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ABSTRACT: Rechargeable aqueous Zn-ion battery has been considered as a key complement 

to the existing battery technologies due to its intrinsic merits such as operational safety and cost 

saving. However, issues of dendrite growth and accompanied water consumption hinder its 

further development. In this work, we utilize a chelating agent, 2-Bis(2-hydroxyethyl) amino-

2-(hydroxymethyl)-1,3-propanediol (BIS-TRIS), to regulate the solvation sheath structure of 

Zn2+. Benefiting from such zinc-chelating coordination, Zn2+ 2D diffusion can be restricted and 

the altered deposition kinetic has contributed to the inhibition of the dendrite growth. In addition, 

partial substitution of water in solvation shell with chelator can also greatly suppress the 

competitive hydrogen evolution reaction (HER). Consequently, a stable symmetric Zn cell with 

lifetime more than 1000 h at a current density of 1 mA cm-2 is achieved. Moreover, the aqueous 

Zn/MnO2 battery with BIS-TRIS as electrolyte additive delivers an 86% capacity retention after 

600 cycles at 500 mA g-1. This zinc-chelating coordination based facile strategy opens a new 

window for the future development in dendrite-free Zn anode. 

 

1. Introduction 

Zn-based battery has attracted significant attentions recently, due to its appealing intrinsic 

merits, e.g. low toxicity, intrinsic safety, cost-effectiveness and high theoretical capacity (820 

mAh g-1 or 5855 mAh cm-3). [1] [2] [3] [4] Zn-Mn batteries still dominate the primary battery market 

to date. [5] However, with the growing of renewable energy power generation technology, the 

application of energy storage and conversion devices, especially rechargeable battery system, 



  

2 
 

has already become the target. [6] [7] [8] [9]The proposal of rechargeable Zn-based battery concept 

can be traced back to 1980, but more attention was concentrated on alkaline zinc cell at that 

time.[10] [11] [12] In 2012, the rechargeable Zn-based battery concept was reformed, accompanied 

by the interesting discovery on the Zn2+ intercalation in ZnSO4 system with α-MnO2 as cathode, 

thus leading to a unique battery system named Zinc ion battery (ZIB). [13] [14] [15] 

Currently, rechargeable Zn-ion battery using neutral or mildly acidic electrolyte is in a new 

round of boom. While the corrosive alkaline condition is avoided, a grand challenge remains in 

terms of achieving a good electrochemistry reversibility on Zn anode, where heavy setbacks 

can be caused by severe dendrite growth and poor electrochemical stability. [16] [17] [18] The 

undesirable dendrite can not only penetrate the separator causing inner short circuit, but also 

detach from electrode to yield  inefficiency and irreversibility of battery. [19] [20] Meanwhile, the 

absence of compact solid electrolyte interphase (SEI), a functional layer to protect the metal 

anode from electrolyte, also make the emergence of competitive hydrogen evolution 

unavoidably during the zinc deposition. [21] [22] The subsequent local accumulation of OH-  

further passivates the Zn anode by forming Zn2+-insulating by-products on the surface, which 

also aggravates the formation of dendrite. [23] Thus, to enable the transition from laboratory to 

scale up application, the inhibition of dendrite growth and side reactions is needed to be fulfilled 

when designing long-life and high-performance ZIBs.   

Among the recent technical explorations to facilitate reversible Zn anode, modulating zinc 

coordination environment through electrolyte optimization has been demonstrated as an 

effective strategy. Wang et al. proposed a new concept of “water-in-salt” aqueous electrolyte 

for ZIB, which contains high concentration salt in water (typically molality>20 m). [24] In such 

highly concentrated electrolyte, the solvation sheath of Zn2+ is primarily occupied by salt anions 

rather than typically six water coordinated Zn2+ structure in the dilute electrolyte ((Zn(OH2)6)2+). 

