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Synthesis of Fe,0;@ PANNFs@N-rGO Aerogel:

GO, and PAN Nanofibers(NFs) were synthesized by the previous method 2. Fe,0;@PAN
NFs@N-rGO hydrogel was prepared using the following detailed procedure: Briefly, 50 mg GO
was dispersed into 10 mL DI water with ultrasonication for 2 h. And 50mg PAN NFs was
dispersed into 10 mL DI water with ultrasonication for 2 h. then the GO solution was mixed
with PAN NFs solution by stir 30 mins. 0.5mmol FeCl;:6H,0 was dissolved into 5 mL DI water
separately. Then, the iron precursor solution and 2 ml NH3-H,0 (28%) were added dropwise
into the GO and PAN NFs suspension under vigorous stirring. The mixture was vigorously
stirred for another 1h at room temperature. Subsequently, the mixture was transferred into
a 50 mL Teflon-lined stainless-steel autoclave. The autoclave was sealed, maintained at 180
°C for 12 h, and then slowly cooled down to the room temperature naturally. The black
cylinder hydrogel was carefully fetched out and put into DI water to dialyzing for 12 h. After
that, the dried Fe,0;@PANNFs/N-rGO cylinder hydrogel was obtained by freeze-drying.
Fabrication of agueous asymmetric supercapacitors (ASCs):

Typically, the aqueous ASC consisted of the NKK TF40 (thickness: 40 um; Nippon Kodoshi
Corporation) as the separator of two pieces of electrode materials (size:10 mm x 10 mm)
aqueous 2 M KOH solution as the electrolyte.

In the agueous ASCs system, the self-supported Fe,0;@PANNFs/N-rGO hydrogels were used
as the negative materials, and the as-synthesized CoqSs@NipsMogs-Se NWAs were used as
the positive materials. To realize a high electrochemical property for CogSg@NigsMog5-Se //
Fe,03;@PANNFs/N-rGO ASC, we optimized the mass ratio of the CosSg@NigsMog 5-Se NWAs

to Fe;03@PANNFs/N-rGO around~ 0.43 and the working voltage window of the device to ~
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1.7 V. The optimal mass ratio of positive materials to negative materials was counted by
Equation (5).

Fabrication of solid-state asymmetric supercapacitors:

The electrochemical performance of all-solid-state ASC was measured under a two-electrode
system, which included two slices of electrode material with the same size (10 mm x 10 mm),
PVA/KOH film as a separator, and KOH/PVA solid-gel as solid-state electrolyte. In the
two-electrode system, CogSg@Nip sMog 5-Se NWAs grown 3D porous Ni foam was used as the
positive electrode, and Fe,0;@PANNFs/N-rGO coated on Ni foam was used as the negative
electrode. The KOH/PVA gel electrolyte was prepared using the following procedure: 2 g KOH
and 2 g PVA (Mw = 98000) were dissolved in 22 mL DI water and then heated at 95 °C for 2 h
under vigorous stirring. The electrodes and separator were soaked in the electrolyte for 10
min. and then allowed to solidify the sample by freeze and unfreeze repeatedly.

Materials characterization

The field-emission scanning electron microscope (FE-SEM; SUPRA 40 VP; Carl Zeiss, Germany)
was used to characterize the surface morphology of the as-synthesized materials. The EDAX
analysis (SUPRA 40 VP; Carl Zeiss, Germany) was used to investigate the quantity of the
elemental composition of the as-obtained materials. The transmission electron microscopy
(TEM) and high-resolution TEM (HR-TEM; H-7650; Hitachi Ltd., Japan) were used to examine
the intrinsic morphology of the as-synthesized electrode material. The STEM-energy
dispersive X-ray spectroscopy (EDS) mapping was used to analyze the elemental distribution
of the as-obtained electrode materials. We examined the crystallinity of the as-synthesized

materials by X-ray diffraction (XRD) (Rigaku Corporation, Japan, Cu Ka radiation (A = 0.154
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nm)). The theta probe AR-XPS system (Thermo Fisher Scientific, UK) was used to investigate
the elemental compositions and valence states of the as-obtained electrode material. The N,
sorption isotherms analysis was used to measure the SSA and the pore-size distribution of the
as-obtained electrode material (at 77K; Micromeritics ASAP 2020).

Electrochemical measurement

The electrochemical workstation (CHI660D, CH Instruments, Inc., USA) was used to study the
electrochemical properties of materials under a three-electrode configuration system. The
aqueous 2 M KOH solution was used as the electrolyte. In a three-electrode configuration
system, the Pt foil was used as counter electrodes, the Ag/AgCl/3.0 mol/kg KCl was used as
the reference electrode, and the as-obtained pristine CogSs, CogSg@MoSe, CogSg@NigsMog s-
Se, CogSg@Nip5M0q.75-Se, and CogSs@Nig 75Mog 25-Se electrodes were directly used as the
working electrode. The mass loading for the CogSg, CogSg@Nig sMog 5-Se, CogSg@Nig 25M0g 75-
Se, CogSg@Nig75M0g25-Se, and CosSg@MoSe electrodes are 1.5 mg cm™, 2.0 mg cm2, 2.0 mg
cm?, 2.1 mg cm?, and 2.2 mg cm?, respectively. The electrochemical impedance
spectroscopy (EIS) test was examined by using a 5 mV amplitude with a frequency range from
0.01 Hz to 100 kHz.

