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Supporting Information

Elemental Composition (at. %)

SampleID [C-EDS|C-XPS|O-EDS|O -XPS [N -EDS|N - XPS
N-Cspn 600°C| 965 | 927 16 4.1 1.9 3.1
N-Cspn 700°C| 967 | 93.3 15 3.6 1.9 3.0
N-Cspn 900°C| 968 | 94.9 15 3.1 18 2.0

N-Vulcan | 988 | 968 0.6 2.4 0.6 0.9

N-GnP 987 | 877 0.6 6.2 0.8 6.1

Table S1: Elemental compositions of all N-C samples obtained from EDS and XPS are displayed

as atomic percentages.

N 1s Fitting Parameters - UHV

Hydrogenated
(edge)
Sample ID BE [% of Fit| BE (% of Fit| BE |% of Fit| BE |% of Fit| BE |% of Fit| BE |% of Fit| BE |% of Fit| BE (% of Fitf BE | % of Fit

N-Cspnh 600°C  |397.6 3.7 ([398.1| 28.0 (398.7| 12.7 |399.5 11.0 [400.1) 16.2 [400.6| 20.5 [401.2 57 [402.0] 2.2 X 0.0
N-Cspn 700°C  [397.6)| 7.4 |398.0 20.4 |398.7| 11.4 [399.4 10.7 |400.1] 16.7 j400.7| 224 [401.4| 86 4020 25 X 0.0

N Species Electron-rich Amine Hydrogenated (in-plane) Graphitic

N-Cspnh 900°C  |397.6) 1.0 ([398.0| 184 (398.7| 9.4 |399.3 6.9 |[400.1) 14.8 [400.7| 30.7 |401.4| 14.1 |402.0, 4.6 X 0.0
N-Vulcan X 0.0 ([398.0f 3.3 |398.8/ 16.4 |399.3| 10.8 [399.9 229 [400.6| 228 [401.3] 158 4021 54 (4028 26
N-GnP X 0.0 [398.2] 8.1 |398.7| 18.4 |399.4| 23.0 [400.0/ 222 [400.8 17.5 [401.2| 8.0 (4022 3.0 X 0.0

Table S2: Fitting parameters (BE and relative percentage of the fit) of the N 1s measured at UHV
and ambient temperature are displayed for all components of all samples. Components that are
not present in a sample are denoted with an X in the BE column. The FWHM of all components

is1.0eV.
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Figure S1: Deconvoluted N 1s spectra collected with synchrotron source energy (630 eV) at 100

mTorr Oy at 60 °C are shown for all N-C materials.

N 1s Fitting Parameters — O,; 60 °C

Component Electron-rich Amine |Hydrogenated (in-plane) Graphitic Hyd::g;:;ated

Sample ID BE |% of Fit| BE |% of Fit| BE |% of Fit| BE |% of Fit| BE |% of Fit| BE |% of Fit| BE |% of Fit| BE |% of Fit{ BE | % of Fit
N-Cspnh 600°C  |397.6| 4.5 [398.1| 26.8 |398.7| 128 [399.5 10.5 |400.1| 17.9 M00.6/ 19.7 |401.3] 57 [02.0] 21 X 0.0
N-Cspn 700°C  |397.6) 5.3 |398.1| 185 [398.7| 13.4 [399.4| 11.8 [400.1] 17.1 |400.7| 21.8 |401.4( 7.3 [402.00 3.7 |403.0 1.1
N-Cspnh 900°C [397.6| 3.2 [398.1| 17.3 |398.7| 10.5 [399.4 9.0 |400.1| 16.0 [400.7| 252 |401.4| 12.8 14021 861 X 0.0
N-Vulcan X 0.0 [398.1| 3.7 [398.8 16.4 [399.4| 15.2 |399.9| 21.9 j400.7| 244 [401.3| 13.8 [402.1| 4.4 |4028| 0.3
N-GnP X 0.0 ([398.2| 8.7 [398.8 18.8 [399.4| 19.7 |400.1] 21.1 |400.6| 18.7 [401.2| 9.7 [402.2| 3.3 X 0.0