The altered coordination environment avoids the direct contact of metal anode with H2O in 

solvation sheath structure, which greatly suppress the hydrogen evolution reaction (HER) and 
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the formation of by-products. However, the highly soluble fluorinated-based salt is costly, 

especially in the case of high concentration up to 20 M. Recently, Pan et al. demonstrated a 

highly reversible Zn anode by employing 68 vol% ethylene glycol (EG) hybrid electrolyte. [25] 

In such electrolyte, the coordination environment of Zn2+ is transformed from [Zn(OH2)6]2+ into 

[Zn(OH2)m(EG)n] 2+. However, the flammability of alcohols has been a concern of safety and 

such mixed electrolyte also posed challenge for solvent recycle. The search for effective 

technical route to realize reversible Zn anode is an ongoing mission.  

From the point of view in regulating solvation structure of Zn2+, a new strategy is proposed 

based on chelating chemistry through leveraging the interaction between the metal ion and 

chelator. A highly reversible Zn anode is achieved based on 2-Bis(2-hydroxyethyl) amino-2-

(hydroxymethyl)-1,3-propanediol (denoted as BIS-TRIS) as electrolyte chelating additive. As 

shown in Figure 1a, the molecule is rich in hydroxyl groups containing oxygen lone-pair 

electrons and has one tertiary amine group, all of which are expected to complex with Zn2+ to 

regulate the solvation structure. [26] According to the literature by Helmut et al. which reports 

the metal-ion-coordinating properties of BIS-TRIS, the participation of the hydroxyl groups of 

BIS-TRIS is high in complex Zn(BIS-TRIS)2+ formation with at least two hydroxyl groups 

involved. It is undoubtedly that the Zn(BIS-TRIS)2+ complexes exist in the form of several 

isomers. For the case of coordinating with maximal possible number of hydroxyl groups, the 

tentative structure of Zn(BIS-TRIS)2+ is assumed as depicted in Figure S1. [27] [28] During the 

plating process, the coordinated Zn2+ with a high steric hindrance can block the active sites and 

the diffusion capability is strictly limited, leading to a uniform Zn deposition. Furthermore, 

partial substitution of water in solvation shell with organic molecule regulates the water content 

in the inner Helmholtz plane (IHP), which greatly suppresses the competitive HER and prevents 

the formation of the insulating by-products. As a consequence, with the addition amount of 0.1 

M, a long-life Zn anode with up to more than 1000 h at a current density of 1 mA cm-2 and an 

area capacity of 1 mAh cm-2 is achieved based on such collaborative roles. Moreover, the 
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effectiveness of this strategy is further validated in an aqueous Zn/MnO2 battery that delivers 

an 86% capacity retention after 600 cycles at 500 mA g-1.  

2. Experimental section 

Preparation of MnO2 cathode material: Briefly, 1.60 g KMnO4 was dissolved into 20 ml 

deionized water. After 30 min of magnetic stirring, solution of Mn(CH3COO)2∙4H2O (0.720 g, 

80 ml) was slowly added into solution of KMnO4 with magnetic stirring for another 30 min. 

After being kept at 80 oC for 6 h, the dark precipitate was then collected by thoroughly 

centrifugation and washed several times with deionized water before drying at 80 oC for 12 h.  

Material characterization: Phase structures of zinc foil and by-products were assessed by 

the X-ray diffraction analyzer (XRD, Bruker D8 diffractometer) at a scan rate of 1o min-1. The 

LabRAM HR evolution was carried out to investigate the coordination environment of Zn2+. 

The surface structure of zinc foil after cycling/deposition was characterized by scanning 

electron microscopy (SEM, Hitachi S-4800). The ZW-C200 optical microscope was adopted to 

in situ investigate the zinc deposition.  

Electrochemical test: The electrochemical performance of Zn/MnO2 batteries were carried 

out by employing CR2025 coin-type cell, which is composed of a cathode electrode, a piece of 

Zn foil as counter electrode and Whatman glass fiber as separator. For the preparation of 

cathode material, MnO2, Ketjen black and polyvinylidene fluoride (PVDF) were mixed with a 

mass ratio of 7:2:1. The N-methyl pyrrolidinone (NMP) was added into the mixture and the 

slurry was then casted onto Ti foil (0.01 mm). The average mass loading of active material was 

around 1.5 mg cm-2. The Linear polarization and chronoamperometry (CAs) measurements 

were performed in three-electrode configuration, in which Zn plates were assembled as working 

and counter electrode, and saturated calomel (SCE) was used as reference electrode. The typical 

liquid electrolyte comprised 2 M ZnSO4. For the BIS-TRIS contained electrolyte, 0.1 M BIS-

TRIS was dissolved into it. The galvanostatic measurements were performed by Neware BTS-
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5 battery test system. The cyclic voltammetry (CV) and electrochemical impedance 

spectroscopy (EIS) measurements were carried out on the CHI604E electrochemical station.  

