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Figure S1. (a) XRD pattern and (b) TGA curve of the as-prepared NiGa-precursor.
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Figure S2. Typical XRD patterns of the (a) NiO and (b) NiGa,O, samples.
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Figure S3. XPS general spectra of the NiGa,O, nanosheets.

Figure S4. SEM images at high and low magnification of the NiGa,04-4 h nanosheets.
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Figure S5. SEM images at high and low magnification of the NiGa,04-8 h nanosheets.
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Figure S6. SEM images at high and low magnification of the NiGa,O4-12 h nanosheets.



Figure S7. (a) SEM image of the NiGa,04-12 h nanosheets on Ni foam and (b—d) the

corresponding elemental mapping of Ni, Ga, and O.

Figure S8. SEM images at high and low magnification of the NiGa,04-16 h nanosheets.
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Figure S9. Nitrogen adsorption—desorption isotherms and pore size distribution curves

of (a) NiGa,04-4 h, (b) NiGa,04-8 h, (c) NiGa,04-12 h, and (d) NiGa,04-16 h samples.
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Figure S10. SEM images of the NiGa,04-12 h on the different substrates: (a—c) C fiber;
(d—f) Cu foam.
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Figure S11. (a—e) Mapping results from the NiGa,04-12 h nanosheets on Cu foam and
(f) the corresponding EDS spectrum.
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Figure S12. CV curves of the NiGa,04-12 h nanosheets and pure Ni foam electrodes

obtained at a scan rate of 50 mV s
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Figure S13. GCD curves of NiGa,04-12 h sample at different current densities from 1
to 20 A gl

50

40 -
— 30-
E
=
2.
= 204
N

10 —=— NiO-12 before cycling

i 5 —e— NiO-12 after cycling
—a— NiGa204-12 before cycling
0- —v— NiGa204-12 after cycling
0 10 20 30 40 50
Z' (ohm)

Figure S14. EIS curves of the NiO-12 h and NiGa204-12 h electrodes before and after
the cycling test.



Figure S15. SEM and TEM images of NiGa,0O4-12 h nanosheet electrode after cycle
test: (a—b) SEM image; (c) low-magnification TEM image; (d) HRTEM image.
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Figure S16. Structural and morphology characterization of spindle-like Fe,Os: (a)
XRD pattern; (b) SEM image; (c—d) TEM images at different resolutions.
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Figure S17. (a) SEM image of spindle-like Fe,Os; (b) corresponding EDX spectra.
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Figure S18. Electrochemical properties of Fe,Os: (a) CV curves. (b) Charge—discharge
voltage profiles. (c) Specific capacitance at different current densities. (d) Cycling

performance at a current density of 10 A g™!.
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To study the electrochemical properties of the as-prepared spindle-like Fe,Os, the CV
GCD cycling, and EIS measurements are performed in a 6 M KOH solution. Figure
S18a shows the CV curves of Fe,0; electrode at various scan rates range from 5 to 100
mV S~! in the potential window of —0.9—0 V vs. SCE. The similar rectangular shape of
CV curves is manifested by the Faradaic behavior of Fe,O3;, which might arise from a
reversible Fe’*/Fe?* couple. The peak current increases with an insignificant change in
the CV shape, although the scan rate increases to 100 mV s™!, which reveals its good
electrochemical reversibility and high rate capability. GCD measurements are
conducted in a potential range of —0.9—-0 V at various current densities ranging from 1
to 30 A g, as displayed in Figure S18b. The specific capacitance corresponded to
171.5 F g ! at a current density of 1 A g ! and remains at 86.7 F g'! at a high current
density of 30 A g”! (Figure S18¢). In particular, the stable specific capacitance of 103
F g7! can be retained for the spindle-like Fe,O; after 5,000 cycles at 10 A g™ with
capacitance retention of almost 86% (Figure S18d), indicating a good electrochemical
stability. The outstanding rate capability and electrochemical stability could be
attributed to the one-dimensional spindle structure, which is in favor of fast ion
diffusion and provides a short transport distance. In order to further confirm the

excellent performance of the spindle-like Fe,O; electrode.
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Figure S19. (a) Leakage current and (b) self-discharge curves of the NiGa,0y4-12
h//Fe;,O; ASC device.
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Table S1. Comparison of cyclic performances between the NiGa,O,4 and previous

reports on Ni-based oxides/hydroxides/sulfides.

Material

Ni(OH), nanosheets

Ni(OH),/RGO/Ni(OH), films

CNT@Ni(OH), nanosheets

MnCo-LDH@Ni(OH), core—shell
heterostructures

NiO nanotubes

o-Fe, O3 nanorod/NiO nanosheet

NiCo,04 nanowire@CoMoQO, nanoplate

ZnCoy04@NixCo,x(OH)gy core/shell
nanowires

Ni-Co-S nanoparticles/graphene

NiCo,04 nanowire@Ni;S, nanosheet

NiGa,04 nanosheets

The
correspondin
g current
density

5Ag!

20 mA cm?

8Ag!

20A g

2Ag!

1 mA cm™

10 mA cm™2

20 mA cm?

Capacitance
retention
(cycles)

75% (3,000)

95.3% (3,000)

92% (1,000)

90.9% (5,000)

93.2% (10,000)

96.2% (3,000)

77.7% (1,000)

85.6% (2,000)

90% (8,000)

93.3% (10,000)

102.4%
(10,000)

Ref

S1

S2

S3

S4

S5

S6

S7

S8

S9

S10

Present
work

12



Table S2. Refined room-temperature structural parameters of NiO and NiGa,04

compounds as well as the calculated shortest bond lengths (A) and the goodness of fit.

,,,,,,, NiO (cubic, space group Fm-3m (NO.225), Z=4)
=b=c(A) ~ 4.1921(15)  4.1921(15) | 4.1921(15)

S R IR T R

e b N - B ¥ o

Ni 42 000 000 000  2034)

O 4 050 | 05 050 1989

Shortest Ni-Ni: 2.9643(1) A

ShortestNi-0:2.0997(1) A

Rs = 2.34, Rr = 1.20, and x° = 1.80

__NiGay04 (cubic, space group Fd-3m (NO.227), Z=8)

a=b=c (A) 8.2977(87) 8.2977(81)| 8.2977(81)

aBuy() 9% 9 90 |

Atom Site  x

z B (A%)
0.00 0.73(4)

\ 000 106(5)

Gaz 8b 0375 1.06(5)

O ae T 0953(1) 0253(1)  0253()  0.50(1)
ShortestNi(Ga1)-Ni(Ga1): 2.9338(1)A

Shortest Ni(Ga1)-O: 2.0961(1) A

Shortest Ga2-Ga2: 3.5931(1) A

Shortest Ga2-0: 1.7535(1) A

Rs = 13.57, Rr =9.04, and x* = 1.21
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Table S3. Comparison of cyclic performances between the NiGa,04//Fe,O3 ASC
device and the previous reports

Correspondin

rrent Capacitance
Device g curre retention Ref
density/scan (cycles)
rate y
MnCo,0,@Ni(OH),//AC 6Ag! 90% (2,500) S11
N-doped cellulose @NiCo-LDH//N-doped 10Ag! 74.4% (5.000) 12
cellulose
(N1, Co)ggsSe//graphene 20mA cm2  85% (10,000) S13
Cu,O/CuMo0O4//AC 5Ag! 86.6% (3,000) S14
CoNi-LDH//FeOOH 100mVs!'  92.3%(3,000) S15
. 94.3% Present
-1
N1G3204//F6203 10 A g (10’000) work
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