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ABSTRACT: Zn metal is thermodynamically unstable in aqueous electrolytes, which
induces dendrite growth and ongoing parasitic reactions at the interface during the
plating process and even during shelf time, resulting in rapid battery failure and
hindering the practical application of aqueous Zn ion batteries. In this work, glycine, a
common multifunctional additive, is utilized to modulate the solvation shell structure
and enhance the interfacial stability to guard the reversibility and stability of the Zn
anode. Apart from partially replacing the original SO4

2− in the contact ion pair of
Zn2+[H2O]5·OSO3

2− complexes to suppress the formation of Zn4(OH)6SO4·xH2O
byproducts at the interface, glycine molecules can also form a water-poor electrical
double layer on the zinc metal surface during resting and be further reduced to build in
situ a ZnS-rich solid electrolyte interphase (SEI) layer during cycling, which further
suppresses side reactions and the random growth of Zn dendrites in the whole process.
As expected, the cycle life of the symmetrical cells reaches over 3200 h in glycine-
containing electrolytes. In addition, the Zn//NVO full cell shows exceptional cycling
stability for 3000 cycles at 5 A g−1. Given the low-cost superiority of glycine, the proposed strategy for interfacial chemistry
modulation shows considerable potential in promoting the commercialization progress of aqueous batteries.
KEYWORDS: glycine, solvation structure, solid electrolyte interphase chemistry, Zn metal anode, Zn ion batteries

1. INTRODUCTION
Among the promising candidates for large-scale energy storage
beyond Li ion batteries, aqueous Zn metal batteries (AZMBs)
have attracted widespread attention due to their inherently
high safety and low cost.1−5 Furthermore, a Zn anode also
provides a high specific capacity (820 mAh g−1, 5855 mAh
cm−3) and an appropriate electrochemical potential (−0.76 V
vs normal hydrogen electrode (NHE)).6−9 However, the
practical application of AZMBs still faces inevitable hurdles
because of the poor reversibility of the Zn anode caused by the
unstable electrolyte−anode interface.10−12 During battery
resting or operation, active water molecules will attack the
zinc metal and trigger parasitic side reactions, bringing on a
more uneven zinc surface that might lead to a decreased
plating/stripping reversibilty, the formation of zinc dendrites,
and serious battery deterioration.13−15

To improve the stability of the Zn anode, it is significantly
important to suppress the reactivity of water in the electrolyte
and increase the stability of the zinc anode interface.
Previously, some functional materials including montmorillon-
ite, nano-CaCO3, and P(VDF-TrFE) were reported as coatings

on a Zn anode to regulate uniform Zn2+ flux, thus suppressing
the dendrite growth.16−18 However, the traditional ex situ
artificial protective layers not only increase the interfacial
resistance and lower the diffusion kinetics of Zn2+ but are also
easily pulverized during continuous plating/stripping. In
contrast, in situ construction of protective layers on a Zn
anode has been demonstrated to be more efficient. For
example, Zhang et al. reported that the in situ formation of a
ZnTA (tannin acid)-derived anticorrosive layer can suppress
the parasitic reactions and improve the reversibility of Zn2+

plating/stripping.19 Similar anticorrosive films such as a phytic
acid film,20 cerium-based films, etc.21 have also been
investigated to possess comparable effectiveness. Regrettably,
such a protective-layer-based chemical transformation methods
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are prone to failure after long cycling, especially at high current
density, because of the poor physical interaction with the Zn
subtrate. Even though in our previous work we found that a
low-cost glutamate (Glu−) additive can well stabilize the zinc
anode by forming an organic SEI layer composed of Glu−

reduction products, the unsatisfactory Zn2+ diffusion ability
across the SEI layer is still a non-negligible threat because of
the lack of movable Zn2+ in the Glu−-decomposition-derived
simple SEI.22 Different from the additive’s decomposition-
derived SEI, manipulating interfacial chemistry to construct a
robust chemical-bonding-anchored SEI layer seems to be more
attractive. Together with regulating the Zn2+ solvation shell
structure, an active SEI with feasibly fast Zn2+ diffusion ability
can be further obtained.23,24 However, how to design a unique
species that can synergistically optimize the ion solvation shell
structure and interfacial reactions is still a mystery.