DFT calculation: Density Functional Theory (DFT) simulation was performed in Vienna ab 

initio simulation package (VASP) with the aid of projector augmented wave (PAW) method 

and the function of Perdew, Burke and Ernzerhof (PBE). The cutoff energy of 400 eV was used 

and a mesh of 1 ×1 × 1 in k-point grid was established for calculation. The Grimme’s method 

(DFT-D3) was used and simulated system was fully relaxed only when the corresponding force 

was less than 0.01 eV Å-1. The interaction energy (∆E) between the Zn and specific molecular 

was calculated based on the equation as follows: 

∆E = 𝐸!"!#$% − 𝐸&' − 𝐸%()$*+),- 	 

3. Results and Discussion 

To verify this chelating chemistry induced regulation of solvation structure of Zn2+, DFT 

calculation is carried out to compare the interaction energies between Zn-H2O and Zn-(BIS-

TRIS) systems. As shown in Figure 1c, the interaction energy of Zn-(BIS-TRIS) system (-0.14 

eV) is much lower than that between Zn and H2O (-0.06 eV), indicating that the binding affinity 

between Zn and BIS-TRIS is stronger than Zn-H2O. Hence Zn tends to interact with chelator 

rather than molecular H2O. The differential charge density further proves that comparing with 

Zn-H2O system (Figure S2), electron interaction is enhanced for Zn-(BIS-TRIS) system 

(Figure 1d). The accumulation or depletion of charge can be recognized for Zn-(BIS-TRIS) 

system, reflecting the electron transfer from chelator to Zn. The stronger interaction for Zn-

(BIS-TRIS) system theoretically demonstrates the feasibility of proposed chelating chemistry. 

Raman spectroscopy is then utilized to assess solvation structure of Zn2+ in electrolyte with or 

without BIS-TRIS. It can be found that two peaks located at around 390 and 450 cm-1 are 

exhibited in ZnSO4 solution, which is consistent with the previous reports (Figure 1e). The 

Raman band (ca. 390 cm-1) can be attributed to the Zn-OH2 vibration. [29] [30] Along with the 

addition of BIS-TRIS, a new peak located at 500 cm-1 appears while no signal is detected in 
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pure BIS-TRIS solution between 450-550 cm-1 (Figure S3). It is worth noting that peak around 

500 cm-1 can also be observed for N-doped ZnO (ca. 510 cm-1). Therefore, the new peak in this 

realm may related to Zn-N mode and the shifting to a lower wavenumber may due to the 

formation of Zn-N-C. [31] [32] [33] The presence of new peak indicates the interaction between the 

Zn2+ and BIS-TRIS, which means that solvation structure of Zn2+ is altered with the addition of 

BIS-TRIS. [28] To further explore the change in solvation structure of Zn2+, the variation of 

Raman band v-SO42- is investigated. In terms of the association degree between the Zn2+ and 

SO42-, there are two forms of solvation structure, solvent-separated ion pair (SIP, [Zn2+-

(H2O)6∙SO42-]) and contact ion pair (CIP, [Zn2+-(H2O)5∙OSO32-], Figure 1b). [29] [34] In 2 M 

ZnSO4 solution, the SIP specie and CIP account for 54% and 46% respectively, as being 

calculated from the peak area ratio (Figure 1f). As the concentration of BIS-TRIS increases, 

the v-SO42- band shifts to lower frequency and the solvation structure of CIP is significant 

suppressed, which suggests that the SO42- specie is difficult to participate the construction of 

inner sphere complexes in BIS-TRIS solution with higher concentration. This phenomenon 

further proves that the coordination environment of Zn2+ can be regulated effectively by the 

cheating agent BIS-TRIS  

Typically, the effects of electrolyte additive on suppressing dendrite growth and side 

reactions are concentration-dependent. [35] In this work, we consider the ionic conductivity and 

corrosion behavior to optimize the concentration of selective additive and investigate the 

concentration effect of BIS-TRIS. Figure S4 shows the EIS results tested in the electrolyte with 

