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Figure S1.  Deconvolution of C1s core energy levels for the GCN samples.



Figure S2.  Deconvolution of O1s core energy levels for the GCN samples.



Table S1. Surface pH values, peak positions and numbers of groups (in parentheses, [mmol/g]) 
for GCN in different conditions.

Sample Surface 
pH pKa 4-5 pKa 5-6 pKa 6-7 pKa 7-8 pKa 8-9 pKa 9-10 All

GCN-initial 7.07
6.23

(0.042)

9.07

(0.057)
0.099

GCN-CO2LW 6.59
6.17

(0.029)

9.02

(0.033)
0.062

GCN-CO2DW 6.53
4.35

(0.001)

6.54

(0.047)
0.048

GCN-N2LW 6.86
5.52

(0.031)

8.80

(0.051)
0.082

GCN-N2DW 6.92
7.08

(0.048)
0.048

GCN-CO2L 6.85
4.20

(0.006)

7.68

(0.031)
0.037

GCN-CO2D 6.43
6.08

(0.029)

8.32

(0.019)
0.048

GCN-N2L 6.29
4.33

(0.019)

8.06

(0.036)
0.055



Figure S3.  Deconvolution of C1s core energy levels for the CS samples



Figure S4.  Deconvolution of O1s core energy levels for the CS samples.



Table S2. Surface pH values, peak positions and numbers of groups (in parentheses, [mmol/g]) 
for CS in different conditions.

Sample Surface 
pH pKa 4-5 pKa 5-6 pKa 6-7 pKa 7-8 pKa 8-9 pKa 9-10 All

CS-initial 3.16
4.22

(0.084)

5.59

(0.068)

7.77

(0.081)

9.57

(0.115)
0.347

CS-CO2LW 3.20
4.94

(0.067)

6.65

(0.069)

7.91

(0.038)

9.5

(0.127)
0.301

CS-CO2DW 3.25
5.42

(0.084)

7.69

(0.055)

9.44

(0.082)
0.221

CS-N2LW 3.15
5.10

(0.089)

7.39

(0.074)

9.41

(0.087)
0.250

CS-N2DW 3.20
5.20

(0.078)

7.702

(0.074)

9.66

(0.097)
0.249

CS-CO2L 3.01
4.87

(0.084)

6.38

(0.085)

8.33

(0.075)

9.38

(0.067)
0.310

CS-CO2D 3.08
4.53

(0.065)

5.77

(0.064)

7.72

(0.072)

9.51

(0.111)
0.311

CS-N2L 3.02
4.40

(0.086)

6.00

(0.100)

8.05

(0.092)

9.85

(0.085)
0.363



Table S3. The parameters of the porous structure for CS in different conditions.

Sample
S

BET

(m2/g)

V
t

(cm3/g)

V
meso

(cm3/g)

V
<0.7nm

(cm3/g)

V
<1nm

(cm3/g)

V
mic

(cm3/g)
V

mic 
/V

t

CS-intial 395 0.392 0.239 0.130 0.141 0.153 0.39

CS-CO2LW 345 0.368 0.229 0.113 0124 0.139 0.38

CS-CO2DW 382 0.414 0.266 0.122 0.129 0.148 0.36

CS-N2LW 416 0.432 0.279 0.123 0.133 0.153 0.35

CS-N2DW 380 0.400 0.245  0.133 0.140 0.155 0.39

CS-CO2L 400 0.391 0.236 0.133 0.139 0.155 0.40

CS-N2L 384 0.371 0.220 0.129 0.134 0.151 0.41

CS-CO2D 379 0.362 0.214 0.111 0.140 0.148 0.41


