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 ABSTRACT 

In this report, we demonstrate a simple chemical bath deposition approach for

the synthesis of layered SnS nanosheets (typically 6 nm or ~10 layers thick) at 

very low temperature (40 °C). We successfully synthesized SnS/C hybrid electrodes

using a solution-based carbon precursor coating with subsequent carbonization 

strategy. Our data showed that the ultrathin carbon shell was critical to the

cycling stability of the SnS electrodes. As a result, the as-prepared binder-free 

SnS/C electrodes showed excellent performance as sodium ion battery anodes. 

Specifically, the SnS/C anodes delivered a reversible capacity as high as 792 mAh·g−1

after 100 cycles at a current density of 100 mA·g−1. They also had superior rate 

capability (431 mAh·g−1 at 3,000 mA·g−1) and stable long-term cycling performance

under a high current density (345 mAh·g−1 after 500 cycles at 3 A·g−1). Our 

approach opens up a new route to synthesize SnS-based hybrid materials at low 

temperatures for energy storage and other applications. Our process will be

particularly useful for chalcogenide matrix materials that are sensitive to high

temperatures during solution synthesis. 

 
 

1 Introduction 

The ever-increasing demand for large-scale energy 

storage to support naturally intermittent renewable 

energy sources has made it imperative that we develop 

cost-efficient rechargeable batteries [1, 2]. While 

lithium-ion batteries (LIBs) are widely used in our daily 

life, the cost and availability of Li are considered serious 

drawbacks in grid-scale storage applications [3, 4]. 

Consequently, sodium-ion batteries (SIBs) have been 

proposed to circumvent these problems due to the 

low cost, natural abundance, and more suitable 

redox potential of Na (E
○
 for Li/Li+ = 3.05 V and E

○
 for 

Na/Na+ = 2.71 V vs. SHE at 298 K, 1 M, 1 atm) [5–8]. 

However, previous studies have demonstrated that 

most of the potential anodes (including graphite)  

for Li-ion batteries are ineffective for SIBs [3] because 

they suffer from low capacity, inferior rate performance, 

and limited lifespan when used as drop-in replace-

ments in SIBs, which is a serious obstacle to their 

commercialization. The larger atomic size of sodium 

ions relative to lithium ions (1.02 Å radius for Na+ 

vs. 0.59 Å radius for Li+) is generally thought to be 

responsible for such a huge performance decay since 
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Na diffusion becomes sluggish in the host materials 

and the hosts undergo a large volume expansion [9, 10]. 

Hence, there is a strong interest in the development 

of more suitable SIB anodes. Thus far, tin-based 

materials (e.g., Sn, SnO2, SnO, SnS2, and SnS) have been 

proposed as high-capacity anodes for SIBs, based on 

the theoretical stoichiometry of Na3.75Sn (847 mAh·g−1) 

[11]. However, the large volume expansion of Sn 

during sodiation (~420%) essentially makes it impossible 

to achieve such a high theoretical capacity [12]. 

Therefore, the practical implementation of tin oxides 

in SIBs has been hindered by their low initial Coulombic 

efficiency, poor intrinsic conductivity, and inferior 

cycling stability [13]. For example, Wang et al reported 

that SnO2@graphene electrodes could deliver a reversible 

capacity of 600 mAh·g−1 at 20 mA·g−1, with a very  

low initial Coulombic efficiency (32%) [14]. Such  

low Coulombic efficiency probably results from the 

incomplete transformation of SnO2 from Sn and Na2O 

during the charging process because of the strong 

Na–O ionic bond [15, 16].  

However, tin sulfides offer higher electrical con-

ductivity and weaker metal-sulfur bonds, which make 

them more appealing for SIBs compared to tin-oxides 

[13, 16, 17]. Among them, conversion-cum-alloy based 

SnS2 and SnS have been the most widely investigated 

candidates. As shown in Fig. 1(a), hexagonal SnS2  

has a CdI2-type sandwich structure that consists of 

covalently bonded S–Sn–S trilayers with an interlayer 

distance of 0.59 nm separated by van der Waals forces. 

However, orthorhombic SnS shows a different GeS-type 

layered structure with an interlayer spacing of 0.56 nm 

compared to SnS2 (Fig. 1(b)). The ideal interlayer 

distances of SnS2 and SnS are suitable for sodium ion 

insertion and further accommodate the large volume 

expansion from the Na alloying/de-alloying process. 

