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Experimental 

The growth of CNFs was also performed using Cu particles as the catalysts. Cu particles were 

obtained through thermal annealing of the sputtered copper films under the conditions of an 

annealing temperature of 500 °C, a pressure of about 5×10
-2

 mbar, and an annealing time of 

60 min. SEM images of these annealed Cu films are shown in Figure S5. During the thermal 

treatment, Cu films split apart to form islands. Some of these islands further aggregate into 

separate particles. For Cu films with different sputtering times (tCu,s) from 15 to 60 s, the 

converged Cu particles feature larger sizes and higher densities. Both are varied as a function 

of tCu,s. For Cu films with tCu,s from 90 to 120 s, the disintegrated films are not completely 

converted into drop-shaped particles. This is due to the increased thicknesses of copper films 

and insufficient annealing time. 

SEM images of CNFs grown on these annealed Cu films are presented in Figure S6 (for tCu,s 

from 15, 30, 60, 90, and 120 s). The inset images show the cross sections of the related films. 

Vertically aligned CNFs are gained with tCu,s of 90 and 120 s. This is attributed to the nearly 

continuous dispersion of Cu fragments, resulting in analogous growth phenomenon as that 

without annealing of the Cu films (WOA). For the CNFs/BDD hybrid films with tCu,s from 15 

to 60 s, disordered CNFs with different dimensions are obtained, closely associated with the 

distribution and size of Cu particles. The thicknesses of these CNF films with annealing (WA) 

of the Cu films are about 2.2, 2.5, 3.0, 3.2, and 3.3 µm for tCu,s of 15, 30, 60, 90, and 120s, 

respectively. These values are slightly smaller than those CNF films WOA. The difference is 

originated from the influence of varied sizes of Cu catalysts on the growth rates of the 

CNFs.
[S1]
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Figures  

 
 

Figure S1. Schematic plots of the synthesis of the CNFs/BDD hybrid films using a thermal 

chemical vapor deposition (TVCD) technique.  

 

 
Figure S2. SEM images of Cu films on BDD with tCu,s of (a) 15, (b) 30, (c) 90, and (d) 120 s. 
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Figure S3. SEM images of the CNFs on BDD with tCu,s of (a) 15, (b) 30, (c) 90, and (d) 120 s. 

The insets show the SEM cross section of the films. 

 

 
Figure S4. SEM image of a CNFs film grown on a smooth Si substrate with tCu,s of 60 s, 

WOA. The inset shows its cross section.  
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Figure S5. SEM images of Cu films with tCu,s of (a) 15, (b) 30, (c) 60, (d) 90, and (e) 120 s 

after annealing at 500 
o
C for 1 h in vacuum.  
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Figure S6. SEM images of the CNFs grown on BDD after the annealing of Cu films with tCu,s 

of (a) 15, (b) 30, (c) 60, (d) 90, and (e) 120 s. The insets show the cross sections.  

 
Figure S7. SEM images of the CNFs on BDD with tCu,s of 60 s WOA and with growth time 

of CNFs for (a) 30 and (b) 120 min. The insets show their cross sections. 
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Figure S8. (a,b) Photographs of static water contact angle measurements and (c.d) XPS 

survey spectra of the CNFs/BDD hybrid films with tCu,s of 60 s WOA (a,c) before and (b,d) 

after wet-chemical treatment in a mixture of concentrated sulfuric and nitric acid (v:v = 3:1) 

for 30 min.  
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Figure S9. (a) Cyclic voltammograms of the CNFs/BDD hybrid films WA and WOA with 

tCu,s of 60 s at a scan rate of 100 mV s
-1

 in 1.0 M H2SO4 aqueous solution. (b) Comparison of 

the capacitances of the CNFs/BDD hybrid films with (WA) and without (WOA) annealing of 

Cu films with different tCu,s. 
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Figure S10. The Raman spectrum of a CNFs/BDD hybrid film with tCu,s of 60 s WOA. 
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Figure S11. Performance of the CNFs/BDD supercapacitors with tCu,s of 60 s WOA using a 

three-electrode system in (a, b) 1.0 M H2SO4 inert solution and (c, d) 0.05 M Fe(CN)6
3-/4-

 + 

1.0 M Na2SO4 redox electrolyte. (a, c) Cyclic voltammograms at the scan rates from 10 to 100 

mV s
-1

. (b, d) Charging-discharging curves at the current densities from 1 to 20 mA cm
-2

