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Supplementary tables

Table S1 XPS elemental analyses of the synthesized graphene flakes, RGO and graphite

C(%) 0O(%) C/O
RGO 78.6 15.7 (N/5.7) 5.0
Graphite 97.7 2.3 425
Graphene 95.9 4.1 23.4

Table S2 Conversion and selectivity of cyclohexane oxidation over GCN and other

catalysts
Catalyst Oxygen Total Total

sources Conversion (%)  Selectivity (%)
Cobalt(I11) acetates (CH3);COOH 3.7 32 [S1]
Cobalt(l11) acetates-MCM-41  (CH3);COOH 4.3 40 [S1]
AIPO-5 O, 2.0 86 [S2]
FeAlIPO-5 O, 2.5 59 [S3]
CoAIPO-5 O, 1.6 57 [S3]
Bi-modified Au/graphite (CH3);COOH 2.1 18.8 [S4]
Ni-ZSM-5 O, 2.5 54 [S5]
Cr-ZSM-5 O, 2.5 76 [S5]
TisZr5C0 O, 6.5 87 [S6]
B-/F-doped mesoporous g-CsN;  H,0, 7.5 89? [S7]
GCN-4 0, 6.1 >99 (87°) This work

& Selectivity for cyclohexanone
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Supplementary Figures
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Figure S1 Photographs of the residual quartz powder after the separation of graphene
from silica substrate. A white sediment is left after dilute-HF etching and graphene
extraction, which can be reused as growth substrates of graphene after washing and drying.
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Figure S2 XPS O 1s spectra of graphene, graphite and RGO powders.

The C1s spectrum (not shown) of the synthesized graphene flakes shows an asymmetric
peak with small tails expanding to the higher binding-energy region, characteristic of
aromatic C=C bonds, which is almost the same to that of natural graphite. The O 1s spectrum
of the synthesized graphene layers also shows very weak C-OH peaks at 533.1 eV, which is
similar to that of graphite powder and mostly related to physically adsorbed oxygen/moisture
for C-OH. In contrast, the O 1s spectrum of RGO has several broad O 1s peaks near 532 eV

for the residual oxygen-containing groups.
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Figure S3 Raman analysis of the region 1 and 2 in Figure 2a in the main text.
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Figure S4 Raman mapping images of graphene flakes grown at 1050 °C under 0.9%
CH, concentration. (a) G peak; (b) 2D/G ratio.
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Figure S5 AFM analyses of graphene sheets. Left, AFM images of the graphene layers
grown on different surface regions of quartz particles. Right, Corresponding height statistic
histograms of 50 sheets for calculating the average layer height.
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Figure S6 Raman spectra of graphene flakes grown at different temperatures at a
constant concentration (0.9%) of methane.
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Figure S7 Raman spectra of graphene flakes grown at different CH, concentrations at a
constant temperature (1050 °C).
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Figure S8 AFM analyses of graphene flakes grown at different temperature under a
constant methane concentration (0.9%). (a, b, ¢) AFM images of graphene layers grown at
1000, 1020, and 1100°C, respectively. (d, e, f) Corresponding height statistic histograms of
25 sheets for calculating the average layer thickness. (g) Variation curve of average layer
thicknesses of graphene layers with the growth temperature.

—_—
€ 125
c
-
@
]
o 120
X
1)
£ 1
. i
: & 1.5
du e* f # )
e - - g
q q q
e i e g {10
@ @ @ A=
o o o [}
] I ] >
S8 58 S s <
o o o 0.5
2 g 2 P
0 0 0 | 0 1 2 3
04 0.6 0.8 1.0 1.2 14 16 18 20 22 24 22 24 26 28 30 32 34

Layer height (nm) Layer height (nm) Layer height (nm) Concentration (%)

Figure S9 AFM analyses of graphene flakes grown at 1050°C under different methane
concentration. (a, b, ¢) AFM images of graphene layers grown at 0.6%, 1.5%, and 2.4%
methane concentrations, respectively. (d, e, f) Corresponding height statistic histograms of 25
sheets for calculating the average layer thicknesses. (g) Variation curve of average layer
thickness of graphene layers with the methane concentration.
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Figure S10 Proposed growth mechanism of carbon nanostructures determined by
catalyst size and carbon feeding. The smaller particles are easy to be passivated by a
graphite layer due to the sufficient carbon supplies. If a moderate and suitable size of particles
(e. g. <5 nm) can be achieved, the particles will catalyse the nucleation and growth of SWNTSs.
If the particle size further increases, the growth of SWNTs could be cut-off because the
particles are underfed. In this case, a small-carbon-flow for an exceedingly long time could
lead to the nucleation and growth of graphene along the particle surface.

Size increasing

c
>
=
7 N
c
[
i
£
)
2
chend
o
Q c
=W e A
T T T T T T T T N
0 1000 2000 3000 4000 5000

Energy (eV)
Figure S11 EDX analysis of graphene/g-CsN, hybrids.
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Figure S12 XPS spectra of C1s (a) and N1s (b) for pure g-C3N,.
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Figure S13 Thermogravimetric curves of g-CsN, and GCN powder with different
graphene contents. The samples are denoted as GCN-x, where x refers to the contents of
graphene ranged from 0.8, 2, 4, 8 to 16 mg (from 0.2%, 0.8%, 1.2%, 2.6% to 4.5%),
respectively.

The samples are characterized by TG measurements using a SDT Q600 thermal analyser
with a heating rate of 20 °C/min under N, atmosphere. From the TG curves, it can be seen
that all the GCN composites show relatively high thermal stability below 550 °C, due to the
stable tri-s-triazine structure of g-CsN4. And obvious weight loss can be noticed above 600 °C
heating, which is mainly attributed to the cracking of C-N bonds. When the heating is above
700 °C, a residual weight is presented for all GCN composites, which is related to the
graphene flakes possessing higher stability than that of g-CsN,. Based on the TG curves, the
mass ratios of g-C3N4/graphene in GCN composites are calculated to be about 499/1, 124/1,
82/1, 38/1 and 21/1, respectively.
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Figure S14 GC-MS results. (a) Total ion chromatograph of the solution after catalytic
reaction of cyclohexane. (b) Mass spectra of the labeled peaks.
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