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Governing equation

To carry out the modeling of the fluidic behaviors in the tri-layered nozzle, the Navier–Stokes eq

uation and level-set method were used. 

Laminar two-phase flow (the Navier–Stokes equation):

 (1)
𝜌∂𝑢∂𝑡 + 𝜌(𝑢·∇)𝑢= ∇·[ ‒ 𝑝𝐼+ 𝜇(∇𝑢+ (∇𝑢)

𝑇)] + 𝜌𝑔+ 𝐹

(2)∇·𝑢= 0

where σ is the density of solution, u is the velocity vector, μ is the viscosity, g is the gravitational 

constant, and F is the volumetric electric force derived from the electrostatic force.

Determination of Si content of multi-layered Si/C composite nanofibers by ICP-AES 

The initial weight of the sample was set to 50 mg. To remove C and any other volatile material fr

om the nanofibers, thermal treatments were sequentially conducted in air atmosphere. The sampl

e was heated to 850ºC, 420ºC, and 780ºC for 30 min (two cycles), 1 h, and 1 h, respectively. The 

sample was then purified in 20 vol% nitric acid (60–80ºC for 30 min) and rinsed 5–7 times with 

deionized water. Finally, the sample was diluted 12.5 times in deionized water with 2 vol% nitric 
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acid. The concentration of Si was determined using an ICP-AES sequential spectrometer (Shimid

azu ICPS-8100). The emission intensities were measured at 15 points through the profile of a pla

tinum emission line, and the maximum intensity was used in the calculations. The instrument wa

s calibrated against a series of three reference solutions containing 0, 1, and 10 ppm Si, which we

re prepared in deionized water with 2 vol% nitric acid. 

Figure S1. Boundary conditions for the simulation of the fluidic behavior in the tri-layered coaxi

al electrospinning nozzle.
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Figure S2. Sample preparation for ex-situ Raman spectroscopy: (a) electrospun nanofiber mat 

hung on an alumina crucible for preparing a flattened nanofiber mat during thermal treatment 

and (b) a schematic diagram of the coin-cell assembly.

Figure S3. Field-emission scanning electron microscopy (FE-SEM) image of the bi-layered (Si-c

ore/C-shell) nanofibers at low resolution. The overall diameter and C-shell thickness of the bi-lay

ered carbon nanofibers shown in were 1211.9 nm (±174.0 nm) and 101.5 nm (±27.3 nm), respect

ively.
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Figure S4. Thermogravimetric analysis (TGA) curves of the tri- and bi-layered nanofiber anode 

materials. The Si content of the tri-layered nanofiber is slightly smaller than that of the bi-layered 

nanofiber.
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Figure S5. Raman shifts of the turbostratic carbon phase according to electrochemical reactions: 

(a,c,e) pristine, lithiated, and delithiated tri-layered nanofibers, and (b,d,f) pristine, lithiated, and 

delithiated bi-layered nanofibers. 
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Figure S6. Electrochemical performances of multi-layered nanofibers characterized by galvanost

atic charge/discharge tests: the voltage profiles after (a) the first and (b) 30th cycles.

a

b
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Figure S7. Electrochemical performances of hollow carbon nanofibers (HCNFs) characterized by 

galvanostatic charge/discharge tests. Their reversible capacity was 352 mAh·g−1. The charge/disc

harge capacities of the HCNFs were rapidly converged and the coulombic efficiency exceeded 9

9.3% below ten cycles. The contribution of the Si nanoparticles was then calculated based on the 

reversible capacity of the HCNF.
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Figure S8. Repeated dq/dv curves of the bi-layered (Si-core/C-shell) nanofiber negative electrode.
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Figure S9. SEM images of (a) tri- and (b) bi-layered nanofibers after 5 cycles. The C-core/Si-me

dium/C-shell tri-layered structure and Si-core/C-shell structure of the nanofibers were maintaine

d. 



10

Figure S10. Rate capability of the tri-layered (C-core/Si-medium/C-shell) and bi-layered (Si-core

/C-shell) nanofiber negative electrodes.

Table S1. Downshift of the Si peak in Raman spectra according to the electrochemical reaction.

Initial state (cm-1) Lithiated (cm-1) Delithiated (cm-1)

Tri-layered (C-core/Si-medium/C-shell) 
nanofiber

519.9 504.1 (5.4) 516.6 (1.3)

Bi-layered (Si-core/C-shell) 
nanofiber

521.1 514.4 (0.9) 517.2 (1.3)


