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Fig. S1 (a) FE-SEM image, (b) EDAX spectrum of NG nanosheets, (¢) FE-SEM, and (d) EDAX
spectrum of Co-NCNT.

Fig. Sla shows that the FE-SEM images of the NG and Co-NCNT. The as-prepared NG exhibits
foam-like surface structure containing flake-like graphene nanosheets. Also, it can be noticeably
seen from the images that the physical structure and nature of as-prepared NG nanosheets are not
strongly affected by heat treatment at 900 °C.! The amount of Nitrogen is estimated to be ~8.54
wt. %, deliberating to the EDAX results (Fig. SIb). In case of Co-NCNT shows that the

nanotubes encapsulating Co NPs as well as some of the metal NPs on tip of the NCNT, which



indicates tip-growth mechanism (Fig. Slc).? The amount of Co NPs in Co-NCNT is also found

to be ~5.08 wt. %, according to the EDAX result (Fig. S1d).

Fig. S2 (a) TEM images of the NG nanosheets, (b) HR-TEM images of NG nanosheets, (c) dark-
field STEM images of NG, (d) STEM/EDS C-K map, (¢) STEM/EDS N-K map, and (f-h) TEM
images of Co-NCNT.

Fig. S2 shows the typical TEM image to investigate the structural information of the as-prepared
NG and Co-NCNT. The NG shows that the continuous, transparent, and crumpled graphene
nanosheets were stacked together and formed a few-layered structure (Fig. S2a), which was

perhaps initiated by N-atoms doped into graphene networks.? Fig. S2c—e shows that the dark-



field STEM and corresponding EDS images of N and C in as-prepared NG nanosheets, which
revealed that the presence of N and C in the as-prepared NG. Also, nitrogen is distributed
homogeneously and well incorporated into the graphene nanosheets (Fig. S2e). The good
dispersion of the relevant heteroatoms such as nitrogen in the sample suggests that no phase
separation occurred at the nanometer scale during the preparation of NG. In case of Co-NCNT,
the Co NP are located at the tip of the NCNT, which indicates the tip growth mechanism (Fig. S2

f-h).2

Fig. S3 (a) TEM, and (b) dark-field TEM images of 3D NG/Co-NCNT hybrid (after 3 h strong

ultrasonication and 12 h stirring in ethanol).
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Fig. S4 (a) XPS survey for GO, NG and Co-NCNT, high-resolution (b) Co 2p spectrum, (c) N 1s
spectrum, (d) C 1s spectrum of Co-NCNT, (e) N 1s spectrum, and (f) C 1s spectrum of NG.

Typical XPS spectra of the NG and Co-NCNT are shown in Fig. S4. The surface compositions of
the Co-NCNT were determined by taking Co 2p, C Is, N 1s, and O 1s and their atomic

sensitivity factors taken into account. The composition ratios of Co, C, N, and O of this Co-



NCNT are 3.87 %, 79.32%, 6.84%, and 9.97%, respectively (Fig. S4a). The Co 2p spectrum
showed two peaks at ~767.5 and ~ 795.6 eV, which were attributed to the doublet Co 2p,,, and
Co 2p;». However, the N 1s peak can be fitted to four components based on different binding
energies # pyridine-like N (298.3 eV), pyrrole-like N (400.2 eV) graphite-like N (401.3 eV) and
Pyridine N-oxide-like N (402.7 eV) (Fig. S4c). Also, the XPS spectrum of C 1s best corresponds
to C-C bonds (284.4 eV) and C-O bonds (286.7 eV) (Fig. S4d). The survey spectrum of the NG
reveals the C 1s, N 1s, and O 1s contents (Fig. S4a). The C, N, and O contents of the as-prepared
NG material are 82.87%, 9.56%, and 7.57%, respectively. The C 1s peak for the as-prepared NG
nanosheets is centered at ~284.9 eV and is slightly asymmetric. This effect is common for
heteroatoms such as N-doped carbon-based materials.”> The width of the C 1s peak became
smaller upon high temperature treatment at ~900°C, which reveals enriched graphitization at
elevated temperatures. The deconvolution analysis of the N 1s spectrum of the as-prepared NG
(Fig. S4e) is composed of pyridine N, pyrrolic N, graphite N, and pyridine N-oxide at 398.4,
399.8, 400.9, and 402.1 eV, respectively.* The broad pyridinic peak attributed to nitrogen binds
with two neighboring sp? carbon atoms of the graphene nanosheets.® This result proves the
successful doping and introduction of N functional groups into graphene nanosheets, which is
consistent with previous reports.!-7 In the C 1s spectrum of NG (Fig. S4f), deconvolution of the
core-level C 1s spectrum shows five types of carbon bonds: sp? and sp?* C-C (284.5 ¢V), C-N

(285.6 eV), C-0 (286.7 eV), C=0 (287.7 eV), and O-C=0 (289.1 eV).
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Fig. S5 CV curves of the (a) NG, (b) Co-NCNT, and (c) Physical mixture sample at different

sweep rates.
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Fig. S6 Galvanostatic charge—discharge curves of the NG, Co-NCNT, 3D NG/Co-NCNT and

Physical mixture sample at 2 A g!.
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Fig. S7 Galvanostatic charge—discharge curves of 3D NG/Co-NCNT hybrid: from the 15 to 10®

cycle.



