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Calculation of c value
For both MoO3 and KyMoO3-x, the electrochemical ion insertion process can be written as following:
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Here, A is MoO3 or KyMoO3-x, M is cation, and c is calculated by the following equation:
c=QM/nmF 
where Q (C) is the stored charge obtained from CV curves, M is molecular weight (g/mol), n is the valence of the ion, m is the mass (g) and F is the Faraday constant (96485 C/mol).
Calculation of capacitance from GCD curve
For GCD curves, since they are not perfectly linear, we used integral of the GCD curve to calculate the capacitance.

First, integrate the curve (ion extraction part) from start V1 (excluding the iR drop) to end V2, obtaining the area S. C is capacitance, i is current density.
|S×i|=0.5×C×(V2- V1)2
      C=2|S*i|/(V2- V1)2
      Also, we calculated the capacitance from CV curves, but both methods produced almost the same capacitance values.
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Figure S1. (a) Color change during the fabrication process. (b) SEM image of KyMoO3-x.
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Figure S2. (a) Low-resolution TEM image of a KyMoO3-x nanobelt. (b) High-resolution TEM image and the corresponding SAED of KyMoO3-x nanobelt. (c) EDS spectrum of the KyMoO3-x nanobelt.

K 2p signal (around 296 eV) was found in KyMoO3-x (Figure S3a-b) but absent in MoO3, suggesting the successful insertion of K+ in the KyMoO3-x sample. The spectrum of Mo 3d has four peaks in KyMoO3-x, which correspond to Mo4+ and Mo6+ with a much enhanced Mo4+ peak intensity compared with MoO3, indicating partial reduction of Mo in KyMoO3-x (Figure S3c and S3d).
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Figure S3. (a) XPS survey spectra of KyMoO3-x and MoO3. (b) Enlarged spectrum to show the difference around 295 eV. (c) XPS spectrum Mo 3d in KyMoO3-x. (d) XPS spectrum of Mo 3d in MoO3.
[image: image5.jpg]rmnw@mqmnnmnnmnpmmnmmnng]uu\nmnn\mmn \m\u\\\\\m I
o= 1 12 13 15

|I||I||I||l|||

4
[4




Figure S4. XRD pattern showing (200) and (002) peaks of KyMoO3-x and MoO3. Compared with the apparent shift shown along [010] direction, no obvious shift could be seen.
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Figure S5. (a) After peeling off from the membrane, the freestanding film electrode of about 3.8 cm in diameter is strong and shows no damage. Electrodes for testing were punched into circles with a diameter of 5 mm.[image: image7.jpg]
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 (b) Cross section SEM image of electrode, indicating the thickness is 20 μm.
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Figure S6 (a) CV curves of KyMoO3-x and MoO3 at sweep rate of 5 mV/s. Volumetric capacitance as a function of sweep rate in MgSO4 (b), NaCl (c), and KCl (d) electrolytes.

As indicated above, capacitance not limited by diffusion could be obtained when the sweep rate approaches to infinite, corresponding to the intercept with Y-axis. The surface-controlled capacitances (sweep rate approaches infinity) for NaCl, MgSO4 and KCl electrolytes (Figure S6 (b)~(d)) are 110, 106 and 65 F/cm3, respectively.
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Figure S7 CV curves of MoO3 acquired at rates from 5 to 100 mV/s in seawater.
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Figure S8 SEM image of the KyMoO3-x/CNT electrode before (a) and after (b) 1000 charge/discharge cycles at 1 A/g in seawater. The unchanged morphology after the repeated cycling suggests that the microstructure of KyMoO3-x/CNT electrode is retained.
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Figure S9 (a) CV curves of KyMoO3-x in artificial and natural seawater. (b) Volumetric capacitance versus current density for KyMoO3-x in artificial and natural seawater.
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Figure S10 (a) Volumetric capacitance comparison of raw MoO3, KyMoO3-x and three other samples: K+ inserted, but not hydrogenated KγMoO3 and hydrogenated-but K+ free MoO3-δ (hydrogenation at 350 ºC for 5 h) and CNT. Current densities range from 0.5 to 20 A/g. (b) Volumetric capacitance comparison for sample KyMoO3-x-2 h (KBH4 reacted with MoO3-δ for 2 h) and sample KyMoO3-x-25 h (KBH4 reacted with MoO3-δ for 25 h) from 0.5 to 20 A/g.
For the MoO3-δ sample, although the conductivity is promoted compared to raw MoO3, large size ions still cannot intercalate into the interlayers at high rates, resulting in rapid capacitance degradation, due to the restriction of narrow interlayer spacing. If the sample is directly treated with KBH4 without hydrogenation, although the interlayer spacing has been widened, the conductivity becomes the bottleneck, which hinders the electron transport and ultimately the charge storage. This comprehensive comparison fully supports the critical effect of widened interlayer spaces and enhanced conductivity on the capacitance results. The capacitance of the CNT electrode (same amount as KyMoO3-x/CNT) in seawater showed a very low capacitance of 11 F/cm3 at 0.5 A/g, indicating that the contribution of CNTs to capacitance is small.
Also, if the reaction between KBH4 and MoO3-δ is 2 h, increased capacitance compared with MoO3-δ  is reached only at high current density range 20 F/cm3 at 20 A/g). If the reaction time is 25 h, the electrochemical capacitance is close to KyMoO3-x-10 h, indicating that 10 h is enough to obtain an optimal performance.
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Figure S11. Electrochemical performance of a symmetric two-electrode device with KyMoO3-x electrodes and seawater electrolyte. (a) CV curves of the device from 10 to 100 mV/s. The rectangular CV shape indicates the capacitive behavior; (b) Ragone plot of the symmetric device comparison to other reports, indicating that our 
KyMoO3-x–based device has a high power density and good energy density.