While both SnS2 and SnS show structural benefits  

as SIB anodes, we realized that orthorhombic SnS is 

superior for the following reasons: 1) SnS is reported 

to have a much narrower band gap (1.11 eV) compared 

with SnS2 (2.24 eV) and thus a higher intrinsic 

conductivity [18], which is desirable for high-rate 

anodes. 2) As demonstrated earlier, the arrangement 

of Sn atoms in orthorhombic SnS is similar to that of 

cubic Sn, which is the phase obtained after sodiation, 

suggesting that structural instability could be reduced 

[19]. 3) SnS offers a simpler sodiation-desodiation 

process, which is beneficial for long-term stability; 

specifically, the SnS experiences a two-structure phase 

transformation (SnS→α-Sn→Na3.75Sn) during the 

conversion and alloying process, while SnS2 involves 

a more complicated reaction mechanism [19, 20]. This 

difference leads to a substantially larger lattice volume 

change in the case of SnS2 (324% for SnS2 vs. 242% 

for SnS). 4) SnS shows a comparable high theoretical 

capacity (1,022 mAh·g−1) to SnS2 (1,135 mAh·g−1). Despite 

these advantages, SnS still exhibits relatively inferior 

cycling stability from its volume change during Na 

ion storage (242% from SnS to Na3.75Sn). To address 

this issue, carbonaceous materials, such as graphene, 

 

Figure 1 Crystal structures of (a) hexagonal SnS2 and (b) orthorhombic SnS. Blue atom: Tin; yellow atom: Sulfur. 
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have been employed to stabilize the sulfide electrodes 

[16, 21–24]. For instance, Guo et al. showed that 

SnS/graphene electrodes exhibit a reversible capacity 

of 940 mAh·g−1 at 30 mA·g−1 while pristine SnS exhibits 

a capacity only around 300 mAh·g−1 [19]. Furthermore, 

it has been demonstrated that the pulverization of the 

electrode materials can be prevented to some degree 

by reducing their size to the nanoscale [25]. Moreover, 

ultrathin (or few-layered) 2D materials have been 

reported to offer higher capacity and better stability 

than their bulk counterparts [26–28]. Additionally, in 

the literature, pure SnS and its composite powders 

have been used for SIB tests with binders (e.g., PVDF), 

which have recently been found to accelerate the 

deterioration of the electrodes during sodiation [29]. 

Therefore, binder-free electrodes are clearly more 

suitable for high-performance battery applications.  

To date, the structural phase transition method 

(conversion of SnS2 to SnS via 550 C Ar annealing) 

has been the most commonly used approach to 

synthesize SnS, which is impractical due to its high 

cost and multiple steps. In addition, our research 

shows that the direct conversion of SnS2 nanosheets 

(a desirable morphology for SIB anodes) to SnS using 

high temperature annealing is virtually impossible 

without significantly changing the nanosheet mor-

phology, which will be discussed later in the manuscript. 

Thus, an alternative to the phase transition method  

is needed to convert SnS2 to SnS without destroying  

the nanosheet morphology. Herein, we present a one- 

step solution process to realize the fast growth of 

ultrathin SnS nanosheets on highly conductive carbon 

fiber paper (CFP) near room temperature (40 °C, 2 h). 

Then, we successfully synthesized the SnS/C hybrid 

electrodes for SIBs using a solution-based carbon pre-

cursor coating and subsequent carbonization strategy. 

The synthesized SnS/C electrodes exhibited a high 

reversible capacity of 791 mAh·g−1 at 100 mA·g−1 

after 100 cycles and, impressively, 431 mAh·g−1 after a 

30-fold increase in current density to 3 A·g−1. 

2 Experimental  

2.1 Synthesis of orthorhombic SnS 

The SnS nanoarrays were synthesized using a chemical 

bath deposition process. Typically, 0.05 mol SnCl2·2H2O 

and 0.15 mol thioacetamide were dissolved in 240 mL 

N2 saturated ethanol in a glass bottle followed by    

2 min sonication to yield a clear solution. Then, a piece 

of carbon fiber paper (CFP) was immersed into the 

above solution. The deposition was then carried out 

at 40 °C for 2 h. Immediately, the transparent solution 

became opaque and brown. After cooling down to 

the room temperature (20–25 °C), the obtained free- 

standing SnS powder and SnS nanosheets on CFP 

were washed with deionized water and ethanol. Finally, 

all the samples were dried in vacuum at 60 °C. For  

the SnS2 synthesis, 0.05 mol SnCl4 was used to replace 

SnCl2. In that case, the temperature and chemical bath 

deposition reaction time were increased to 60 °C and 

4 h, respectively.  

