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a b s t r a c t

The formation of Zn dendrites and the occurrence of the hydrogen evolution reaction (HER) at Zn anodes

represent two major obstacles that significantly impede the widespread commercialization of aqueous

Zn-ion batteries. In this work, we propose sorbitan oleate (Span 80) as a novel amphiphilic electrolyte

additive for 2mol/L ZnSO4, demonstrating multifunctional performance. The unique ultra-long hydropho-

bic carbon chains of Span 80 effectively reduce free water molecules at the Zn anode-electrolyte interface,

forming a robust hydrophobic interfacial layer that significantly suppresses HER and corrosion reactions.

Simultaneously, carbon chains can enhance the desolvation effect of [Zn(H2O)6]
2+, leading to improve

rate performance. Additionally, the hydrophilic sorbitan groups in Span 80 selectively adsorb onto active

sites of the Zn anode, promoting uniform Zn2+ deposition and suppressing dendrite growth. The opti-

mized Zn||Zn symmetric cell exhibits outstanding cycling stability, sustaining reversible plating/stripping

for 570h at 50mA/cm2 and the Zn||V2O5 full cell retains exceptional stability over 2000 cycles at 1 A/g.

Our work presents a promising strategy for suppressing interfacial side reactions by constructing a hy-

drophobic protective layer through the use of ultra-long carbon chain surfactants. This approach offers

new insights into enhancing the performance of aqueous Zn-ion batteries.

© 2025 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

The unsustainable depletion of hydrocarbon resources and pro-

gressive deterioration of environmental quality caused by their

combustion have driven significant attention toward renewable en-

ergy [1,2]. The variable nature of renewables demands efficient en-

ergy storage solutions for stable power supply [3,4]. Among vari-

ous energy storage technologies, lithium-ion batteries (LIBs) have

gained widespread adoption because of their high energy den-

sity and durable cycle life [5,6]. However, the inherent flamma-

bility and explosiveness of organic electrolytes in LIBs raise criti-

cal safety concerns [7,8]. Furthermore, the limited global lithium

reserves and the resulting high production costs have further re-

stricted their widespread application [9,10]. These challenges have

spurred growing interest in aqueous battery systems [11,12].

In aqueous Zn-ion batteries (AZIBs) [13], although water as an

electrolyte solvent provides significant benefits such as low cost,

high safety, and environmental friendliness, it also introduces sev-

eral detrimental side effects that severely compromise battery per-
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formance and cycling stability [14,15]. A primary concern is the

hydrogen evolution reaction (HER) [16], which consumes the elec-

trolyte and generates gaseous hydrogen [17,18], leading to reduced

coulombic efficiency and diminished capacity [19]. Furthermore,

water reacts with the Zn anode [20], resulting in the corrosion of

active Zn materials and the formation of insoluble byproducts (e.g.,

Zn hydroxide sulfate) [21]. These byproducts accumulate on the

electrode surface, increasing interfacial resistance and impairing

both rate capability and long-term cycling performance [22]. More-

over, the presence of water exacerbates the inhomogeneous depo-

sition of Zn2+, facilitating the growth of Zn dendrites, which can

penetrate the separator and cause internal short circuits [23,24].

Consequently, suppressing the reactivity of water at the Zn anode

interface is critical for enhancing the cycle life and overall perfor-

mance of AZIBs [25,26].

Surfactants form a hydrophobic layer on Zn anodes, limiting

water access to suppress reduction reactions, thereby improving

coulombic efficiency and safety [27]. The amphiphilic properties of

surfactants facilitate a functional interfacial layer on the Zn anode,

suppressing HER, dendrite growth, and corrosion while enhancing

https://doi.org/10.1016/j.cclet.2025.111491
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Fig. 1. Schematic representations of interfacial dynamics and hydrophobic interfa-

cial layer in (a) blank and (b) 0.1 % Span 80 electrolyte.

electrolyte wettability and stability [28,29]. Due to their unique

properties, surfactants are widely studied as multifunctional elec-

trolyte additives, such as: Wang et al. showed that sodium dode-

cyl sulfate (SDS) optimizes Zn2+ deposition, enabling more uniform

and stable electrodeposition [30]; Yang et al. found that SDBS en-

hances interfacial electrostatic adsorption, enabling uniform Zn de-

position and suppressing side reactions [31]. Meanwhile, Tang et al.

