaussian and Multiwfn software to obtain more accurate
charges. The initial periodic models were built by using the PACKMOL package and
the simulation boxes were set to 3 nmx3 nmx3 nm.'* The MD simulation procedure
consisted of five steps: two-step energy minimization, two-step pre-equilibration, and
a production simulation step. The energy minimization process involved a 20000-step
steep descent method followed by a 20000-step conjugate gradient method.
Subsequently, the system was pre-equilibrated in the constant-temperature, constant-
volume (NVT) ensemble with V-rescale coupling at 298.15 K for 100ps, followed by
the constant-temperature, constant-pressure ensemble (NPT) with V-rescale
coupling/Berendsen barostat at ambient pressure and temperature (1.01325 bar,
298.15K) for 2 ns. For production simulation, an NPT ensemble with V-rescale
coupling and Berendsen barostat at ambient pressure and temperature (1.01325 bar,
298.15K) for 20 ns. A time step of 2 fs and the Particle-Mesh—Ewald (PME) method
was employed for all simulations.'® The results of the final production simulation used
radial distribution function (RDF) and coordination structure counting methods, and the
visualizations of the MD simulations were carried out using the VESTA and VMD

software.

Electrochemical measurements

Zn foil (100 um, 99.9%) was polished with abrasive paper and cleaned with ethanol
to remove the passivation layer. Zn foil was cut into a disc (¢ = 12 mm) to be applied
as an anode. Cu foil (10 pm, 99.99%) and Ti foil (10 um, 99.99%) were cut into a disc
(6 = 16 mm) to be applied as a cathode for Zn||Cu and Zn||Ti cells. All the testing

CR2032 coin cells were assembled in an open-air environment by using a glass fiber

4
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separator with 120 pl electrolytes and tested on a battery test system (Neware). The
Zn||Cu and Zn||Ti cells were assembled to measure CE, and the Zn||Zn cells were used
to assess the reversibility of Zn plating/ stripping. The Zn|[NVO full pouch cell (4 cm
x5 cm) was configured to evaluate the energy and power density using Zn foil (50 um
thickness) and thick NVO electrode (loading of ~11.5 mg c¢cm?) by adding 4 ml
electrolyte (Fig. 7e, insert). The GCD cycles were performed in a potential range of
0.2~1.6 V (Zn**/Zn). EIS measurements were conducted on a VSP-3e Potentiostat
electrochemical workstation (BioLogic) with frequencies ranging from 100 kHz to 50
mHz. CV tests were also investigated on electrochemical workstations with various
scan rates. The nucleation overpotential of Zn was operated on the electrochemical
workstation with a three-electrode system (Ag/AgCl as reference electrode, Zn foil as
working and counter electrode). To evaluate the oxidation-reduction potential with LSV,
a three-electrode system (Ag/AgCl as reference electrode, Ti foil as working electrode,

! at the voltage range of

and Pt as counter electrode) with the sweeping rate at | mV s~
-1.0~2.8 V. The transference number is calculated by a current-time curve under
potentiostatic polarization at 5 mV for 5000 seconds. The Tafel curves were conducted
on a three-electrode system with Ag/AgCl as a reference, Pt foil as the counter electrode,

and Zn foil as the working electrode.
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Fig. S1 The solubility of 1.2 M Zn(OTf), in DMTFA, DMF, and H>O solution. (a) 1.2
M Zn(OTf), was completely dissolved into H>O, which was labeled as the baseline
electrolyte. (b) 1.2 M Zn(OTf), was completely dissolved into H>O:DMF with molar
ratio of 1:1, which was labeled as the binary electrolyte. (¢) 1.2 M Zn(OTf), was
completely dissolved into H;O: DMF: DMTFA with the molar ratio of 1:1:1, which was
labeled as the ternary electrolyte. (d, e) 1.2 M Zn(OTf), was completely dissolved into
DMTFA or DMF, respectively. As a sharp contrast, Zn(OTf), was only slightly
dissolved in DMTFA. (f) 1.2 M Zn(OTf), was dissolved into the mixed solution of H>O:
DMTFA with a molar ratio of 1:1, which was labeled as the DMTFA-based electrolyte.