2.2 Synthesis of orthorhombic SnS/Carbon on CFP 

In a typical procedure, one piece of the as-prepared 

SnS/CFP was soaked in 80 mL of a 0.1 M glucose 

aqueous solution under ambient conditions for 6 h. 

Then, the CFP was dried at room temperature without 

washing. Next, the SnS/glucose/CFP sample was 

annealed at 550 °C under an Ar atmosphere for 1 h to 

prepare the final products (SnS/Carbon on CFP).  

2.3 Synthesis of SnS/SnO2/Carbon on CFP 

In a typical procedure, one piece of the as-prepared 

SnS/CFP was immersed in 40 mL of a 0.1 M glucose 

aqueous solution for 10 min. Then, this solution was 

subsequently transferred into a Teflon-lined autoclave 

with CFP and held at 180 °C for 3 h. After cooling down 

to room temperature, the CFP was collected and 

washed with deionized water and ethanol. The CPF 

was dried in vacuum at 60 °C. 

2.4 Synthesis of SnS nanoparticle on CFP 

In a typical procedure, one piece of the as-prepared 

SnS2/CFP was annealed at 550 °C under an Ar 

atmosphere for 1 h.  

2.5 Structural characterization 

X-ray diffraction (XRD) patterns were collected by   

a Bruker diffractometer (D8 Advance) with Cu Kα 

radiation with λ = 1.5406 Å. X-ray photoelectron 
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spectroscopy (XPS) analysis was conducted using a 

Kratos AXIS Ultra DLD spectrometer. The morphology 

and microstructure of the samples were characterized 

by scanning electron microscopy (SEM, Nova Nano 

630, FEI) and transmission electron microscopy (TEM, 

Titan 80–300 kV). Atomic force microscopy (AFM) 

images were recorded using a Digital Instrument 

Multi-Mode AFM with a Nanoscope 4 controller 

operating in tapping mode. Raman spectra were 

collected using a Hariba LabRAM HR spectrometer. 

2.6 Electrochemical measurements 

For electrochemical measurements, SnS/CFP and 

SnS/Carbon/CFP were directly used as binder-free 

working electrodes. The CR2032-type coin half-cells, 

using sodium foil as the counter electrode, were 

assembled in an argon-filled glove box, where both 

H2O and O2 concentrations were less than 1 ppm. The 

separator was a Celgard 3501 microporous membrane, 

and the electrolyte was a 1 M solution of NaClO4 

dissolved in ethylene carbonate/DMC with a 1:1 

weight ratio. Cyclic voltammetry was performed by  

a Biologic VMP3 electrochemistry workstation in the 

voltage range of 0.01–2.0 V (vs. Na/Na+) at a scan rate 

of 0.1 mV·s−1. The galvanostatic discharge-charge cycles 

at different current density states were performed by 

an Arbin BT-2043 battery testing system in the voltage 

range of 0.01–2.0 V.  

3 Results and discussion 

The growth of a large area of well-aligned SnS nano-

sheets was realized using a chemical bath deposition 

process by reacting SnCl2·2H2O and thioacetamide in 

anhydrous ethanol at 40 °C  for 2 h. The reactions 

involved in the formation of ultrathin SnS nanosheets 

can be described as follows [30] 

CH3NH2C = S + 2CH3CH2OH →         

CH3(NH2)C(OC2H5)2 + H2S     (1) 

Sn2+ + S2− → SnS                (2) 

Figure S1 in the Electronic Supplementary Material 

(ESM) shows a digital photo of tin sulfide powder that 

was prepared using our chemical bath deposition 

method. Clearly, these powders have a dark brown 

color, which differs from the yellow SnS2, implying 

the formation of SnS instead of SnS2. The crystal 

structure of the as-prepared tin sulfide on CFP was 

characterized using XRD. The black curve in Fig. 2(a) 

reveals the θ–2θ XRD pattern of the near-room 

temperature synthesized tin sulfide. Clearly, all the 

diffraction peaks matched with orthorhombic SnS 

(JCPDS No. 39-0354) without any detectable impurity 

phases. Furthermore, the sharp peaks also indicate 

the high crystallinity of our samples despite the  

low temperature synthesis. Raman spectroscopy was 

also used to further characterize our SnS nanosheets. 

