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Experimental Section
The synthesis of NSCS

The single-walled carbon nanotubes (CNTs) purchased from Shenzhen Nanotech Port Co.
Ltd. were refluxed in nitric acid, and then extensively washed and diluted with deionized
water, obtaining 1 mg mL™'. A freshly washed PU sponge was then immersed into the
dispersion to make the absorption of the CNTs into the sponge. After being dried, the PU
sponge coated with CNTs was heated in a nitrogen atmosphere at 500 °C for 0.5 h with a
heating rate of 5°C min™".

The synthesis of NiCo,04 on NSCS

Synthesis NiCo0,0,4 nanosheets supported on NSCS: In a typical process, NiCl,-6H,0,
CoCl,-6H,0 and urea were successively added into a mixture of deionized water and
methanol with vigorous stirring forming homogeneous solution. Then the solution was
transferred into a 40 mL Teflon-lined autoclave and a 1x1x1 c¢cm? of NSCS was immersed,
kept at 120 °C for 6h. After cooled down, taken out the sponge and washed with deionized
water and anhydrous ethanol several times, then dried at 60 °C overnight, the sample was
marked as NiCo-precursor/NSCS, then the sample was annealed at 300 °C for 2 h. Finally, the
NiCo0,04/NSCS was obtained.

The flower-like NiCo,04 powders was synthesized in the same method without the adding
of NGN/CNTs film as a comparison sample. NiCo,0O,4/Carbon cloth and NiCo,0,4/Ni foam
were also synthesized in the same condition as NiCo,04/NSCS.

The synthesis of NGN/CNTs flexible film:

Nitrogen-doped graphene (NGN)/CNTs film was synthesized via a same method by our
group reported before. ! The GO was prepared by a previous modified Hummers’ method but

with a slight modification from flake graphite. The activated GO as synthesized via an

activated process by potassium permanganate e. After purification, the activated GO was



further dispersed to form homogeneous aqueous solution (2 mg mL™!). Multiwalled carbon
nanotube (95 % purity, 10-20 nm average diameter size, 100-160 g m 2, ShenZhen Nanoport,
LTD) was modified through a 70°C hot hydrothermal bath in 3M Nitric acid treating for 2
hours .After purification and dispersion, forming to the MWCNTs solution (1 mg mL™!). The
sodium dodecyl sulfate (SDS, 5 mg), MWCNTs aqueous (1.5 mL) and activated GO solution
(22 mL) were mixed and stirred together for 0.5 h. Then the homogeneous mixture solution
was filtered using a mixed cellulose ester filter membrane (0.22 um pore size) by vacuum
filter. After freeze drying, then the film was transferred into 80 mL Teflon-lined autoclave
with ammonium hydroxide and kept in 180 °C for 24 hours. The NGN/CNTs film was

obtained.

Material Characterization

Scanning electron microscopy (FE-SEM, Hitachi S4800) and transmission electron
microscopy (TEM, JEOL JEM-2100) were used to investigate the micro/nanoscale structure
of the samples. The mechanical properties was carried out by Instron 5967. The crystal
structures were measured through X-ray diffraction (XRD) by a Bruker D8 Advanced X-ray
diffractometer with Cu Ka radiation (0.15406 nm). Raman spectra were measured on a
HORIBA Scientific LabRAM HR Raman spectrometer system using a 532.4 nm laser. X-ray
photoelectron spectroscopy (XPS) measurements were performed using a PHI 550

spectrometer with Al-K, (1486.6 eV) as the X-ray source.

Electrochemical measurement:

All electrochemical measurements were carried out using a two electrode or three
electrode system in 6 M KOH electrolyte at room temperature. The as-prepared
NiCo0,04/NSCS (1 cm %1 cmx0.5 cm) was pressed under pressure and served as the working

electrode, a platinum foil and a saturated calomel electrode (SCE) were used as counter
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electrode and reference electrode respectively in a three electrode system. The
NiCo,04/NSCS and NGO/CNTs were directly served respectively as the flexible positive and
negative electrodes for asymmetric supercapacitors. The mass ratio of positive to negative
electrode was 0.563 being decided by the charge balance relationship of g+ = g— and based on
the equation (1). The cyclic voltammetry (CV), galvanostatic charge/discharge (GCD) and
electrochemical impedance spectroscopy (EIS) measurements were carried out with a CHI
660B electrochemical working station.
m-=m" X (C"x AV)/(C xAV7) (1)
In the three-electrode system, the specific gravimetric capacitance(C,, F g!) of the

electrodes can be calculated by the following equation:

1At

o mav @)

Where C, (F g!) is the gravimetric capacitance, / (A) is the discharge current, A7 (s)
refers to the time for a full discharge, m (g) is the mass of active material (or the total
electrode ), and 4V (V) is the potential window of a full discharge.