Herein, Gly is investigated as a low-cost electrolyte additive
for AZMBs. Combining experimental analysis, molecular
dynamics (MD) simulations, and DFT calculations, it is
demonstrated that Gly can not only regulate the surface
absorption environment of Zn anode but also modulate the
primary solvation shell of Zn2+, which can alleviate the
uncontrollable growth of dendrites and byproducts. Most
importantly, the Gly adsorbed on the zinc surface has a lower
LUMO level and undergoes a reduction reaction prior to Zn2+

to in situ construct a ZnS-rich SEI layer during cycling, which
has been definitively verified by XPS and TEM character-
ization. By separating Zn anodes from free water molecules,
this Gly-derived SEI protective layer could further stifle
unwanted side reactions and improve Zn reversibility. As
expected, the Zn∥Zn symmetrical cell and Zn∥NH4V4O10 full
cell using a Gly-containing electrolyte display cycling stability

(3200 h and 3000 cycles) superior to that in a bare ZnSO4
electrolyte. This strategy of in situ construction of an SEI via
the reduction of additives with low LUMO energy at the Zn
anode interface provides a promising direction for future
interfacial modulation in aqueous battery chemistry.

2. RESULTS AND DISCUSSION
Similar to its wide application in the electroplating process,
glycine (Gly), the smallest amino acid, can also be employed in
electrolytes because both carboxyl and amino functional
groups in the small molecules can chelate with metal ions,
thus manipulating the solvation shell structure of metal ion−
H2O complexes. As shown in the electrostatic potential
mapping of a Gly molecule (Figure 1a), it is obvious that
the amino and carbonyl groups in the Gly molecule have a
negative electrostatic potential, implying that electrostatic
attraction between Zn2+ and the Gly molecule can be
enhanced. As shown in Figure 1b, vivid MD simulations for
the Gly/ZnSO4 electrolyte were performed. A new solvation
shell structure of Zn2+ composed of five H2O and one Gly
molecule was observed in a uniformly distributed Gly/ZnSO4
system, which indicates that Gly will chelate with zinc ions and
break the primary solvation shell structure (PSS). Detailed
statistical results of radial distribution functions (RDFs) for
Zn−O from both H2O and Gly are exhibited in Figure 1c,d.
They clearly show that a characteristic peak emerged at around
0.2 nm in Zn2+−O (Gly), in line with the position of the
original H2O in Zn2+−O (H2O). The average coordination
numbers of Zn2+−O (H2O) and Zn2+−O (Gly) in the first-
hydration-layer Gly/ZnSO4 electrolytes are around 4.6 and
0.05, respectively. These suggest that Gly molecules can enter
the solvation shell structure and remain stable. To better

Figure 1. (a) Electrostatic potential mapping of a Gly molecule. MD simulations of Gly/ZnSO4 electrolyte: (b) 3D snapshot and (c, d)
corresponding g(r) and N(r) results. (e) Raman spectra for 2 M ZnSO4 without and with various concentrations of Gly. (f) Two Zn2+

solvation structures in Gly/ZnSO4 electrolyte. (g) FT-IR spectra and (h) 2H NMR spectra for 2 M ZnSO4 without and with various
concentrations of Gly.
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understand the interaction of Gly additives with various
constituents in the initial ZnSO4 electrolyte, Raman, FT-IR,
and nuclear magnetic resonance (NMR) were used. As
displayed in Figure 1e, a new peak that emerged near 490
cm−1 can be assigned to the chelation of Gly and a Zn ion
when the content of Gly increases to 1 M, which is in line with
MD simulation results. Furthermore, another peak that
emerged near 980 cm−1 can be assigned to the v-SO4

