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Synthesis of GO-A by Hummer’s method

1. Graphite powder, 10 g was stirred with cold concentrated H,SO,4 (230 ml at 0 °C).

2. Then KMnO, (30 g) was added to the suspension slowly to prevent a rapid rise in the
temperature (less than 20 °C). The solution underwent a colour change at this point
from black to a very dark green.

3. After removal of the ice-bath the mixture was stirred at room temperature for another
2 h.

4. DI water (230 ml) was slowly added to the reaction vessel to keep the temperature
under 98 °C.

5. The diluted suspension was stirred for an additional 15 min and further diluted with
DI water (1.4 1) before adding H,O, (100 ml). Upon addition vigorous foaming
occurred and the solution turned to brown.

6. The mixture stirred for 2 h at room temperature and left overnight.

7. Product settled at bottom was separated from the excess liquid by decantation
followed by centrifugation.

8. The product was washed by centrifugation until the pH reached neutral.

9. Freeze dried to obtain a final product, called GO-A.

Synthesis of GO-B by Hummer’s method

1. Graphite powder, 2.0 g was stirred with cold (0 °C) concentrated H,SO4 (24 ml).
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7.
8.

To this, KMnO, (6.0 g) was added, ensuring that the temperature of the solution did
not exceed 20°C. The solution underwent a colour change at this point from black to a
very dark green.

The reaction vessel was removed from the ice bath and stirred at room temperature for
1.5 h, and then it was covered and left overnight.

Next day the solution was brought up to 80 °C and DI water (46 ml) was added
dropwise to make sure that the temperature of the solution did not exceed 98 °C. At
this point the solution turned brown.

Solution was stirred for an additional 15 minutes before adding more DI water (280
ml). After which H,O, (20 ml) was added slowly. Upon addition vigorous foaming
occurred and the solution turned green-yellow. The solution was then stirred for 30
minutes and then left at a warm phase (30 °C) for an additional 30 minutes.

After being left overnight the GO particles which had settled at the bottom were
separated from the excess liquid by decantation followed by centrifugation.

The solution was further washed by centrifugation in DI water (4 ).

After the pH of the washings was neutral, the sample was freeze dried, called GO-B.

Synthesis of GO-C by modified Hummer’s method

GO-C was synthesized by firstly pre-oxidizing the graphite powder.

1.

2.

Concentrated H,SO, (8.0 ml) was heated to 80 °C (oil bath) to which a mixture of
K2S,0g (1.7 g) and P,0s5 (1.7 g) was added and stirred until fully dissolved.

Graphite powder (2.0 g) was added to the reactants and then stirred at 80 °C for
overnight.

The mixture was cooled to room temperature (17 °C) and diluted with DI water (2 I).
This solution was then filtered using filter paper under vacuum and washed with
further DI water. The pre-oxidized graphite powder (PG) was left to dry in air.

From now we used modified Hummer’s method using PG:

4.

NaNOs (1.5 g) was added to cold (0 °C) concentrated H,SO,4 (72 ml) and stirred until
completely dissolved.

PG (1.5 g) was added under vigorous stirring. To the solution KMnO, (9.0 g) was
added taking care to keep the reaction temperature under 15 °C. Upon addition of the
KMnOQy, the solution turned a very dark green. The solution was brought to 35 °C and
left stirring for 3 h.

H,0, was added slowly, the colour turned from dark green to green-yellow. The
solution was left to stir at 35 °C for 1 h.

The GO solid was separated & washed in dilute (3.4%) HCI acid (1 I) to remove any
remaining salts, followed by further washing in DI water (= 2.25 1) until the washings
were pH neutral.

The sample was then freeze-dried, called GO-C.



Figure S1. Digital photographs of the as-synthesized GO samples of different degree of
oxidation. GO-A was produced from 10 g graphite, whereas all other samples were obtained
from 2 g graphite in each batch. Photographs at bottom panel to show clear sample colour.
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Figure S2. PXRD patterns of the GO (top - outgassed GO under rotary vacuum of 1 x 10~
mbar at room temperature for overnight & middle - as synthesized) and GO-D batches
(bottom) synthesized at different times. The interlayer distance between GO-sheets is
represented by d-spacing, calculated from the 26 position of (001) peak, positioned around
(9-12)°.
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Figure S3. XPS spectra; C 1s (left panel), O 1s (middle panel) and Survey (right panel) of
GO samples. Top two panels represent the comparative C 1s and O 1s spectra with the
intensity normalized to a sp? carbon peak to show the clearer increase of the oxidation when
going from sample GO-A to GO-D. Bottom nine panels showing the XPS spectra taken at
three different spots for each sample, exhibit good homogeneity of the samples.



40000

30000

Intensity
nN
o
o
(=]
o

10000

o

40000

30000

Intensity
N
o
o
(=]
o

10000

40000

30000

Intensity
N
o
o
o
o

10000+

C1s

D1

292 290 288 286 284 282
Binding energy (eV)

D2 C1s

0292 290 288 286 284 282

Binding energy (eV)

D3

C1s

292 200 288 286 284 282
Binding energy (eV)

80000

60000

ty

Intens

20000

80000

60000

ty

Intensi

20000

80000

60000 +

ty

40000

Intens

20000

538 536 534 532 530 528

40000+

O1s

D1

538 536 534 532 530 528

Binding energy (eV)

40000+

D2 O1s

538 536 534 532 530 528

Binding energy (eV)

O1s

D3

Binding energy (eV)

400000 ,
D1 C1s
300000
3 I
5200000 Siie
“100000}
M/
012001000 800 600 400 200 0
Binding energy (eV)
400000
D2 lc1s
300000
3 I ]
2200000 e
"100000

o

400000

300000+

Y

HILESHIDI

100000 |

0

200000 +

12001000 800 600 400 200 O
Binding energy (eV)

D3

C1s

|01s |

it

M-—-/'\

12001060 800 600 400 200 O
Binding energy (eV)

Figure S4. XPS spectra of GO-D batch samples synthesized at different times. The spectra
recorded at 3 different spots on each of the sample confirming the good homogeneity of the
samples.



Table S1. XPS elemental analysis of GO samples, the spectra was recorded at multiple spots
on each sample. The atomic percentage for C and O were estimated from the C 1s and O 1s
peaks in the Survey spectra. The percentage of oxidation is estimated by deconvolution of the
C 1s peak into three peaks, representing the C=C/C-C, C-O/C—OH and C=0/CO0O. Clearly,
the increased oxidation degree of GO samples from -A to -D is understood from the relative
increase of the C-O/C-OH & C=0/COOQ atomic percentage at the expense of graphitic
C=C/C-C, atomic percentage (at%).

S/N | Sample C (at%) | O (at%) | % of oxidation — deconvoluted C 1s peak
C=C/C-C C-O/C-OH | C=0/COO0
(284.7-285.5) | (287-287.7) | (288.5-289)
eV eV eV
1 GO-A 71.3 28.7 53.9 39.0 7.1
715 28.5 55.8 36.5 7.7
714 28.6 52.6 39.1 8.4
2 GO-B 715 28.5 55.0 38.0 7.0
715 28.5 54.0 38.0 8.0
72.3 21.7 55.8 35.8 8.4
3 GO-C 71.0 29.0 49.7 40.1 10.2
71.9 28.1 53.1 37.4 9.6
71.3 28.7 515 40.0 8.5
4 GO-Dbl |68.1 31.9 44.0 41.0 15.0
69.1 30.9 46.0 41.0 13.0
68.9 31.1 46.0 41.0 13.0
5 GO-Db2 |67.5 325 42.8 43.2 14.0
67.7 32.3 42.2 44.8 13.0
68.2 31.8 44.7 44.0 11.3
6 GO-Db3 | 66.4 33.2 41.0 42.0 16.5
67.8 32.2 43.5 40.8 15.9
68.2 31.8 44.3 40.8 14.9
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Figure S5. Raman spectra of GO samples. The shift of the G-band with respect to the
graphite suggesting the chemical modification.
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Figure S6. TG (top) and MS (bottom four) curves of GO samples with a controlled heating
rate, initially at 3 °C per minute and 5 °C per minute after reaching the decomposition point.
The TG signals show that about 50% mass loss at the decomposition point; more in highly
oxidized GO-D than mildly oxidized GO-A. MS signals attribute this mass-loss to mainly the
release of CO..



T T Az T 100 v
100 bcengas —— Graphite-8.2mg _‘5600 GO-D
o W——B38mg T 10G
o 801 5 2sof
2 6 4005 3 2°C min”
3 40| oo 800'5 @ ——4°C min™
g f" —— D-55mg {200 K60 _geoc min
2 20+ l —_— —D—90mg 100|__ N3
oosersorsta s s se| exfoliated
%2040 60 80 100 ° 4807100 150 200 250 300
a) Time (min) c) Temperature (°C)
3.0l Graphite-8.2mg ) 350 2.5 ' ' ’
I ——-B-86mg 1300 . _ 20l——2°C min” GO-D
:;3)22 _822123 T 1asp2 g o7
O =——-D-2. _ 0} 0 P
= 2005 E | G "Ginin
150 & 3 exfoliated
o
w _0 1 1 L L
b) 68 d '?30 100 150 200 250 300
Time (min) ) Temperature (°C)

Figure S7. a-b) TG-DSC curves of GO samples at a heating rate of 5 °C per minute. See that
the highly oxidized GO-D sample exfoliates when used sample mass of 9.0 mg packed in a
TG crucible of 70 pl volume. This is not the case when the same sample of 5.5 mg loosely
put in the crucible. The other samples of similar mass of >8.0 mg do not exfoliate, suggesting
a highly oxidized nature of GO-D. The differential scanning calorimetry curves show that the
decomposition of GO is exothermic. This exothermic heat is further enhanced with increased
degree of oxidation of GO. This highly exothermic nature of the highly oxidized GO leads to
the explosive nature of decomposition in GO-D sample. c-d) TG-DSC curves of GO-D
measured at different heating rates of (2, 4 & 6) °C per minute. The sample exfoliates at a
heating rate of >6 °C per minute.
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Preheat furnace to 300 °C  Charge the sample, GO in to glass tube of
or desired temperature 1.5 inch diameter with a KF 40 flange on

(= B | B

Place in preheated furnace & wait for maximum of
2 minutes for exfoliation & additional two more

_|

|

Collect the samp!e & minutes at 300 °C or it is required up to 20 minutes
ready to use. All is in for exfoliation at 160 °C. See that tube is sealed with
less than half hour time ;o towel of few folds for escaping vapour/gas

Figure S8. Four steps to exfoliation process at 300 °C, all in less than a half-hour time.
Important to note that a care should be taken with respect to the amount of GO sample put
into the glass tube, excessive amount of GO sample can lead the exfoliation to be more
violent and dangerously explosive.
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Figure S9. Experimental procedure diagram for exfoliation and slow heating. From top-left
and in clockwise: digital photographs of the GO (-A, -B, -C, -D), after exfoliation at 300 °C
& the samples after slow heating to same temperature of 300 °C. All the samples are in a 4
ml vials with an equal mass of 32.5 mg in each case.