Table S1. Resistance of different samples
	Sample
	Sheet resistance (Ω/sq)

	MoO3
	1.1E7

	KyMoO3-x
	1.2E5


Table S1 shows the sheet resistance of MoO3 and KyMoO3-x film electrode without any binder. The sheet resistance is an average of five four-point probe measurements. KyMoO3-x has two orders of magnitude lower sheet resistance than MoO3, demonstrating an improved electronic conductivity.
Table S2. Effect of cations on electrochemical properties of KyMoO3-x
	Ions
	Ion size (pm)
	Content in 
seawater (wt %)a
	Number of inserted cationsb
	Change of Mo valence in KyMoO3-xc
	Capacitance (F/cm3)d

	Li+
	60
	0.0001-0.0006
	0.27
	-0.27
	237

	Mg2+
	65
	0.1305
	0.12
	-0.24
	173

	Na+
	95
	1.05
	0.21
	-0.21
	158

	K+
	133
	0.038
	0.14
	-0.14
	106


aThe composition of seawater is obtained from: http://en.wikipedia.org/wiki/Seawater
bThe diffusion/intercalated ion number is calculated via equation (5)
cThe valence decrease of Mo element is set to negative “-”
dThe capacitances of KyMoO3-x in various electrolytes are obtained at 5 mV/s
Table S3. Composition of artificial seawater

	Ion
	Content in seawater (wt %)

	Na+
	1.07

	Mg2+
	0.13

	K+
	0.04

	Ca2+
	0.04

	Li+
	1.74*10-5

	Cl-
	1.93

	Br-
	6.7*10-3

	SO42-
	0.36

	HCO3-
	0.014


A+ cMn+ + cne- �  McA 

















b





2 µm





a

















200





[010]





c





b





002





5 nm





200 nm





a





a





a





b





a








1

[image: image15.png]Current Density (Alcm®)

A o » o
: : " 7
[}

'
©o
L

7 —— Natural Seawater

— — Artificial Seawater

0
-
N

-1.0

08 -06 04 -02
Potential (V vs. Ag/AgCl)

0.0

Volumetric Capacitance (F/cm®)

- N

3] (=3

o o
L L

100

(3]
o
L

—&— Artificial Seawater
—@- Natural Seawater

o

T T

4 8 12 16 20
Current Density (A/g)




[image: image16.png]Volumetric Capacitance (F/cm®)

N

o

o
!

150 -

100 -

(&)
o
!

o

+M003
o
\ —8- K MoO,
Q —A M003_8
» -V- K}(MOO3
= ° -@-CNT
A ST e—
‘\ T - 9
A
LN
\ 290

Current Density (A/g)




[image: image17.png]Volumetric Capacitance (F/cm®)

50 -

—&—K MoO, -25h
—8—K MoO,_-2h

-o

o

4 8 12 16 20
Current Density (A/g)




[image: image18.png][

N
-
o

PANI/IMoO3
Solid-state ASC

-
L

CNT//MoO,
Solid-state ASC

d-Ti,C,
inK,s0, LSG-EC
24 Aqueous electrolyte
Our work

—=— 10 mV/s
—&— 20 mVis
——h— 50 mV/s
-2 —o— 100 mV/s

Current Density (Alcm’)
o
Energy Density (Whicm®)
=

4

—— 10 . ; : ;
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 10° 10 10" 10" 10 10°
Voltage (V) Power Density (W/cm®)




[image: image19.png]200
= a -
g 1 N o~ —' o b _-K
~ 7 - - - &) ,.’ -
< 7 5150 a-
2 01 e - -
3 [ -7 m
% _ 7 8100+
a Mo - 8
E | = ~ 7 g
g 27 1/ —  K,MoO 2 507
] 7 KyMoO, 8
8 ——Mo0,
3 ‘ , : . 0 : ‘ , . .
1.0 -08 -0.6 -04 -02 0. 00 01 02 03 04 05
Potential (V vs. Ag/AgCl) Sweep Rate " (mv™"?*s"?)
200
c 120d
—_ == Py _ & -
“g 150 .--"" ”E100~ .-
o e o e
. £ 80| _a”
@ 100 o |-"m
e S 60+
£ £ 40l
g 501 8
3 S 20
o o
0 . . . . , 0 ‘ ‘ , , .
00 01 02 03 04 05 00 01 02 03 04 05
Sweep Rate " (mv"%s"?) Sweep Rate " (mv™%s"?)



