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Capacitance determination

To analyze quantitatively of the type of total stored charge, Dunn's method was used in analysis. In
detail, two separate mechanisms: surface-controlled process (k;v, including fast-response capacitive
effect) and diffusion-controlled process (k,v'/?) contribute to the current response in CV curves at fixed

potential according to the following equation:

i(V) = kv + k,v'/? 0
where i is the current, v is the scan rate. The fraction of current arising from two mechanisms at fixed
potential can be distinguished by determining &; and &, values quantitatively.

Energy and power density calculation

The average volumetric power density P, and energy density (£) were calculated by using the

following equations (2-3):
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The specific capacity can be calculated via the equation (4) and (5) as follows:
GCD curves:
C,= g =1 At/m
m 4)
CV curves:
C,=Q/m=S/2vm (5)

Where C; (F g') is the specific capacitance; Q (C) is the average charge during the
charging/discharging process; m (g) is the mass loading of the active materials; S (A V) is the
integrated area of the CV curve; v (V s7) is the scan rate; 7 (A) is the constant discharging current; A¢
(s) is the discharging time.

The specific capacitance (C, F g'!) can be calculated via the equation (6) as follows:

C=C,/AV ©)

Where AV (V) is the potential window.



Structural and Morphological Characterization of the Electrodes

The Fe,O3;@CNFs electrode was obtained by successive oxygen plasma exposing and annealing
at 300°C with the synthesized FeC@CNFs electrode (in Figure S1). Since the FeC nanoparticles was
wrapped with the carbon wall in the FeC@CNFs nanofibers due to the catalytic carbonization effect,
the procedure of oxygen plasma treatment was adopted to break and etch away the bondage of the
carbon wall, ensuring the bareness of the FeC nanoparticles. A following high-temperature annealing
process converts the bare FeC to Fe,O;, which results to the formation of Fe,O;@CNFs electrode, as
illustrated in Figure S2. Fe,0; in the Fe,O3@CNFs electrode is evenly distributed on the outer surface
of the carbon nanofiber and has a higher oxidation state. XPS was further used to investigate the
chemical composition of the Fe,O3;@CNFs, O-FeC@CNFs and FeC@CNFs. Core-level Fe 2p
spectrum (Figure S3a) reveals two distinct peaks at the binding energies of 711.1 eV for Fe 2p;,, and
724.7 eV for Fe 2p;,. The swing around the satellite peak at 719.0eV confirms the increase in the
valence of the element Fe!. The O 1s peak can be deconvoluted into three peaks of H-O-H (533.1eV),
Fe—O—H (531.3 eV) and Fe—O—Fe (529.9 eV) (Figure S3b)?. The specific gravity of the lattice oxygen
in Fe,O3@CNFs is obviously increased, which is also consistent with the ratio of Fe, O and C elements
in these three samples (Figure S3c). The crystal structure of Fe,O3;@CNFs, O-FeC@CNFs and
FeC@CNFs were further verified by Raman and XRD methods. Further Raman spectra of the pristine
Fe,O;3;@CNFs, O-FeC@CNFs and FeC@CNFs were shown in Figure S3d. It can be found that the D-
band located at 1344 c¢cm™!' and the G-band at 1594 cm! are the characteristic Raman shift of
carbonaceous materials. And Fe,O;@CNFs have completer and more obvious five Raman shifts at
220, 287, 397, 480 and 600 cm! can be ascribed to a-Fe,O; than the other two samples?. Figure S3e
displays the XRD patterns of the pristine Fe,O3@CNFs, O-FeC@CNFs and FeC@CNFs. Despite the

typical peaks from carbonaceous materials, Fe,O3@CNFs removed the phase of FeC and showed show



three diffraction peaks in 33.0°, 35.6° and 49.4°, which can be indexed to the (104), (110) and (024)
reflections of a-Fe,O3; (JCPDS No. 33-0664), compared to FeC@CNFs and O-FeC@CNFs. The
Fe,O3@CNFs structures were further demonstrated by TEM observations. A representative TEM
image (Figure S4a and b) displays that the Fe,O; NPs were uniformly distributed on the carbon
nanowire fiber. Magnified image coming from a single Fe,O3;@CNFs (Figure 2¢) reveals the obvious
lattice fringes, and the interplanar spacings are 0.270 nm, which correspond to the (104) crystal planes
of the Fe,05 in the core regions, respectively. Elemental maps derived from the EDS spectra image of
an individual Fe,O;@CNFs manifest the location of CNF and Fe,0s, as shown in Figure S4c-3f. The
Fe and O elements are distributed evenly around the carbon nanowire fiber.