Sample volume in a 4 ml vial (in cm?®) for the given sample mass of 32.5 mg

exfGO-A = ~1.60 cc, equivalent density = ~0.0203 g cm™
exfGO-B = ~2.00 cc, equivalent density = ~0.0162 g cm™>
exfGO-C = ~2.90 cc, equivalent density = ~0.0112 g cm ™
exfGO-D = ~3.80 cc, equivalent density = ~0.0086 g cm ™
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Figure S10. SEM micrographs of GO-D sample after subjecting at slow heating (3 °C per
minute) to 300 °C (top two) and directly placed at 300 °C preheated furnace (bottom two).
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Figure S11. XPS spectra; C 1s, O 1s and Survey of exfGO samples. Top: Comparative C 1s
spectra with the intensity normalized to a sp® carbon peak, show similar reduction (also see O
1s spectra - middle). Bottom: XPS Survey spectra, consisting of only two peaks
corresponding to C 1s and O 1s.
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Table S2. XPS elemental analysis of exfGO samples, the spectra was recorded at multiple
spots on each sample. The atomic percentage for C and O were estimated from the C 1s and

O 1s peaks in the Survey spectra. More reduction is seen for exfGO-D samples compared to

the exfGO-A sample, could be due to the trapped molecules in the narrow slit-pores in the

exfGO-A.

S/No Sample As exfoliated
C (at%) O (at%)
1 exfGO-A 85.7 14.3
86.0 14.0
2 exfGO-B 86.4 13.3
87.3 12.7
3 exfGO-Ch2 86.7 13.3
86.2 13.8
87.0 13.0
4 exfGO-Dbl 87.4 12.6
87.7 12.3
88.0 12.0
5 exfGO-Db2 87.7 12.3
87.2 12.8
6 exfGO-Db3 87.4 12.6
87.4 12.6
7 exfGO-Db4 87.4 12.6
87.7 12.3

15
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Figure S12. Raman spectra (top) and PXRD patterns (bottom) of exfGO samples represent a

highly disorder state of the samples. See that there is hardly any signature of structure order
Raman mode, 2D at around 2700 cm ™ as well characteristic PXRD (001) peak of GO or

(002) peak of graphite.
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Figure S13. Porosity characteristics of as exfoliated GO samples: 77 K N, adsorption-
desorption isotherms (top) and QSDFT (for micro- to meso- porous region) (middle) and DH
(meso- to macro- porous region) (bottom) model fittings derived pore size distribution (line
data on left Y-axis) and pore volume (dotted data on right Y-axis) curves. The hysteresis
between adsorption and desorption (type H3) is assigned to the plate-like geometry of the
macro-pores.

Note that for GO-D sample, the different batch samples (D, D2, D2, D3, & D4) and repeated
measurements have been carried out & they are indeed in good agreement in both the uptake,
and pore size distribution and pore volume. See Table S3 for the calculated SSA and pore
volume of the samples.
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Table S3. Porosity; BET SSA, QSDFT & DH model fittings derived pore volumes of the as-
exfoliated GO and as-synthesized GO samples. Samples synthesized by a slow heating
(without exfoliation) is also measured.

Sample BET QSDFT DH N, uptake | Total pore
SSA Micropore Mesopore | atP P, *of | volume at
(m”g™) | Volume (at | Volume (at | <0.994 (cm® | P P, * of
2.0nm) (cm® [ 50.0nm) | g™} <0.994
g cm’g™) cm®g™
asGO-A 15 - - 25.0 0.039
asGO-C 50 - - 42.0 0.065
GO-A-300C 10 - - 32.6 0.051
GO-D-300C 25 - - 66.0 0.102
exfGO-A 360 0.069 2.60 1748.0 2.71
exfGO-B 480 0.069 3.60 2515.0 3.89
exfGO-B(J3) 460 2495.0 3.86
exfGO-C 570 0.094 3.86 3075.0 4.77
exfGO-Cb2(J1) | 696 3407.0 5.28
exfGO-Drl 780 0.152 4.19 3953.0 6.13
exfGO-D2r1(E- | 770 0.150 411 3919.0 6.08
0OG6h)
exfGO-D2r2(E- | 814 0.146 4.40 3935.0 6.09
0G24h)
exfGO-D2(E2) | 735 0.143 4.22 3549.0 5.50
exfGO-D3(Y2) | 805 0.168 4.37 3793.0 5.88
exfGO-D4(Y3) | 830 0.176 4.65 3891.0 6.03

*OG6h & 0G24h stands for the sample out gassed for 6 h and 24 h, respectively.
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20



Table S4-1 Literature porosities, BET SSA (m?® g, specific surface area) and V; (cm*g ?,

total pore volume) of the porous graphene-based materials synthesized by chemical
reduction, thermal & microwave exfoliation & reduction, hydro-/solvo-thermal

reduction/modification, hydrogels, aerogels and xerogels, pillared or cross-linked layers,
templated & CVD. A summary of synthesis methods is also included with corresponding

references.
SIN | Material SSA Vi Summary of synthesis conditions Ref.
1 exfGO film 404 2.85 | 10 °C per min heating to 250 °C !
2 exfGO cake 300 2.26 | 10 °C per min heating to 250 °C 2
3 exfGO 600- - 1050 °C (pre-heated) for 30 s 3
750
4 exfGO 480 2.00 | 150 °C for 45 min under vacuum 4
5 exfGO 547 2.47 | 100 °C for 1 h under CO, pressure of 20 bar & rapid release 5
6 T-rGO 377 | 1.14 | 1000 °C for 30 min ®
7 H-rGO 310 0.50 | Hydrothermal at 180 °C for 6h > immerse in FeCl; > Freeze !
dry = Pyrolyze at 850 °C for 2 h - acid etching of Fe,O3
8 H-rGO-N-doped 362 0.44 | GO + Pyrrole > ,,
9 H-rGO-S-doped 280 0.41 | GO - Hydrothermal at 180 °C for 6 h = immerse in FeCl; >
Freeze dry - Sulphur powder - Pyrolyze at 850 °C for2h >
acid etching of Fe,0;
10 H-rGO-N-,S-doped | 405 0.60 | GO + Pyrrole > Hydrothermal at 180 °C for 6 h = Immerse in
FeCl; = Freeze dry = Sulphur powder - Pyrolyze at 850 °C
for 2 h = Acid etching of Fe,O3
11 H-rGO 151 0.24 | GO - Hydrothermal at 180 °C for 6 h > Freeze dry >
Pyrolyze at 850 °C for 2 h
12 H-rGO-N-doped 186 0.39 | GO + Pyrrole > Hydrothermal at 180 °C for 6 h = Freeze dry
-> Pyrolyze at 850 °C for 2 h
13 H-rGO-S-doped 164 0.20 | GO > Hydrothermal at 180 °C for 6 h > Freeze dry - Sulphur
- Pyrolyze at 850 °C for 2 h
14 H-rGO-N, S-doped | 207 0.35 | GO + Pyrrole > Hydrothermal at 180 °C for 6 h = Freeze dry
-> Sulphur = Pyrolyze at 850 °C for 2 h
15 T-rGO (sprayed) 365 2.36 | GO dispersion - Spray in to 160 °C of immiscible solvent, 8
octanol + Reducing agent L-ascorbic acid - Heat-treated at 600
°Cin Argas
16 rGO (Non- 425 2.35 | GO dispersion = Spray in to 160 °C of miscible solvent,
assembled) ethylene glycol + Reducing agent L-ascorbic acid > Heat-
treated at 600 °C in Ar gas
17 rGO 40 0.26 | GO dispersion = Spray in to 110 °C of immiscible solvent,
octanol + Reducing agent L-ascorbic acid - Heat-treated at 600
°Cin Ar gas
18 C-rGO (holey) 430 0.60 | Aqueous mixture of GO and H,0, at ’
100 °C for 4 h under stirring
19 T-rGO-N-doped ( 465 3.42 | GO + NH,CN at 400 °C for 1 h - 900 °C for 2 h 10

21




crumpled)