2−

band. Based on the classic Eigen−Tamm (ET) mechanism,
such strong peaks can be deconvoluted into two ion pairs of
the contact ion pair (CIP) and the solvent-separated ion pair
(SSIP) (Figure 1f), respectively.25−27 As the concentration of
Gly increases, the peak of the v-SO4

2− band shifts to a lower
frequency and the proportion of CIPs gradually decreases
compared to 24.9% in the ZnSO4 electrolyte, suggesting that
the Gly molecule can easily enter the CIP and replace one of
the original SO4

2− groups, which is beneficial to suppress the
formation of Zn4(OH)6SO4·xH2O byproducts.28

The weakening effect of Gly on the interaction between
Zn2+ and SO4

2− was further confirmed through FT-IR results
(Figure 1g). In addition to the characteristic vibration peaks
from Gly molecules (1332, 1415, 1450, and 1512 cm−1),29 a
blue shift of the stretching vibration of v-SO4

2− (1081.1 cm−1

for bare ZnSO4 electrolyte and 1084.6 cm−1 for 2 M ZnSO4 +
0.5 M Gly) appears after the introduction of Gly additives,
suggesting the electrostatic coupling between Zn2+ and SO4

2−

has been broken, which further demonstrates that a CIP
solvation structure has been suppressed.30 Furthermore,
another obvious broad peak appearing at 3000−3700 cm−1

can be attributed to the OH-stretching vibration of water. It
can be further deconvoluted into three components of strong
H-bonds (∼3230 cm−1), weak H-bonds (∼3450 cm−1), and
non H-bonds (∼3620 cm−1).31 For the bare ZnSO4 electrolyte,

the strong H-bonds account for the highest proportion in the
H-bond environment. However, the intensity of strong H-
bond decreases more quicly than that of other H-bonds upon
thean increase in concentration of Gly, implying that the
proportion of strong H-bonds is reduced and the water activity
is suppressed.32 More solid evidence can be found in the NMR
spectra (Figure 1h), which exhibits that the 2H peak shifts to
4.731 ppm compared to 4.702 ppm for bare D2O after the
introduction of ZnSO4, which should be ascribed to a decrease
of free water molecules due to the strong coordination between
Zn2+ and D2O. Such a peak further shifts to 4.733 ppm after
the subsequent introduction of Gly (0.5 M), implying free
water molecules are further decreased. This once again proves
that Gly interacted strongly with H2O and the hydrogen bond
networks among H2O molecules were restructured, which
further certified the suppressed hydrogen evolution reac-
tion.28,32

To understand the working mechanism of the Gly additives
at the Zn anode interface, ab initio DFT calculations and
surface chemistry and micromorphological experiments were
performed. Figure 2a displays the absorption energies of Gly
and H2O at various possible positions on a Zn (002) facet.
Due to the strong interaction induced by more charge transfer
between the carboxyl group of Gly and the bare Zn atoms
(Figure 2b), the adsorption energy of Gly with parallel
absorption on the Zn (Zn-Gly-P, −0.658 eV) is lower than that
of Gly with vertical absorption on the Zn (Zn-Gly-V, −0.391
eV) and Zn−H2O (−0.274 eV), implying that the electrical
double layer (EDL) structure of the Zn surface is mainly
composed of Zn-Gly-P.33 Constrained by current computing
resources, the adsorption energy results are obtained from an
ideal and general simulation method to verify that the
introduction of Gly will preferentially adsorb on the zinc

