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Chemicals and material characterizations

The chemicals of nickel acetate (Ni(CH3CO,),-4H,0), copper acetate (Cu(CH3CO,), xH,0), and
ammonium molybdate tetrahydrate ((NH4)¢M07,0,4-4H,0) were purchased by Sigma Aldrich
Co., South Korea. Polyvinylidene fluoride (PVDF; -(C,H,F;)n-) and N-methyl-2-pyrrolidone
(NMP; CsHgNO) were received from Daejung Chemicals Ltd., South Korea. The above

chemicals were utilized in our experiments without any alterations in their purity.

The electrode samples were characterized by X-ray diffraction (XRD) analysis (Cu Ka (A
= 1.54056 A)) through the Mac Science M18XHF-SRA instrument to find out the pure
crystallinity. High-resolution Raman spectroscopy (Research Leica DM250) with 514 nm laser
excitation was used to measure the Raman spectra of the electrodes. Field-emission scanning
electron microscope (FE-SEM; LEO SUPRA 55 Carl Zeiss) equipped with energy-dispersive X-
ray spectroscopy (EDS) was used to investigate the surface morphologies of the electrodes. X-
ray photoelectron spectroscopy (XPS; Thermo Multi-Lab 2000 System) was employed to
identify the charges of the metal ions. Electron paramagnetic resonance spectroscopy (Bruker

(EMXplus-9.5/2.7) was employed to identify the oxygen vacancies.
Electrochemical analysis

The electrochemical data for the flexible o-NiMoOj@carbon cloth (CC) and o-Nij.
LCuMoO,@CC (x = 1, 3, 5, and 7 mol%) electrodes were collected by IviumStat; IVIUM
Technologies instrument in a three-electrode electrochemical system (25 °C). The loading
masses of the materials on the CC in a 1 x 1 cm? area were ~3.1 £ 0.05 mg cm™ referred to as a

working electrode. Ag/AgCl is the reference electrode and Pt wire is the counter electrode.



Before electrochemical analysis, a freshly made 1 M aqueous KOH electrolyte solution was

used.



Table S1. Three-electrode electrochemical performance and two-electrode stability, energy, and

power density comparisons of the designed a-Nig95Cug0sM0O4@CC electrode and FHS device

with the previously published reports of molybdenum and nickel-based composites.
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Fig. S1. (A-C) FE-SEM images of a-Nig ¢3Cug c7M0oO4@CC electrode.
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Fig. S2. (A) CV curves and (B) GCD profiles of the a-NiMoO4@CC electrode at different scan

rates (3 to 33 mV s!) and current densities (1 to 10 A g, respectively.

10



30 -
(A) | a-Nij oCU, o;M00,@CC
20 5to 30 mVs™
< ]
£ 10-
c |
2
5 0-
O )
-10 -
-20 -
014 00 01 02 03 04 05
Potential (V, vs. Ag/AgCl)
0.5
(B)

1 a-Nig g5Cu, ;MoO,@CC
0.4

1t012A g™
0.3 4
0.2

0.1 4

Potential (V, vs. Ag/AgCl)

0 100 200 300 400

Time (s)

Fig. S3. (A) CV curves and (B) GCD profiles of the a-Nigg9CugoMoO4@CC electrode at

different scan rates (3 to 30 mV s!) and current densities (1 to 12 A g'), respectively.
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Fig. S4. (A) CV curves and (B) GCD profiles of the a-Nig¢7Cugo3sMoO4@CC electrode at

different scan rates (3 to 33 mV s'!) and current densities (1 to 12 A g'), respectively.
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Fig. S5. (A) CV curves and (B) GCD profiles of the a-Nigg3Cug¢sMoO4@CC electrode at

different scan rates (3 to 33 mV s'!) and current densities (1 to 12 A g'), respectively.
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Fig. S6. Calculated b value of the a-Nij9sCugosMoO4@CC electrode from the cathodic peak

currents.
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Fig. S7. (A) CV curves at different scan rates (10 to 100 mV s!), (B) GCD curves at different

current densities (1 to 7 A g!), and (C) C;values of the AC@CC electrode.
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Fig. S8. (A) Digital photographic images. (B) CV curves (at 50 mV s!) of the a-

Ni.95Cug,0sM0O,@CC//AC@CC FHS device in flat and bending positions.
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