The design principles based on the aqueous electrolyte for AZIBs:

First, the functional solvent has the characteristics of low cost, low flammability,
low lowest unoccupied molecular orbital (LUMO) energy levels, and high voltage
potential; Second, the electrolyte components can be mixed into a homogeneous
solution or can be mixed after treatment but cannot react with each other, that is, the
functional components can exist stably in water; Second, for the hydrogen evolution
reaction (HER) in aqueous zinc-ion batteries, the functional solvent of electrolyte
should contain the lone pair electrons to provide hydrogen bond (H-bond) acceptance
sites to form the intermolecular H-bonds, thus reducing the activity of the free water;
Finally, the optimal chemical solvent should be capable of constructing a dense and
complete SEI layer on the electrode by decomposing preferentially to form a kinetic
barrier of HER.

According to the above requirements for functional solvents, the solvents that meet
the conditions are the strong electron-withdrawing amide O=C-N group from amides

and sulfonyl O=S=0 group from sulfones.
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Fig. S2 Zn**- solvation structure of the binary electrolyte. (a) 3D snapshots of the MD
simulation of the binary electrolyte. (b) RDFs and corresponding coordination numbers
for Zn**-0 (H20), Zn**-O (OTf), and Zn*"-O (DMF) of the binary electrolyte. Insets
present the Zn?" ions coordination structure in the binary electrolyte. (c) Schematic
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illustrations of Zn?*-solvated structure for the binary electrolyte.
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Fig. S3 Raman spectra of pure Zn(OTf) salt, pure H>O solvent, pure DMF solvent,
pure DMTFA solvent, the baseline electrolyte, binary electrolyte, and ternary
electrolyte.
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DMTFA solvent, the baseline electrolyte, binary electrolyte, and ternary electrolyte.

The right figure is enlarged portions of 1500~1800 cm™!.
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Fig. S5 Digital images of flammability tests of pure DMF, pure DMTFA, and the ternary
electrolyte.

During the combustion test, the glass fibers absorbing pure DMF and pure DMTFA
solvents can be ignited immediately, while the glass fibers absorbing various

electrolytes exhibit non-flammability (Movie S1).
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Fig. S6 Photos of the contact angles of the baseline electrolyte, binary electrolyte, and
ternary electrolyte on the Zn anode and NaV3Ogs cathode surfaces.

Before tests, the Zn anode surfaces were polished with abrasive paper and cleaned
with ethanol to remove the passivation layer. NaV3Og cathode electrode was prepared
by mixing NaV30g powder, ketjenblack, and PVDF in NMP with a mass ratio of 7:2:1,

then the slurry was coated on Ti foil. The droplet size is 4 pl.
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binary electrolyte, and (¢) ternary electrolyte in Zn||Zn symmetric cells.

The chronoamperometry and EIS test was carried out. The equation was used to

calculate the Zn?" transference number (fz:>"):

where AV is the applied voltage across the cell of 5 mV, and the /o, Is, Ro, and Rs are

the initial current, steady-state current, initial impedance, and steady-state impedance

I;(AV — I4Ro)

Iy

tznz+ =

of the measured cells, respectively.

4V — I,Ry)

12
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(a) "H NMR spectra of pure D,O and the binary electrolyte. (b) The ion conductivity
and (c) LSV curve of the binary electrolyte at 25°C.
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Fig. S9 The high-resolution TEM image of the SEI obtained from the yellow rectangle
of the inset. The inset shows the low-magnification TEM image of the deposited Zn on
the Cu mesh at 1 mA cm? for 1 h in the ternary electrolyte. The SEI layer was
homogeneous and integrity.
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Fig. S10 The high-resolution TEM image of the SEI and the periodicity of the
representative  Moire fringes corresponding to the crystals. Inserts show the
corresponding fast Fourier-transform (FFT) patterns.

The SEI was obtained from the deposited Zn on the Cu mesh at 1 mA ¢m 2 for 1
h by using the ternary electrolyte. Significantly, the existence of crystalline ZnO, ZnS,
ZnS0s3, ZnF2, and Zn3N; are exhibited, which have been marked with different colors
at the corresponding positions. These crystalline structures are classified according to

the corresponding lattices and the FFT patterns, such as ZnO (111), ZnS (111), etc.
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Fig. S11 The high-resolution TEM image of the deposited Zn and the corresponding
EELS elements maps of N, F, Zn, C, and O elements.

