US 20190237752A1

a9y United States

a2y Patent Application Publication o) Pub. No.: US 2019/0237752 Al

El-Kady et al. (43) Pub. Date: Aug. 1, 2019
(54) REDOX AND ION-ADSORBTION HOIM 4/62 (2006.01)
ELECTRODES AND ENERGY STORAGE HO01G 11/86 (2006.01)
DEVICES H0I1G 1128 (2006.01)
HOIM 4/80 (2006.01)
(71) Applicant: The Regents of the University of HOIM 4/66 (2006.01)
California, Oakland, CA (US) (52) US.CL
CPC ....ccue. HOIM 4/32 (2013.01); HOIM 10/26
(72) Inventors: Maher F. El-Kady, Los Ange.les, CA (201301), HO0IG 11/50 (201301), HOIM
(US); Richard B. Kaner, Pacific 4/521 (2013.01); HOIM 4/625 (2013.01);
Palisades, CA (US); Mir Fazlollah HOIG 11/52 (2013.01); HOIG 11/28
Mousavi, Tehran (IR) (2013.01); HOIM 4/52 (2013.01); HOIM
4/808 (2013.01); HOIM 4/661 (2013.01);
(21) Appl. No.: 16/218,663 ( ) HOIG 11/86((2013.01))
(22) Filed: Dec. 13, 2018
57 ABSTRACT
Related U.S. Application Data
L. L Provided herein are energy storage devices comprising a
(62) Division of application No. 15/885,905, filed on Feb. first electrode comprising a layered double hydroxide, a
1, 2018, now Pat. No. 10,193,139. conductive scaffold, and a first current collector; a second
Publication Classification electrode. comprising a hydroxide and a second current
collector; a separator; and an electrolyte. In some embodi-
(51) Int. CL ments, the specific combination of device chemistry, active
HOIM 4/32 (2006.01) materials, and electrolytes described herein form storage
HOIM 1026 (2006.01) devices that operate at high voltage and exhibit the capacity
HO01G 11/50 (2006.01) of'a battery and the power performance of supercapacitors in
HOIM 4/52 (2006.01) one device.
i 102
A A
7 N




Patent Application Publication  Aug. 1,2019 Sheet 1 of 21 US 2019/0237752 A1

102

B s w7 108109 D

FiG. 1



Patent Application Publication  Aug. 1,2019 Sheet 2 of 21 US 2019/0237752 A1

SEMEVS0RY | WD TOTmm WIRAZ TESCA

SEMMAG 350 ke | Det inBeam SE
View field: 583 wm | Date(midiy): 0204117

fum

rure

FIG. 24

SEMHY. 150k WO 903 mm . MIRA3
SEMWAG 500 | DefinBeamSE | tum TESCAN
View field: 418 um | Dateimidiy): 10/1617 RuRC

FiG. 2B



Patent Application Publication  Aug. 1,2019 Sheet 3 of 21 US 2019/0237752 A1

n

o KBV




Patent Application Publication  Aug. 1,2019 Sheet 4 of 21 US 2019/0237752 A1

Cls

D GA

Intensity {a. u.)

¢ 3

¥ x ¥

260 448 608 860 '}.{iﬁﬁ 12060

x

¢
Binding Energy {eV)
FIG. 4A

2
nﬁ Rl
o3 é-b

= &

o 13

‘ MFE‘- 2?3;;_
Felpy,

Za-Fe LDHADRGA

Intensity (a. w.)

Fa-Fe LDH

x 3

bl $ Ad X

200 400 600  ®OD 1000 1200
Binding Energy (eV)

FIG. 4B



Aug. 1,2019 Sheet S of 21 US 2019/0237752 Al

Patent Application Publication

s "D 3% "Oi4
(78] Abiaus Supuig " {#0) ABiaus Bupuig
kL &l

¢hL 0804 0SCL OOV ORODL O

'

AP

i

= ifedy ZN..,..WA. ,,,,,,,
— . = | e -
A8 G %o 2JED MEY » P dzuy
45 ‘O VS Ol
(#e) Aiaus Bupug (49) ABiaus Bupuig
W0 % WT WL W W o om s 9w W 7w

dn syeys
s

Aysusiy)

\
i

ne

fumy sang -

Bumy sunny -
BIEP MEY o

819 eepmeyo| ¥ 00

} Aysuyu

e

f
{
\



Patent Application Publication  Aug. 1,2019 Sheet 6 of 21 US 2019/0237752 A1

Y41 Inlge 141 ZnFe LDHIAD GA

S Inflg=0.94 iy 26
“:” i T T ¥ ’“"""'; Y T T T T ”:~~~-‘~““: .
600 1400 1400 1800 2200 2600 3000 3400 3800
Raman shift {cm-1)

FiG. 6



Patent Application Publication  Aug. 1,2019 Sheet 7 of 21 US 2019/0237752 A1
A oA
40 - N ~~=~ InFe LDH
4 i — -~ Zn+e LDHAD GAl
90 i) ~— Zn-Fa LOH/3D GAl
. = Znfe LDHI3D GA
P (A —-— In-Fe LDHID GA Y
N . —— In-Fe LDHD GAY
= 10- -~~~ Znfe LDHAD AV
% {} ': I ” .............
% 0l S
& .
20 ,
-30 - W
404 1
"50 ' § ! t L ¥ ! i ! 3 ' i ! [
14 1.2 1 0.8 4.8 44 0.2 8

Potential {(V vs, Ag/AgCh)

FIG. 7




Patent Application Publication  Aug. 1,2019 Sheet 8 of 21 US 2019/0237752 A1

w IR A oo R——— P NP
S T S IS TS I S i B v R S B
Potential (V vs. Ag/AgCh

FiG. 8



Patent Application Publication  Aug. 1,2019 Sheet 9 of 21 US 2019/0237752 A1

F .
0 - S 500 rmvis
500 - pag ~--- 450 mvis
) RE ~-- 300 mvis

400 A -y
300 - J/avit —— 100 mvis

e 2{}0 : -.:_::E ‘ t‘:%’ T SG mVjS

3 :
K ~ 20 s

Potential (V vs, AgAgCh

FiG. 9



US 2019/0237752 Al

Aug. 1,2019 Sheet 10 of 21

Patent Application Publication

61 "Did

{106v/By "sa 7} jpiuslod

0 Ay o 90 0 I pie
H l i H ] i i i } : 1 H }
B 07 —— Vo N
B/ (G -~ ,,r\ -
SIAL DO —-— -




Patent Application Publication  Aug.1,2019 Sheet 11 of 21  US 2019/0237752 A1l

200

freee

o

<
1

evinde

L 2

bk

o0 o

fon] ton
[ S

Lo
o

ESUNE 25 20K J00K J05 S0k S0UL S9N 0% O

specific capacity {mAh/g)

to..d

50 100 150 200 250
scan rate {mV/s)

<

FIG. 11



Patent Application Publication

Current Density (mA cm<)

Aug. 1,2019 Sheet 12 of 21

US 2019/0237752 Al

—-= 100 mVis
---= 50 m¥ls
e 20 MVS
e

Potential {V vs. AgiAgCh)

FIG. 12



Patent Application Publication

Aug. 1,2019 Sheet 13 of 21

US 2019/0237752 A1
04 S === 1Ag
e \ -eem 2Ag
. P o \\ oo e SAg’ii
AN - A
5 03 N 2 AT
= 02 | ™
g | \
& ] i
04 - i s‘
% 1
. z E
§ s
O el : t
¥ i { { i i
0 200 400 600 800 100¢
fime {s}



Patent Application Publication  Aug.1,2019 Sheet 14 of 21  US 2019/0237752 Al

180
R
o
48
26

La-Fo L3R 4GA

(Ag"

L4

ML,

o %2 8 £ X & x 8 & 2

~ 24}
-4t
60 4 Iy
~5%8 v ¥ v Y . ¥ v
~3.7 ~3.2 -7 ~.2 0.3
Paotential (V v, Ag/AgCh

Current density

o ) gy vt

X 2 ¢ ¥ & X

* »

FiG. 14A

48

34

20 ¥ = 10 my ¢
10

g

14
20

Current density (A g'!)

-3

.9 1.1 1.3 1.3 1.7 1.9 2.1
Voltage (V)

FIG. 148



Patent Application Publication  Aug.1,2019 Sheet 15 of 21  US 2019/0237752 A1l

==
Fav <
LSS
NFES
L &2
L &3 e
& =
- S
n‘ﬁ.-
=
-Lg")":-:'-\
- LT T
DG I - < L= o)
@O & L L0
= wood L= B ]
s TR L= e
&2 At [one T Seoe’
booot - D oS joosd
& oA
ok F o 8 fodeg
Lo @3
< w
a5 o>
L S
&2
=
oS
<> A
o W“”“[T”WWWWW e O €Y G T LD AL3 SE O3 O
\ B o e oot el e o et o e
() sBijon AP
i
(A BUEHOA
<z
= =
<3 L
________ =
< £3€3¢CLDED
U e Love X el vvos W rove Loovo N vver] / e
; = &5 D DD / L
: - = o e e e o TN K
i &2 PR
¥ PR
LI
: L
i — % 4
: G2 ) ]
§ ~§ D ood poog
o © v
: R .
H oo b
! 1 : e
: e a7 £ {
P <o
i P
F b, O
i =
; -
) i
e
S F - 2 b
s =
,;","/'
aias s e oatan Py <2 N
o £eg Y O3 P €2 ALY S Y AN WO ST 00 Py S0 MR 2 O
H s, : . " e R g e i il el e e e
L] Agmne TR NgRes Ngeme o NgReS MpEes gmes capes: .
{) eBeyon
4 )

{n) ebeyon



Patent Application Publication

Aug. 1,2019 Sheet 16 of 21

US 2019/0237752 Al

600

ognn b
= 500 ¢

mA

400 &

tod
]
o

o d
o
e~

m

&

Ld
3

s

rg—"

Specific discharge capacity {

£000,

20

e’

L] fad % had

Discharge rate ()

FIG. 16

x t 4 > E 3 x

40 60 B8O 100 120 140 160 180 200



Patent Application Publication  Aug.1,2019 Sheet 17 of 21  US 2019/0237752 Al

: 1 mHz e @

’ 100 kHz @

g
th

FiG. 17



Patent Application Publication  Aug.1,2019 Sheet 18 of 21  US 2019/0237752 Al

Wl
-
g

iy
oy
4

LISMMAS JNNAAR JAMMA MMM SAAMSE SMMS SRAMM SRAMAC SAMN BMM )

g 2 4 & 8 1 12 14 16 18 28

YAREY
FIG. 18A
L6
8.5
. &
.4 &
g ] o &
z, B3 -
N o0 ®
¥ k & @
@
0.2 - e®
L
1 «
{} ® x ® = L] L4 *®
i .4 0.6 9.8 1
Z' (9

FIG. 188



Patent Application Publication  Aug.1,2019 Sheet 19 of 21  US 2019/0237752 A1l

= D

= =
n o8
BN
Q\Cl’-:

FiG. 19

CPEs




Patent Application Publication

Aug. 1,2019 Sheet 20 of 21

US 2019/0237752 Al

Liion capacitors 1 o
16 1 Disclosure
= i54: o s
o L Alkaling superc agacstcrs N A
£ = NiOOHiactivated carbon ‘- X
=, M <Al 1348 R
= “NifCd Battery 600- 000 mitiel RS
& 134 - 20-33 mAhly
o ;NsMH Ba ery :
12-" - 800-260 mAh/eelf - :
) - 30-84 mAhfg 5 <
AN T LA A
T0 S0 000 00 2000 2500 3000 /0O 4000 4500 5000
Capacily, mAh
Fi1G. 20A
804 1 Current
= Disclostre
% 600 - Smaler
i Commercial e -
2 400 Super» - Lin °
é capaciiors | bafferies
s i /s g
Lead N2
o o LA [ﬁ >
0 50 100 150 200 250 300 /0 400 450 500

weight ensrgy density (Whikg)

FIG. 208



Patent Application Publication  Aug.1,2019 Sheet 21 of 21  US 2019/0237752 Al

125

|~ Commercial supercapaciiors
: Current

Disclosure

<N
o2
H

Power density (kWikg)

B T Batieries y
” LUBs, NG, NIVH, Lead Acid
G t § i i t ¥ t t i ¥

] 5 100 150 200 20 300 30 400 450 500

Energy density (Whikg)

FIG. 20C



US 2019/0237752 Al

REDOX AND ION-ADSORBTION
ELECTRODES AND ENERGY STORAGE
DEVICES

RELATED APPLICATIONS

[0001] This application is a divisional application of U.S.
patent application Ser. No. 15/885,905, filed Feb. 1, 2018,
the disclosure of which is hereby incorporated herein by
reference in its entirety

BACKGROUND OF THE INVENTION

[0002] The worldwide market for electronics such as
smartphones, power tools, electric vehicles, grid stabiliza-
tion devices, and laptops is continually growing and evolv-
ing as a result of the development and widespread use of
electrical devices. As many such devices are designed to be
portable and rechargeable, they rely upon energy storage
devices to supply the needed current. However, existing
batteries and capacitors have energy densities, power den-
sities, life cycles, and recharge times that present a signifi-
cant limitation on the design and utility of electrical devices.

SUMMARY OF THE INVENTION

[0003] A first aspect provided herein is a first electrode
comprising a layered double hydroxide, a conductive scaf-
fold, and a first current collector.

[0004] In some embodiments, the layered double hydrox-
ide comprises a metallic layered double hydroxide. In some
embodiments, the metallic layered double hydroxide com-
prises a zinc-iron layered double hydroxide, an aluminum-
iron layered double hydroxide, a chromium-iron layered
double hydroxide, an indium-iron layered double hydroxide,
a manganese-iron layered double hydroxide, or any combi-
nation thereof. In some embodiments, the metallic layered
double hydroxide comprises a manganese-iron layered
double hydroxide.

[0005] In some embodiments, the metallic layered double
hydroxide comprises a zinc-iron layered double hydroxide.
In some embodiments, the ratio between the zinc and iron is
about 1:1 to about 6:1. In some embodiments, the ratio
between the zinc and iron is at least about 1:1. In some
embodiments, the ratio between the zinc and iron is at most
about 6:1. In some embodiments, the ratio between the zinc
and iron is about 1:1 to about 1.5:1, about 1:1 to about 2:1,
about 1:1 to about 2.5:1, about 1:1 to about 3:1, about 1:1 to
about 3.5:1, about 1:1 to about 4:1, about 1:1 to about 4.5:1,
about 1:1 to about 5:1, about 1:1 to about 5.5:1, about 1:1 to
about 6:1, about 1.5:1 to about 2:1, about 1.5:1 to about
2.5:1, about 1.5:1 to about 3:1, about 1.5:1 to about 3.5:1,
about 1.5:1 to about 4:1, about 1.5:1 to about 4.5:1, about
1.5:1 to about 5:1, about 1.5:1 to about 5.5:1, about 1.5:1 to
about 6:1, about 2:1 to about 2.5:1, about 2:1 to about 3:1,
about 2:1 to about 3.5:1, about 2:1 to about 4:1, about 2:1 to
about 4.5:1, about 2:1 to about 5:1, about 2:1 to about 5.5:1,
about 2:1 to about 6:1, about 2.5:1 to about 3:1, about 2.5:1
to about 3.5:1, about 2.5:1 to about 4:1, about 2.5:1 to about
4.5:1, about 2.5:1 to about 5:1, about 2.5:1 to about 5.5:1,
about 2.5:1 to about 6:1, about 3:1 to about 3.5:1, about 3:1
to about 4:1, about 3:1 to about 4.5:1, about 3:1 to about 5:1,
about 3:1 to about 5.5:1, about 3:1 to about 6:1, about 3.5:1
to about 4:1, about 3.5:1 to about 4.5:1, about 3.5:1 to about
5:1, about 3.5:1 to about 5.5:1, about 3.5:1 to about 6:1,
about 4:1 to about 4.5:1, about 4:1 to about 5:1, about 4:1 to
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about 5.5:1, about 4:1 to about 6:1, about 4.5:1 to about 5:1,
about 4.5:1 to about 5.5:1, about 4.5:1 to about 6:1, about 5:1
to about 5.5:1, about 5:1 to about 6:1, or about 5.5:1 to about
6:1. In some embodiments, the ratio between the zinc and
iron is about 1:1, about 1.5:1, about 2:1, about 2.5:1, about
3:1, about 3.5:1, about 4:1, about 4.5:1, about 5:1, about
5.5:1, or about 6:1. In some embodiments, the ratio between
the zinc and iron is at least about 1:1, about 1.5:1, about 2:1,
about 2.5:1, about 3:1, about 3.5:1, about 4:1, about 4.5:1,
about 5:1, about 5.5:1, or about 6:1. In some embodiments,
the ratio between the zinc and iron is at most about 1:1,
about 1.5:1, about 2:1, about 2.5:1, about 3:1, about 3.5:1,
about 4:1, about 4.5:1, about 5:1, about 5.5:1, or about 6:1.

[0006] In some embodiments, the conductive scaffold
comprises conductive foam, conductive aerogel, metallic
ionogel, carbon nanotubes, carbon nanosheets, activated
carbon, carbon cloth, carbon black, or any combination
thereof. In some embodiments, the conductive scaffold
comprises a three-dimensional scaffold. In some embodi-
ments, the conductive scaffold comprises a conductive foam.
In some embodiments, the conductive foam comprises car-
bon foam, graphene foam, graphite foam, carbon foam, or
any combination thereof. In some embodiments, the con-
ductive scaffold comprises a conductive aerogel. In some
embodiments, the conductive aerogel comprises carbon
aerogel, graphene aerogel, graphite aerogel, carbon aerogel,
or any combination thereof. In some embodiments, the
conductive scaffold comprises a three-dimensional (3D)
conductive aerogel. In some embodiments, the 3D conduc-
tive aerogel comprises 3D carbon acrogel, 3D graphene
aerogel, 3D graphite aerogel, 3D carbon aerogel, or any
combination thereof. In some embodiments, the conductive
scaffold comprises a metallic ionogel. In some embodi-
ments, the metallic ionogel comprises carbon ionogel, gra-
phene ionogel, graphite ionogel, a conductive polymer, a
conductive ceramic, or any combination thereof.

[0007] In some embodiments, the mass ratio between the
layered double hydroxide and the conductive scaffold is
about 0.2:1 to about 2.4:1. In some embodiments, the mass
ratio between the layered double hydroxide and the conduc-
tive scaffold is at least about 0.2:1. In some embodiments,
the mass ratio between the layered double hydroxide and the
conductive scaffold is at most about 2.4:1. In some embodi-
ments, the mass ratio between the layered double hydroxide
and the conductive scaffold is about 0.2:1 to about 0.4:1,
about 0.2:1 to about 0.6:1, about 0.2:1 to about 0.8:1, about
0.2:1 to about 1:1, about 0.2:1 to about 1.2:1, about 0.2:1 to
about 1.4:1, about 0.2:1 to about 1.6:1, about 0.2:1 to about
1.8:1, about 0.2:1 to about 2:1, about 0.2:1 to about 2.2:1,
about 0.2:1 to about 2.4:1, about 0.4:1 to about 0.6:1, about
0.4:1 to about 0.8:1, about 0.4:1 to about 1:1, about 0.4:1 to
about 1.2:1, about 0.4:1 to about 1.4:1, about 0.4:1 to about
1.6:1, about 0.4:1 to about 1.8:1, about 0.4:1 to about 2:1,
about 0.4:1 to about 2.2:1, about 0.4:1 to about 2.4:1, about
0.6:1 to about 0.8:1, about 0.6:1 to about 1:1, about 0.6:1 to
about 1.2:1, about 0.6:1 to about 1.4:1, about 0.6:1 to about
1.6:1, about 0.6:1 to about 1.8:1, about 0.6:1 to about 2:1,
about 0.6:1 to about 2.2:1, about 0.6:1 to about 2.4:1, about
0.8:1 to about 1:1, about 0.8:1 to about 1.2:1, about 0.8:1 to
about 1.4:1, about 0.8:1 to about 1.6:1, about 0.8:1 to about
1.8:1, about 0.8:1 to about 2:1, about 0.8:1 to about 2.2:1,
about 0.8:1 to about 2.4:1, about 1:1 to about 1.2:1, about 1:1
to about 1.4:1, about 1:1 to about 1.6:1, about 1:1 to about
1.8:1, about 1:1 to about 2:1, about 1:1 to about 2.2:1, about
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1:1 to about 2.4:1, about 1.2:1 to about 1.4:1, about 1.2:1 to
about 1.6:1, about 1.2:1 to about 1.8:1, about 1.2:1 to about
2:1, about 1.2:1 to about 2.2:1, about 1.2:1 to about 2.4:1,
about 1.4:1 to about 1.6:1, about 1.4:1 to about 1.8:1, about
1.4:1 to about 2:1, about 1.4:1 to about 2.2:1, about 1.4:1 to
about 2.4:1, about 1.6:1 to about 1.8:1, about 1.6:1 to about
2:1, about 1.6:1 to about 2.2:1, about 1.6:1 to about 2.4:1,
about 1.8:1 to about 2:1, about 1.8:1 to about 2.2:1, about
1.8:1 to about 2.4:1, about 2:1 to about 2.2:1, about 2:1 to
about 2.4:1, or about 2.2:1 to about 2.4:1. In some embodi-
ments, the mass ratio between the layered double hydroxide
and the conductive scaffold is about 0.2:1, about 0.4:1, about
0.6:1, about 0.8:1, about 1:1, about 1.2:1, about 1.4:1, about
1.6:1, about 1.8:1, about 2:1, about 2.2:1, or about 2.4:1. In
some embodiments, the mass ratio between the layered
double hydroxide and the conductive scaffold is at least
about 0.2:1, about 0.4:1, about 0.6:1, about 0.8:1, about 1:1,
about 1.2:1, about 1.4:1, about 1.6:1, about 1.8:1, about 2:1,
about 2.2:1, or about 2.4:1. In some embodiments, the mass
ratio between the layered double hydroxide and the conduc-
tive scaffold is at most about 0.2:1, about 0.4:1, about 0.6:1,
about 0.8:1, about 1:1, about 1.2:1, about 1.4:1, about 1.6:1,
about 1.8:1, about 2:1, about 2.2:1, or about 2.4:1.

[0008] In some embodiments, the first current collector
comprises a conductive foam. In some embodiments, the
conductive foam comprises aluminum foam, carbon foam,
graphene foam, graphite foam, copper foam, nickel foam,
palladium foam, platinum foam, steel foam, or any combi-
nation thereof. In some embodiments, the conductive foam
comprises graphene foam. In some embodiments, the con-
ductive foam comprises graphite foam. In some embodi-
ments, the conductive foam comprises copper foam. In some
embodiments, the conductive foam comprises nickel foam.

[0009] In some embodiments, the first electrode has a
capacitance of about 500 F/g to about 2,250 F/g. In some
embodiments, the first electrode has a capacitance of at least
about 500 F/g. In some embodiments, the first electrode has
a capacitance of at most about 2,250 F/g. In some embodi-
ments, the first electrode has a capacitance of about 500 F/g
to about 750 F/g, about 500 F/g to about 1,000 F/g, about
500 F/g to about 1,250 F/g, about 500 F/g to about 1,500 F/g,
about 500 F/g to about 1,750 F/g, about 500 F/g to about
2,000 F/g, about 500 F/g to about 2,250 F/g, about 750 F/g
to about 1,000 F/g, about 750 F/g to about 1,250 F/g, about
750 F/g to about 1,500 F/g, about 750 F/g to about 1,750 F/g,
about 750 F/g to about 2,000 F/g, about 750 F/g to about
2,250 F/g, about 1,000 F/g to about 1,250 F/g, about 1,000
F/g to about 1,500 F/g, about 1,000 F/g to about 1,750 F/g,
about 1,000 F/g to about 2,000 F/g, about 1,000 F/g to about
2,250 F/g, about 1,250 F/g to about 1,500 F/g, about 1,250
F/g to about 1,750 F/g, about 1,250 F/g to about 2,000 F/g,
about 1,250 F/g to about 2,250 F/g, about 1,500 F/g to about
1,750 F/g, about 1,500 F/g to about 2,000 F/g, about 1,500
F/g to about 2,250 F/g, about 1,750 F/g to about 2,000 F/g,
about 1,750 F/g to about 2,250 F/g, or about 2,000 F/g to
about 2,250 F/g. In some embodiments, the first electrode
has a capacitance of about 500 F/g, about 750 F/g, about
1,000 F/g, about 1,250 F/g, about 1,500 F/g, about 1,750 F/g,
about 2,000 F/g, or about 2,250 F/g. In some embodiments,
the first electrode has a capacitance of about 1,150 F/g. In
some embodiments, the first electrode has a capacitance of
at least about 750 F/g, about 1,000 F/g, about 1,250 F/g,
about 1,500 F/g, about 1,750 F/g, about 2,000 F/g, about or
2,250 F/g.
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[0010] In some embodiments, the first electrode has a
gravimetric capacity of about 30 mAh/g to about 120
mAh/g. In some embodiments, the first electrode has a
gravimetric capacity of at least about 30 mAh/g. In some
embodiments, the first electrode has a gravimetric capacity
of at most about 120 mAh/g. In some embodiments, the first
electrode has a gravimetric capacity of about 30 mAh/g to
about 40 mAh/g, about 30 mAh/g to about 50 mAh/g, about
30 mAh/g to about 60 mAh/g, about 30 mAh/g to about 70
mAh/g, about 30 mAh/g to about 80 mAh/g, about 30
mAh/g to about 90 mAh/g, about 30 mAh/g to about 100
mAh/g, about 30 mAh/g to about 110 mAh/g, about 30
mAh/g to about 120 mAh/g, about 40 mAh/g to about 50
mAh/g, about 40 mAh/g to about 60 mAh/g, about 40
mAh/g to about 70 mAh/g, about 40 mAh/g to about 80
mAh/g, about 40 mAh/g to about 90 mAh/g, about 40
mAh/g to about 100 mAh/g, about 40 mAh/g to about 110
mAh/g, about 40 mAh/g to about 120 mAh/g, about 50
mAh/g to about 60 mAh/g, about 50 mAh/g to about 70
mAh/g, about 50 mAh/g to about 80 mAh/g, about 50
mAh/g to about 90 mAh/g, about 50 mAh/g to about 100
mAh/g, about 50 mAh/g to about 110 mAh/g, about 50
mAh/g to about 120 mAh/g, about 60 mAh/g to about 70
mAh/g, about 60 mAh/g to about 80 mAh/g, about 60
mAbh/g to about 90 mAh/g, about 60 mAh/g to about 100
mAh/g, about 60 mAh/g to about 110 mAh/g, about 60
mAbh/g to about 120 mAh/g, about 70 mAh/g to about 80
mAh/g, about 70 mAh/g to about 90 mAh/g, about 70
mAh/g to about 100 mAh/g, about 70 mAh/g to about 110
mAh/g, about 70 mAh/g to about 120 mAh/g, about 80
mAbh/g to about 90 mAh/g, about 80 mAh/g to about 100
mAh/g, about 80 mAh/g to about 110 mAh/g, about 80
mAh/g to about 120 mAl/g, about 90 mAh/g to about 100
mAh/g, about 90 mAh/g to about 110 mAh/g, about 90
mAbh/g to about 120 mAl/g, about 100 mAh/g to about 110
mAh/g, about 100 mAh/g to about 120 mAh/g, or about 110
mAh/g to about 120 mAh/g. In some embodiments, the first
electrode has a gravimetric capacity of about 30 mAh/g,
about 40 mAh/g, about 50 mAh/g, about 60 mAh/g, about 70
mAh/g, about 80 mAh/g, about 90 mAh/g, about 100
mAh/g, about 110 mAh/g, or about 120 mAh/g. In some
embodiments, the first electrode has a gravimetric capacity
of at least about 40 mAl/g, about 50 mAh/g, about 60
mAh/g, about 70 mAh/g, about 80 mAh/g, about 90 mAh/g,
about 100 mAl/g, about 110 mAh/g, or about 120 mAh/g.

[0011] In some embodiments, the first electrode is config-
ured to be employed as the positive electrode. In some
embodiments, the first electrode is configured to be
employed as the negative electrode.

[0012] A second aspect provided herein is a second elec-
trode comprising a hydroxide and a second current collector.

[0013] In some embodiments, the hydroxide comprises
aluminum hydroxide, ammonium hydroxide, arsenic
hydroxide, barium hydroxide, beryllium hydroxide, bismuth
(IIT) hydroxide, boron hydroxide, cadmium hydroxide, cal-
cium hydroxide, cerium(I1l) hydroxide, cesium hydroxide,
chromium(II) hydroxide, chromium(III) hydroxide, chromi-
um(V) hydroxide, chromium(VI) hydroxide, cobalt(Il)
hydroxide, cobalt(Ill) hydroxide, copper(l) hydroxide, cop-
per(Il) hydroxide, gallium(II) hydroxide, gallium(III)
hydroxide, gold(I) hydroxide, gold(I1T) hydroxide, indium(I)
hydroxide, indium(II) hydroxide, indium(IIl) hydroxide,
iridium(II) hydroxide, iron(II) hydroxide, iron(IIl) hydrox-
ide, lanthanum hydroxide, lead(Il) hydroxide, lead(IV)
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hydroxide, lithium hydroxide, magnesium hydroxide, man-
ganese(l]) hydroxide, manganese(III) hydroxide, mangane-
se(IV) hydroxide, manganese(VII) hydroxide, mercury(l)
hydroxide, mercury(Il) hydroxide, molybdenum hydroxide,
neodymium hydroxide, nickel oxo-hydroxide, nickel(Il)
hydroxide, nickel(IIT) hydroxide, niobium hydroxide, osmi-
um(IV) hydroxide, palladium(Il) hydroxide, palladium(IV)
hydroxide, platinum(IT) hydroxide, platinum(IV) hydroxide,
plutonium(IV) hydroxide, potassium hydroxide, radium
hydroxide, rubidium hydroxide, ruthenium(IIl) hydroxide,
scandium hydroxide, silicon hydroxide, silver hydroxide,
sodium hydroxide, strontium hydroxide, tantalum(V)
hydroxide, technetium(Il) hydroxide, tetramethylammo-
nium hydroxide, thallium(I) hydroxide, thallium(III)
hydroxide, thorium hydroxide, tin(I) hydroxide, tin(IV)
hydroxide, titanium(II) hydroxide, titanium(II) hydroxide,
titanium(IV) hydroxide, tungsten(Il) hydroxide, uranyl
hydroxide, vanadium(Il) hydroxide, vanadium(I1I) hydrox-
ide, vanadium(V) hydroxide, ytterbium hydroxide, yttrium
hydroxide, zinc hydroxide, zirconium hydroxide. In some
embodiments, the hydroxide comprises cobalt(Il) hydrox-
ide. In some embodiments, the hydroxide comprises cobalt
(IIT) hydroxide. In some embodiments, the hydroxide com-
prises copper(l) hydroxide. In some embodiments, the
hydroxide comprises copper(Il) hydroxide. In some embodi-
ments, the hydroxide comprises nickel(Il) hydroxide. In
some embodiments, the hydroxide comprises nickel(IIl)
hydroxide.

[0014] In some embodiments, the hydroxide comprises
hydroxide nanoparticles, hydroxide nanopowder, hydroxide
nanoflowers, hydroxide nanoflakes, hydroxide nanodots,
hydroxide nanorods, hydroxide nanochains, hydroxide
nanofibers, hydroxide nanoparticles, hydroxide nanoplate-
lets, hydroxide nanoribbons, hydroxide nanorings, hydrox-
ide nanosheets, or a combination thereof. In some embodi-
ments, the hydroxide comprises hydroxide nanoflakes. In
some embodiments, the hydroxide comprises hydroxide
nanopowder.

[0015] In some embodiments, the hydroxide comprises
cobalt(I]) hydroxide nanopowder. In some embodiments, the
hydroxide comprises cobalt(Ill) hydroxide nanosheets. In
some embodiments, the hydroxide comprises nickel(IIl)
hydroxide nanoflakes. In some embodiments, the hydroxide
comprises copper(l) hydroxide nanoflakes. In some embodi-
ments, the hydroxide comprises copper(Il) hydroxide nano-
powder. In some embodiments, the hydroxide comprises
nickel(Il) hydroxide nanoflakes.

[0016] In some embodiments, the hydroxide is deposited
on the second current collector. In some embodiments, the
second current collector comprises a conductive foam. In
some embodiments, the conductive foam comprises alumi-
num foam, carbon foam, graphene foam, graphite foam,
copper foam, nickel foam, palladium foam, platinum foam,
steel foam, or any combination thereof. In some embodi-
ments, the conductive foam comprises graphene foam. In
some embodiments, the conductive foam comprises graphite
foam. In some embodiments, the conductive foam comprises
copper foam. In some embodiments, the conductive foam
comprises nickel foam.

[0017] In some embodiments, the second electrode has a
capacitance of about 500 F/g to about 2,500 F/g. In some
embodiments, the second electrode has a capacitance of at
least about 500 F/g. In some embodiments, the second
electrode has a capacitance of at most about 2,500 F/g. In
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some embodiments, the second electrode has a capacitance
of about 500 F/g to about 750 F/g, about 500 F/g to about
1,000 F/g, about 500 F/g to about 1,250 F/g, about 500 F/g
to about 1,500 F/g, about 500 F/g to about 1,750 F/g, about
500 F/g to about 2,000 F/g, about 500 F/g to about 2,250 F/g,
about 500 F/g to about 2,500 F/g, about 750 F/g to about
1,000 F/g, about 750 F/g to about 1,250 F/g, about 750 F/g
to about 1,500 F/g, about 750 F/g to about 1,750 F/g, about
750 F/g to about 2,000 F/g, about 750 F/g to about 2,250 F/g,
about 750 F/g to about 2,500 F/g, about 1,000 F/g to about
1,250 F/g, about 1,000 F/g to about 1,500 F/g, about 1,000
F/g to about 1,750 F/g, about 1,000 F/g to about 2,000 F/g,
about 1,000 F/g to about 2,250 F/g, about 1,000 F/g to about
2,500 F/g, about 1,250 F/g to about 1,500 F/g, about 1,250
F/g to about 1,750 F/g, about 1,250 F/g to about 2,000 F/g,
about 1,250 F/g to about 2,250 F/g, about 1,250 F/g to about
2,500 F/g, about 1,500 F/g to about 1,750 F/g, about 1,500
F/g to about 2,000 F/g, about 1,500 F/g to about 2,250 F/g,
about 1,500 F/g to about 2,500 F/g, about 1,750 F/g to about
2,000 F/g, about 1,750 F/g to about 2,250 F/g, about 1,750
F/g to about 2,500 F/g, about 2,000 F/g to about 2,250 F/g,
about 2,000 F/g to about 2,500 F/g, or about 2,250 F/g to
about 2,500 F/g. In some embodiments, the second electrode
has a capacitance of about 500 F/g, about 750 F/g, about
1,000 F/g, about 1,250 F/g, about 1,500 F/g, about 1,750 F/g,
about 2,000 F/g, about 2,250 F/g, or about 2,500 F/g. In
some embodiments, the second electrode has a capacitance
of at least about 750 F/g, about 1,000 F/g, about 1,250 F/g,
about 1,500 F/g, about 1,750 F/g, about 2,000 F/g, about
2,250 F/g, or about 2,500 F/g.

