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I. Estimation of the metal-based impurity content after the purification/oxidation treatment
The precise quantification of the metal-based impurities in the CNT samples is in general not direct. And this is especially the case for the used MWCNT sample since they contain a mixture of metal-based impurities. The information we have from the supplier specifies that around 8 wt.% of alumina come from the CVD support remains after their post-synthesis treatment (applied by the supplier). Cobalt and iron were used as CVD catalyst for the MWCNT growth, their form in the raw MWCNT sample (metal, oxide or carbide or a mixture of them) is not clearly known. In the oxidized sample, it is not possible to know which of these metal-based compounds remain. The estimation the metal-based impurities in the MWCNTs required we make some hypotheses. These hypotheses are given below:
- the remaining alumina which is certainly outside the MWCNTs, thus accessible to acids can be efficiently removed. Alumina is assumed to be completely removed after oxidation.
- for the sake of simplification, let’s assume that iron and cobalt are under their metal form in the treated MWCNT sample. Indeed, the remaining metal impurities are obviously not accessible to the reactants otherwise they would have been removed from the sample. They are certainly located inside the inner channel of the MWCNTs, isolated from any oxidative surrounding medium.
- And, we assume that the same quantity of iron and cobalt was used for the CVD synthesis.
The stable metal oxides after TGA are Fe2O3 and Co3O4.
That means that the increase in weight when Fe oxidizes is 
For Co3O4, the gain in weight is: 
[bookmark: _GoBack]That means that the increase in weight for the oxidized CNTs is an average of these two gains in weight, i.e. 39.59 %
By following these hypotheses, the oxidized MWCNTs contain: 3.02 wt.% of metal-based impurities.

II. XPS analysis

















Figure S1. XPS survey spectra for pristine CNTs and oxidized CNTs

















Figure S2. XPS survey spectra for N-Ox-CNTs
























Figure S3. XPS survey spectra for NS-Ox-CNTs

	Sample
	C (at.%)
	O (at.%)
	N (at.%)
	S (at.%)

	Pristine CNTs
	99.01
	0.99
	-
	-

	OX-CNTs
	92.03
	7.97
	-
	-

	N-Ox-CNTs
	97.03
	1.28
	1.69
	-

	NS-Ox-CNTs
	96.15
	2.26
	0.94
	0.65


Table S1 Quantification of elements from XPS 
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Figure S4: Cyclic voltammograms in non-faradaic region with the scan rate of 20-100 mV/S (a) Pristine CNTs, (c) N-CNTs, (e) NS-CNTs, (g) N-Ox-CNTs and (i) NS-OX-CNTs and linear fitting of current density vs scan rate to derive double layer capacitance (b) Pristine CNTs, (d) N-CNTs, (f) NS-CNTs, (h) N-Ox-CNTs and (j) NS-Ox-CNTs. 

image3.wmf
0

100

200

300

400

500

600

700

800

155

160

165

170

175

 

 

Intensity (a.u)

Binding Energy (eV)

 

 

Intensity (a.u)

Binding Energy (eV)

C1s

N1s

O1s

S2p


oleObject3.bin

image4.wmf
10

20

30

40

50

60

70

80

90

100

110

0.005

0.010

0.015

0.020

0.025

0.030

Equation

y = a + b*x

Plot

B

Weight

No Weighting

Intercept

-8.3E-4 ± 2.28983E-4

Slope

2.815E-4 ± 3.45205E-6

Residual Sum of Squares

1.43E-7

Pearson's r

0.99977

R-Square (COD)

0.99955

Adj. R-Square

0.9994

Scan rate (mV/s)

current density j

A

-j

C 

(mA/cm

2

)


image5.wmf
10

20

30

40

50

60

70

80

90

100

110

0.005

0.010

0.015

0.020

0.025

0.030

Equation

y = a + b*x

Plot

B

Weight

No Weighting

Intercept

-8.3E-4 ± 2.28983E-4

Slope

2.815E-4 ± 3.45205E-6

Residual Sum of Squares

1.43E-7

Pearson's r

0.99977

R-Square (COD)

0.99955

Adj. R-Square

0.9994

Scan rate (mV/s)

current density j

A

-j

C 

(mA/cm

2

)


image6.wmf
0.25

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

-0.025

-0.020

-0.015

-0.010

-0.005

0.000

0.005

0.010

0.015

0.020

Current density (mA/cm

2

)

Applied potential (V/RHE)

 20 mV/s

 40 mV/s

 60 mV/s

 80 mV/s

 100 mV/s


image7.wmf
0.25

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

-0.025

-0.020

-0.015

-0.010

-0.005

0.000

0.005

0.010

0.015

0.020

Current density (mA/cm

2

)

Applied potential (V/RHE)