The N and F elements mainly exist inside the SEI layer and the Zn, O, and C
continuously distribute throughout the SEI, especially the carbon element. This result
demonstrates that the components of the SEI on the Zn surface in the ternary electrolyte
show an outside organic and inside gradient-inorganic distribution, indicating the
complete decomposition of OTf, DMF, and DMTFA. On the one hand, the inorganic
zinc salts-rich species with high interphase energy and low adhesion are mainly
distributed on the interlayer of the SEI, which contributes to promoting the uniform
spherical deposition of zinc below it. On the other hand, organic-rich components of
the outside layer show excellent structural integrity to block the direct contact of water
and ZMA for inhibiting the severe corrosion of electrolytes and accommodating the

volume change during the Zn plating/striping.
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Fig. S12 C 15,0 1s, S 2p, N 1s, F 1s, and Zn 2p XPS spectra of the plated Zn topmost
surface after 10 cycles in the baseline electrolyte.

Generally, the C-element from the organic components of the SEI layer is
characterized. However, the peaks related to the C element are relatively weak for the
formed SEI in the baseline electrolyte, indicating the lack of a stable organic SEI layer.
Moreover, the CF3SO3™ stemming from Zn(OTfY), is hardly decomposed, that is, there
is only a tiny amount of —CF; in F 1s, suggesting the stability of the OTf™ in the baseline
electrolyte during Zn plating/stripping process. Anyway, the Zn anode surface lacks the

stable SEI layer in the baseline electrolyte.
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Fig. S13 C 15, O 1s, S 2p, N 1s, F 1s, and Zn 2p XPS spectra of the plated Zn topmost
surface after 10 cycles in the binary electrolyte.

The Zn anode surface presents the SEI layer, which consists of organic and
inorganic components stemming from the decomposition of DMF and OTf . This result
illustrates that the addition of low-LUMO DMF contributes to modulating the Zn>"

inner solvation-sheath structure to reduce the coordination number of Zn*" and H>O.
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Fig. S14 The corresponding SECM images of the Zn anode after 10 cycles: (a) the

baseline electrolyte and (b) the binary electrolyte. (c) Schematic work principle of the
SECM technology.

The test principle of SCEM technology:

When the probe (i.e., an ultramicrodisk electrode, UMDE) and the substrate are
simultaneously immersed in a solution containing the electroactive substance (labeled
as 0), a potential (£¢) is applied to the probe to make O undergo a reduction reaction.
When the probe is close to the conductive substrate, its potential is controlled at
oxidation potential, and the substrate products can diffuse back to the probe surface to
increase the probe current. The closer the probe is to the substrate sample, the greater
the current (Fig. S14c). This process is called “positive feedback”. When the substrate
has an insulating surface, the current is an opposite trend, which is a “negative feedback”
process. Usually, SECM is operated by a current method. When the distance between
the probe and the substrate is fixed, the current change on the probe will provide the

morphology and corresponding electrochemical information of the substrate.
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Fig. S15 The optical micrographs of the Zn electrodes before and after the
nanoindentation testing: (a) the baseline electrolyte, (b) the ternary electrolyte, and (c)
the binary electrolyte.

The Zn surface using the ternary electrolyte has a better ability to maintain
structure integrity compared to the baseline electrolyte. For the Zn electrode in the
binary electrolyte, the micrographs exhibit a slight change before and after the

nanoindentation testing, indicating the less dense Zn>* deposit.
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Fig. S16 Mechanical modulus distribution and 3D topographical AFM image of the
outside surficial SEI: (a) the baseline electrolyte and (b) the binary electrolyte.
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Fig. S17 The LCSM micrographs and the corresponding 3D reconstruction images of
the Zn anode after Zn deposition for 30 min in (a) the baseline electrolyte and (b) the
ternary electrolyte (Movie S2 and Movie S3).
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Fig. S18 Zn deposition behavior in the binary electrolyte. (a) In-situ optical
visualization observations of the Zn deposition process in the binary electrolyte. (b) The
LCSM micrographs and the corresponding 3D reconstruction images of the Zn anode
after Zn deposition for 30, 60, and 100 min in the binary electrolyte.
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Fig. S19 SEM image of the Zn anodes after Zn deposition for 20 mAh cm?2: (a) the
baseline electrolyte and (b) the ternary electrolyte. (c) SEM image of the Zn anodes
after Zn deposition for 20 mAh cm? in the binary electrolyte.