demonstrated that zincophilic APG surfactant restructures elec-

trolyte H-bond networks, lowering free water activity and parasitic

reactions [32]. Wang et al. used Tween-80 to guide Zn nucleation,

achieving preferential (002)-oriented growth [33]. Furthermore, Liu

et al. demonstrated that DTAC stabilizes Zn anodes by disrupting

H-bond networks and modifying Zn2+ solvation, enhancing perfor-

mance [34]. These studies highlight the multifunctional role sur-

factants in addressing AZIBs challenges. While their carbon chains

shield Zn anodes from electrolyte contact, most chains (<10 car-

bons) are too short for optimal hydrophobic protection. Thus, in-

vestigating longer carbon chains is crucial for enhancing interfacial

layer performance.

Herein we introduce a novel nonionic surfactant featuring ultra-

long carbon chains with 18 carbons, sorbitan oleate (Span 80)

(Fig. S1 in Supporting information) can achieve long-cycle-life

AZIBs, which structure is characterized by infrared spectroscopy

(Fig. S2 in Supporting information). As shown in Fig. 1a, severe

side reactions are observed in the blank electrolyte. In contrast,

the hydrophilic sorbitan group of Span 80 anchors onto the Zn

anode surface, which effectively regulates Zn2+ deposition unifor-

mity (Fig. 1b). Simultaneously, the ultra-long hydrophobic carbon

chains form a robust interfacial layer at the Zn-electrolyte inter-

face, effectively suppressing hydrogen evolution reactions (HER).

Owing to these synergistic mechanisms, the adverse side reactions

on the Zn anode surface are significantly mitigated. As a result,

Span 80 additive confers extraordinary stability, with symmetric

cells functioning steadily for over 570h at a high current density of

50mA/cm2. Furthermore, in a Zn||V2O5 full cell configuration, the

addition of Span 80 markedly enhances cycling performance, deliv-

ering 179 mAh/g after 2000 cycles, while also significantly improv-

ing rate capability. These findings demonstrate that constructing

a hydrophobic interfacial layer with ultra-long carbon chains of-

fers an effective and straightforward strategy for developing high-

efficiency Zn-based energy storage devices with enhanced cycling

stability.
1H nuclear magnetic resonance (1H NMR) spectroscopy and

Fourier transform infrared spectroscopy (FTIR) spectroscopy are

employed to investigate the effect of Span 80 on the ZnSO4 elec-

trolyte environment and the solvation structure of Zn2+ [35,36]. As

depicted in Fig. 2a, the addition of ZnSO4 results in an upfield shift

of the 1H chemical shift of H2O from 4.707ppm to 4.898ppm, in-

dicating a reduction in the electron density of H2O molecules due

to the strong coordination between Zn2+ and H2O. Upon the intro-

Fig. 2. Theoretical study on Span 80. (a) 1H NMR and (b) FTIR of electrolyte with

different Span 80 concentrations. (c) Adsorption energy of free H2O, [Zn(H2O)6]
2+

and Span 80 molecules on Zn surface. (d) Binding energy of Zn with Span 80 and

H2O. (e, f) Contact angle of blank and 0.1 % Span 80 electrolyte additive on Zn foil

surface.

duction of 0.1 % Span 80, the 1H chemical shift undergoes a gradual

downfield shift to 4.886ppm, suggesting a weakening of the inter-

action between Zn2+ and H2O and the subsequent desolvation of

coordinated H2O molecules. FTIR analysis (Fig. 2b) demonstrates a

significant blue shift in the asymmetric stretching vibration of the

sulfate (SO4
2−) sulfur-oxygen double bond in Span 80 electrolyte.

The vibration shifts from 1085 cm−1 to 1095 cm−1 and further to

1109 cm−1, indicating a reduction in the constraints around SO4
2−.

The most probable cause is the diminished electrostatic coupling

between Zn2+ and SO4
2− following the incorporation of the Span

80 additive. These findings collectively demonstrate that the Span

80 additive effectively modulates facilitates the desolvation of Zn2+

and the solvation structure of Zn2+.
To further elucidate Zn2+ deposition behavior in the 0.1% Span