[0018] In some embodiments, the second electrode has a
gravimetric capacity of about 30 mAh/g to about 120
mAbh/g. In some embodiments, the second electrode has a
gravimetric capacity of at least about 30 mAh/g. In some
embodiments, the second electrode has a gravimetric capac-
ity of at most about 120 mAh/g. In some embodiments, the
second electrode has a gravimetric capacity of about 30
mAh/g to about 40 mAh/g, about 30 mAh/g to about 50
mAh/g, about 30 mAh/g to about 60 mAh/g, about 30
mAh/g to about 70 mAh/g, about 30 mAh/g to about 80
mAh/g, about 30 mAh/g to about 90 mAh/g, about 30
mAh/g to about 100 mAh/g, about 30 mAh/g to about 110
mAh/g, about 30 mAh/g to about 120 mAh/g, about 40
mAh/g to about 50 mAh/g, about 40 mAh/g to about 60
mAh/g, about 40 mAh/g to about 70 mAh/g, about 40
mAh/g to about 80 mAh/g, about 40 mAh/g to about 90
mAh/g, about 40 mAh/g to about 100 mAh/g, about 40
mAh/g to about 110 mAh/g, about 40 mAh/g to about 120
mAh/g, about 50 mAh/g to about 60 mAh/g, about 50
mAh/g to about 70 mAh/g, about 50 mAh/g to about 80
mAh/g, about 50 mAh/g to about 90 mAh/g, about 50
mAh/g to about 100 mAh/g, about 50 mAh/g to about 110
mAh/g, about 50 mAh/g to about 120 mAh/g, about 60
mAh/g to about 70 mAh/g, about 60 mAh/g to about 80
mAh/g, about 60 mAh/g to about 90 mAh/g, about 60
mAbh/g to about 100 mAh/g, about 60 mAh/g to about 110
mAh/g, about 60 mAh/g to about 120 mAh/g, about 70
mAh/g to about 80 mAh/g, about 70 mAh/g to about 90
mAh/g, about 70 mAh/g to about 100 mAh/g, about 70
mAh/g to about 110 mAh/g, about 70 mAh/g to about 120
mAh/g, about 80 mAh/g to about 90 mAh/g, about 80
mAh/g to about 100 mAh/g, about 80 mAh/g to about 110
mAh/g, about 80 mAh/g to about 120 mAh/g, about 90
mAh/g to about 100 mAh/g, about 90 mAh/g to about 110
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mAh/g, about 90 mAh/g to about 120 mAh/g, about 100
mAh/g to about 110 mAh/g, about 100 mAh/g to about 120
mAh/g, or about 110 mAh/g to about 120 mAh/g. In some
embodiments, the second electrode has a gravimetric capac-
ity of about 30 mAh/g, about 40 mAh/g, about 50 mAh/g,
about 60 mAh/g, about 70 mAh/g, about 80 mAh/g, about 90
mAh/g, about 100 mAh/g, about 110 mAh/g, or about 120
mAh/g. In some embodiments, the second electrode has a
gravimetric capacity of at least about 40 mAh/g, about 50
mAh/g, about 60 mAh/g, about 70 mAh/g, about 80 mAh/g,
about 90 mAl/g, about 100 mAh/g, about 110 mAh/g, or
about 120 mAh/g.

[0019] In some embodiments, the second electrode is
configured to be employed as the positive electrode. In some
embodiments, the second electrode is configured to be
employed as the negative electrode.

[0020] A third aspect provided herein is an energy storage
device comprising a first electrode comprising a layered
double hydroxide, a conductive scaffold, and a first current
collector; a second electrode comprising a hydroxide and a
second current collector; a separator; and an electrolyte. In
some embodiments, the first electrode comprises a layered
double hydroxide, a conductive scaffold, and a first current
collector. In some embodiments, the first electrode com-
prises a layered double hydroxide. In some embodiments,
the first electrode comprises a scaffold. In some embodi-
ments, the first electrode comprises a conductive scaffold. In
some embodiments, the first electrode comprises a first
current collector. In some embodiments, the second elec-
trode comprises a hydroxide and a second current collector.
In some embodiments, the electrolyte comprises a base and
a conductive additive. In some embodiments, the specific
selection of the electrolyte within the energy storage devices
of the current disclosure enables a significantly high energy
density. In some embodiments, the energy storage device
comprises a first electrode comprising layered double
hydroxide, a conductive scaffold, and a first current collec-
tor, a second electrode comprising a hydroxide and a second
current collector, a separator, and an electrolyte.

[0021] In some embodiments, the energy storage device
stores energy through both redox reactions and ion adsorp-
tion. In some embodiments, the energy storage device com-
prises a battery, a supercapacitor, a hybrid supercapacitor, a
pseudocapacitor, or any combination thereof.

[0022] Insomeembodiments, the first electrode comprises
a layered double hydroxide, a conductive scaffold, and a first
current collector. In some embodiments, the layered double
hydroxide comprises a metallic layered double hydroxide. In
some embodiments, the layered double hydroxide comprises
a zinc-based layered double hydroxide. In some embodi-
ments, the metallic layered double hydroxide comprises a
zinc-iron layered double hydroxide, an aluminum-iron lay-
ered double hydroxide, a chromium-iron layered double
hydroxide, an indium-iron layered double hydroxide, a
manganese-iron layered double hydroxide, or any combina-
tion thereof. In some embodiments, the metallic layered
double hydroxide comprises a zinc-iron layered double
hydroxide. In some embodiments, the metallic layered
double hydroxide comprises a manganese-iron layered
double hydroxide.

[0023] In some embodiments, the conductive scaffold
comprises conductive foam, conductive aerogel, metallic
ionogel, carbon nanotubes, carbon nanosheets, activated
carbon, carbon cloth, carbon black, or any combination
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thereof. In some embodiments, the conductive scaffold
comprises a 3D scaffold. In some embodiments, the con-
ductive scaffold comprises a conductive foam. In some
embodiments, the conductive foam comprises carbon foam,
graphene foam, graphite foam, carbon foam, or any combi-
nation thereof. In some embodiments, the conductive scaf-
fold comprises a conductive aerogel. In some embodiments,
the conductive aerogel comprises carbon aerogel, graphene
aerogel, graphite aerogel, carbon aerogel, or any combina-
tion thereof. In some embodiments, the conductive scaffold
comprises a 3D conductive acrogel. In some embodiments,
the 3D conductive aerogel comprises 3D carbon aerogel, 3D
graphene aerogel, 3D graphite aerogel, 3D carbon aerogel,
or any combination thereof. In some embodiments, the
conductive scaffold comprises a metallic ionogel. In some
embodiments, the metallic ionogel comprises carbon iono-
gel, graphene ionogel, graphite ionogel, In some embodi-
ments, the conductive scaffold comprises a metal. In some
embodiments, the metal comprises aluminum, copper, car-
bon, iron, silver, gold, palladium, platinum, iridium, plati-
num iridium alloy, ruthenium, rhodium, osmium, tantalum,
titanium, tungsten, polysilicon, indium tin oxide or any
combination thereof. In some embodiments, the conductive
scaffold comprises a conductive polymer. In some embodi-
ments, the conductive polymer comprises trans-polyacety-
lene, polyfluorene, polythiophene, polypyrrole, polyphe-
nylene,  polyaniline,  poly(p-phenylene  vinylene),
polypyrenes polyazulene, polynaphthalene, polycarbazole,
polyindole, polyazepine, poly(3,4-ethylenedioxythiophene),
poly(p-phenylene sulfide), poly(acetylene, poly(p-phe-
nylene vinylene), or any combination thereof. In some
embodiments, the conductive scaffold comprises a conduc-
tive ceramic. In some embodiments, the conductive ceramic
comprises zirconium barium titanate, strontium titanate,
calcium titanate, magnesium titanate, calcium magnesium
titanate, zinc titanate, lanthanum titanate, neodymium titan-
ate, barium zirconate, calcium zirconate, lead magnesium
niobate, lead zinc niobate, lithium niobate, barium stannate,
calcium stannate, magnesium aluminium silicate, magne-
sium silicate, barium tantalate, titanium dioxide, niobium
oxide, zirconia, silica, sapphire, beryllium oxide, zirconium
tin titanate, or any combination thereof. In some embodi-
ments, the conducting scaffold is composed of an alloy of
two or more materials or elements.

[0024] In some embodiments, the mass ratio between the
layered double hydroxide and the conductive scaffold is
about 0.2:1 to about 2.4:1. In some embodiments, the mass
ratio between the layered double hydroxide and the conduc-
tive scaffold is at least about 0.2:1, about 0.4:1, about 0.6:1,
about 0.8:1, about 1:1, about 1.2:1, about 1.4:1, about 1.6:1,
about 1.8:1, about 2:1, about 2.2:1, or about 2.4:1. In some
embodiments, the mass ratio between the layered double
hydroxide and the conductive scaffold is at most about 0.2:1,
about 0.4:1, about 0.6:1, about 0.8:1, about 1:1, about 1.2:1,
about 1.4:1, about 1.6:1, about 1.8:1, about 2:1, about 2.2:1,
or about 2.4:1. In some embodiments, the mass ratio
between the layered double hydroxide and the conductive
scaffold is about 0.2:1 to about 0.4:1, about 0.2:1 to about
0.6:1, about 0.2:1 to about 0.8:1, about 0.2:1 to about 1:1,
about 0.2:1 to about 1.2:1, about 0.2:1 to about 1.4:1, about
0.2:1 to about 1.6:1, about 0.2:1 to about 1.8:1, about 0.2:1
to about 2:1, about 0.2:1 to about 2.2:1, about 0.2:1 to about
2.4:1, about 0.4:1 to about 0.6:1, about 0.4:1 to about 0.8:1,
about 0.4:1 to about 1:1, about 0.4:1 to about 1.2:1, about
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0.4:1 to about 1.4:1, about 0.4:1 to about 1.6:1, about 0.4:1
to about 1.8:1, about 0.4:1 to about 2:1, about 0.4:1 to about
2.2:1, about 0.4:1 to about 2.4:1, about 0.6:1 to about 0.8:1,
about 0.6:1 to about 1:1, about 0.6:1 to about 1.2:1, about
0.6:1 to about 1.4:1, about 0.6:1 to about 1.6:1, about 0.6:1
to about 1.8:1, about 0.6:1 to about 2:1, about 0.6:1 to about
2.2:1, about 0.6:1 to about 2.4:1, about 0.8:1 to about 1:1,
about 0.8:1 to about 1.2:1, about 0.8:1 to about 1.4:1, about
0.8:1 to about 1.6:1, about 0.8:1 to about 1.8:1, about 0.8:1
to about 2:1, about 0.8:1 to about 2.2:1, about 0.8:1 to about
2.4:1, about 1:1 to about 1.2:1, about 1:1 to about 1.4:1,
about 1:1 to about 1.6:1, about 1:1 to about 1.8:1, about 1:1
to about 2:1, about 1:1 to about 2.2:1, about 1:1 to about
2.4:1, about 1.2:1 to about 1.4:1, about 1.2:1 to about 1.6:1,
about 1.2:1 to about 1.8:1, about 1.2:1 to about 2:1, about
1.2:1 to about 2.2:1, about 1.2:1 to about 2.4:1, about 1.4:1
to about 1.6:1, about 1.4:1 to about 1.8:1, about 1.4:1 to
about 2:1, about 1.4:1 to about 2.2:1, about 1.4:1 to about
2.4:1, about 1.6:1 to about 1.8:1, about 1.6:1 to about 2:1,
about 1.6:1 to about 2.2:1, about 1.6:1 to about 2.4:1, about
1.8:1 to about 2:1, about 1.8:1 to about 2.2:1, about 1.8:1 to
about 2.4:1, about 2:1 to about 2.2:1, about 2:1 to about
2.4:1, or about 2.2:1 to about 2.4:1. In some embodiments,
the mass ratio between the layered double hydroxide and the
conductive scaffold is about 0.2:1, about 0.4:1, about 0.6:1,
about 0.8:1, about 1:1, about 1.2:1, about 1.4:1, about 1.6:1,
about 1.8:1, about 2:1, about 2.2:1, or about 2.4:1.

[0025] In some embodiments, the first current collector
comprises a conductive foam. In some embodiments, the
conductive foam comprises aluminum foam, carbon foam,
graphene foam, graphite foam, copper foam, nickel foam,
palladium foam, platinum foam, steel foam, or any combi-
nation thereof. In some embodiments, the conductive foam
comprises graphene foam. In some embodiments, the con-
ductive foam comprises graphite foam. In some embodi-
ments, the conductive foam comprises copper foam. In some
embodiments, the conductive foam comprises nickel foam.
In some embodiments, the first current collector is a grid or
sheet of a conductive material that provides a conducting
path along an active material in an electrode.

[0026] In some embodiments, the first electrode has a
capacitance of about 500 F/g to about 2,250 F/g. In some
embodiments, the first electrode has a capacitance of at least
about 500 F/g. In some embodiments, the first electrode has
a capacitance of at most about 2,250 F/g. In some embodi-
ments, the first electrode has a capacitance of about 500 F/g
to about 750 F/g, about 500 F/g to about 1,000 F/g, about
500 F/g to about 1,250 F/g, about 500 F/g to about 1,500 F/g,
about 500 F/g to about 1,750 F/g, about 500 F/g to about
2,000 F/g, about 500 F/g to about 2,250 F/g, about 750 F/g
to about 1,000 F/g, about 750 F/g to about 1,250 F/g, about
750 F/g to about 1,500 F/g, about 750 F/g to about 1,750 F/g,
about 750 F/g to about 2,000 F/g, about 750 F/g to about
2,250 F/g, about 1,000 F/g to about 1,250 F/g, about 1,000
F/g to about 1,500 F/g, about 1,000 F/g to about 1,750 F/g,
about 1,000 F/g to about 2,000 F/g, about 1,000 F/g to about
2,250 F/g, about 1,250 F/g to about 1,500 F/g, about 1,250
F/g to about 1,750 F/g, about 1,250 F/g to about 2,000 F/g,
about 1,250 F/g to about 2,250 F/g, about 1,500 F/g to about
1,750 F/g, about 1,500 F/g to about 2,000 F/g, about 1,500
F/g to about 2,250 F/g, about 1,750 F/g to about 2,000 F/g,
about 1,750 F/g to about 2,250 F/g, or about 2,000 F/g to
about 2,250 F/g. In some embodiments, the first electrode
has a capacitance of about 500 F/g, about 750 F/g, about
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1,000 F/g, about 1,250 F/g, about 1,500 F/g, about 1,750 F/g,
about 2,000 F/g, or about 2,250 F/g. In some embodiments,
the first electrode has a capacitance of about 1,150 F/g. In
some embodiments, the first electrode has a capacitance of
at least about 750 F/g, about 1,000 F/g, about 1,250 F/g,
about 1,500 F/g, about 1,750 F/g, about 2,000 F/g, about or
2,250 F/g.

[0027] In some embodiments, the first electrode has a
gravimetric capacity of about 30 mAh/g to about 120
mAh/g. In some embodiments, the first electrode has a
gravimetric capacity of at least about 30 mAh/g. In some
embodiments, the first electrode has a gravimetric capacity
of at most about 120 mAh/g. In some embodiments, the first
electrode has a gravimetric capacity of about 30 mAh/g to
about 40 mAh/g, about 30 mAh/g to about 50 mAh/g, about
30 mAh/g to about 60 mAh/g, about 30 mAh/g to about 70
mAh/g, about 30 mAh/g to about 80 mAh/g, about 30
mAh/g to about 90 mAh/g, about 30 mAh/g to about 100
mAh/g, about 30 mAh/g to about 110 mAh/g, about 30
mAh/g to about 120 mAh/g, about 40 mAh/g to about 50
mAh/g, about 40 mAh/g to about 60 mAh/g, about 40
mAh/g to about 70 mAh/g, about 40 mAh/g to about 80
mAh/g, about 40 mAh/g to about 90 mAh/g, about 40
mAh/g to about 100 mAh/g, about 40 mAh/g to about 110
mAh/g, about 40 mAh/g to about 120 mAh/g, about 50
mAh/g to about 60 mAh/g, about 50 mAh/g to about 70
mAh/g, about 50 mAh/g to about 80 mAh/g, about 50
mAh/g to about 90 mAh/g, about 50 mAh/g to about 100
mAh/g, about 50 mAh/g to about 110 mAh/g, about 50
mAh/g to about 120 mAh/g, about 60 mAh/g to about 70
mAh/g, about 60 mAh/g to about 80 mAh/g, about 60
mAbh/g to about 90 mAh/g, about 60 mAh/g to about 100
mAh/g, about 60 mAh/g to about 110 mAh/g, about 60
mAbh/g to about 120 mAh/g, about 70 mAh/g to about 80
mAh/g, about 70 mAh/g to about 90 mAh/g, about 70
mAh/g to about 100 mAh/g, about 70 mAh/g to about 110
mAh/g, about 70 mAh/g to about 120 mAh/g, about 80
mAbh/g to about 90 mAh/g, about 80 mAh/g to about 100
mAh/g, about 80 mAh/g to about 110 mAh/g, about 80
mAh/g to about 120 mAl/g, about 90 mAh/g to about 100
mAh/g, about 90 mAh/g to about 110 mAh/g, about 90
mAbh/g to about 120 mAl/g, about 100 mAh/g to about 110
mAh/g, about 100 mAh/g to about 120 mAh/g, or about 110
mAh/g to about 120 mAh/g. In some embodiments, the first
electrode has a gravimetric capacity of about 30 mAh/g,
about 40 mAh/g, about 50 mAh/g, about 60 mAh/g, about 70
mAh/g, about 80 mAh/g, about 90 mAh/g, about 100
mAh/g, about 110 mAh/g, or about 120 mAh/g. In some
embodiments, the first electrode has a gravimetric capacity
of at least about 40 mAl/g, about 50 mAh/g, about 60
mAh/g, about 70 mAh/g, about 80 mAh/g, about 90 mAh/g,
about 100 mAl/g, about 110 mAh/g, or about 120 mAh/g.

[0028] In some embodiments, the second electrode com-
prises a hydroxide and a second current collector. In some
embodiments, the hydroxide comprises aluminum hydrox-
ide, ammonium hydroxide, arsenic hydroxide, barium
hydroxide, beryllium hydroxide, bismuth(III) hydroxide,
boron hydroxide, cadmium hydroxide, calcium hydroxide,
cerium(Ill) hydroxide, cesium hydroxide, chromium(II)
hydroxide, chromium(I1I) hydroxide, chromium(V) hydrox-
ide, chromium(VI) hydroxide, cobalt(Il) hydroxide, cobalt
(IIT) hydroxide, copper(I) hydroxide, copper(Il) hydroxide,
gallium(II) hydroxide, gallium(Ill) hydroxide, gold(I)
hydroxide, gold(IIl) hydroxide, indium(I) hydroxide, indi-



US 2019/0237752 Al

um(Il) hydroxide, indium(Ill) hydroxide, iridium(III)
hydroxide, iron(Il) hydroxide, iron(IIl) hydroxide, lantha-
num hydroxide, lead(Il) hydroxide, lead(IV) hydroxide,
lithium hydroxide, magnesium hydroxide, manganese(Il)
hydroxide, manganese(Ill) hydroxide, manganese(IV)
hydroxide, manganese(V1I) hydroxide, mercury(I) hydrox-
ide, mercury(Il) hydroxide, molybdenum hydroxide, neo-
dymium hydroxide, nickel oxo-hydroxide, nickel(Il)
hydroxide, nickel(IIT) hydroxide, niobium hydroxide, osmi-
um(IV) hydroxide, palladium(Il) hydroxide, palladium(IV)
hydroxide, platinum(IT) hydroxide, platinum(IV) hydroxide,
plutonium(IV) hydroxide, potassium hydroxide, radium
hydroxide, rubidium hydroxide, ruthenium(IIl) hydroxide,
scandium hydroxide, silicon hydroxide, silver hydroxide,
sodium hydroxide, strontium hydroxide, tantalum(V)
hydroxide, technetium(Il) hydroxide, tetramethylammo-
nium hydroxide, thallium(I) hydroxide, thallium(III)
hydroxide, thorium hydroxide, tin(I) hydroxide, tin(IV)
hydroxide, titanium(II) hydroxide, titanium(II) hydroxide,
titanium(IV) hydroxide, tungsten(Il) hydroxide, uranyl
hydroxide, vanadium(Il) hydroxide, vanadium(I1I) hydrox-
ide, vanadium(V) hydroxide, ytterbium hydroxide, yttrium
hydroxide, zinc hydroxide, zirconium hydroxide. In some
embodiments, the hydroxide comprises hydroxide nano-
flakes, hydroxide nanoparticles, hydroxide nanopowder,
hydroxide nanoflowers, hydroxide nanodots, hydroxide nan-
orods, hydroxide nanochains, hydroxide nanofibers, hydrox-
ide nanoparticles, hydroxide nanoplatelets, hydroxide nan-
oribbons, hydroxide nanorings, hydroxide nanosheets, or a
combination thereof. In some embodiments, the hydroxide
comprises nickel(Il) hydroxide. In some embodiments, the
hydroxide comprises nickel(1I1) hydroxide. In some embodi-
ments, the hydroxide comprises palladium(II) hydroxide. In
some embodiments, the hydroxide comprises palladium(IV)
hydroxide. In some embodiments, the hydroxide comprises
copper(l) hydroxide. In some embodiments, the hydroxide
comprises copper(Il) hydroxide.

[0029] In some embodiments, the hydroxide is deposited
on the second current collector. In some embodiments, the
second current collector comprises a conductive foam. In
some embodiments, the conductive foam comprises alumi-
num foam, carbon foam, graphene foam, graphite foam,
copper foam, nickel foam, palladium foam, platinum foam,
steel foam, or any combination thereof. In some embodi-
ments, the conductive foam comprises graphene foam. In
some embodiments, the conductive foam comprises graphite
foam. In some embodiments, the conductive foam comprises
copper foam. In some embodiments, the conductive foam
comprises nickel foam.

[0030] In some embodiments, the second electrode has a
capacitance of about 500 F/g to about 2,500 F/g. In some
embodiments, the second electrode has a capacitance of at
least about 500 F/g. In some embodiments, the second
electrode has a capacitance of at most about 2,500 F/g. In
some embodiments, the second electrode has a capacitance
of about 500 F/g to about 750 F/g, about 500 F/g to about
1,000 F/g, about 500 F/g to about 1,250 F/g, about 500 F/g
to about 1,500 F/g, about 500 F/g to about 1,750 F/g, about
500 F/g to about 2,000 F/g, about 500 F/g to about 2,250 F/g,
about 500 F/g to about 2,500 F/g, about 750 F/g to about
1,000 F/g, about 750 F/g to about 1,250 F/g, about 750 F/g
to about 1,500 F/g, about 750 F/g to about 1,750 F/g, about
750 F/g to about 2,000 F/g, about 750 F/g to about 2,250 F/g,
about 750 F/g to about 2,500 F/g, about 1,000 F/g to about
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1,250 F/g, about 1,000 F/g to about 1,500 F/g, about 1,000
F/g to about 1,750 F/g, about 1,000 F/g to about 2,000 F/g,
about 1,000 F/g to about 2,250 F/g, about 1,000 F/g to about
2,500 F/g, about 1,250 F/g to about 1,500 F/g, about 1,250
F/g to about 1,750 F/g, about 1,250 F/g to about 2,000 F/g,
about 1,250 F/g to about 2,250 F/g, about 1,250 F/g to about
2,500 F/g, about 1,500 F/g to about 1,750 F/g, about 1,500
F/g to about 2,000 F/g, about 1,500 F/g to about 2,250 F/g,
about 1,500 F/g to about 2,500 F/g, about 1,750 F/g to about
2,000 F/g, about 1,750 F/g to about 2,250 F/g, about 1,750
F/g to about 2,500 F/g, about 2,000 F/g to about 2,250 F/g,
about 2,000 F/g to about 2,500 F/g, or about 2,250 F/g to
about 2,500 F/g. In some embodiments, the second electrode
has a capacitance of about 500 F/g, about 750 F/g, about
1,000 F/g, about 1,250 F/g, about 1,500 F/g, about 1,750 F/g,
about 2,000 F/g, about 2,250 F/g, or about 2,500 F/g. In
some embodiments, the second electrode has a capacitance
of at least about 750 F/g, about 1,000 F/g, about 1,250 F/g,
about 1,500 F/g, about 1,750 F/g, about 2,000 F/g, about
2,250 F/g, or about 2,500 F/g.

[0031] In some embodiments, the second electrode has a
gravimetric capacity of about 30 mAh/g to about 120
mAbh/g. In some embodiments, the second electrode has a
gravimetric capacity of at least about 30 mAh/g. In some
embodiments, the second electrode has a gravimetric capac-
ity of at most about 120 mAh/g. In some embodiments, the
second electrode has a gravimetric capacity of about 30
mAh/g to about 40 mAh/g, about 30 mAh/g to about 50
mAh/g, about 30 mAh/g to about 60 mAh/g, about 30
mAh/g to about 70 mAh/g, about 30 mAh/g to about 80
mAh/g, about 30 mAh/g to about 90 mAh/g, about 30
mAh/g to about 100 mAh/g, about 30 mAh/g to about 110
mAh/g, about 30 mAh/g to about 120 mAh/g, about 40
mAh/g to about 50 mAh/g, about 40 mAh/g to about 60
mAh/g, about 40 mAh/g to about 70 mAh/g, about 40
mAh/g to about 80 mAh/g, about 40 mAh/g to about 90
mAh/g, about 40 mAh/g to about 100 mAh/g, about 40
mAh/g to about 110 mAh/g, about 40 mAh/g to about 120
mAh/g, about 50 mAh/g to about 60 mAh/g, about 50
mAh/g to about 70 mAh/g, about 50 mAh/g to about 80
mAh/g, about 50 mAh/g to about 90 mAh/g, about 50
mAh/g to about 100 mAh/g, about 50 mAh/g to about 110
mAh/g, about 50 mAh/g to about 120 mAh/g, about 60
mAh/g to about 70 mAh/g, about 60 mAh/g to about 80
mAh/g, about 60 mAh/g to about 90 mAh/g, about 60
mAbh/g to about 100 mAh/g, about 60 mAh/g to about 110
mAh/g, about 60 mAh/g to about 120 mAh/g, about 70
mAh/g to about 80 mAh/g, about 70 mAh/g to about 90
mAh/g, about 70 mAh/g to about 100 mAh/g, about 70
mAh/g to about 110 mAh/g, about 70 mAh/g to about 120
mAh/g, about 80 mAh/g to about 90 mAh/g, about 80
mAh/g to about 100 mAh/g, about 80 mAh/g to about 110
mAh/g, about 80 mAh/g to about 120 mAh/g, about 90
mAh/g to about 100 mAh/g, about 90 mAh/g to about 110
mAh/g, about 90 mAh/g to about 120 mAbh/g, about 100
mAbh/g to about 110 mAh/g, about 100 mAh/g to about 120
mAh/g, or about 110 mAh/g to about 120 mAh/g. In some
embodiments, the second electrode has a gravimetric capac-
ity of about 30 mAh/g, about 40 mAh/g, about 50 mAh/g,
about 60 mAh/g, about 70 mAh/g, about 80 mAh/g, about 90
mAh/g, about 100 mAh/g, about 110 mAh/g, or about 120
mAbh/g. In some embodiments, the second electrode has a
gravimetric capacity of at least about 40 mAh/g, about 50
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mAh/g, about 60 mAh/g, about 70 mAh/g, about 80 mAh/g,
about 90 mAl/g, about 100 mAh/g, about 110 mAh/g, or
about 120 mAh/g.

[0032] In some embodiments, the first electrode is con-
figured to be employed as the positive electrode. In some
embodiments, the first electrode is configured to be
employed as the negative electrode. In some embodiments,
the first electrode and the second electrode are the same. In
some embodiments, the second electrode is configured to be
employed as the positive electrode. In some embodiments,
the second electrode is configured to be employed as the
negative electrode.

[0033] Insome embodiments, the electrolyte comprises an
aqueous electrolyte. In some embodiments, the electrolyte
comprises alkaline electrolyte. In some embodiments, the
electrolyte comprises a base. In some embodiments, the base
comprises a strong base. In some embodiments, the strong
base comprises lithium hydroxide, sodium hydroxide, potas-
sium hydroxide, rubidium hydroxide, cesium hydroxide,
magnesium hydroxide, calcium hydroxide, strontium
hydroxide, barium hydroxide, or any combination thereof.
In some embodiments, the strong base comprises potassium
hydroxide. In some embodiments, the strong base comprises
calcium hydroxide. In some embodiments, the strong base
comprises sodium hydroxide.

[0034] In some embodiments, the conductive additive
comprises a transition metal oxide. In some embodiments,
the transition metal oxide comprises sodium (I) oxide,
potassium (I) oxide, ferrous (II) oxide, magnesium (II)
oxide, calcium (II) oxide, chromium (III) oxide, copper (I)
oxide, zinc (IT) oxide, or any combination thereof. In some
embodiments, the conductive additive comprises a semicon-
ductive material. In some embodiments, the semiconductive
material comprises cuprous chloride, cadmium phosphide,
cadmium arsenide, cadmium antimonide, zinc phosphide,
zinc arsenide, zinc antimonide, cadmium selenide, cadmium
sulfide, cadmium telluride, zinc selenide, zinc sulfide, zinc
telluride, zinc oxide, or any combination thereof. In some
embodiments, the conductive additive comprises sodium (I)
oxide. In some embodiments, the conductive additive com-
prises. In some embodiments, the conductive additive com-
prises ferrous (II) oxide. In some embodiments, the conduc-
tive additive comprises zinc oxide.

[0035] In some embodiments, the electrolyte has a con-
centration of about 1 M to about 12 M. In some embodi-
ments, the electrolyte has a concentration of at least about 1
M. In some embodiments, the electrolyte has a concentration
of'at most about 12 M. In some embodiments, the electrolyte
has a concentration of about 1 M to about 2 M, about 1 M
to about 3 M, about 1 M to about 4 M, about 1 M to about
5 M, about 1 M to about 6 M, about 1 M to about 7 M, about
1 M to about 8 M, about 1 M to about 9 M, about 1 M to
about 10 M, about 1 M to about 11 M, about 1 M to about
12 M, about 2 M to about 3 M, about 2 M to about 4 M,
about 2 M to about 5 M, about 2 M to about 6 M, about 2
M to about 7 M, about 2 M to about 8 M, about 2 M to about
9 M, about 2 M to about 10 M, about 2 M to about 11 M,
about 2 M to about 12 M, about 3 M to about 4 M, about 3
M to about 5 M, about 3 M to about 6 M, about 3 M to about
7 M, about 3 M to about 8 M, about 3 M to about 9 M, about
3 M to about 10 M, about 3 M to about 11 M, about 3 M to
about 12 M, about 4 M to about 5 M, about 4 M to about 6
M, about 4 M to about 7 M, about 4 M to about 8 M, about
4 M to about 9 M, about 4 M to about 10 M, about 4 M to
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about 11 M, about 4 M to about 12 M, about 5 M to about
6 M, about 5 M to about 7 M, about 5 M to about 8 M, about
5 M to about 9 M, about 5 M to about 10 M, about 5 M to
about 11 M, about 5 M to about 12 M, about 6 M to about
7 M, about 6 M to about 8 M, about 6 M to about 9 M, about
6 M to about 10 M, about 6 M to about 11 M, about 6 M to
about 12 M, about 7 M to about 8 M, about 7 M to about 9
M, about 7 M to about 10 M, about 7 M to about 11 M, about
7 M to about 12 M, about 8 M to about 9 M, about 8 M to
about 10 M, about 8 M to about 11 M, about 8 M to about
12 M, about 9 M to about 10 M, about 9 M to about 11 M,
about 9 M to about 12 M, about 10 M to about 11 M, about
10 M to about 12 M, or about 11 M to about 12 M. In some
embodiments, the electrolyte has a concentration of about 1
M, about 2 M, about 3 M, about 4 M, about 5 M, about 6 M,
about 7 M, about 8 M, about 9 M, about 10 M, about 11 M,
or about 12 M. In some embodiments, the electrolyte has a
concentration of at least about 2 M, about 3 M, about 4 M,
about 5 M, about 6 M, about 7 M, about 8 M, about 9 M,
about 10 M, about 11 M, or about 12 M. In some embodi-
ments, the electrolyte has a concentration of at most about
1 M, about 2 M, about 3 M, about 4 M, about 5 M, about 6
M, about 7 M, about 8 M, about 9 M, about 10 M, or about
11 M.

[0036] Insome embodiments, the separator maintains a set
distance between the first electrode and the second electrode
to prevent electrical short circuits, while allowing the trans-
port of ionic charge carriers. In some embodiments, the
separator comprises a permeable membrane placed between
the first and second electrodes. In some embodiments, the
separator comprises a non-woven fiber, a polymer film, a
ceramic, a naturally occurring material, a supported liquid
membranes or any combination thereof. In some embodi-
ments, the non-woven fiber comprises cotton, nylon, poly-
esters, glass, or any combination thereof. In some embodi-
ments, the polymer film comprises polyethylene,
polypropylene, poly (tetrafluoroethylene), polyvinyl chlo-
ride, or any combination thereof. In some embodiments, the
naturally occurring material comprises rubber, asbestos,
wood, or any combination thereof. In some embodiments a
supported liquid membranes comprises a solid and liquid
phase contained within a microporous separator. In some
embodiments, the separator comprises a sheet, a web, or mat
of directionally oriented fibers, randomly oriented fibers, or
any combination thereof. In some embodiments, the sepa-
rator comprises a single layer. In some embodiments, the
separator comprises a plurality of layers.