Figure 2. (a) Absorption energy comparison of H2O and Gly molecules on a Zn (002) surface and corresponding absorption models. (b)
Charge density difference of the Zn (002) surface with Gly molecules and H2O adsorption. SEM images of the Zn soaked in (c) ZnSO4 and
(d) Gly/ZnSO4 for 5 days. (e) XRD patterns of the Zn soaked in ZnSO4 and Gly/ZnSO4 for 5 days. High-resolution XPS depth spectra of Zn
anode soaked in Gly: (f) C 1s, (g) N 1s, and (h) O 1s.
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surface and inhibit side reactions, without consideration of the
effects of salt and solvent in the actual situation. Control
experiments of soaking an Zn anode in ZnSO4 electrolyte with
or without Gly were further performed to examine the practical
impact of the EDL structure on the Zn surface. Compared with
bare ZnSO4 electrolyte, the surface of Zn metal soaked in Gly/
ZnSO4 electrolyte for 5 days is more uniform and smooth, and
no obvious byproducts can be observed (Figure 2c,d),
suggesting that the absorbed Gly layer can effectively block
the side reactions of Zn in ZnSO4 electrolyte, as confirmed by
XRD (Figure 2e and Figure S4). Afterward, X-ray photo-
electron spectroscopy (XPS) was applied to investigate the
binding structure between absorbed Gly and the Zn anode
(Figure S5 and Figure 2f,g). For the pure Gly, due to the
zwitterionic structure of Gly in the solid state, characteristic
peaks of protonated amino groups (NH3

+) and deprotonated
carboxyl groups (COO−) can be observed from N 1s and O 1s
spectra (Figure S6).34 For the Zn metal after being soaked in
Gly/ZnSO4, apparent peaks of C−N and strong amino groups
appear in C 1s (Figure 2f) and N 1s spectra (Figure 2g).
Additionally, compared to the peak of carboxyl groups of Gly
in O 1s spectra, the peak of COO-Zn becomes broadened and
shifts to lower binding energy (Figure 2h), indicating that Gly
chemically absorbs on the Zn surface instead of weakly
physically absorbs. Such a strong chemical adsorption
introduces a water-poor EDL, which can effectively inhibit

the competitive adsorption of H2O and its subsequent induced
side reactions.33

As it was demonstrated above that Gly has a lower
adsorption energy and can more easily form an EDL at the
electrode−electrolyte interface, how the EDL evolves during
the Zn plating process is still the main concern, especially in
light of its effects on the diffusion kinetics of Zn2+ and the
thermodynamic stability of the Zn anode. Figure 3a shows CV
curves of Gly/Na2SO4 and Na2SO4 electrolytes. The reduction
current density in the Gly/Na2SO4 electrolyte started to rise in
comparison to that in the control electrolyte at −0.95 V (vs
Ag/AgCl), which is prior to the standard potential of Zn
deposition (−0.984 V vs Ag/AgCl), and doubled at −1.20 V
(vs Ag/AgCl). In contrast, little change in the oxidation
current density can be observed, indicating that Gly will be
reduced preferentially to Zn2+ on the Zn anode surface to form
a stable SEI layer. Besides, this proves that Gly exhibits a
higher highest occupied molecular orbital (HOMO) and lower
lowest unoccupied molecular orbital (LUMO) than those of
H2O (−8.918 vs −10.938 eV, 0.213 vs 1.764 eV) (Figure 3b),
implying that Gly can easily obtain electrons and will be
reduced to the SEI ahead of H2O, thus suppressing the side
reaction on the Zn surface and therefore producing fewer
byproducts. To accurately prove the reliable formation of the
SEI by the reduction of absorbed Gly, we did not use the
traditional focused ion beam (FIB) process to prepare

