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Fig. S1 (a) Proposed stabilized PAN structure®!; (b) ATR-FTIR spectrum; and (c) XRD pattern of
air—stabilized hybrid fibers with reference PDF card.
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Fig. S2 (a) FE-SEM image of single composite fiber; (b) nanocrystal size distribution.
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Fig. S3 (a) FE-SEM image of composite fibers with diameter distribution shown in (b); (c) FE-
SEM image of bare carbon fibers with diameter distribution shown in (d).
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Fig. S4 (a—c) HAADF STEM micrographs of composite fibers with appropriate (d—f) EDS maps of
combined — oxygen (O), cobalt (Co) manganese (Mn), as well as (g—i) carbon (C) elemental

distribution; (j—I) EDS spectra with noted elements present.



Table S1. Quantification of EDS data from Map | (regions 1 and 2 are noted as rectangles in

HAADF micrograph).

Region 1 wt.% STD at.% STD
o] 13.8 1.4 16.0 1.6
Mn 23.0 2.3 7.8 0.8
Co 17.2 1.8 5.4 0.6
Region 2 wt.% STD at.% STD
o] 14.1 1.4 16.6 1.6
Mn 243 24 8.3 0.8
Co 16.7 1.7 5.3 0.5

Table S2. Quantification

HAADF micrograph).

of EDS data from Map Il (regions 1 and 2 are noted as rectangles in

Region 1 wt.% STD at.% STD
o 10.2 1.2 9.8 1.2
Mn 16.9 1.9 4.7 0.5
Co 7.7 1.1 2.0 0.3
Region 2 wt.% STD at.% STD
o] 9.4 1.4 9.0 1.3
Mn 17.4 2.3 4.9 0.6
Co 7.8 1.4 2.0 0.4
Table S3. Quantification of EDS data from Map IlI.

wt.% STD at.% STD
o 10.2 1.0 10.1 1.0
Mn 18.6 1.8 5.4 0.5
Co 9.7 1.0 2.6 0.3
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Fig. S5 (a) STEM HAADF micrograph of C@CoMn;0s cross—section; (b) appropriate EDS
composite map of C (red), Co (turquoise) and Mn (blue) elemental distribution; (c) EDS

spectrum with noted elements present in the cross—section.



HRTEM

Fig. S6 HRTEM of MnO nanocrystal with noted 111 facet; b) FFT of nanocrystal.

Table S4. EDS quantification from particle above noting that the at.% ratio Mn:O is around 1:1

indicating MnO.

wt.% STD at.% STD
0] 23.0 2.9 50.9 6.4
Mn 66.8 7.3 43.0 4.7
Co 10.1 1.9 6.1 1.1




Fig. S7 SEM micrograph of composite electrode after cycling test. Fiber—like morphology with

individual nanocrystals can be noted.
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Fig. S8 GCD curves at the current density of 0.5 A g~* for composite (black line) and bare carbon

fibers (red line) in the coin—cell device.

The electrochemical performance of bare carbon fibers was evaluated in a coin—cell device over
a voltage range of 0 to 0.8 V in 1M KOH aqueous solution. Typical capacitive behavior is
indicated by triangular shape of the GCD curve (red line). The specific capacitance and energy
density of the individual carbon electrode are around 25.7 F g™t and 0.57 Wh kg™, respectively,

which is around 13 times lower than corresponding values for composite fibers (black line).
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Differentiation method by Dunn

The analysis was performed for CV curves at lower sweep rates (5, 10 and 20 mV s™%), shown in Fig. S10,

by following the next steps:

1. The potential (V vs. SCE) was fixed at a specific value and the current (in mA) was determined for low

sweep rates. The example is given for 0.4 V vs. SCE (red dashed line and red dots noting current values in
Fig. S10).

2. After plotting i/v'/? vs. v¥/2 (Fig. S11), the slope (ki) and the intercept (k.), were determined

according to the equation:

i)

m = k1v1/2 + kz

3. The current was differentiated at a specific sweep rate as:
icapacitive = kv

. — 1/2
ldif fusion = kv /

84 —20mvs
] 10 mV s
——5mVs™

00 01 02 03 04 05
Potential (V vs. SCE)

Fig. S9 CV curves of C@CoMn,0, composite electrode at low sweep rates (noted in the figure).
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Fig. S10Linear fit of i /v1/2 vs. v1/2 values.
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4. The steps 1-3 were repeated in a potential range of 0-0.5 V vs. SCE with the step of 2 mV. After

obtaining the values, we plot charge separation curves as icqpqcitive VS. POtential at 5 mV s™ (Fig. 6¢

noted as the hashed area).
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Table S5. Electrochemical performance of composite fibers in 1M KOH solution in conventional

three—electrode (3E) cell configuration.