The specific volumetric capacitance (C,, F cm™) of the electrodes can be calculated via

the following equation:

o=l 3)
_ m
" Vol 0

Where C, (F cm™3) is the volumetric capacitance, Vol represents the volume of the whole
electrode materials, £ is the mass density of active material.

The asymmetric supercapacitor (ASC) was fabricated and measured in a two-electrode

system. The specific gravimetric capacitance (C,, F g™!) and volumetric capacitance (C,, F

cm3) of the ASC was calculated based on the following equation:



¢,=( f 14v)/(wmv) )
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Where C, (F g!') is the gravimetric capacitance, C, (F cm™) is the volumetric
capacitance, 7 (A) is the current, v is the potential scan rate (mV s™!), M (g) represents the total
mass of active material (or the whole mass ) in two electrodes, VOL (cm™) represents the total
volume of two electrodes, p is the mass density and V' (V) is the potential window of the ASC.

The energy density E (E,, E,; W h kg™!, W h L™!) and power density P (W kg™!, W L)

of the device could be calculated as follow equation:

c,Vv?
E =<2 _
r2 (8)
Br=tef ©)
E
p=—
At (1())

Where V' (V) is the potential window of the ASC, 4t (s) is the time for a sweep segment.



Fig. S1 (a) PU foam, (b) CNTS/PU sponge and (c)NSCS
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Fig. S2 TGA curve of PU sponge template.



Fig. S3 The ultra-light NSCS on dandelion.

Fig. S4 Compression and recover process of NSCS.
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Fig. S5 NSCS in ethanol flame

Fig. S6 Active absorption of oil by a small NSCS.
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Fig. S7 XPS results: (a) survey and (b) N 1s for NSCS
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Fig. S8 SEM images of NiCo0,0,4 powder.

Fig.S9 SEM images of NiCo,0,4/Carbon fiber (a and b) and NiCo0,04/Ni foam(c and d).
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Fig. S10 Raman spectroscopy of NSCS, NiCo-p/NSCS and NiCo,0,/NSCS
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Fig. S11 XPS results of O 1s for NiCo0,04/NSCS
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S13 The electrochemical performance of NSCS: a (CV) and b (GCD) are in 6 M KOH

within a potential window of -0.1-0.5 V, the specific capacitance was 24.9 F g,

23.7F g'! at current density of 2 A g'!, 10 A g!, respectively.
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Fig. S14 GCD curves of NiCo,04/NSCS with a density of 0.54 g cm™3: (a) Based on the

active material; (b) Based on the total mass of whole electrode.
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Fig. S15 (a) CV curves , (b) GCD curves (based on the mass of active material ) and (c) GCD
curves (based on the total mass of whole electrode) of NiCo,04/NSCS with a

density of 0.92 g cm™3,
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Fig. S16 (a) CV curves and (b) GCD curves (based on the mass of active material ) of

NiCo0,04/NSCS with a density of 1.22 g cm ™.
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Fig. S17 (a) CV curves and (b) GCD curves (based on the mass of active material ) of

NiCo0,04/NSCS with a density of 1.43 g cm ™.
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Fig. S18 (a) CV and (b) GCD curves of NiCo,04 powder.
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Fig. S20 (a) CV curves , (b) GCD curves (based on the mass of active material ) and (¢c) GCD

curves o (based on the total mass of all material ) of NiCo,0,4/Carbon Cloth.
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Fig. S21 (a) CV and (b) GCD curves of NiCo0,04/NSCS with a 72 um thickness in a density

of 1.21 g cm™.
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Fig. S22 SEM images after 5000 cycles: (a) NiCo,04 powder and (b)NiCo,0,/NSCS.
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Fig. S23 (a) CV and (b) GCD curves of NGN/CNTs film.
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Fig. S24 The CV curves of our ASC at different potential windows (at 50 mV s1)
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Fig. S25 Images of the red LED driven by two ASCs in series at different stages.
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Table S1. Comparision of our work with recently reported high volumetric capacitances of

pseudocapacitive materials.