Figure 3. (a) CV curves of Na2SO4 and Gly/Na2SO4 electrolyte at 10 mV s−1. (b) HOMO−LUMO energy levels of Gly and water molecules.
(c) Comparison of HER performance in ZnSO4 and Gly/ZnSO4 electrolyte systems. (d) Schematic diagram of plated Zn on a copper grid
using Gly/ZnSO4 electrolyte at 4 mA cm−2 to prepare a TEM sample. (e) TEM image and (f) HAADF image and corresponding elemental
mapping of the sample. High-resolution XPS depth spectra of Zn anode cycled in Gly/ZnSO4 electrolyte for 20 cycles: (g) C 1s, (h) O 1s, (i)
S 2p, and (j) N 1s.
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transmission electron microscopy (TEM) samples from Zn
metal anode because of the destruction from ion beam
bombardment. Instead, we directly deposited Zn on a blank
TEM copper grid using the Gly/ZnSO4 electrolyte by the same
process as in our electrochemical testing to obtain better
accuracy, and carried out a TEM characterization (Figure 3d).
As shown in Figure 3e, clear lattice fringes corresponding to
the (002) lattice plane of Zn are observed in the TEM image,
indicating that Zn particles have been successfully deposited
on the copper grid. Impressively, ultrathin amorphous layers
are observed on the outer layer of the Zn particles from the
high-angle annular dark-field (HAADF) image (Figure 3f). In
the energy dispersive X-ray spectroscopy (EDS) mapping, it
can be observed that the Zn element is mainly concentrated in
the center of the particle (in the white dotted line) and a trace
is also distributed evenly on the particle’s outer layer (between
the white dotted line and the yellow dotted line), while N, C,
O, S elements are uniformly dispersed on the whole particle
surface (in the orange dotted line), indicating that such an
ultrathin amorphous SEI layer is composed of zinc salts and in
situ Gly reduction products during the zinc plating process
(Figure 3f). Moreover, XPS spectra were measured to analyze
the possible composition of the in situ formed SEI. The
intensities of C−N and C�O peaks obviously tended to
stabilize after an increase in the sputtering depth (Figure
3g,h,j). Besides, the characteristic peak of amine (at 399.7 eV)
can be observed stably at different depths of N 1s XPS spectra
(Figure 3j), indicating that Gly or its derivatives are
homogeneously present in the SEI layer. Furthermore, the
signal of sulfate can also be observed in the O 1s spectra
(Figure 3h), which may be attributed to the precipitation of
zinc salts in the electrolyte.14 More interestingly, the high-
resolution S 2p spectra not only confirm the existence of SO4

2−

(169.0 eV, 77.2%) but also imply the existence of ZnS species
(162.1 eV, 22.8%) (Figure 3i).33,35 Simultaneously, with an
increase in the sputtering depth, the SO4

2− content decreased
to 50.9%, the ZnS species content increased to 43.3%, and

minor SO3
2− species (167.5 eV, 5.8%) appeared, suggesting the

formation of a ZnS-rich solid electrolyte interphase, which is in
line with the EDS results.33 For Zn metal deposited in bare
ZnSO4 electrolyte, only the characteristic peak of SO4

2− is
observed in the S 2p spectra (Figure S8b), indicating that the
SO3

2− and ZnS components may originate from the reduction
of SO4

2− by H2 generated from the electrochemical reaction
between Gly and Zn during the initial cycles.35 According to
previous reports, ZnS plays an important role in improving the
stability and reversibility of Zn anodes.36,37

To fully understand the positive effect of the in situ
constructed SEI on stabilizing the Zn anode and regulating the
deposition behavior, the structure and morphology of the
deposited Zn and the electrochemical properties of both
ZnSO4 and Gly/ZnSO4 electrolytes were further investigated.
As shown in Figure 3c and Figure S9, the Zn anode in Gly/
ZnSO4 electrolyte possesses a lower corrosion current density
(from 0.56 to 0.1 mA cm−2) and a broader HER potential
(from −1.096 to −1.146 V) than that in ZnSO4 electrolyte,
which is in line with adsorption energy results. This indicates
that the corrosion and HER reactions have been effectively
suppressed by the in situ SEI in Gly/ZnSO4 electrolyte. Figure
S10 shows the chronoamperometry curves of the Zn tested in
the three-electrode system using ZnSO4 and Gly/ZnSO4
electrolytes at an overpotential of −150 mV (vs Ag/AgCl).
During the whole plating process up to 500 s, the current
response at the Zn anode in Gly/ZnSO4 electrolyte quickly
reaches the equilibrium state and eventually maintains a
smaller constant value than that in ZnSO4 electrolyte. This
implies that the in situ SEI layer effectively restricts the
intractable two-dimensional diffusion of Zn2+ during the
plating process, thus promoting the uniformity of plated Zn
and suppressing Zn dendrite growth. In addition, the Zn2+

