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Fig. S1 SEM images of CRGO

 

 

Fig. S2 Low-magnification TEM images of (a) NMGM, (b)GO, (c)SRGO and (d)CRGO

Fig. S3 EDX analysis for natural microcrystalline graphite minerals

Element Weight% Atomic%

C K 80.50 86.09

O K 14.49 11.63

Al K 2.87 1.36

Si K 1.59 0.73

K K 0.55 0.18

Fig. S4 EDX analysis for GNs reduced by solvthermal reduction

XPS O1s specra in Fig. S5 depict the detail of the oxygen functionailites for NMGM, GO, 

SRGO and CRGO. It can be concluded that the oxidation, and exfloliation and reduction 



processes have changed the number of surface species. As shown in Fig.S5(a), the O1 peak at 

532.65 eV is assigned to oxygen atoms from SiO2, the O2 peak at 532.1 eV is assigned to 

oxygen atoms from C-O, and the O3 peak at 533.8 eV is assigned to oxygen atoms from O-C-Al. 

Combination with Table S1 content may indicate that the ore except some oxide impurities, 

natural MG mineral itself has also been a slight degree of oxidation. For GO, the O peak at 532.1 

eV and 531.5 eV are assigned to oxygen atoms from C-O and C=O in epoxy, phenol, or carboxyl 

groups. In agreement with the results of the C1s XPS spectra, the presence of the saturation 

values of C-O and C=O from C1s and O1s XPS spectra provides a good indication of complete 

oxidation of the edges that from carbonyl and carboxyl groups. For SRGO, the O peak at 532.3 

eV and 530.9 eV are assigned to oxygen atoms from C-O and C=O in epoxy, phenol, or carboxyl 

groups. For CRGO, the O peak at 532.3 eV and 530.5 eV are assigned to oxygen atoms from C-

O and C=O in epoxy, phenol, or carboxyl groups and the one at 535.0 eV to oxygen in 

chemisorbed oxygen species1-3. The XPS results are corroborated by FTIR spectra.

 

Fig. S5 O1s XPS spectra of NMGM, GO, CRGO and SRGO

Table S1 Chemical states of O atoms on NMGM, GO, SRGO, and CRGO with their relative atomic 

concentrations (atom %)

Samples SiO2(at. %) O-C-Al(at. %) C-O(at. %) C=O(at. %) Chemisorbed oxygen species(at. %)

NMGM 74.74 12.86 12.4 - -

GO - 1.57 76.28 22.15 -

SRGO - - 60.35 39.65 -

CRGO - - - 97.08 2.92



Fig.S6 Formation mechanisms of GNs fabricated by the liquid oxidation-reduction method from NMGM

Fig.S7 SEM images of FG, MG, F-GO, M-GO, F-SRGO, M-SRGO, F-CRGO and M-CRGO

      

(The sample is too thick to measure)



Fig.S8 AFM images of FG, MG, F-GO, M-GO, F-SRGO, M-SRGO, F-CRGO and M-CRGO

Fig.S9 XRD patterns of FG, F-GO, F-SRGO and F-CRGO

Fig.S10 XRD patterns of MG, M-GO, M-SRGO and M-CRGO
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