20 C-rGO 409 0.52 | GO + NaBHy,, stir for 2 h
21 T-rGO 76 0.05 | GO - Anneal at 900C for 2 h
22 exfGO (sprayed) 650 1.93 | GO suspension spay dryer = GO spheres = Microwave oven 1
operated at 1100 W for 40 s
23 | exfGO 493 2.30 | 1050 °C (pre-heated) for several minutes 12
24 | C-rGO 320 - Hydrazine @ GO in a desiccator for 72 h 13
25 | exfGO 463 - Microwave oven at 700 W for 1 min 14
26 | exfGO (sprayed) 567 - 400 °C for 5 min B
27 " 410 - 400 °C for 5 min - Solution processing
28 255 - 400 °C for 5 min &> Compressed at 55 MPa
29 T-rGO (sprayed) 344 - Slow heating to 400 °C for 5 min
30 exfGO 407 - 400 °C (pre-heated) for 5 min
31 exfGO-solution 226 - 400 °C (pre-heated) for 5 min = Solution processed
processed
32 exfGO-compressed | 66 - 400 °C for 5 min > Compressed at 55 MPa
33 | T-rGO (Non 671 4.11 | GO in ethanol > Anti-solvent directed non-stocked GO - 1000 |
stacked) °Cforlh
34 | T-rGO (Non 1435 | 4.11 | GO + Ethanol + Hexane > Vacuum filtrate > Rotary dry > 7
stacked) 1000 °Cfor 1 h
35 T-rGO film 311 1.33 | GO dispersion > Petri dish & dry at room temperature - 1000
°C for 1h
36 | H-IGO 220 | 0.45 | GO dispersion at 180 °C for 12h 8
37 rGO-SiO, 350 0.81 | Graphene aerogel + SiO,
38 rGO/Carbon 295 0.62 | Graphene aerogel + SiO, + Sucrose - Freeze dry - Pyrolyze at
(templated) 700 °C for 3 h - NaOH treat to remove SiO,
39 T-rGO-N-doped 864 1.99 | A multi-step heating to 120 °C for 20 min = 800 °C for 2 h 19
40 | exfGO 328 1.59 | 250 °C (pre-heated) for 5 min »
41 exfGO 404 1.87 | 300 °C (pre-heated) for 5 min
42 exfGO 418 2.16 | 400 °C (pre-heated) for 5 min
43 | exfGO 125 0.31 | 1000 °C (pre-heated) for 30 s 2
44 exfGO 540 1.46 | 1000 °C (pre-heated) for 30 s
45 exfGO 524 1.16 | 1000 °C (pre-heated) for 30 s
46 | FeOOH/Graphene | 333 0.50 | rGO + FeCl;.6H,0 + Ethanol + NH,HCO, stir for 8 h z
47 | exfGO 356 1.40 | 250 °C (pre-heated) =
48 | exfGO 156 0.80 | 1050 °C (pre-heated) for 30 s 2
49 | C-rGO 466 0.50 | Sonicated GO + Hydrazine hydrate stir @ 100 °C for 24 h %
50 | exfGO 300 0.50 | A rapid heating to expansion %
51 | exfGO 477 1.04 | 150 °C for 45 min under vacuum a7
52 | C-rtGO 1206 | 3.20 | Sonicated GO + Glucose + NH,.H,0 stir @ 95 °C for 120 min ®
53 | exfGO 443 2.50 | 200 °C under hydrogen z
54 | exfGO 151 0.63 | 1 °C per min heating to 150 °C under vacuum %
55 exfGO 437 1.72 | ,,at200°C
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56 exfGO 480 1.73 | ,,at300°C
57 exfGO 245 1.03 | ,at400 °C
58 | T-rGO 192 [ 0.69 | 220°C i
59 T-rGO 186 0.68 | 190 °C
60 T-rGO 183 0.63 | 170°C
61 T-rGO 101 0.11 | 100 °C
62 GO-frameworks 470 0.30 | GO + Benzene diboronic acid + Methanol - Solvothermal at =
100 °C for 24 h
63 " 367 0.29 | GO + 1,4-Phenyldiboronic acid + Methanol - Solvothermal at
120 °C for24 h
64 " 151 0.13 | GO + 1,4-Phenyldiboronic acid + Methanol - Solvothermal at
150 °C for 24 h
65 " 342 0.25 | GO + 1-Phenylboronic acid + Methanol - Solvothermal at 80
°C for24 h
66 . 442 0.25 | GO + 1-Phenylboronic acid + Methanol - Solvothermal at 100
°C for 24 h
67 " 426 0.25 | GO + 1-Phenylboronic acid + Methanol - Solvothermal at 120
°C for24 h
68 . 78 0.11 | GO + 1-Phenylboronic acid + Methanol - Solvothermal at 150
°C for 24 h
69 " 280 0.21 | GO + 4,4-Biphenyldiboronic acid + Methanol - Solvothermal
at 100 °C for 24 h
70 S-rGO 54 0.09 | Methanol solvothermal at 150 °C
71 | Electrochem exf- 470 2.85 | Graphite rod electrode + LiCl salt + moist Ar > 800 °C & 33.0 | =
graphite A for 60 min = 1450 °C for 30 min
72 | exfGO 528 2.71 | 1000 °C (pre-heated) for 60 s 34
73 exfGO/CNT 175 1.00 | GO - 1000 C (pre-heated) for 60 s + Ferrocene + Ethylene
diamine > CVD at 700 °C -> Acid wash
74 | T-1GO 450 1.82 | Pre-oxydized graphite > GO at 300 °C for 5 min ®
75 | H-rGO (holey) 830 0.82 | GO + H,0, > Hydrothermal at 180 °C for 6 h > Sodium %
ascorbate at 100 °C for 2 h > Freeze dry
76 H-rGO 260 0.45 | GO > Hydrothermal - Freeze dry
77 | exfGO 368 - GO - Vacuum exfoliation at 200 °C & left at for 5 h 3
78 exfGO 370 - GO - Vacuum exfoliation at 300 °C & left at for 5 h
79 exfGO 382 - GO > Vacuum exfoliation at 400 °C & left at for 5 h
80 exfGO 350 GO - 1000 °C
81 H-rGO (aerogel) 473 0.25 | GO + Urea - Hydrothermal - 160 °C for 12 h - Freeze dry %
> 800°Cforl.5h
82 | C-rGO 6 0.03 | GO + Sodium dodecylbenzenesulfonate + NaOH + Hydrazine %
hydrate at 90 °C for 24 h
83 C-rGO-daizonium 296 0.59 | rGO + Benzedine + CH,CI,+ Boron trifluoride etherate +
linked Isoamyl nitrite, stir for a day
84 | exfGO 343 | 1.70 | 300 °C for 10 min o
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85 | H-rGO 344 [ 0.39 | 160 °C for 16 h a
86 T-rGO (spheres; 1159 | 0.94 | Aminated silica + GO solution - Pyrolyze at 550 °C for 2 h > a
templated) HF etching of silica
87 S-rGO 272 1.77 | GO + Ethylene glycol at 180 °C for 10 h 4
88 S-rGO-NH, 346 2.88 | GO + Ammonia + Ethylene glycol at 180 °C for 10 h
89 | T-rGO (aerogel) 671 0.54 | GO gelation > Pyrolyze at 800 °C “
90 | T-rGO paper 275 1.10 | GO = Vacuum filtrate > Put on lighter flame for 5 s ®
91 | H-rGO 1377 GO > Hydrothermal at 160 °C for 3 h ®
92 | H-rGO 482 Microwave hydrothermal at 190 °C for 10 min a7
93 H-rGO-N-doped 355 GO + Urea > Microwave hydrothermal at 190 °C for 10 min
94 | H-rGO 265 | 0.22 | 180°Cfor6h ®
95 H-rGO-N-doped 479 0.31 | GO + Ammonia = Hydrothermal 180 °C for 6 h
96 exfGO-N-doped 237 GO at 800 °C -> Hexamethylenetetramine - Hydrothermal at i
180°C for 12 h
97 H-rGO-N-doped 141 GO + Hexamethylenetetramine = Hydrothermal at 180 °C for
12 h
98 H-rGO-N-, B- 249 0.54 | Flake GO + NH3BF3; > Hydrothermal at 180 °C for 12 h 50
doped
99 | H-rGO 642 0.34 | Flake GO Hydrothermal at 180 °C for 4 h >
100 | C-rGO-etched 1374 | 1.16 | GO + KMnO, > Microwave heating for 5 min > Hydrazine 5
reduction at 100 °C for 24 h
101 | exfGO 520 2.17 | Exfoliate at 900 °C for 10 s > Freeze in liquid nitrogen >3
102 | exfGO 380 1.58 | Exfoliate at 900 °C for 10 s
103 | T-rGO (freeze 445 3.25 | Solution freeze dry - Pyrolyze at 700 °C for 3 h >
dried)
104 | H-rGO 370 | 0.16 | GO - Amine/Ammonia - Hydrothermal at 150 °C for 6 h »
105 | H-rGO 370 GO - Hydrothermal at 150 °C for 6 h - Vacuum dry
106 | H-rGO 720 0.46 | GO > Hydrothermal at 150 °C for 6 h > Freeze dry
107 | H-rGO 450 GO - Hydrothermal at 150 °C for 6 h > Vacuum dry ->
Pyrolyze at 800 °C for 3 h
108 | C-rGO films 19 Hydrazine reduction at 95 °C for 1 h - Vacuum filtration %
109 | C-rGO films 194 Hydrazine reduction at 95 °C for 1 h > Polystyrene particles >
(templated) Vacuum filtration > Remove Polystyrene
110 | C-rGO 801 0.9 | Hydrazine reduction >
111 | C-rGO 512 2.48 | GO + L-ascorbic acid, stir at 40 °C for 16 h > Freeze dry > %8
Supercritical CO, dry
112 | H-rGO 964 | 0.40 | GO > Hydrothermal at 180 °C for 12 h >
113 | H& C-rGO 951 0.42 | GO - Hydrothermal at 180 °C for 12 h - Hydrazine
monohydrate reduced at 100 °C for 8 h
114 | H & C-rGO 911 0.42 | GO > Hydrothermal at 180 °C for 12 h = Hydroiodic acid
reduced at 100 °C for 3 h
115 | C-rGO 705 GO + Hydrazine monohydrate - Stir at 100 °C for 24 h &0
116 | H-rGO 1018 GO - Hydrothermal > Supercritical dry > Pyrolyze at 1050 o1
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°Cfor3h

62

117 | GO/RF aerogel 739 GO + RF + Fumed silica - 3D print - Cure at 85 °C >
Supercritical CO, dry = Pyrolyse at 1050 °C for 3 h = HF treat
for 2 days
118 | H-rGO 245 2.50 | Hydrothermal &
119 | C-rGO/C-S,N- 681 0.45 | GO + Sodium dodecylbenzenesulfonate + N,H,.H,O at 100 °C o4
doped for 8 h = Diazonium salt > DMF + 1,3,5-triethynylbenzene +
2,5-dibromothiazole, stir at 80 °C for 72 h = Soxhlet extraction
for 48 h & dry - Pyrolyze @ 800 °C for 2 h
120 | C-rGO/C-S-doped 618 0.58 | GO + Sodium dodecylbenzenesulfonate + N,H,.H,O at 100 °C
for 8 h > Diazonium salt > DMF + 1,3,5-triethynylbenzene +
2,5-dibromothiophene, stir at 80 °C for 72 h > Soxhlet
extraction for 48h & dry - Pyrolyze @ 800 °C for 2 h
121 | C-rGO/C-N-doped | 560 0.38 | GO + Sodium dodecylbenzenesulfonate + N,H;.H,O at 100 °C
for 8 h-> Diazonium salt > DMF + 1,3,5-triethynylbenzene +
2,6-dibromopyridine, stir at 80 °C for 72 h = Soxhlet extraction
for 48 h & dry = Pyrolyze @ 800 °C for 2 h
122 | C-rGO 640 Hydrazine reduced GO &
123 | S-rGO-frameworks | 74 0.08 | GO + 1,4-Phenyldiboronic acid + Methanol > Solvothermal at | ®
120°C for 12 h
124 |, 138 | 015 |,
125 | ,, 280 0.22 |,
126 | ,, 470 0.30 |,
127 | ,, 275 0.19 |,
128 |, 465 | 040 |, o
129 |, 363 0.17 | GO + Diboronic acid - Solvothermal at 90 °C for 4 h &8
130 | ,, 1028 042 | ,,24h
131 | ,, 658 0.36 | ,,48h
132 | ,, 264 "
133 | ,, 313 "
134 |, 128 "
135 | ,, 56 "
136 | ,, 430 "
137 | ,, 490 "
138 | ,, 458 "
139 | ,, 495 "
140 | ,, 397 "
141 | exfGO 561 | 3.25 | 300 °C for 10 min ®
142 | S-rGO 211 | 0.89 | GO + NMP at 180 °C for 10 h 0
143 | H-rGO 437 1.82 | GO dispersion > 180 °C for 12 h > Freeze dry n
144 | H-rGO 599 2.13 | GO dispersion - 180 °C for 12 h > Freeze dry - 800 °C for 1
h
145 | C-rGO-templated | 927 3.29 | GO suspension + Hydrazine, stir for 12 h + F127 + HCI, stir for | "
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(MPG)