diffusion kinetic behavior in the SEI layer was also evaluated by
the activation energies of Zn∥Zn symmetrical batteries after 20
cycles (Figure S11). It is evident that the Zn anode in Gly-
containing electrolyte possesses a lower active energy (29.4 kJ

Figure 4. (a) Voltage−time curves of Zn∥Zn symmetrical cells using ZnSO4 electrolyte with various concentrations of Gly at 10 mA cm−2

and 10 mAh cm−2. (b) Rate capability of Zn∥Zn symmetrical cells using different electrolytes. Voltage−time curves of a Zn∥Zn symmetrical
cell using Gly/ZnSO4 electrolyte at (c) 1 mA cm−2 and 1 mAh cm−2 and(d) 20 mA cm−2 and 20 mAh cm−2. (e) Coulombic efficiency of
Zn∥Cu cells using different electrolytes at 2 mA cm−2 and 2 mAh cm−2 and corresponding voltage profiles at various cycles in (f) Gly/ZnSO4
and (g) ZnSO4 electrolyte.
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mol−1) compared to that in the blank electrolyte (36.8 kJ
mol−1), indicating fast desolvation of Zn2+ can be achieved
after the in situ construction of a Gly-derived SEI on the Zn
surface.38,39 Moreover, it is worth noting that Zn anodes using
Gly/ZnSO4 electrolyte show a flatter and denser deposited
layer and no byproducts appear compared to those using blank
electrolyte after cycling (Figures S12 and S13).

To further investigate the effect of Gly additive on the
stability and reversibility of the zinc ion battery, Zn∥Zn
symmetrical cells and Zn∥Cu asymmetrical cells were
assembled and tested after obtaining the optimized Gly
concentration of 0.5 M (Figure 4a). As displayed in Figure
4a, the symmetrical cell using Gly/ZnSO4 electrolyte delivered
stable cycling for 460 h corresponding to a cumulative plated
capacity of 2.37 Ah cm−2 and a low overpotential at 10 mA
cm−2 and 10 mAh cm−2, while the symmetrical cell using blank
electrolyte quickly short-circuited after only 48 h of cycling. As
shown in Figure 4b, symmetrical cells quickly show a voltage
dip and a short circuit in the bare ZnSO4 electrolyte. In
contrast, the symmetrical batteries using Gly/ZnSO4 electro-
lyte show a stable and flat voltage profile and a small voltage
hysteresis even at various current densities. Such excellent
stability can be mainly attributed to the improved Zn2+

transport kinetics by the Gly-derived SEI. Long cycling testing
of the Zn∥Zn symmetrical batteries was further applied to
investigate the ability to inhibit dendrite formation/growth
under competitive test conditions. Compared to the blank
electrolyte, the symmetrical batteries using Gly/ZnSO4
electrolyte exhibit better cycling stability. More attractively,
symmetrical batteries using Gly/ZnSO4 electrolyte displayed a
superlong cycle life of 3200 h at 1 mA cm−2 and 1 mAh cm−2.
Even at 20 mA cm−2 and 20 mAh cm−2, the symmetrical cell is
stably cycled for 80 h with a low voltage hysteresis (<0.2 V),
which is much better than those in most previous
works28,38,40−45 (Figure 4c,d). Subsequently, the Zn reversi-
bility behavior was investigated in Zn∥Cu asymmetrical cells at
2 mA cm−2 and 2 mAh cm−2 (Figure 4e−g). The asymmetrical
cell using Gly/ZnSO4 electrolyte shows a higher initial
Coulombic efficiency (ICE) of 95.29% and can run for over
650 cycles with a high average CE (ACE) of 99.68%, much