[0037] In some embodiments, the energy storage device
has an active material specific energy density of about 400
Wh/kg to about 1,600 Wh/kg. In some embodiments, the
energy storage device has an active material specific energy
density of at least about 400 Wh/kg. In some embodiments,
the energy storage device has an active material specific
energy density of at most about 1,600 Wh/kg. In some
embodiments, the energy storage device has an active mate-
rial specific energy density of about 400 Wh/kg to about 500
Wh/kg, about 400 Wh/kg to about 600 Wh/kg, about 400
Wh/kg to about 700 Wh/kg, about 400 Wh/kg to about 800
Wh/kg, about 400 Wh/kg to about 900 Wh/kg, about 400
Wh/kg to about 1,000 Wh/kg, about 400 Wh/kg to about
1,100 Wh/kg, about 400 Wh/kg to about 1,200 Wh/kg, about
400 Wh/kg to about 1,300 Wh/kg, about 400 Wh/kg to about
1,400 Wh/kg, about 400 Wh/kg to about 1,600 Wh/kg, about
500 Wh/kg to about 600 Whikg, about 500 Wh/kg to about
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700 Wh/kg, about 500 Wh/kg to about 800 Wh/kg, about
500 Wh/kg to about 900 Wh/kg, about 500 Wh/kg to about
1,000 Wh/kg, about 500 Wh/kg to about 1,100 Wh/kg, about
500 Wh/kg to about 1,200 Wh/kg, about 500 Wh/kg to about
1,300 Wh/kg, about 500 Wh/kg to about 1,400 Wh/kg, about
500 Wh/kg to about 1,600 Wh/kg, about 600 Wh/kg to about
700 Wh/kg, about 600 Wh/kg to about 800 Wh/kg, about
600 Wh/kg to about 900 Wh/kg, about 600 Wh/kg to about
1,000 Wh/kg, about 600 Wh/kg to about 1,100 Wh/kg, about
600 Wh/kg to about 1,200 Wh/kg, about 600 Wh/kg to about
1,300 Wh/kg, about 600 Wh/kg to about 1,400 Wh/kg, about
600 Wh/kg to about 1,600 Wh/kg, about 700 Wh/kg to about
800 Wh/kg, about 700 Wh/kg to about 900 Wh/kg, about
700 Wh/kg to about 1,000 Wh/kg, about 700 Wh/kg to about
1,100 Wh/kg, about 700 Wh/kg to about 1,200 Wh/kg, about
700 Wh/kg to about 1,300 Wh/kg, about 700 Wh/kg to about
1,400 Wh/kg, about 700 Wh/kg to about 1,600 Wh/kg, about
800 Wh/kg to about 900 Wh/kg, about 800 Wh/kg to about
1,000 Wh/kg, about 800 Wh/kg to about 1,100 Wh/kg, about
800 Wh/kg to about 1,200 Wh/kg, about 800 Wh/kg to about
1,300 Wh/kg, about 800 Wh/kg to about 1,400 Wh/kg, about
800 Wh/kg to about 1,600 Wh/kg, about 900 Wh/kg to about
1,000 Wh/kg, about 900 Wh/kg to about 1,100 Wh/kg, about
900 Wh/kg to about 1,200 Wh/kg, about 900 Wh/kg to about
1,300 Wh/kg, about 900 Wh/kg to about 1,400 Wh/kg, about
900 Wh/kg to about 1,600 Wh/kg, about 1,000 Wh/kg to
about 1,100 Wh/kg, about 1,000 Wh/kg to about 1,200
Wh/kg, about 1,000 Wh/kg to about 1,300 Wh/kg, about
1,000 Wh/kg to about 1,400 Whikg, about 1,000 Wh/kg to
about 1,600 Wh/kg, about 1,100 Wh/kg to about 1,200
Wh/kg, about 1,100 Wh/kg to about 1,300 Wh/kg, about
1,100 Wh/kg to about 1,400 Whikg, about 1,100 Wh/kg to
about 1,600 Wh/kg, about 1,200 Wh/kg to about 1,300
Wh/kg, about 1,200 Wh/kg to about 1,400 Wh/kg, about
1,200 Wh/kg to about 1,600 Whikg, about 1,300 Wh/kg to
about 1,400 Wh/kg, about 1,300 Wh/kg to about 1,600
Wh/kg, or about 1,400 Wh/kg to about 1,600 Wh/kg. In
some embodiments, the energy storage device has an active
material specific energy density of about 400 Wh/kg, about
500 Wh/kg, about 600 Wh/kg, about 700 Wh/kg, about 800
Wh/kg, about 900 Whikg, about 1,000 Wh/kg, about 1,100
Wh/kg, about 1,200 Wh/kg, about 1,300 Wh/kg, about 1,400
Wh/kg, or about 1,600 Wh/kg. In some embodiments, the
energy storage device has an active material specific energy
density of at least about 500 Wh/kg, about 600 Wh/kg, about
700 Wh/kg, about 800 Wh/kg, about 900 Wh/kg, about
1,000 Wh/kg, about 1,100 Wh/kg, about 1,200 Wh/kg, about
1,300 Wh/kg, about 1,400 Wh/kg, or about 1,600 Wh/kg.

[0038] In some embodiments, the energy storage device
has a total gravimetric energy density of about 200 Wh/kg
to about 800 Wh/kg. In some embodiments, the energy
storage device has a total gravimetric energy density of at
least about 200 Wh/kg. In some embodiments, the energy
storage device has a total gravimetric energy density of at
most about 800 Wh/kg. In some embodiments, the energy
storage device has a total gravimetric energy density of
about 200 Wh/kg to about 250 Wh/kg, about 200 Whikg to
about 300 Wh/kg, about 200 Wh/kg to about 350 Wh/kg,
about 200 Wh/kg to about 400 Wh/kg, about 200 Whikg to
about 450 Wh/kg, about 200 Wh/kg to about 500 Wh/kg,
about 200 Wh/kg to about 550 Wh/kg, about 200 Whikg to
about 600 Wh/kg, about 200 Wh/kg to about 650 Wh/kg,
about 200 Wh/kg to about 700 Wh/kg, about 200 Whikg to
about 800 Wh/kg, about 250 Wh/kg to about 300 Wh/kg,
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about 250 Wh/kg to about 350 Wh/kg, about 250 Wh/kg to
about 400 Wh/kg, about 250 Wh/kg to about 450 Wh/kg,
about 250 Wh/kg to about 500 Wh/kg, about 250 Wh/kg to
about 550 Wh/kg, about 250 Wh/kg to about 600 Wh/kg,
about 250 Wh/kg to about 650 Wh/kg, about 250 Wh/kg to
about 700 Wh/kg, about 250 Wh/kg to about 800 Wh/kg,
about 300 Wh/kg to about 350 Wh/kg, about 300 Wh/kg to
about 400 Wh/kg, about 300 Wh/kg to about 450 Wh/kg,
about 300 Wh/kg to about 500 Wh/kg, about 300 Wh/kg to
about 550 Wh/kg, about 300 Wh/kg to about 600 Wh/kg,
about 300 Wh/kg to about 650 Wh/kg, about 300 Wh/kg to
about 700 Wh/kg, about 300 Wh/kg to about 800 Wh/kg,
about 350 Wh/kg to about 400 Wh/kg, about 350 Wh/kg to
about 450 Wh/kg, about 350 Wh/kg to about 500 Wh/kg,
about 350 Wh/kg to about 550 Wh/kg, about 350 Wh/kg to
about 600 Wh/kg, about 350 Wh/kg to about 650 Wh/kg,
about 350 Wh/kg to about 700 Wh/kg, about 350 Wh/kg to
about 800 Wh/kg, about 400 Wh/kg to about 450 Wh/kg,
about 400 Wh/kg to about 500 Wh/kg, about 400 Wh/kg to
about 550 Wh/kg, about 400 Wh/kg to about 600 Wh/kg,
about 400 Wh/kg to about 650 Wh/kg, about 400 Wh/kg to
about 700 Wh/kg, about 400 Wh/kg to about 800 Wh/kg,
about 450 Wh/kg to about 500 Wh/kg, about 450 Wh/kg to
about 550 Wh/kg, about 450 Wh/kg to about 600 Wh/kg,
about 450 Wh/kg to about 650 Wh/kg, about 450 Wh/kg to
about 700 Wh/kg, about 450 Wh/kg to about 800 Wh/kg,
about 500 Wh/kg to about 550 Wh/kg, about 500 Wh/kg to
about 600 Wh/kg, about 500 Wh/kg to about 650 Wh/kg,
about 500 Wh/kg to about 700 Wh/kg, about 500 Wh/kg to
about 800 Wh/kg, about 550 Wh/kg to about 600 Wh/kg,
about 550 Wh/kg to about 650 Wh/kg, about 550 Wh/kg to
about 700 Wh/kg, about 550 Wh/kg to about 800 Wh/kg,
about 600 Wh/kg to about 650 Wh/kg, about 600 Wh/kg to
about 700 Wh/kg, about 600 Wh/kg to about 800 Wh/kg,
about 650 Wh/kg to about 700 Wh/kg, about 650 Wh/kg to
about 800 Wh/kg, or about 700 Wh/kg to about 800 Wh/kg.
In some embodiments, the energy storage device has a total
gravimetric energy density of about 200 Wh/kg, about 250
Wh/kg, about 300 Whikg, about 350 Wh/kg, about 400
Wh/kg, about 450 Whikg, about 500 Wh/kg, about 550
Wh/kg, about 600 Whikg, about 650 Wh/kg, about 700
Wh/kg, or about 800 Wh/kg. In some embodiments, the
energy storage device has a total gravimetric energy density
of at least about 250 Wh/kg, about 300 Wh/kg, about 350
Wh/kg, about 400 Whikg, about 450 Wh/kg, about 500
Wh/kg, about 550 Whikg, about 600 Wh/kg, about 650
Wh/kg, about 700 Wh/kg, or about 800 Wh/kg.

[0039] In some embodiments, the energy storage device
has a total volumetric energy density of about 300 Wh/L to
about 1,500 Wh/L. In some embodiments, the energy stor-
age device has a total volumetric energy density of at least
about 300 Wh/L. In some embodiments, the energy storage
device has a total volumetric energy density of at most about
1,500 Wh/L. In some embodiments, the energy storage
device has a total volumetric energy density of about 300
Wh/L to about 400 Wh/L, about 300 Wh/L to about 500
Wh/L, about 300 Wh/L to about 600 Wh/L, about 300 Wh/LL
to about 700 Wh/L, about 300 Wh/L to about 800 Wh/L,
about 300 Wh/L to about 900 Wh/L, about 300 Wh/L to
about 1,000 Wh/L, about 300 Wh/L to about 1,100 Wh/L,
about 300 Wh/L to about 1,200 Wh/L, about 300 Wh/L to
about 1,300 Wh/L, about 300 Wh/L to about 1,500 Wh/L,
about 400 Wh/L to about 500 Wh/L, about 400 Wh/L to
about 600 Wh/L, about 400 Wh/L to about 700 Wh/L, about
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400 Wh/L to about 800 Wh/L, about 400 Wh/L to about 900
Wh/L, about 400 Wh/L to about 1,000 Wh/L, about 400
Wh/L to about 1,100 Wh/L, about 400 Wh/L to about 1,200
Wh/L, about 400 Wh/L to about 1,300 Wh/L, about 400
Wh/L to about 1,500 Wh/L, about 500 Wh/L to about 600
Wh/L, about 500 Wh/L to about 700 Wh/L, about 500 Wh/L
to about 800 Wh/L, about 500 Wh/L to about 900 Wh/L,
about 500 Wh/L to about 1,000 Wh/L, about 500 Wh/L to
about 1,100 Wh/L, about 500 Wh/L to about 1,200 Wh/L,
about 500 Wh/L to about 1,300 Wh/L, about 500 Wh/L to
about 1,500 Wh/L, about 600 Wh/L to about 700 Wh/L,
about 600 Wh/L to about 800 Wh/L, about 600 Wh/L to
about 900 Wh/L, about 600 Wh/L to about 1,000 Wh/L,
about 600 Wh/L to about 1,100 Wh/L, about 600 Wh/L to
about 1,200 Wh/L, about 600 Wh/L to about 1,300 Wh/L,
about 600 Wh/L to about 1,500 Wh/L, about 700 Wh/L to
about 800 Wh/L, about 700 Wh/L to about 900 Wh/L, about
700 WH/L to about 1,000 Wh/L, about 700 Wh/L to about
1,100 Wh/L, about 700 Wh/L to about 1,200 Wh/L, about
700 WH/L to about 1,300 Wh/L, about 700 Wh/L to about
1,500 Wh/L, about 800 Wh/L to about 900 Wh/L, about 800
Wh/L to about 1,000 Wh/L, about 800 Wh/L to about 1,100
Wh/L, about 800 Wh/L to about 1,200 Wh/L, about 800
Wh/L to about 1,300 Wh/L, about 800 Wh/L to about 1,500
Wh/L, about 900 Wh/L to about 1,000 Wh/L, about 900
Wh/L to about 1,100 Wh/L, about 900 Wh/L to about 1,200
Wh/L, about 900 Wh/L to about 1,300 Wh/L, about 900
WH/L to about 1,500 Wh/L, about 1,000 Wh/L to about
1,100 Wh/L, about 1,000 Wh/L to about 1,200 Wh/L, about
1,000 Wh/L to about 1,300 Wh/L, about 1,000 Wh/L to
about 1,500 Wh/L, about 1,100 Wh/L to about 1,200 Wh/L,
about 1,100 Wh/L to about 1,300 Wh/L, about 1,100 Wh/L
to about 1,500 Wh/L, about 1,200 Wh/L to about 1,300
Wh/L, about 1,200 Wh/L to about 1,500 Wh/L, or about
1,300 Wh/L to about 1,500 Wh/L. In some embodiments, the
energy storage device has a total volumetric energy density
of about 300 Wh/L, about 400 Wh/L, about 500 Wh/L, about
600 Wh/L, about 700 Wh/L, about 800 Wh/L, about 900
Wh/L, about 1,000 Wh/L, about 1,100 Wh/L, about 1,200
Wh/L, about 1,300 Wh/L, or about 1,500 Wh/L. In some
embodiments, the energy storage device has a total volu-
metric energy density of at least about 400 Wh/L, about 500
Wh/L, about 600 Wh/L, about 700 Wh/L, about 800 Wh/L,
about 900 Wh/L, about 1,000 Wh/L, about 1,100 Wh/L,
about 1,200 Wh/L, about 1,300 Wh/L, or about 1,500 Wh/L.

[0040] In some embodiments, the energy storage device
has an active material specific power density of about 75
kW/kg to about 275 kW/kg. In some embodiments, the
energy storage device has an active material specific power
density of at least about 75 KW/kg. In some embodiments,
the energy storage device has an active material specific
power density of at most about 275 kW/kg. In some embodi-
ments, the energy storage device has an active material
specific power density of about 75 kW/kg to about 100
kW/kg, about 75 kW/kg to about 125 kW/kg, about 75
kW/kg to about 150 kW/kg, about 75 kW/kg to about 175
kW/kg, about 75 kW/kg to about 200 kW/kg, about 75
kW/kg to about 225 kW/kg, about 75 kW/kg to about 250
kW/kg, about 75 kW/kg to about 275 kW/kg, about 100
kW/kg to about 125 kW/kg, about 100 kW/kg to about 150
kW/kg, about 100 kW/kg to about 175 kW/kg, about 100
kW/kg to about 200 kW/kg, about 100 kW/kg to about 225
kW/kg, about 100 kW/kg to about 250 kW/kg, about 100
kW/kg to about 275 kW/kg, about 125 kW/kg to about 150
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kW/kg, about 125 kW/kg to about 175 kW/kg, about 125
kW/kg to about 200 kW/kg, about 125 kW/kg to about 225
kW/kg, about 125 kW/kg to about 250 kW/kg, about 125
kW/kg to about 275 kW/kg, about 150 kW/kg to about 175
kW/kg, about 150 kW/kg to about 200 kW/kg, about 150
kW/kg to about 225 kW/kg, about 150 kW/kg to about 250
kW/kg, about 150 kW/kg to about 275 kW/kg, about 175
kW/kg to about 200 kW/kg, about 175 kW/kg to about 225
kW/kg, about 175 kW/kg to about 250 kW/kg, about 175
kW/kg to about 275 kW/kg, about 200 kW/kg to about 225
kW/kg, about 200 kW/kg to about 250 kW/kg, about 200
kW/kg to about 275 kW/kg, about 225 kW/kg to about 250
kW/kg, about 225 kW/kg to about 275 kW/kg, or about 250
kW/kg to about 275 kW/kg. In some embodiments, the
energy storage device has an active material specific power
density of about 75 kW/kg, about 100 kW/kg, about 125
kW/kg, about 150 kW/kg, about 175 kW/kg, about 200
kW/kg, about 225 kW/kg, about 250 kW/kg, or about 275
kW/kg. In some embodiments, the energy storage device has
an active material specific power density of at least about
100 kW/kg, about 125 kW/kg, about 150 kW/kg, about 175
kW/kg, about 200 kW/kg, about 225 kW/kg, about 250
kW/kg, or about 275 kW/kg.

[0041] In some embodiments, the energy storage device
has a total power density of about 30 kW/kg to about 120
kW/kg. In some embodiments, the energy storage device has
a total power density of at least about 30 kW/kg. In some
embodiments, the energy storage device has a total power
density of at most about 120 kW/kg. In some embodiments,
the energy storage device has a total power density of about
30 kW/kg to about 40 kW/kg, about 30 kW/kg to about 50
kW/kg, about 30 kW/kg to about 60 kW/kg, about 30 kW/kg
to about 70 kW/kg, about 30 kW/kg to about 80 kW/kg,
about 30 kW/kg to about 90 kW/kg, about 30 kW/kg to
about 100 kW/kg, about 30 kW/kg to about 110 kW/kg,
about 30 kW/kg to about 120 kW/kg, about 40 kW/kg to
about 50 kW/kg, about 40 kW/kg to about 60 kW/kg, about
40 kW/kg to about 70 kW/kg, about 40 kW/kg to about 80
kW/kg, about 40 kW/kg to about 90 kW/kg, about 40 kW/kg
to about 100 kW/kg, about 40 kW/kg to about 110 kW/kg,
about 40 kW/kg to about 120 kW/kg, about 50 kW/kg to
about 60 kW/kg, about 50 kW/kg to about 70 kW/kg, about
50 kW/kg to about 80 kW/kg, about 50 kW/kg to about 90
kW/kg, about 50 kW/kg to about 100 kW/kg, about 50
kW/kg to about 110 kW/kg, about 50 kW/kg to about 120
kW/kg, about 60 kW/kg to about 70 kW/kg, about 60 kW/kg
to about 80 kW/kg, about 60 kW/kg to about 90 kW/kg,
about 60 kW/kg to about 100 kW/kg, about 60 kW/kg to
about 110 kW/kg, about 60 kW/kg to about 120 kW/kg,
about 70 kW/kg to about 80 kW/kg, about 70 kW/kg to
about 90 kW/kg, about 70 kW/kg to about 100 kW/kg, about
70 kW/kg to about 110 kW/kg, about 70 kW/kg to about 120
kW/kg, about 80 kW/kg to about 90 kW/kg, about 80 kW/kg
to about 100 kW/kg, about 80 kW/kg to about 110 kW/kg,
about 80 kW/kg to about 120 kW/kg, about 90 kW/kg to
about 100 kW/kg, about 90 kW/kg to about 110 kW/kg,
about 90 kW/kg to about 120 kW/kg, about 100 kW/kg to
about 110 kW/kg, about 100 kW/kg to about 120 kW/kg, or
about 110 kW/kg to about 120 kW/kg. In some embodi-
ments, the energy storage device has a total power density of
about 30 kW/kg, about 40 kW/kg, about 50 kW/kg, about 60
kW/kg, about 70 kW/kg, about 80 kW/kg, about 90 kW/kg,
about 100 kW/kg, about 110 kW/kg, or about 120 kW/kg. In
some embodiments, the energy storage device has a total
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power density of at least about 40 kW/kg, about 50 kW/kg,
about 60 kW/kg, about 70 kW/kg, about 80 kW/kg, about 90
kW/kg, about 100 kW/kg, about 110 kW/kg, or about 120
kW/kg.

[0042] In some embodiments, the energy storage device
has a cell-specific capacity at a voltage of about 1.7 V of
about 2,000 mAh to about 10,000 mAh. In some embodi-
ments, the energy storage device has a cell-specific capacity
at a voltage of about 1.7 V of at least about 2,000 mAh. In
some embodiments, the energy storage device has a cell-
specific capacity at a voltage of about 1.7 V of at most about
10,000 mAh. In some embodiments, the energy storage
device has a cell-specific capacity at a voltage of about 1.7
V of about 2,000 mAh to about 2,500 mAh, about 2,000
mAh to about 3,000 mAh, about 2,000 mAh to about 3,500
mAh, about 2,000 mAh to about 4,000 mAh, about 2,000
mAh to about 4,500 mAh, about 2,000 mAh to about 5,000
mAh, about 2,000 mAh to about 5,500 mAh, about 2,000
mAh to about 6,000 mAh, about 2,000 mAh to about 7,000
mAh, about 2,000 mAh to about 8,000 mAh, about 2,000
mAh to about 10,000 mAh, about 2,500 mAh to about 3,000
mAh, about 2,500 mAh to about 3,500 mAh, about 2,500
mAh to about 4,000 mAh, about 2,500 mAh to about 4,500
mAh, about 2,500 mAh to about 5,000 mAh, about 2,500
mAh to about 5,500 mAh, about 2,500 mAh to about 6,000
mAh, about 2,500 mAh to about 7,000 mAh, about 2,500
mAh to about 8,000 mAh, about 2,500 mAh to about 10,000
mAh, about 3,000 mAh to about 3,500 mAh, about 3,000
mAh to about 4,000 mAh, about 3,000 mAh to about 4,500
mAh, about 3,000 mAh to about 5,000 mAh, about 3,000
mAh to about 5,500 mAh, about 3,000 mAh to about 6,000
mAh, about 3,000 mAh to about 7,000 mAh, about 3,000
mAh to about 8,000 mAh, about 3,000 mAh to about 10,000
mAh, about 3,500 mAh to about 4,000 mAh, about 3,500
mAh to about 4,500 mAh, about 3,500 mAh to about 5,000
mAh, about 3,500 mAh to about 5,500 mAh, about 3,500
mAh to about 6,000 mAh, about 3,500 mAh to about 7,000
mAh, about 3,500 mAh to about 8,000 mAh, about 3,500
mAh to about 10,000 mAh, about 4,000 mAh to about 4,500
mAh, about 4,000 mAh to about 5,000 mAh, about 4,000
mAh to about 5,500 mAh, about 4,000 mAh to about 6,000
mAh, about 4,000 mAh to about 7,000 mAh, about 4,000
mAh to about 8,000 mAh, about 4,000 mAh to about 10,000
mAh, about 4,500 mAh to about 5,000 mAh, about 4,500
mAh to about 5,500 mAh, about 4,500 mAh to about 6,000
mAh, about 4,500 mAh to about 7,000 mAh, about 4,500
mAh to about 8,000 mAh, about 4,500 mAh to about 10,000
mAh, about 5,000 mAh to about 5,500 mAh, about 5,000
mAh to about 6,000 mAh, about 5,000 mAh to about 7,000
mAh, about 5,000 mAh to about 8,000 mAh, about 5,000
mAh to about 10,000 mAh, about 5,500 mAh to about 6,000
mAh, about 5,500 mAh to about 7,000 mAh, about 5,500
mAh to about 8,000 mAh, about 5,500 mAh to about 10,000
mAh, about 6,000 mAh to about 7,000 mAh, about 6,000
mAh to about 8,000 mAh, about 6,000 mAh to about 10,000
mAh, about 7,000 mAh to about 8,000 mAh, about 7,000
mAh to about 10,000 mAh, or about 8,000 mAh to about
10,000 mAh. In some embodiments, the energy storage
device has a cell-specific capacity at a voltage of about 1.7
V of about 2,000 mAh, about 2,500 mAh, about 3,000 mAh,
about 3,500 mAh, about 4,000 mAh, about 4,500 mAh,
about 5,000 mAh, about 5,500 mAh, about 6,000 mAh,
about 7,000 mAh, about 8,000 mAh, or about 10,000 mAh.
In some embodiments, the energy storage device has a
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cell-specific capacity at a voltage of about 1.7 V of at least
about 2,500 mAh, about 3,000 mAh, about 3,500 mAh,
about 4,000 mAh, about 4,500 mAh, about 5,000 mAh,
about 5,500 mAh, about 6,000 mAh, about 7,000 mAh,
about 8,000 mAh, or about 10,000 mAh.

[0043] In some embodiments, the energy storage device
has a cell-specific capacity at a voltage of about 1.5 V of
about 2,000 mAh to about 8,000 mAh. In some embodi-
ments, the energy storage device has a cell-specific capacity
at a voltage of about 1.5 V of at least about 2,000 mAh. In
some embodiments, the energy storage device has a cell-
specific capacity at a voltage of about 1.5 V of at most about
8,000 mAh. In some embodiments, the energy storage
device has a cell-specific capacity at a voltage of about 1.5
V of about 2,000 mAh to about 2,500 mAh, about 2,000
mAh to about 3,000 mAh, about 2,000 mAh to about 3,500
mAh, about 2,000 mAh to about 4,000 mAh, about 2,000
mAh to about 4,500 mAh, about 2,000 mAh to about 5,000
mAh, about 2,000 mAh to about 5,500 mAh, about 2,000
mAh to about 6,000 mAh, about 2,000 mAh to about 7,000
mAh, about 2,000 mAh to about 8,000 mAh, about 2,500
mAh to about 3,000 mAh, about 2,500 mAh to about 3,500
mAh, about 2,500 mAh to about 4,000 mAh, about 2,500
mAh to about 4,500 mAh, about 2,500 mAh to about 5,000
mAh, about 2,500 mAh to about 5,500 mAh, about 2,500
mAh to about 6,000 mAh, about 2,500 mAh to about 7,000
mAh, about 2,500 mAh to about 8,000 mAh, about 3,000
mAh to about 3,500 mAh, about 3,000 mAh to about 4,000
mAh, about 3,000 mAh to about 4,500 mAh, about 3,000
mAh to about 5,000 mAh, about 3,000 mAh to about 5,500
mAh, about 3,000 mAh to about 6,000 mAh, about 3,000
mAh to about 7,000 mAh, about 3,000 mAh to about 8,000
mAh, about 3,500 mAh to about 4,000 mAh, about 3,500
mAh to about 4,500 mAh, about 3,500 mAh to about 5,000
mAh, about 3,500 mAh to about 5,500 mAh, about 3,500
mAh to about 6,000 mAh, about 3,500 mAh to about 7,000
mAh, about 3,500 mAh to about 8,000 mAh, about 4,000
mAh to about 4,500 mAh, about 4,000 mAh to about 5,000
mAh, about 4,000 mAh to about 5,500 mAh, about 4,000
mAh to about 6,000 mAh, about 4,000 mAh to about 7,000
mAh, about 4,000 mAh to about 8,000 mAh, about 4,500
mAh to about 5,000 mAh, about 4,500 mAh to about 5,500
mAh, about 4,500 mAh to about 6,000 mAh, about 4,500
mAh to about 7,000 mAh, about 4,500 mAh to about 8,000
mAh, about 5,000 mAh to about 5,500 mAh, about 5,000
mAh to about 6,000 mAh, about 5,000 mAh to about 7,000
mAh, about 5,000 mAh to about 8,000 mAh, about 5,500
mAh to about 6,000 mAh, about 5,500 mAh to about 7,000
mAh, about 5,500 mAh to about 8,000 mAh, about 6,000
mAh to about 7,000 mAh, about 6,000 mAh to about 8,000
mAh, or about 7,000 mAh to about 8,000 mAh. In some
embodiments, the energy storage device has a cell-specific
capacity at a voltage of about 1.5 V of about 2,000 mAh,
about 2,500 mAh, about 3,000 mAh, about 3,500 mAh,
about 4,000 mAh, about 4,500 mAh, about 5,000 mAh,
about 5,500 mAh, about 6,000 mAh, about 7,000 mAh, or
about 8,000 mAh. In some embodiments, the energy storage
device has a cell-specific capacity at a voltage of about 1.5
V of at least about 2,500 mAh, about 3,000 mAh, about
3,500 mAh, about 4,000 mAh, about 4,500 mAh, about
5,000 mAh, about 5,500 mAh, about 6,000 mAh, about
7,000 mAh, or about 8,000 mAh.

[0044] In some embodiments, the energy storage device
has a gravimetric capacity at a discharge rate of about 1C of
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about 250 mAl/g to about 1,000 mAh/g. In some embodi-
ments, the energy storage device has a gravimetric capacity
at a discharge rate of about 1C of at least about 250 mAh/g.
In some embodiments, the energy storage device has a
gravimetric capacity at a discharge rate of about 1C of at
most about 1,000 mAh/g. In some embodiments, the energy
storage device has a gravimetric capacity at a discharge rate
of'about 1C of about 250 mAl/g to about 300 mAh/g, about
250 mAl/g to about 350 mAh/g, about 250 mAh/g to about
400 mAbh/g, about 250 mAl/g to about 450 mAh/g, about
250 mAl/g to about 500 mAh/g, about 250 mAh/g to about
550 mAh/g, about 250 mAh/g to about 600 mAh/g, about
250 mAh/g to about 650 mAh/g, about 250 mAh/g to about
700 mAh/g, about 250 mAl/g to about 800 mAh/g, about
250 mAbh/g to about 1,000 mAh/g, about 300 mAh/g to
about 350 mAh/g, about 300 mAh/g to about 400 mAh/g,
about 300 mAh/g to about 450 mAh/g, about 300 mAh/g to
about 500 mAh/g, about 300 mAh/g to about 550 mAh/g,
about 300 mAh/g to about 600 mAh/g, about 300 mAh/g to
about 650 mAh/g, about 300 mAh/g to about 700 mAh/g,
about 300 mAh/g to about 800 mAh/g, about 300 mAh/g to
about 1,000 mAh/g, about 350 mAl/g to about 400 mAh/g,
about 350 mAl/g to about 450 mAh/g, about 350 mAh/g to
about 500 mAh/g, about 350 mAh/g to about 550 mAh/g,
about 350 mAl/g to about 600 mAh/g, about 350 mAh/g to
about 650 mAh/g, about 350 mAh/g to about 700 mAh/g,
about 350 mAl/g to about 800 mAh/g, about 350 mAh/g to
about 1,000 mAh/g, about 400 mAl/g to about 450 mAh/g,
about 400 mAh/g to about 500 mAh/g, about 400 mAh/g to
about 550 mAh/g, about 400 mAh/g to about 600 mAh/g,
about 400 mAh/g to about 650 mAh/g, about 400 mAh/g to
about 700 mAh/g, about 400 mAh/g to about 800 mAh/g,
about 400 mAh/g to about 1,000 mAh/g, about 450 mAh/g
to about 500 mAh/g, about 450 mAh/g to about 550 mAh/g,
about 450 mAl/g to about 600 mAh/g, about 450 mAh/g to
about 650 mAh/g, about 450 mAh/g to about 700 mAh/g,
about 450 mAl/g to about 800 mAh/g, about 450 mAh/g to
about 1,000 mAh/g, about 500 mAl/g to about 550 mAh/g,
about 500 mAh/g to about 600 mAh/g, about 500 mAh/g to
about 650 mAh/g, about 500 mAh/g to about 700 mAh/g,
about 500 mAh/g to about 800 mAh/g, about 500 mAh/g to
about 1,000 mAh/g, about 550 mAl/g to about 600 mAh/g,
about 550 mAl/g to about 650 mAh/g, about 550 mAh/g to
about 700 mAh/g, about 550 mAh/g to about 800 mAh/g,
about 550 mAh/g to about 1,000 mAh/g, about 600 mAh/g
to about 650 mAh/g, about 600 mAh/g to about 700 mAh/g,
about 600 mAh/g to about 800 mAh/g, about 600 mAh/g to
about 1,000 mAh/g, about 650 mAl/g to about 700 mAh/g,
about 650 mAh/g to about 800 mAh/g, about 650 mAh/g to
about 1,000 mAh/g, about 700 mAl/g to about 800 mAh/g,
about 700 mAlh/g to about 1,000 mAh/g, or about 800
mAh/g to about 1,000 mAh/g. In some embodiments, the
energy storage device has a gravimetric capacity at a dis-
charge rate of about 1C of about 250 mAh/g, about 300
mAh/g, about 350 mAh/g, about 400 mAh/g, about 450
mAh/g, about 500 mAh/g, about 550 mAh/g, about 600
mAh/g, about 650 mAh/g, about 700 mAh/g, about 800
mAh/g, or about 1,000 mAh/g. In some embodiments, the
energy storage device has a gravimetric capacity at a dis-
charge rate of about 1C of at least about 300 mAh/g, about
350 mAl/g, about 400 mAh/g, about 450 mAh/g, about 500
mAh/g, about 550 mAh/g, about 600 mAh/g, about 650
mAh/g, about 700 mAh/g, about 800 mAh/g, or about 1,000
mAh/g.
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[0045] In some embodiments, the energy storage device
has a gravimetric capacity at a discharge rate of about 2C of
about 250 mAh/g to about 800 mAh/g. In some embodi-
ments, the energy storage device has a gravimetric capacity
at a discharge rate of about 2C of at least about 250 mAh/g.
In some embodiments, the energy storage device has a
gravimetric capacity at a discharge rate of about 2C of at
most about 800 mAh/g. In some embodiments, the energy
storage device has a gravimetric capacity at a discharge rate
of'about 2C of about 250 mAl/g to about 300 mAh/g, about
250 mAh/g to about 350 mAh/g, about 250 mAh/g to about
400 mAbh/g, about 250 mAh/g to about 450 mAh/g, about
250 mAh/g to about 500 mAh/g, about 250 mAh/g to about
550 mAh/g, about 250 mAh/g to about 600 mAh/g, about
250 mAh/g to about 650 mAh/g, about 250 mAh/g to about
700 mAh/g, about 250 mAh/g to about 800 mAh/g, about
300 mAh/g to about 350 mAh/g, about 300 mAh/g to about
400 mAbh/g, about 300 mAh/g to about 450 mAh/g, about
300 mAh/g to about 500 mAh/g, about 300 mAh/g to about
550 mAh/g, about 300 mAh/g to about 600 mAh/g, about
300 mAh/g to about 650 mAh/g, about 300 mAh/g to about
700 mAh/g, about 300 mAh/g to about 800 mAh/g, about
350 mAh/g to about 400 mAh/g, about 350 mAh/g to about
450 mAbh/g, about 350 mAh/g to about 500 mAh/g, about
350 mAh/g to about 550 mAh/g, about 350 mAh/g to about
600 mAh/g, about 350 mAh/g to about 650 mAh/g, about
350 mAh/g to about 700 mAh/g, about 350 mAh/g to about
800 mAh/g, about 400 mAh/g to about 450 mAh/g, about
400 mAh/g to about 500 mAh/g, about 400 mAh/g to about
550 mAh/g, about 400 mAh/g to about 600 mAh/g, about
400 mAh/g to about 650 mAh/g, about 400 mAh/g to about
700 mAh/g, about 400 mAh/g to about 800 mAh/g, about
450 mAh/g to about 500 mAh/g, about 450 mAh/g to about
550 mAh/g, about 450 mAh/g to about 600 mAh/g, about
450 mAh/g to about 650 mAh/g, about 450 mAh/g to about
700 mAh/g, about 450 mAh/g to about 800 mAh/g, about
500 mAh/g to about 550 mAh/g, about 500 mAh/g to about
600 mAh/g, about 500 mAh/g to about 650 mAh/g, about
500 mAh/g to about 700 mAh/g, about 500 mAh/g to about
800 mAl/g, about 550 mAh/g to about 600 mAh/g, about
550 mAh/g to about 650 mAh/g, about 550 mAh/g to about
700 mAh/g, about 550 mAh/g to about 800 mAh/g, about
600 mAh/g to about 650 mAh/g, about 600 mAh/g to about
700 mAh/g, about 600 mAh/g to about 800 mAh/g, about
650 mAh/g to about 700 mAh/g, about 650 mAh/g to about
800 mAh/g, or about 700 mAh/g to about 800 mAh/g. In
some embodiments, the energy storage device has a gravi-
metric capacity at a discharge rate of about 2C of about 250
mAh/g, about 300 mAh/g, about 350 mAh/g, about 400
mAh/g, about 450 mAh/g, about 500 mAh/g, about 550
mAh/g, about 600 mAh/g, about 650 mAh/g, about 700
mAh/g, or about 800 mAh/g. In some embodiments, the
energy storage device has a gravimetric capacity at a dis-
charge rate of about 2C of at least about 300 mAh/g, about
350 mAl/g, about 400 mAh/g, about 450 mAh/g, about 500
mAh/g, about 550 mAh/g, about 600 mAh/g, about 650
mAh/g, about 700 mAh/g, or about 800 mAh/g.