 20 mV/s

 40 mV/s

 60 mV/s

 80 mV/s

 100 mV/s


image8.wmf
10

20

30

40

50

60

70

80

90

100

110

0.5

1.0

1.5

2.0

2.5

3.0

3.5

Equation

y = a + b*x

Plot

B

Weight

No Weighting

Intercept

-0.0425 ± 0.03029

Slope

0.0329 ± 4.56682E-4

Residual Sum of Squares

0.0025

Pearson's r

0.99971

R-Square (COD)

0.99942

Adj. R-Square

0.99923

Scan rate (mV/s)

current density j

A

-j

C 

(mA/cm

2

)


image9.wmf
40

50

60

70

80

90

100

0.08

0.10

0.12

0.14

0.16

0.18

0.20

Equation

y = a + b*x

Plot

B

Weight

No Weighting

Intercept

0.03215 ± 0.0052

Slope

0.00153 ± 7.07725E-5

Residual Sum of Squares

2.0035E-5

Pearson's r

0.99787

R-Square (COD)

0.99575

Adj. R-Square

0.99363

current density j

A

-j

C 

(mA/cm

2

)

Scan rate (mV/s)


image10.wmf
40

50

60

70

80

90

100

0.08

0.10

0.12

0.14

0.16

0.18

0.20

Equation

y = a + b*x

Plot

B

Weight

No Weighting

Intercept

0.03215 ± 0.0052

Slope

0.00153 ± 7.07725E-5

Residual Sum of Squares

2.0035E-5

Pearson's r

0.99787

R-Square (COD)

0.99575

Adj. R-Square

0.99363

current density j

A

-j

C 

(mA/cm

2

)

Scan rate (mV/s)


image11.wmf
0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

-0.25

-0.20

-0.15

-0.10

-0.05

0.00

0.05

0.10

0.15

Current density (mA/cm

2

)

Applied potential (V/RHE)

 20 mV/s

 40 mV/s

 60 mV/s

 80 mV/s

 100 mV/s


image12.wmf
0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

-0.25

-0.20

-0.15

-0.10

-0.05

0.00

0.05

0.10

0.15

Current density (mA/cm

2

)

Applied potential (V/RHE)

 20 mV/s

 40 mV/s

 60 mV/s

 80 mV/s

 100 mV/s


image13.wmf
20

40

60

80

100

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

0.22

0.24

0.26

current density j

A

-j

C 

(mA/cm

2

)

Scan rate (mV/s)

Equation

y = a + b*x

Plot

B

Weight

No Weighting

Intercept

0.02204 ± 0.00622

Slope

0.00215 ± 9.36999E-5

Residual Sum of Squares

1.05356E-4

Pearson's r

0.99716

R-Square (COD)

0.99432

Adj. R-Square

0.99242


image14.wmf
0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

-0.20

-0.15

-0.10

-0.05

0.00

0.05

0.10

0.15

0.20

Current density (mA/cm

2

)

Applied potential (V/RHE)

 20 mV/s

 40 mV/s

 60 mV/s

 80 mV/s

 100 mV/s


image15.wmf
0.30

0.35

0.40

0.45

0.50

-0.20

-0.15

-0.10

-0.05

0.00

0.05

0.10

0.15

0.20

Current density (mA/cm

2

)

 20 mV/s

 40 mV/s

 60 mV/s

 80 mV/s

 100 mV/s

Applied potential (V/RHE)


image16.wmf
10

20

30

40

50

60

70

80

90

100

110

0.00

0.05

0.10

0.15

0.20

0.25

Scan rate (mV/s)

current density j

A

-j

C 

(mA/cm

2

)


image17.emf
0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65

-0.30

-0.25

-0.20

-0.15

-0.10

-0.05

0.00

0.05

0.10

0.15

0.20

0.25

0.30

 20 mV/s

 40 mV/s

 60 mV/s

 80 mV/s

 100 mV/s

Applied potential (V/RHE)

Current density (mA/cm

2

)


image18.emf
10 20 30 40 50 60 70 80 90 100 110

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

Scan rate (mV/s)

current density j

A

-j

C 

(mA/cm

2

)


image19.emf
10 20 30 40 50 60 70 80 90 100 110

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

Scan rate (mV/s)

current density j

A

-j

C 

(mA/cm

2

)


image1.wmf
0

200

400

600

800

1000

Pristine CNTs

 

Intensity (a.u)

Binding Energy (eV)

 Oxidized CNTs

C1s

O1s

 

 

 

C1s

O1s


oleObject1.bin

image2.wmf
0

100

200

300

400

500

600

700

800

 

 

Intensity (a.u)

Binding Energy (eV)

N1s

C1s

O1s


oleObject2.bin