BIS-TRIS of 0, 0.05, 0.1 and 0.2 M. As it can be seen, the ionic conductivity is decreased with 

the addition of BIS-TRIS. Furthermore, the corrosion currents of zinc in various electrolytes 

are calculated by Tafel fitting of the linear polarization (Figure S5, Table S1). The lower current 

density indicate that the corrosion of zinc gets well alleviated in BIS-TRIS contained electrolyte. 

It should be noted that excessive BIS-TRIS additive cannot further lower down the corrosion 

density but significantly reduces the ionic conductivity. Hence, the optimal BIS-TRIS 
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concentration of 0.1 M is selected to investigate its role in realizing reversible Zn anode. Figure 

2a-b show the surface morphologies of Zn foil after soaking in different electrolytes for a week. 

In bare ZnSO4 electrolyte, rough surface with flaky by-products is observed which can be 

ascribe to the corrosion of metal Zn with moisture and oxygen. [36] On the contrary, metal Zn 

in BIS-TRIS contained electrolyte shows more slippery surface.  

To further verify the compatibility of BIS-TRIS contained electrolyte with Zn electrode, in 

situ analysis of Zn deposition in a home-made cell is performed under optical microscopy, and 

real-time images are depicted in Figure 2f-g and Figure S6. After cycling at a current density 

of 1 mA cm-2 and a specific capacity of 1 mAh cm-2 for 2 cycles, bubbles have been observed 

at the electrode/electrolyte interface in bare ZnSO4 electrolyte. The competitive hydrogen 

evolution not only induce low deposition/stripping Coulombic efficiency (CE), but also 

increase the internal pressure which will greatly affect the battery life in the practical use. In 

comparison, a dendrite-free Zn layer is uniformly deposited on the surface of Zn in BIS-TRIS 

contained electrolyte and no obvious bubble is detected. Furthermore, after cycling at 1 mA cm-

2 for 1 mAh cm-2, no peaks associated with by-products is detected in BIS-TRIS contained 

electrolyte, while in bare ZnSO4 electrolyte, peaks located at 16.2, 22.4, 34.4, 50.1o are observed, 

corresponding to the by-products such as Zn4SO4(OH)6∙xH2O (Figure 2e). [37] As depicted in 

Figure 2c, after cycling for 10 cycles, the Zn electrode in bare ZnSO4 electrolyte shows a rough 

surface with numerous flaky products, while the Zn surface in BIS-TRIS contained electrolyte 

still remains smooth (Figure 2d). Hence, it can be concluded that the chemical/electrochemical 

stability of Zn metal is greatly improved in BIS-TRIS contained electrolyte, characterized 

chiefly by reduced corrosion rate, suppressed H2 evolution and minimized generation of by-

products. The higher stability of Zn can be attributed that the coordinated Zn-complex will 

participate the construction of double electrical layer, leading to the decrease of water content 

around the metal surface, which greatly suppress the competitive HER and hence prevent the 

formation of insulating by-products. [38] [24] 
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As being observed by in situ optical microscopy, the deposition of Zn in BIS-TRIS contained 

electrolyte features a unique dendrite-free property with smooth surface. To further identify the 

role of BIS-TRIS contained electrolyte on Zn deposition, the Ti foil and Cu wire are selected 

as substrates and the corresponding deposition surface morphologies in different electrolytes 

are compared. After depositing at a current density of 0.5 mA cm-2 and a specific areal capacity 

of 3 mAh cm-2, the Ti in ZnSO4 exhibits an obvious crack surface while the Ti in BIS-TRIS 

contained electrolyte shows a smoother surface, which plays an important role in the inhibition 

of dendrite growth (Figure 3a-b). As the case of the Cu wire with the diameter of ⁓2.2 mm as 

substrate, when the current is increased to 10 mA, a dendritic deposition of zinc is observed in 