Table S3: Fitting parameters (BE and relative percentage of the fit) of the N 1s measured in 100

mTorr of O, at 60 °C are displayed for all components of all samples. Components that are not

present in a sample are denoted with an X in the BE column. The FWHM of all components is

1.0eV.
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Figure S2: Deconvoluted N 1s spectra collected with synchrotron source energy (630 eV) at 100

mTorr Oz and 100 mTorr H20 at 60 °C are shown for all N-C materials.
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N 1s Fitting Parameters — O, + H,0; 60 °C

Component Electron-rich Amine |Hydrogenated (in-plane) Graphitic Hyd::dg;;l)a ted
Sample ID BE |% of Fit| BE |% of Fit| BE |% of Fit| BE |% of Fit| BE |% of Fit| BE (% of Fit| BE |% of Fit| BE |% of Fit| BE | % of Fit
N-Cspn 600°C [397.6] 4.9 ([398.1| 246 [398.7) 13.9 [399.5| 88 [400.1| 19.4 4006 189 (013 67 4020 2.8 X 0.0
N-Cspn 700°C  |397.6| 3.8 [398.0| 21.2 |398.7 126 [399.4| 11.1 |400.1) 20.3 [400.7 21.6 [401.4 6.0 {4021 3.2 [403.0 03
N-Cspnh 900°C [397.6| 5.8 ([398.1| 135 [398.7) 9.2 ([399.4) 9.0 [400.1] 16.5 (400.7| 27.5 [401.4[ 10.1 (4021 7.2 (403.0 1.3
N-Vulcan X 0.0 ([398.1] 3.1 (398.8) 15.9 |399.3| 14.7 |400.0f 24.5 [400.6| 26.4 |401.4 13.2 [402.0, 2.2 X 0.0
N-GnP 397.6| 4.3 [398.2| 6.4 |[398.7 23.8 [|399.4| 20.7 [400.0 21.2 [400.6 150 |401.3| 76 4022 1.1 X 0.0

Table S4: Fitting parameters (BE and relative percentage of the fit) of the N 1s measured in 100

mTorr each of Oz and H20 at 60 °C are displayed for all components of all samples. Components

that are not present in a sample are denoted with an X in the BE column. The FWHM of all

components is 1.0 eV.
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Figure S3: Deconvoluted O 1s spectra collected with synchrotron source energy (630 eV) at

UHYV are shown for all N-C materials.

S7



O 1s Fitting Parameters - UHV

Component N-C A N-C B N-CC N-CD
Sample D BE |FWHM |% of fitf BE [FWHM|% of fitf BE [FWHM|% of fitf BE |[FWHM)|% of fit
N-Cspn 600°C [531.5 186 17.2 |532.8| 1.9 | 584 |533.8 1.7 | 244 | X 0.0 0.0
N-Cspn 700°C  [531.0) 1.7 16.4 |532.3| 1.7 | 38.8 |533.3| 1.9 | 41.2 |535.2| 2.0 36
N-Cspn 900°C [530.8) 1.7 12.0 |532.3| 1.7 | 50.0 |533.2| 1.7 | 34.4 |534.9| 1.7 36
N-Vulcan 531.6| 1.7 | 246 |532.9| 1.8 | 56.5 |534.00 1.9 | 16.4 |536.2| 1.5 25
N-GnP 531.1| 1.5 17.3 |532.2| 1.6 | 46.1 |533.4| 1.6 | 31.6 |535.00 2.0 5.0

Table S5: Fitting parameters (BE, FWHM in eV, and relative percentage of the fit) of the O 1s

measured at UHV and ambient temperature are displayed for all components of all samples.