24 h-> Vacuum filtrate > Sinter at 350 °C for 5 h & Pyrolyze at
900°Cfor5h

146 | MPG by 930 3.89 | GO suspension + Hydrazine, stir for 12 h + F127 + HCI, stir for
hydrothermal 24 h-> Hydrothermal at 120 °C for 24 h - Sinter at 350 °C for 5
h & Pyrolyze at 900 °C for 5 h
147 | MPG-N-doped 916 3.37 | MPG + Cyanamide, ground - Sinter at 800 °C for 3 h
148 | C-rGO 127 0.22 | Hydrazine reduced GO - 900 °C for5 h
149 | C-rGO-N-doped 173 0.21 | rGO + Cyanamide - 800 °C for 3 h
150 | T-rGO-templated 246 0.66
151 | C-rGO-templated 513 0.62 | GO suspension + Hydrazine + F127 +C,4TAB, stir for 24 h >
Vacuum filtrate = Sinter at 350 °C for 5 h & Pyrolyze at 900 °C
for5h
152 | T-rGO-templated 851 4.28 | GO + Hollow silica spheres suspension - Sinter at 900 °C for5 | °
h > HF etching of silica
153 | ,, 354 2.21 | GO + 60 nm silica spheres - Sinter at 900 °C for 5 h > HF
etching of silica
154 | ,, 401 4.31 | ,, with 120 nm silica spheres
155 | ,, 238 0.47
156 | T-rGO 363 2.01 | GO > 900 °C
157 | C-rGO/CNT foam | 272 0.88 | GO + CNT aqueous dispersion = pore in to mould - Freeze &
dry = Hydrazine vapour reduction at 90 °C for 24 h
158 | H-rGO/C-N-doped | 280 1.1 | GO + Pyrrole aqueous dispersion > Hydrothermal at 180 °C for | ™
12 h > Freeze dry - Graphitize at 1050 °C for 3 h
159 | T-rGO/C-N-doped | 900 1.52 | GO dispersion + Aniline + Phytic acid, stir cold to gel formation | °
for 24 h - Pyrolyze at 850 °C for 2 h
160 | H-rGO 364 2 mg/ml GO dispersion > Hydrothermal at 180 °C for 12 h 7
161 | H-rGO-N-,S-doped | 315 GO + Thiourea > Hydrothermal
162 | H-rGO (holey) 271 GH - Treated with H,0, at 100 °C for 3 h
163 | H-rGO (holey)-N-, | 153 HG + Thiourea - Hydrothermal
S-doped
164 | H-rGO 325 0.33 | GO dispersion > Hydrothermal at 180 °C for 12 h > Freezedry | '
165 | exfGO 925 |- 1050 °C under Ar "
166 | S-rGO-iron oxide | 901 0.60 | Flake GO dispersion + Fe(acac); + DMF - Solvothermal at 200 | ¥
monolith °C for 20 h
167 | ,, 769 043 |,
168 | ,, 635 042 |,
169 |, 503 | 0.36 |,
170 | ,, 418 033 |,
171 | C-rGO- 680 0.57 | Flake GO suspension + Phosphomolybdic acid + Hydrazine 8l
polyoxometalate hydrate at 40 °C
(GPOM)
172 | oGPOM 580 0.48 | GPOM + H,0,, stir & left overnight
173 | exfGO 550 1000 °C under H,/Ar & anneal for 15 min 8
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174 | exfGO-diazonium 440 exfGO + Chlorosulfonic acid + 4, 4’-methylenedianiline + 4-
linked Chloroaniline + sodium nitrate + 2, 2’-Azobis(2-
methylpropionitrile) = stir at 80 °C for 6 h
175 | C-rGO-terpyridine | 440 0.34 | Alkynyl GO + DMF + (Azido-terpyridine)2Fe(ll), stirat 80 °C | ®
linked for2h
176 | T-rGO- 562 0.29 | GO + n-butylamine + Toluene + Silylating reagent > stand for 2 | %
silsesquioxane days at 60 °C = thermal reduction at (500-600) °C under
pillared vacuum
177 |, 591 0.27 | ,,
178 | ,, 839 0.38 |,
179 |, 942 042 |,
180 | ,, 562 0.26 | ,,
181 | ,, 675 0.22 |,
182 | GO-PEI network 476 1.30 | Flake GO dispersion + NaOH + PEI solution > storeat 25 °C | ®
for 24 h > Freeze dry
183 | H-rGO 876 - 180°C for 12 h
184 | Pd@rGO 230 0.36 | GO dispersion + bis(ethylenediamine)PdCl, > NaBH, reduction | %
-> Pyrolyze at 800 °C for 2 h
185 | exfGO 755 | 3.36 | 1050 °C for 30s &
186 | exfGO-HNO; 465 1.74 | exfGO + HNOzat 70 °C for 1 h
treated
187 | Pt@exfGO 478 1.61 | GO-HNO; + HPtClg + Eethylene glycol, at 100 °C for 6 h
188 | Pd@exfGO 544 1.66 | ,, with PdCI, at 70 °C for 5 min
189 | T-rGO 300 | 0.64 | 300 °C with a heating rate of 1 °C/min for 1 min %
190 | exfGO 477 1.04 | 150 °C under vacuum for 45 min 8
191 | T-rGO-silica 278 0.58 | GO + TEOS + CTAB, stir at 40 °C for 20 h - Pyrolyze at 350 %0
templated °C for 30 min
192 |, 408 0.80 |,
193 |, 866 073 | ,,
194 | GO-silica 1051 | 1.39 | GO + TEOS + CTAB, ultrasoniate & stir at 40 °C for 12 h o
195 | T-rGO-silica 816 1.78 | GO-Silica > Heat treat under NH; between (600-1000) °C ->
templated & NH; HF etching of silica
treated
196 | C-rGO-N-doped 553 1.10 | GO dispersion + Ammonia + Hydrazine - 95 °C for 1 h > o
Filtrate & freeze dry - Anneal at 900 °C for 1 h under NH; at
100 sccm
197 | ,, 1014 2.05 | ,, for2h
198 | ,, 738 2.78 | ,, for3h
199 |, 1200 1.30 | ,, for 4h
200 | Plasma-rGO 313 0.22 | GO > H, plasma at 80 V & 1.6 A for 3 min %
201 |, 391 | 2.00 | GO - H,plasmaat50V & 1.2 A for 2 min o
202 |, 375 2.00 | GO - CO, plasmaat 50 V & 1.2 A for 2 min
203 420 2.00 | GO > Arplasmaat 50V & 1.2 A for 2 min
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204 | CVD Graphene 1654 | 2.35 | MgO template > CVD of CH, at 900 °C - HCI wash

205 | C-rGO-B-doped 466 GO + Borane + THF, reflux at 100 °C %

206 |, 91 0.26 | GO suspension + HyBO; > Freeze dry > Pyrolyze at 900 °C o7
for3h

207 | C-rGO balls 83 0.21 | GO suspension - Droplets into liquid nitrogen > Freeze dry > | %
Hydrazine reduction

208 | H-rGO 388 0.31 | GO suspension = Hydrothermal for 10 h

209 | T-rGO 520 GO at 300 °C with a slow heating of 1 °C per minute %

210 | exfGO 592 3.48 | GO at 300 °C pre-heated

211 | T-rGO-templated 196 0.20 | GO dispersion + Zn(NO3),.6H,0 + NH,HCO; > Stir for12h | 1@
- 350 °C for 4 h © HCI wash = Freeze dry

212 | T-rGO-templated | 540 1.56 | Spherical CaCOj; template + GO slurry > Pyrolyze at 900 °C 1ot
for 5 h > HCl wash

213 | ,, 277 0.76 | ,,

214 | H-rGO (holey) 445 1.70 | GO dispersion + H,0, > Hydrothermal at 180 °C for 12 h 102

215 | ,, 247 0.54 | GO dispersion > Hydrothermal at 180 °C for 12 h

216 | T-rGO 262 | 1.05 | At800 °C for 1 h 103

217 | C-rGO 339 Hydrazine reduction at 98 °C for 30 min 102

218 | T-rGO 72 At 200 °C for 2 h, heating rate at 5 °C per minute 105

219 | ,, 97 At 300 °C, "

220 | ,, 181 At 400 °C, "

221 |, 227 At 500 °C, "

222 | exfGO (annealed) | 309 3.58 | Exfoliate at 250 °C and anneal for 20 min 108

223 | ,, 293 291 | At600 °C, "

224 |, 302 | 3.19 | At800 °C, "

225 |, 434 3.14 | At100 °C, "

226 | C-rGO 82 0.11 | Ethanol treated GO > Hydrazine reduction at 95 °C for 1 h 107
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Table S4-2. Literature porosities, BET SSA (m? g%, specific surface area) and V; (cm®*g %,
total pore volume) of the porous graphene-based materials synthesized by chemical activation

with KOH/ZnCl; or CO, and further thermal annealing & CVD. A summary of synthesis

methods is also included with corresponding references.