.  
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Figure S12. Cyclic voltammograms of a CNFs/BDD hybrid film with tCu,s of 60 s WOA in 

the electrolyte of 1.0 M Na2SO4 and 1.0 M H2SO4 at a scan rate of 100 mV s
-1

. 
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Figure S13. Comparison of the capacitance of diamond nanostructures based electric double 

layer capacitors (EDLCs) and pseudocapacitors (PCs) with that of diamond
[S2]

. The utilized 

nanostructures are: diamond network (Network)
[S3]

, diamond/silicon nanowires (SiNW)
[S4]

, 

diamond foam (Foam)
[S5]

, honeycomb diamond (Honeycomb)
[S6]

, porous diamond 

(Porous)
[S7]

, BDD/Nanotube (Nanotube)
[S8]

, BDD/carbon fiber (CF)
[S9]

, BDD/’black silicon’ 

(bSi)
[S10]

, nitrogen-included ultra-nanocrystalline diamond (N-UNCD)
[S11]

, diamond paper 

(Paper)
[S12]

, CNFs/BDD (CNF, this work), BDD/TiO2 (TiO2)
[S13]

, TiO2/BDD/Ta (TiO2/Ta)
[S14]

, 
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MnO2/BDD (MnO2)
[S2]

, Ni(OH)2/Diamond Nanowire (Ni(OH)2)
[S15]

, poly(3,4-

(ethylenedioxy)thiophene)-coated diamond@silicon nanowires (PEDOT)
[S16]

; BDD based 

PCs include diamond PC using redox electrolyte (Dia)
[S3a]

, diamond network PC using redox 

electrolyte (Network)
[S3a]

, CNFs/BDD PC using redox electrolyte (CNF, this work). 
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Figure S14. (a) Cyclic voltammograms of the CNFs/BDD hybrid films with tCu,s of 60 s 

WOA with the growth time of the CNFs for 30, 60, 90, and 120 min. The scan rate is 100 mV 

s
-1

 and a three-electrode system is used. (b) Variation of capacitances calculated from the 

related CVs in (a) with the applied growth times for the CNFs. 

 

0 0.2 0.4 0.6 0.8 1

-1.5

-1

-0.5

0

0.5

1

1.5

C
u

rr
e
n

t 
(m

A
)

Voltage (V)

 100 mV s
-1

 200 mV s
-1

 500 mV s
-1

 1000 mV s
-1

 1500 mV s
-1

 2000 mV s
-1

 2500 mV s
-1

 3000 mV s
-1

(a) (b)

0 1000 2000 3000
0

3

6

9

C
a
p

a
c
it

a
n

c
e
 (

m
F

 c
m

-2
)

Scan rate (mV s
-1

)  
Figure S15. (a) Cyclic voltammograms of a CNFs/BDD EDLC device at the scan rates from 

100 to 3000 mV s
-1

 in 1.0 M H2SO4 solution. (b) Variation of capacitances Calculated from 

the related CVs in (a) with the scan rates. 
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Tables 

Table S1. Comparison of the electrochemical performance of CNFs/BDD EC devices with 

that of other CNFs based EC devices.  

 Electrode Material Electrolyte 

E 

/ W h kg
-1

 

P 

/ kW kg
-1

 

Ref. 

EDLC 

Hollow particle based 

N-doped CNF 

2.0M H2SO4 11.0 25.0 
[S17]

 

N,P - co-doped CNF 

networks 

2.0 M H2SO4 7.8 26.6 
[S18]

 

Cross-linked N-doped 

CNF network 

1.0M H2SO4 5.9 10.0 
[S19]

 

Mesoporous CNF 6.0 M KOH 5.1 16.0 
[S20]

 

CNF paper 6.0 M KOH 7.1 9.0 
[S21]

 

Porous CNF 

composites 

6.0 M KOH 17.0 20.0 
[S22]

 

Porous CNF 1.0 M H2SO4 ~6.0 20.0 
[S23]

 

CNFs/BDD 1.0M H2SO4 22.9 27.3 

This 

work 

PC 

V2O5/CNF composites 6.0 M KOH 18.8 20.0 
[S24]

 

ZnO/porous activated 

CNF 

6.0 M KOH 22.7 4.0 
[S25]

 

MnO2/CNF // CNF 0.5 M Na2SO4 36 4.4 
[S26]

 

CNFs/BDD 

1.0M Na2SO4 + 

0.05M K3Fe(CN)6 

+0.05M K4Fe(CN)6 

44.1 25.3 

This 

work 
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