ZnSO4 as shown in Figure 3c while a spherical structured zinc deposition is achieved in BIS-

TRIS contained electrolyte (Figure 3d). In order to elucidate the impact of BIS-TRIS additive 

on the electrochemical interfacial properties at Zn electrode, various rate cyclic voltammetry 

(CV) is used to investigate the corresponding adsorption properties (Figure S7). It is clearly 

seen that BIS-TRIS additive lowers the double layer capacitance at Zn metal surface. The 

decrease in double layer capacitance can be ascribed to the adsorption of Zn(BIS-TRIS)2+ 

complex which has high steric hindrance. [39] For ZnSO4 electrolyte, when initial Zn nucleation 

sites evolve into protuberances, zinc ions intend to migrate to the tip site whereas edge sites of 

protuberances are scarcity of zinc ions, inducing deposition of dendritic structure as illustrated 

in Figure 3f.[16] While in BIS-TRIS contained electrolyte, the zinc ions are coordinated with 

hydroxyl group of BIS-TRIS. Therefore, when zinc complexes are adsorbed on the tip sites 

under the electric field, the preference sites would be blocked. Therefore, the distribution of 

zinc complexes on the protuberances appear to be more uniform, leading to the spherical Zn 

deposition (Figure 3e). [40]  

To understand the dendritic inhibiting mechanism, the kinetic of Zn deposition in different 

electrolytes are evaluated. Galvanostatic cycling test of symmetric cells in different electrolyte 
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are conducted at various current density (Figure S8). Hence, the exchange current density can 

be calculated according to the following equation [1]: [41] [37] 

𝑖 ≈ 𝑖.
/
01

2
3
           [1] 

Based on the relationship between the overpotential (η) and current density (i), the exchange 

current density (i0) can be calculated. As depicted in Figure 3g, the deposition in BIS-TRIS-

contained electrolyte shows a lower exchange current density of 5.2 mA cm-2 in comparison to 

that in ZnSO4 electrolyte (9 mA cm-2). It is generally believed that dendrite growth rate is 

closely related with the zinc electrodeposition kinetic and lowering the exchange current density 

can strengthen the dendrite suppression. [42]  

Moreover, the cyclic voltammetry (CV) curves of Zn deposition with Ti foil as substrate are 

compared to investigated the initial nucleation behaviors of Zn. As shown in Figure 3h, the 

point A represents the potential where Zn2+ starts to be reduced and the potential difference 

between the point A and B represents the nucleation overpotential. When adding BIS-TRIS 

additive into electrolyte, the reduction potential is changed from A to A’ and the nucleation 

overpotential is increased by 20 mV, which means that BIS-TRIS degrades the deposition 

kinetic of zinc. This can be attributed to the stronger steric hindrance of zinc complex, which 

blocks the sites for rapid growth. The slowed zinc reduction rate alleviates the concentration 

polarization during the deposition process, resulting into the uniform distribution of Zn2+ near 

the metal surface. [16] Moreover, from the chronoamperometry results shown in Figure S9, the 

current density shows negligible change beyond initial 100 s in BIS-TRIS electrolyte, which 

suggests the constrained 2D surface diffusion of zinc complexes. [23] [43] On account of the 

uniformly distributed of Zn2+ and constrained 2D surface diffusion, the zinc ions are prone to 

deposit locally. Thus, dendrite growth is well suppressed and an even deposition layer is formed.  