[0046] In some embodiments, the energy storage device
has a gravimetric capacity at a discharge rate of about 10C
of about 150 mAh/g to about 650 mAh/g. In some embodi-
ments, the energy storage device has a gravimetric capacity
at a discharge rate of about 10C of at least about 150 mAh/g.
In some embodiments, the energy storage device has a
gravimetric capacity at a discharge rate of about 10C of at
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most about 650 mAh/g. In some embodiments, the energy
storage device has a gravimetric capacity at a discharge rate
of'about 10C of about 150 mAh/g to about 200 mAh/g, about
150 mAh/g to about 250 mAh/g, about 150 mAh/g to about
300 mAh/g, about 150 mAl/g to about 350 mAh/g, about
150 mAh/g to about 400 mAh/g, about 150 mAh/g to about
450 mAh/g, about 150 mAl/g to about 500 mAh/g, about
150 mAh/g to about 550 mAh/g, about 150 mAh/g to about
600 mAh/g, about 150 mAh/g to about 650 mAh/g, about
200 mAh/g to about 250 mAh/g, about 200 mAh/g to about
300 mAh/g, about 200 mAh/g to about 350 mAh/g, about
200 mAh/g to about 400 mAh/g, about 200 mAh/g to about
450 mAh/g, about 200 mAh/g to about 500 mAh/g, about
200 mAh/g to about 550 mAh/g, about 200 mAh/g to about
600 mAh/g, about 200 mAh/g to about 650 mAh/g, about
250 mAl/g to about 300 mAh/g, about 250 mAh/g to about
350 mAh/g, about 250 mAl/g to about 400 mAh/g, about
250 mAh/g to about 450 mAh/g, about 250 mAh/g to about
500 mAh/g, about 250 mAh/g to about 550 mAh/g, about
250 mAl/g to about 600 mAh/g, about 250 mAh/g to about
650 mAh/g, about 300 mAh/g to about 350 mAh/g, about
300 mAh/g to about 400 mAh/g, about 300 mAh/g to about
450 mAh/g, about 300 mAl/g to about 500 mAh/g, about
300 mAh/g to about 550 mAh/g, about 300 mAh/g to about
600 mAh/g, about 300 mAh/g to about 650 mAh/g, about
350 mAl/g to about 400 mAh/g, about 350 mAh/g to about
450 mAh/g, about 350 mAl/g to about 500 mAh/g, about
350 mAl/g to about 550 mAh/g, about 350 mAh/g to about
600 mAh/g, about 350 mAh/g to about 650 mAh/g, about
400 mAh/g to about 450 mAh/g, about 400 mAh/g to about
500 mAh/g, about 400 mAh/g to about 550 mAh/g, about
400 mAh/g to about 600 mAh/g, about 400 mAh/g to about
650 mAh/g, about 450 mAh/g to about 500 mAh/g, about
450 mAh/g to about 550 mAh/g, about 450 mAh/g to about
600 mAh/g, about 450 mAh/g to about 650 mAh/g, about
500 mAh/g to about 550 mAh/g, about 500 mAh/g to about
600 mAh/g, about 500 mAh/g to about 650 mAh/g, about
550 mAh/g to about 600 mAh/g, about 550 mAh/g to about
650 mAh/g, or about 600 mAh/g to about 650 mAh/g. In
some embodiments, the energy storage device has a gravi-
metric capacity at a discharge rate of about 10C of about 150
mAh/g, about 200 mAh/g, about 250 mAh/g, about 300
mAh/g, about 350 mAh/g, about 400 mAh/g, about 450
mAh/g, about 500 mAh/g, about 550 mAh/g, about 600
mAh/g, or about 650 mAh/g. In some embodiments, the
energy storage device has a gravimetric capacity at a dis-
charge rate of about 10C of at least about 200 mAh/g, about
250 mAl/g, about 300 mAh/g, about 350 mAh/g, about 400
mAh/g, about 450 mAh/g, about 500 mAh/g, about 550
mAh/g, about 600 mAh/g, or about 650 mAh/g.

[0047] In some embodiments, the energy storage device
has a gravimetric capacity at a discharge rate of about 60C
of about 90 mAh/g to about 350 mAh/g. In some embodi-
ments, the energy storage device has a gravimetric capacity
at a discharge rate of about 60C of at least about 90 mAh/g.
In some embodiments, the energy storage device has a
gravimetric capacity at a discharge rate of about 60C of at
most about 350 mAh/g. In some embodiments, the energy
storage device has a gravimetric capacity at a discharge rate
of'about 60C of about 90 mAl/g to about 100 mAh/g, about
90 mAh/g to about 125 mAh/g, about 90 mAh/g to about 150
mAh/g, about 90 mAh/g to about 175 mAh/g, about 90
mAh/g to about 200 mAh/g, about 90 mAh/g to about 225
mAh/g, about 90 mAh/g to about 250 mAh/g, about 90
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mAh/g to about 275 mAl/g, about 90 mAh/g to about 300
mAh/g, about 90 mAh/g to about 325 mAh/g, about 90
mAh/g to about 350 mAl/g, about 100 mAh/g to about 125
mAh/g, about 100 mAh/g to about 150 mAh/g, about 100
mAbh/g to about 175 mAl/g, about 100 mAh/g to about 200
mAh/g, about 100 mAh/g to about 225 mAh/g, about 100
mAh/g to about 250 mAl/g, about 100 mAh/g to about 275
mAh/g, about 100 mAh/g to about 300 mAh/g, about 100
mAh/g to about 325 mAl/g, about 100 mAh/g to about 350
mAh/g, about 125 mAh/g to about 150 mAh/g, about 125
mAbh/g to about 175 mAl/g, about 125 mAh/g to about 200
mAh/g, about 125 mAh/g to about 225 mAh/g, about 125
mAh/g to about 250 mAl/g, about 125 mAh/g to about 275
mAh/g, about 125 mAh/g to about 300 mAh/g, about 125
mAbh/g to about 325 mAl/g, about 125 mAh/g to about 350
mAh/g, about 150 mAh/g to about 175 mAh/g, about 150
mAh/g to about 200 mAl/g, about 150 mAh/g to about 225
mAh/g, about 150 mAh/g to about 250 mAh/g, about 150
mAbh/g to about 275 mAl/g, about 150 mAh/g to about 300
mAh/g, about 150 mAh/g to about 325 mAh/g, about 150
mAbh/g to about 350 mAl/g, about 175 mAh/g to about 200
mAh/g, about 175 mAh/g to about 225 mAh/g, about 175
mAh/g to about 250 mAl/g, about 175 mAh/g to about 275
mAh/g, about 175 mAh/g to about 300 mAh/g, about 175
mAbh/g to about 325 mAl/g, about 175 mAh/g to about 350
mAh/g, about 200 mAh/g to about 225 mAh/g, about 200
mAh/g to about 250 mAl/g, about 200 mAh/g to about 275
mAh/g, about 200 mAh/g to about 300 mAh/g, about 200
mAbh/g to about 325 mAl/g, about 200 mAh/g to about 350
mAh/g, about 225 mAh/g to about 250 mAh/g, about 225
mAbh/g to about 275 mAl/g, about 225 mAh/g to about 300
mAh/g, about 225 mAh/g to about 325 mAh/g, about 225
mAh/g to about 350 mAl/g, about 250 mAh/g to about 275
mAh/g, about 250 mAh/g to about 300 mAh/g, about 250
mAbh/g to about 325 mAl/g, about 250 mAh/g to about 350
mAh/g, about 275 mAh/g to about 300 mAh/g, about 275
mAbh/g to about 325 mAl/g, about 275 mAh/g to about 350
mAh/g, about 300 mAh/g to about 325 mAh/g, about 300
mAh/g to about 350 mAh/g, or about 325 mAh/g to about
350 mAh/g. In some embodiments, the energy storage
device has a gravimetric capacity at a discharge rate of about
60C of about 90 mAbh/g, about 100 mAl/g, about 125
mAh/g, about 150 mAh/g, about 175 mAh/g, about 200
mAh/g, about 225 mAh/g, about 250 mAl/g, about 275
mAh/g, about 300 mAh/g, about 325 mAh/g, or about 350
mAbh/g. In some embodiments, the energy storage device has
a gravimetric capacity at a discharge rate of about 60C of at
least about 100 mAh/g, about 125 mAh/g, about 150 mAh/g,
about 175 mAl/g, about 200 mAh/g, about 225 mAh/g,
about 250 mAbh/g, about 275 mAbh/g, about 300 mAh/g,
about 325 mAl/g, or about 350 mAh/g.

[0048] In some embodiments, the energy storage device
has a gravimetric capacity at a discharge rate of about 100C
of about 60 mAh/g to about 240 mAh/g. In some embodi-
ments, the energy storage device has a gravimetric capacity
at a discharge rate of about 100C of at least about 60 mAh/g.
In some embodiments, the energy storage device has a
gravimetric capacity at a discharge rate of about 100C of at
most about 240 mAh/g. In some embodiments, the energy
storage device has a gravimetric capacity at a discharge rate
of'about 100C of about 60 mAh/g to about 80 mAh/g, about
60 mAh/g to about 100 mAh/g, about 60 mAh/g to about 120
mAh/g, about 60 mAh/g to about 140 mAh/g, about 60
mAh/g to about 160 mAh/g, about 60 mAh/g to about 180
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mAh/g, about 60 mAh/g to about 200 mAh/g, about 60
mAbh/g to about 220 mAl/g, about 60 mAh/g to about 240
mAh/g, about 80 mAh/g to about 100 mAh/g, about 80
mAh/g to about 120 mAl/g, about 80 mAh/g to about 140
mAh/g, about 80 mAh/g to about 160 mAh/g, about 80
mAh/g to about 180 mAh/g, about 80 mAh/g to about 200
mAh/g, about 80 mAh/g to about 220 mAh/g, about 80
mAbh/g to about 240 mAl/g, about 100 mAh/g to about 120
mAh/g, about 100 mAh/g to about 140 mAh/g, about 100
mAbh/g to about 160 mAh/g, about 100 mAh/g to about 180
mAh/g, about 100 mAh/g to about 200 mAh/g, about 100
mAbh/g to about 220 mAl/g, about 100 mAh/g to about 240
mAh/g, about 120 mAh/g to about 140 mAh/g, about 120
mAbh/g to about 160 mAh/g, about 120 mAh/g to about 180
mAh/g, about 120 mAh/g to about 200 mAh/g, about 120
mAh/g to about 220 mAl/g, about 120 mAh/g to about 240
mAh/g, about 140 mAh/g to about 160 mAh/g, about 140
mAbh/g to about 180 mAl/g, about 140 mAh/g to about 200
mAh/g, about 140 mAh/g to about 220 mAh/g, about 140
mAbh/g to about 240 mAl/g, about 160 mAh/g to about 180
mAh/g, about 160 mAh/g to about 200 mAh/g, about 160
mAbh/g to about 220 mAh/g, about 160 mAh/g to about 240
mAh/g, about 180 mAh/g to about 200 mAh/g, about 180
mAbh/g to about 220 mAh/g, about 180 mAh/g to about 240
mAh/g, about 200 mAh/g to about 220 mAh/g, about 200
mAh/g to about 240 mAh/g, or about 220 mAh/g to about
240 mAh/g. In some embodiments, the energy storage
device has a gravimetric capacity at a discharge rate of about
100C of about 60 mAh/g, about 80 mAh/g, about 100
mAh/g, about 120 mAh/g, about 140 mAh/g, about 160
mAh/g, about 180 mAh/g, about 200 mAh/g, about 220
mAh/g, or about 240 mAh/g. In some embodiments, the
energy storage device has a gravimetric capacity at a dis-
charge rate of about 100C of at least about 80 mAh/g, about
100 mAh/g, about 120 mAh/g, about 140 mAh/g, about 160
mAh/g, about 180 mAh/g, about 200 mAh/g, about 220
mAh/g, or about 240 mAh/g.

[0049] In some embodiments, the energy storage device
has a gravimetric capacity at a discharge rate of about 160C
of about 45 mAh/g to about 180 mAh/g. In some embodi-
ments, the energy storage device has a gravimetric capacity
at a discharge rate of about 160C of at least about 45 mAh/g.
In some embodiments, the energy storage device has a
gravimetric capacity at a discharge rate of about 160C of at
most about 180 mAh/g. In some embodiments, the energy
storage device has a gravimetric capacity at a discharge rate
of'about 160C of about 45 mAh/g to about 50 mAh/g, about
45 mAh/g to about 60 mAh/g, about 45 mAh/g to about 70
mAh/g, about 45 mAh/g to about 80 mAl/g, about 45
mAbh/g to about 100 mAl/g, about 45 mAh/g to about 120
mAh/g, about 45 mAh/g to about 130 mAh/g, about 45
mAbh/g to about 140 mAl/g, about 45 mAh/g to about 150
mAh/g, about 45 mAh/g to about 160 mAh/g, about 45
mAbh/g to about 180 mAh/g, about 50 mAh/g to about 60
mAh/g, about 50 mAh/g to about 70 mAh/g, about 50
mAh/g to about 80 mAh/g, about 50 mAh/g to about 100
mAh/g, about 50 mAh/g to about 120 mAh/g, about 50
mAbh/g to about 130 mAl/g, about 50 mAh/g to about 140
mAh/g, about 50 mAh/g to about 150 mAh/g, about 50
mAh/g to about 160 mAh/g, about 50 mAh/g to about 180
mAh/g, about 60 mAh/g to about 70 mAh/g, about 60
mAh/g to about 80 mAh/g, about 60 mAh/g to about 100
mAh/g, about 60 mAh/g to about 120 mAh/g, about 60
mAh/g to about 130 mAl/g, about 60 mAh/g to about 140
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mAh/g, about 60 mAh/g to about 150 mAh/g, about 60
mAh/g to about 160 mAh/g, about 60 mAh/g to about 180
mAh/g, about 70 mAh/g to about 80 mAh/g, about 70
mAh/g to about 100 mAl/g, about 70 mAh/g to about 120
mAh/g, about 70 mAh/g to about 130 mAh/g, about 70
mAh/g to about 140 mAl/g, about 70 mAh/g to about 150
mAh/g, about 70 mAh/g to about 160 mAh/g, about 70
mAh/g to about 180 mAh/g, about 80 mAh/g to about 100
mAh/g, about 80 mAh/g to about 120 mAh/g, about 80
mAh/g to about 130 mAl/g, about 80 mAh/g to about 140
mAh/g, about 80 mAh/g to about 150 mAh/g, about 80
mAh/g to about 160 mAh/g, about 80 mAh/g to about 180
mAh/g, about 100 mAh/g to about 120 mAh/g, about 100
mAbh/g to about 130 mAl/g, about 100 mAh/g to about 140
mAh/g, about 100 mAh/g to about 150 mAh/g, about 100
mAh/g to about 160 mAl/g, about 100 mAh/g to about 180
mAh/g, about 120 mAh/g to about 130 mAh/g, about 120
mAh/g to about 140 mAl/g, about 120 mAh/g to about 150
mAh/g, about 120 mAh/g to about 160 mAh/g, about 120
mAh/g to about 180 mAl/g, about 130 mAh/g to about 140
mAh/g, about 130 mAh/g to about 150 mAh/g, about 130
mAbh/g to about 160 mAl/g, about 130 mAh/g to about 180
mAh/g, about 140 mAh/g to about 150 mAh/g, about 140
mAbh/g to about 160 mAl/g, about 140 mAh/g to about 180
mAh/g, about 150 mAh/g to about 160 mAh/g, about 150
mAh/g to about 180 mAh/g, or about 160 mAh/g to about
180 mAh/g. In some embodiments, the energy storage
device has a gravimetric capacity at a discharge rate of about
160C of about 45 mAh/g, about 50 mAh/g, about 60 mAh/g,
about 70 mAh/g, about 80 mAh/g, about 100 mAh/g, about
120 mAbh/g, about 130 mAh/g, about 140 mAh/g, about 150
mAh/g, about 160 mAl/g, or about 180 mAh/g. In some
embodiments, the energy storage device has a gravimetric
capacity at a discharge rate of about 160C of at least about
50 mAh/g, about 60 mAh/g, about 70 mAh/g, about 80
mAh/g, about 100 mAh/g, about 120 mAh/g, about 130
mAh/g, about 140 mAh/g, about 150 mAh/g, about 160
mAh/g, or about 180 mAh/g.

[0050] In some embodiments, the energy storage device
has a gravimetric capacity at a discharge rate of about 200C
of about 35 mAh/g to about 150 mAh/g. In some embodi-
ments, the energy storage device has a gravimetric capacity
at a discharge rate of about 200C of at least about 35 mAh/g.
In some embodiments, the energy storage device has a
gravimetric capacity at a discharge rate of about 200C of at
most about 150 mAh/g. In some embodiments, the energy
storage device has a gravimetric capacity at a discharge rate
of'about 200C of about 35 mAh/g to about 40 mAh/g, about
35 mAh/g to about 50 mAh/g, about 35 mAh/g to about 60
mAh/g, about 35 mAh/g to about 70 mAl/g, about 35
mAh/g to about 80 mAh/g, about 35 mAh/g to about 90
mAh/g, about 35 mAh/g to about 100 mAh/g, about 35
mAh/g to about 120 mAl/g, about 35 mAh/g to about 130
mAh/g, about 35 mAh/g to about 140 mAh/g, about 35
mAbh/g to about 150 mAh/g, about 40 mAh/g to about 50
mAh/g, about 40 mAh/g to about 60 mAh/g, about 40
mAh/g to about 70 mAh/g, about 40 mAh/g to about 80
mAh/g, about 40 mAh/g to about 90 mAh/g, about 40
mAh/g to about 100 mAh/g, about 40 mAh/g to about 120
mAh/g, about 40 mAh/g to about 130 mAh/g, about 40
mAh/g to about 140 mAl/g, about 40 mAh/g to about 150
mAh/g, about 50 mAh/g to about 60 mAh/g, about 50
mAh/g to about 70 mAh/g, about 50 mAh/g to about 80
mAh/g, about 50 mAh/g to about 90 mAh/g, about 50
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mAh/g to about 100 mAl/g, about 50 mAh/g to about 120
mAh/g, about 50 mAh/g to about 130 mAh/g, about 50
mAh/g to about 140 mAl/g, about 50 mAh/g to about 150
mAh/g, about 60 mAh/g to about 70 mAh/g, about 60
mAh/g to about 80 mAh/g, about 60 mAh/g to about 90
mAh/g, about 60 mAh/g to about 100 mAh/g, about 60
mAh/g to about 120 mAl/g, about 60 mAh/g to about 130
mAh/g, about 60 mAh/g to about 140 mAh/g, about 60
mAbh/g to about 150 mAh/g, about 70 mAh/g to about 80
mAh/g, about 70 mAh/g to about 90 mAh/g, about 70
mAh/g to about 100 mAl/g, about 70 mAh/g to about 120
mAh/g, about 70 mAh/g to about 130 mAh/g, about 70
mAh/g to about 140 mAl/g, about 70 mAh/g to about 150
mAh/g, about 80 mAh/g to about 90 mAh/g, about 80
mAbh/g to about 100 mAl/g, about 80 mAh/g to about 120
mAh/g, about 80 mAh/g to about 130 mAh/g, about 80
mAh/g to about 140 mAl/g, about 80 mAh/g to about 150
mAh/g, about 90 mAh/g to about 100 mAh/g, about 90
mAbh/g to about 120 mAl/g, about 90 mAh/g to about 130
mAh/g, about 90 mAh/g to about 140 mAh/g, about 90
mAbh/g to about 150 mAl/g, about 100 mAh/g to about 120
mAh/g, about 100 mAh/g to about 130 mAh/g, about 100
mAbh/g to about 140 mAl/g, about 100 mAh/g to about 150
mAh/g, about 120 mAh/g to about 130 mAh/g, about 120
mAbh/g to about 140 mAl/g, about 120 mAh/g to about 150
mAh/g, about 130 mAh/g to about 140 mAh/g, about 130
mAh/g to about 150 mAh/g, or about 140 mAh/g to about
150 mAh/g. In some embodiments, the energy storage
device has a gravimetric capacity at a discharge rate of about
200C of about 35 mAh/g, about 40 mAh/g, about 50 mAh/g,
about 60 mAh/g, about 70 mAh/g, about 80 mAh/g, about 90
mAh/g, about 100 mAh/g, about 120 mAh/g, about 130
mAh/g, about 140 mAl/g, or about 150 mAh/g. In some
embodiments, the energy storage device has a gravimetric
capacity at a discharge rate of about 200C of at least about
40 mAl/g, about 50 mAh/g, about 60 mAh/g, about 70
mAh/g, about 80 mAh/g, about 90 mAh/g, about 100
mAh/g, about 120 mAh/g, about 130 mAh/g, about 140
mAh/g, or about 150 mAh/g.

[0051] In some embodiments, the energy storage device
has a charge rate of about 5 mAh/g to about 1,600 mAh/g.
In some embodiments, the energy storage device has a
charge rate of at least about 5 mAh/g. In some embodiments,
the energy storage device has a charge rate of at most about
1,600 mAh/g. In some embodiments, the energy storage
device has a charge rate of about 5 mAh/g to about 10
mAh/g, about 5 mAh/g to about 20 mAh/g, about 5 mAh/g
to about 50 mAh/g, about 5 mAh/g to about 100 mAh/g,
about 5 mAh/g to about 200 mAh/g, about 5 mAh/g to about
500 mAl/g, about 5 mAh/g to about 1,000 mAh/g, about 5
mAh/g to about 1,200 mAh/g, about 5 mAh/g to about 1,600
mAh/g, about 10 mAh/g to about 20 mAh/g, about 10
mAbh/g to about 50 mAh/g, about 10 mAh/g to about 100
mAh/g, about 10 mAh/g to about 200 mAh/g, about 10
mAh/g to about 500 mAh/g, about 10 mAh/g to about 1,000
mAh/g, about 10 mAh/g to about 1,200 mAbh/g, about 10
mAbh/g to about 1,600 mAh/g, about 20 mAh/g to about 50
mAh/g, about 20 mAh/g to about 100 mAh/g, about 20
mAbh/g to about 200 mAl/g, about 20 mAh/g to about 500
mAh/g, about 20 mAh/g to about 1,000 mAbh/g, about 20
mAh/g to about 1,200 mAh/g, about 20 mAh/g to about
1,600 mAl/g, about 50 mAh/g to about 100 mAh/g, about
50 mAh/g to about 200 mAh/g, about 50 mAh/g to about 500
mAh/g, about 50 mAh/g to about 1,000 mAh/g, about 50
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mAh/g to about 1,200 mAh/g, about 50 mAh/g to about
1,600 mAh/g, about 100 mAh/g to about 200 mAh/g, about
100 mAh/g to about 500 mAh/g, about 100 mAh/g to about
1,000 mAh/g, about 100 mAh/g to about 1,200 mAh/g,
about 100 mAh/g to about 1,600 mAh/g, about 200 mAh/g
to about 500 mAh/g, about 200 mAh/g to about 1,000
mAh/g, about 200 mAh/g to about 1,200 mAh/g, about 200
mAh/g to about 1,600 mAh/g, about 500 mAh/g to about
1,000 mAh/g, about 500 mAh/g to about 1,200 mAh/g,
about 500 mAh/g to about 1,600 mAh/g, about 1,000 mAh/g
to about 1,200 mAh/g, about 1,000 mAl/g to about 1,600
mAh/g, or about 1,200 mAh/g to about 1,600 mAh/g. In
some embodiments, the energy storage device has a charge
rate of about 5 mAl/g, about 10 mAl/g, about 20 mAh/g,
about 50 mAh/g, about 100 mAh/g, about 200 mAh/g, about
500 mAh/g, about 1,000 mAh/g, about 1,200 mAh/g, or
about 1,600 mAh/g. In some embodiments, the energy
storage device has a charge rate of at least about 10 mAh/g,
about 20 mAh/g, about 50 mAh/g, about 100 mAh/g, about
200 mAbh/g, about 500 mAh/g, about 1,000 mAh/g, about
1,200 mAl/g, or about 1,600 mAh/g.

[0052] In some embodiments, the energy storage device
has a recharge time of about 1.5 seconds to about 3,000
seconds. In some embodiments, the energy storage device
has a recharge time of at least about 1.5 seconds. In some
embodiments, the energy storage device has a recharge time
of at most about 3,000 seconds. In some embodiments, the
energy storage device has a recharge time of about 1.5
seconds to about 2 seconds, about 1.5 seconds to about 5
seconds, about 1.5 seconds to about 10 seconds, about 1.5
seconds to about 20 seconds, about 1.5 seconds to about 50
seconds, about 1.5 seconds to about 100 seconds, about 1.5
seconds to about 200 seconds, about 1.5 seconds to about
500 seconds, about 1.5 seconds to about 1,000 seconds,
about 1.5 seconds to about 2,000 seconds, about 1.5 seconds
to about 3,000 seconds, about 2 seconds to about 5 seconds,
about 2 seconds to about 10 seconds, about 2 seconds to
about 20 seconds, about 2 seconds to about 50 seconds,
about 2 seconds to about 100 seconds, about 2 seconds to
about 200 seconds, about 2 seconds to about 500 seconds,
about 2 seconds to about 1,000 seconds, about 2 seconds to
about 2,000 seconds, about 2 seconds to about 3,000 sec-
onds, about 5 seconds to about 10 seconds, about 5 seconds
to about 20 seconds, about 5 seconds to about 50 seconds,
about 5 seconds to about 100 seconds, about 5 seconds to
about 200 seconds, about 5 seconds to about 500 seconds,
about 5 seconds to about 1,000 seconds, about 5 seconds to
about 2,000 seconds, about 5 seconds to about 3,000 sec-
onds, about 10 seconds to about 20 seconds, about 10
seconds to about 50 seconds, about 10 seconds to about 100
seconds, about 10 seconds to about 200 seconds, about 10
seconds to about 500 seconds, about 10 seconds to about
1,000 seconds, about 10 seconds to about 2,000 seconds,
about 10 seconds to about 3,000 seconds, about 20 seconds
to about 50 seconds, about 20 seconds to about 100 seconds,
about 20 seconds to about 200 seconds, about 20 seconds to
about 500 seconds, about 20 seconds to about 1,000 seconds,
about 20 seconds to about 2,000 seconds, about 20 seconds
to about 3,000 seconds, about 50 seconds to about 100
seconds, about 50 seconds to about 200 seconds, about 50
seconds to about 500 seconds, about 50 seconds to about
1,000 seconds, about 50 seconds to about 2,000 seconds,
about 50 seconds to about 3,000 seconds, about 100 seconds
to about 200 seconds, about 100 seconds to about 500
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seconds, about 100 seconds to about 1,000 seconds, about
100 seconds to about 2,000 seconds, about 100 seconds to
about 3,000 seconds, about 200 seconds to about 500
seconds, about 200 seconds to about 1,000 seconds, about
200 seconds to about 2,000 seconds, about 200 seconds to
about 3,000 seconds, about 500 seconds to about 1,000
seconds, about 500 seconds to about 2,000 seconds, about
500 seconds to about 3,000 seconds, about 1,000 seconds to
about 2,000 seconds, about 1,000 seconds to about 3,000
seconds, or about 2,000 seconds to about 3,000 seconds. In
some embodiments, the energy storage device has a recharge
time of about 1.5 seconds, about 2 seconds, about 5 seconds,
about 10 seconds, about 20 seconds, about 50 seconds, about
100 seconds, about 200 seconds, about 500 seconds, about
1,000 seconds, about 2,000 seconds, or about 3,000 seconds.
In some embodiments, the energy storage device has a
recharge time of at most about 1.5 seconds, about 2 seconds,
about 5 seconds, about 10 seconds, about 20 seconds, about
50 seconds, about 100 seconds, about 200 seconds, about
500 seconds, about 1,000 seconds, about 2,000 seconds, or
about 3,000 seconds.

[0053] In some embodiments, the energy storage device
has an equivalent series resistance in a 18650 form factor of
about 2 milliohms to about 10 milliochms. In some embodi-
ments, the energy storage device has an equivalent series
resistance in a 18650 form factor of at least about 2
milliohms. In some embodiments, the energy storage device
has an equivalent series resistance in a 18650 form factor of
at most about 10 milliohms. In some embodiments, the
energy storage device has an equivalent series resistance in
a 18650 form factor of about 2 milliohms to about 2.5
milliohms, about 2 milliohms to about 3 milliohms, about 2
milliohms to about 3.5 milliohms, about 2 milliohms to
about 4 milliohms, about 2 milliohms to about 4.5 mil-
liohms, about 2 milliohms to about 5 milliohms, about 2
milliohms to about 6 millichms, about 2 milliohms to about
7 milliohms, about 2 milliohms to about 8 milliohms, about
2 milliohms to about 10 milliohms, about 2.5 milliochms to
about 3 milliohms, about 2.5 millichms to about 3.5 mil-
liohms, about 2.5 milliohms to about 4 milliohms, about 2.5
milliohms to about 4.5 milliohms, about 2.5 milliohms to
about 5 milliohms, about 2.5 milliohms to about 6 mil-
liohms, about 2.5 milliohms to about 7 milliohms, about 2.5
milliohms to about 8 milliohms, about 2.5 milliohms to
about 10 milliohms, about 3 milliohms to about 3.5 mil-
liohms, about 3 milliohms to about 4 milliohms, about 3
milliohms to about 4.5 milliohms, about 3 milliohms to
about 5 milliohms, about 3 milliohms to about 6 milliohms,
about 3 milliohms to about 7 milliohms, about 3 millichms
to about 8 milliohms, about 3 milliohms to about 10 mil-
liohms, about 3.5 milliohms to about 4 milliohms, about 3.5
milliohms to about 4.5 milliohms, about 3.5 milliohms to
about 5 milliohms, about 3.5 milliohms to about 6 mil-
liohms, about 3.5 milliohms to about 7 milliohms, about 3.5
milliohms to about 8 milliohms, about 3.5 milliohms to
about 10 milliohms, about 4 milliohms to about 4.5 mil-
liohms, about 4 milliohms to about 5 milliohms, about 4
milliohms to about 6 millichms, about 4 milliohms to about
7 milliohms, about 4 milliohms to about 8 milliohms, about
4 milliohms to about 10 milliohms, about 4.5 milliohms to
about 5 milliohms, about 4.5 milliohms to about 6 mil-
liohms, about 4.5 milliohms to about 7 milliohms, about 4.5
milliohms to about 8 milliohms, about 4.5 milliohms to
about 10 millichms, about 5 milliohms to about 6 milliohms,
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about 5 milliohms to about 7 milliohms, about 5 milliohms
to about 8 milliohms, about 5 milliohms to about 10 mil-
liohms, about 6 milliohms to about 7 milliohms, about 6
milliohms to about 8 millichms, about 6 milliohms to about
10 milliohms, about 7 milliohms to about 8 millichms, about
7 milliohms to about 10 milliohms, or about 8 millichms to
about 10 milliohms. In some embodiments, the energy
storage device has an equivalent series resistance in a 18650
form factor of about 2 milliohms, about 2.5 millichms, about
3 milliohms, about 3.5 milliohms, about 4 milliohms, about
4.5 milliohms, about 5 milliohms, about 6 milliohms, about
7 milliohms, about 8 milliohms, or about 10 milliohms. In
some embodiments, the energy storage device has an
equivalent series resistance in a 18650 form factor of at most
about 2 milliohms, about 2.5 milliohms, about 3 millichms,
about 3.5 milliohms, about 4 milliohms, about 4.5 mil-
liohms, about 5 milliohms, about 6 milliohms, about 7
milliohms, or about 8 milliohms.

[0054] In some embodiments, the energy storage device
has a charge/discharge lifetime of about 500 cycles to about
10,000 cycles. In some embodiments, the energy storage
device has a charge/discharge lifetime of at least about 500
cycles. In some embodiments, the energy storage device has
a charge/discharge lifetime of at most about 10,000 cycles.
In some embodiments, the energy storage device has a
charge/discharge lifetime of about 500 cycles to about 600
cycles, about 500 cycles to about 700 cycles, about 500
cycles to about 800 cycles, about 500 cycles to about 1,000
cycles, about 500 cycles to about 2,000 cycles, about 500
cycles to about 3,000 cycles, about 500 cycles to about 5,000
cycles, about 500 cycles to about 6,000 cycles, about 500
cycles to about 7,000 cycles, about 500 cycles to about 8,000
cycles, about 500 cycles to about 10,000 cycles, about 600
cycles to about 700 cycles, about 600 cycles to about 800
cycles, about 600 cycles to about 1,000 cycles, about 600
cycles to about 2,000 cycles, about 600 cycles to about 3,000
cycles, about 600 cycles to about 5,000 cycles, about 600
cycles to about 6,000 cycles, about 600 cycles to about 7,000
cycles, about 600 cycles to about 8,000 cycles, about 600
cycles to about 10,000 cycles, about 700 cycles to about 800
cycles, about 700 cycles to about 1,000 cycles, about 700
cycles to about 2,000 cycles, about 700 cycles to about 3,000
cycles, about 700 cycles to about 5,000 cycles, about 700
cycles to about 6,000 cycles, about 700 cycles to about 7,000
cycles, about 700 cycles to about 8,000 cycles, about 700
cycles to about 10,000 cycles, about 800 cycles to about
1,000 cycles, about 800 cycles to about 2,000 cycles, about
800 cycles to about 3,000 cycles, about 800 cycles to about
5,000 cycles, about 800 cycles to about 6,000 cycles, about
800 cycles to about 7,000 cycles, about 800 cycles to about
8,000 cycles, about 800 cycles to about 10,000 cycles, about
1,000 cycles to about 2,000 cycles, about 1,000 cycles to
about 3,000 cycles, about 1,000 cycles to about 5,000 cycles,
about 1,000 cycles to about 6,000 cycles, about 1,000 cycles
to about 7,000 cycles, about 1,000 cycles to about 8,000
cycles, about 1,000 cycles to about 10,000 cycles, about
2,000 cycles to about 3,000 cycles, about 2,000 cycles to
about 5,000 cycles, about 2,000 cycles to about 6,000 cycles,
about 2,000 cycles to about 7,000 cycles, about 2,000 cycles
to about 8,000 cycles, about 2,000 cycles to about 10,000
cycles, about 3,000 cycles to about 5,000 cycles, about 3,000
cycles to about 6,000 cycles, about 3,000 cycles to about
7,000 cycles, about 3,000 cycles to about 8,000 cycles, about
3,000 cycles to about 10,000 cycles, about 5,000 cycles to
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about 6,000 cycles, about 5,000 cycles to about 7,000 cycles,
about 5,000 cycles to about 8,000 cycles, about 5,000 cycles
to about 10,000 cycles, about 6,000 cycles to about 7,000
cycles, about 6,000 cycles to about 8,000 cycles, about 6,000
cycles to about 10,000 cycles, about 7,000 cycles to about
8,000 cycles, about 7,000 cycles to about 10,000 cycles, or
about 8,000 cycles to about 10,000 cycles. In some embodi-
ments, the energy storage device has a charge/discharge
lifetime of about 500 cycles, about 600 cycles, about 700
cycles, about 800 cycles, about 1,000 cycles, about 2,000
cycles, about 3,000 cycles, about 5,000 cycles, about 6,000
cycles, about 7,000 cycles, about 8,000 cycles, or about
10,000 cycles. In some embodiments, the energy storage
device has a charge/discharge lifetime of at least about 600
cycles, about 700 cycles, about 800 cycles, about 1,000
cycles, about 2,000 cycles, about 3,000 cycles, about 5,000
cycles, about 6,000 cycles, about 7,000 cycles, about 8,000
cycles, or about 10,000 cycles.