80 electrolyte, density functional theory (DFT) calculations were

performed to comprehensively investigate the adsorption behaviors

of both H2O, [Zn(H2O)6]
2+, and Span 80 on the Zn anode surface

[37]. As evidenced in Fig. 2c, the adsorption energy of Span 80 was

calculated to be −0.46 eV, which is significantly lower than the free

H2O (−0.27 eV) and [Zn(H2O)6]
2+ (−0.12 eV), indicating that Span

80 exhibit a markedly stronger affinity for the Zn anode surface

compared to free H2O and [Zn(H2O)6]
2+ [38]. The strong adsorp-

tion of Span 80 molecules enables them to preferentially occupy

active sites on the Zn surface, thereby effectively suppressing the

HER and significantly enhancing the corrosion resistance of the Zn

anode. Additionally, the interactions between Zn2+ and H2O, Span

80 were also calculated by DFT. The results demonstrated that

the binding energy between Span 80 and Zn2+ is −1.26 eV, which

lower than the binding energy between Zn2+ and H2O (−0.16 eV),

showing a substantially stronger interaction of Span 80 with Zn2+

in the electrolyte (Fig. 2d). DFT results reveal that Span 80 can ef-

fectively participate in the solvation shell coordination of Zn2+, ef-
fectively suppressing the chances of interaction between H2O and
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Fig. 3. Electrochemical performance of different batteries. (a) CA curves of Zn anode in different electrolyte at 20mV. (b) CV curves of Zn||Cu cells. (c) Tafel curves of

Zn||Zn cells. (d, e) LSV curves. (f, g) In-situ EIS spectra of the Zn||Zn symmetrical cells with/without Span 80 additive. (h, i) In-situ XRD patterns of Zn anode using different

electrolyte.

Zn2+. Furthermore, Span 80 also facilitates the desolvation process

of H2O and Zn2+, significantly improving the rate performance of

Zn anode. To evaluate the effect of Span 80 on the zincophilicity

of the electrolyte, contact angles measurements were performed

of various solutions on the Zn foil surface [39,40]. As shown in

Figs. 2e and f, the addition of Span 80 decreases the contact an-

gle, demonstrating that Span 80 improved the zincophilicity of the

electrolyte.

The 2D diffusion of Zn2+ on the anode surface in the elec-

trolyte is the key factor contributing to dendrite formation [41].

The hydrophilic sorbitan group in Span 80 can occupy active sites

on the Zn anode surface to regulate the diffusion behavior of

Zn2+. Zn2+ diffusion in different electrolytes were investigated by

chronoamperometry (CA) measurements with a bias voltage of

20mV [42]. In the blank electrolyte, the current response of CA

curve increases consistently, which indicates the continuous 2D

Zn2+ diffusion model. As for 0.1 % Span 80 electrolytes, the current

response significantly decreases and remains a stable plateau after

120 s, which underscores that the Span 80 can mitigate lateral

diffusion of Zn2+ (Fig. 3a). In addition to promoting uniform Zn

nucleation and deposition, Span 80 also facilitates the transport

kinetics of Zn2+ during the plating/stripping process. Specifically,

the activation energy (Ea) for Zn2+ transfer was calculated using

the Arrhenius equation. The results demonstrate that the Ea value

for the electrolyte with 0.1 % Span 80 (18.54 kJ/mol) is significantly

lower than that of the blank electrolyte (32.34 kJ/mol) (Fig. S3 in

Supporting information). Consequently, the ionic conductivity of

the 0.1 % Span80 reaches 23 mS/cm according to the Nyquist plots

in Fig. S4 (Supporting information), which is much higher than

that of blank (19 mS/cm). The t
Zn2+ were measured to evaluate

ionic diffusivity (Fig. S5 in Supporting information). The t
Zn2+ for

the blank and 0.1% Span 80 electrolytes are 0.47 and 0.61, respec-

tively. The higher t
Zn2+ with Span 80 results from its hydrophobic

interphase reducing free water molecules at the Zn surface,

thereby suppressing H+ migration. In addition, cyclic voltammetry

(CV) curves of different electrolytes were measured in Zn||Cu cells

to further explain the nucleation mechanism for the Zn deposition

process [43]. Fig. 3b shows that the higher nucleation overpotential

in the 0.1 % Span 80 electrolyte, which is 24.3mV higher than that

in the blank electrolyte. Thus, Span 80 inhibits parasitic reaction,

reduces the Zn nucleation barrier and promotes Zn deposition

kinetics, leading to a more uniform and finely deposited layer. The

anticorrosion capability of the Zn in different electrolytes were

determined by the Tafel tests [44,45]. As shown in Fig. 3c, the

corrosion potential (Ecorr) of Zn metal in 0.1 % Span 80 (−20mV)

is higher than that in blank electrolyte (−23mV). The corrosion

current density (Icorr) of 0.1 % Span 80 is 0.38mA/cm2, which

lower than blank electrolyte (0.58mA/cm2). These results indicate

that Span 80 retards the corrosion reaction of Zn anode. The linear

sweep voltammetry (LSV) curve of Zn||Ti cell with 0.1 % Span 80

supplies the wider electrochemical window and the lower hydro-

gen evolution overpotential than blank electrolyte (Figs. 3d and e)