As shown in Fig. 2(b), four distinguishable peaks 

were observed. The peaks centered at 60 and 312 cm−1 

originated from the second order multiple phonon 

scattering process of orthorhombic SnS, whereas the 

peaks located at 93 and 223 cm−1 belonged to the first 

order single phonon oriented transverse or longitudinal 

optical vibrational modes of SnS [31, 32]. The Raman 

analysis further demonstrated the formation of highly 

pure orthorhombic SnS. We then performed XPS 

measurements where the high-resolution Sn 3d and 

S 2p spectra are displayed in Figs. 2(c) and 2(d). The 

peak at 486.3 eV in Fig. 2(c) corresponded to the Sn 

3d5/2 of Sn2+ [33]. Obviously, Sn4+ was not detected   

in the spectrum. In addition, the peaks at 161.3 and 

162.6 eV in Fig. 2(d) could be assigned to S 2p3/2 and S 

2p1/2 in an S2–-like chemical state, respectively, with 

binding energy that is very close to the reported 

single crystal SnS nanowires [34]. Moreover, unlike 

previous reports [19], no thiol groups were observed 

in the S 2p spectrum. Thus, the XPS results also con-

firmed the formation of high purity crystalline SnS 

products. We also tried to prepare SnS nanosheets by 

the reported structural phase transformation method 

using the SnS2 nanosheet array as the template. As 

shown in Fig. S2 in the ESM, the original morphology 

of the SnS2 nanosheets was completely destroyed 

after 1 h of annealing in Ar at 550 °C. In this case, the 

ultrathin SnS2 nanosheets aggregated into large particles 

and were subsequently reduced to SnS (Fig. S2(c)  

in the ESM). This result further demonstrates the 

advantage of our low-temperature synthesis route. 

The morphology and microstructure of the as- 

prepared SnS on CFP were examined using SEM 
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and TEM. As shown in Figs. 3(a) and (b), the CFP 

substrate was uniformly covered with vertically aligned 

SnS nanosheets. The abundant open pores between 

the interconnected SnS nanosheets are believed to 

boost the electrolyte ion trapping and improve its 

access to the active materials. The TEM image (Fig. 3(c)) 

provides more detail about the properties of the SnS 

ultrathin nanosheets with a lateral sheet size of around 

1 μm. The lattice fringe in the high-resolution TEM 

(HRTEM) image (Fig. 3(d)) was determined to be 2.82 Å, 

corresponding to the (111) planes of orthorhombic 

SnS. As shown in Fig. S3 in the ESM, AFM analysis 

indicated that the SnS nanosheets are typically 6 nm 

thick (~10 layers), confirming their ultrathin 2D 

character. The diffusion time of alkali metal ions in 

electrode materials is well known to be proportional 

to the square of the diffusion length; thus, the ultrathin 

nature of these SnS sheets could be expected to lead 

to faster ion diffusion and better rate performance of 

our SnS anodes [19, 35]. Furthermore, as mentioned 

earlier, the reduced thickness of 2D materials can 

enhance cycling stability in battery applications [36–38]. 

A common approach used to protect the electrode 

from direct contact with the electrolyte in batteries  

is a surface coating, which often leads to improved 

cycling stability of anodes [39]. Here, we also expected 

that the cycling performance of our SnS phase   

could be further enhanced by carbon coating. Our 

experimental results showed that the deposition of  

a carbon layer via the commonly used glucose- 

hydrothermal-decomposition-process did not work 

well for our SnS anodes. To be specific, as shown in 

Fig. S4 in the ESM, the SEM and XRD data indicate 

that after the glucose hydrothermal decomposition 

reaction, the SnS nanosheets were partially oxidized 

into SnO2. Thus, another approach was needed that 

preserved the composition and structure of the SnS 

phase. A solution-based carbon precursor coating and 

subsequent carbonization strategy was employed to 

form such a thin protective carbon layer on the surface 

of SnS [40]. In this process, the SnS/CFP electrode 

was soaked in a glucose aqueous solution, dried at 

 