[0055] In some embodiments, the energy storage device
has at least one of a capacity, a power density, and an energy
density that diminishes after about 10,000 cycles by about
10% to about 30%. In some embodiments, the energy
storage device has at least one of a capacity, a power density,
and an energy density that diminishes after about 10,000
cycles by at least about 10%. In some embodiments, the
energy storage device has at least one of a capacity, a power
density, and an energy density that diminishes after about
10,000 cycles by at most about 30%. In some embodiments,
the energy storage device has at least one of a capacity, a
power density, and an energy density that diminishes after
about 10,000 cycles by about 10% to about 12%, about 10%
to about 14%, about 10% to about 16%, about 10% to about
18%, about 10% to about 20%, about 10% to about 22%,
about 10% to about 24%, about 10% to about 26%, about
10% to about 28%, about 10% to about 30%, about 12% to
about 14%, about 12% to about 16%, about 12% to about
18%, about 12% to about 20%, about 12% to about 22%,
about 12% to about 24%, about 12% to about 26%, about
12% to about 28%, about 12% to about 30%, about 14% to
about 16%, about 14% to about 18%, about 14% to about
20%, about 14% to about 22%, about 14% to about 24%,
about 14% to about 26%, about 14% to about 28%, about
14% to about 30%, about 16% to about 18%, about 16% to
about 20%, about 16% to about 22%, about 16% to about
24%, about 16% to about 26%, about 16% to about 28%,
about 16% to about 30%, about 18% to about 20%, about
18% to about 22%, about 18% to about 24%, about 18% to
about 26%, about 18% to about 28%, about 18% to about
30%, about 20% to about 22%, about 20% to about 24%,
about 20% to about 26%, about 20% to about 28%, about
20% to about 30%, about 22% to about 24%, about 22% to
about 26%, about 22% to about 28%, about 22% to about
30%, about 24% to about 26%, about 24% to about 28%,
about 24% to about 30%, about 26% to about 28%, about
26% to about 30%, or about 28% to about 30%. In some
embodiments, the energy storage device has at least one of
a capacity, a power density, and an energy density that
diminishes after about 10,000 cycles by about 10%, about
12%, about 14%, about 16%, about 18%, about 20%, about
22%, about 24%, about 26%, about 28%, or about 30%. In
some embodiments, the energy storage device has at least
one of a capacity, a power density, and an energy density that
diminishes after about 10,000 cycles by at most about 10%,
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about 12%, about 14%, about 16%, about 18%, about 20%,
about 22%, about 24%, about 26%, or about 28%.

[0056] Insome embodiments, the energy storage device is
not a lithium-ion battery, a lithium-ion capacitor, an alkaline
supercapacitor, a nickel-cadmium battery, a nickel-metal-
hydride battery, a lead-acid battery, or a nickel-zinc battery.
[0057] A fourth aspect provided herein is a method of
forming an electrode comprising: forming a solution; stir-
ring the solution; heating the solution; cooling the solution;
rinsing the solution in a solvent; and freeze-drying the
solution.

[0058] In some embodiments, the solution comprises a
reducing agent, a deliquescence, and a carbon-based disper-
sion. In some embodiments, the reducing agent comprises
urea, citric acid, ascorbic acid, hydrazine hydrate, hydro-
quinone, sodium borohydride, hydrogen bromide, hydrogen
iodide, or any combination thereof. In some embodiments,
the strong base comprises urea. In some embodiments, the
strong base comprises hydroquinone. In some embodiments,
the strong base comprises ascorbic acid.

[0059] In some embodiments, the deliquescence com-
prises a salt. In some embodiments, the salt comprises a
citrate salt, a chloride salt, a nitrate salt, or any combination
thereof. In some embodiments, the citrate salt comprises
zinc(I1l) citrate, zinc(IlI) citrate hexahydrate, iron(IIl) cit-
rate, iron(Ill) citrate hexahydrate, or any combination
thereof. In some embodiments, the chloride salt comprises
zinc(I1I) chloride, zinc(Ill) nitrate hexahydrate, iron(IIl)
chloride, iron(I1l) chloride hexahydrate, or any combination
thereof. In some embodiments, the nitrate salt comprises
zinc(II) nitrate, zinc(II) nitrate hexahydrate, iron(IIl)
nitrate, iron(Il) nitrate hexahydrate, or any combination
thereof. In some embodiments, the deliquescence comprises
zinc(Ill) nitrate hexahydrate. In some embodiments, the
deliquescence comprises iron(I1l) nitrate. In some embodi-
ments, the deliquescence comprises zinc (II) nitrate hexa-
hydrate.

[0060] Insome embodiments, the carbon-based dispersion
comprises a carbon-based foam, a carbon-based aerogel, a
carbon-based hydrogel, a carbon-based ionogel, carbon-
based nanosheets, carbon nanotubes, carbon nanosheets,
carbon cloth, or any combination thereof. In some embodi-
ments, the carbon-based dispersion comprises graphene,
graphene oxide, graphite, activated carbon, carbon black, or
any combination thereof. In some embodiments, the carbon-
based dispersion comprises carbon nanotubes. In some
embodiments, the carbon-based dispersion comprises gra-
phene oxide. In some embodiments, the carbon-based dis-
persion comprises activated carbon.

[0061] In some embodiments, the mass percentage of the
reducing agent in the solution is about 30% to about 90%.
In some embodiments, the mass percentage of the reducing
agent in the solution is at least about 30%. In some embodi-
ments, the mass percentage of the reducing agent in the
solution is at most about 90%. In some embodiments, the
mass percentage of the reducing agent in the solution is
about 30% to about 35%, about 30% to about 40%, about
30% to about 45%, about 30% to about 50%, about 30% to
about 55%, about 30% to about 60%, about 30% to about
65%, about 30% to about 70%, about 30% to about 75%,
about 30% to about 80%, about 30% to about 90%, about
35% to about 40%, about 35% to about 45%, about 35% to
about 50%, about 35% to about 55%, about 35% to about
60%, about 35% to about 65%, about 35% to about 70%,
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about 35% to about 75%, about 35% to about 80%, about
35% to about 90%, about 40% to about 45%, about 40% to
about 50%, about 40% to about 55%, about 40% to about
60%, about 40% to about 65%, about 40% to about 70%,
about 40% to about 75%, about 40% to about 80%, about
40% to about 90%, about 45% to about 50%, about 45% to
about 55%, about 45% to about 60%, about 45% to about
65%, about 45% to about 70%, about 45% to about 75%,
about 45% to about 80%, about 45% to about 90%, about
50% to about 55%, about 50% to about 60%, about 50% to
about 65%, about 50% to about 70%, about 50% to about
75%, about 50% to about 80%, about 50% to about 90%,
about 55% to about 60%, about 55% to about 65%, about
55% to about 70%, about 55% to about 75%, about 55% to
about 80%, about 55% to about 90%, about 60% to about
65%, about 60% to about 70%, about 60% to about 75%,
about 60% to about 80%, about 60% to about 90%, about
65% to about 70%, about 65% to about 75%, about 65% to
about 80%, about 65% to about 90%, about 70% to about
75%, about 70% to about 80%, about 70% to about 90%,
about 75% to about 80%, about 75% to about 90%, or about
80% to about 90%. In some embodiments, the mass per-
centage of the reducing agent in the solution is about 30%,
about 35%, about 40%, about 45%, about 50%, about 55%,
about 60%, about 65%, about 70%, about 75%, about 80%,
or about 90%. In some embodiments, the mass percentage of
the reducing agent in the solution is at least about 35%,
about 40%, about 45%, about 50%, about 55%, about 60%,
about 65%, about 70%, about 75%, about 80%, or about
90%. In some embodiments, the mass percentage of the
reducing agent in the solution is at most about 30%, about
35%, about 40%, about 45%, about 50%, about 55%, about
60%, about 65%, about 70%, about 75%, or about 80%.

[0062] In some embodiments, the mass percentage of the
deliquescence in the solution is about 5% to about 30%. In
some embodiments, the mass percentage of the deliques-
cence in the solution is at least about 5%. In some embodi-
ments, the mass percentage of the deliquescence in the
solution is at most about 30%. In some embodiments, the
mass percentage of the deliquescence in the solution is about
5% to about 6%, about 5% to about 8%, about 5% to about
10%, about 5% to about 12%, about 5% to about 14%, about
5% to about 16%, about 5% to about 18%, about 5% to about
20%, about 5% to about 25%, about 5% to about 30%, about
6% to about 8%, about 6% to about 10%, about 6% to about
12%, about 6% to about 14%, about 6% to about 16%, about
6% to about 18%, about 6% to about 20%, about 6% to about
25%, about 6% to about 30%, about 8% to about 10%, about
8% to about 12%, about 8% to about 14%, about 8% to about
16%, about 8% to about 18%, about 8% to about 20%, about
8% to about 25%, about 8% to about 30%, about 10% to
about 12%, about 10% to about 14%, about 10% to about
16%, about 10% to about 18%, about 10% to about 20%,
about 10% to about 25%, about 10% to about 30%, about
12% to about 14%, about 12% to about 16%, about 12% to
about 18%, about 12% to about 20%, about 12% to about
25%, about 12% to about 30%, about 14% to about 16%,
about 14% to about 18%, about 14% to about 20%, about
14% to about 25%, about 14% to about 30%, about 16% to
about 18%, about 16% to about 20%, about 16% to about
25%, about 16% to about 30%, about 18% to about 20%,
about 18% to about 25%, about 18% to about 30%, about
20% to about 25%, about 20% to about 30%, or about 25%
to about 30%. In some embodiments, the mass percentage of
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the deliquescence in the solution is about 5%, about 6%,
about 8%, about 10%, about 12%, about 14%, about 16%,
about 18%, about 20%, about 25%, or about 30%. In some
embodiments, the mass percentage of the deliquescence in
the solution is at least about 6%, about 8%, about 10%, about
12%, about 14%, about 16%, about 18%, about 20%, about
25%, or about 30%. In some embodiments, the mass per-
centage of the deliquescence in the solution is at most about
5%, about 6%, about 8%, about 10%, about 12%, about
14%, about 16%, about 18%, about 20%, or about 25%.

[0063] In some embodiments, the mass percentage of the
carbon-based dispersion in the solution is about 10% to
about 40%. In some embodiments, the mass percentage of
the carbon-based dispersion in the solution is at least about
10%. In some embodiments, the mass percentage of the
carbon-based dispersion in the solution is at most about
40%. In some embodiments, the mass percentage of the
carbon-based dispersion in the solution is about 10% to
about 12%, about 10% to about 14%, about 10% to about
16%, about 10% to about 18%, about 10% to about 20%,
about 10% to about 24%, about 10% to about 28%, about
10% to about 32%, about 10% to about 34%, about 10% to
about 40%, about 12% to about 14%, about 12% to about
16%, about 12% to about 18%, about 12% to about 20%,
about 12% to about 24%, about 12% to about 28%, about
12% to about 32%, about 12% to about 34%, about 12% to
about 40%, about 14% to about 16%, about 14% to about
18%, about 14% to about 20%, about 14% to about 24%,
about 14% to about 28%, about 14% to about 32%, about
14% to about 34%, about 14% to about 40%, about 16% to
about 18%, about 16% to about 20%, about 16% to about
24%, about 16% to about 28%, about 16% to about 32%,
about 16% to about 34%, about 16% to about 40%, about
18% to about 20%, about 18% to about 24%, about 18% to
about 28%, about 18% to about 32%, about 18% to about
34%, about 18% to about 40%, about 20% to about 24%,
about 20% to about 28%, about 20% to about 32%, about
20% to about 34%, about 20% to about 40%, about 24% to
about 28%, about 24% to about 32%, about 24% to about
34%, about 24% to about 40%, about 28% to about 32%,
about 28% to about 34%, about 28% to about 40%, about
32% to about 34%, about 32% to about 40%, or about 34%
to about 40%. In some embodiments, the mass percentage of
the carbon-based dispersion in the solution is about 10%,
about 12%, about 14%, about 16%, about 18%, about 20%,
about 24%, about 28%, about 32%, about 34%, or about
40%. In some embodiments, the mass percentage of the
carbon-based dispersion in the solution is at least about 12%,
about 14%, about 16%, about 18%, about 20%, about 24%,
about 28%, about 32%, about 34%, or about 40%. In some
embodiments, the mass percentage of the carbon-based
dispersion in the solution is at most about 10%, about 12%,
about 14%, about 16%, about 18%, about 20%, about 24%,
about 28%, about 32%, or about 34%.

[0064] In some embodiments, the solution is stirred for a
period of time of about 10 minutes to about 60 minutes. In
some embodiments, the solution is stirred for a period of
time of at least about 10 minutes. In some embodiments, the
solution is stirred for a period of time of at most about 60
minutes. In some embodiments, the solution is stirred for a
period of time of about 10 minutes to about 15 minutes,
about 10 minutes to about 20 minutes, about 10 minutes to
about 25 minutes, about 10 minutes to about 30 minutes,
about 10 minutes to about 35 minutes, about 10 minutes to
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about 40 minutes, about 10 minutes to about 45 minutes,
about 10 minutes to about 50 minutes, about 10 minutes to
about 55 minutes, about 10 minutes to about 60 minutes,
about 15 minutes to about 20 minutes, about 15 minutes to
about 25 minutes, about 15 minutes to about 30 minutes,
about 15 minutes to about 35 minutes, about 15 minutes to
about 40 minutes, about 15 minutes to about 45 minutes,
about 15 minutes to about 50 minutes, about 15 minutes to
about 55 minutes, about 15 minutes to about 60 minutes,
about 20 minutes to about 25 minutes, about 20 minutes to
about 30 minutes, about 20 minutes to about 35 minutes,
about 20 minutes to about 40 minutes, about 20 minutes to
about 45 minutes, about 20 minutes to about 50 minutes,
about 20 minutes to about 55 minutes, about 20 minutes to
about 60 minutes, about 25 minutes to about 30 minutes,
about 25 minutes to about 35 minutes, about 25 minutes to
about 40 minutes, about 25 minutes to about 45 minutes,
about 25 minutes to about 50 minutes, about 25 minutes to
about 55 minutes, about 25 minutes to about 60 minutes,
about 30 minutes to about 35 minutes, about 30 minutes to
about 40 minutes, about 30 minutes to about 45 minutes,
about 30 minutes to about 50 minutes, about 30 minutes to
about 55 minutes, about 30 minutes to about 60 minutes,
about 35 minutes to about 40 minutes, about 35 minutes to
about 45 minutes, about 35 minutes to about 50 minutes,
about 35 minutes to about 55 minutes, about 35 minutes to
about 60 minutes, about 40 minutes to about 45 minutes,
about 40 minutes to about 50 minutes, about 40 minutes to
about 55 minutes, about 40 minutes to about 60 minutes,
about 45 minutes to about 50 minutes, about 45 minutes to
about 55 minutes, about 45 minutes to about 60 minutes,
about 50 minutes to about 55 minutes, about 50 minutes to
about 60 minutes, or about 55 minutes to about 60 minutes.
In some embodiments, the solution is stirred for a period of
time of about 10 minutes, about 15 minutes, about 20
minutes, about 25 minutes, about 30 minutes, about 35
minutes, about 40 minutes, about 45 minutes, about 50
minutes, about 55 minutes, or about 60 minutes. In some
embodiments, the solution is stirred for a period of time of
at least about 15 minutes, about 20 minutes, about 25
minutes, about 30 minutes, about 35 minutes, about 40
minutes, about 45 minutes, about 50 minutes, about 55
minutes, or about 60 minutes. In some embodiments, the
solution is stirred for a period of time of at most about 10
minutes, about 15 minutes, about 20 minutes, about 25
minutes, about 30 minutes, about 35 minutes, about 40
minutes, about 45 minutes, about 50 minutes, or about 55
minutes.

[0065] In some embodiments, the solution is heated by an
autoclave, an oven, a fire, a Bunsen burner, a heat exchanger,
a microwave, or any combination thereof.

[0066] In some embodiments, the solution is heated at a
temperature of about 80° C. to about 360° C. In some
embodiments, the solution is heated at a temperature of at
least about 80° C. In some embodiments, the solution is
heated at a temperature of at most about 360° C. In some
embodiments, the solution is heated at a temperature of
about 80° C. to about 100° C., about 80° C. to about 120°
C., about 80° C. to about 140° C., about 80° C. to about 160°
C., about 80° C. to about 180° C., about 80° C. to about 200°
C., about 80° C. to about 240° C., about 80° C. to about 280°
C., about 80° C. to about 320° C., about 80° C. to about 360°
C., about 100° C. to about 120° C., about 100° C. to about
140° C., about 100° C. to about 160° C., about 100° C. to
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about 180° C., about 100° C. to about 200° C., about 100°
C. to about 240° C., about 100° C. to about 280° C., about
100° C. to about 320° C., about 100° C. to about 360° C.,
about 120° C. to about 140° C., about 120° C. to about 160°
C., about 120° C. to about 180° C., about 120° C. to about
200° C., about 120° C. to about 240° C., about 120° C. to
about 280° C., about 120° C. to about 320° C., about 120°
C. to about 360° C., about 140° C. to about 160° C., about
140° C. to about 180° C., about 140° C. to about 200° C.,
about 140° C. to about 240° C., about 140° C. to about 280°
C., about 140° C. to about 320° C., about 140° C. to about
360° C., about 160° C. to about 180° C., about 160° C. to
about 200° C., about 160° C. to about 240° C., about 160°
C. to about 280° C., about 160° C. to about 320° C., about
160° C. to about 360° C., about 180° C. to about 200° C.,
about 180° C. to about 240° C., about 180° C. to about 280°
C., about 180° C. to about 320° C., about 180° C. to about
360° C., about 200° C. to about 240° C., about 200° C. to
about 280° C., about 200° C. to about 320° C., about 200°
C. to about 360° C., about 240° C. to about 280° C., about
240° C. to about 320° C., about 240° C. to about 360° C.,
about 280° C. to about 320° C., about 280° C. to about 360°
C., or about 320° C. to about 360° C. In some embodiments,
the solution is heated at a temperature of about 80° C., about
100° C., about 120° C., about 140° C., about 160° C., about
180° C., about 200° C., about 240° C., about 280° C., about
320° C., or about 360° C. In some embodiments, the solution
is heated at a temperature of at least about 100° C., about
120° C., about 140° C., about 160° C., about 180° C., about
200° C., about 240° C., about 280° C., about 320° C., or
about 360° C. In some embodiments, the solution is heated
at a temperature of at most about 80° C., about 100° C.,
about 120° C., about 140° C., about 160° C., about 180° C.,
about 200° C., about 240° C., about 280° C., or about 320°
C.

[0067] In some embodiments, the solution is heated for a
period of time of about 4 hours to about 16 hours. In some
embodiments, the solution is heated for a period of time of
at least about 4 hours. In some embodiments, the solution is
heated for a period of time of at most about 16 hours. In
some embodiments, the solution is heated for a period of
time of about 4 hours to about 5 hours, about 4 hours to
about 6 hours, about 4 hours to about 7 hours, about 4 hours
to about 8 hours, about 4 hours to about 9 hours, about 4
hours to about 10 hours, about 4 hours to about 11 hours,
about 4 hours to about 12 hours, about 4 hours to about 13
hours, about 4 hours to about 14 hours, about 4 hours to
about 16 hours, about 5 hours to about 6 hours, about 5 hours
to about 7 hours, about 5 hours to about 8 hours, about 5
hours to about 9 hours, about 5 hours to about 10 hours,
about 5 hours to about 11 hours, about 5 hours to about 12
hours, about 5 hours to about 13 hours, about 5 hours to
about 14 hours, about 5 hours to about 16 hours, about 6
hours to about 7 hours, about 6 hours to about 8 hours, about
6 hours to about 9 hours, about 6 hours to about 10 hours,
about 6 hours to about 11 hours, about 6 hours to about 12
hours, about 6 hours to about 13 hours, about 6 hours to
about 14 hours, about 6 hours to about 16 hours, about 7
hours to about 8 hours, about 7 hours to about 9 hours, about
7 hours to about 10 hours, about 7 hours to about 11 hours,
about 7 hours to about 12 hours, about 7 hours to about 13
hours, about 7 hours to about 14 hours, about 7 hours to
about 16 hours, about 8 hours to about 9 hours, about 8 hours
to about 10 hours, about 8 hours to about 11 hours, about 8
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hours to about 12 hours, about 8 hours to about 13 hours,
about 8 hours to about 14 hours, about 8 hours to about 16
hours, about 9 hours to about 10 hours, about 9 hours to
about 11 hours, about 9 hours to about 12 hours, about 9
hours to about 13 hours, about 9 hours to about 14 hours,
about 9 hours to about 16 hours, about 10 hours to about 11
hours, about 10 hours to about 12 hours, about 10 hours to
about 13 hours, about 10 hours to about 14 hours, about 10
hours to about 16 hours, about 11 hours to about 12 hours,
about 11 hours to about 13 hours, about 11 hours to about 14
hours, about 11 hours to about 16 hours, about 12 hours to
about 13 hours, about 12 hours to about 14 hours, about 12
hours to about 16 hours, about 13 hours to about 14 hours,
about 13 hours to about 16 hours, or about 14 hours to about
16 hours. In some embodiments, the solution is heated for a
period of time of about 4 hours, about 5 hours, about 6 hours,
about 7 hours, about 8 hours, about 9 hours, about 10 hours,
about 11 hours, about 12 hours, about 13 hours, about 14
hours, or about 16 hours. In some embodiments, the solution
is heated for a period of time of at least about 5 hours, about
6 hours, about 7 hours, about 8 hours, about 9 hours, about
10 hours, about 11 hours, about 12 hours, about 13 hours,
about 14 hours, or about 16 hours. In some embodiments,
the solution is heated for a period of time of at most about
4 hours, about 5 hours, about 6 hours, about 7 hours, about
8 hours, about 9 hours, about 10 hours, about 11 hours, about
12 hours, about 13 hours, or about 14 hours.

[0068] In some embodiments, the solvent comprises
deionized water, acetone, water, or any combination thereof.
In some embodiments, the solvent comprises deionized
water. In some embodiments, the solution is freeze-dried. In
some embodiments, the solution is freeze-dried. In some
embodiments, the solution is freeze-dried under vacuum.

[0069] In some embodiments, the first electrode is con-
figured to be employed as the positive electrode. In some
embodiments, the first electrode is configured to be
employed as the negative electrode.

[0070] A fifth aspect provided herein is a method of
forming an electrode comprising forming a second current
collector by treating a conductive scaffold in an acid; wash-
ing the second current collector in a solvent comprising
deionized water, acetone, water, or any combination thereof;
depositing a hydroxide onto the second current collector;
and submitting the electrode to consecutive potential
sweeps.

[0071] In some embodiments, the conductive scaffold
comprises a conductive foam, a graphene aerogel, amor-
phous carbon foam, thin-layer graphite foam, carbon nano-
tubes, carbon nanosheets, or any combination thereof. In
some embodiments, the conductive foam comprises alumi-
num foam, carbon foam, graphene foam, graphite foam,
copper foam, nickel foam, palladium foam, platinum foam,
steel foam, or any combination thereof. In some embodi-
ments, the conductive foam comprises graphene foam. In
some embodiments, the conductive foam comprises graphite
foam. In some embodiments, the conductive foam comprises
copper foam. In some embodiments, the conductive foam
comprises nickel foam.

[0072] In some embodiments, the acid comprises a strong
acid. In some embodiments, the acid comprises perchloric
acid, hydobromic acid, hydroiodic acid, sulfuric acid, meth-
anesolfonic acid, p-toluenesolfonic acid, hydrochloric acid,
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or any combination thereof. In some embodiments, the acid
comprises hydobromic acid. In some embodiments, the acid
comprises hydrochloric acid.

[0073] Insome embodiments, the acid has a concentration
of about 1 M to about 6 M. In some embodiments, the acid
has a concentration of at least about 1 M. In some embodi-
ments, the acid has a concentration of at most about 6 M. In
some embodiments, the acid has a concentration of about 1
M to about 1.5 M, about 1 M to about 2 M, about 1 M to
about 2.5 M, about 1 M to about 3 M, about 1 M to about
3.5 M, about 1 M to about 4 M, about 1 M to about 4.5 M,
about 1 M to about 5 M, about 1 M to about 5.5 M, about
1 M to about 6 M, about 1.5 M to about 2 M, about 1.5 M
to about 2.5 M, about 1.5 M to about 3 M, about 1.5 M to
about 3.5 M, about 1.5 M to about 4 M, about 1.5 M to about
4.5 M, about 1.5 M to about 5 M, about 1.5 M to about 5.5
M, about 1.5 M to about 6 M, about 2 M to about 2.5 M,
about 2 M to about 3 M, about 2 M to about 3.5 M, about
2 M to about 4 M, about 2 M to about 4.5 M, about 2 M to
about 5 M, about 2 M to about 5.5 M, about 2 M to about
6 M, about 2.5 M to about 3 M, about 2.5 M to about 3.5 M,
about 2.5 M to about 4 M, about 2.5 M to about 4.5 M, about
2.5 M to about 5 M, about 2.5 M to about 5.5 M, about 2.5
M to about 6 M, about 3 M to about 3.5 M, about 3 M to
about 4 M, about 3 M to about 4.5 M, about 3 M to about
5 M, about 3 M to about 5.5 M, about 3 M to about 6 M,
about 3.5 M to about 4 M, about 3.5 M to about 4.5 M, about
3.5 M to about 5 M, about 3.5 M to about 5.5 M, about 3.5
M to about 6 M, about 4 M to about 4.5 M, about 4 M to
about 5 M, about 4 M to about 5.5 M, about 4 M to about
6 M, about 4.5 M to about 5 M, about 4.5 M to about 5.5 M,
about 4.5 M to about 6 M, about 5 M to about 5.5 M, about
5 M to about 6 M, or about 5.5 M to about 6 M. In some
embodiments, the acid has a concentration of about 1 M,
about 1.5 M, about 2 M, about 2.5 M, about 3 M, about 3.5
M, about 4 M, about 4.5 M, about 5 M, about 5.5 M, or about
6 M. In some embodiments, the acid has a concentration of
at least about 1.5 M, about 2 M, about 2.5 M, about 3 M,
about 3.5 M, about 4 M, about 4.5 M, about 5 M, about 5.5
M, or about 6 M. In some embodiments, the acid has a
concentration of at most about 1 M, about 1.5 M, about 2 M,
about 2.5 M, about 3 M, about 3.5 M, about 4 M, about 4.5
M, about 5 M, or about 5.5 M.

[0074] In some embodiments, the conductive foam is
treated for a period of time of about 1 minute to about 30
minutes. In some embodiments, the conductive foam is
treated for a period of time of at least about 1 minute. In
some embodiments, the conductive foam is treated for a
period of time of at most about 30 minutes. In some
embodiments, the conductive foam is treated for a period of
time of about 1 minute to about 2 minutes, about 1 minute
to about 4 minutes, about 1 minute to about 6 minutes, about
1 minute to about 8 minutes, about 1 minute to about 10
minutes, about 1 minute to about 14 minutes, about 1 minute
to about 18 minutes, about 1 minute to about 22 minutes,
about 1 minute to about 26 minutes, about 1 minute to about
30 minutes, about 2 minutes to about 4 minutes, about 2
minutes to about 6 minutes, about 2 minutes to about 8
minutes, about 2 minutes to about 10 minutes, about 2
minutes to about 14 minutes, about 2 minutes to about 18
minutes, about 2 minutes to about 22 minutes, about 2
minutes to about 26 minutes, about 2 minutes to about 30
minutes, about 4 minutes to about 6 minutes, about 4
minutes to about 8 minutes, about 4 minutes to about 10
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minutes, about 4 minutes to about 14 minutes, about 4
minutes to about 18 minutes, about 4 minutes to about 22
minutes, about 4 minutes to about 26 minutes, about 4
minutes to about 30 minutes, about 6 minutes to about 8
minutes, about 6 minutes to about 10 minutes, about 6
minutes to about 14 minutes, about 6 minutes to about 18
minutes, about 6 minutes to about 22 minutes, about 6
minutes to about 26 minutes, about 6 minutes to about 30
minutes, about 8 minutes to about 10 minutes, about 8
minutes to about 14 minutes, about 8 minutes to about 18
minutes, about 8 minutes to about 22 minutes, about 8
minutes to about 26 minutes, about 8 minutes to about 30
minutes, about 10 minutes to about 14 minutes, about 10
minutes to about 18 minutes, about 10 minutes to about 22
minutes, about 10 minutes to about 26 minutes, about 10
minutes to about 30 minutes, about 14 minutes to about 18
minutes, about 14 minutes to about 22 minutes, about 14
minutes to about 26 minutes, about 14 minutes to about 30
minutes, about 18 minutes to about 22 minutes, about 18
minutes to about 26 minutes, about 18 minutes to about 30
minutes, about 22 minutes to about 26 minutes, about 22
minutes to about 30 minutes, or about 26 minutes to about
30 minutes. In some embodiments, the conductive foam is
treated for a period of time of about 1 minute, about 2
minutes, about 4 minutes, about 6 minutes, about 8 minutes,
about 10 minutes, about 14 minutes, about 18 minutes, about
22 minutes, about 26 minutes, or about 30 minutes. In some
embodiments, the conductive foam is treated for a period of
time of at least about 2 minutes, about 4 minutes, about 6
minutes, about 8 minutes, about 10 minutes, about 14
minutes, about 18 minutes, about 22 minutes, about 26
minutes, or about 30 minutes. In some embodiments, the
conductive foam is treated for a period of time of at most
about 1 minute, about 2 minutes, about 4 minutes, about 6
minutes, about 8 minutes, about 10 minutes, about 14
minutes, about 18 minutes, about 22 minutes, or about 26
minutes.

[0075] In some embodiments, the conductive foam is
washed in deionized water, acetone, water, or any combi-
nation thereof. In some embodiments, the conductive foam
is washed in deionized water.

[0076] In some embodiments, the hydroxide comprises
aluminum hydroxide, ammonium hydroxide, arsenic
hydroxide, barium hydroxide, beryllium hydroxide, bismuth
(IIT) hydroxide, boron hydroxide, cadmium hydroxide, cal-
cium hydroxide, cerium(IIl) hydroxide, cesium hydroxide,
chromium(II) hydroxide, chromium(I1I) hydroxide, chromi-
um(V) hydroxide, chromium(VI) hydroxide, cobalt(Il)
hydroxide, cobalt(Ill) hydroxide, copper(I) hydroxide, cop-
per(Il) hydroxide, gallium(II) hydroxide, gallium(III)
hydroxide, gold(I) hydroxide, gold(I1T) hydroxide, indium(I)
hydroxide, indium(II) hydroxide, indium(IIl) hydroxide,
iridium(II) hydroxide, iron(II) hydroxide, iron(III) hydrox-
ide, lanthanum hydroxide, lead(Il) hydroxide, lead(IV)
hydroxide, lithium hydroxide, magnesium hydroxide, man-
ganese(l]) hydroxide, manganese(III) hydroxide, mangane-
se(IV) hydroxide, manganese(VII) hydroxide, mercury(l)
hydroxide, mercury(Il) hydroxide, molybdenum hydroxide,
neodymium hydroxide, nickel oxo-hydroxide, nickel(Il)
hydroxide, nickel(IIT) hydroxide, niobium hydroxide, osmi-
um(IV) hydroxide, palladium(Il) hydroxide, palladium(IV)
hydroxide, platinum(IT) hydroxide, platinum(IV) hydroxide,
plutonium(IV) hydroxide, potassium hydroxide, radium
hydroxide, rubidium hydroxide, ruthenium(IIl) hydroxide,
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scandium hydroxide, silicon hydroxide, silver hydroxide,
sodium hydroxide, strontium hydroxide, tantalum(V)
hydroxide, technetium(Il) hydroxide, tetramethylammo-
nium hydroxide, thallium(I) hydroxide, thallium(III)
hydroxide, thorium hydroxide, tin(Il) hydroxide, tin(IV)
hydroxide, titanium(II) hydroxide, titanium(II1) hydroxide,
titanium(IV) hydroxide, tungsten(Il) hydroxide, uranyl
hydroxide, vanadium(IIl) hydroxide, vanadium(I1I) hydrox-
ide, vanadium(V) hydroxide, ytterbium hydroxide, yttrium
hydroxide, zinc hydroxide, zirconium hydroxide, or any
combination thereof. In some embodiments, the hydroxide
comprises nickel(Il) hydroxide. In some embodiments, the
hydroxide comprises nickel(I1I1) hydroxide. In some embodi-
ments, the hydroxide comprises palladium(Il) hydroxide. In
some embodiments, the hydroxide comprises palladium(IV)
hydroxide. In some embodiments, the hydroxide comprises
copper(l) hydroxide. In some embodiments, the hydroxide
comprises copper(Il) hydroxide.