To evaluate the cycling stability of Zn anode in BIS-TRIS contained electrolyte, 

galvanostatic cycling test of symmetric cell is conducted at various current densities. As shown 
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in Figure 4a, the cell in BIS-TRIS contained electrolyte shows a larger overpotential, which is 

in a good consistence with the lower kinetic in BIS-TRIS contained electrolyte as discussed 

above. After cycling at 1 mA cm-2 with a specific capacity of 1 mAh cm-2 for about 220 h, the 

cell in ZnSO4 electrolyte shows explicit voltage fluctuation and the weak voltage response 

reflects the short circuit in the cell, which may be associated with the uncontrolled dendrite 

growth. From the SEM images of symmetric cells after cycling at a current density of 1 mA 

cm-2 and an area capacity of 1 mAh cm2- for 150 cycles, the Zn metal in ZnSO4 is totally 

smashed to pieces. While, for BIS-TRIS contained electrolyte, the smooth surface is maintained, 

though small flakes are also observed (Figure S10). Hence, the cell in BIS-TRIS contained 

electrolyte shows superior cycling stability up to over 1200 h with no obvious voltage 

fluctuation detected. When increasing the current density to 5 mA cm-2 and the capacity to 5 

mAh cm-2, the cell in BIS-TRIS contained electrolyte still shows satisfied stability with more 

than 600 h, while short circuit occurs within initial 50 h for cell in ZnSO4 electrolyte (Figure 

4b). In consideration that zinc reversibility plays an important role in the practical use of 

rechargeable Zn-ion batteries, the CE test in Zn//Ti cell is conducted to evaluate the zinc 

plating/stripping efficiency (Figure 4c). After 30 cycles of stable plating/stripping process, the 

cell in ZnSO4 electrolyte shows sharp fluctuation in CE and short-circuit failure occurs in the 

55th cycles (Figure 4d). In contrast, the cell with BIS-TRIS contained electrolyte shows a stable 

CE characteristic of 98.5%, across the nearly 400 process cycles of Zinc plating/stripping. This 

excellent stability reveals the fact that the BIS-TRIS additive can greatly suppress the side 

reactions and dendrite formation which easily leads to the formation of “dead Zn”.  

To evaluate the practical use of BIS-TRIS contained electrolyte, Zn/MnO2 batteries with 

different electrolytes are assembled and tested. MnSO4 is added to suppress the dissolution of 

Mn2+ from the MnO2 cathode for all samples (Figure S11). [44] [45] From the cyclic voltammetry 

(CV) curves (Figure 5a), it can be seen that MnO2 in the BIS-TRIS contained electrolyte shows 
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similar electrochemical behaviors as that in the ZnSO4 electrolyte, suggesting that altered zinc 

coordination does not affect the redox process of MnO2. Likewise, two cells show similar 

galvanostatic charge/discharge curves in Figure 5b-c. The discharge capacity of 260 mAh g-1 

is obtained in ZnSO4 electrolyte, which is higher than that in BIS-TRIS contained electrolyte 

(about 200 mAh g-1). In order to understand this phenomenon, activation energy calculation 

based on Arrhenius equation is performed to investigate the energy consumption for the Zn2+ 

de-solvation (Figure S12). Besides the slightly increase of the charge transfer resistance (Rct), 

the activation energy of cell with BIS-TRIS additive is calculated to be 66.68 kJ mol-1 which is 

higher than that in ZnSO4 electrolyte, suggesting the affected transfer kinetic by additive 

(Figure S13). Herein, the capacity sacrifice of the Zn/MnO2 battery in BIS-TRIS electrolyte can 

be attributed to the de-solvation barrier increase of Zn2+ at the cathode side. [37] [46] [47] After 

cycling at 500 mA g-1 for 600 cycles, a discharge capacity above 200 mAh g-1 is maintained in 

BIS-TRIS contained electrolyte. The capacity increases steadily in the later period, which is a 

relatively common phenomenon for Mn-based system. Such a gradual activation can possibly 

be attributed to two reasons. First, the electrolyte gradually soaks through the cathode material 

during the cycling. Second, the pre-added MnSO4 in the electrolyte may deposited on the 

cathode electrode, which provides the extra active sites. [48] [49] Contrary, the full cell in ZnSO4 

electrolyte suffers from serious capacity degradation, which may be attributed to the severe 

corrosion and side reactions on the Zn anode (Figure 5d). In order to further demonstrate the 

reversibility of Zn anode, Zn foil with the thickness of 1μm is selected as anode and the 

theoretical capacity ratio of Zn to MnO2 is about 7:1 (7.0x excess Zn based on active mass). It 

is also found that the cell with BIS-TRIS contained electrolyte shows better electrochemical 

performance, further verifying the better stability of Zn anode with the additive of BIS-TRIS 

(Figure S14). The above results demonstrate the promises of BIS-TRIS in achieving the long-

life Zn-ion battery. 

