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Supplementary Figure 1 | Schematic illustration of the synthesis process of iron oxide hydroxide
(FeOOH) nanoparticle anode. FeOOH nanoparticle anode was achieved through a two-step process which
involves the hydrothermal growth of iron oxide (a-Fe2O3) nanoparticles on carbon fiber cloth (CFC) substrates
and subsequent transformation during the electrochemical cycles in the potential range between -1.2 and 0 V
versus saturated calomel electrode (SCE). The low-crystalline FeOOH nanoparticles remain stable after
transformation.
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Supplementary Figure 2 | Nitrogen sorption results. The nitrogen adsorption-desorption isotherms of (a) a-

Fe,0s electrode and (b) NiMoOs electrode. The insets show the corresponding pore size distributions.



Supplementary Figure 3 | SEM images of the FeOOH nanoparticles at different magnifications. Scale
bars (a) 5 um, (b) 500 nm, (c) 500 nm, (d) 500 nm, (e) 200 nm, and (f) 200 nm.
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Supplementary Figure 4 | Electrochemical characterization of FeOOH electrode. (a) The galvanostatic
charge/discharge curves of FeOOH anode at current densities ranging from 1 to 30 A g (mass loading: 1.6 mg
cm?). Saturated calomel electrode (SCE) is used as the reference electrode. (b) A plot of areal capacitance of
the FeOOH anode as a function of current density (1 to 30 A g ).
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Supplementary Figure 5 | Electrochemical analysis of FeOOH anode at high mass loadings. (a,b) CV and
galvanostatic charge/discharge curves at 5.6 mg cm? mass loading level. (c,d) CV and galvanostatic
charge/discharge curves at 9.1 mg cm mass loading level. The quasi-rectangular shape CV curves of the low-
crystalline FeOOH anode is still maintained at high-mass loadings, which indicate that the dominant capacitive
contribution is still present, hence resulting in excellent electrochemical performance. The CV curves become
skewed with increasing mass-loadings and the broad peaks disappear, probably due to the increased ion and
electron transport resistance/distance.
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Supplementary Figure 6 | (a) Specific gravimetric capacitance variation of the FeOOH nanoparticle anode at
1A g*. As depicted in Supplementary Fig. 6a, the low-crystalline FeOOH nanoparticle anode exhibits specific
gravimetric capacitances ranging from 998 — 1092 F g at 1 A gt when the mass loading is between 1.4 —2 mg
cm2 with an electrode thickness of ~0.35mm (including the current collector). (b) Rate capability of the low-
crystalline FeOOH nanoparticle anode at different mass loadings. At a high mass loading of 9.1 mg cm, the
FeOOH anode retains ~60% of the initial capacitance at 20 Ag* (1 Agt =716 Fg?% 20 Agl =427 Fg?)
(Supplementary Fig. 6b). ~67% of the capacitance is retained in a 1 — 30 A g* current density range (1 A g =
827 Fg%; 30 A g' =555F g?) at a mass loading of 5.6 mg cm-2.
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Supplementary Figure 7 | XPS analysis of NiMoOs electrode. (a) Full-scan spectrum. (b, ¢, d) Core-level
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Supplementary Figure 8 | Water oxidation and reduction potentials of the FeOOH and NiMoO,
electrodes in 2 M KOH electrolyte. (a) Discharge curve of low-crystalline FeOOH nanoparticles at the
current density of 1.2 A g in 2 M KOH electrolyte. (b) CV curve of low-crystalline FeOOH nanoparticles at
the scan-rate of 1 mV s in 2 M KOH electrolyte. (c) Hydrogen reduction potential of the low-crystalline
FeOOH nanoparticles in 2 M KOH electrolyte. (d) Charge curve of the NiMoO4 nanowires at the current
density of 1 mA cm? in 2 M KOH electrolyte. (e) CV curve of the NiMoO4 nanowires at a scan rate of 1 mV s
in 2 M KOH electrolyte. (f) Water oxidation potential of the NiMoO4 nanowires at the scan rate of 1 mV s? in
2 M KOH electrolyte. The NiMoO. electrode works in a potential range (up to 0.5 V) exceeding the theoretical
oxygen evolution potential in 2 M KOH (~0.163 V). This may be attributed to the Kinetically-sluggish oxygen
evolution reaction (OER) process. In addition, NiMoOs is not an efficient OER catalyst. Hence, oxygen

evolution does not occur at the theoretical potential due to polarization.
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Supplementary Figure 9 | Electrochemical characterization of NiMoOs electrode. (a) The galvanostatic
charge/discharge curves of NiMoO4 cathode at current densities ranging from 1 to 30 A g*. SCE, saturated
calomel electrode. (b) A plot of areal capacity of the NiMoO4 cathode as a function of current density (1 to 30
Ag?).
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Supplementary Figure 10 | Galvanostatic discharge curves of FeEOOH and NiMoQ; electrodes at 5.5 A g*
for mass balancing. (a) Galvanostatic discharge curve of the low-crystalline FeOOH nanoparticle anode at 5.5
A gl (b) Galvanostatic discharge curve of the NiMoO4 nanowire cathode.

For a hybrid supercapacitor, the mass balance is determined as follows.