Components that are not present in a sample are denoted with an X in the BE column.
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Figure S4: Overlaid N 1s spectra taken with the exact same conditions are shown along with the

difference spectrum in order to validate the use of a threshold to remove instrumental noise.
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Figure S5: Absolute N 1s difference spectra are shown for each atmosphere, relative to UHV

measurements and after thresholding. These spectra are integrated to produce a value for the total

change in N 1s.
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O 1s Fitting Parameters — O,; 60 °C

Component N-C A N-C B N-C C N-C D Qads 0Oz (V)1 Oz (v) 2
SamplelD | BE [FWHM % of fit| BE [FWHM[% of fit| BE [FWHM[% of fit| BE [FWHM[% of fit| BE [FWHM|% of fit| BE [FWHM|% of fit| BE [FWHM[% of fit
N-Cepn 600°C [5315] 1.6 | 84 [5328) 1.9 | 285 [533.8] 1.7 | 119 [ x | 0.0 | 00 [5306] 1.0 | 08 [5386] 0.8 | 345 [539.7] 09 | 15.9
N-Copn 700°C 5310 17 | 91 [532.3) 1.7 | 214 [5333] 19 [ 227 |5352] 20 | 20 [5336] 20 | 22 5387 08 [ 299 |s398 08 [ 127
N-Con 900°C [530.8] 17 | 4.9 [532.3) 1.7 | 203 [533.2] 1.7 [ 13.9 |s34.9) 17 | 15 [534.0] 1.8 | 3.1 [538.7] 07 | 383 |530.8 08 | 182
N-Vulcan  [5316] 1.7 | 75 [532¢ 1.8 | 17.3 [s34.0] 1.9 | 5.0 [536.2[ 1.5 | 0.8 [5336] 1.0 | 1.4 5389 0.8 | 467 [540.0] 0.8 | 213
N-GnP  [531.1] 15 [ 69 [532.3) 16 | 185 [533.4] 1.6 | 127 [535.00 2.0 [ 20 [534.4] 1.2 | 08 [5387] 0.8 | 395 [530.9] 09 | 195
Table S6: Fitting parameters (BE, FWHM in eV, and relative percentage of the fit) of the N 1s
measured in 100 mTorr of Oz at 60 °C are displayed for all components of all samples.
Components that are not present in a sample are denoted with an X in the BE column.
O 1s Fitting Parameters — O, + H,0; 60 °C
Component N-CA N-C B N-C C N-C D Oaus 0, (v)1 0, (v)2 Hz0 (v)
Sample ID BE |FWHM |% of fit| BE [FWHM|% of fit| BE [FWHM|% of fit| BE [FWHM|% of fit| BE |FWHM|% of fit| BE |[FWHM|% of fitf BE |FWHM|% of fit| BE |FWHM % of fit
N-Cspnh 600°C  [531.5| 16 7.4 (5328 19 | 252 [533.8) 1.7 | 105 | X 0.0 0.0 |530.6] 1.1 14 [5386| 0.8 | 23.1 539.8| 0.9 | 10.0 |535.2| 0.8 | 22.4
N-Cspnh 700°C  [531.0] 1.7 6.9 |632.3] 1.7 16.3 |5633.3] 1.9 17.3 [635.2] 2.0 1.5 |533.1 1.1 23 (63868 08 227 |539.8| 08 9.9 [6352| 08 231
N-Cspnh 900°C  [530.8| 1.7 36 6323 1.7 149 |5633.2] 1.7 103 [634.9] 1.7 1.1 |5633.7] 2.1 31 |[638.8] 07 27.7 |539.9| 08 12.8 [535.3| 0.8 266
N-Vulcan 531.7| 1.7 4.8 5329 1.8 11.0 |534.0/ 1.9 32 [536.2| 1.5 0.5 (5336 1.0 26 [638.9] 08 32.2 |540.1] 0.8 14.3 [535.5 0.8 31.4
N-GnP 531.2| 15 45 |632.2| 18 119 |533.4| 16 81 [535.0 2.0 13 |632.7| 15 43 (6388 08 284 |539.9| 09 13.2 [535.3| 0.8 283

Table S7: Fitting parameters (BE, FWHM in eV, and relative percentage of the fit) of the O 1s

measured in 100 mTorr each of O, and H.O at 60 °C are displayed for all components of all

samples. Components that are not present in a sample are denoted with an X in the BE column.
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