higher than that in the blank electrolyte (ACE of 99.2% for 90
cycles). Excitingly, even under the condition of 5 mA cm−2 and
5 mAh cm−2 (beyond practical conditions of 4 mA cm−2 and 4
mAh cm−2), the asymmetrical cell still exhibits an ultrahigh
ICE of 96.71% and ACE of 99.7% over 110 cycles (Figure
S14), indicating that the cycling stability and reversibility of the
batteries were both improved after in situ construction of the
Gly-derived SEI. To verify whether the Gly additive possesses a
similar effect in electrolytes with other Zn salts, symmetrical
cells using Zn(CF3SO3)2 electrolyte with or without Gly
additive were explored. As shown in Figure S15, the
symmetrical cells using Gly/Zn(CF3SO3)2 electrolyte exhibit
better cycling stability than that in bare Zn(CF3SO3)2
electrolyte, indicating that the Gly additive has a similar effect
in aqueous electrolytes containing different Zn salts.

Subsequently, Zn-based full cells based on ammonium
vanadium oxide (NH4V4O10, NVO) cathodes were performed
to explore the practical application potential of the Gly-
modified electrolyte. During the initial cycles, the capacities of
full cells using ZnSO4 without and with Gly show a similar
transitory increasing behavior due to the activation process of
NVO at 5 A g−1 (Figure 5a). However, the cell using the Gly-
containing electrolyte shows excellent stability and maintains a
higher specific capacity of 211.4 mAh g−1 after 3000 cycles
with a high CE of 99.55% (∼1.32-fold of that in the blank
electrolyte). It is more notable that the rate capability of the
Zn∥NVO full cell using Gly/ZnSO4 electrolyte exhibits
superior performance compared to that using ZnSO4 electro-
lyte (Figure 5b). Specifically, in the Gly/ZnSO4 electrolyte, the
full cell delivers a high discharge capacity of 400 mAh g−1 with
a high CE of 99.15% at 0.1 A g−1 and 57.8% capacity retention
at 10 A g−1. Moreover, when the current was gradually
returned to 0.1 A g−1, the cell still delivered a reversible specific
capacity of 365 mAh g−1, exhibiting a high capacity retention
rate of up to 91.2%. In contrast, for the bare ZnSO4 electrolyte,
the cell only delivers lower rate capacities and a lower capacity
retention (43.8%) when the current density increases from 0.1
A g−1 to 10 A g−1. When the current returned to 0.1 A g−1, the
cell delivered a plummeting reversible specific capacity of 311
mAh g−1, exhibiting a lower capacity retention rate of only

Figure 5. (a) Cycling performance at 5 A g−1 and (b) rate capability of Zn∥NVO cells in different electrolytes. Self-discharge test of the
Zn∥NVO cells using (c) ZnSO4 and (d) Gly/ZnSO4 electrolytes. (e) LEDs lighted by the Zn∥NVO pouch cells in Gly/ZnSO4 electrolytes.
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76.9%. Impressively, the full cells using Gly/ZnSO4 electrolytes
also show a lower overpotential even at higher current density,
as presented in the galvanostatic charge/discharge (GCD)
profiles in Figure S18. In addition, Figure 5c,d shows the self-
discharging test of full cells using ZnSO4 or Gly/ZnSO4
electrolyte. To reduce the artificial error, the Zn∥NVO cells
were activated for 15 cycles at 0.3 A g−1 before the self-
discharge test. The Zn∥NVO cell using Gly-containing
electrolyte shows a CE of 96.1%, higher than that of 79.6%
in the blank electrolyte. The greatly improved electrochemical
performance could be attributed to the comprehensive effect of
the Gly-derived SEI in inhibiting the unwanted side reaction
and dendrite growth at the Zn anode side, together with the
promotion of zinc ion diffusion kinetics. Furthermore, three
series-connected pouch cells using Gly/ZnSO4 electrolyte can
light 55 light-emitting diodes (LEDs) (Figure 5e), demon-
strating the commercial potential of Gly-containing electrolyte
in AZIBs.