[46], which illustrates that hydrophobic protective layer with ultra-

long carbon chain surfactants can inhibit water decomposition and

hydrogen evolution. To investigate the impact of side reactions

on the Zn anode surface, in situ electrochemical impedance spec-

troscopy (EIS) was performed under cycling conditions by Zn||Zn

symmetrical cells [47]. In the blank electrolyte, the EIS decreases

and then increases with cumulative deposition time due to the

non-uniformity of the Zn deposition. In contrast, the EIS of the

0.1 % Span 80 electrolyte rapidly stabilizes during cycling, proving

the remarkable Zn anode reversibility and interfacial stability

(Figs. 3f and g). The in-situ XRD characterization of the Zn anode

was measured at a current density of 5mA/cm2 [48]. The XRD

results (Fig. 3h) indicate that the intensity ratio of (002) to (101)

plane increases in 0.1 % Span 80 than blank electrolyte (Fig. 3i),

which indicated that Span 80 can induce nucleation of Zn along

the (002) crystal surface, promote uniform deposition of Zn2+.
Characterizations of the Zn after plating and stripping to ex-

plore hydrophobic protective layer with ultra-long carbon chain

surfactants can suppress side reactions and induce Zn electrochem-

ical deposition behavior. The Zn2+ deposition process was visu-

alized by in situ optical microscope [49,50]. During the 40 min

electrodeposition process, the surface of Zn anode in the blank

3



R. Liu, Z. Gao, L. Hu et al. Chinese Chemical Letters 37 (2026) 111491

Fig. 4. Zn deposition morphologies in different electrolytes. (a, b) In situ optical

microscopy images of Zn anodes deposited for 30min using blank electrolyte and

0.1% Span 80 electrolyte at 5mA/cm2. SEM of Zn anode on the top view and side

view of blank electrolyte (c, e) and 0.1% Span 80 additive (d, f) after 30 cycles at

1mA/cm2 and 1 mAh/cm2. 3D CLSM images of Zn anodes with (g) 0.1 % Span 80

additive and (h) blank additive after 30 cycles at 1mA/cm2 and 1 mAh/cm2. (i, j)

The finite element simulation (FEM) in different electrolytes of Zn2+ concentration

distribution.

electrolyte exhibited the gradual formation of dendritic structures

[51], resulting in a significantly rough and uneven morphology

(Fig. 4a and Fig. S6 in Supporting information). In contrast, when

the electrolyte was supplemented with the Span 80 additive, the

Zn anode surface demonstrated highly uniform deposition. As time

progresses, the Zn layer thickens progressively, yet no dendritic

growth is observed (Fig. 4b) and the Zn anode displays a smooth

surfac. These findings suggest that the Span 80 additive plays a

critical role in facilitating homogeneous Zn deposition, effectively

inhibiting the formation of dendrites. The surface micromorphol-

ogy of the Zn anode was investigated through scanning electron

microscopy (SEM) after 30 cycles in different electrolyte [52,53]. As

shown in Fig. 4c and Fig. S7a (Supporting information), the surface

of Zn anode was composed of vertically aligned two-dimensional

hexagonal sheets and irregular clumps in the blank electrolyte.

