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Figure S1. (a) TGA analysis of various Si@TiO2-xFx composites with different carbon ratios; 
(b) Nitrogen adsorption-desorption isotherms of various Si@TiO2-xFx composites and the 
corresponding pore size distribution (inset). 



 
Figure S2. (a) FESEM image of the Si@TiO2 composite at the low magnification; (b) 
HRTEM image of the Si@TiO2 composite with the silicon and anatase crystalline regions 
marked by the red and yellow arrows; (c) FESEM image of Si@TiO2-xFx-1 at the low 
magnification; (d) HRTEM image of the Si@TiO2-xFx-1 composite; (e) FESEM image of 
Si@TiO2-xFx-2 at the low magnification; (f) high magnification FESEM image of Si@TiO2-

xFx-2 with the white arrows indicating the hollow cavities; (g) TEM image of the Si@TiO2-

xFx-4 at low magnification; (h) HRTEM image of Si@TiO2-xFx-4 composite; (i) FESEM 
image of the Si@TiO2-xFx-W/O-CMC composite. 
	

	

	



	

Figure S3. The difference of the spectral features for normalized Ti 2p core spectra of Si@TiO2-xFx-3 
and Si@TiO2 composites. 

 

 

 

 

 

Figure S4. Cycle stability of Si NPs measured at 500 mA g-1. 



 

Figure S5. The 1st, 2nd, 10th, 50th, 100th discharge-charge curves for (a) Si@TiO2-xFx-2 and (b) 
Si@TiO2-xFx-4 composite electrodes. 

 

Figure S6. The sum of irreversible capacity loss during the cycling of Si@TiO2-xFx-3 and Si NPs 
composite electrodes. 

 



 

Figure S7. Dependence of the specific capacities on the current densities for various Si@TiO2-xFx 
composites. 

 

Figure S8. (a) The 1st, 2nd, 10th, 30th discharge-charge curves of the as-fabricated 25 µm LFP cathode; 
(b) Cycle behavior of the LFP cathode with different thickness at 0.2 C. 



 

Figure S9. Nyquist impedance plots of various Si@TiO2-xFx composites after the 1st and 50th cycles. 

Post-cycling characterizations were conducted using electrochemical impedance spectroscopy (EIS) 
measurements to reveal the electrode kinetics (Figure S9). The high-frequency ends of the plots 
intercepted the Z’ axis at the same position due to the similar electrolyte resistance (Rs) used for all 
electrodes. The diameters of the semicircles decreased in the following order: Si@TiO2-xFx-4 < 
Si@TiO2-xFx-3 < Si@TiO2-xFx-2 < Si@TiO2-xFx-1. This trend suggests that smaller charge transfer 
resistance (Rct) after modifying the Si surface with TiO2-xFx layer. Further comparison reveals the 
noticeably reduction of Rct for the Si@TiO2-xFx-3 electrode after 50 cycles, as shown in Figure S9. 
This in return points to the kinetic of the interfacial charge transfer can be enhanced upon repeated 
cycling. All the Nyquist plots show the straight lines in the low-frequency region, typical of the 
Warburg impedance (Zw) resulting from Li+ diffusivity in the solid state. Apparently, this line becomes 
much steeper after the 50th cycle for the Si@TiO2-xFx-3 electrode, indicating the enhanced solid-state 
lithium ion mobility after the kinetic activation process.  

 

 

 

 

 

 

 

 

 

 

 

 



	

Figure S10. The post-mortem SEM characterizations of (a) Si NPs and (b) Si@TiO2-xFx-3 electrodes 
after 100 cycles at 500 mA g-1 and corresponding elemental maps of Si, Ti, O, C, P, and F.  

The crucial influence of the protective TiO2-xFx layer on structural robustness is also reflected in the 
post-mortem SEM images of the electrodes (conditions of galvanostatic cycling were shown in Figure 
S4 and Figure 4a). For the electrode based on Si NPs without TiO2-xFx modification, the SEM image 
demonstrates a very thick polymer layer which may block electrolyte percolation through the depth of 
the electrode (Figure S10a). Additionally, the weak Si, Ti signals from the electrode and the intense F, 
P and C signals originating from the SEI layer (e.g. LiF, poly(ethylene oxide) (PEO)-type polymer and 
LiPF6 salt) further validate the presence of a thick SEI layer on the electrode. The formation of this 
thick layer is due to continuous and irreversible decomposition of the electrolyte and leads to poor 
electrode cyclability. In sharp contrast, the Si@TiO2-xFx-3 electrode (Figure S10b) consists of 
distinguishable particles with sufficient vacant space available for electrolyte percolation. The Si and 
Ti signals observed in the elemental maps indicate that the SEI layer is conformably coated on the 
composite but not too thick as to completely block the signal from the electroactive species. These 
observations corroborate the robust structural integrity of Si@TiO2-xFx-3 electrode upon the repeated 
discharge-charge cycles.  