Calculations

The areal capacity (C,., mAh cm?) and the specific capacity (Cs., mAh g1) of the as-obtained
materials under the three-electrode configuration system and the ASC device were counted
from general charge and discharge (GCD) curves using the following Equations Egs.S (1) and

Egs.S (2)34:
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cC =—>
ac AV (1)
21 X det
CSC = mV (2)

Where the "I" (mA) is the current of the system during the discharge process, the "A" (cm™)
is the area of the active electrode, the "m" (g) is the mass of the active electrode material,
and the "[Vdt" is the absolutely integral area of the GCD curve (discharge process). The energy
densities (E, W h kg?) and the power densities (P, W kg!) of the assembled ASC device were

calculated using the following Equations Egs.S (3) and Egs.S (4) °:

I X det

m X 3.6 (3)

E
P =—x 3600
t (4)

Where the "I" (mA) is the current of the ASC device, the "[Vdt" is the absolutely integral area
of the GCD curve (discharge part), the "m" (g) is the mass of the material (active electrode),
and "t" is the discharge time. The mass ratio of the CogSg@NipsMogs-Se (positive) and

Fe,03;@PANNFs/N-rGO (negative) materials were counted by Equation Eqgs.S(5) *:

m, C_XV_

m_ C, XV,

+ (5)
where the "m-" is the negative materials mass, the "m+" is the positive materials mass; the
"C-" is the specific capacity (negative materials), the "C+" is the specific capacity (positive

materials); and "V" is the working voltage widow for the negative (-) and positive (+) materials.

S-5



Fig. S1 FE-SEM image of as-synthesized (a) CogSs@MoSe, (b)CogSS@NiOSMOOS-Se,

(C)CO9SS@N|0.25M00.75-Se and Cogs8 @N'o.7sM°o.zs'Se'
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Fig. S2. XRD spectrum of as-synthesized CogSg, CogSs@MoSe, and CoySs@ Nig sMog s-Se.
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Fig. S3. CV and GCD curves of: (a-b) CogSs@Nlo'stoOJS-Se, (c-d) Cogss@NlojsMoo'zs-Se, (e-f)

CogSs@ MoSe, (g-h) bare CogSS.
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cycling test
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Fig. S6. Digital photograph of a cylindrical shape Fe,0;@PANNFs/N-rGO aerogel held free-

standing on the top of a dandelion demonstrating its ultra-lightness.
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Fig. S7. (a, b) FE-SEM of Fe,0;@PANNFs/N-rGO at different magnifications, (c) N, sorption

1.0

dV/dD Pore Volume (c

-

—_

O

()]
1

S
o

[8)]
1

(=)
1

—a—Fe,0,@PANNFS'N-IGO

SRR

o
[

04

06 08 10 12 14 16
Pore Radius (nm)

isotherms, and (d) pore size distribution of the Fe,O;@PANNFs/N-rGO.
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Fig. S8. (a) CV curves of the Fe,0;@PANNFs/N-rGO at different scan rate. (b) The GCD curves
of the Fe,0;@PANNFs/N-rGO at different current density. (e) The specific capacity vs. current

density of Fe,03@PANNFs/N-rGO;
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Fig. S9. (a) The specific capacity vs. operating voltage windows of CogSg@Ni-Mo-

Se//Fe,O;@PANNFs/N-rGO ASC. (b) 3D Bar plots (energy density vs. power density vs.
operating voltage windows) of CoqSg @ Ni-Mo-Se//Fe,0;@ PANNFs/N-rGO aqueous ASC. (c)

3D Bar plots (energy density vs. power density vs. current density) of CogSg@ Ni-Mo-

Se//Fe,0;@PANNFs/N-rGO aqueous ASC
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Fig. S10. (a) CV curves (scan rate 50 mV s?) of all-solid-state CogSs@NigsMog s-

Se//Fe,0;@PANNFs/N-rGO ASC at various operating voltage windows. (b) CV curves of all-

solid-state CogSg@NipsMogs-Se//Fe;,0;@PANNFs/N-rGO ASC at various sweep rates from

10-50 mV sL. (c) GCD curves of all-solid-state CogSg@ NigsMogs-Se//Fe;0;@PANNFs/N-rGO

aqueous ASC at various operating voltage windows. (d) The specific capacity vs. perating

voltage windows of CogSg@NigsMogs-Se//Fe,0s@PANNFs/N-rGO aqueous ASC. (e) GCD

curves of all-solid-state CoqSs@Nip sMog 5-Se//Fe,0;@PANNFs/N-rGO ASC at various current

densities from 10 to 50 mA cm2. (f) The specific capacity vs. current density of all-solid-state

