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Table S1. Initial weights of the different ligands and volume of the solvent formamide for the ligand exchange reaction for 

SnS-X (particle size ≈20 nm) and SnL-X (particle size ≈20-200 nm) nanoparticles (ligands X= OH-, Sx-, PVP or MPA). 

Sample Mass of ligand  / mg Volume of formamide / mL 

SnS-OH 400 400 

SnL-OH 800 400 

SnS-PVP 5000 400 

SnL-PVP 4000 400 

SnS-S 1560 600 

SnL-S 1560 180 

SnS-MPA 1060 600 

SnL-MPA 1060 400 

 

 

 

Figure S1. Photographs of the different steps during the ligand exchange starting with (a) the original oleic acid-capped 

nanoparticles in chloroform, (b) the adding of the ligand-formamide solution, (c) the mixture and (d) the hydroxide-capped Sn 

nanoparticles in formamide separated from the chloroform solution. 
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Figure S2. TEM images of Sn nanoparticles after the ligand exchange from oleic acid to (a) and (b) OH-, (c) and (d) PVP, (e) 

and (f) Sx- and (g) and (h) MPA. The images on the left side ((a), (c), (e), (g)) belong to the SnL-X nanoparticles (particle size 

≈20-200 nm) obtained from the precipitate and the images on the right side ((b), (d), (f), (h)) belong to the SnS-X nanoparticles 

(particle size ≈20 nm) from the centrifugate, respectively.  
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Figure S3. Particle size distributions of the synthesized oleic acid-capped SnS-X nanoparticles. X= (a) PVP, (b) Sx- and (c) 

MPA. 
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Figure S4. XRD patterns with Rietveld refinement of (a) OH--capped, (b) PVP-capped and (c) MPA-capped SnS-X 

nanoparticles. 
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Table S2. Weight losses of SnS-X nanoparticles in a temperature range from 40-500 °C (according to Figure 5). 

Sample 
Weight loss / % 

40-500 °C 

SnS-OH 12.9 

SnS-PVP 47.5 

SnS-S 3.8 

SnS-MPA 34.3 

 

 

 

Figure S5. XPS survey spectrum of SnS-S. All rising signals are identified by the outlined elements. 

 

 

Figure S6. SEM images of surface-modified SnS-X nanoparticle composite electrodes (ligands X= OH-, Sx-, PVP or MPA). 
(a), (c), (e) and (g) at 1kx magnification and (b), (d), (f) and (h) at 200kx magnification. 
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Figure S7. Cyclic voltammetry investigation of the reference Sn material (particle size: <150 nm). Measurement was conducted 

in Li metal (CE)║Sn (WE) cells. Potential range (controlled via the RE): 0.025 to 1.5 V vs. Li/Li+; scan rate: 0.1 mV s-1. 

 

 

 
Figure S8. Cyclic voltammetry investigation of (a) SnL-OH and (b) SnL-OH samples showing the different lithiation and de-

lithiation peaks (1-6), as summarized in Table S3. Measurement was conducted in Li metal (CE)║Sn (WE) cells. Potential 

range (controlled via the RE): 0.025 to 1.5 V vs. Li/Li+; scan rate: 0.1 mV s-1. 
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Table S3. Overview of lithiation and de-lithiation peak potentials from cyclic voltammetry investigations of the different SnS-X 

and SnL-X samples (data are obtained from Figure 7). The corresponding peaks are exemplarily shown in Figure S8 for the  

SnS-OH and SnL-OH samples. 

Sample Cycle Peak (1) Lithiation 

potential  

vs. Li/Li+ / V 

Peak (2) Lithiation 

potential  

vs. Li/Li+ / V 

Peak (3) De-

lithiation potential 

vs. Li/Li+ / V 

SnL-OH 1 0.644 0.284 0.483 

2 0.655 0.362 0.480 

SnL-PVP 1 0.671 0.379 0.464 

2 0.667 0.344 0.465 

SnL-S 1 0.674 0.378 0.466 

2 0.674 0.381 0.464 

SnL-MPA 1 0.668 0.353 0.475 

2 0.670 0.341 0.478 

     

Sample Cycle Peak (4) Lithiation 

potential  

vs. Li/Li+ / V 

Peak (5) Lithiation 

potential  

vs. Li/Li+ / V 

Peak (6) De-

lithiation potential 

vs. Li/Li+ / V 

SnS-OH 1 0.533 0.267 0.504 

2 0.576 0.325 0.488 

SnS-PVP 1 --- 0.178 0.516 

2 --- 0.226 0.501 

SnS-S 1 0.685 0.297 0.507 

2 0.585 0.315 0.490 

SnS-MPA 1 0.571 0.314 0.491 

2 0.639 0.329 0.469 
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Table S4. Overview of the specific discharge (=de-lithiation) capacity in selected cycles, capacity retention after the 100th cycle 

and the 1st cycle Coulombic efficiency of the different SnS-X and SnL-X samples during the long-term charge/discharge cycling 

investigations (according to Figure 8). 