Discharge current Discharge time Specific capacity

density (A g™) (s) (mAh g™)
1 = 225 62.5
2 =106 58.9
3 = 66 55.0
5 = 35 48.6
10 =13 36.1
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Table S6. Performance of transition metal oxides in alkaline electrolytes in the 3E configuration.

Electrode Method of Specific Cycling
. L. Electrolyte ] . Ref.
material fabrication capacity * stability
90 %
Electrospinning ~62.5mAhg™ 0 Our
C@CoMn,0, e 1 M KOH (4 000 cycles at
+ calcination (1Ag™?) work
10Ag™)
~34.5mAh g
CoMn;04 (1AgY No data
g
CoMn,04@MoS, Co- ~57.1mAhg™ No dat
(10%) precipitation 2 M KOH (1AgY 0 data [S2]
method 80 %
CoMn,0,@MoS; ~67.5 mAh g™ 0
(20%) 1AgY (1 500 cycles at
0
g 2 A g—l)
0,
Hydrothermal ~50.0 mAh g 94 %
CooMnOy method + 1 M KOH LAgt (4000 cycles at [S3]
calcination (1Ag7) 2AgY
Co- ~33.8 mAhg
CoFe;04 precipitation 6 M KOH L Agt No data [S4]
method (1Ag7)
100 %
Hydrothermal 4 °
~16.5mAh g (2 000 cycles at
CooMnQOys method + 1 M KOH N [S5]
alcination (1Ag?) at current densities
c
from1to10Ag?)
i [s)
Squtlo.n ~44.0 mAh g 86 %
CuCo,04 combustion 3 M KOH LAg (1 000 cycles at [S6]
method (1Ag7) 10A g™
~44.8 mAh g™
Co,Mn0O, 5 A gl No data
Solvothermal 1 M KOH (2Ag7) - (s7]
method ~48.4 mAh gt 107%
Co,MnO,@VCFs 5 g (10000 cycles at
( g ) 5 A g—l)
. Electrospinning ~58.3 mAh g™
CNF@NiO o 6 M KOH No data [S8]
+ calcination (1Ag?
1. (o)
Hydrothermal ~44.2 mAh g™ 91.3%
CoFe,04/FeO0OH thod 6 M KOH LA gt (1000 cycles at [S9]
metho -
( g ) 5 Ag—l)
(o)
Solvothermal ~54.5 mAh g 83.8%
ZnFe;0,@NRG method + 1 M KOH LAt (5000 cycles at [S10]
calcination (1Ag7) 100 mV s™)

14



Solution 1 92.7%
) ~59mAh g
aCF@ZnFe,04 processing + 2 M KOH (20 000 cycles at [S11]
. (1Ag? _1
annealing 2AgH)
— A
Electrospinning ~29.6 mAh g 125 %
ZnCo,0,@CNF + thermal 6M KOH (1 000 cycles at [S12]
(1Ag™) 1
treatment 1AgH)
Electrospinning ~ 43/48/81 209%
+
Co304@CNF 6 M KOH mAh g* (2 000 cycles at [S13]
thermal LAgt 2AgY
treatment (1Ag") &
100%
Hydrothermal ~39mAh g >
Fes04@MWCNT 6 M KOH (2 000 cycles at [S14]
method (1Ag? R
10 mAcm™)

* Specific capacity values (mAh g) were re-calculated according to equation (3).
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Table S7. The capacitive parameters of the individual C@CoMn,04 electrode in the coin—cell

device calculated from CV and GCD measurements based on active mass of the electrode.

Sweep rate Cs,coin,cv Eq,cv Pa,cv
(Vs™) (Fg™)  (Whkg™) (kW kg™)
0.005 277 6.2 =0.138
0.010 246 =5.5 = 0.246
0.050 172 =38 = 0.858
0.100 137 =3.1 = 1.372

Discharge current  Cs,coin,Gcp EqGep P4,Gcep

density* (A g™?) (Fg?) (Whkg™?) (kW kg™)

0.5 329 =73 =0.1
1 305 = 6.8 =0.2
3 270 = 6.0 = 0.6
6 202 =45 =1.2
12 135 =3.0 =24

* based on active mass of the individual electrode
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