-16 ”
° @ After 1" cycle
: o @  After 20000" cycle
Qo o
-12 - O 0
P 9 o
£ ° o
S 3. 3 o 1
S 32 £
o 9 o038
o g
4- S N 4.
0.0
0 = T I

I
0 2 6 8
7! (6hm)
Fig. S8 Nyquist plots of the as-prepared 3D NG/Co-NCNT hybrid (measured during the cycle

life test).
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Fig. S9 CV curves collected at 50 mVs™! of the 3D NG/Co-NCNT hybrid before and after

20,000 cycles test.
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Fig. S10 (a) XPS survey, and (b) high-resolution Co 2p of 3D NG/Co-NCNT hybrid before and

after 20,000 cycles test.
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Fig. S11 (a) CV curves of NG at different sweep rates, (b) galvanostatic charge—discharge curves
of NG at different current densities, (c) specific capacitances vs current densities, and (d) cyclic
stability of the NG as a function of cycle number at a current density of 16 A g™! for over 20,000
cycles (Inset: galvanostatic charge—discharge curves of NG curves from the 19991t to 20000t
cycle).
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Fig. S12 Nyquist plots of NG in a frequency range between 0.01 Hz and 100 kHz measured

during the cycle life test.
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Fig. S13 Galvanostatic charge—discharge curves of 3D NG/Co-NCNT//NG asymmetric

supercapacitors (curves from the 15t to 10% cycle).
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Fig. S14 Nyquist plots of 3D NG/Co-NCNT//NG asymmetric supercapacitor in a frequency

range between 0.01 Hz and 100 kHz measured during the cycle life test.
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Table S1. Chemical composition of NG, Co-NCNT, and NG/Co-NCNT estimated from XPS and

ICP-OES measurements.

Sample C (at. %) N (at. %) O (at. %) Co (at. %)
NG 82.87 9.56 7.57 -
Co-NCNT 79.32 6.84 9.97 3.87
3D NG/Co-NCNT 81.70 7.42 7.26 3.62

C, N, and O contents were detected by XPS analysis; Co contents were detected by ICP-OES

analysis.
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Table S2. Comparative specific capacitance of the most previously reported cobalt and

graphene/CNT hybrid based materials.

Cobalt based Sp e(.:lﬁc Voltage Current - Referenc
X capacitance Electrolyte . load or Stability
materials 0 window (V) es
(Fgh scan rate
3D 1100 2MKOH  0-0.5 10Ag! : 8
graphene/Co3;0, ’ ' &
CFP-supported 1 94%
Co0;0, Nannette 1,190 2MKOH 0-08 0.25A¢ (5000 cycles) 9
. . B o
Nickel cobaltite 1,400 | M NaOH 0.04 —0.52 25 mV s 91% 10
aerogels (2000 cycles)
Ni-Co-S 1,418 IMKOH  0-0.5 5A ¢! ; 11
nanosheets
Mesoporous R 98.1%
Nig 3C0704 960 3 M KOH 0-0.5 0.625A g (3000 cycles) 12
CNF@NiCo0,04 B r 91.5%
NR 1,024 2 M KOH 0-0.45 1Ag (2000 cycles) 13
3D 99.8%
B _ B .870
SoO@Polypyrrol 2,223 3 M NaOH 0.2-0.45 1 mA cm (2000 cycles) 14
. 30 wt. % 4 91-94%
Co304 nanowires 911 KOH 0-0.8 025A¢g (5000 cycles) 15
CoO@NiHON 798 2 M KOH 0-0.5 1.67 A g! 9% 16
' OIAE (2000 cycles)
NiC0,0,—~SWCN B 4 94.1%
T 1,642 2 M KOH 0-0.45 05A¢g (2000 cycles) 17
. 82.8%
_ -1
Ni,Co3.404 1,479 2 M KOH 0-0.45 l1Ag (3000 cycles) 18
Co(OH), B 4 86.3%
nanowire 358 6 M KOH 0-0.5 05A¢g (5000 cycles) 19
NiCo0,0,1GO 1,222 2 M KOH 0-0.45 05A¢g! 83% 20
2 ’ ' DAE (2500 cycles)
203 2 M KOH 0-04 1Ag! - 21

CO304
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