Q. =0Qyp (1)
Qc = mcCs.V; 2
Qp = mpCy 3

Substituting equations 2 and 3 into equations 1

mcCs. V. = myCy (4)
me _ G
mp - CscVe (5)

Where Q. is the charge of the capacitor or pseudocapacitive electrode, Q,, is the charge of the battery-type
electrode, m, is the mass of the capacitor or pseudocapacitive electrode, Cs, is the specific capacitance of the
capacitor or pseudocapacitive electrode, 1 is the potential window of the capacitor or pseudocapacitive

electrode, m,, is the mass of the battery-type electrode and C,, is the capacity of the battery-type electrode.
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Supplementary Figure 11 | Electrochemical characterization of NiMoO4/FeOOH aqueous hybrid
supercapacitor. (a) The specific capacitance of the NiMoO./FeOOH HSC calculated based on the
galvanostatic discharge curves at 11.25 A g* as a function of voltage window. (b) Galvanostatic
charge/discharge curves of NiMoO4//FeOOH HSC. (c) Cycling performance of the HSC at a current density of
22.5 A gL (d) Nyquist plots of the NiMoO.//FeOOH hybrid supercapacitor. The EIS was tested over a 0.01
Hz to 10° Hz frequency range at an open-circuit potential with AC amplitude of 5 mV.
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Supplementary Figure 12 | Volumetric energy density and power density of the NiMoO4//FeOOH
packaged device. Active electrode materials account for 6.5% of the total weight.
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Supplementary Figure 13 | (a) Volumetric capacitance as a function of current density of the
NiMoO.//FeOOH packaged device. (b) Gravimetric energy and power densities of the NiMoO4//FeOOH
packaged device. Active electrode material accounts for 35% of the total weight.
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Supplementary Figure 14 | Voltage drops of the NiMoO4 and FeOOH electrodes as a function of the
current density. Inset shows the equation of the fitting lines.



Supplementary Table 1 | Resistance values of the NiMoO. and FeOOH electrodes.

FeOOH 3.59 3.45 0.59
FeOOH (after cycling) 4.10 4.51 0.50
NiMoO4 0.72 0.85 0.15

There is an increase in the internal resistance (Rs) of the low-crystalline FeOOH anode after 10000
charge/discharge cycles which may probably be due to the degradation of the electrolyte since there is no loss

of active material during cycling.

Supplementary Table 2 | The Rietveld refinement results of the NiMoOs and a-Fe;Os.

NiMoO: 9.566(0) 8.734(0) 7.649(0) 0.00640 6.853

a-Fe203 9.566(0) 9.566(0)  7.649 (0) 0.00370 6.593



Supplementary Table 3 | Comparison of the electrochemical performance of iron oxide/hydroxides

negative electrodes in different aqueous electrolytes.

Fe,O, films!!! 0.67 mg cm?
Fe,0,/rGORI Not reported
Fe,0,/rGOPI Not reported
compusie 10 mgenn?
particlerZr(;;Jhenelsl oy
F%%ﬁﬁ;ﬁg}‘lenc Not reported
Fe,0,/Cl"I Not reported
gﬁ;?ie;ii:%ii] Not reported
pani;zl?raolgl Lal i
?‘?Sz)p[l;ﬁgls 1.28 mg cm?
v-FeOOH 0.8-1.8 mg
nanosheets!!!! cm
Fe,0, QD/FGSI"?I 2-3 mg cm™?
Fe2O;Hnﬁ E;::)at]ubes 0.78 mg cm’?

1 M NaOH

1 M KOH

1 M LiOH

6 M KOH

1 M KOH

1 M KOH

2M KOH

1 M KOH

1M KOH

3 M KOH

1 M Li,SO,

1 M Na,SO,

1 M Li,SO,

0.1t0-0.6 Vvs 1 o
SCE 178 Fglat5m Vs
-08t00.2Vvs 4l q
Ag/AgCl 8900FglatlAg

-1.15t0 0.1 V vs

o 326F gl at05Ag!
-1 tgg};{ VS 129 F g'at 2.5 mA cm?
‘1\;;51{‘;1‘2;)" 908 Fglat2Ag!
'IH‘;(}’I;OV S 368FglatlAg!
'O'Lt;ﬁ; N 3IsEglatzmy st
'1i;£g‘c’1"s 618Fg'at0SA g
-1 gg(/’]';g‘é"s 2201 Fglat05A g
i ;;i’;c‘{ VS 8673Fglatsmys!
'Of‘;}xgél“ 310Fglat0.13A g
'k‘;g:c‘l’s 347 Fglat 10 mV s°!
OEOOVYS isgFglai3Ag!
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480 Fglat5Ag!
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622F glatS0A g!

245Fglat5Ag!
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350Fglat10A g!
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2195F glat12.6 Ag!

140 F g at 1600 mV st

91 Fglat12.8Ag!

Not
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Stable after
10000
cycles
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1000
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9% loss
after 500
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75% after
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1000
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88.9%
after 1500
cycles
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after 5000
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3000
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after 3000
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o
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Skewed
CV shape

Redox
Peaks

Redox
Peaks

Redox
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Redox
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Quasi-
rectangular
(6\%

Redox
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Peaks

Redox
Peaks
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Quasi-
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Ccv
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nan:;a?i(iz::llisll al Not reported
sancloama Notreported
0-Fe,0, nanorods!"® 4.3 mg cm?
a-Fe,0,/graphene!'”!  Not reported
ranopaiclegsvo 146 mg o
Low-crystalline FeOOH 9.1 mg cm?

nanoparticles!this workl

1 M Li,SO,

2.5 M Li,S0,

3 M LiCl

1 M Na,S0,

2 M KOH

2M KOH

-0.85t0-0.1 Vvs
SCE

-08t002Vvs
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SCE
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SCE
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SCE
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22.8 F glat 400 mV s!
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