4. Conclusion 
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In summary, we demonstrated a dendrite-free and side reaction suppressed Zn anode with 

BIS-TRIS as electrolyte additive, which contains abundant hydroxyl group to coordinate with 

Zn2+. The zinc-complex with stronger steric hindrance are demonstrated to elevate the 

nucleation barrier and the slowed deposition rate alleviates the concentration polarization 

during cycling. Moreover, the constricted 2D diffusion during deposition prevents the 

aggregation of zinc ions on energetical favorable sites, thus significantly suppressing the 

dendrite growth and generating a uniform Zn layer. In addition, partial substitution of water in 

solvation shell with BIS-TRIS additive regulate the water content near the metal surface, which 

plays an important role in enhancing the chemical/electrochemical stability of Zn metal. 

Accordingly, a highly reversible plating/stripping with an average CE of 98.5% is achieved and 

for symmetric cell, and a lifespan over 1200 h is obtained at 1 mA cm-2 for a specific capacity 

of 1 mAh cm-2. The practical operability of BIS-TRIS contained electrolyte is further validated 

by the Zn/MnO2 full cell that shows neglected capacity decay even after cycling at 500 mA g-1 

for over 600 cycles. This BIS-TRIS chelating strategy in realizing dendrite-free Zn anode is 

hoped to accelerate the transition to scalable application for ZIB. 
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Figure 1. (a) Molecular structure of chelator BIS-TRIS. (b) Schematic illustration of two 

solvation structures in ZnSO4 solution in view of the association degree between the Zn2+ and 

SO42-. (c) The calculated interaction energy of Zn-H2O and Zn-(BIS-TRIS). (d) Differential 

charge density of Zn-(BIS-TRIS) system. The yellow/blue areas represent an increase/decrease 

of the electron density. Raman spectra of ZnSO4 with varying BIS-TRIS concentrations: (e) 

vZn-O and (f) vSO4
2- 
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Figure 2: The surface morphologies of commercial zinc foil after soaking in (a) ZnSO4 

electrolyte and (b) BIS-TRIS contained electrolyte for 7 days. SEM images of Zn anode after 

cycling in (c) ZnSO4 electrolyte and (d) BIS-TRIS contained electrolyte for 10 cycles. (e) XRD 

patterns of zinc anode before and after cycling in different electrolytes for 10 cycles. In situ 

optical microscopic images of Zn electrode cycling at 1 mA cm-2 for 1 mAh cm-2 in (f) ZnSO4 

electrolyte and (g) BIS-TRIS contained electrolyte. 
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Figure 3. SEM images of Zn deposition on Ti foil in (a) ZnSO4 electrolyte and (b) BIS-TRIS 

contained electrolyte at a current density of 0.5 mA cm-2 and an area capacity of 3 mAh cm-2. 

Optical microscopy of Zn deposition on Cu wire in (c) ZnSO4 electrolyte and (d) BIS-TRIS 

contained electrolyte at a current density of 10 mA. Scheme illustration of (e) spherical Zn 

deposition in BIS-TRIS contained electrolyte and (f) dendritic Zn deposition in ZnSO4 

electrolyte. (g) Calculated exchange density of Zn asymmetric cell with different electrolytes. 

(h) Cyclic voltammograms (CV) for Zn nucleation on bare Ti foil in ZnSO4 and BIS-TRIS 

contained electrolytes. 
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Figure 4. (a) Galvanostatic cycling test of symmetric cell at a current density of (a) 1 mA cm-2 

and (b) 5 mA cm-2. (c) CE of Zn plating/stripping on Ti foil at a current density of 1 mA cm-2. 

(d) The corresponding voltage profiles at various cycles. 
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Figure 5: Electrochemical performance of Zn/MnO2 batteries: (a) cyclic voltammetry (CV) 

measurement, (b, c) the galvanostatic charge/discharge curves at various cycles and (d) cycling 

performance at 500 mA g-1 
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