For the electrolyte with Span 80, the Zn anode shows a tiled

morphology without the obvious formation of dendrites (Fig. 4d

and Fig. S7b in Supporting information). Notably, the cross-section

of the Zn anode cycled in the blank electrolyte exhibited a pro-

nounced dendritic morphology (Fig. 4e). In contrast, the cross-

section of the Zn anode cycled in the electrolyte containing the

Span 80 additive displayed a dense and uniform deposition layer

(Fig. 4f), with no observable dendritic structures. Furthermore, the

morphology of Zn anode was also characterized by 3D confocal

laser scanning microscopy (CLSM) [54]. Fig. 4g shows that Zn sur-

face after 30min of electrodeposition of Zn||Zn cell at 5mA/cm2

with 0.1 % Span 80, which can be observed a dendrite-free and

smooth surface. However, the exposed Zn anode in the blank elec-

trolyte displays a rugged surface with sharp bumps (Fig. 4h). As

a result, the addition of Span 80 significantly suppresses the gen-

eration of Zn dendrite and side reactions. Finite element simula-

tions (FEM) were conducted to investigate the deposition process

of Zn2+ in different electrolytes, revealing the mechanism of den-

drite inhibition [55]. In the blank electrolyte, an imbalance be-

tween the reduction rate of Zn2+ and the mass transfer rate led

to the accumulation of a large amount of Zn2+ on the surface of

the Zn anode at a current density of 5mA/cm2. This concentration

gradient of Zn2+ resulted in dendrite growth (Fig. 4i and Fig. S8a

in Supporting information). In contrast, in the presence of 0.1 %

Span 80, the hydrophilic sorbitol groups and hydrophobic shield-

ing layer guided the uniform deposition of Zn ions, effectively sup-

pressing dendrite formation. As a result, the Zn2+ concentration

at the electrode interface achieved a balance with the mass trans-

fer rate, ensuring sufficient Zn2+ for continuous deposition, reduc-

ing concentration polarization, and homogenizing the electric field

distribution (Fig. 4j and Fig. S8b in Supporting information). The

FEM results demonstrated that Span 80 effectively alleviates con-

centration polarization, homogenizes the electric field, and guides

the uniform deposition of Zn2+. Consequently, Span 80 significantly

enhances the electrochemical performance. Consequently, Span 80

significantly enhances the electrochemical performance.

The reversibility and stability of Zn2+ plating-stripping process

are considerably augmented by hydrophobic interfacial layer of

Span 80. The Coulombic efficiency (CE) of the Zn||Cu cell during

reversible plating-stripping tests in the blank electrolyte rapidly

deteriorates after 60 cycles, which is primarily attributed to local

short circuits induced by dendrite formation. However, the CE with

0.1% Span 80 electrolyte could reach 98.7% and maintain stable

operation for >800 cycles (Fig. 5a). In addition, Fig. 5b and Fig. S9

(Supporting information) shows current charge-discharge (GCD)

curves of Zn||Cu cell with 0.1 % Span 80 electrolyte and blank elec-

trolyte at the 1st, 300th, 600th cycles, which shows that the 0.1 %

Span 80 electrolyte shows a small voltage hysteresis of 62mV,

lower than that of blank electrolyte (180mV) at 600th cycles.

Fig. 5. Electrochemical performance of the half cells. (a) Coulombic efficiency of

Zn||Cu asymmetric cells in different electrolytes at 0.5mA/cm2 and 0.5 mAh/cm2.

(b) Voltage profiles of Zn plating/stripping in 0.1 % Span 80. Long-term cycling

performance of Zn||Zn symmetric cells in electrolyte with/without Span 80 (c)

5mA/cm2, 5 mAh/cm2 and (d) 50mA/cm2, 1 mAh/cm2.
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This marked decrease in polarization indicates improved reaction

kinetics in the presence of the Span 80 additive. Furthermore,

Fig. 5c compares the cyclic life of Zn||Zn cells with different elec-

trolyte under a current density of 5mA/cm2 and 5 mAh/cm2. The

cyclic life with blank electrolyte only maintains <100h, and the

cycle performance after adding 0.1% Span 80 can sustain 2000h.

Furthermore, Zn||Zn cell delivers a cycling life of over 570h at

50mA/cm2 before short-circuit in 0.1 % Span 80. However, the

Zn||Zn symmetric battery lasted only 60h (Fig. 5d). The overlong

cycle life and high CE can be ascribed to the effectively suppressed

dendrite growth and the vastly improved migration ability of

Zn2+. To investigate the impact of Span 80 additive under elevated

current densities, the current density increases from 1mA/cm2 to

50mA/cm2 with a constant areal capacity of 1 mAh/cm2 (Fig. S10

in Supporting information). Zn||Zn cell with 0.1 % Span 80 exhibits

a stable voltage profile, and which reduced polarization compared

to the blank. Thereby demonstrating decent stability of the Span

80 electrolyte. Table S1 (Supporting information) shows the cycling

performance of Zn||Zn symmetric cells with electrolyte additives

featuring different carbon chain lengths under high-current condi-

tions. The results demonstrate that hydrophobic interfacial layers

with ultra-long carbon chains exhibit superior electrochemical

stability.

