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Figure S2. Schematic diagram of formation mechanism for CNT/Cu composite

substrate using an electroplating method. Firstly, MWCNT powder was added

to an electroplating bath and dispersed homogeneously using 0.02 mM PAA

(Mw. 5000) followed by ultrasonic homogenizer treatment. Then, a Cu

substrate (W.E.) was placed at 6.5 cm from counter electrode (Cu substrate).
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Figure S3. Surface and cross-sectional FE-SEM images of Cu/VGCF

composite substrate prepared by an electroplating method. Bottom images

demonstrate that MWCNTs are embedded at surface by electroplating-films.
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Figure S4. Cyclic voltammograms of current collectors of (a) flat-Cu

(commercially available) and (b) Cu/VGCF in 1 M LiPF6/EC:DEC (50:50

vol.%) with 5 vol.% FEC. The reason why the peak intensity for electrolyte

decomposition in Cu/VGCF is stronger than that of flat-Cu is probably due to

its larger surface area by VGCF (MWCNT). A broad peak observed below 0.15

V vs. Li/Li+ is attributed to irreversible Li+ insertion into nanotube channels.

Ref) C. M. Schauerman et al., J. Mater. Chem., 22 (2012) 12008−12015.

-6

-5

-4

-3

-2

-1

0

1

0 1 2 3

1st
2nd
3rd

C
u
rr

e
n

t 
d
e

n
s
it
y
 /

 m
A

 c
m

−
2

Potential / V vs. Li/Li+

-80

-60

-40

-20

0

0 1 2 3

1st
2nd
3rd

Potential / V vs. Li/Li+

Li insertion into
nanotube channels

W.E.: Substrate (Φ 13 mm)

C.E., R.E.: Li metal

Sweep rate: 0.1 mV s−1

Electrolyte
decomposition

Electrolyte
decomposition

S-5

(a) (b)



Figure S5. Cross-sectional FE-SEM images of Si electrodes prepared using

Cu/VGCF current collector. In order to facilitate visualization of effect for

using Cu/VGCF composite, a electrode mixture layer was intentionally peeled

off from the current collector by distortive treatment. Fibrous substance

observed in the area enclosed by the dotted line is VGCF (MWCNTs). It is

clear that VGCF immobilized on the substrate extend inside the active material

layer, like a support pillar. The ideal structure contributes the suppression of

peeling of the electrode material, even during significant volume change in Si

during Li−Si alloying/dealloying reactions.
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Figure S6. Initial charge−discharge hysteresis curves of Si electrodes prepared

using flat-Cu or Cu/VGCF composite substrate (right: 1st, left: 2nd cycle).

Overvoltage for lithiation reactions observed below 0.1 V (vs. Li/Li+) in the

system with Cu/VGCF substrate is clearly lower than that of flat-Cu system.

The favorable phenomenon is also shown at the second cycle. Note that

Coulomb efficiencies at the first and second cycles are comparable despite the

initial charge capacity in the Cu/VGCF system is larger.
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Figure S7. Charge–discharge (Li-insertion/extraction) profiles of Si electrodes

with flat-Cu or Cu/VGCF composite in 1.0 M LiPF6/EC:DEC (50:50 vol.%)

under a constant current density of 358 mA g−1 (0.1C). The upper cut-off

voltage was changed from 2.0 V to 0.5 V (vs. Li/Li+) to suppress excess

volume expansion of Si during Li–Si alloying reactions.
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Figure S8. Influence of upper cutoff voltage on cycle stability of Si electrode

prepared using Cu/VGCF current collector. Electrolyte: 1 M LiPF6/EC:DEC

with 5 vol.% FEC, Current density: 358 mA g–1 (0.1C). The best cyclability

was achieved by the adjusting 0.5 V as the upper cutoff voltage. Accumulated

capacity obtained in the voltage range of 0.005–0.5 V was largest.
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Figure S9. Nyquist plots of asymmetric [Si electrode | Li metal] cells at 298 K.

The closed circuits is fitting results calculated by using Randles circuit. Open

and closed circles are measured value and fitting results, respectively.

S-10

0

20

40

60

0

20

40

0 20 40 60 80 100 120

Real Z /  cm2

−
Im

a
g

 Z
 /

 
 c

m
2 Fitting

1st cycle

20th cycle

Rsol

Rif Rct Zw

CPE1 CPE2

Fitting

1023 kHz 2.20 kHz

1023 kHz

1.84 kHz

0

20

40

60

0

20

40

0 20 40 60 80 100 120

Real Z /  cm2

Fitting

1st cycle

20th cycle

Rsol

Rif Rct Zw

CPE1 CPE2

2122 kHz
2.90 kHz

1023 kHz

2.20 kHz Fitting

Flat-Cu Cu/VGCF