The Zn deposition exhibits mossy and textureless in the baseline electrolyte, while
a compact and spherical particle deposition is presented in hybrid electrolytes,
especially the ternary electrolyte. This phenomenon is associated with the gradient

rigid-soft coupling SEI layer.
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Fig. S20 XRD patterns of Zn anode in various electrolytes after Zn deposition for 20

mAh cm 2.
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Fig. S21 The TEM image of the deposited Zn in the ternary electrolyte, where the Zn
bulk area in the green rectangle is further magnified to analyze the morphology.

Specifically, the Zn metal grows along the (101), (100), and (002) planes.
Moreover, the ZnO components with (111) and (002) planes also are found, which may

be caused by air oxidation.
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system. Voltage profiles during Zn?" plating at (b) 1 mA cm 2, 1 mAh cm?, (c) 2 mA
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Fig. S23 Zn deposition behavior in the binary electrolyte. (a) Chronoamperometry of
Zn metal at a —150 mV overpotential in the binary electrolyte. (b) Nucleation
overpotential analysis of the Zn deposition in a three-electrode system using the binary
electrolyte. (c) Tafel polarization curve in the binary electrolyte.
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Fig. S24 CV curves of Zn||Cu cells using different electrolytes at different scan rates of
0.5, 1.0, and 2.0 mV s !, (a) CV curves of Zn||Cu cell in three electrolytes at a scan rate
of 0.5 mV s . CV curves of Zn||Cu cell in (b) the baseline electrolyte, (c) the binary
electrolyte, and (d) the ternary electrolyte.

The CV curves are obtained by the cells after three cycles at every scan rate. The
CV curves of Zn||Cu cell in the ternary electrolyte at the same scan rate exhibit better
repeatability compared to the baseline electrolyte. The meaningful differences in CV
curves verify that the introduction of DMF and DMTFA can suppress side reactions and

promote the reversibility of Zn plating/stripping.
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Fig. S25 SEM images of Zn deposition on Cu foils at 5 mA cm 2, 5 mAh cm 2 in (a)
the baseline electrolyte, (b) the ternary electrolyte, and (c) the binary electrolyte. (d)
The Zn plating/stripping CE of the Zn||Cu cells in the binary electrolyte.

The morphology of Zn deposition with mossy and textureless is presented in the
baseline electrolyte, while the compact and spherical particle depositions are found in
the binary and ternary electrolytes. The compact Zn deposition with small particle size
in the ternary electrolyte processes a low surface area, which will be able to suppress
interfacial side reactions with the electrolyte, guaranteeing the high reversibility of the
Zn electrode. Moreover, the Zn||Cu cell with the binary electrolyte only works for 430

cycles.
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Fig. S26 The cycling performance of Zn plating/stripping in Zn||Cu coin cells at 5 mA
cm 2 and 1 mAh cm 2. (a) CE tests of Zn||Cu cells under various electrolytes. (b-d) The
corresponding voltage curves at the first, 10", and 100" cycles. (¢) CE tests of Zn||Cu
cell using the DMTFA-based electrolyte.

The Zn||Cu cell using the ternary electrolyte shows a long cyclic stability over
1290 cycles and always displays small overpotential. It may be because the small
spherical particles contribute to making the Zn deposition easier than the mossy Zn
deposition. Moreover, the cell exhibits a high average CE of ~ 99.8%. However, the CE
of the Zn||Cu cell using the DMTFA-based electrolyte presents obvious fluctuation due

to the sedimentation of the undissolved Zn(OTf) salt on the electrode surface.
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Fig. S27 Rate properties of Zn plating/stripping in Zn||Cu coin cells at various current
densities. (a) Rate and cyclic performance of Zn||Cu cells. Insert is further magnified to
analyze the rate performance at a Zn capacity of 1.0 mAh cm2. (b) The nucleation
overpotential (solid sphere) and growth overpotential (hollow sphere) of Zn under
different electrolytes.