 

Active material 
Specific discharge capacity / mAh g-1 

Capacity 

retention / % 

Coulombic 

efficiency / % 

1st cycle 4th cycle 100th cycle    100th cycle 1st cycle 

SnS-OH 930 ± 33 780 ± 4 739 ± 9 95 ± 1 44 ± 3  

SnS-PVP 752 ± 10 642 ± 6 574 ± 12 61 ± 2 40 ± 1 

SnS-S 784 ± 21 617 ± 17 623 ± 18 85 ± 2 43 ± 3 

SnS-MPA 721 ± 35 651 ± 61 531 ± 3 72 ± 1 48 ± 4 

SnL-OH 694 ± 24 660 ± 41 449 ± 23 64 ± 2 72 ± 3  

SnL-PVP 792 ± 19 604 ± 9 361 ± 14 59 ± 2 70 ± 2 

SnL-S 736 ± 28 486 ± 64 219 ± 41 46 ± 4 75 ± 3 

SnL-MPA  759 ± 10 671 ± 45 321 ± 4 47 ± 3 72 ± 2 

Reference 796 ± 2 742 ± 6 335 ± 4 42 ± 1 76 ± 3 
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Figure S9. Electrode potential vs. specific capacity curves from the 1st cycle of constant current/constant potential 

charge/discharge cycling (at 0.1C) for (a) Sns-X nanoparticles and (b) SnL-X nanoparticles. All measurements were conducted 

in Li metal (CE)║Sn (WE) cells. Potential range (controlled via the RE): 0.025 to 1.5 V vs. Li/Li+. Data are obtained from 

results Figure 8 (a) and (c) of the manuscript. 

 

Figure S10. Electrode potential vs. specific capacity curves from the 100th cycle of constant current/constant potential 

charge/discharge cycling (at 1C) for (a) Sns-X nanoparticles and (b) SnL-X nanoparticles. All measurements were conducted in 

Li metal (CE)║Sn (WE) cells. Potential range (controlled via the RE): 0.025 to 1.5 V vs. Li/Li+. Data are obtained from results 

Figure 8 (a) and (c) of the manuscript. 
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Figure S11. X-ray diffraction patterns of pristine and cycled SnL-X nanoparticle composite electrodes. All cycled electrodes 

show additional α-Sn reflections.  
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Figure S12. X-ray diffraction patterns of pristine and cycled SnS-X nanoparticle composite electrodes. All cycled electrodes 

show additional α-Sn reflections.
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Table S5. Overview of electrochemical performance data of different tin-based anode materials for lithium ion batteries in comparison to the results of this work. 

Sample 

1st cycle specific 

discharge 

capacity 

/ mAh g-1 

1st cycle 

Coulombic 

efficiency / % 

100th cycle 

specific 

discharge 

capacity / 

mAh g-1 

Applied current 

during cycling 

/ A g-1 

Electrode 

composition 

(Active mat.: 

cond. carbon: 

binder) / % 

Electrolyte 

Core/shell SnS-OH nanoparticles  

(this work) 
930 ± 33 44 ± 3 739 ± 9 ≈1.0 82 : 10 : 8 

1 M LiPF6 in 

EC:DEC 3:7 (by 

wt.), 2 wt.% VC, 

2 wt.% FEC 

Tin nanoparticles impregnated in 

nitrogen-doped graphene1 
≈788 ≈65 ≈481 ≈0.1 80 : 10 : 10 

1 M LiPF6 in 

EC:DMC:VC 

(1:1:0.04 by vol.) 

Encapsulated Sn nanoparticles in 

amorphous carbon nanotubes2 
≈900 ≈63 ≈749 ≈0.2 70 : 20 : 10 

1 M LiPF6 in 

EC:DEC (1:1           

by wt.) 

Ultrafine Sn@C nanorods3 ≈915 ≈70 ≈550 ≈1.0 60 : 20 : 20 

1 M LiPF6 in 

EC:DEC:EMC 

(1:1:1 by vol.) 

Inorganically capped Sn and Sn/SnO2 

nanocrystals4 
≈1000 ≤45 ≈700 ≈1.0 30 : 45 : 25 

1 M LiPF6 in 

EC:DMC 1:1 (by 

wt.), 3 wt.% FEC 

Nanostructured Sn–C composite5 ≈450 ≤40 ≈450 ≈0.1 80 : 10 : 10 

1 M LiPF6 in 

EC:DMC 1:1  

(by wt.) 

Tin nanoparticle loaded graphite6 ≈434 ≈64 
≤300  

(after 60 cycles) 
≈0.4 mA/cm2 80 : 10 : 10 

1 M LiPF6 in 

EC:DMC 1:1  

(by wt.) 

Sn/SnOx-loaded hollow carbon spheres 

on graphene nanosheets7 
≈815 ≈62 ≈342 ≈1.0 70 : 20 : 10 

1.3 M LiPF6 in 

EC:DEC 3:7 (by 

wt.), 10 wt.% 

FEC 

Ultrasmall Sn nanoparticles embedded 

in spherical hollow carbon8 
≈743 ≈72 ≈423 ≈4.0 80 : 10 : 10 

1 M LiPF6 in 

EC:DMC 1:1  

(by vol.) 
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Carbon-wrapped core–shell 

nanospheres of tin-graphitized carbon9 
≈900 <80 ≈450 ≈1.0 80 : 10 : 10 

1 M LiPF6 in 

EC:DMC 1:1  

(by vol.) 

Nano-Sn/hard carbon composite10 ≈440 ≈76 
≈300  

(after 23 cycles) 
≈0.1 mA/cm2 90 : 5 : 5 

1 M LiPF6 in 

EC:DMC 1:1  

(by vol.) 

Ultrasmall Sn nanoparticles embedded 

in nitrogen-doped porous carbon11 
≈1000 ≈75 ≈1000 ≈0.2 80 : 10 : 10 

1 M LiPF6 in 

EC:DEC 1:1        

(by vol.) 

 

 

 

Wang et al.6 and Zhang et al.12 reported further electrochemical data of various Sn/graphite and SnO2/graphite negative electrode materials for lithium ion 

batteries. Kamali and Frey13 also reported  performance data of different Sn-based anode materials.
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