SIN | Material SSA Vit Summary of synthesis conditions Ref.
227 | exfGO followed by | 1305 6.96 150 °C for 45 min under vacuum = Anneal at 600 °C for 6 h 4
annealing
228 | KOH activated GO | 3290 2.32 Exfoliated GO infiltrate with 3.5M KOH under vacuum directed i
flow drying = Activation at 800 °C for 1 h = Acetic acid wash to
remove salts - Heat to 800 °C for 1 h
229 | KOH activated 1000 5.03 GO in ethanol > Anti-solvent directed non-stocked GO - ®
nonstacked reduced Thermal reduction at 1000 °C for 1 h - Immerse in 7M KOH
GO solution for 24 h - Activate at 800 °C for 1 h - wash > Heat to
800 °C for 2 h
230 | exfGO followed by | 574 2.44 | 300 °C (pre-heated) for 5 min > 700 °C for 3 h at 2 °C per min 2
annealing
231 | exfGO followed by | 737 3.63 300 °C (pre-heated) for 5 min > 900 °C for 3 h at 2 °C per min
annealing
232 | exfGO followed by | 758 3.26 300 °C (pre-heated) for min = 900 °C for 3 h at 2 °C per min z
annealing (FGS)
233 | exfGO followed by | 619 0.36 | exfGO + KOH (1:9 by wt) ground > 600 °C forl h 2
KOH activation
234 | |, 916 0.48 exfGO + KOH (1:4 by wt) ground - 600 °C forl h
235 |, 1096 0.56 exfGO + KOH (1:4 by wt) ground - 700 °C forl h
236 |, 1272 0.99 exfGO + KOH (7M solution)-dry = 900 °C forl h
237 |, 1276 | 0.72 | exfGO + KOH (1:4 by wt) ground > 800 °C forl h
238 | |, 1326 1.10 exfGO + KOH (1:9 by wt) ground =700 °C forl h
239 |, 1704 1.65 exfGO + KOH (1:9 by wt) ground - 800 °C forl h
240 | ,, 1894 1.60 exfGO + KOH (7M solution)-dry = 800 °C forl h
241 | |, 930 0.68 exfGO + KOH (1:4 by wt) ground - 900 °C forl h
242 | |, 940 1.08 exfGO + KOH (1:9 by wt) ground - 900 °C forl h
243 | Activated rGO 677 0.39 rGO + KOH (1:4 by wt) ground = 800 °C forl h
244 | |, 762 0.57 rGO + KOH (1:6 by wt) ground = 800 °C forl h
245 |, 923 0.88 rGO + KOH (1:9 by wt) ground - 800 °C forl h
246 | CO, activated 885 0.71 | GO - 250 °C (5 °C per min) for 30 min > 850 °C for 1 h under 108
thermal reduced CO, flow of 1000 ml per min
GO
247 | CO, activated 1144 0.88 GO > 250 °C (5 °C per min) for 30 min = 750 °C for 1 h under
thermal reduced CO, flow of 1000 ml per min
GO
248 | CO, activated 1316 1.07 GO - 250 °C (5 °C per min) for 30 min - 950 °C for 1 h under

thermal reduced
GO

CO, flow of 1000 ml per min
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249 | CVD graphene 1591 2.62 SiO, template > 1100 °C - CVD, H, + CH, for 1 h > HF etching
foam monolith of SiO, > Freeze dry

250 | Graphene-activated | 798 0.42 | GO + p-phenylene diamine + DMF, reflux at 90 °C for 24 h > 110
carbon composite KOH activation at 800 °C for 1 h

251 | Activated Graphene | 107 0.12 GO -> KOH activation at 800 °C for 1 h

252 | Activated graphene | 1145 0.81 GO + Urea = Hydrothermal = 160 °C for 12 h - Freeze dry 2> 38
aerogel Impregnate with H;PO, = 800 °C for 1.5 h

253 | CVD multilayer 688 0.26 | Nickel foam > 1000 °C > CVD of ethanol vapour for 20 min > | ™
graphene carbon Etching of nickel by FeCl;/HCI
film

254 | Activated GO 1265 | 1.10 | GO+ KOH -> 800 °C for 1 h 1

255 | Activated exfGO 2448 1.34 | exfGO + 7M KOH, stir & left 20 h, filtrate & dry > 800 °C for1h | %

256 | Activated exfGO 3240 2.23 "

257 | KOH activated 555 2.66 | Microwave exfoliate GO + KOH = 700 °C for 1 h 1
exfGO

258 | KOH activated GO | 500 0.62 GO + KOH suspension > Dry by evaporation at 100 °C > Sticky |
films paste to PTFE membrane - Vacuum filtrate dry - Actyivate at

800 °C for 1 h = Acetic acid wash to remove salts

259 |, 1700 | 1.00 "

260 | |, 2400 | 1.53 "

261 | KOH + exfGO 1550 | 1.35 | Microwave exfoliated GO + KOH mix = heat at 550 °C for 10h |

262 |, 990 0.90 ,, for3h

263 |, 940 0.90 ,» at 500 °C for 10 h

264 | 640 0.82 ,for3h

265 | |, 430 0.62 ,, at 450 °C for 10 h

266 | ,, 370 0.59 , for3h

267 | KOH activated GO | 1810 | - GO dispersion> Hydrothermal at 180 °C for 12 h > mixed with 118
aerogel KOH -> activate at 800 °C for 1 h > HCI wash

268 | CO, activated rGO | 113 0.11 | CO, activation at 800 °C for 20 min ur

269 |, 153 0.12 ,,at 850 °C

270 | ,, 257 0.23 , at875°C

2711 | |, 320 0.29 ,,» at 850 °C for 60 min

272 | ZnCl, activated 210 0.62 At600°Cforlh
rGO

273 | KOH activated rGO | 87 0.20 700°Cforlh

274 |, 100 0.20 | 750°C

275 |, 123 0.20 | 800°C

276 | ,, 270 0.18 700 °Cfor 1 h

217 |, 335 0.20 750 °C

278 |, 415 0.26 800 °C

279 |, 1100 0.70 700°Cforlh

280 |, 1450 0.93 750 °C

281 1765 1.16 800 °C
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282 |, 1160 1.0 700 °Cfor1h

283 |, 1510 1.3 750 °C

284 1840 1.93 800 °C

285 2200 - 800 °C

286 | KOH activated rGO | 453 0.30 | rGO at 600 °C for 30 s - KOH mix - activation at 850 °C for2h | ™®

- HCI wash

287 1631 1.33

288 2406 1.94

289 | KOH activated 193 0.11 | GO+ Ammonium persulphate + Pyrrole + Hydrazine hydrate, 90 | ™™
rGO/pyrrole °C for 12 h > KOH -> Activation at 400 °C for 1 h - HCIl wash

290 952 0.41 ,, at 500 °C

291 | |, 1360 0.59 ,, at 600 °C

292 |, 1588 0.75 ,, at 700 °C

293 | KOH activated 189 0.12 | GO + Ammonium persulphate + Aniline + Hydrazine hydrate, 90 | ™
rGO/aniline °C for 12 h > KOH -> Activation at 500 °C for 1 h - HCI wash

294 | |, 207 0.14 ,, at 600 °C

295 | ,, 980 0.44 ,, at 700 °C

296 | ,, 1337 0.68 ,, at 800 °C

297 | KOH activated 579 0.35 | At400°C =
GO/thiophene

298 | |, 802 0.48 At 500 °C

299 | ,, 1396 0.82 At 600 °C

300 1567 0.87 At 700 °C
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Table S5. Literature collection on highest pore volume (>4.0 cm® g %) of solids includes
activated carbons, CVD carbons, templated ordered mesoporous carbons, silicas & MOFs.

Sample SSA (m* | Vt(cm® | Conditions Ref.
97 9
KOH activated 1000 5.03 800 °C for 1 h, a cake made from 200 mg of | *°
graphene nonstacked reduced GO + 40 mL of 7 M
KOH
Mesostructured Silica | 1235 450 Templated 12
MOF (NU-110) >7100 4.40 Self-assembled molecular structure 1z
Silica templated 977 4.69 Resorcinol + Formaldehyde - Silica 12
mesoporous carbon templated, pyrolyzed at 800 °C
NaCl/zZnCl, salt 2540 5.2 Adenine (biomass) + (NaCl/ZnCl,) = 900 1%
templated biomass °Cfor1hat 2.5 °C per min
derived carbon
MgO templated 1912 5.71 MgCO;.Mg(OH),.5H,0 + benzene vapour at | %
carbon nanocages 800 °C > HCI stir for 48 h & wash
Silica templated & 1462 4.21 Resol + Cyanamide + SiO, > 800 °C for 2h. | ™
activated carbon Step 2, NHj; activation at 900 °C for 15 min
Mesocellular silica 688 4.17 Templated 128
foam
MOF-5 derived 2517 5.53 Direct carbonization at 1000 °C for 6h 12
carbon
Carbon aerogels 2299 6.40 1 wt% GO solution + Resorcinal + 130
Formaldehyde + NaCO3)—> cure at 85 °C for
12-72h - supercritical CO, dry - Pyrolyze
at 1050 °C for 3 h
MgO templated 1276 4.18 MgCO;.Mg(OH),.5H,0 + benzene vapour at | ™
carbon 800 °C > HCI stir for 48 h & wash
3D Ordered 1415 3.91 Furfuryl alcohol + Oxalic acid + Silica > 152
Mesoporous Carbon 200 °C for 2 h - 900 °C for 5 h - silica
etching in 6 M KOH
3D Ordered 1045 3.94 Furfuryl alcohol + Oxalic acid + Silica > 70 | ™

Mesoporous Carbon

°C for 2 days = 200 °C for 3 h - 900 °C for
2 h - silica etching in 6 M KOH at 150 °C
for 2 days
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Figure S16. Porosity characteristics of literature graphene samples. Top: Total pore volume
against number of samples. Middle: SSA against number of samples. Bottom: A relation
between SSA and total pore volume in the literature graphene based materials. Right panel
represents the graphene samples after KOH/ZnCl,/CO, activation, whereas the left panel
represents the graphene samples synthesized by various chemical routes including the
thermal/microwave reduction, exfoliation, chemical reduction & pillaring and hydrothermal
aerogels, and also further heat treatment at higher temperatures, templated & CVD. The solid
lines are the guide-lines to show the trend or an average values. All these data is obtained

from the samples listed in Tables S3-4.
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Figure S17. Porosity characteristics (N2 isotherm at 77 K) of the exfGO-D sample, exfoliated
at 600 °C and 1000 °C; shows SSA of (712 and 743) m? g * and total pore volume of (5.23
& 5.15) cm® g%, respectively. Note that these porosity values are somewhat lower than the
sample exfoliated at 300 °C, from the same precursor GO-D.
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Figure S18. SEM micrographs of exfGO-A, recorded at different magnifications.
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Figure S19. SEM micrographs of exfGO-D, recorded at different magnifications. Showing a
high exfoliation compared to exfGO-A (Figure S18). Also note that the highly hierarchical
pores in a networked graphene structures.
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Figure S20. TEM micrographs of exfGO-D, recorded at different magnifications. Showing a
high exfoliation & networked graphene structures.
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Figure S21. SEM micrographs of asGO-D, showing basically stacks of platelets, very
different from their exfoliated samples (Figure S18-19)
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Figure S22. TEM micrographs of asGO-D solution, showing basically stacks of platelets,
very different from their exfoliated samples (Figure S20).
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Make astockof1g
TETA in 10 ml MeOH

Add desired amount of
TETA-MeOH solution

Step 4

Sampliefrea&y touse Dryinvacuum oven Homogene on shaker

D2

Stp aes in vials — ready for characterization

Figure S23. Step-by-step guide for synthesis of amine impregnated samples. Digital
photographs of the amine impregnated asGO and exfGO samples. Different amounts of
TETA loading is achieved by varying quantity of TETA-methanol to be added to the exfGO
samples. We have added (4 to12) gram of TETA equivalent solution to a gram of the exfGO
sample.
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Figure S24. Digital photographs of the asGO x 1.0TETA & asGO x 2.0TETA sample vials,
after emptying the sample to show surface wetting of amine.
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Figure S25. XPS spectra of asGO, TETA and TETA@asGO. Basically, TETA@asGO
showing an identical XPS spectra of the bulk TETA. That is almost all the TETA@asGO is
covered on the surface of asGO particles.