. Current . . .
Ref Type of Density densit Gravimetric  Volumetric Rate
' materials Y capacitance capacitance capability
(Scan rate)
1.43 51%
This work NiCo,04/NSCS 2Ag! 1100 F g! 790 F cm™3 ’
gem3 (2to50A g™
This work ~ NiCo,04/ NSCS 1.22 52.3%
1Ag! 14142 F g! 785.7F cm3
gem (1to50A g™
0.92 64.5%
This work  NiC0,04/ NSCS 1Ag! 15402Fg!  641.8 Fcm™ ’
gem? (1to50A g™
_ _ 0.54 72.9%
This work  NiCo,04/ NSCS 1Ag! 1618 F g! 394.6 F cm™
gem3 (1to50A g™
95.5%
2 NiCo,04/Ni Fiber -- 2.5 mA 336 Fg! 29.7Fcm™ (2.5t0 20
mA)
Network-like
mesoporous 80%
3 ] -- 1Ag! 1843.3F g! 33.75Fcm™
NiCo,0,/carbon (1to32A g™
cloth
Ni—Co hydroxide 16%
0.605 765 F cm™
4 /graphene petal , 5 mA ¢cm™2 -- (5to 100 mA
gcm-
foam cm?)
Ni(OH),/graphene 1.14 72%
5 02A¢g! 573F g! 655 cm
sheet gem™ (0.2 to)
67%
Ni-Mn oxy-
6 hydroxide@NPM - 0.5A cm™ - 505 cm™ (0.5-10 A
ydroxide
cm3)
66%
PANI/graphene 1.5 546 F g! ’
7 0.1Ag! 600 F cm™ (0.1to 10 A
composite gem?
gh
2.5
8 MoS, nanosheet , I mVs! 280 F g! 700 F cm? --
goem™
55 73%
9 MnO,/aMEGO . 025Ag"! 256 F g! 640Fcm™> (025020 A
gcm-
gh
~83%
, 3.67 ’
10 Ti;C, Ty clay , 2mV s 245F g! 900 F cm (2 to 100 mV
cm-
g -
60%
1.04 ’
11 Graphene-MnO, , 05A¢g! 470 F g! 366 F cm™ (0.5t0 50 A
gom-
gh
3.17 56.6%
12 Ti;C, T /PDDA 2mV ! 1672 F g} 530 F cm™3
gem? (2 to 100 mV
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13

14

15

16

m-WO;_,/Carbon
Nanocomposites
MoOs
nanobelt/CNTs
Graphene
foam/MnO,

MXene/RGO

33
, I mVs™!
gem™
1.33
g om-? 05A¢g!
0.582
g om-? 1Ag!
3.0
, 2mVs!
geom

103F g!

337F g!

395F g!

145F g!

340 F cm™

291 F cm™

230 F cm™

435 F cm™

63.6%
(0.5-10A g™

74%
(2 to 200 mV
sh
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Table S2. Comparison of electrochemical performance of repoted state-of-the-art ASCs (All

normalized to active material).

Ref. Type of SCs Cg, C, Egmax Eymax
NiCo0,04/NSCS s// 134F g! 47.65 W hkg! 3344 WhL!
This work 94.04 F cm™3
NGN/CNTs (5mVs) (536 Wkg!) (37616 WL
NiCo0,04/NGN/CN 128 F g! 42.71 W hkg™! 2590 WhL!
17 77.6 F cm™
Ts // NGN/CNTs (1A g™ (775 W kg1 (469.9 W L)
NiCo,04/graphene// 113F g! 48 W hkg™!
18 Zoaerp . - £ 763 WhL
HFAC 05Ag" (250 W kg ")
448F g 18 W hkg!
5 GNiF//GTF 58.5Fcm™ 23.5WhL!
(I1Agh (850 W kg™
Ni(OH)y/UGF//a- 119F ¢!
19 - 13.4W hkg™! 87WhL™!
MEGO (1Agh
20 NiCo,S4 NS/NCF// 128 Fg™! 45.5 W hkg™!
OMC/NCF (5mVsT) (512 W kg™
. CNT@NiCo,04//A 91 Fg! 19.7 Whkg!
C (0.5A g (62.5W kg™
’) NiC0,04@MnO,// 1209F g! 37.8 Whkg!
AC (025A g™ 187.5 W kg'!
” NiCo,0,@NiO//A 73.1F g 31.5Whkg!
C (1Agh 2152 Wkg!
288 F g 19.5W hkg!
24 Ni-Co oxide//AC --
0.5A g 150 W kg'!
55 AC//CQDs/NiCo,O 889F g! 27.8 W hkg™!
. 05Ag" (128 W kg 1)
119.1F g'! 423 W hkg'!
26 NiCo,S4/G/CS - -
(5mVs 476 W kg!
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