3. CONCLUSIONS
In this work, Gly is used as an electrolyte additive to construct
an in situ SEI layer on a Zn anode to stabilize ZMBs. The Gly
additive can suppress side reactions and regulate the uniform
deposition of Zn2+ during standing or even cycling through the
following mechanisms. (1) The additive can manipulate the
solvation shell structure of Zn2+ and HBNs and thus prevent
side reactions at the interface. (2) The additive can more easily
aggregate on the Zn surface in comparison to water to form an
EDL structure, which directly isolates the contact between
water and the Zn anode during relaxation. (3) The additive can
undergo a reduction reaction prior to the reduction of Zn2+ to
form an in situ ZnS-rich SEI to improve the Zn2+ desolvation
and plating/stripping kinetics. As a result, the Zn∥Zn cells
using Gly/ZnSO4 electrolyte exhibit a stable cyclability of 3200
h at 1 mA cm−2 and 1 mAh cm−2 and of 460 h at 10 mA cm−2

and 10 mA cm−2. Impressively, the Zn∥Cu cells using Gly/
ZnSO4 electrolyte show a higher ICE of 95.29% and can run
over 650 cycles with a higher ACE of 99.68%, much more than
those of blank electrolyte and previous reports. Moreover, the
Zn∥NVO full cell using a Gly-containing electrolyte exhibit a
higher capacity (231.3 mAh g−1 at 10 A g−1) and markedly
enhanced cycling stability (211.4 mAh g−1 after 3000 cycles
with a high CE of 99.55%) than those in the bare blank
electrolyte, demonstrating the significant impact of glycine in
improving the performance for ZIBs.

4. METHODS
4.1. Electrolyte Preparation. Zn foil (>99.99%, 100 μm) was

purchased from SCI Materials Hub, and Cu foil (>99.99%, 50 μm)
was obtained from Tengfeng metal. Zn(CF3SO3)2 (98%), ZnSO4·
7H2O (99%), glycine (Gly, 99%), and NaSO4 (99%) were purchased
from Aladdin. The electrolytes were prepared by adding a 2 M
ZnSO4·7H2O salt and different concentrations of Gly (0, 0.01, 0.1,
0.5, and 1 M) into deionized water. The optimized concentration of
Gly is 0.5 mol L−1, denoted Gly/ZnSO4. Zn(CF3SO3)2-based
electrolytes were prepared by a similar method. Two solutions (0.5
M Na2SO4 without and with 0.1 M Gly) were prepared to determine
the decomposition potential of Gly.

4.2. Synthesis of Ammonium Vanadium Oxide (NH4V4O10,
NVO). First, 2.0 g of yellow V2O5 was added to 10 mL of NH4OH
(30%), and the mixture turned brown after stirring. Then, this mixture
was added to 70 mL of an oxalic acid solution (C2H2O4, 0.1 M) and
continuously stirred. After 30 min, hydrochloric acid (HCl, 37%) was
added dropwise to the solution until its pH reached around 3. The

solution was then heated at 190 °C for 5 h. Finally, the NH4V4O10
was washed and then vacuum-dried overnight.

The NH4V4O10 electrode was made from a mixture of active
material (70%), 20% Ketjen Black (20%), and polytetrafluoroethylene
(PTFE) binder (10%). Then, the mixture was uniformly dispersed in
isopropanol solvent and rolled repeatedly until forming a film, and
then the film was vacuum-dried for 12 h and transferred to a titanium
mesh for use.
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