Figure 2 (a) Representative XRD patterns for the as-prepared bare SnS and SnS/C nanosheets on CFP. (b) Raman spectrum of the fresh
SnS/CFP anode. High-resolution XPS spectra of (c) Sn 3d and (d) S 2p of pristine SnS. 
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ambient conditions without washing, and then annealed 

at 550 °C in an Ar atmosphere. During the annealing 

process, the surface adsorbed glucose dehydrated the 

cross-link, followed by aromatization and carbonization, 

resulting in a firm carbonized shell covering the SnS 

anode surfaces [40, 41]. The θ–2θ XRD pattern of 

SnS/C (red curve in Fig. 2(a)) clearly shows that no 

structural changes occurred during the formation of 

the protective carbon layer and that the SnS structure 

and composition remained intact. Figures 3(e) and 3(f) 

demonstrate that the SnS/C nanostructures retained 

the original morphology of pure SnS, but the surface 

had roughened. In addition, the TEM analysis 

(Figs. 3(g) and 3(h)) clearly reveals that the SnS 

nanosheets had become uniformly surrounded by a 

carbon shell with a thickness of a few nanometers 

(4–6 nm). The selected area electron diffraction (SAED) 

image (Fig. 3(i)) demonstrates the single crystalline 

(clear diffraction spots) and partially graphitic (two 

diffuse rings) nature of SnS and carbon in SnS/C, 

respectively.  

To investigate the anode performance of the as- 

prepared SnS/C electrodes for SIBs, cyclic voltammetry 

(CV) measurements were performed. Figure 4(a) 

displays the initial three CV curves of SnS/C anodes 

at a scan rate of 0.1 mV·s−1 in the voltage range of 

0.01–2.0 V. During the 1st cathodic sweep, a distinct 

peak centered at 0.72 V was observed. This peak could 

be ascribed to the conversion of SnS to Sn metal 

nanograins and amorphous Na2S, subsequent alloying 

reactions of Sn, and the decomposition of the electrolyte 

to form a solid-electrolyte interphase (SEI) layer 

[5, 16, 19, 23]. After the 1st CV scan, this peak splits into 

two peaks at around 1.1 and 0.6 V, which represent 

 

Figure 3 (a) and (b) Representative SEM images of the as-prepared pure SnS on CFP showing the well-defined nanosheet architecture.
(c) and (d) The TEM images for individual SnS nanosheets. Typical (e) and (f) SEM and (g) and (h) TEM images of the SnS/C core-
shell hybrid structure. (i) A representative SAED pattern for individual SnS/C nanosheets. 
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the conversion reaction of SnS and alloying process 

of Sn, respectively. It is generally accepted that the 

alloying reaction between Sn and Na is a multistep 

process [12]. First, NaSn4 forms at around 0.7 V. Then, 

with decreasing potential, more Na ions are incorporated 

into NaSn4 to form NaxSn (x ≤ 3.75). Thus, the broad 

reduction peak below 0.7 V was attributed to the 

additional formation of Na–Sn alloys. During the 1st 

anodic scan, the oxidation peaks at 0.29 and 0.71 V 

could be assigned to the multistep dealloying process 

of NaxSn to Sn. The oxidation peaks at 1.09 and 1.34 V 

could be ascribed to the restitution of SnS (from Sn to 

SnS). As shown in Fig. 4(a), the CV curves had no 

obvious area loss, implying the stability of the SnS/C 

electrodes. We further performed a deep galvanostatic 

charge-discharge (CD) scan between 0.01 and 2.0 V to 

further investigate the SnS/C electrode performance 

in SIBs. On deep galvanostatic cycling (Fig. 4(b)), the 

discharge capacity was 1,252 mAh·g−1, and the charge 

capacity was 928 mAh·g−1 in the first cycle at a current 

density of 100 mA·g−1, which corresponds to an initial 

Coulombic efficiency of ~74%. On the 5th cycle, the 

Coulombic efficiency of SnS/C increases up to ~99%. 

The irreversible capacity of the 1st CD scan was 

 

Figure 4 (a) Cyclic voltammograms for the first three cycles of the SnS/C electrode at a scan rate of 0.1 mV·s−1. (b) Galvanostatic 
charge-discharge plots of the SnS/C electrode at the 1st, 2nd, 10th, and 20th cycles. (c) Cycling performance of the SnS and SnS/C electrode
at 100 mA·g−1 for 100 cycles. (d) Rate performance of SnS/C hybrid electrode. (e) Long-term cycling performance of the SnS/C nanosheet 
at a current density of 3,000 mA·g−1. 
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mainly due to the consumption of Na ions during SEI 

layer formation, which is consistent with the CV tests. 