[0077] In some embodiments, the hydroxide comprises
hydroxide nanoflakes, hydroxide nanoparticles, hydroxide
nanopowder, hydroxide nanoflowers, hydroxide nanodots,
hydroxide nanorods, hydroxide nanochains, hydroxide
nanofibers, hydroxide nanoparticles, hydroxide nanoplate-
lets, hydroxide nanoribbons, hydroxide nanorings, hydrox-
ide nanosheets, or a combination thereof. In some embodi-
ments, the hydroxide comprises hydroxide nanosheets. In
some embodiments, the hydroxide comprises hydroxide
nanoflakes.

[0078] In some embodiments, the hydroxide comprises
cobalt(I]) hydroxide nanopowder. In some embodiments, the
hydroxide comprises cobalt(IIl) hydroxide nanosheets. In
some embodiments, the hydroxide comprises nickel(II])
hydroxide nanoflakes. In some embodiments, the hydroxide
comprises copper(l) hydroxide nanoflakes. In some embodi-
ments, the hydroxide comprises copper(I]) hydroxide nano-
powder. In some embodiments, the hydroxide comprises
nickel(Il) hydroxide nanoflakes.

[0079] Insome embodiments, depositing a hydroxide onto
the second current collector comprises depositing a hydrox-
ide onto the second current collector by electrochemical
deposition, electrocoating, electrophoretic  deposition,
microwave synthesis, photothermal deposition, thermal
decomposition laser deposition, hydrothermal synthesis, or
any combination thereof. In some embodiments, electro-
chemical deposition comprises cyclic voltammetry. In some
embodiments, cyclic voltammetry comprises applying con-
secutive potential sweeps to the second current collector. In
some embodiments, applying consecutive potential sweeps
to the second current collector comprises applying consecu-
tive potential sweeps to the second current collector in a
catalyst.

[0080] In some embodiments, the consecutive potential
sweeps are performed at a voltage of about -2.4 V to about
-0.3 V. In some embodiments, the consecutive potential
sweeps are performed at a voltage of at least about -2.4 V.
In some embodiments, the consecutive potential sweeps are
performed at a voltage of at most about -0.3 V. In some
embodiments, the consecutive potential sweeps are per-
formed at a voltage of about —0.3 V to about -0.5 V, about
—0.3 V to about -0.9 V, about -0.3 V to about —1.1 V, about
—0.3 V to about -1.3 V, about -0.3 V to about —1.5 V, about
—0.3 V to about -1.7 V, about -0.3 V to about —1.9 V, about
—0.3 V to about -2.1 V, about -0.3 V to about -2.3 V, about
—0.3 V to about -2.4 V, about -0.5 V to about -0.9 V, about
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—-0.5 V to about -1.1 V, about -0.5 V to about —1.3 V, about
—-0.5 V to about -1.5 'V, about -0.5 V to about —1.7 V, about
—-0.5 V to about -1.9 V, about -0.5 V to about -2.1 V, about
—-0.5 V to about -2.3 V, about -0.5 V to about -2.4 V, about
—-0.9 V to about -1.1 V, about -0.9 V to about —1.3 V, about
—-0.9 V to about -1.5 'V, about -0.9 V to about —1.7 V, about
—-0.9 V to about -1.9 V, about -0.9 V to about -2.1 V, about
—-0.9 V to about -2.3 V, about -0.9 V to about -2.4 V, about
-1.1 V to about -1.3 V, about —1.1 V to about —1.5 V, about
-1.1 V to about -1.7 V, about —1.1 V to about —1.9 V, about
-1.1 V to about -2.1 V, about —-1.1 V to about -2.3 V, about
-1.1 V to about -2.4 V, about —1.3 V to about —1.5 V, about
-1.3 V to about -1.7 V, about —1.3 V to about —1.9 V, about
-1.3 V to about -2.1 V, about —1.3 V to about -2.3 V, about
-1.3 V to about -2.4 V, about —1.5 V to about —1.7 V, about
-1.5V to about -1.9 V, about —1.5 V to about -2.1 V, about
-1.5V to about -2.3 V, about —1.5 V to about -2.4 V, about
-1.7 V to about -1.9 V, about —1.7 V to about -2.1 V, about
-1.7 V to about -2.3 V, about —1.7 V to about -2.4 V, about
-1.9 V to about -2.1 V, about —1.9 V to about -2.3 V, about
-1.9 V to about -2.4 V, about -2.1 V to about -2.3 V, about
-2.1 V to about -2.4 V, or about -2.3 V to about =2.4 V. In
some embodiments, the consecutive potential sweeps are
performed at a voltage to the second current collector of
about 0.3 V, about —0.5 V, about -0.9 'V, about -1.1 V, about
-1.3V, about -1.5V, about —=1.7 V, about -1.9 V, about -2.1
V, about -2.3 V, or about -2.4 V. In some embodiments, the
consecutive potential sweeps are performed at a voltage to
the second current collector of at least about -0.5 V, about
-0.9V, about -1.1V, about —=1.3 V, about -1.5 'V, about -1.7
V, about -1.9 V, about -2.1 V, about -2.3 V, or about -2.4
V. In some embodiments, the consecutive potential sweeps
are performed at a voltage to the second current collector of
at most about -0.3 'V, about -0.5 V, about -0.9 V, about -1.1
V, about -1.3 V, about -1.5V, about -1.7 V, about -1.9 V,
or about -2.1 V, about -2.3 V.

[0081] In some embodiments, the consecutive potential
sweeps are performed at a scan rate of about 50 mV/s to
about 175 mV/s. In some embodiments, the consecutive
potential sweeps are performed at a scan rate of at least
about 50 mV/s. In some embodiments, the consecutive
potential sweeps are performed at a scan rate of at most
about 175 mV/s. In some embodiments, the consecutive
potential sweeps are performed at a scan rate of about 50
mV/s to about 60 mV/s, about 50 mV/s to about 70 mV/s,
about 50 mV/s to about 80 mV/s, about 50 mV/s to about 90
mV/s, about 50 mV/s to about 100 mV/s, about 50 mV/s to
about 110 mV/s, about 50 mV/s to about 120 mV/s, about 50
mV/s to about 130 mV/s, about 50 mV/s to about 140 mV/s,
about 50 mV/s to about 160 mV/s, about 50 mV/s to about
175 mV/s, about 60 mV/s to about 70 mV/s, about 60 mV/s
to about 80 mV/s, about 60 mV/s to about 90 mV/s, about
60 mV/s to about 100 mV/s, about 60 mV/s to about 110
mV/s, about 60 mV/s to about 120 mV/s, about 60 mV/s to
about 130 mV/s, about 60 mV/s to about 140 mV/s, about 60
mV/s to about 160 mV/s, about 60 mV/s to about 175 mV/s,
about 70 mV/s to about 80 mV/s, about 70 mV/s to about 90
mV/s, about 70 mV/s to about 100 mV/s, about 70 mV/s to
about 110 mV/s, about 70 mV/s to about 120 mV/s, about 70
mV/s to about 130 mV/s, about 70 mV/s to about 140 mV/s,
about 70 mV/s to about 160 mV/s, about 70 mV/s to about
175 mV/s, about 80 mV/s to about 90 mV/s, about 80 mV/s
to about 100 mV/s, about 80 mV/s to about 110 mV/s, about
80 mV/s to about 120 mV/s, about 80 mV/s to about 130
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mV/s, about 80 mV/s to about 140 mV/s, about 80 mV/s to
about 160 mV/s, about 80 mV/s to about 175 mV/s, about 90
mV/s to about 100 mV/s, about 90 mV/s to about 110 mV/s,
about 90 mV/s to about 120 mV/s, about 90 mV/s to about
130 mV/s, about 90 mV/s to about 140 mV/s, about 90 mV/s
to about 160 mV/s, about 90 mV/s to about 175 mV/s, about
100 mV/s to about 110 mV/s, about 100 mV/s to about 120
mV/s, about 100 mV/s to about 130 mV/s, about 100 mV/s
to about 140 mV/s, about 100 mV/s to about 160 mV/s,
about 100 mV/s to about 175 mV/s, about 110 mV/s to about
120 mV/s, about 110 mV/s to about 130 mV/s, about 110
mV/s to about 140 mV/s, about 110 mV/s to about 160
mV/s, about 110 mV/s to about 175 mV/s, about 120 mV/s
to about 130 mV/s, about 120 mV/s to about 140 mV/s,
about 120 mV/s to about 160 mV/s, about 120 mV/s to about
175 mV/s, about 130 mV/s to about 140 mV/s, about 130
mV/s to about 160 mV/s, about 130 mV/s to about 175
mV/s, about 140 mV/s to about 160 mV/s, about 140 mV/s
to about 175 mV/s, or about 160 mV/s to about 175 mV/s.
In some embodiments, the consecutive potential sweeps are
performed at a scan rate of about 50 mV/s, about 60 mV/s,
about 70 mV/s, about 80 mV/s, about 90 mV/s, about 100
mV/s, about 110 mV/s, about 120 mV/s, about 130 mV/s,
about 140 mV/s, about 160 mV/s, or about 175 mV/s. In
some embodiments, the consecutive potential sweeps are
performed at a scan rate of at least about 60 mV/s, about 70
mV/s, about 80 mV/s, about 90 mV/s, about 100 mV/s,
about 110 mV/s, about 120 mV/s, about 130 mV/s, about
140 mV/s, about 160 mV/s, or about 175 mV/s. In some
embodiments, the consecutive potential sweeps are per-
formed at a scan rate of at most about 50 mV/s, about 60
mV/s, about 70 mV/s, about 80 mV/s, about 90 mV/s, about
100 mV/s, about 110 mV/s, about 120 mV/s, about 130
mV/s, about 140 mV/s, or about 160 mV/s.

[0082] In some embodiments, the consecutive potential
sweeps comprise applying a voltage of about —0.3 V to about
-2.4 V at a scan rate of about 50 mV/s to about 175 mV/s
to the electrode

[0083] In some embodiments, the catalyst comprises
nickel acetate, nickel chloride, ammonium nickel(II) sulfate
hexahydrate, nickel carbonate, nickel(I) acetate, nickel(Il)
acetate tetrahydrate, nickel(Il) bromide 2-methoxyethyl,
nickel(Il) bromide, nickel(Il) bromide hydrate, nickel(Il)
bromide trihydrate, nickel(Il) carbonate, nickel(Il) carbon-
ate hydroxide tetrahydrate, nickel(II) chloride, nickel(Il)
chloride hexahydrate, nickel(II) chloride hydrate, nickel(Il)
cyclohexanebutyrate, nickel(Il) fluoride, nickel(Il)
hexafluorosilicate hexahydrate, nickel(Il) hydroxide, nickel
(II) iodide anhydrous, nickel(Il) iodide, nickel(II) nitrate
hexahydrate, nickel(I) oxalate dihydrate, nickel(IT) perchlo-
rate hexahydrate, nickel(Il) sulfamate tetrahydrate, nickel
(II) sulfate, nickel(I) sulfate heptahydrate, potassium nickel
(IV) paraperiodate, potassium tetracyanonickelate(Il)
hydrate, or any combination thereof. In some embodiments,
the catalyst comprises nickel carbonate. In some embodi-
ments, the catalyst comprises nickel(Il) nitrate. In some
embodiments, the catalyst comprises nickel acetate.

[0084] In some embodiments, the catalyst has a concen-
tration of about 50 mM to about 200 mM. In some embodi-
ments, the catalyst has a concentration of at least about 50
mM.

[0085] In some embodiments, the catalyst has a concen-
tration of at most about 200 mM. In some embodiments, the
catalyst has a concentration of about 50 mM to about 60
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mM, about 50 mM to about 70 mM, about 50 mM to about
80 mM, about 50 mM to about 90 mM, about 50 mM to
about 100 mM, about 50 mM to about 120 mM, about 50
mM to about 140 mM, about 50 mM to about 160 mM,
about 50 mM to about 180 mM, about 50 mM to about 200
mM, about 60 mM to about 70 mM, about 60 mM to about
80 mM, about 60 mM to about 90 mM, about 60 mM to
about 100 mM, about 60 mM to about 120 mM, about 60
mM to about 140 mM, about 60 mM to about 160 mM,
about 60 mM to about 180 mM, about 60 mM to about 200
mM, about 70 mM to about 80 mM, about 70 mM to about
90 mM, about 70 mM to about 100 mM, about 70 mM to
about 120 mM, about 70 mM to about 140 mM, about 70
mM to about 160 mM, about 70 mM to about 180 mM,
about 70 mM to about 200 mM, about 80 mM to about 90
mM, about 80 mM to about 100 mM, about 80 mM to about
120 mM, about 80 mM to about 140 mM, about 80 mM to
about 160 mM, about 80 mM to about 180 mM, about 80
mM to about 200 mM, about 90 mM to about 100 mM,
about 90 mM to about 120 mM, about 90 mM to about 140
mM, about 90 mM to about 160 mM, about 90 mM to about
180 mM, about 90 mM to about 200 mM, about 100 mM to
about 120 mM, about 100 mM to about 140 mM, about 100
mM to about 160 mM, about 100 mM to about 180 mM,
about 100 mM to about 200 mM, about 120 mM to about
140 mM, about 120 mM to about 160 mM, about 120 mM
to about 180 mM, about 120 mM to about 200 mM, about
140 mM to about 160 mM, about 140 mM to about 180 mM,
about 140 mM to about 200 mM, about 160 mM to about
180 mM, about 160 mM to about 200 mM, or about 180 mM
to about 200 mM. In some embodiments, the catalyst has a
concentration of about 50 mM, about 60 mM, about 70 mM,
about 80 mM, about 90 mM, about 100 mM, about 120 mM,
about 140 mM, about 160 mM, about 180 mM, or about 200
mM. In some embodiments, the catalyst has a concentration
of at least about 60 mM, about 70 mM, about 80 mM, about
90 mM, about 100 mM, about 120 mM, about 140 mM,
about 160 mM, about 180 mM, or about 200 mM. In some
embodiments, the catalyst has a concentration of at most
about 50 mM, about 60 mM, about 70 mM, about 80 mM,
about 90 mM, about 100 mM, about 120 mM, about 140
mM, about 160 mM, or about 180 mM.

[0086] In some embodiments, electrochemical deposition
comprises applying a constant voltage to the second current
collector.

[0087] In some embodiments, the constant voltage is
about -2.4 V to about -0.3 V. In some embodiments, the
constant voltage is at least about —2.4 V. In some embodi-
ments, the constant voltage is at most about 0.3 V. In some
embodiments, the constant voltage is about —0.3 V to about
-0.5V, about -0.3 V to about -0.9 V, about -0.3 V to about
-1.1V, about -0.3 V to about —1.3 V, about -0.3 V to about
-1.5V, about -0.3 V to about —1.7 V, about -0.3 V to about
-1.9V, about -0.3 V to about -2.1 V, about -0.3 V to about
-2.3V, about -0.3 V to about -2.4 V, about -0.5 V to about
-0.9V, about -0.5 V to about —-1.1 V, about -0.5 V to about
-1.3V, about -0.5 V to about —1.5 V, about -0.5 V to about
-1.7V, about -0.5 V to about —1.9 V, about -0.5 V to about
-2.1V, about -0.5 V to about -2.3 V, about -0.5 V to about
-2.4V, about -0.9 V to about —-1.1 V, about -0.9 V to about
-1.3V, about -0.9 V to about —1.5 V, about -0.9 V to about
-1.7V, about -0.9 V to about —1.9 V, about -0.9 V to about
-2.1V, about -0.9 V to about -2.3 V, about -0.9 V to about
-2.4V, about -1.1 V to about —1.3 V, about -1.1 V to about
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-1.5V, about -1.1 V to about -1.7 V, about -1.1 V to about
-1.9V, about -1.1 V to about -2.1 V, about -1.1 V to about
-2.3V, about -1.1 V to about -2.4 V, about —1.3 V to about
-1.5V, about -1.3 V to about -1.7 V, about —1.3 V to about
-1.9V, about -1.3 V to about -2.1 V, about —1.3 V to about
-2.3V, about -1.3 V to about -2.4 V, about —1.5 V to about
-1.7V, about —1.5 V to about -1.9 V, about -1.5 V to about
-2.1V, about -1.5 V to about -2.3 V, about —1.5 V to about
-2.4V, about —1.7 V to about -1.9 V, about —1.7 V to about
-2.1V, about -1.7 V to about -2.3 V, about -1.7 V to about
-2.4V, about -1.9 V to about -2.1 V, about —1.9 V to about
-2.3V, about -1.9 V to about -2.4 V, about -2.1 V to about
-2.3V, about -2.1 V to about -2.4 V, or about -2.3 V to
about -2.4 V. In some embodiments, the constant voltage is
about 0.3 V, about —0.5 V, about -0.9 V, about -1.1 V, about
-1.3V, about -1.5V, about —=1.7 V, about -1.9 V, about -2.1
V, about =2.3 V, or about -2.4 V. In some embodiments, the
constant voltage is at least about —-0.9 V, about -1.1 V, about
-1.3V, about -1.5V, about —=1.7 V, about -1.9 V, about -2.1
V, about =2.3 V, or about -2.4 V. In some embodiments, the
constant voltage is at most about —0.3 V, about 0.5 V, about
-0.9V, about -1.1 V, about —=1.3 V, about -1.5V, about -1.7
V, about -1.9 V, about -2.1 V, or about -2.3 V.

[0088] In some embodiments, hydrothermal synthesis
comprises submerging the second current collector in an
aqueous solution. In some embodiments, the aqueous solu-
tion comprises an acetate, a chloride, a nitrate salt, a
reducing agent, or any combination thereof.

[0089] In some embodiments, the aqueous solution com-
prises an acetate. In some embodiments, the acetate com-
prises, aluminum acetate, aluminum acetotartrate, aluminum
diacetate, aluminum sulfacetate, aluminum triacetate,
ammonium acetate, antimony(IIl) acetate, barium acetate,
basic beryllium acetate, bismuth(Ill) acetate, cadmium
acetate, cesium acetate, calcium acetate, calcium magne-
sium acetate, camostat, chromium acetate hydroxide, chro-
mium(I]) acetate, clidinium bromide, cobalt(Il) acetate, cop-
per(Il) acetate, Dess-Martin periodinane (diacetoxyiodo)
benzene, iron(Il) acetate, iron(IIl) acetate, lead(II) acetate,
lead(IV) acetate, lithium acetate, magnesium acetate, man-
ganese(l]) acetate, manganese(Ill) acetate, mercury(Il)
acetate, methoxyethylmercuric acetate, molybdenum(II)
acetate, nexeridine, nickel(I) acetate, palladium(Il) acetate,
paris green, platinum(1I) acetate, potassium acetate, propani-
did, rhodium(Il) acetate, satraplatin, silver acetate, sodium
acetate, sodium chloroacetate, sodium diacetate, sodium
triacetoxyborohydride, thallous acetate, tilapertin, triamci-
nolone hexacetonide, triethylammonium acetate, uranyl
acetate, uranyl zinc acetate, white catalyst, zinc acetate, or
any combination thereof.

[0090] In some embodiments, the aqueous solution com-
prises a chloride. In some embodiments, the chloride com-
prises aluminum trichloride, ammonium chloride, barium
chloride, barium chloride dihydrate, calcium chloride, cal-
cium chloride dihydrate, cobalt(Il) chloride hexahydrate,
cobalt(IIl) chloride, copper(Il) chloride, copper(Il) chloride
dihydrate, iron(II) chloride, iron(I1l) chloride, iron(III) chlo-
ride hexahydrate, lead(Il) chloride, lead(IV) chloride, mag-
nesium chloride, magnesium chloride hexahydrate, manga-
nese(1l) chloride tetrahydrate, manganese(IV) chloride,
mercury(l) chloride, nickel(II) chloride hexahydrate, nickel
(IIT) chloride, phosphorus pentachloride, phosphorus
trichloride, potassium chloride, silver chloride, sodium chlo-
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ride, strontium chloride, sulfur hexachloride, tin(IV) chlo-
ride pentahydrate, zinc chloride, or any combination thereof.
[0091] In some embodiments, the aqueous solution com-
prises a nitrate salt. In some embodiments, the nitrate salt
comprises aluminum nitrate, barium nitrate, beryllium
nitrate, cadmium nitrate, calcium nitrate, cesium nitrate,
chromium nitrate, cobalt nitrate, cupric nitrate, dicyclohexy-
lammonium nitrite, didymium nitrate, econazole nitrate,
ferric nitrate, gallium nitrate, guanidine nitrate, lanthanum
nitrate hexahydrate, lead nitrate, lithium nitrate, magnesium
nitrate, manganese nitrate, mercuric nitrate, mercurous
nitrate, nickel nitrate, nickel nitrite, potassium nitrite, silver
nitrate, sodium nitrate, strontium nitrate, thallium nitrate,
uranyl nitrate, zinc ammonium nitrite, zinc nitrate, zirco-
nium nitrate, or any combination thereof.

[0092] In some embodiments, the aqueous solution com-
prises a reducing agent. In some embodiments, the reducing
agent comprises urea, citric acid, ascorbic acid, hydrazine
hydrate, hydroquinone, sodium borohydride, hydrogen bro-
mide, hydrogen iodide, or any combination thereof.

[0093] In some embodiments thermal decomposition is
performed at a temperature of about 150° C. to about 400°
C. In some embodiments thermal decomposition is per-
formed at a temperature of at least about 150° C. In some
embodiments thermal decomposition is performed at a tem-
perature of at most about 400° C. In some embodiments
thermal decomposition is performed at a temperature of
about 150° C. to about 200° C., about 150° C. to about 250°
C., about 150° C. to about 300° C., about 150° C. to about
350° C., about 150° C. to about 400° C., about 200° C. to
about 250° C., about 200° C. to about 300° C., about 200°
C. to about 350° C., about 200° C. to about 400° C., about
250° C. to about 300° C., about 250° C. to about 350° C.,
about 250° C. to about 400° C., about 300° C. to about 350°
C., about 300° C. to about 400° C., or about 350° C. to about
400° C. In some embodiments thermal decomposition is
performed at a temperature of about 150° C., about 200° C.,
about 250° C., about 300° C., about 350° C., or about 400°
C. In some embodiments thermal decomposition is per-
formed at a temperature of at least about 200° C., about 250°
C., about 300° C., about 350° C., or about 400° C. In some
embodiments thermal decomposition is performed at a tem-
perature of at most about 150° C., about 200° C., about 250°
C., about 300° C., or about 350° C.

BRIEF DESCRIPTION OF THE DRAWINGS

[0094] The novel features of the disclosure are set forth
with particularity in the appended claims. A better under-
standing of the features and advantages of the present
disclosure will be obtained by reference to the following
detailed description that sets forth illustrative embodiments,
in which the principles of the disclosure are utilized, and the
accompanying drawings of which:

[0095] FIG. 1 is a schematic diagram of an exemplary
energy storage device.

[0096] FIG. 2A is a scanning electron microscope image
of an exemplary first electrode comprising three-dimen-
sional graphene aerogel (3DGA).

[0097] FIG. 2B is a scanning electron microscope image
of'an exemplary first electrode comprising a layered double
hydroxide (LDH).

[0098] FIG. 3 is an energy-dispersive X-ray (EDS) spec-
trum of an exemplary first electrode comprising Zn—Fe
LDH/3DGA.
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[0099] FIG. 4A is an X-ray photoelectron spectra (XPS)
graph of an exemplary first electrode comprising graphene
oxide (GO) and an exemplary first electrode comprising
3DGA.

[0100] FIG. 4B is an XPS graph of an exemplary first
electrode comprising Zn—Fe LDH and an exemplary first
electrode comprising Zn—Fe LDH/3DGA.

[0101] FIG. 5Ais a Cls XPS graph of an exemplary first
electrode comprising GO.

[0102] FIG. 5B is a Cls XPS graph of an exemplary first
electrode comprising Zn—Fe LDH/3DGA.

[0103] FIG. 5C is a Zn2p XPS graph of an exemplary first
electrode comprising Zn—Fe LDH/3DGA.

[0104] FIG. 5D is a Fe2p XPS graph of an exemplary first
electrode comprising Zn—Fe LDH/3DGA.

[0105] FIG. 6 is a Raman spectra of exemplary first
electrodes comprising GO, 3DGA, and Zn—Fe LDH/
3DGA.

[0106] FIG. 7 is a cyclic voltammetry (CV) graph of
exemplary first electrodes comprising 3DGA, Zn—Fe LDH,
and Zn—Fe LDH with six concentrations of 3DGA,
recorded at a scan rate of 20 mV/s in a 3.0 M KOH
electrolyte.

[0107] FIG. 8is a CV graph of an exemplary first electrode
comprising Zn—Fe LDH and an exemplary first electrode
comprising Zn—Fe LDH/3DGA, in a ZnO-saturated KOH
solution at a scan rate of 20 mV/s.

[0108] FIG. 9 is a CV graph at different scan rates of an
exemplary first electrode comprising Zn—Fe LDH/3DGA in
a ZnO-saturated KOH solution.

[0109] FIG. 10 is a CV graph at different scan rates of an
exemplary first electrode comprising Zn—Fe LDH/3DGA
with a zinc to iron mass ratio of 1:3, and a Zn—Fe to GO
mass ratio of 1:1.

[0110] FIG. 11 is a graph comparing the scan rate and
active material specific capacity of an exemplary first elec-
trode comprising Zn—Fe LDH/3DGA with a zinc to iron
mass ratio of 1:3, and a Zn—Fe to GO mass ratio of 1:1
[0111] FIG. 12 is a CV graph of a 3E cell comprising an
exemplary second electrode comprising Ni(OH), in 3.0 M
KOH at different scan rates.

[0112] FIG. 13 is a charge-discharge graph of a 3E cell
comprising an exemplary second electrode comprising
Ni(OH), in KOH at different current densities.

[0113] FIG. 14A is a CV graph of an exemplary first
electrode comprising Zn—Fe LDH/3DGA and an exem-
plary second electrode comprising Ni(OH), in a 3E cell
energy storage device.

[0114] FIG. 14B is a CV graph of an exemplary energy
storage device comprising an exemplary first electrode com-
prising Zn—Fe LDH/3DGA and an exemplary second elec-
trode comprising Ni(OH), in a ZnO-saturated KOH solution
at a scan rate of 10 mV/s.

[0115] FIG. 15A is a galvanic charge/discharge (GCD)
graph of an exemplary energy storage device comprising an
exemplary first electrode comprising Zn—Fe LDH/3DGA
and an exemplary first electrode comprising Ni(OH), in a
ZnO-saturated KOH electrolyte at discharge rates from 1C
to 4C.

[0116] FIG. 15B is a GCD graph of an exemplary energy
storage device comprising an exemplary first electrode com-
prising Zn—Fe LDH/3DGA and an exemplary first elec-
trode comprising Ni(OH), in a ZnO-saturated KOH electro-
lyte at discharge rates from 10C to 80C.
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[0117] FIG. 15C is a GCD graph of an exemplary energy
storage device comprising an exemplary first electrode com-
prising Zn—Fe LDH/3DGA and an exemplary first elec-
trode comprising Ni(OH), in a ZnO-saturated KOH electro-
lyte at discharge rates from 100C to 200C.

[0118] FIG. 15D is a GCD graph of an exemplary energy
storage device comprising an exemplary first electrode com-
prising Zn—Fe LDH/3DGA and an exemplary first elec-
trode comprising Ni(OH), in a ZnO-saturated KOH electro-
lyte at discharge rates from 1C to 200C.

[0119] FIG. 16 is a graph showing the relationship
between the discharge rate and the discharge capacity for an
exemplary energy storage device of the current disclosure.
[0120] FIG. 17 is a Nyquist plot of an exemplary energy
storage device of the current disclosure.

[0121] FIG. 18A is a Nyquist plot of an exemplary second
electrode.
[0122] FIG. 18B is a high frequency impedance spectrum

of an exemplary second electrode.

[0123] FIG. 19 is an illustration of an equivalent circuit
fitted to the experimental electrochemical impedance spec-
troscopy (EIS) measurements of an exemplary energy stor-
age device.

[0124] FIG. 20A is a graph comparing the capacities and
operating voltages of current energy storage devices with an
exemplary energy storage device of the present disclosure.
[0125] FIG. 20B is a graph comparing the gravimetric
energy densities and the volumetric energy densities of
current energy storage devices with an exemplary energy
storage device of the present disclosure.

[0126] FIG.20C is a graph comparing the energy densities
and power densities of current energy storage devices with
an exemplary energy storage device of the present disclo-
sure.

DETAILED DESCRIPTION OF THE
INVENTION

[0127] Lithium ion batteries are widely used as energy
storage devices in electronics due to their portability, high
energy density, and low self-discharge. Unfortunately, cur-
rent lithium ion battery technology exhibits safety issues
such as the battery fires which spurred the recall of Sam-
sung’s Galaxy Note 7 in September 2016. Additionally,
although lithium ion batteries exhibit a high energy density,
such devices often exhibit low power densities, typically
below 3 kW/kg, and recharging times for such energy
storage devices is on the order of hours.

[0128] As such, there is a long felt and unmet need for safe
and powerful energy storage devices that are light weight,
structurally flexible, and exhibit high power densities, high
energy densities, and extended cycle life spans. Further,
there is a current unmet need for electrode and electrolyte
materials configured to store a large amount of energy in a
short time, and which slowly and controllably release the
energy for use in an electronic device.

First Electrode

[0129] Described herein, in certain embodiments, is a first
electrode comprising a layered double hydroxide, a conduc-
tive scaffold, and a first current collector.

[0130] In some embodiments, the layered double hydrox-
ide comprises a metallic layered double hydroxide. In some
embodiments, the metallic layered double hydroxide com-
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prises a zinc-iron layered double hydroxide, an aluminum-
iron layered double hydroxide, a chromium-iron layered
double hydroxide, an indium-iron layered double hydroxide,
a manganese-iron layered double hydroxide, or any combi-
nation thereof. In some embodiments, the metallic layered
double hydroxide comprises a manganese-iron layered
double hydroxide.

[0131] In some embodiments, the metallic layered double
hydroxide comprises a zinc-iron layered double hydroxide.
In some embodiments, the ratio between the zinc and iron is
about 1:1 to about 6:1. In some embodiments, the ratio
between the zinc and iron is at least about 1:1. In some
embodiments, the ratio between the zinc and iron is at most
about 6:1. In some embodiments, the ratio between the zinc
and iron is about 1:1 to about 1.5:1, about 1:1 to about 2:1,
about 1:1 to about 2.5:1, about 1:1 to about 3:1, about 1:1 to
about 3.5:1, about 1:1 to about 4:1, about 1:1 to about 4.5:1,
about 1:1 to about 5:1, about 1:1 to about 5.5:1, about 1:1 to
about 6:1, about 1.5:1 to about 2:1, about 1.5:1 to about
2.5:1, about 1.5:1 to about 3:1, about 1.5:1 to about 3.5:1,
about 1.5:1 to about 4:1, about 1.5:1 to about 4.5:1, about
1.5:1 to about 5:1, about 1.5:1 to about 5.5:1, about 1.5:1 to
about 6:1, about 2:1 to about 2.5:1, about 2:1 to about 3:1,
about 2:1 to about 3.5:1, about 2:1 to about 4:1, about 2:1 to
about 4.5:1, about 2:1 to about 5:1, about 2:1 to about 5.5:1,
about 2:1 to about 6:1, about 2.5:1 to about 3:1, about 2.5:1
to about 3.5:1, about 2.5:1 to about 4:1, about 2.5:1 to about
4.5:1, about 2.5:1 to about 5:1, about 2.5:1 to about 5.5:1,
about 2.5:1 to about 6:1, about 3:1 to about 3.5:1, about 3:1
to about 4:1, about 3:1 to about 4.5:1, about 3:1 to about 5:1,
about 3:1 to about 5.5:1, about 3:1 to about 6:1, about 3.5:1
to about 4:1, about 3.5:1 to about 4.5:1, about 3.5:1 to about
5:1, about 3.5:1 to about 5.5:1, about 3.5:1 to about 6:1,
about 4:1 to about 4.5:1, about 4:1 to about 5:1, about 4:1 to
about 5.5:1, about 4:1 to about 6:1, about 4.5:1 to about 5:1,
about 4.5:1 to about 5.5:1, about 4.5:1 to about 6:1, about 5:1
to about 5.5:1, about 5:1 to about 6:1, or about 5.5:1 to about
6:1. In some embodiments, the ratio between the zinc and
iron is about 1:1, about 1.5:1, about 2:1, about 2.5:1, about
3:1, about 3.5:1, about 4:1, about 4.5:1, about 5:1, about
5.5:1, or about 6:1.

[0132] In some embodiments, the conductive scaffold
comprises conductive foam, conductive aerogel, metallic
ionogel, carbon nanotubes, carbon nanosheets, activated
carbon, carbon cloth, carbon black, or any combination
thereof. In some embodiments, the conductive scaffold
comprises a three-dimensional (3D) scaffold. In some
embodiments, the conductive scaffold comprises a conduc-
tive foam. In some embodiments, the conductive foam
comprises carbon foam, graphene foam, graphite foam,
carbon foam, or any combination thereof. In some embodi-
ments, the conductive scaffold comprises a conductive aero-
gel. In some embodiments, the conductive aerogel com-
prises carbon aerogel, graphene aerogel, graphite aerogel,
carbon aerogel, or any combination thereof. In some
embodiments, the conductive scaffold comprises a 3D con-
ductive aerogel. In some embodiments, the 3D conductive
aerogel comprises 3D carbon aerogel, 3D graphene aerogel,
3D graphite aerogel, 3D carbon aerogel, or any combination
thereof. In some embodiments, the conductive scaffold
comprises a metallic ionogel. In some embodiments, the
metallic ionogel comprises carbon ionogel, graphene iono-
gel, graphite ionogel, or any combination thereof.
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[0133] In some embodiments, the conductive scaffold
comprises a metal. In some embodiments, the metal com-
prises aluminum, copper, carbon, iron, silver, gold, palla-
dium, platinum, iridium, platinum iridium alloy, ruthenium,
rhodium, osmium, tantalum, titanium, tungsten, polysilicon,
indium tin oxide or any combination thereof. In some
embodiments, the conductive scaffold comprises a conduc-
tive polymer. In some embodiments, the conductive polymer
comprises trans-polyacetylene, polyfluorene, polythio-
phene, polypyrrole, polyphenylene, polyaniline, poly(p-phe-
nylene vinylene), polypyrenes polyazulene, polynaphtha-
lene, polycarbazole, polyindole, polyazepine, poly(3,4-
ethylenedioxythiophene), poly(p-phenylene sulfide), poly
(acetylene, poly(p-phenylene vinylene), or any combination
thereof. In some embodiments, the conductive scaffold
comprises a conductive ceramic. In some embodiments, the
conductive ceramic comprises zirconium barium titanate,
strontium titanate, calcium titanate, magnesium titanate,
calcium magnesium titanate, zinc titanate, lanthanum titan-
ate, neodymium titanate, barium zirconate, calcium zircon-
ate, lead magnesium niobate, lead zinc niobate, lithium
niobate, barium stannate, calcium stannate, magnesium alu-
minium silicate, magnesium silicate, barium tantalate, tita-
nium dioxide, niobium oxide, zirconia, silica, sapphire,
beryllium oxide, zirconium tin titanate, or any combination
thereof. In some embodiments, the conducting scaffold is
composed of an alloy of two or more materials or elements.

