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Supplimentary

S1: XPS is a powerful method to study the bonding inside the pristine graphene, MWCNTs
and r-GO. The measurements were obtained by using high-resolution XPS of C 1s and O 1s
spectra. The signature of C 1s spectrum are C=C/C-C, O—H/O-C-O and C=0!"%; whereas O
s spectrum is signature of C=0 (oxygen doubly bonded to aromatic carbon), C-O (oxygen
singly bonded to aliphatic carbon), and phenolic (oxygen singly bonded to aromatic carbon)

groups respectively.*
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Figure S1 (a) C 1s and (b) O ls X-ray photoelectron spectroscopy spectra of the pristine
graphene, MWCNTs and r-GO respectively and their corresponding deconvolution into
different bonding structures.

Figure S1 (a, b) shows the C 1s and O 1s XPS spectra of the H-graphene, MWCNTs and r-
GO respectively and their corresponding deconvolution into different bonding structures.

After deconvolution, all the parameters i.e. their peak positions, intensity, and full-width-half



maximum are tabulated in Table Sl(a). Prior to deconvolution, Shirley’s background
subtraction was carried out. This was done due to the inelastic scattering events the
photoelectron undergoes as they are transported from the point of excitation to the surface of
the sample, thus giving rise to the inelastic background intensity. This inelastic background
intensity must be subtracted to determine the areas of individual peaks. In the fitting
procedure, were fitted using a Gaussian curve and Lorentzian model. The C 1s deconvoluted
to reveal the C atom bonded to oxygen functional groups, which mainly consists of C—C=C,
C-OH, C=0 and O=C-OH at 284.5(£0.2) eV, 286.4(£0.2) eV, 287.8(£0.2) eV, and
288.9(+0.2) eV, respectively.!” Referring to Figure S1(a, b), the C 1s spectrum consists of
peaks that correspond to sp?> C=C around ~284.5 eV(+0.3), O-H/O—C-O around ~286.4(+0.2)
eV, and C=0 around ~288.4 eV.!5 All the spectrum show a dominant peak around
284.5(£0.2) eV. In O Ls the peaks of r-GO are at ~531.3 eV, 531.9 eV and 532.3eV that are
assigned to C=0 (oxygen doubly bonded to aromatic carbon), C-O (oxygen singly bonded to
aliphatic carbon), and phenolic (oxygen singly bonded to aromatic carbon) groups

respectively.3

To obtain more information H-graphene/MWCNTs/r-GO, we studied the VB DOS near Eg
by carrying UPS measurements at He-1 (Av = 21.22 eV) and He-II (hv = 40.81) radiation as
shown in Figure S2(a,b) respectively. We have estimated valence band maximum (VBM)
from the intersection of the slope of each spectrum at the higher K.E. side of UPS He-I
spectra as shown in Figure S2(a) and their values are tabulated in Table S1(b). It is found that
the VBM values are as follows: VBM = 4.26 eV (H-graphene), 4.08 eV (MWCNTs) and
4.78 eV (r-GO). The different VBM values in the quasi localized states at the Fermi level

creates defect in graphene-based lattice that causes change in their magnetism.’* From Figure



S2(b), a small variations of fermi edge indicates different DOS of pristine graphene,

MWCNTs and r-GO that effect their magnetism/polarizations as shown in Figure 3(a,b).
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Figure S2 (a) Valance band maximum (VBM) estimated from UPS He-I (E=21.22 ¢V) and
(b) VB-PES study from UPS He-II (£.4=40.08 eV) spectra of H-graphene, MWCNTs and 1-
GO.

Higher DOS means the sp? C-C cluster along different C-/O- related bonds as discussed in
XPS results (see Figure S1). Variation of VBM is related to the dipole moment. The UPS
spectra corresponding to the VB DOS of pristine graphene, MWCNTs and r-GO obtained at
He-II radiation are shown in Figure S2(b). We have deconvoluted the spectra into different
Gaussian lines for pristine graphene, MWCNTs and r-GO within the binding energy range ~
0-20 ¢V>% as shown in Figure S2(b). The deconvoluted Gaussian lines of pristine graphene,
MWCNTs and r-GO are assigned as the C-2p, (5.2 = 0.1 eV), 2p ., overlap state (7.0 £ 0.3

eV), C-2p_ (8.8 £ 0.3 eV), C-2sp mixed state ((11.4 £ 0.4 eV), C-2s (13 eV) and O 2s (>16

3



eV).>7->% However, some researchers have reported that the peaks at ~13.25 eV and at 11.78
eV are due to ¢ and 7 bonds arising from C=0 and the O-lone pair bonds, respectively.0-6!

Deconvoluted different parameters are also tabulated in Table S1(b).
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Table S1 (a) Deconvoluted different parameters i.e. the peak positions, intensity, full-width-half maximum of C Is and O 1s spectra of H-

graphene, MWCNTs and r-GO are tabulated in S1(a).

C 1s XPS study O 1s XPS study
Peak 1 Peak 11 Peak II1 Peak IV Peak I Peak II /Peak 111
X a*10° w X a w X a w X a w X a *10° w X a *10° w

(eV) (au) (eV) €V) |[(au) | (eV) | (V) | (au) | (eV) | (eV) | (au) | (eV) | (eV) (au) (eV) | (eV) (au) (eV)

Graphene | 2844 | 13 1.0 285.1 | 0.8 | 1.4 | 2857 |32 | 22 [2894 | 0.1 | 22 [5324 | 107 | 124 | 5332 | 0.75 | 2.07

MWCNTs | 2846 | 1.7 1.2 2854 | 1.1 | 1.9 - [ 2875108 | 6.7 [5323 | 0.69 | 1.23 | 533.0 | 0.54 | 2.13

rGO 283.9 | 0.04 0.8 | 2850 | 05 | 1.0 | 2857 | 06 | 24 2890 | 0.1 | 19 |5321| 002 | 090 |533.0| 0.13 | L.12
5332 | 0.11 | 1.97

Table S1 (b) Deconvoluted different parameters i.e. the peak positions, intensity, full-width-half maximum of UPS He-I and UPS He-II spectra
of H-graphene, MWCNTs and r-GO are tabulated in S1(b).

UPS (He II) study UPS (He I) study
Peak I Peak 11 Peak 111 Peak IV Peak V VBM (eV)
Graphene | 5.0 0.07 1.3 |65 (010 |1.6 89 0.69 [3.6 133 ]0.09 1.9 | 17.3 0.16 [2.2 4.26
MWCNTs | 5.0 0.08 1.3 16.3 0.12 |1.6|8.8 0.83 [3.6]13.2 |0.14 2.1 117.0 0.15 [ 1.9 4.08
rGO -- -- -- 74 10.08 [33]10.8 [0.05|33]14.8 |0.03 3.7 | -- -- -- 4.78