After demonstrating exceptional electrochemical stability in the

Span 80 electrolyte with the half-cell, in order to explore the in-

fluence of Span 80 on the cycle the performance of full cells, V2O5

was chosen as the cathode [56,57]. The CV curves of Zn||V2O5

were scanned from 0.2V to 1.7V with different electrolyte (Fig. 6a).

In the CV curves, the voltage gap between the redox peaks in

the 0.1% Span 80 electrolyte is narrower compared to the con-

trol group, indicating reduced polarization in the Zn||V2O5 full cell,

thereby enhancing its rate capability under high-current condi-

tions. As shown in Fig. 6b, the specific discharge capacity of the

full cell with and without Span 80 of the electrolyte was about

365 mAh/g at current density of 0.5 A/g. As current density in-

creased, both battery types exhibited reduced discharge specific

capacity. When the current density increases to 5 A/g, the spe-

cific discharge capacity of the blank electrolyte decreases to 189.9

mAh/g, which was only 52% of the initial capacity. However, the

electrolyte with Span 80 can deliver a high discharge capacity of

243.3 mAh/g, which substantially exceeded the blank electrolyte,

indicating its high capacity retention rate under high current den-

sity. The GCD profiles corresponding to rate performance with

Span 80 electrolyte are displayed in Fig. 6c. The curves exhibit

remarkable symmetry, indicating high reversibility and excellent

discharge-charge capabilities. As shown in Fig. 6d, the Zn||V2O5 cell

capacity of blank electrolyte at 1 A/g is about 300 mAh/g. After

500 cycles, the discharge specific capacity decreases significantly,

and the cell almost failed at 2000 cycles. However, the discharge

capacity decreases slightly after 2000 cycles with 0.1 % Span 80

electrolyte additive, and the capacity retention rate exceeds 86%.

Moreover, as shown in Fig. 6e, with the addition of Span 80, the Rct
of the electrolyte is lower than blank electrolyte in full cell, and af-

ter 50 cycles, the blank electrolyte exhibited a significant increase

in resistance, while the 0.1 % Span 80 maintained stable interfa-

cial impedance with negligible change. To sum up, Span 80 addi-

tive can successfully improve the cycle stability of the Zn||V2O5 full

cell. Meanwhile, the inhibition effect of Span 80 on the parasitic

reaction was investigated through the self-discharge of Zn||V2O5

full cell [58]. As shown in Figs. 6f and g, the capacity retention

rate of Zn||V2O5 cells prepared with 0.1 % Span 80 electrolyte is

87% after 48h of shelving, which is much higher than that of the

blank electrolyte (82%). In addition, SEM analysis of cycled Zn an-

odes revealed that the 0.1 % Span 80-containing Zn||V2O5 full cells

maintained smooth electrode surfaces after 50 cycles, while the

blank electrolyte exhibited severe pitting and protrusions (Fig. S11

in Supporting information), demonstrating that Span 80 can pro-

mote uniform Zn2+ deposition.

In conclusion, a hydrophobic shielding layer is engineered in

aqueous ZnSO4 electrolyte by introducing the nonionic surfac-

tant Span 80, leveraging its ultra-long carbon chains. Through

combined DFT calculations and in situ characterization, we reveal

that this hydrophobic layer not only facilitates the desolvation of

[Zn(H2O)6]
2+ solvation structures but also mitigates parasitic side

reactions and hydrogen evolution. Additionally, the hydrophilic

sorbitol moieties in Span 80 preferentially adsorb onto Zn anode

Fig. 6. Electrochemical performance of the Zn||V2O5 full cell. (a) CV curves in electrolyte with/without Span 80. (b) Rate performances and (c) charge/discharge curves. (d)

Long cycle performance at 1 A/g. (e) EIS spectra in different electrolytes. Self-discharge curves of Zn||V2O5 cells in (f) blank electrolyte and (g) 0.1 % Span 80 electrolyte.
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active sites, guiding uniform Zn2+ deposition and suppressing

dendritic growth. Consequently, the Zn||Zn symmetric cell delivers

an extended cycling lifespan of 570h at 50mA/cm2, while the

Zn||V2O5 full cell retains exceptional stability over 2000 cycles.

These findings underscore the promising role of long-chain sur-

factants as functional electrolyte additives for high-performance

AZIBs.
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