High-resolution Mn 2p spectrum (Figure S6a) shows two pairs of typical peaks, belonging to
Mn*" and Mn3". The peaks, located at 653.4 and 641.7 ¢V with a spin-energy separation of 11.7 eV,
are the characteristic spin—orbit peaks of Mn 2p;,; and Mn 2p;,, respectively*. Figure S6b shows the
XPS spectra of Mn 3s core level®. The presence of three deconvoluted peaks in the O 1s spectrum
(Figure S6c¢), at the binding energies of 529.6, 530.9, and 532.5 eV, represents the Mn-O-Mn, Mn-
O-H, and H-O-H®. The XPS spectrum of N s is displayed in Figure S6d. The broad band of N 1s has
been fitted into typical peaks for PAN with binding energies of 399.8, corresponding to -C=N,
respectively’. Figure S6f shows the XRD patterns of the pristine CNTs/PAN and MnO,@CNTs/PAN
composite. Except for the CNTs and PAN, all other diffraction peaks can be indexed to birnessite-
MnO, (JCPDS No. 18-0802).

Electrochemical Characterization of the Anode

the electrochemical performance of the FeC@CNFs, O-FeC@CNFs and Fe,O3;@CNFs based

electrodes was evaluated in a three-electrode configuration with 0.5 M NaCl electrolyte working in a

negative potential window of -1.2-0 V (vs. SCE). Figure S9a shows the typical CV curves of



FeC@CNFs, O-FeC@CNFs and Fe,O3;@CNFs at the scan rate of 5 mV s!, where only the
Fe,O;@CNFs/NaCl system shows the peak of the reversible redox reaction. Figure S9b displays
representative GCD curves of FeC@CNFs, O-FeC@CNFs and Fe,O3@CNFs collected at the current
density of 2 A g!. Fe;O3@CNFs exhibits more substantially longer charge and discharge time than
that of FeC@CNFs and O-FeC@CNFs, indicating the better charges storage capability of
Fe,O3@CNFs. It is worth noting that the GCD curve of the Fe,O3;@CNFs manifests more tortuous
than that of FeC@CNFs and O-FeC@CNFs, which demonstrates Fe,O3;@CNFs possesses a more
superior pseudocapacitor behavior. We can also draw from the electrochemical impedance
spectroscopy (EIS) (Figure S9c) that Fe,O;@CNFs has the equivalent series resistance and charge
transfer resistance with oxygen plasma and high temperature annealing break the bondage of
amorphous carbon and improve the oxidation state of Fe. The specific capacities of the FeC@CNFs,
O-FeC@CNFs and Fe,O3@CNFs as a function of scan rate are compared in Figure S9d. As expected,
the Fe,O3;@CNFs system shows much higher specific capacities at all the scan rates from 5 mV s™! to
100 mV s™! when compared to the FeC@CNFs and O-FeC@CNFs. Additionally, the long-term
cycling stability of the FeC@CNFs, O-FeC@CNFs and Fe,O3@CNFs were evaluated at a slow scan
rate of 2 A g! for 5000 cycles (Figure S9e¢). Similarly, after 5000 cycles, FeC@CNFs has the most

excellent cycle stability.



Figure S1: SEM images of the FeC@CNFs and O-FeC@CNFs.

Figure S2: Schematic illustration of the preparation procedure of the Fe,O3;@CNFs.
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Figure S3: Structural and chemical characterizations of Fe,O3;@CNFs, O-FeC@CNFs and
FeC@CNFs. (a) Fe 2p and (b) O 1s core-level XPS spectrum; (c¢) element content; (d) Raman spectra

and (e) XRD patterns of Fe,O3;@CNFs, O-FeC@CNFs and FeC@CNFs.



Figure S4: (a) and (b) TEM images; (c-f) elements distribution of Fe, O and C for an individual

F6203@CNFS.

Figure S5: SEM images of the CNTs.
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Figure S6: Structural and chemical characterizations of MnO,@CNTs/PAN. (a) Mn 2p; (b) Mn 3s;

(¢) O 1s and (d) N 1s core-level XPS spectrum; (e) Raman spectra and (f) XRD patterns of

MnO,@CNTs/PAN and CNTs/PAN.