COgSg@ Ni0_5M00.5'Se // Fezog@ PANN FS/N'rGO ASC,

Table S1. Electrode properties comparison with reported literatures.
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Areal Specific

Electrode . ) Current Stability
. Capacitance / capacitance Electrolyte Ref.
Materials ) . load (Cycles)
capacity /capacity
3183 mAh g 95.8%
CoNi»S4/SNGA - 1Ag!  6MKOH 6
(CoMaNGA - A & SMKOM i0g0p) 1T

90%

Ni-Co-S/G - 1492 F gl 1Ag? 6 M KOH 7
M6 o T e e swwon soo0) "
VACNTF@MoSe - 435 F-g1 1Ag! 2 M KOH 92% [8]
om0 T (5000)

MoSe,/graphene 92%
- 945 F-g1 1Ag! 6 M KOH 9
_ Nenosheet  ~ o®FET 1A e emon 2000 !
CoSe
- 70.6 mAh g1 1Ag! 2M KOH - 10
. Nanosheet - 77 mhe " e
NiSe@MoSe, 128.2 mAh 93.7%
- 1Ag?  2MKOH 11
___MNanosheet T gt " T 1009
CoSe,/Nig gsSe 95.3%
‘ - 171 mAh g1 19Ag! 6 M KOH 12
_Nanotwbe - CUTmES AOREL BT 6ooo)
MoSe,-Ni(OH), 146.9 mAh 90%
- 1Ag! 6 M KOH 13
___Nanosheet g . R (3000) _ _ [ _ ] _
CoSe,/MoS
oSe,/MoSe, 211.97 mAh _ 94.2%
Hollow - B 1Ag? 3 M KOH [14]
gl (2000)
___Nanmosphere L _______._
Co-Mo-Se 221.7 mAh 95%
- 1Ag? 6 M KOH 15
_Nanosheetarrays | ______ g T goog) 1
91.2%
( NisePry  3wmfent - 2mAamt 2MKOR gy 061
88.94%
Ni3S,—Cu; sS NS - 1686 F g1 1Ag? 2 M KOH 17
e e e & 2MON faooog BT
1.04mA 78.85%
ZnCo,0 3.07 F-cm™2 - 6 M KOH 18
_____ o0 TRt am OMEOT ogg) M
. 96%
peptide-CogSg 1300 mF cm™2 1800Fg! 0.7mAcm? 1M KOH (5000) [19]
MnO@CosyNF - ea33cgt 3mAcm 3mkon 2% g
TR T e e 2T (ooog) T
CogSg@PPy@NiC . 88.67%
2.65 Fcm? - 1 mA cm™2 1 M LiOH 21
_____ oton  eFemt o AmAemt IMUOR o009 2H
CogSs@Ni-MoSe  0.93 mAhcm- 460.81mAh 1.5mAcm" 2 M KOH 94.3% This
core-shell NWAs 2 g! 2 (10000) work

Table S2. ASCs device properties comparison with reported literature
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Energy Power Device

Stabilit
Reported ASC Device density density Window Electrolyte (ca c:;s;’ Ref.
(Whkg?) (Wkg?) (V) Y
78.6%
NiC0,S.//G/C 42.3 476 0-1.6 6 M KOH 7
o NCosdle/c w3 a6 018 OMKOH - 10000) T
Ni-Co-S/G//PCNS 43.3 800 0-1.6 6 M KOH 85% (6]
______________________ ... _f{w000) 7
82%
FeCo,S,//3D PNG 76.1 755 0-1.6 KOH/PVA 23
eCo,S4// / (10000) [23]
""" CoMos/fic0 272 a0 o016  imKkoH 2% o
_________ T Qoooo) T
CoSe,/MoSe,-3-1//AC 51.84 799.2 0-1.6 3 M KOH 93.4% [14]
2 2 ' (10000)
 MoSerNOHI/AC s 817 o016 emron  5¥ 3
s (50000 T
, 82%
| FOoselNoasSe//AC 405 %38 016 GMKOH (5009 A
. 91.4%
NiSe@MoSe,//N-PMCN 32.6 415 0-1.65 2M KOH (5000) [11]
__________________________________________________ 95.4%
CoSe//AC 18.6 750 0-1.5 2M KOH 10
_______ OSeffAC 1860 s AMKOH T hooog) MO
90.7%
Co—Mo-Se//AC 44.7 1094 0-1.55 KOH/PVA 15
_____ oMoSefiac M7 109 0455 KOWRVA (goog 1T
97.5%
MnO,@CoSs//AC 35 240 0-1.6 3M KOH 20
nO,@Coq 8// (36000) [20]

C0,S;@Ni-MoS
0s5s@Ni-MoSe 94.47%  This
//Fe,0;@PAN NFs@ N- 96.9 1158 0-1.7  PVA/KOH

‘GO (10000) work
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