 

 

 

 

 

 

 



 

Figure S11. The post-mortem TEM characterizations of Si@TiO2-xFx-3 composite after 100 cycles at 
500 mA g-1. 

The post-mortem TEM characterizations of the Si@TiO2-xFx-3 composite indicate that all the Si NPs 
are still intimately encapsulated within the TiO2-xFx-3 layer after cycling (Figure S11). This complete 
encapsulation has firmly anchored the Si NPs within the mechanical robust structure and stabilized the 
interfacial electrochemical process. 

Table S1. A summary of the key preparation parameters, physical properties and chemical 
composition of various Si@TiO2-xFx composites are given in this table. 

 
Sample            

Designation 
Compositional ratios （%） BET specific 

surface area 
(m2 g-1) 

 

Pore size 
range 
(nm) 

Atomic ratio 
of 

substitutional 
F to Ti (XPS) 

Theoretical 
capacities of 
the electrode 
(mA h g-1) 

Sheet 
resistance of 
the electrode 
(Ω sq-1) 

Carbon Si TiO2-xFx 

Si@TiO2-xFx-1 3.7 86.0 10.3 25.6 NA 0.02 2590 263 
Si@TiO2-xFx-2 5.9 73.3 20.8 39.5 10-30 0.035 2197 105 
Si@TiO2-xFx-3 7.1 54.4 38.5 47.2 20-50 0.07 1642 42 
Si@TiO2-xFx-4 10.6 26.7 67.7 62.4 10-40 0.13 809 28 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S2. Comparison of the cycle performance of Si@TiO2-xFx-3 composite with recently reported Si 
anodes.  

Sample designation Mass 
loadings 

of Si 
(mg cm-2) 

Irreversible 
capacity 

loss 
(mA h g-1) 

Areal 
Capacity 

(mA h cm-1) 

Volumeric 
Capacity 
(Ah L-1) 

Capacity retention 
after cycles 

Ref 

Si@TiO2-xFx-3 2.1  366 3.4  1196 90 % compared to its 
highest reversible 

capacity for a total 800 
cycle at 2 A g-1 

Our work 

giant N-doped  
graphene/ Si 

3  260  1.5  NA Less than 90 % for 80 
cycles at 500 mA g-1 

Ref 5 

10 nm sized Si NPs 1.2 830 NA NA 81% for 40 cycles at 
900 mA g-1 

Ref 8 

Macroporous Bulk 
Silicon 

3.5 140 2 2830 87% for 50 cycles at 
0.2 C(400 mA g-1) 

Ref 9 

4-layer Si/CNT 0.4 higher than 
500 

1 611 83% for 100 cycles at 
0.8 A g-1 

Ref 10 

Si-Ge branched Nanowire 0.45 501 NA NA 95% for 100 cycles at 
0.4A g-1 

Ref 11 

N-doped carbon / 
ultrafine silicon NCs 

0.8 mg 434  0.76 NA 93% for 100 cycles at 
1A g-1 

Ref 13 

5 µm thick Mesoporous 
Si 

0.76 higher than 
500  

~ 1.5 NA 78% for 150 cycles at 
50 µA cm−2(C/9) 

Ref 14 

Micro-sized carbon-
coated Si 

1.25 233 1.2  965 89 for 50 cycles at 100 
mA g-1 

Ref 16 

Si nanocrystallites @ Cu-
Al-Fe matrix 

NA 213 NA NA 91.2% for 50 cycles at 
120 mA g-1 

Ref 17 

Silicon core–hollow 
carbon shell 

NA 1435 NA NA 69% for 100 cycles at 
200 mA g-1 

Ref 19 

Hollow core–shell Si–C 
nanocomposites 

NA ~300 NA NA 86% for 100 cycles at 
1 A g-1 

Ref 21 

Si/Cu/C ternary nano-
composite  

1.0 1029 1.8 NA ~ 55 % for 600 cycles 
at 2 A g-1 

Ref 22 

Silver-Treated Nanoscale 
Hollow Porous Silicon 

NA 612 NA NA ~93% for 100 cycles at 
500 mA g-1 

Ref 23 

Si/carbon yolk–shell 
structure 

1.5 NA 1.7 NA 83% for 430 cycles at 
460 mA g-1 

Ref 24 

hydrogel coated silicon 
NPs 

0.3 mg~ 
0.4mg 

higher than 
600 

Less than 0.7 NA Capacity increase  Ref 27 

C/Si/Al2O3 composite 0.3 mg 487 0.6 NA 85% for 100 cycles at 
1 A g-1 

Ref 28 

silicon pomegranate 
anodes 

0.2 mg~ 
3mg 

~783 mA h 
g-1 at 210 
mA h-1 

3.7 1270 97% for 1000 cycles at 
C/2 (loading mass 0.2 

mg cm-2) 

Ref 29 

	

 

 


