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Experimental 

1. Sample preparation 

Synthesis of SBA-15. SBA-15 was prepared according to the method described in the 

reference1. Briefly, 1 g of P123, 18.2 ml of H2O, and 0.46 ml of HCl (37 wt%) were mixed 

and stirred until complete homogenization. Subsequently, 1.73 ml of TEOS was added and 

continuously stirred at 35 oC for 24 h. After that, the mixture was heated at 100 oC for 24 h. 

The product was filtered, dried and then calcined at 550 oC for 6 h, leading to formation of 

SBA-15.  

Synthesis of nitrogen-doped ordered nanoporous carbon. In a typical synthesis, 1 g of 

SBA-15 powder was added to 150 mL of Tris-buffer (pH 8.5). Subsequently, 2.5 g of 

dopamine was added into the mixture under string for 24 h at room temperature. The obtained 

polydopamine/silica nanocomposite was carbonized for 3 h at 800 oC in N2 flow. The heating 

rate was 1 oC/min below 600 oC and then was increased to 5 oC/min above 600 oC. After that, 
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the resulting carbon/silica nanocomposite was treated using 40 wt% HF to remove silica, 

washed, filtrated and then dried, producing nitrogen-doped ordered nanoporous carbon. 

Synthesis of nitrogen-free ordered nanoporous carbon from phenolic resin. For the 

synthesis of the phenolic resin raw material, 0.61 g of phenol was melted in a flask and mixed 

with 0.13 mL of 5 mol/L NaOH aqueous solution under stirring. 1.05 g of 37 wt% 

formaldehyde solution was then added. Subsequently, the clear mixture was reacted at 70 oC 

for 1 h under stirring and then was cooled to room temperature. The pH was adjusted to ~7.0 

by 5 mol/L HCl aqueous solution. The product was dissolved in ethanol to obtain a 10 mL of 

resol resin solution. After that, 1 g of SBA-15 powder was added to the obtained resol resin 

solution and stirred for about 18 h at room temperature, followed by heating for 24 h at 100 

oC. The phenolic resin/silica nanocomposite was carbonized for 3 h at 800 oC in N2 flow. The 

heating rate was 1 oC/min below 600 oC and then was increased to 5 oC/min above 600 oC. 

After that, the resulting carbon/silica nanocomposite was treated using 40 wt% HF to remove 

silica, washed, filtrated and then dried, leading to nitrogen-free ordered nanoporous carbon. 

2. Characterization 

The microstructure of the samples was investigated by a JSM-6330F scanning electron 

microscope (SEM) and JEM-2010HR transmission electron microscope (TEM). XRD 

patterns were recorded on a D-MAX 2200 VPC diffractometer using Cu K radiation (40 kV, 

30 mA). N2 adsorption measurements were carried out using a Micromeritics ASAP 2010 

analyzer at 77 K. The BET surface area (SBET) was analyzed by Brunauer-Emmett-Teller 

(BET) theory. The external surface area (Sext) was determined by t-plot method, and then the 

micropore surface area (Smic) was obtained by subtracting the Sext from the SBET. The pore size 

distribution was obtained by performing analysis of the N2 adsorption isotherms based on 

Barret-Joyner-Halenda (BJH) method. The total pore volume (Vt) was calculated according to 

the amount adsorbed at a relative pressure P/P0 of about 0.99. Raman measurement was 

carried out with inVia-Reflex Renishaw Raman system. The elemental analysis was 
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performed on an Elementar Analysensysteme GmbH Vario EL analyzer. XPS measurements 

were carried out with an ESCALAB250 instrument. The contact angle of the water on the 

surface of samples was measured using a drop shape analysis system (Krüss, DSA100). 

The carbon electrodes in the form of round sheet were obtained by pressing a mixture 

film of 92 wt% carbon sample and 8 wt% polytetrafluorethylene into a nickel foam current 

collector. The mass of carbon sample for each electrode was controlled at 3±1 mg. Cyclic 

voltammetry (CV) was carried out using an IM6e electrochemical workstation with a typical 

three-electrode configuration in 6 mol/L KOH aqueous solution. Hg/HgO was chosen as a 

reference electrode. The galvanostatic charge-discharge behavior was characterized with the 

assembled two-electrode coin-type supercapacitor by using BT2000 (ARBIN Instruments). In 

the CV measurement, the specific capacitance (Cm) was calculated according to the equation 

mv

I
Cm 

 , where I is the current at the middle voltage of the potential window, v the sweep 

rate and m the mass of the carbon materials2, 3. In the galvanostatic charge-discharge 

measurement, the Cm was calculated according to the equation 
21

21

mm

mm

V

tI
Cm 







 , where I 

is the discharge current, ∆t the discharge time, ∆V the potential window, m1 and m2 the mass 

of carbon samples in the two electrodes4, 5.  
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Table S1 Pore structure parameters of NONC and ONC. 

