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Figure Captions:

Fig. S1 (a) Photograph of NG hydrogel from the hydrothermal synthesis. (b) Low-
and (c) high-magnification SEM images of porous NG after freeze drying. (d) SEM
image of the NG after cutting into thin film and pressing onto Ni foam.

Fig. S2 (a) XRD patterns of the GO precursor and resulting porous NG, (b) FT-IR
spectrum of the optimal CCH-NG composite and the porous NG, (c) XPS survey and
(d) high resolution XPS spectrum of Cls recorded from the CCH-NG composite.

Fig. S3 SEM images of CCH-NG composites obtained with the lowest and highest
Co?" concentrations of (a) 2 mM and (b) 12 mM, which result in CCH contents of
25.1 and 84.5 wt%.

Fig. S4 CV curves of bare Ni foam (a) and comparison with the optimal CCH-NG
composite (b) at a scan rate of 100 mV s

Fig. S5 Ragone plot comparison between optimal CCH-NG composite and pure CCH.
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Fig. S1 (a) Photograph of NG hydrogel from the hydrothermal synthesis. (b) Low-
and (c) high-magnification SEM images of porous NG after freeze drying. (d) SEM
image of the NG after cutting into thin film and pressing onto Ni foam.



—
QO
S

(b)

- s

S @

< GO Q

S c

> £

= b=

c £

o @

= s

- NG i

M -
i L " L 'l 1 " 1 i 1 1 1 L 1 1 1
10 20 30 40 50 60 70 4000 3500 3000 2500 2000 1500 1000 500
-1
2 Theta (deg.) Wavenumber (cm™)
(c) (d) 284.9
C1s

- -

3 3

© ]

= &

2 2

(/7] (7]

c c

2 2

c c 289.8

— W o —

I ]
[=]
LS5
L il L L Il L Il Il 1 1
1000 800 600 400 200 0 294 292 290 288 286 284 282 280

Binding Energy (eV)

Binding Energy (eV)

Fig. S2 (a) XRD patterns of the GO precursor and resulting porous NG, (b) FT-IR
spectrum of the optimal CCH-NG composite and the porous NG, (c) XPS survey and
(d) high resolution XPS spectrum of Cls recorded from the CCH-NG composite.



Fig. S2(a) shows XRD patterns of GO (red curve) and resulting NG (black curve). A
broad and weak diffraction is observed at about 26.4° and assigned to be the (002) of
graphene. The inter-layer spacing is calculated to be 3.42 A, which is much lower
than that of the precursor GO (8.02 A), but slightly higher than that of natural graphite
(3.37 A). The characteristic GO peak at 11.03° is not visible, indicating the complete
conversion to graphene. No peaks from other phases are present. Fig. S2(b) shows
FT-IR spectra of the optimal CCH-NG composite and NG. The O-H, C=N, and CO;*
functional groups are obvious. The little sharp peak at 3510 cm! is ascribed to the O-
H stretching vibration of water molecules and H-bonded OH groups. A notable C=N
stretching vibration mode occurs near 1531 cm!, resulting from the NG in the
composite. Oxygenated functional groups are almost invisible, indicating a good
reduction of GO. The peaks at 1354 cm™!, 1217 cm! and 835 c¢cm™! correspond to the
stretching vibrations of COs%> in CCH. XPS is often utilized as an effective surface-
analyzing technique to investigate the elemental surface composition of samples and
the corresponding valence states. The XPS survey of Fig. S2(c) shows anticipated
binding energy positions, corresponding to C, O, N and Co elements. The peak of
Co2p is separated into Co2ps/, and Co2p ). In the Cls spectrum (Fig. S2(d)), the peak

at the binding energy of 289.8 eV is ascribed to Cls of CO;> in CCH.



Fig. S3 SEM images of CCH-NG composites obtained with the lowest and highest
Co?" concentrations of (a) 2 mM and (b) 12 mM, which result in CCH contents of
25.1 and 84.5 wt%.
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Fig. S4 CV curves of bare Ni foam (a) and comparison with the optimal CCH-NG
composite (b) at a scan rate of 100 mV s!.

Fig. S4(a) shows CV curve of a bare Ni foam measured in 6 M KOH solution. A
weak current response is observed, indicating a low capacitance at a high scan rate of
100 mV s''. When comparing with the optimal CCH-NG composite (Fig. S4(b)), this
low capacitance derived from bare Ni foam is ignorable. Note that nickel oxide
formed on surface of the Ni foam, which contributes to the capacitance, was removed
completely via repeated treatments using NaOH, HCI, alcohol and deionized water

successively.
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Fig. S5 Ragone plot comparison between optimal CCH-NG composite and pure CCH.

Energy density of the active materials was derived from the CV curves using w =
Cy(AV)?/2, where AV is the voltage range of one sweep segment. Power density w/At
derives from Af being the time for one sweep segment. The Ragone plot in Fig. S5
shows that the composite delivers a remarkably high energy density of 85.2 Wh kg'!
at a high power density of 8.5 kW kg!, much higher than pure CCH (41.7 Wh kg-! at

4.2 kW kg™).