With the increase of current density from 1 to 10 mA cm 2, the CE of Zn||Cu cell
with the ternary electrolyte remains relatively stable values. When the current density
was switched to 1 mA cm 2 for subsequent cycling, the CEs in the hybrid electrolyte

still presented insignificant variation, suggesting a benign current adaptivity.
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Fig. S28 The voltage curves of Zn||Cu cells at various current densities.



~N o o b~ w

(V)

)

-
(4)]
o

-

N

o
1

o
o
L

Zn||Ti cell

Coulombic efficiency (%
3

W
o

5mA cm?, 1 mAh cm?

Baseline electrolyte
Binary electrolyte
Ternary electrolyte

0 200

)

_
(o))
o

400 600 800 1000
Cycle number

-

N

o
L

©
o
L

[¢2]
o
1

Zn||Ti cell

20 mA cm?, 10 mAh cm™2

Baseline electrolyte
Binary electrolyte
Ternary electrolyte

Coulombic efficiency (%) O

W
o

50

o

100 150 200 250 300
Cycle number
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Fig. S30 The reversibility of Zn plating/stripping in Zn||Zn coin cells at different current
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Fig. S31 The EIS results of Zn||Zn coin cells at 5 mA ¢cm 2 and 5 mAh cm 2. (a) EIS
data of Zn||Zn cells under various electrolytes before cycling. (b) EIS data of Zn||Zn
cells under various electrolytes after S00™ cycles. (c) EIS date of Zn||Zn cells under
various electrolytes after long-term cycling.
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Fig. S35 CV curves of Zn||[NVO coin cells with three electrolytes at a scan rate of 0.5
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Fig. S36 EIS results of Zn||[NVO cell at various electrolytes. (a) EIS data of Zn|[NVO
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Fig. S38 XPS results of the NVO surface at 0.5 A g ! for 3 cycles under different
electrolytes. The C 1s, F 1s, O 1s, N 1s, and S 2p spectra of NVO surface cycles in
different electrolytes: (a) the baseline electrolyte, (b) the binary electrolyte, and (c) the
ternary electrolyte.

Compared with the CEI at the cathode surface in the baseline electrolyte, the CEI
layer formed in the ternary electrolyte exhibits a greatly increased signal of the C-H, C-
C, and C-F in C Is spectra, meanwhile, there are increased signals of the —CF3 and N-
Zn as well as —SO3* in F 1s, N 1s and S 2p spectra. This again confirms the fact that
DMF and DMTFA solvents participate in the Zn**-solvation structures and promote the
construction of the solid-state electrolyte interface, contributing to maintaining the

stability of electrodes, which provides high CE and highly stable cycling performances.
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Fig. S39 In-situ Raman spectra at different voltages during entire charging and
discharging states of Zn|[NVO cell with the ternary electrolyte. (a) The entire
charging/discharging curves at 0.5 A g !. (b) Raman spectra of the ternary electrolyte
at different voltages. (c) Raman spectra of the ternary electrolyte.

The DMF and DMTFA solvents present typical vibration bands at 665 and 1688
cm ! corresponding to O=C bending and 1112, 1421, and 2944 cm™! corresponding to
C-H stretch vibrations. The peak at 1029 cm ™' corresponds to the O=S=0 wagging
vibrations of OTf anions. The above-characteristic peak intensities increase during the
charging process (0.2~1.6 V) and decrease during the discharging process (1.6~0.2 V),
which indicates some physicochemical processes. Significantly, there are rarely
additional Raman peaks due to failure to alter the basic vibration mode during the

cycling.
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46



1 Table S1 Peak value and intensity ratio of /oo2 and /101 in different electrolytes with 10
2  mA cm ?and 10 mAh cm 2,

Baseline Binary Ternary
electrolyte electrolyte electrolyte
ooz 2060 3544 3823
Lio01 10976 10043 8172
Tooz2/Tho 0.1877 0.3529 0.4678
3
4
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Table S2 Schematic of a three-electrode system and fitting results of the corrosion

voltage and corrosion current density of the Zn in various electrolytes.

