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Electrodeposition of Pure Phase SnSb Exhibiting High Stability as a 

Sodium-Ion Battery Anode 

 Jeffrey Maa and Amy L. Prietoa

Electrodeposition of pure phase SnSb is reported for the first time. 

The purity of the product is important, as the impure phase is 

found to be detrimental to the material�s lifetime as a sodium-ion 

anode. The directly deposited electrode was able to retain 95% 

capacity after 300 cycles, and only fall below 80% capacity 

retention after 800 cycles when cycled versus sodium.

Secondary batteries play a major role in energy storage as 

we slowly transition from non-renewable sources, such as 

fossil fuels, to cleaner and more sustainable storage methods. 

Of the secondary battery technologies, lithium-ion batteries 

are currently utilized in applications ranging from portable 

devices to all-electric vehicles. In recent years there has been 

an influx in the research on sodium-ion batteries as a 

substitute for lithium-ion in certain technologies, such as large 

grid storage, due to sodium�s higher abundance and low cost. 

The traditional anode material for lithium-ion batteries, 

graphite, does not perform well as a sodium-ion anode.1, 2 This 

is due to the larger size of Na+ ions when compared to Li+ ions, 

which makes graphite not a compatible host. This motivates 

the need for optimal Na-ion anodes that can exhibit high 

capacity and long cycle life. Currently, most investigations on 

sodium anode materials revolve around hard carbon.3 

However, hard carbon exhibits poor cycling performance and 

can result in the plating and dendritic growth of sodium metal 

on the surface, which is a safety hazard.

The motivation in studying alloy anode materials is their 

greater volumetric and gravimetric capacities when compared 

to hard carbon. Silicon, while shown to be promising as a 

lithium-ion battery due to its high theoretical capacity, has 

demonstrated a lack of ability to store sufficient amounts of 

sodium.4, 5 Of all the potential alloy anode materials, Sn 

(847mAh/g) and Sb (660mAh/g) have been heavily studied due 

to their large theoretical capacities. Intermetallic alloys, like 

SnSb, have smaller volume expansions upon sodiation, 

resulting in longer cycle life and improved rate performances. 

Previous reports on SnSb have suggested that polycrystalline 

SnSb reforms upon cycling in lithium-ion batteries, which may 

have some benefits in terms of its mechanical properties.6 Due 

to the inability to directly transfer knowledge of anode 

research from lithium-ion to sodium-ion technology, i.e. Si and 

graphite, SnSb has become a frontrunner for potential 

application as a sodium-ion battery anode. Ultimately, our goal 

is to develop an easy and scalable synthesis method with 

control over the composition, morphology, and surface area of 

the SnSb anode material, while enhancing its performance.

The bimetallic SnSb alloy has been previously synthesized 

using methods such as ball milling, electrospinning, hot 

injection, chemical reduction, solvothermal, and through 

traditional solid-state means.6-11 Most of these methods 

require higher temperatures, which can cause heterogeneous 

products given the difference in vapor pressure between the 

two elements. All of these synthetic methods produce 

powders as their product, resulting in the need for binders for 

testing the active materials electrochemically in a battery. 

Here we directly electrodeposit SnSb is onto a conducting 

substrate at room temperature, without the need of additional 

binders or post processing. Electrodeposition enables control 

of the composition, particle size, and thickness of the material. 

While the first Sn-Sb lithium anode reported was synthesized 

via electrodeposition, pure phase SnSb has never been 

reported through this process.12-17 The most common 

impurities in previous reports are Sn, Cu2Sb, Cu3Sn, and SnO. 

All of these impurities are electrochemically active. As a result, 

the electrodeposition of pure phase SnSb is desired in order to 

study how the pure phase material interacts with other 

components in the battery during electrochemical cycling. In 

this study, we have successfully synthesized pure phase SnSb 

by electrodeposition by using a deep eutectic solvent. Pure 

SnSb electrodes exhibit competitive gravimetric capacities 

compared to carbon with binder additives, while maintaining 

long cycle life in a sodium-ion battery. 

Thin films of SnSb were synthesized using a solution 

containing Sn(II) and Sb(III) chlorides as precursors, and  

ethaline (1:2 by weight choline chloride to ethylene glycol) was 

used as the solvent for this electrodeposition solution.  Cyclic
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ordering based on their data.26 Transmission electron 

microscopy (TEM) and electron diffraction from a recent study 

also support SnSb reformation.27 Additional experiments were 

performed verifying the reformation of crystalline SnSb after 

electrochemical cycling in our system (Fig. S4). 

Conclusions 

To summarize, by using an ethaline-based solution the 

electrodeposition of pure phase SnSb has been reported for 

the first time. Electrodeposited SnSb, without binders and 

carbon additives, was tested as a sodium-ion battery anode. 

While long-term cycling studies over 200 cycles have rarely 

been previously reported in SnSb literature, we report 1000 

cycles to better understand the lifetime and long cycling 

stability of our SnSb electrodes. Although capacity below 

theoretical maximum was obtained from galvanostatic cycling 

at C/2 rate, SnSb exhibited high cycling stability, falling below 

80% capacity retained after 800 cycles. Rate capability tests 

demonstrated the stability of SnSb cycling with higher current 

densities. Differential capacity plots and ex-situ XRD reveal the 

gradual change, instead of an immediate change as seen from 

previous reports, from crystalline SnSb to an amorphous phase 

for electrodeposited SnSb during C/2 cycling. The differential 

capacity plots also verify the purity of SnSb with absence of 

distinct Sn electrochemical events. This study reveals some 

structural integrity with the reformation of SnSb, which may 

be related to the electrochemical stability seen. If the 

reformation is important to the stability of the material, purity 

of the material is crucial for obtaining longer cycle lifetime of 

the material. The films we report here are thin, but recently, 

the electrochemical performance of a similar thickness 

material, ~200 nm Sn, was electrodeposited on a 3D scaffold 

architecture, and that electrode had triple the areal loading of 

current slurry-based anodes.28 As new directions like this 

appear for intermetallic alloys, the SnSb reported here may be 

useful for implementation in newer 3D architectures. Future 

studies in better understanding the structural integrity and 

electrochemistry that occur during cycling of this material may 

help improve not only the understanding and lifetime of SnSb, 

but hopefully of all intermetallic alloys that can lead to 

advancements towards commercialization. 
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