[0134] In some embodiments, the mass ratio between the
layered double hydroxide and the conductive scaffold is
about 0.2:1 to about 2.4:1. In some embodiments, the mass
ratio between the layered double hydroxide and the conduc-
tive scaffold is at least about 0.2:1. In some embodiments,
the mass ratio between the layered double hydroxide and the
conductive scaffold is at most about 2.4:1. In some embodi-
ments, the mass ratio between the layered double hydroxide
and the conductive scaffold is about 0.2:1 to about 0.4:1,
about 0.2:1 to about 0.6:1, about 0.2:1 to about 0.8:1, about
0.2:1 to about 1:1, about 0.2:1 to about 1.2:1, about 0.2:1 to
about 1.4:1, about 0.2:1 to about 1.6:1, about 0.2:1 to about
1.8:1, about 0.2:1 to about 2:1, about 0.2:1 to about 2.2:1,
about 0.2:1 to about 2.4:1, about 0.4:1 to about 0.6:1, about
0.4:1 to about 0.8:1, about 0.4:1 to about 1:1, about 0.4:1 to
about 1.2:1, about 0.4:1 to about 1.4:1, about 0.4:1 to about
1.6:1, about 0.4:1 to about 1.8:1, about 0.4:1 to about 2:1,
about 0.4:1 to about 2.2:1, about 0.4:1 to about 2.4:1, about
0.6:1 to about 0.8:1, about 0.6:1 to about 1:1, about 0.6:1 to
about 1.2:1, about 0.6:1 to about 1.4:1, about 0.6:1 to about
1.6:1, about 0.6:1 to about 1.8:1, about 0.6:1 to about 2:1,
about 0.6:1 to about 2.2:1, about 0.6:1 to about 2.4:1, about
0.8:1 to about 1:1, about 0.8:1 to about 1.2:1, about 0.8:1 to
about 1.4:1, about 0.8:1 to about 1.6:1, about 0.8:1 to about
1.8:1, about 0.8:1 to about 2:1, about 0.8:1 to about 2.2:1,
about 0.8:1 to about 2.4:1, about 1:1 to about 1.2:1, about 1:1
to about 1.4:1, about 1:1 to about 1.6:1, about 1:1 to about
1.8:1, about 1:1 to about 2:1, about 1:1 to about 2.2:1, about
1:1 to about 2.4:1, about 1.2:1 to about 1.4:1, about 1.2:1 to
about 1.6:1, about 1.2:1 to about 1.8:1, about 1.2:1 to about
2:1, about 1.2:1 to about 2.2:1, about 1.2:1 to about 2.4:1,
about 1.4:1 to about 1.6:1, about 1.4:1 to about 1.8:1, about
1.4:1 to about 2:1, about 1.4:1 to about 2.2:1, about 1.4:1 to
about 2.4:1, about 1.6:1 to about 1.8:1, about 1.6:1 to about
2:1, about 1.6:1 to about 2.2:1, about 1.6:1 to about 2.4:1,
about 1.8:1 to about 2:1, about 1.8:1 to about 2.2:1, about
1.8:1 to about 2.4:1, about 2:1 to about 2.2:1, about 2:1 to
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about 2.4:1, or about 2.2:1 to about 2.4:1. In some embodi-
ments, the mass ratio between the layered double hydroxide
and the conductive scaffold is about 0.2:1, about 0.4:1, about
0.6:1, about 0.8:1, about 1:1, about 1.2:1, about 1.4:1, about
1.6:1, about 1.8:1, about 2:1, about 2.2:1, or about 2.4:1.
[0135] In some embodiments, the first current collector
comprises a conductive foam. In some embodiments, the
conductive foam comprises aluminum foam, carbon foam,
graphene foam, graphite foam, copper foam, nickel foam,
palladium foam, platinum foam, steel foam, or any combi-
nation thereof. In some embodiments, the conductive foam
comprises graphene foam. In some embodiments, the con-
ductive foam comprises graphite foam. In some embodi-
ments, the conductive foam comprises copper foam. In some
embodiments, the conductive foam comprises nickel foam.
[0136] In some embodiments, a conductive foam is a
cellular structure consisting of a solid metal with gas-filled
pores comprising a large portion of the volume of the foam.
In some embodiments, the conductive foam comprises a
closed-cell foam wherein the pores are sealed. In some
embodiments, the conductive foam comprises a opened-cell
foam wherein the pores are open.

[0137] In some embodiments, an aerogel is a synthetic,
porous, ultralight material derived from a gel, in which the
liquid component of the gel has been replaced with a gas to
form a low-density material. In some embodiments, an
ionogel comprises a solid interconnected network within a
liquid phase. In some embodiments, an ionogel comprises an
ionic conducting liquid immobilized within a matrix. In
some embodiments, the matrix is a polymer matrix.

[0138] In some embodiments, a carbon nanotube is an
allotrope of carbon with a cylindrical nanostructure. In some
embodiments, a carbon nanosheet is an allotrope of carbon
with a two-dimensional nanostructure. In some embodi-
ments, the carbon nanosheet comprises graphene. In some
embodiments, activated carbon, also called activated char-
coal, comprises a form of carbon with small, low-volume
pores with a high surface area. In some embodiments,
carbon black is a form of paracrystalline carbon that has a
high surface-area-to-volume ratio.

[0139] In some embodiments, the first current collector
comprises a conductive foam. In some embodiments, the
conductive foam comprises aluminum foam, carbon foam,
graphene foam, graphite foam, copper foam, nickel foam,
palladium foam, platinum foam, steel foam, or any combi-
nation thereof. In some embodiments, the conductive foam
comprises graphene foam. In some embodiments, the con-
ductive foam comprises graphite foam. In some embodi-
ments, the conductive foam comprises copper foam. In some
embodiments, the conductive foam comprises nickel foam.
[0140] In some embodiments, a current collector is a grid
or sheet of a conductive material that provides a conducting
path along an active material in an electrode.

[0141] In some embodiments, the first electrode has a
capacitance of about 500 F/g to about 2,250 F/g. In some
embodiments, the first electrode has a capacitance of at least
about 500 F/g. In some embodiments, the first electrode has
a capacitance of at most about 2,250 F/g. In some embodi-
ments, the first electrode has a capacitance of about 500 F/g
to about 750 F/g, about 500 F/g to about 1,000 F/g, about
500 F/gto about 1,250 F/g, about 500 F/g to about 1,500 F/g,
about 500 F/g to about 1,750 F/g, about 500 F/g to about
2,000 F/g, about 500 F/g to about 2,250 F/g, about 750 F/g
to about 1,000 F/g, about 750 F/g to about 1,250 F/g, about
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750 F/g to about 1,500 F/g, about 750 F/g to about 1,750 F/g,
about 750 F/g to about 2,000 F/g, about 750 F/g to about
2,250 F/g, about 1,000 F/g to about 1,250 F/g, about 1,000
F/g to about 1,500 F/g, about 1,000 F/g to about 1,750 F/g,
about 1,000 F/g to about 2,000 F/g, about 1,000 F/g to about
2,250 F/g, about 1,250 F/g to about 1,500 F/g, about 1,250
F/g to about 1,750 F/g, about 1,250 F/g to about 2,000 F/g,
about 1,250 F/g to about 2,250 F/g, about 1,500 F/g to about
1,750 F/g, about 1,500 F/g to about 2,000 F/g, about 1,500
F/g to about 2,250 F/g, about 1,750 F/g to about 2,000 F/g,
about 1,750 F/g to about 2,250 F/g, or about 2,000 F/g to
about 2,250 F/g. In some embodiments, the first electrode
has a capacitance of about 500 F/g, about 750 F/g, about
1,000 F/g, about 1,250 F/g, about 1,500 F/g, about 1,750 F/g,
about 2,000 F/g, or about 2,250 F/g. In some embodiments,
the first electrode has a capacitance of about 1,150 F/g. In
some embodiments, the first electrode has a capacitance of
at least about 750 F/g, about 1,000 F/g, about 1,250 F/g,
about 1,500 F/g, about 1,750 F/g, about 2,000 F/g, about or
2,250 F/g.

[0142] In some embodiments, the first electrode has a
gravimetric capacity of about 30 mAbh/g to about 120
mAh/g. In some embodiments, the first electrode has a
gravimetric capacity of at least about 30 mAh/g. In some
embodiments, the first electrode has a gravimetric capacity
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mAbh/g to about 120 mAl/g, about 100 mAh/g to about 110
mAh/g, about 100 mAh/g to about 120 mAh/g, or about 110
mAh/g to about 120 mAh/g. In some embodiments, the first
electrode has a gravimetric capacity of about 30 mAh/g,
about 40 mAh/g, about 50 mAh/g, about 60 mAh/g, about 70
mAh/g, about 80 mAh/g, about 90 mAh/g, about 100
mAh/g, about 110 mAh/g, or about 120 mAh/g. In some
embodiments, the first electrode has a gravimetric capacity
of at least about 40 mAl/g, about 50 mAh/g, about 60
mAh/g, about 70 mAh/g, about 80 mAh/g, about 90 mAh/g,
about 100 mAl/g, about 110 mAh/g, or about 120 mAh/g.

[0143] In some embodiments, the first electrode is con-
figured to be employed as the positive electrode. In some
embodiments, the first electrode is configured to be
employed as the negative electrode.

[0144] Scanning electron microscope images of an exem-
plary electrode comprising three-dimensional graphene
aerogel (3DGA) and an exemplary electrode comprising a
layered double hydroxide are shown in FIGS. 2A and 2B,
respectively. The elemental components of an exemplary
first electrode comprising Zn—Fe LDH/3DGA are shown
per the energy-dispersive X-ray (EDS) spectrum in FIG. 3
and the quantitative results in Table 1 below.

TABLE 1
Elt Line Int Error K Kr W% A% ZAF Pk/Bg
C Ka 216.7 40776 04072 0.1418 49.58 63.21 0.2859 150.59
N  Ka 153 40776 0.0380 00135 11.62 1270 01165  9.74
0O Ka 103.0 40776 0.0964 0.0336 1846 17.67 01819 2573
Fe Ka 438 0.6048 0.0713 0.0248 3.07 084 08074 778
Zn  Ka 46.1  0.5783 02049 0.0713 9.69 227 07361  10.87
of at most about 120 mAh/g. In some embodiments, the first [0145] Insome embodiments, the first electrode comprises

electrode has a gravimetric capacity of about 30 mAh/g to
about 40 mAh/g, about 30 mAh/g to about 50 mAh/g, about
30 mAh/g to about 60 mAh/g, about 30 mAh/g to about 70
mAh/g, about 30 mAh/g to about 80 mAh/g, about 30
mAh/g to about 90 mAh/g, about 30 mAh/g to about 100
mAh/g, about 30 mAh/g to about 110 mAh/g, about 30
mAh/g to about 120 mAh/g, about 40 mAh/g to about 50
mAh/g, about 40 mAh/g to about 60 mAh/g, about 40
mAh/g to about 70 mAh/g, about 40 mAh/g to about 80
mAh/g, about 40 mAh/g to about 90 mAh/g, about 40
mAh/g to about 100 mAh/g, about 40 mAh/g to about 110
mAh/g, about 40 mAh/g to about 120 mAh/g, about 50
mAh/g to about 60 mAh/g, about 50 mAh/g to about 70
mAh/g, about 50 mAh/g to about 80 mAh/g, about 50
mAh/g to about 90 mAh/g, about 50 mAh/g to about 100
mAh/g, about 50 mAh/g to about 110 mAh/g, about 50
mAbh/g to about 120 mAh/g, about 60 mAh/g to about 70
mAh/g, about 60 mAh/g to about 80 mAh/g, about 60
mAh/g to about 90 mAh/g, about 60 mAh/g to about 100
mAh/g, about 60 mAh/g to about 110 mAh/g, about 60
mAh/g to about 120 mAh/g, about 70 mAh/g to about 80
mAh/g, about 70 mAh/g to about 90 mAh/g, about 70
mAh/g to about 100 mAh/g, about 70 mAh/g to about 110
mAh/g, about 70 mAh/g to about 120 mAh/g, about 80
mAh/g to about 90 mAh/g, about 80 mAh/g to about 100
mAh/g, about 80 mAh/g to about 110 mAh/g, about 80
mAh/g to about 120 mAl/g, about 90 mAh/g to about 100
mAh/g, about 90 mAh/g to about 110 mAh/g, about 90

graphene oxide (GO). In some embodiments, the first elec-
trode comprises 3DGA. FIG. 4A is an X-ray photoelectron
spectra (XPS) graph characterizing an exemplary first elec-
trode comprising GO and an exemplary first electrode
comprising a 3DGA. The exemplary first electrode compris-
ing GO is further characterized in Cls XPS graph per FIG.
5A.

[0146] Insome embodiments, the first electrode comprises
Zn—Fe LDH. In some embodiments, the first electrode
comprises Zn—Fe LDH/3DGA. FIG. 4B is an XPS graph
characterizing an exemplary first electrode comprising Zn—
Fe layered double hydroxide (LDH) and an exemplary first
electrode comprising Zn—Fe LDH/3DGA. The exemplary
first electrode comprising Zn—Fe LDH/3DGA is further
characterized in C1s XPS graph per FIG. 5B, the Zn2p XPS
graph in FIG. 5C, and the Fe 2p XPS graph in FIG. 5D.
[0147] FIG. 6 is a Raman spectra of exemplary first
electrodes comprising GO, 3DGA, and Zn—Fe LDH/
3DGA.

[0148] The effect of the concentration of 3DGA on the
performance of exemplary first electrodes comprising
3DGA, Zn—Fe LDH, and Zn—Fe LDH/3DGA at a scan
rate of 20 mV/s and in a 3.0 M KOH electrolyte is shown in
the CV graph per FIG. 7. Six of the exemplary Zn—Fe
LDH/3DGA first electrodes, labeled as samples 1 to VI in per
FIG. 7 and Table 2 below, each comprise a 3:1 Zn to Fe ratio,
and six varying concentrations of 3DGA from 2:5to 7:5. As
shown, the exemplary Zn—Fe LDH/3DGA-IV sample elec-
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trode with a Zn—Fe to GO ratio of 1:1 exhibits the highest
capacity among the exemplary samples, of about 160 mAh/

g.

TABLE 2

Sample Zn—Fe to GO Ratio  Capacity (mAh/g)
Zn—Fe LDH/3DGA - I 2:5 99.7
Zn—Fe LDH/3DGA - II 3:5 124.2
Zn—Fe LDH/3DGA - III 4:5 148.6
Zn—Fe LDH/3DGA - IV 1:1 160.3
Zn—Fe LDH/3DGA - V 6:5 156.2
Zn—Fe LDH/3DGA - VI 7:5 131.3
[0149] FIG. 8 is a CV graph of an exemplary first electrode

comprising Zn—Fe LDH and an exemplary first electrode
comprising Zn—Fe LDH/3DGA, in a ZnO-saturated KOH
solution at a scan rate of 20 mV/s. FIG. 9 is a CV graph at
different scan rates of an exemplary first electrode compris-
ing Zn—Fe LDH/3DGA in a ZnO-saturated KOH solution.
[0150] Finally, the performance of exemplary first elec-
trodes comprising Zn—Fe LDH/3DGA with a zinc to iron
mass ratio of 1:3, and a Zn—Fe to GO mass ratio of 1:1 is
shown at different scan rates per the CV graph in FIG. 10.
Further, the relationship between the scan rate and active
material specific capacity of the exemplary electrode is
shown in FIG. 11, whereby the electrode maintains a capac-
ity retention of about 70% as the scan rate increases from 0
mV/s to 200 mV/s.

Second Electrode

[0151] Described herein, in certain embodiments, is a
second electrode comprising a hydroxide and a second
current collector.

[0152] In some embodiments, the hydroxide comprises
aluminum hydroxide, ammonium hydroxide, arsenic
hydroxide, barium hydroxide, beryllium hydroxide, bismuth
(IIT) hydroxide, boron hydroxide, cadmium hydroxide, cal-
cium hydroxide, cerium(IIl) hydroxide, cesium hydroxide,
chromium(II) hydroxide, chromium(I1I) hydroxide, chromi-
um(V) hydroxide, chromium(VI) hydroxide, cobalt(Il)
hydroxide, cobalt(Ill) hydroxide, copper(I) hydroxide, cop-
per(Il) hydroxide, gallium(II) hydroxide, gallium(III)
hydroxide, gold(I) hydroxide, gold(I1T) hydroxide, indium(I)
hydroxide, indium(II) hydroxide, indium(IIl) hydroxide,
iridium(II) hydroxide, iron(II) hydroxide, iron(III) hydrox-
ide, lanthanum hydroxide, lead(Il) hydroxide, lead(IV)
hydroxide, lithium hydroxide, magnesium hydroxide, man-
ganese(l]) hydroxide, manganese(III) hydroxide, mangane-
se(IV) hydroxide, manganese(VII) hydroxide, mercury(l)
hydroxide, mercury(Il) hydroxide, molybdenum hydroxide,
neodymium hydroxide, nickel oxo-hydroxide, nickel(Il)
hydroxide, nickel(IIT) hydroxide, niobium hydroxide, osmi-
um(IV) hydroxide, palladium(Il) hydroxide, palladium(IV)
hydroxide, platinum(IT) hydroxide, platinum(IV) hydroxide,
plutonium(IV) hydroxide, potassium hydroxide, radium
hydroxide, rubidium hydroxide, ruthenium(IIl) hydroxide,
scandium hydroxide, silicon hydroxide, silver hydroxide,
sodium hydroxide, strontium hydroxide, tantalum(V)
hydroxide, technetium(Il) hydroxide, tetramethylammo-
nium hydroxide, thallium(I) hydroxide, thallium(III)
hydroxide, thorium hydroxide, tin(I) hydroxide, tin(IV)
hydroxide, titanium(II) hydroxide, titanium(II) hydroxide,
titanium(IV) hydroxide, tungsten(Il) hydroxide, uranyl
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hydroxide, vanadium(IIl) hydroxide, vanadium(I1I) hydrox-
ide, vanadium(V) hydroxide, ytterbium hydroxide, yttrium
hydroxide, zinc hydroxide, zirconium hydroxide. In some
embodiments, the hydroxide comprises hydroxide nano-
flakes, hydroxide nanoparticles, hydroxide nanopowder,
hydroxide nanoflowers, hydroxide nanodots, hydroxide nan-
orods, hydroxide nanochains, hydroxide nanofibers, hydrox-
ide nanoparticles, hydroxide nanoplatelets, hydroxide nan-
oribbons, hydroxide nanorings, hydroxide nanosheets, or a
combination thereof. In some embodiments, the hydroxide
comprises cobalt(Il) hydroxide. In some embodiments, the
hydroxide comprises cobalt(1I1) hydroxide. In some embodi-
ments, the hydroxide comprises copper(l) hydroxide. In
some embodiments, the hydroxide comprises copper(Il)
hydroxide. In some embodiments, the hydroxide comprises
nickel(Il) hydroxide. In some embodiments, the hydroxide
comprises nickel(III) hydroxide.

[0153] In some embodiments, the hydroxide comprises
cobalt(I]) hydroxide nanopowder. In some embodiments, the
hydroxide comprises cobalt(IIl) hydroxide nanosheets. In
some embodiments, the hydroxide comprises nickel(II])
hydroxide nanoflakes. In some embodiments, the hydroxide
comprises copper(l) hydroxide nanoflakes. In some embodi-
ments, the hydroxide comprises copper(I]) hydroxide nano-
powder. In some embodiments, the hydroxide comprises
nickel(Il) hydroxide nanoflakes.

[0154] In some embodiments, the hydroxide is deposited
on the second current collector.

[0155] Insome embodiments, the second current collector
comprises a conductive foam. In some embodiments, the
conductive foam comprises aluminum foam, carbon foam,
graphene foam, graphite foam, copper foam, nickel foam,
palladium foam, platinum foam, steel foam, or any combi-
nation thereof. In some embodiments, the conductive foam
comprises graphene foam. In some embodiments, the con-
ductive foam comprises graphite foam. In some embodi-
ments, the conductive foam comprises copper foam. In some
embodiments, the conductive foam comprises nickel foam.
[0156] In some embodiments, the second electrode has a
capacitance of about 500 F/g to about 2,500 F/g. In some
embodiments, the second electrode has a capacitance of at
least about 500 F/g. In some embodiments, the second
electrode has a capacitance of at most about 2,500 F/g. In
some embodiments, the second electrode has a capacitance
of about 500 F/g to about 750 F/g, about 500 F/g to about
1,000 F/g, about 500 F/g to about 1,250 F/g, about 500 F/g
to about 1,500 F/g, about 500 F/g to about 1,750 F/g, about
500 F/g to about 2,000 F/g, about 500 F/g to about 2,250 F/g,
about 500 F/g to about 2,500 F/g, about 750 F/g to about
1,000 F/g, about 750 F/g to about 1,250 F/g, about 750 F/g
to about 1,500 F/g, about 750 F/g to about 1,750 F/g, about
750 F/g to about 2,000 F/g, about 750 F/g to about 2,250 F/g,
about 750 F/g to about 2,500 F/g, about 1,000 F/g to about
1,250 F/g, about 1,000 F/g to about 1,500 F/g, about 1,000
F/g to about 1,750 F/g, about 1,000 F/g to about 2,000 F/g,
about 1,000 F/g to about 2,250 F/g, about 1,000 F/g to about
2,500 F/g, about 1,250 F/g to about 1,500 F/g, about 1,250
F/g to about 1,750 F/g, about 1,250 F/g to about 2,000 F/g,
about 1,250 F/g to about 2,250 F/g, about 1,250 F/g to about
2,500 F/g, about 1,500 F/g to about 1,750 F/g, about 1,500
F/g to about 2,000 F/g, about 1,500 F/g to about 2,250 F/g,
about 1,500 F/g to about 2,500 F/g, about 1,750 F/g to about
2,000 F/g, about 1,750 F/g to about 2,250 F/g, about 1,750
F/g to about 2,500 F/g, about 2,000 F/g to about 2,250 F/g,
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about 2,000 F/g to about 2,500 F/g, or about 2,250 F/g to
about 2,500 F/g. In some embodiments, the second electrode
has a capacitance of about 500 F/g, about 750 F/g, about
1,000 F/g, about 1,250 F/g, about 1,500 F/g, about 1,750 F/g,
about 2,000 F/g, about 2,250 F/g, or about 2,500 F/g. In
some embodiments, the second electrode has a capacitance
of at least about 750 F/g, about 1,000 F/g, about 1,250 F/g,
about 1,500 F/g, about 1,750 F/g, about 2,000 F/g, about
2,250 F/g, or about 2,500 F/g.

[0157] In some embodiments, the second electrode has a
gravimetric capacity of about 30 mAbh/g to about 120
mAh/g. In some embodiments, the second electrode has a
gravimetric capacity of at least about 30 mAh/g. In some
embodiments, the second electrode has a gravimetric capac-
ity of at most about 120 mAh/g. In some embodiments, the
second electrode has a gravimetric capacity of about 30
mAh/g to about 40 mAh/g, about 30 mAh/g to about 50
mAh/g, about 30 mAh/g to about 60 mAh/g, about 30
mAh/g to about 70 mAl/g, about 30 mAh/g to about 80
mAh/g, about 30 mAh/g to about 90 mAh/g, about 30
mAh/g to about 100 mAh/g, about 30 mAh/g to about 110
mAh/g, about 30 mAh/g to about 120 mAh/g, about 40
mAh/g to about 50 mAl/g, about 40 mAh/g to about 60
mAh/g, about 40 mAh/g to about 70 mAh/g, about 40
mAh/g to about 80 mAh/g, about 40 mAh/g to about 90
mAh/g, about 40 mAh/g to about 100 mAh/g, about 40
mAh/g to about 110 mAl/g, about 40 mAh/g to about 120
mAh/g, about 50 mAh/g to about 60 mAh/g, about 50
mAh/g to about 70 mAh/g, about 50 mAh/g to about 80
mAh/g, about 50 mAh/g to about 90 mAh/g, about 50
mAh/g to about 100 mAh/g, about 50 mAh/g to about 110
mAh/g, about 50 mAh/g to about 120 mAh/g, about 60
mAh/g to about 70 mAh/g, about 60 mAh/g to about 80
mAh/g, about 60 mAh/g to about 90 mAh/g, about 60
mAh/g to about 100 mAh/g, about 60 mAh/g to about 110
mAh/g, about 60 mAh/g to about 120 mAh/g, about 70
mAh/g to about 80 mAh/g, about 70 mAh/g to about 90
mAh/g, about 70 mAh/g to about 100 mAh/g, about 70
mAh/g to about 110 mAl/g, about 70 mAh/g to about 120
mAh/g, about 80 mAh/g to about 90 mAh/g, about 80
mAh/g to about 100 mAh/g, about 80 mAh/g to about 110
mAh/g, about 80 mAh/g to about 120 mAh/g, about 90
mAbh/g to about 100 mAh/g, about 90 mAh/g to about 110
mAh/g, about 90 mAh/g to about 120 mAh/g, about 100
mAh/g to about 110 mAh/g, about 100 mAh/g to about 120
mAh/g, or about 110 mAh/g to about 120 mAh/g. In some
embodiments, the second electrode has a gravimetric capac-
ity of about 30 mAh/g, about 40 mAh/g, about 50 mAh/g,
about 60 mAh/g, about 70 mAh/g, about 80 mAh/g, about 90
mAh/g, about 100 mAh/g, about 110 mAh/g, or about 120
mAh/g. In some embodiments, the second electrode has a
gravimetric capacity of at least about 40 mAh/g, about 50
mAh/g, about 60 mAh/g, about 70 mAh/g, about 80 mAh/g,
about 90 mAl/g, about 100 mAh/g, about 110 mAh/g, or
about 120 mAh/g.

[0158] In some embodiments, the second electrode is
configured to be employed as the positive electrode. In some
embodiments, the second electrode is configured to be
employed as the negative electrode.

[0159] In some embodiments, the hydroxide comprises
Ni(OH),. The performance characteristics of an exemplary
second electrode comprising Ni(OH), in a 3E cell and 3.0 M
KOH is shown at different scan rates, per the CV graph FIG.
12, and per the charge discharge graph in FIG. 13, at
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different current densities. As seen in FIG. 13, the discharge
portions of the potential vs time curves for the exemplary
second electrode discharge evenly and gradually.

Energy Storage Devices

[0160] Provided herein, per FIG. 1, is an energy storage
device comprising a first electrode 101, a second electrode
102, a separator 107, and an electrolyte 108. In some
embodiments, the first electrode 101, comprises a layered
double hydroxide 104, a conductive scaffold 105, and a first
current collector 103. In some embodiments, the second
electrode 102, comprises a hydroxide 110 and a second
current collector 111. In some embodiments, the electrolyte
108, comprises a base and a conductive additive 109.
[0161] In some embodiments, the specific combination of
device chemistry, active materials, and electrolytes
described herein form energy storage devices that operate at
high voltages and exhibit both the capacity of a battery and
the power performance of supercapacitors in one device. In
some embodiments, the energy storage devices of the cur-
rent disclosure store more charge than a traditional lithium
ion battery.

[0162] In some embodiments, the energy storage devices
of the current disclosure are assembled in air, without the
need for expensive “dry rooms” necessary to produce many
other energy storage devices. In some embodiments, the
energy storage device of the present disclosure are capable
of being formed primarily from earth-abundant elements
such as, but not limited to, nickel, zinc, iron, and carbon.
[0163] In some embodiments, the energy storage device
stores energy through both redox reactions with ion adsorp-
tion. A redox reaction is a chemical reaction in which the
oxidation states of atoms are changed by the transfer of
electrons between chemical species. lon adsorption, also
known as electrosorption or intercalation, comprises the
transportation of ions through the inter-particle pores of an
electrode, resulting in a reversible faradaic charge-transfer.
The ability of the energy storage device of the current
disclosure to store energy through both redox reactions with
ion adsorption enables fast charge rates, steady discharge
rates, high power and energy densities, and high capacities.
[0164] Insomeembodiments, the first electrode comprises
a layered double hydroxide, a conductive scaffold, and a first
current collector.

[0165] In some embodiments, the layered double hydrox-
ide comprises a metallic layered double hydroxide. In some
embodiments, the metallic layered double hydroxide com-
prises a zinc-iron layered double hydroxide, an aluminum-
iron layered double hydroxide, a chromium-iron layered
double hydroxide, an indium-iron layered double hydroxide,
a manganese-iron layered double hydroxide, or any combi-
nation thereof. In some embodiments, the metallic layered
double hydroxide comprises a manganese-iron layered
double hydroxide.

[0166] In some embodiments, the metallic layered double
hydroxide comprises a zinc-iron layered double hydroxide.
In some embodiments, the ratio between the zinc and iron is
about 1:1 to about 6:1. In some embodiments, the ratio
between the zinc and iron is at least about 1:1. In some
embodiments, the ratio between the zinc and iron is at most
about 6:1. In some embodiments, the ratio between the zinc
and iron is about 1:1 to about 1.5:1, about 1:1 to about 2:1,
about 1:1 to about 2.5:1, about 1:1 to about 3:1, about 1:1 to
about 3.5:1, about 1:1 to about 4:1, about 1:1 to about 4.5:1,
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about 1:1 to about 5:1, about 1:1 to about 5.5:1, about 1:1 to
about 6:1, about 1.5:1 to about 2:1, about 1.5:1 to about
2.5:1, about 1.5:1 to about 3:1, about 1.5:1 to about 3.5:1,
about 1.5:1 to about 4:1, about 1.5:1 to about 4.5:1, about
1.5:1 to about 5:1, about 1.5:1 to about 5.5:1, about 1.5:1 to
about 6:1, about 2:1 to about 2.5:1, about 2:1 to about 3:1,
about 2:1 to about 3.5:1, about 2:1 to about 4:1, about 2:1 to
about 4.5:1, about 2:1 to about 5:1, about 2:1 to about 5.5:1,
about 2:1 to about 6:1, about 2.5:1 to about 3:1, about 2.5:1
to about 3.5:1, about 2.5:1 to about 4:1, about 2.5:1 to about
4.5:1, about 2.5:1 to about 5:1, about 2.5:1 to about 5.5:1,
about 2.5:1 to about 6:1, about 3:1 to about 3.5:1, about 3:1
to about 4:1, about 3:1 to about 4.5:1, about 3:1 to about 5:1,
about 3:1 to about 5.5:1, about 3:1 to about 6:1, about 3.5:1
to about 4:1, about 3.5:1 to about 4.5:1, about 3.5:1 to about
5:1, about 3.5:1 to about 5.5:1, about 3.5:1 to about 6:1,
about 4:1 to about 4.5:1, about 4:1 to about 5:1, about 4:1 to
about 5.5:1, about 4:1 to about 6:1, about 4.5:1 to about 5:1,
about 4.5:1 to about 5.5:1, about 4.5:1 to about 6:1, about 5:1
to about 5.5:1, about 5:1 to about 6:1, or about 5.5:1 to about
6:1. In some embodiments, the ratio between the zinc and
iron is about 1:1, about 1.5:1, about 2:1, about 2.5:1, about
3:1, about 3.5:1, about 4:1, about 4.5:1, about 5:1, about
5.5:1, or about 6:1.

[0167] In some embodiments, the conductive scaffold
comprises conductive foam, conductive aerogel, metallic
ionogel, carbon nanotubes, carbon nanosheets, activated
carbon, carbon cloth, carbon black, or any combination
thereof. In some embodiments, the conductive scaffold
comprises a 3D scaffold. In some embodiments, the con-
ductive scaffold comprises a conductive foam. In some
embodiments, the conductive foam comprises carbon foam,
graphene foam, graphite foam, carbon foam, or any combi-
nation thereof. In some embodiments, the conductive scaf-
fold comprises a conductive aerogel. In some embodiments,
the conductive aerogel comprises carbon aerogel, graphene
aerogel, graphite aerogel, carbon aerogel, or any combina-
tion thereof. In some embodiments, the conductive scaffold
comprises a 3D conductive acrogel. In some embodiments,
the 3D conductive aerogel comprises 3D carbon aerogel, 3D
graphene aerogel, 3D graphite aerogel, 3D carbon aerogel,
or any combination thereof. In some embodiments, the
conductive scaffold comprises a metallic ionogel. In some
embodiments, the metallic ionogel comprises carbon iono-
gel, graphene ionogel, graphite ionogel, In some embodi-
ments, the conductive scaffold comprises a metal. In some
embodiments, the metal comprises aluminum, copper, car-
bon, iron, silver, gold, palladium, platinum, iridium, plati-
num iridium alloy, ruthenium, rhodium, osmium, tantalum,
titanium, tungsten, polysilicon, indium tin oxide or any
combination thereof. In some embodiments, the conductive
scaffold comprises a conductive polymer. In some embodi-
ments, the conductive polymer comprises trans-polyacety-
lene, polyfluorene, polythiophene, polypyrrole, polyphe-
nylene, polyaniline,  poly(p-phenylene  vinylene),
polypyrenes polyazulene, polynaphthalene, polycarbazole,
polyindole, polyazepine, poly(3,4-ethylenedioxythiophene),
poly(p-phenylene sulfide), poly(acetylene, poly(p-phe-
nylene vinylene), or any combination thereof. In some
embodiments, the conductive scaffold comprises a conduc-
tive ceramic. In some embodiments, the conductive ceramic
comprises zirconium barium titanate, strontium titanate,
calcium titanate, magnesium titanate, calcium magnesium
titanate, zinc titanate, lanthanum titanate, neodymium titan-
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ate, barium zirconate, calcium zirconate, lead magnesium
niobate, lead zinc niobate, lithium niobate, barium stannate,
calcium stannate, magnesium aluminium silicate, magne-
sium silicate, barium tantalate, titanium dioxide, niobium
oxide, zirconia, silica, sapphire, beryllium oxide, zirconium
tin titanate, or any combination thereof. In some embodi-
ments, the conducting scaffold is composed of an alloy of
two or more materials or elements.