Zn foil Pt foil

N Ag/i\gm «

electrolyte

Electrolytes Ecorr (V vs. Ag/AgCl)  Icorr (MA cm 2) fa (mV) fc (mV)
Baseline electrolyte —0.935 1.070 100.3 120.8
Binary electrolyte —0.923 0.080 212.9 166.5
Ternary electrolyte —0.835 0.010 116.2 120.1
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2

Table S3 Comparison of previously-reported ZIBs used in Fig. 6g of the main text.

Current Area
. . Cycling
Styles Electrolytes density capacity time (h) Ref.
1me
(mAcm ?) (mAhcm?)
1 M ZnSO4+ 4 M ChCl 2 2 800 17
4M@CMC | IM
@ | IM] 10 1 2147 18
AM@CMC (ZnSOy)
2 M ZnSO4+ 50 mM 19
4 4 350
DOTF + H,0
Additive 2M ZnSO4+0.5g L}
ISt 8 10 10 550 20
electrolytes Sac
2 M ZnSO4+ 0.2 M Gly 4 2 600 2
2M Zn(OTH), + 7 mM
(OTi) 5 5 750 22
DEC
2 M ZnSO4+ 0.1 M MSG 20 20 122 23
0.5 M Zn(OTf), +
n(OT:, 3 3 750 24
TMP/NMF (v: v=1: 1)
Pure 2 M ZnSO4+ DX 10 10 1000 2
organic
electrolytes 4 M Zn(BF4), + EG 0.5 0.25 4000 26
1 M Zn(BF4), + TMP 5 2.5 4200 27
2.14 M Zn(OTf), +
n(OT:, 10 0.5 400 28
PC/H:0 (v: v=1: 1)
2 M Zn(OTf), +
n(OTo, 10 5 800 29
Organic/HzO DME/H,0O (VI v=4: 6)
hybrid 2 M ZnCL+SL/H0 20
electrolytes (v: v=25: 75) 24 24 110
0.2 M Zn(OTf),+ 1.6 M
NaOTF + DX/H,0 0.5 2 4800 31

(n: n=45.8: 44.2)
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1 M ZnSO4+ DMF/H;0 5

4 1 1000
(n: n=4:2)
2 M Zn(CF3S03)x+
DMF/H,0 0.5 0.5 2000 33
(n:n=3:7)
0.5 M ZnSO4+ DMF/H,O 24
3 1 1100
(v:v=T7:3)
2 M ZnSOs+ 1-DMA 3 3 1000 35
1 M Zn(OTf), +0.2 wt%
PAN + DMSO/H,0 5 1 1250 36
(v:v=1:1)
3 M Zn(CH3SO3), + 40
n(CH:S0s)2 5 5 300 37
wt% HBCD/60 wt% H,0
1 M Zn(OTF), +
DMAC/TMP/H,0O 5 5 1600 38
(v:v=5:2:3)
2 M Zn(OTF), + AN/H,0
n(OTE) 2 10 1 800 39
(v: v=85:15)
2 M Zn(OTHf), +
n(OTt) 10 10 780 40
HMPA/H,0 (v: v=1: 9)
2 M Zn(OTHf), +
n(OTH) 10 10 550 41
HMPA/H,0 (v: v=1: 4)
1.2 M Zn(OT), + 5 5 7300 .
1S
DMTFA/DMF/H,0O 20 20 4800 otk
(n:n:n=1:1:1)
20 25 2000
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Movie S1 Ignition tests of glass fiber separator saturated with (i) the baseline electrolyte,
(1) the binary electrolyte, and (iii) the ternary electrolyte.

Movie S2 Operando optical video of Zn anode observed in Zn||Zn transparent cell with
the baseline electrolyte.

Movie S3 Operando optical video of Zn anode observed in Zn||Zn transparent cell with
the ternary electrolyte.

Movie S4 The blue LED screen and fan powered by Zn|[Ternary electrolyte|[NVO
pouch cell.
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