Table S6. Literature porous solid substrates (with respective SSA in m? g * and V; in cm®
g 1) used for solid amine impregnation (in %) and their CO, uptake capacities (in mmol/g) &
conditions (uptake temperature, T in °C & uptake pressure or CO, concentration in dry &
humidified mixed gas stream), the corresponding reference is also included.

SIN | Porosity of | %Amine@solid CO, T CO, Ref. [Year]
support uptake pressure or
SSA | V, capacity %CO,

concentratio

n
1 272 | 1.08 | 60TEPA/Sepiolite 2.20 60 1 13%12015]
2 | 272 |[1.08 | 60TEPA/Sepiolite 3.80 60 1 & humid
3 400 | 0.84 | 50TEPA/Silica 3.45 75 10 13512015]
4 [400 |0.84 |50TEPA/Silica 4.28 75 10 & humid
5 927 |09 60TEPA/Silica, MCM-41 2.45 70 15 138 12014]
6 - - 50TEPA/IG-MWCNT 3.10 75 10 & humid | ®" [2014]
7 - - 50TEPA/Silica, MCM-41 1.85 75 10 & humid
8 316 | 0.77 | S0TEPABentonite clay 3.00 75 15 %8 12013]
9 316 0.77 | 50TEPABentonite clay 4.30 75 15 & humid
10 [808 |15 50TEPA/Silica nanotubes 3.58 75 10 %9 12013]
11 | 808 15 50TEPA/Silica nanotubes 4.74 75 10 & humid
12 | 659 |20 70TEPA/Silica, MCF 457 75 10 1%012013]
13 | 198 | 0.88 | 61TEPA/Slica,TM2 4.00 75 10 "112013]
14 |6 0.03 | 55TEPA/Silica, IM15 2.45 75 10
15 | 302 [096 |50TEPA/TIO, nanotubes 4.00 70 15 %2 12013]
16 | 272 | 154 | 70TEPA/Silica, MSU-F 4.17 40 100 1%312013]
17 [ 780 [0.21 | 40TEPA/MOF-74 6.00 60 15 1%12013]
18 [302 [0.96 | 69TEPA/TIO, nanotubes 4.37 60 15 1%72013]
19 [302 [096 | B9TEPA/TIO, nanotubes 5.24 60 15 & humid
20 |500 [1.2 38TEPA/Silica, Diaion™ 3.90 40 15 %8 72012]
21 [300 |1.15 | 36TEPA/Silica, Davisil 2.60 40 15
22 263 |1.24 | 39TEPASSilica, Q-10 2.30 40 15
23 [ 663 |0.43 | 13TEPASSilica, Q-3 0.60 40 15
24 [ 900 [0.97 |50TEPA/SIlica 3.86 75 100 19712012]
25 [ 725 [0.73 | 83TEPA/Silica capsule 6.40 75 20 % 12011]
26 | 725 0.73 | 83TEPA/Silica capsule 7.93 75 10 & humid
27 | 725 0.73 83PEl/Silica capsule 491 75 20
28 | 725 0.73 | 83PEl/Silica capsule 5.58 75 10 & humid
29 [881 |0.64 |50TEPA/SIilica, MSU-1 3.40 75 10 % 12011]
30 |14 0.08 | 50TEPA/Silica, MSU-1 3.90 75 10
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31 |- - 50TEPA/Silica, KIT-6 2.85 60 10 3012011]

32 |- - 50TEPA/Silica, KIT-6 3.20 60 10 & humid

33 | 118 [0.31 | 50TEPA/Silica, SBA-15 4.60 75 15 B112011]

34 [118 |[0.31 | 50TEPAJSilica, SBA-15 5.00 75 15 & humid

35 943 [1.0 50TEPA/Silica, KIT-6 2.90 60 10 15212010]

36 | 523 [1.13 | 40TEPA/Silica monolith 3.90 75 100 5312010]

37 |54 0.4 50TEPA/Silica, MSFas 4.10 75 15 >12010]

38 |54 0.4 50TEPA/Silica, MSFas 5.30 75 15 & humid

39 [975 |03 50TEPA/Zeolite, Y60 2.60 60 15 [2010]

40 (975 |03 50TEPA/Zeolite, Y60 4.30 60 15 & humid

41 | 1101 |0.96 | 50TEPA/Silica, MCM-41 0.90 25 100 158 12010]

42 [ 1124 |0.98 | 50TEPA/Silica, MCM-48 0.70 25 100

43 [712 |0.68 | 50TEPA/Silica, SBA-15 0.70 25 100

44 1950 |32 65TEPA/Silica monolith 5.90 75 100 57 12009]

45 |16 0.03 | 50TEPA/Silica, MCM-41 4.80 75 100 15812008]

46 | 345 |0.71 | 70TEPA/Silica, SBA-15 3.90 75 100 15972006]

47 [366 |0.55 | 50PEl/Silica 2.75 85 0.6 bar 180 12016]

48 | 1073 | 0.78 | 45PEI/Mesoporous carbon 1.97 75 1 bar *112016]

49 |337 |1.28 | 50PEl/Silica 3.14 75 1 bar %212015]

50 |597 | 1.42 | 50PEI/Resin 3.63 75 1 bar 1%312013]

51 | 253 |0.71 | 50PEl/Clay 3.22 75 1 bar %12014]

52 | 2070 | 1.43 | 40PEI/Porous Aromatic | 2.66 25 1 bar %5 12014]
Framework-5

53 | 1486 | 1.00 | 50PEIl/Silica, MCM-41 2.54 75 1 bar 188 12003]

54 | 775 |1.10 | 50PEl/Silica, SBA-15 2.05 75 1 bar ¥772010]

55 | 908 |17 50PEI/Silica, MCF 2.30 25 1 bar 188 12015]

56 | 3355 |1.89 | 50PEI/MOF, MIL-101(Cr) 5.00 25 1 bar 169 170

[2014, 2013]

57 | 437 |1.08 | 60PEI/Silica 2.95 75 1 bar 1 12012]

58 | 895 |1.22 | 50PEl/Silica, KIT-6 3.07 75 1 bar 172 12008]

59 | 1168 | 1.17 | 50PEI/Silica, MCM-48 2.70 75 1 bar

60 | 753 |0.94 | 50PEI/Silica, SBA-15 2.90 75 1 bar

61 | 1042 |0.85 | 50PEI/Silica, MCM-41 2.52 75 1 bar

62 | 736 |0.75 | 50PEI/Silica, SBA-16 2.93 75 1 bar

63 | - - 50PEI/Silica, SBA-15 4.20 75 1 bar 17 12012]

64 [ 125 |[0.70 | 50PEI/Silica, precipitated 3.93 70 1 bar 1712010]