Furthermore, the charge/discharge voltage plateaus 

were notably consistent with the CV results. As shown 

in Fig. 4(c), the SnS/C electrodes show good cycling 

stability from the 2nd cycle onwards, whereas the 

cycling stability of pure SnS is very poor. Specifically, 

SnS/C electrode delivered discharge capacities of  

913, 818, 792 mAh·g−1 in the 2nd, 50th, and 100th cycles, 

respectively, demonstrating an 87% capacity retention 

after 100 cycles. However, the pristine SnS electrodes 

suffered from dramatic capacity decay, retaining only 

33% of the second cycle capacity after 20 CD cycles. 

Such poor cycling stability validated our argument 

that the SnS/C hybrid electrode is a more suitable 

choice than bare SnS for SIBs because the thin carbon 

layer buffered the large volume change. Furthermore, 

the carbon layer served as the “glue” to integrate the 

nanosized particles during the sodiation and desodiation 

processes to avoid the complete pulverization of each 

individual SnS nanosheet. Notably, the reversible 

capacity of the SnS/C reported here was higher than 

the values reported so far for SnS2-based hybrid SIB 

electrodes, such as SnS2/C (660 mAh·g−1 at 50 mA·g−1) 

[42], SnS2/rGO (671 mAh·g−1 at 100 mA·g−1) [43], few- 

layered SnS2/rGO (649 mAh·g−1 at 100 mA·g−1) [44], and 

exfoliated SnS2/graphene (650 mAh·g−1 at 200 mA·g−1) 

[24]. The superior SIB performance of the SnS/C 

electrode also verified our above argument that SnS is 

a more suitable anode candidate than SnS2. In addition, 

the plot of Coulombic efficiency vs. cycle number 

proves the high reversibility and high efficiency of 

this SnS/S electrode (Fig. S5 in the ESM). 

As an important performance indicator for grid- 

scale electricity storage, the rate performance of   

the SnS/C electrodes was investigated. The good rate 

capability of SnS/C is illustrated in Fig. 4(d), where 

the current density was increased step-wise from  

0.1 to 3 A·g−1 and returned to 0.1 A·g−1. Note that ten 

cycles were used for each step. The 10th discharge 

capacities at 0.1, 0.2, 0.3, 0.5, 1, and 3 A·g−1 were  

843, 792, 734, 662, 562, and 431 mAh·g−1, respectively. 

Impressively, a high discharge capacity could be 

achieved at 3 A·g−1, which represents a 30-fold increase 

in current density corresponding to ~52% of the 

discharge capacity at 0.1 A·g−1. In addition, when the 

current density was returned to 0.1 A·g−1, the discharge 

capacity recovered to 806 mAh·g−1, suggesting that 

the SnS/C anodes can tolerate high-rate cycling without 

anode degradation [44, 45]. These results demonstrate 

that the binder-free SnS/C nanosheets with free electrical 

transport pathways and large volume separation ratios 

could allow high-speed Na ion transformation without 

irreversible changes. We also examined their long-term 

cycling stability at a high current density of 3 A·g−1. 

As shown in Fig. 4(e), the SnS/C anode still shows  

a reversible capacity of 345 mAh·g−1 after 500 cycles, 

demonstrating the excellent cycling stability of these 

SnS/C anode nanosheets. The SIB performance of our 

SnS/C electrode was outstanding compared to pre-

viously reported SIB anodes including carbonaceous 

material, metal alloy, metal oxides/sulfides/carbides 

as shown in Table S1. This result combined with the 

simple synthesis process near room temperature shows 

that SnS/C is indeed a very promising anode material 

for SIBs. 

4 Conclusions 

In summary, we have developed layered SnS anodes 

for Na ion batteries using a simple chemical bath 

deposition approach at very low temperature. The 

optimized anodes were subsequently coated with a 

carbon surface layer using a solution-based carbon 

precursor coating and carbonization strategy. As a 

result, the as-prepared binder-free SnS/C electrodes 

showed excellent performance as SIB anodes. Specifi-

cally, the SnS/C anodes delivered a reversible capacity 

as high as 792 mAh·g−1 after 100 cycles at a current 

density of 100 mA·g−1. They also showed superior rate 

capability (431 mAh·g−1 at 3,000 mA·g−1) and stable 

long-term cycling performance under high current 

density (345 mAh·g−1 after 500 cycles at 3 A·g−1). Our 

approach opens up a new route to synthesize SnS-based 

hybrid materials at low temperatures, which is 

particularly useful for chalcogenide matrix materials 

that are sensitive to high temperatures during solution 

synthesis.  
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