Sample SBET 
(m2/g) 

Sext 
(m2/g) 

Smic 
(m2/g) 

Vt 
(cm3/g)

Dmes

(nm)
NONC 1013 850 163 1.14 3.8

ONC 1030 813 217 0.94 4.3

 
 
Table S2 Elemental composition information of the NONC and ONC. 

Sample Carbon  
source 

Elemental analysis
 

XPS 
C 

(wt%) 
N 

(wt%)
H 

(wt%)
N/C a)

 
C 

(at%)
N 

(at%) 
O 

(at%) N/C b) 

NONC Dopanmine 70.1 4.5 2.0 0.064  82.5 5.1 7.6 0.062

ONC Phenolic resin 77.2 0.0 2.5 0.0  89.8 0.0 9.2 0.0
a) Atomic ratio from combustion elemental analysis; b )Atomic ratio from XPS. 

 
 
Table S3 Approximate distribution of nitrogen functional groups for NONC. 

Sample N-Q 
(at%) 

N-5 
(at%)

N-6 
(at%) 

N-X
(at%)

NONC 40.6 8.3 14.7 36.4
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Fig. S7 XPS spectrums of (A) NONC and (B) ONC. 
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Fig. S8 Schematic model of nitrogen-containing surface functional groups on carbon. 

 

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A
This journal is © The Royal Society of Chemistry 2013



 

-

-

C
u

rr
e

n
t 

(A
/g

)

Fig. S9 
 

Fig. S10

 

0
0

100

200

300

400

S
pe

ci
fic

 C
ap

ac
ita

nc
e 

(F
/g

)

Fig. S11

charge-d

-1.0 -0.8
-4

-2

0

2

4

Cyclic volt

0 Mass spec

0.01

C

1 Mass spec

discharge m

8 -0.6

N

Pote

O

tammogram

cific capacit

0.1

urrent Den

 

cific capacit

measuremen

-0.4 -0.2

ONC

ential (V) 

 

ONC

ms for NONC

tances of ac

1

sity (A/g)

tances of N

nt. 

8 

2 0.0

C and ONC

ctivated carb

10

 

 NONC
 ONC

NONC and O

0.2

 

C at a sweep

 
bon YP-50

ONC calcula

 
p rate of 25 m

at various s

ated from th

mV/s. 

sweep rates.

he galvanos

. 

static 

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A
This journal is © The Royal Society of Chemistry 2013



 

0.0

0.2

0.4

0.6

P
or

e 
V

ol
um

e 
(c

m
3 /g

 n
m

)

Fig. S12

 
 

Fig. S13

 
Refere

1. S. Ju

Am. 

2. M. D

3. Y. Li

4. Y. Zh

Wall

332, 

5. F. Xu

Phys

 

 

2 BJH pore 

3 Optical m

ences 

un, S. H. Joo

Chem. Soc.

D. Stoller an

iang, D. Wu

hu, S. Mura

lace, K. A. C

1537-1541

u, G. D. Zh

s. , 2010, 12

10
Pore Wid

size distrib

micrographs 

o, R. Ryoo, 

 , 2000, 122

nd R. S. Ruo

u and R. Fu

ali, M. D. St

Cychosz, M

. 

eng, D. C. W

2, 3270-327

dth (nm)

 

bution of nit

of the wate

M. Kruk, M

2, 10712-10

off, Energy 

u, Langmuir

toller, K. J. 

M. Thommes

Wu, Y. R. L

5. 

9 

10

trogen-free 

 

er droplets o
 

M. Jaroniec,

0713. 

Environ. Sc

r, 2009, 25, 

Ganesh, W

s, D. Su, E. 

Liang, Z. H.

0

 

 
ONC. 

on (A) NON

, Z. Liu, T. 

ci. , 2010, 3

7783-7785.

W. Cai, P. J. 

A. Stach an

. Li and R. W

NC and (B) O

Ohsuna and

, 1294-130

. 

Ferreira, A.

nd R. S. Ruo

W. Fu, Phys

ONC. 

d O. Terasak

1. 

. Pirkle, R. 

off, Science

s. Chem. Ch

ki, J. 

M. 

e, 2011, 

hem. 

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A
This journal is © The Royal Society of Chemistry 2013



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