65 | 125 0.70 | 50PEHA/Silica, Precipitated 4.36 70 1 bar

66 | 125 0.70 | 50TEPA/Silica, Precipitated 4.54 70 1 bar

67 |[699 |1.41 | 65PEI+5surfactant/Silica, 4.66 75 1 bar 1™12012]
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68 | 757 3.61 65PEI+5surfactant/MCA, 4.77 75 1 bar
mesoporous carbon aerogel
69 |532 |1.82 [ 50PEl/Silica, Mesocellular foam 3.45 75 15%CO, 17%72011]
70 | 532 |1.82 [ 60PEI/Silica, Mesocellular foam 450 70 1 bar 177 12012]
71 | 246 | 2.36 | 50PEI/Silica, monolith 3.80 80 1 bar 1% 12012]
72 | 1254 | 2.44 | 55PEI/Silica, MCM-41 4.61 75 1 bar 19 12011]
73 | 580 |0.95 | 55PEI/Silica, SBA-15 3.93 75 1 bar %0 12011]
74 | Highest reported for COFs among 69 samples, | 5.53 0 1 bar ¥112016]
summarized
75 | Highest reported for MOFs among best 20 | 5.25 40 0.15 bar 182 183
summarized [2016, 2015]
76 | Highest reported for MOFs among best 20 | 7.60 40 1.0 bar
summarized
78 | 628 [0.28 | EDA grafted Y Zeolite 1.60 40 1 bar ¥112016]
79 | 628 |0.28 | EDA grafted Y Zeolite 1.90 130 | 15% &
humidified
80 | 3270 | 1.38 | Diamine appended MOFs 3.60 75 15% & | 1% 180 187 1%
humidified [2015, 2015,
81 | 3270 | 1.38 | Diamine appended MOFs 2.50 75 390 ppm & | 2015, 2012]
humidified
82 | 1286 |0.54 | Monodentate hydroxide 4.00 25 0.15 bar %9 12015]
L
83 | 1286 | 0.54 Monodentate hydroxide 7.10 25 1 bar
L
84 | 1286 | 0.54 Monodentate hydroxide 3.00 40 15% &
L humidified
85 | 498 |2.69 | PElSilica 4.30 60 8% & | ¥ [2014]
humidified
86 |498 |2.69 | PElSilica 11.80 25 8% &
humidified
87 | 570 [0.97 |[45TEPA/IPMMA 3.96 50 10% ¥172016]
88 |550 |0.77 | 40TEPA/Mesoporous graphitic | 1.30 75 1 bar 1%212015]
carbon
89 |582 [0.85 | B4TEPA/Silica, KCC-1 3.52 50 15% %3 12016]
90 | 194 | 0.57 | 66PEI/Graphene (hydroxylated) 4.13 25 1 bar %412015]
91 [999 |3.10 | 55PEI(+surfactant)/Mesoporous 3.60 75 5000 ppm % 12015]
Carbon
92 | 999 3.10 | 55PEl(+surfactant)/Mesoporous 5.50 75 1 bar
Carbon
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93 | 476 [1.60 | 75PEI/Graphene-oxide 2.50 0 1 bar % 2013]
94 | 930 [0.71 | PELI Silica sheets 4.32 75 1 bar 1%812013]
95 | 671 [1.26 | 55PEI/PMMA 4.20 75 1 bar 197 12014]
96 |671 |1.26 |S55PEI/PMMA 4.90 25 1 bar
97 | 329 [0.91 [ 50PEl/Silica, fumed 2.44 25 From  air | "™ [2014]
(400 ppm)
98 |329 |0.91 | 50PEI/Silica, fumed 1.70 25 From dry air | ™ [2011]
(400 ppm)
99 | 1486 |2.69 | 65PEI/Carbon black 3.50 75 1 bar 2012012]
100 | 1352 | 1.40 | PVA/Mesoporous Carbon, CMK-3 | 3.52 30 1 bar 21 12011]
101 | 452 [ 0.95 | 70PEHA/Silica, SBA-15 458 80 1 bar %02 12013]
102 | 757 | 3.61 | 65PEI/Mesoporous Carbon 4.82 75 15% 23 12013]
103 [ 882 | 0.95 | 6OPEHA/Silica, MCM-41 3.75 75 1 bar 204 12015]
104 | - - 43PE|/Graphene-oxide 1.80 25 1 bar 2%512015]
105 | 703 | 0.34 | DETA/PPN-125 (Porous polymer | 1.18 40 15% 208 12015]
networks)
106 | 688 | 4.17 | 75PEl/Silica, MCF 6.00 85 95% 12812014]
107 | 194 [ 0.45 | PEI/Alumina 0.75 30 400  ppm, | ©°"[2016]
dry (air
capture)
108 | 38 0.17 | PEI/Alumina 1.71 30 400  ppm, | *®[2014]
50%  RH
(simulated
air capture)
109 | - - 30DAB/GO 2.00 25 0.35 299 12014]
110 | 2700 | 5.35 | 79.6TEPA/MC 5.64 75 0.15 bar ?1012015]
111 | 2700 | 5.35 | 66.7TEPA/MC 3.37 75 0.15 bar
112 [ 2700 |5.35 | 85.7TEPA/MC 4.61 75 0.15 bar
113 | 2700 | 5.35 | 83.3TEPA/MC 5.24 75 0.15 bar
114 [ 2700 |5.35 | 78.3TEPA/MC 4.80 75 0.15 bar
115 [ 2700 |5.35 | 76.7TEPA/MC 4.65 75 0.15 bar
116 | 2700 | 5.35 | 77.3TEPA/MC 4.76 75 0.15 bar
117 [ 2700 |5.35 | 76.2TEPA/MC 4.20 75 0.15 bar
118 | 2445 [ 1.95 | 64.0TEPA/AC 2.45 75 0.15 bar
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119 | 2445 [ 1.95 | 69.3TEPA/AC 3.17 75 0.15 bar
120 | 2445 | 1.95 | 81.5TEPA/AC 2.40 75 0.15 bar
121 | 2445 | 1.95 | 76.7TEPA/AC 3.16 75 0.15 bar
122 | 2445 [ 1.95 | 83.0TEPA/MC 5.20 75 15% &
Humid
123 | 2445 | 1.95 | 85.7TEPA/MC 4.60 75 15% &
Humid
124 | 2445 [ 1.95 | 81.5TEPA/AC 2.85 75 15% &
Humid
125 [ 299 | 1.70 | PEl/Silica 3.80 40 15% & 3% | 7 [2016]
H,0
126 [ 299 [ 1.70 | EB-PEI/Silica 3.00 40 .,
127 [ 299 [ 1.70 | EB-PEI/Silica 2.2 40 “
128 | 428 | 1.18 | 50PEl/Silica, SBA-15 3.14 45 1 bar 7 12013]
129 | 428 [ 1.18 | 50TEPA/Silica, SBA-15 3.73 ., .,
130 | 428 [ 1.18 | 50AP-TEPA/Silica, SBA-15 4.89 ., .,
131 | 428 [ 1.18 | 50AP-TEPA/Silica, SBA-15 5.32 75 ,
132 [ 428 [ 1.18 | 50AP-TEPA/Silica, SBA-15 5.34 45 015% &
humid
133 [ 303 | 0.96 | 69TEPA/TIO, nanotubes 4.10 30 1 bar ?I312013]
134 | 303 0.96 49TETA/TiO, nanotubes 2.70 30 1 bar
135 | 261 | 3.57 | 50PEl/Silica 115 75 1 bar 1 12015]
136 | 504 [ 5.45 | 50PEI/Silica 151.2 75 .,
137 [ 504 | 5.45 | 60PEIl/Silica 188.3 75 B
138 [ 594 [ 0.82 | 50PEl/Silica 92.9 75 B
139 [ 761 [ 0.96 | 50PEl/Silica 111.4 75 .,
140 | 997 | 0.90 | 50TETA/Silica-gel, MCM-41 4.27 55 0.15 bar 5 [2015]
141 [ 997 [ 0.90 | 30TEPA+30AMP/Silica, MCM-41 | 3.01 70 15% 21 12015]
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142 | 1088 | 0.83 | 50PEIl/Silica, MCM-41 96.9 45 1 bar ?1712015]
143 [ 1088 | 0.83 | 50PEHA/Silica, MCM-41 88.2 45 .,

144 | 1088 |0.83 | 50TEPA/Silica, MCM-41 88.3 45 .,

145 40TEPA/Silica, MCM-41 1.96 30 10% I¥12015]
146 40PEHA/Silica, MCM-41 2.34 30 .,

147 | 1336 | 0.68 | 75TETA/AC, mesoporous 1.85 70 0.1 bar I912015]
148 | 817 11 T5TETA/AC, mesoporous 1.30 70 0.1 bar

149 | 373 [ 0.13 | 40DETA/ZSM-5 55 65 1 bar 20 12014]
150 [ 373 [ 0.13 | 40TETA/ZSM-5 60 65 1 bar

151 [ 920 | 0.48 | 40DETA/Silica, SBA-15 88 65 1 bar

152 [ 920 | 0.48 | 40TETA/Silica, SBA-15 210 65 1 bar

153 | 744 | 1.14 | 31TETA/Polymer 1.49 25 1 bar #2112015]
154 | 744 1.14 | 31TEPA/Polymer 1.44 25 1 bar

155 | 584 | 0.73 | 50TETA/Silica, Zr-SBA 3.50 50 5% 2212015]
156 | 120 | 0.47 | 50TETA/Silica, Zr-SBA 4.27 50 5%

157 | 120 | 0.47 | 70TETA/Silica, Zr-SBA 3.45 50 5%

158 | 120 | 0.47 | 90TETA/Silica, Zr-SBA 3.30 50 5%

159 | 930 [ 0.50 | 50DETA/TIO, (C6-Ti) 2.08 75 10% 23 12013]
160 | 930 [ 050 | 50TETA/TIO, (C6-Ti) 1.80 75 10%

161 [ 930 [ 050 | 50TEPA/TIO, (C6-Ti) 1.38 75 10%

162 | 1037 | 0.62 | 50DETA/TIO, (C8-Ti) 2.67 75 10%

163 | 1037 [ 0.62 | 50TETA/TIO, (C8-Ti) 2.24 75 10%

164 | 1037 | 0.62 | 50TEPA/TIO, (C8-Ti) 1.75 75 10%

165 | 722 | 0.44 | 50DETA/TIO, (C12-Ti) 1.54 75 10%

166 | 722 [ 0.44 | 50TETA/TIO, (C12-Ti) 1.47 75 10%

48




167 [ 722 [ 0.44 [ 50TEPA/TIO, (C12-Ti) 1.34 75 10%
168 | 448 | 0.31 | 50DETA/TIO, (C18-Ti) 1.90 75 10%
169 | 448 | 0.31 | 50TETA/TIO, (C18-Ti) 1.85 75 10%
170 [ 448 [ 0.31 | 50TEPA/TIO, (C18-Ti) 1.56 75 10%
171 | 670 | 0.60 | 50TETA/Silica, MCM-41 2.22 60 15% #%4[2010]
172 [ 670 [ 0.60 | 50DETA/Silica, MCM-41 1.87 60 15%
173 | 4023 Polyamine-Tethered Porous 3.0 22 0.15 bar % 12012]

Polymer Networks (PPN)

PV1A=Polyvinylamine; DETA=Diethylenetriamine; TEPA=Tetraethylenepentamine;
PEHA=Pentaethylenehexamine; PEI=Polyethyleneamine; DAB=Amine-terminated diaminobutane;
EB=1,2-epoxybutane; L=Langmuir.
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Figure S26. SEM micrographs of exfGO-D x 7.0 TETA (loading of ~7.0 mg per mg),
showing a clear morphology change from its host exfGO-D (Figure S19). Still the
macropores are not completely filled. This sample is able to accept up to 10 mg TETA per
mg of exfGO sample within its exfoliated graphene networks.
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Figure S27. Thermogravimetric plots of TETA@exfGO samples. Starting exfGO substrate
material and bulk TETA sample, also measured for the comparison.
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Figure S28. Comparative XPS spectra of TETA, TETA@exfGO and exfGO. Vertical guide
lines show the respective peak shifts in the TETA@exfGO sample with respect to the exfGO
and TETA-bulk.