Figure S7: (a) and (b) TEM images; (c-f) elements distribution of Mn, O and C for an individual

Fezog,@CNF S.
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Figure S8: Nitrogen adsorption-desorption isotherms of (a) Fe,O;@CNFs and (B) MnO,@CNTs.

a 4 b € 200 < ~
12 FeC/CNFs | | —=—FeC/CNFs
1 ——— 0-FeC/CNFs | | —e— 0-FeC/CNFs
_ 104 Fe,0,/CNFs 180 —a—Fe,0,/CNFs
oo @ |
< o 2 s
> ¢ 084 £ [ 9
2 > 160 |
g 2 T 06 [ s ’“‘X
£ 2 | =
L 2 I A
5 4 S o4l 10{ | ? 3 5..::6 asdy
FeC/CNFs | | L ./-'L{“ ..........
64 — O-FeC/CNFs 024 | | 5 Y A
Fe,0,/CNFs 120 A ? %3 // W% 4 0
= 2ae’ | - 4
8l . - . . . . 0.0 . . . . : — ‘ | 15}t=20.415
12 10 08 06 04 02 00 0 100 200 300 400 500 E | Pl
Potential (V vs. SCE) Time (s) :E' 1004 4 0 2 ) o 1 2 3
N | - -
d 350 e 0 X | J 102 100 10° 100 10° 10
>, ) | f Frequency (Hz)
—o— FeC/CNFs PP Eerepy 91.26% g0l 4 / .
300 —— 0-FeC/CNFs | ? 4
PN —o—Fe,0,/CNFs | —~ 200 1 / 5 |
@ 250 o i | ? A
w w » FeC/CNFs 604 | / |
P P A e 4 1
< 200 2 1504 » O-FeC/CNFs b ] < ‘
£ £ > Fe,0,/CNFs i .\‘ ? 53 4
2 ] | "9 : i
g g 204 4[] N 4
g 150 g €S [} IS .
< o 1009 Ty, 76.09% f i 2 £ o
= = I L)
8 100 ] X iR y i 4
& S 78.72% 204 4 f W
J i 0
0 5 6 7 8 9 10
" (ohm)
0 T T T T T T 0Ly T T T T T 0+ T T T
] 20 40 60 80 100 0 1000 2000 3000 4000 5000 0 50 100 150 200
Scan rate (mV s%) Cycle. No Z' (ohm)

Figure S9: Comparative electrochemical performance of FeC@CNFs, O-FeC@CNFs and
Fe,O3@CNFs based electrodes in 0.5 M NacCl electrolyte. (a) Typical CV curves collected at scan rate
of 5 mV s°!; (b) GCD curves recorded at current density of 2 A g'!; (¢) Nyquist plots and Bode plots
(d) Specific capacitance as a function of scan rate derived from the CV curves; (e) Cycling

performance operated at 1 A g! for 5000 cycles.
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Figure S10: CV curves of the MnO,@CNTs and CNTs electrode in 0.5 M NaCl electrolyte at scan

rate of 5 mV sl
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Figure S11: Electrochemical performance of the MnO,@CNTs electrode. (a) Specific capacitance as

a function of scan rate derived from the CV curves; (b) Nyquist plots; (c) Bode plots.

Figure S12: Optic images of the all-in-one ASC
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Figure S13: (a) CV curves over various scan rates, (b) GCD curves over various current densities.

Table S1. Electrochemical Performance of Reported All-in-one Supercapacity in Recent Papers

Capacitance ~ Power density ~ Energy density

SCs devices ref
(Fgh (W kg) (Whkg™)
Fe,O3;@CNFs//MnO,@CNTs 79 667 43.1 Our work
Graphene SCSPC 36.6 750 35.6 8
MWCNT/MoO; 48.3 100 13.2 9
NS-SHC//NS-SHC 73 250 10.2 10
PNGS300_80()//PNGS30()_800 84.8 650 19.9 11
MnO, NWs//FeOOH NSs 70 393 24.8 12
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Figure S14: Electrochemical performance of the all-in-one supercapacitor. (a) GCD curves of the all-



in-one ASC device operated in different voltage windows; (b) Nyquist plots; (c) Bode plots.
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Figure S15: (a) CV curves of the “paper-like” all-in-one supercapacitor cell in NaCl-based electrolyte
and highly seawater-simulated electrolyte at a scan rate of 50 mV-!; (b) Cycling performance of the

supercapacitor in the highly seawater-simulated electrolyte at a current density of 4 A g™!.
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Figure S16: (a) CV curves of the paper-like all-in-one supercapacitor cell in NaCl electrolyte and

Na,SO; electrolyte at a scan rate of 50 mV-!; (b) Cycling performance of the supercapacitor in Na,SO,

electrolyte at a current density of 4 A g™ 1.
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Figure S17: (a) CV curves of the paper-like all-in-one supercapacitor cell in NaCl electrolyte at pH=7
and pH=8 at a scan rate of 50 mV-!; (b) Cycling performance of the supercapacitor in Na,SO,

electrolyte at pH=8 at a current density of 4 A g1
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