C 1s, N 1s and O 1s peak deconvolution results

TEPA@AI-foil
C1ls 87.2% (at 285.6 eV, C=C) & 12.8% (at 288.46 eV, C-N)
N1ls 73.4% (at 399.12 eV, C-N) & 26.6% (at 400.92 eV, -NH,)
O1ls 71.8% (at530.71eV, =0) & 28.2% (at 531.5 eV, NHC=0)

4.7 TEPA@exfGO-A

C1s 28.0% (at 284.9 eV, C=C), 63.4% (at 286.24 eV, C-N/C-0) & 8.7% (at
288.5 eV, C=0)

N 1s 82.4% (at 399.75 eV, NH,) & 17.6% (at 401.47 eV, protonated amine, --
NH2/NH3")

O1ls 69.5% (at 531.55 eV, C=0) & 30.5% (at 533.69 eV, C-OH)
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Figure S29. XPS C 1s, N 1s, O 1s and Survey spectra of the TETA@exfGO samples of
different TETA loading, represented with multiplication number. See that a shift of the C 1s
peak of the exfGO to 285.0 eV and a new peak at 286.5 eV for N-C bonds from the TETA
(see Fig. S28). Change of the O 1s peak for TETA interaction with C—O/C=0 of the host
exfGO. These new peaks are become more prominent with increased amine loading in the
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structures, which is also true for less porous exfGO-A compared with highly porous exfGO-

D, at a same amine loading. Left & right panels represent samples of different levels of

TETA loading.
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Table S7. XPS elemental analysis of TETA, TETA impregnated exfGO samples, the spectra

was recorded at two different spots on each sample. The atomic percentage for C, N and O

were estimated from the C 1s, N 1s and O 1s peaks in the Survey spectra.

S/IN | Sample C N (at%) | O (at%)
(at%)
1 TETA@AI foil 58.0 26.4 15.6
59.6 26.5 14.0
2 TETA@Carbon tape 61.6 24.0 14.5
61.9 23.4 14.6
3 asGO x1.0 TETA 61.1 21.7 17.2
60.4 21.0 18.6
4 exfGO-A x 4.7 TETA 74.5 175 8.0
747 16.9 8.6
5 exfGO-B x 4.7 TETA 77.3 14.5 8.2
78.2 14.1 7.7
6 exfGO-C x 4.4 TETA 17.4 11.15 115
76.6 14.0 1.7
7 exfGO-Cb2 x 4.7 TETA | 77.8 14.0 8.2
78.1 13.5 8.3
8 exfGO-D x 7.0 TETA 77.1 16.1 6.8
76.8 16.0 7.2
9 exfGO-D x 9.8 TETA 75.0 17.0 8.0
74.8 16.0 9.2
10 exfGO-A x 4.2 TETA 76.0 15.6 8.4
77.0 16.5 6.5
11 exfGO-B x 4.4 TETA 77.6 154 7.0
77.7 155 6.8
12 exfGO-C x 3.5 TETA 78.3 14.0 8.2
78.4 13.7 7.8
13 exfGO-D x 5.7 TETA 77.6 144 8.0
78.5 145 7.0
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Figure S30. Porosity and volumetric CO, (100 % dry) uptake capacity of the TETA@exfGO
samples. Left panel: 77 K N, uptake isotherms of the samples at different TETA loadings.
Right panel: 75 °C CO, uptake isotherms of the samples at different TETA loadings. See that
the increased amine loading leads to the greatly reduced pore volume in the exfGO samples.
The CO, uptake is considerably enhanced with the high pore volume host substrate exfGO-D,
which also hold high amount of TETA.

Note that the maximum CO, capture capacities are directly governed by sample porosity to
facilitate high amine loading, though of course excessive amine loading, much higher than
the pore volume equivalent, does not show favourable CO; capture properties. This is due to
the complete pore filling or increased bulk amine in the large or macro-pores, and thus
reduces the amine efficiency for CO, capture due to the smeared out active surface area for
adsorption and diffusion of CO,, inhibiting the mass transport.
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Table S8. Porosity & volumetric CO, (100%, dry) isotherm uptake at 0.15 bar of TETA
impregnated exfGO samples, measured at different temperatures, (75, 65 and 30) °C.

S/N | Sample Total CO,, uptake | Uptake
pore at 0.15 bar | temperature
volume | (mmolg™) | (°C)
(cm’g™)

1 exfGO-A x 4.7 TETA 0.034 5.72 75

2 exfGO-A x 4.2 TETA-r2 0.112 5.53 75

3 exfGO-B x 4.7 TETA 0.017 6.18 75

4 exfGO-B x 4.4 TETA-r2 0.065 5.86 75

5 exfGO-C x 4.7 TETA 0.018 6.69 75

6 exfGO-Cb2 x 4.4 TETA 0.076 6.26 75

7 exfGO-C x 3.5 TETA-r3 0.085 6.12 75

8 exfGO-Cb2 x 2.7 TETA-r3 0.350 4.71 75

9 exfGO-Cbh2 x 2.0 TETA 0.453 4.23 75

10 | exfGO-D x 10.0 TETA 0.020 6.93 75

11 | exfGO-D x 9.8 TETA - 6.98 75

12 | exfGO-D x 8.0 TETA 0.044 6.88 75

13 | exfGO-D2 x7.0 TETA 0.024 7.52 75

14 | exfGO-D2 x5.7 TETA-r4 0.082 7.13 75

15 | exfGO-D x 10.0 TETA-r2 - 4.60 65

16 | exfGO-D x 8.0 TETA-r2 - 5.60 65

17 | exfGO-D x 4.2 TETA 0.181 5.43 75

18 | exfGO-D x 3.1 TETA 0.361 4.53 75

19 | exfGO-B x 4.0 TETA-r3 - 1.80 30

20 | exfGO-B x 4.0 TETA-r3 - 2.06 30

21 | exfGO-C x 3.3 TETA-r4 - 2.61 30

22 | exfGO-Cb2 x 2.6 TETA-r3 - 1.40 30

23 | exfGO-D x 8.5 TETA-r3 - 2.92 30

24 | exfGO-D x 3.0 TETA-r4 - 1.19 30
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Figure S31. Gravimetric temperature swing flue-gas uptakes of exfGO-A x 4.7TETA (top)
and exfGO-B x 4.7TETA (bottom) samples, measured at different temperatures on
continuous cycles. The temperature is indicated on the right Y-axis and dotted line data. Note
that the flue-gas uptakes were carried out with 15% CO; + 85% N gas bubbled through
water at a flow rate of 100 ml min™!, and all the desorption runs were performed under
flowing dry N at 100 °C for 50 min. The highlighted area tests are for controlled experiment
with a humidified N, to show the uptake difference between flue-gas CO, and humidified N..
Arrow marks indicate the switching off the N gas flow to CO, gas flow at the same
temperature. This also shows a rapid uptake of the CO, after humidification with N at 30 °C,
compared to the direct flue-gas (see 30 °C uptake data)-left side of the highlighted box.
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Figure S32. Gravimetric temperature swing flue-gas uptakes of exfGO-C x 4.4TETA (top)
and exfGO-Cb2 x 4.7TETA (bottom) samples, measured at different temperatures on
continuous cycles. The temperature is indicated on the right Y-axis and dotted line data. Note
that the flue-gas uptakes were carried out with 15% CO, + 85% N gas bubbled through
water at a flow rate of 100 ml min*, and all the desorption runs were performed under
flowing dry N, at 100 °C for 50 min. The highlighted area tests are for controlled experiment
with a humidified N, to show the uptake difference between flue-gas CO, and humidified N..
Arrow marks indicate the switching off the N gas flow to CO, gas flow at the same
temperature. This also shows a rapid uptake of the CO, after humidification with N, at 30 °C,
compared to the direct flue-gas (see 30 °C uptake data)-left side of the highlighted box.
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Figure S33. Gravimetric temperature swing flue-gas uptakes of exfGO-D x 7.0TETA (top)
and exfGO-D x 10.0TETA (bottom) samples, measured at different temperatures on
continuous cycles. The temperature is indicated on the right Y-axis and dotted line data. Note
that the flue-gas uptakes were carried out with 15% CO, + 85% N, gas bubbled through
water at a flow rate of 100 ml min", and all the desorption runs were performed under
flowing dry N, at 100 °C for 50 min. The highlighted area tests are for controlled experiment
with a humidified N, to show the uptake difference between flue-gas CO, and humidified N,.
Arrow marks indicate the switching off the N, gas flow to CO, gas flow at the same
temperature. This also shows a rapid uptake of the CO, after humidification with N, at 30 °C,
compared to the direct flue-gas (see 30 °C uptake data)-left side of the highlighted box.
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Figure S34. Gravimetric flue-gas (triangle data) and N, (solid-line) uptake at 30 °C in
TETA@exfGO-C &-D. Note that after reaching the saturation uptake with humidified N, a
rapid CO, uptake kinetics and saturation in (10-15) min, is seen (switched the gas from N, to
CO; under same flow and temperature). This accounts a true CO, uptake value of > 30 wt%.
Thus a rapid CO; uptake in the amine grafted solids at or near room temperature is highly
possible by simply pre-humidification of the solid-amine system.
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Figure S35. A comparative CO, uptake performance data plots of exfGO with respect to the
literature amine/solid samples. Left panels show the CO, uptake against number of samples
(a), and at a respective uptake temperature (b) and amine loading (c). Right panels show the
host solid porosity, that is total pore volume (d) and SSA (e) values of the solids used for
amine impregnation is showed against number of the samples (d-e). Solid substrates total
pore volume against SSA is also plotted (f). All these data is obtained from the samples listed
in Table S6 & S8.
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Figure S36. Volumetric CO; (100% & dry) uptake isotherms of the samples measured at 65
°C and 30 °C, shows reduction in the uptake at reduced temperatures, is in good agreement
with the temperature enhanced kinetic diffusion of CO,-amine interaction.
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Figure S38. XPS characteristics of the TETA@exfGO samples before and after CO, uptake
for flue-gas on TG (left panels) and after 30 °C dry CO, uptake isotherm runs on the
volumetric rig (right panels). A clear flue-gas CO, absorption binding with amine is seen at C
1s, N 1s and O 1s on the laft panels. O 1s spectra show prominent amine-CO, peak after CO,
absorption due to an ammonium hydrogen-carbonate ion pair or H,CO3 formation:

R—NH, +CO, + H,0 < R—NH; + HCO; . Where as on right panels, a little difference is

seen on the dry CO, uptake due to a low absorption and a carbamic acid formation:
R—NH, +CO, & R—NH —-COOH . N 1s spectra shows broadening and two peak

behaviour (~399.6 eV and ~400.2 eV) due to the amide (NHC=0) groups.
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Figure S41. XPS C 1s, Ols and N 1s spectra of TEPA@exfGO samples before after CO,
cyclic uptake runs. Shift in the C 1 s and O 1s spectra for samples after uptake cyclic tests
reveal formation of C-O bonds. Shift in N 1s peak to higher binding energy is consistent with
the partial oxidation of amines.?*° However, there is no clear evidence of urea formation
(https://srdata.nist.gov/xps/Query class_type detail.aspx?ID_No0=2165&Class_srch=urea).
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