[0168] In some embodiments, the mass ratio between the
layered double hydroxide and the conductive scaffold is
about 0.2:1 to about 2.4:1. In some embodiments, the mass
ratio between the layered double hydroxide and the conduc-
tive scaffold is at least about 0.2:1. In some embodiments,
the mass ratio between the layered double hydroxide and the
conductive scaffold is at most about 2.4:1. In some embodi-
ments, the mass ratio between the layered double hydroxide
and the conductive scaffold is about 0.2:1 to about 0.4:1,
about 0.2:1 to about 0.6:1, about 0.2:1 to about 0.8:1, about
0.2:1 to about 1:1, about 0.2:1 to about 1.2:1, about 0.2:1 to
about 1.4:1, about 0.2:1 to about 1.6:1, about 0.2:1 to about
1.8:1, about 0.2:1 to about 2:1, about 0.2:1 to about 2.2:1,
about 0.2:1 to about 2.4:1, about 0.4:1 to about 0.6:1, about
0.4:1 to about 0.8:1, about 0.4:1 to about 1:1, about 0.4:1 to
about 1.2:1, about 0.4:1 to about 1.4:1, about 0.4:1 to about
1.6:1, about 0.4:1 to about 1.8:1, about 0.4:1 to about 2:1,
about 0.4:1 to about 2.2:1, about 0.4:1 to about 2.4:1, about
0.6:1 to about 0.8:1, about 0.6:1 to about 1:1, about 0.6:1 to
about 1.2:1, about 0.6:1 to about 1.4:1, about 0.6:1 to about
1.6:1, about 0.6:1 to about 1.8:1, about 0.6:1 to about 2:1,
about 0.6:1 to about 2.2:1, about 0.6:1 to about 2.4:1, about
0.8:1 to about 1:1, about 0.8:1 to about 1.2:1, about 0.8:1 to
about 1.4:1, about 0.8:1 to about 1.6:1, about 0.8:1 to about
1.8:1, about 0.8:1 to about 2:1, about 0.8:1 to about 2.2:1,
about 0.8:1 to about 2.4:1, about 1:1 to about 1.2:1, about 1:1
to about 1.4:1, about 1:1 to about 1.6:1, about 1:1 to about
1.8:1, about 1:1 to about 2:1, about 1:1 to about 2.2:1, about
1:1 to about 2.4:1, about 1.2:1 to about 1.4:1, about 1.2:1 to
about 1.6:1, about 1.2:1 to about 1.8:1, about 1.2:1 to about
2:1, about 1.2:1 to about 2.2:1, about 1.2:1 to about 2.4:1,
about 1.4:1 to about 1.6:1, about 1.4:1 to about 1.8:1, about
1.4:1 to about 2:1, about 1.4:1 to about 2.2:1, about 1.4:1 to
about 2.4:1, about 1.6:1 to about 1.8:1, about 1.6:1 to about
2:1, about 1.6:1 to about 2.2:1, about 1.6:1 to about 2.4:1,
about 1.8:1 to about 2:1, about 1.8:1 to about 2.2:1, about
1.8:1 to about 2.4:1, about 2:1 to about 2.2:1, about 2:1 to
about 2.4:1, or about 2.2:1 to about 2.4:1. In some embodi-
ments, the mass ratio between the layered double hydroxide
and the conductive scaffold is about 0.2:1, about 0.4:1, about
0.6:1, about 0.8:1, about 1:1, about 1.2:1, about 1.4:1, about
1.6:1, about 1.8:1, about 2:1, about 2.2:1, or about 2.4:1.

[0169] In some embodiments, the first current collector
comprises a conductive foam. In some embodiments, the
conductive foam comprises aluminum foam, carbon foam,
graphene foam, graphite foam, copper foam, nickel foam,
palladium foam, platinum foam, steel foam, or any combi-
nation thereof. In some embodiments, the conductive foam
comprises graphene foam. In some embodiments, the con-
ductive foam comprises graphite foam. In some embodi-
ments, the conductive foam comprises copper foam. In some
embodiments, the conductive foam comprises nickel foam.
In some embodiments, a current collector is a grid or sheet
of a conductive material that provides a conducting path
along an active material in an electrode.
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[0170] In some embodiments, the first electrode has a
capacitance of about 500 F/g to about 2,250 F/g. In some
embodiments, the first electrode has a capacitance of at least
about 500 F/g. In some embodiments, the first electrode has
a capacitance of at most about 2,250 F/g. In some embodi-
ments, the first electrode has a capacitance of about 500 F/g
to about 750 F/g, about 500 F/g to about 1,000 F/g, about
500 F/g to about 1,250 F/g, about 500 F/g to about 1,500 F/g,
about 500 F/g to about 1,750 F/g, about 500 F/g to about
2,000 F/g, about 500 F/g to about 2,250 F/g, about 750 F/g
to about 1,000 F/g, about 750 F/g to about 1,250 F/g, about
750 F/g to about 1,500 F/g, about 750 F/g to about 1,750 F/g,
about 750 F/g to about 2,000 F/g, about 750 F/g to about
2,250 F/g, about 1,000 F/g to about 1,250 F/g, about 1,000
F/g to about 1,500 F/g, about 1,000 F/g to about 1,750 F/g,
about 1,000 F/g to about 2,000 F/g, about 1,000 F/g to about
2,250 F/g, about 1,250 F/g to about 1,500 F/g, about 1,250
F/g to about 1,750 F/g, about 1,250 F/g to about 2,000 F/g,
about 1,250 F/g to about 2,250 F/g, about 1,500 F/g to about
1,750 F/g, about 1,500 F/g to about 2,000 F/g, about 1,500
F/g to about 2,250 F/g, about 1,750 F/g to about 2,000 F/g,
about 1,750 F/g to about 2,250 F/g, or about 2,000 F/g to
about 2,250 F/g. In some embodiments, the first electrode
has a capacitance of about 500 F/g, about 750 F/g, about
1,000 F/g, about 1,250 F/g, about 1,500 F/g, about 1,750 F/g,
about 2,000 F/g, or about 2,250 F/g. In some embodiments,
the first electrode has a capacitance of about 1,150 F/g. In
some embodiments, the first electrode has a capacitance of
at least about 750 F/g, about 1,000 F/g, about 1,250 F/g,
about 1,500 F/g, about 1,750 F/g, about 2,000 F/g, about or
2,250 F/g.

[0171] In some embodiments, the first electrode has a
gravimetric capacity of about 30 mAbh/g to about 120
mAh/g. In some embodiments, the first electrode has a
gravimetric capacity of at least about 30 mAh/g. In some
embodiments, the first electrode has a gravimetric capacity
of at most about 120 mAh/g. In some embodiments, the first
electrode has a gravimetric capacity of about 30 mAh/g to
about 40 mAh/g, about 30 mAh/g to about 50 mAh/g, about
30 mAh/g to about 60 mAh/g, about 30 mAh/g to about 70
mAh/g, about 30 mAh/g to about 80 mAh/g, about 30
mAh/g to about 90 mAh/g, about 30 mAh/g to about 100
mAh/g, about 30 mAh/g to about 110 mAh/g, about 30
mAh/g to about 120 mAh/g, about 40 mAh/g to about 50
mAh/g, about 40 mAh/g to about 60 mAh/g, about 40
mAh/g to about 70 mAh/g, about 40 mAh/g to about 80
mAh/g, about 40 mAh/g to about 90 mAh/g, about 40
mAh/g to about 100 mAh/g, about 40 mAh/g to about 110
mAh/g, about 40 mAh/g to about 120 mAh/g, about 50
mAh/g to about 60 mAh/g, about 50 mAh/g to about 70
mAh/g, about 50 mAh/g to about 80 mAh/g, about 50
mAh/g to about 90 mAh/g, about 50 mAh/g to about 100
mAh/g, about 50 mAh/g to about 110 mAh/g, about 50
mAbh/g to about 120 mAh/g, about 60 mAh/g to about 70
mAh/g, about 60 mAh/g to about 80 mAh/g, about 60
mAh/g to about 90 mAh/g, about 60 mAh/g to about 100
mAh/g, about 60 mAh/g to about 110 mAh/g, about 60
mAh/g to about 120 mAh/g, about 70 mAh/g to about 80
mAh/g, about 70 mAh/g to about 90 mAh/g, about 70
mAh/g to about 100 mAh/g, about 70 mAh/g to about 110
mAh/g, about 70 mAh/g to about 120 mAh/g, about 80
mAh/g to about 90 mAh/g, about 80 mAh/g to about 100
mAh/g, about 80 mAh/g to about 110 mAh/g, about 80
mAh/g to about 120 mAl/g, about 90 mAh/g to about 100
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mAh/g, about 90 mAh/g to about 110 mAh/g, about 90
mAbh/g to about 120 mAl/g, about 100 mAh/g to about 110
mAh/g, about 100 mAh/g to about 120 mAh/g, or about 110
mAh/g to about 120 mAh/g. In some embodiments, the first
electrode has a gravimetric capacity of about 30 mAh/g,
about 40 mAh/g, about 50 mAh/g, about 60 mAh/g, about 70
mAh/g, about 80 mAh/g, about 90 mAh/g, about 100
mAh/g, about 110 mAh/g, or about 120 mAh/g. In some
embodiments, the first electrode has a gravimetric capacity
of at least about 40 mAl/g, about 50 mAh/g, about 60
mAh/g, about 70 mAh/g, about 80 mAh/g, about 90 mAh/g,
about 100 mAl/g, about 110 mAh/g, or about 120 mAh/g.

[0172] In some embodiments, the second electrode com-
prises a hydroxide and a second current collector.

[0173] In some embodiments, the hydroxide comprises
aluminum hydroxide, ammonium hydroxide, arsenic
hydroxide, barium hydroxide, beryllium hydroxide, bismuth
(IIT) hydroxide, boron hydroxide, cadmium hydroxide, cal-
cium hydroxide, cerium(I1l) hydroxide, cesium hydroxide,
chromium(II) hydroxide, chromium(III) hydroxide, chromi-
um(V) hydroxide, chromium(VI) hydroxide, cobalt(Il)
hydroxide, cobalt(Ill) hydroxide, copper(l) hydroxide, cop-
per(Il) hydroxide, gallium(II) hydroxide, gallium(III)
hydroxide, gold(I) hydroxide, gold(I1T) hydroxide, indium(I)
hydroxide, indium(II) hydroxide, indium(IIl) hydroxide,
iridium(II) hydroxide, iron(II) hydroxide, iron(IIl) hydrox-
ide, lanthanum hydroxide, lead(Il) hydroxide, lead(IV)
hydroxide, lithium hydroxide, magnesium hydroxide, man-
ganese(l]) hydroxide, manganese(Ill) hydroxide, mangane-
se(IV) hydroxide, manganese(VII) hydroxide, mercury(l)
hydroxide, mercury(Il) hydroxide, molybdenum hydroxide,
neodymium hydroxide, nickel oxo-hydroxide, nickel(Il)
hydroxide, nickel(IIT) hydroxide, niobium hydroxide, osmi-
um(IV) hydroxide, palladium(Il) hydroxide, palladium(IV)
hydroxide, platinum(I1) hydroxide, platinum(IV) hydroxide,
plutonium(IV) hydroxide, potassium hydroxide, radium
hydroxide, rubidium hydroxide, ruthenium(IIl) hydroxide,
scandium hydroxide, silicon hydroxide, silver hydroxide,
sodium hydroxide, strontium hydroxide, tantalum(V)
hydroxide, technetium(Il) hydroxide, tetramethylammo-
nium hydroxide, thallium(I) hydroxide, thallium(III)
hydroxide, thorium hydroxide, tin(Il) hydroxide, tin(IV)
hydroxide, titanium(II) hydroxide, titanium(II1) hydroxide,
titanium(IV) hydroxide, tungsten(Il) hydroxide, uranyl
hydroxide, vanadium(IIl) hydroxide, vanadium(I1I) hydrox-
ide, vanadium(V) hydroxide, ytterbium hydroxide, yttrium
hydroxide, zinc hydroxide, zirconium hydroxide.

[0174] In some embodiments, the hydroxide comprises
hydroxide nanoflakes, hydroxide nanoparticles, hydroxide
nanopowder, hydroxide nanoflowers, hydroxide nanodots,
hydroxide nanorods, hydroxide nanochains, hydroxide
nanofibers, hydroxide nanoparticles, hydroxide nanoplate-
lets, hydroxide nanoribbons, hydroxide nanorings, hydrox-
ide nanosheets, or a combination thereof. In some embodi-
ments, the hydroxide comprises nickel(Il) hydroxide. In
some embodiments, the hydroxide comprises nickel(II])
hydroxide. In some embodiments, the hydroxide comprises
palladium(II) hydroxide. In some embodiments, the hydrox-
ide comprises palladium(IV) hydroxide. In some embodi-
ments, the hydroxide comprises copper(l) hydroxide. In
some embodiments, the hydroxide comprises copper(Il)
hydroxide.

[0175] In some embodiments, the hydroxide comprises
cobalt(I]) hydroxide nanopowder. In some embodiments, the
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hydroxide comprises cobalt(Ill) hydroxide nanosheets. In
some embodiments, the hydroxide comprises nickel(IIl)
hydroxide nanoflakes. In some embodiments, the hydroxide
comprises copper(l) hydroxide nanoflakes. In some embodi-
ments, the hydroxide comprises copper(Il) hydroxide nano-
powder. In some embodiments, the hydroxide comprises
nickel(Il) hydroxide nanoflakes.

[0176] In some embodiments, the hydroxide is deposited
on the second current collector. In some embodiments, the
second current collector comprises a conductive foam. In
some embodiments, the conductive foam comprises alumi-
num foam, carbon foam, graphene foam, graphite foam,
copper foam, nickel foam, palladium foam, platinum foam,
steel foam, or any combination thereof. In some embodi-
ments, the conductive foam comprises graphene foam. In
some embodiments, the conductive foam comprises graphite
foam. In some embodiments, the conductive foam comprises
copper foam. In some embodiments, the conductive foam
comprises nickel foam.

[0177] In some embodiments, the second electrode has a
capacitance of about 500 F/g to about 2,500 F/g. In some
embodiments, the second electrode has a capacitance of at
least about 500 F/g. In some embodiments, the second
electrode has a capacitance of at most about 2,500 F/g. In
some embodiments, the second electrode has a capacitance
of about 500 F/g to about 750 F/g, about 500 F/g to about
1,000 F/g, about 500 F/g to about 1,250 F/g, about 500 F/g
to about 1,500 F/g, about 500 F/g to about 1,750 F/g, about
500 F/g to about 2,000 F/g, about 500 F/g to about 2,250 F/g,
about 500 F/g to about 2,500 F/g, about 750 F/g to about
1,000 F/g, about 750 F/g to about 1,250 F/g, about 750 F/g
to about 1,500 F/g, about 750 F/g to about 1,750 F/g, about
750 F/g to about 2,000 F/g, about 750 F/g to about 2,250 F/g,
about 750 F/g to about 2,500 F/g, about 1,000 F/g to about
1,250 F/g, about 1,000 F/g to about 1,500 F/g, about 1,000
F/g to about 1,750 F/g, about 1,000 F/g to about 2,000 F/g,
about 1,000 F/g to about 2,250 F/g, about 1,000 F/g to about
2,500 F/g, about 1,250 F/g to about 1,500 F/g, about 1,250
F/g to about 1,750 F/g, about 1,250 F/g to about 2,000 F/g,
about 1,250 F/g to about 2,250 F/g, about 1,250 F/g to about
2,500 F/g, about 1,500 F/g to about 1,750 F/g, about 1,500
F/g to about 2,000 F/g, about 1,500 F/g to about 2,250 F/g,
about 1,500 F/g to about 2,500 F/g, about 1,750 F/g to about
2,000 F/g, about 1,750 F/g to about 2,250 F/g, about 1,750
F/g to about 2,500 F/g, about 2,000 F/g to about 2,250 F/g,
about 2,000 F/g to about 2,500 F/g, or about 2,250 F/g to
about 2,500 F/g. In some embodiments, the second electrode
has a capacitance of about 500 F/g, about 750 F/g, about
1,000 F/g, about 1,250 F/g, about 1,500 F/g, about 1,750 F/g,
about 2,000 F/g, about 2,250 F/g, or about 2,500 F/g. In
some embodiments, the second electrode has a capacitance
of at least about 750 F/g, about 1,000 F/g, about 1,250 F/g,
about 1,500 F/g, about 1,750 F/g, about 2,000 F/g, about
2,250 F/g, or about 2,500 F/g.

[0178] In some embodiments, the second electrode has a
gravimetric capacity of about 30 mAbh/g to about 120
mAh/g. In some embodiments, the second electrode has a
gravimetric capacity of at least about 30 mAh/g. In some
embodiments, the second electrode has a gravimetric capac-
ity of at most about 120 mAh/g. In some embodiments, the
second electrode has a gravimetric capacity of about 30
mAh/g to about 40 mAh/g, about 30 mAh/g to about 50
mAh/g, about 30 mAh/g to about 60 mAh/g, about 30
mAh/g to about 70 mAl/g, about 30 mAh/g to about 80
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mAh/g, about 30 mAh/g to about 90 mAh/g, about 30
mAh/g to about 100 mAh/g, about 30 mAh/g to about 110
mAh/g, about 30 mAh/g to about 120 mAh/g, about 40
mAh/g to about 50 mAh/g, about 40 mAh/g to about 60
mAh/g, about 40 mAh/g to about 70 mAh/g, about 40
mAh/g to about 80 mAh/g, about 40 mAh/g to about 90
mAh/g, about 40 mAh/g to about 100 mAh/g, about 40
mAh/g to about 110 mAh/g, about 40 mAh/g to about 120
mAh/g, about 50 mAh/g to about 60 mAh/g, about 50
mAh/g to about 70 mAh/g, about 50 mAh/g to about 80
mAh/g, about 50 mAh/g to about 90 mAh/g, about 50
mAh/g to about 100 mAh/g, about 50 mAh/g to about 110
mAh/g, about 50 mAh/g to about 120 mAh/g, about 60
mAh/g to about 70 mAh/g, about 60 mAh/g to about 80
mAh/g, about 60 mAh/g to about 90 mAh/g, about 60
mAbh/g to about 100 mAh/g, about 60 mAh/g to about 110
mAh/g, about 60 mAh/g to about 120 mAh/g, about 70
mAh/g to about 80 mAh/g, about 70 mAh/g to about 90
mAh/g, about 70 mAh/g to about 100 mAh/g, about 70
mAh/g to about 110 mAh/g, about 70 mAh/g to about 120
mAh/g, about 80 mAh/g to about 90 mAh/g, about 80
mAh/g to about 100 mAh/g, about 80 mAh/g to about 110
mAh/g, about 80 mAh/g to about 120 mAh/g, about 90
mAh/g to about 100 mAh/g, about 90 mAh/g to about 110
mAh/g, about 90 mAh/g to about 120 mAbh/g, about 100
mAbh/g to about 110 mAh/g, about 100 mAh/g to about 120
mAh/g, or about 110 mAh/g to about 120 mAh/g. In some
embodiments, the second electrode has a gravimetric capac-
ity of about 30 mAh/g, about 40 mAh/g, about 50 mAh/g,
about 60 mAh/g, about 70 mAh/g, about 80 mAh/g, about 90
mAh/g, about 100 mAh/g, about 110 mAh/g, or about 120
mAbh/g. In some embodiments, the second electrode has a
gravimetric capacity of at least about 40 mAh/g, about 50
mAh/g, about 60 mAh/g, about 70 mAh/g, about 80 mAh/g,
about 90 mAh/g, about 100 mAh/g, about 110 mAh/g, or
about 120 mAh/g.

[0179] In some embodiments, the first electrode is con-
figured to be employed as the positive electrode. In some
embodiments, the first electrode is configured to be
employed as the negative electrode. In some embodiments,
the second electrode is configured to be employed as the
positive electrode. In some embodiments, the second elec-
trode is configured to be employed as the negative electrode.
In some embodiments, the first electrode and the second
electrode are the same.

[0180] An electrolyte is a substance that produces an
electrically conducting solution when dissolved in a solvent.
In some embodiments, the electrolyte comprises an aqueous
electrolyte. In some embodiments, the electrolyte comprises
alkaline electrolyte. In some embodiments, the electrolyte
comprises a base and a conductive additive.

[0181] In some embodiments, the base comprises a strong
base. In some embodiments, the strong base comprises
lithium hydroxide, sodium hydroxide, potassium hydroxide,
rubidium hydroxide, cesium hydroxide, magnesium hydrox-
ide, calcium hydroxide, strontium hydroxide, barium
hydroxide, or any combination thereof. In some embodi-
ments, the strong base comprises potassium hydroxide. In
some embodiments, the strong base comprises calcium
hydroxide. In some embodiments, the strong base comprises
sodium hydroxide.

[0182] In some embodiments, the conductive additive
comprises a transition metal oxide. In some embodiments,
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the transition metal oxide comprises sodium (I) oxide,
potassium (I) oxide, ferrous (II) oxide, magnesium (II)
oxide, calcium (II) oxide, chromium (III) oxide, copper (I)
oxide, zinc (IT) oxide, or any combination thereof. In some
embodiments, the conductive additive comprises a semicon-
ductive material. In some embodiments, the semiconductive
material comprises cuprous chloride, cadmium phosphide,
cadmium arsenide, cadmium antimonide, zinc phosphide,
zinc arsenide, zinc antimonide, cadmium selenide, cadmium
sulfide, cadmium telluride, zinc selenide, zinc sulfide, zinc
telluride, zinc oxide, or any combination thereof. In some
embodiments, the conductive additive comprises sodium (I)
oxide. In some embodiments, the conductive additive com-
prises. In some embodiments, the conductive additive com-
prises ferrous (II) oxide. In some embodiments, the conduc-
tive additive comprises zinc oxide.

[0183] In some embodiments, the electrolyte has a con-
centration of about 1 M to about 12 M. In some embodi-
ments, the electrolyte has a concentration of at least about 1
M. In some embodiments, the electrolyte has a concentration
of'at most about 12 M. In some embodiments, the electrolyte
has a concentration of about 1 M to about 2 M, about 1 M
to about 3 M, about 1 M to about 4 M, about 1 M to about
5 M, about 1 M to about 6 M, about 1 M to about 7 M, about
1 M to about 8 M, about 1 M to about 9 M, about 1 M to
about 10 M, about 1 M to about 11 M, about 1 M to about
12 M, about 2 M to about 3 M, about 2 M to about 4 M,
about 2 M to about 5 M, about 2 M to about 6 M, about 2
M to about 7 M, about 2 M to about 8 M, about 2 M to about
9 M, about 2 M to about 10 M, about 2 M to about 11 M,
about 2 M to about 12 M, about 3 M to about 4 M, about 3
M to about 5 M, about 3 M to about 6 M, about 3 M to about
7 M, about 3 M to about 8 M, about 3 M to about 9 M, about
3 M to about 10 M, about 3 M to about 11 M, about 3 M to
about 12 M, about 4 M to about 5 M, about 4 M to about 6
M, about 4 M to about 7 M, about 4 M to about 8 M, about
4 M to about 9 M, about 4 M to about 10 M, about 4 M to
about 11 M, about 4 M to about 12 M, about 5 M to about
6 M, about 5 M to about 7 M, about 5 M to about 8 M, about
5 M to about 9 M, about 5 M to about 10 M, about 5 M to
about 11 M, about 5 M to about 12 M, about 6 M to about
7 M, about 6 M to about 8 M, about 6 M to about 9 M, about
6 M to about 10 M, about 6 M to about 11 M, about 6 M to
about 12 M, about 7 M to about 8 M, about 7 M to about 9
M, about 7 M to about 10 M, about 7 M to about 11 M, about
7 M to about 12 M, about 8 M to about 9 M, about 8 M to
about 10 M, about 8 M to about 11 M, about 8 M to about
12 M, about 9 M to about 10 M, about 9 M to about 11 M,
about 9 M to about 12 M, about 10 M to about 11 M, about
10 M to about 12 M, or about 11 M to about 12 M. In some
embodiments, the electrolyte has a concentration of about 1
M, about 2 M, about 3 M, about 4 M, about 5 M, about 6 M,
about 7 M, about 8 M, about 9 M, about 10 M, about 11 M,
or about 12 M. In some embodiments, the electrolyte has a
concentration of at least about 2 M, about 3 M, about 4 M,
about 5 M, about 6 M, about 7 M, about 8 M, about 9 M,
about 10 M, about 11 M, or about 12 M. In some embodi-
ments, the electrolyte has a concentration of at most about
1 M, about 2 M, about 3 M, about 4 M, about 5 M, about 6
M, about 7 M, about 8 M, about 9 M, about 10 M, or about
11 M.
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[0184] In some embodiments, the specific selection of the
electrolyte within the energy storage devices of the current
disclosure enables significantly high energy densities.

[0185] Insome embodiments, the separator maintains a set
distance between the first electrode and the second electrode
to prevent electrical short circuits, while allowing the trans-
port of ionic charge carriers. In some embodiments, the
separator comprises a permeable membrane placed between
the first and second electrodes. In some embodiments, the
separator comprises a non-woven fiber, a polymer film, a
ceramic, a naturally occurring material, a supported liquid
membranes or any combination thereof. In some embodi-
ments, the non-woven fiber comprises cotton, nylon, poly-
esters, glass, or any combination thereof. In some embodi-
ments, the polymer film comprises polyethylene,
polypropylene, poly (tetrafluoroethylene), polyvinyl chlo-
ride, or any combination thereof. In some embodiments, the
naturally occurring material comprises rubber, asbestos,
wood, or any combination thereof. In some embodiments a
supported liquid membranes comprises a solid and liquid
phase contained within a microporous separator.

[0186] In some embodiments, the separator comprises a
sheet, a web, or mat of directionally oriented fibers, ran-
domly oriented fibers, or any combination thereof. In some
embodiments, the separator comprises a single layer. In
some embodiments, the separator comprises a plurality of
layers.

[0187] In some embodiments, the energy storage device
comprises a first electrode comprising Zn—Fe LDH/3DGA
and a second electrode comprising Ni(OH),, and an elec-
trolyte comprising ZnO-saturated KOH. In these embodi-
ments, the electrochemical reactions within the first elec-
trode is defined as:

Zn(OH),+OH"=ZnOOH+H20-+e™
Fe(OH),+OH =FeOOH+H20-+¢"

[0188] In these embodiments, the electrochemical reac-
tions within the second electrode is defined as:

Ni(OH)2+OH =NiOOH+H20+e~

[0189] In these embodiments, the electrochemical reac-
tions within the electrolyte is defined as:

ZnO+H20+2e =ZnO+20H"

[0190] In some embodiments, the combination of these
reactions enables an energy storage device to store energy
through both redox reactions and ion adsorption, which
operate at high voltages and exhibit both the capacity of a
battery and the power performance of supercapacitors in one
device.

Performance of Energy Storage Devices

[0191] Per FIG. 20B, and Table 3 below, the energy
storage devices of the present disclosure exhibit superior
gravimetric energy densities, charge rates, and charge times
as compared to currently available energy storage devices
such as lithium-ion energy devices, lead-acid energy
devices, nickel-cadmium energy devices, nickel-metal
hydride energy devices, and nickel-zinc energy devices.



US 2019/0237752 Al Aug. 1, 2019
33
TABLE 3
Energy
Positive Negative Voltage  density  Charge Charge
electrode  Electrode Electrolyte V) (Wh/kg) Rate (C) Time

Lithium Carbon/ Metal Li* ion salt 3.2to 3.7 100-200 0.1-0.3 3 to 10 hours
ion Graphite  oxides, solution

phosphates
Lead Acid PbO, Pb Sulfuric 2.0 20-40  0.05-0.2 5-20 hours

acid

Nickel- NiOOH Cd KOH 1.2 40-60 03C >3 hours
Cadmium solution
Nickel- NiOOH Hydrogen KOH 1.2 60-120 05C >2 hours
Metal alloy solution
Hydride
Nickel- NiOOH  Zn KOH 1.65 100 05C >2 hours
Zinc solution
Current NiOOH Graphene KOH 1.7 >400 200 C 2.5 seconds
Disclosure nanoflakes aerogel solution

loaded saturated

with Zn—Fe with ZnO

LDH

[0192] In some embodiments, the energy storage device
has an active material specific energy density of about 400
Wh/kg to about 1,600 Wh/kg. In some embodiments, the
energy storage device has an active material specific energy
density of at least about 400 Wh/kg. In some embodiments,
the energy storage device has an active material specific
energy density of at most about 1,600 Wh/kg. In some
embodiments, the energy storage device has an active mate-
rial specific energy density of about 400 Wh/kg to about 500
Wh/kg, about 400 Wh/kg to about 600 Wh/kg, about 400
Wh/kg to about 700 Wh/kg, about 400 Wh/kg to about 800
Wh/kg, about 400 Wh/kg to about 900 Wh/kg, about 400
Wh/kg to about 1,000 Wh/kg, about 400 Wh/kg to about
1,100 Wh/kg, about 400 Wh/kg to about 1,200 Wh/kg, about
400 Wh/kg to about 1,300 Wh/kg, about 400 Wh/kg to about
1,400 Wh/kg, about 400 Wh/kg to about 1,600 Wh/kg, about
500 Wh/kg to about 600 Whikg, about 500 Wh/kg to about
700 Wh/kg, about 500 Wh/kg to about 800 Wh/kg, about
500 Wh/kg to about 900 Wh/kg, about 500 Wh/kg to about
1,000 Wh/kg, about 500 Wh/kg to about 1,100 Wh/kg, about
500 Wh/kg to about 1,200 Wh/kg, about 500 Wh/kg to about
1,300 Wh/kg, about 500 Wh/kg to about 1,400 Wh/kg, about
500 Wh/kg to about 1,600 Wh/kg, about 600 Wh/kg to about
700 Wh/kg, about 600 Wh/kg to about 800 Wh/kg, about
600 Wh/kg to about 900 Wh/kg, about 600 Wh/kg to about
1,000 Wh/kg, about 600 Wh/kg to about 1,100 Wh/kg, about
600 Wh/kg to about 1,200 Wh/kg, about 600 Wh/kg to about
1,300 Wh/kg, about 600 Wh/kg to about 1,400 Wh/kg, about
600 Wh/kg to about 1,600 Wh/kg, about 700 Wh/kg to about
800 Wh/kg, about 700 Wh/kg to about 900 Wh/kg, about
700 Wh/kg to about 1,000 Wh/kg, about 700 Wh/kg to about
1,100 Wh/kg, about 700 Wh/kg to about 1,200 Wh/kg, about
700 Wh/kg to about 1,300 Wh/kg, about 700 Wh/kg to about
1,400 Wh/kg, about 700 Wh/kg to about 1,600 Wh/kg, about
800 Wh/kg to about 900 Wh/kg, about 800 Wh/kg to about
1,000 Wh/kg, about 800 Wh/kg to about 1,100 Wh/kg, about
800 Wh/kg to about 1,200 Wh/kg, about 800 Wh/kg to about
1,300 Wh/kg, about 800 Wh/kg to about 1,400 Wh/kg, about
800 Wh/kg to about 1,600 Wh/kg, about 900 Wh/kg to about
1,000 Wh/kg, about 900 Wh/kg to about 1,100 Wh/kg, about
900 Wh/kg to about 1,200 Wh/kg, about 900 Wh/kg to about
1,300 Wh/kg, about 900 Wh/kg to about 1,400 Wh/kg, about
900 Wh/kg to about 1,600 Wh/kg, about 1,000 Wh/kg to

about 1,100 Wh'kg, about 1,000 Wh/kg to about 1,200
Wh/kg, about 1,000 Wh/kg to about 1,300 Wh/kg, about
1,000 Wh/kg to about 1,400 Wh/kg, about 1,000 Wh/kg to
about 1,600 Wh'kg, about 1,100 Wh/kg to about 1,200
Wh/kg, about 1,100 Wh/kg to about 1,300 Wh/kg, about
1,100 Wh/kg to about 1,400 Wh/kg, about 1,100 Wh/kg to
about 1,600 Wh'kg, about 1,200 Wh/kg to about 1,300
Wh/kg, about 1,200 Wh/kg to about 1,400 Wh/kg, about
1,200 Wh/kg to about 1,600 Wh/kg, about 1,300 Wh/kg to
about 1,400 Wh'kg, about 1,300 Wh/kg to about 1,600
Wh/kg, or about 1,400 Wh/kg to about 1,600 Wh/kg. In
some embodiments, the energy storage device has an active
material specific energy density of about 400 Wh/kg, about
500 Wh/kg, about 600 Wh/kg, about 700 Wh/kg, about 800
Wh/kg, about 900 Whikg, about 1,000 Wh/kg, about 1,100
Wh/kg, about 1,200 Wh/kg, about 1,300 Wh/kg, about 1,400
Wh/kg, or about 1,600 Wh/kg. In some embodiments, the
energy storage device has an active material specific energy
density of at least about 500 Wh/kg, about 600 Wh/kg, about
700 Wh/kg, about 800 Wh/kg, about 900 Wh/kg, about
1,000 Wh/kg, about 1,100 Wh/kg, about 1,200 Wh/kg, about
1,300 Wh/kg, about 1,400 Wh/kg, or about 1,600 Wh/kg.

[0193] In some embodiments, the energy storage device
has a total gravimetric energy density of about 200 Wh/kg
to about 800 Wh/kg. In some embodiments, the energy
storage device has a total gravimetric energy density of at
least about 200 Wh/kg. In some embodiments, the energy
storage device has a total gravimetric energy density of at
most about 800 Wh/kg. In some embodiments, the energy
storage device has a total gravimetric energy density of
about 200 Wh/kg to about 250 Wh/kg, about 200 Wh/kg to
about 300 Wh/kg, about 200 Wh/kg to about 350 Wh/kg,
about 200 Wh/kg to about 400 Wh/kg, about 200 Wh/kg to
about 450 Wh/kg, about 200 Wh/kg to about 500 Wh/kg,
about 200 Wh/kg to about 550 Wh/kg, about 200 Wh/kg to
about 600 Wh/kg, about 200 Wh/kg to about 650 Wh/kg,
about 200 Wh/kg to about 700 Wh/kg, about 200 Wh/kg to
about 800 Wh/kg, about 250 Wh/kg to about 300 Wh/kg,
about 250 Wh/kg to about 350 Wh/kg, about 250 Wh/kg to
about 400 Wh/kg, about 250 Wh/kg to about 450 Wh/kg,
about 250 Wh/kg to about 500 Wh/kg, about 250 Wh/kg to
about 550 Wh/kg, about 250 Wh/kg to about 600 Wh/kg,
about 250 Wh/kg to about 650 Wh/kg, about 250 Wh/kg to
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about 700 Wh/kg, about 250 Wh/kg to about 800 Wh/kg,
about 300 Wh/kg to about 350 Wh/kg, about 300 Whikg to
about 400 Wh/kg, about 300 Wh/kg to about 450 Wh/kg,
about 300 Wh/kg to about 500 Wh/kg, about 300 Whikg to
about 550 Wh/kg, about 300 Wh/kg to about 600 Wh/kg,
about 300 Wh/kg to about 650 Wh/kg, about 300 Whikg to
about 700 Wh/kg, about 300 Wh/kg to about 800 Wh/kg,
about 350 Wh/kg to about 400 Wh/kg, about 350 Whikg to
about 450 Wh/kg, about 350 Wh/kg to about 500 Wh/kg,
about 350 Wh/kg to about 550 Wh/kg, about 350 Whikg to
about 600 Wh/kg, about 350 Wh/kg to about 650 Wh/kg,
about 350 Wh/kg to about 700 Wh/kg, about 350 Whikg to
about 800 Wh/kg, about 400 Wh/kg to about 450 Wh/kg,
about 400 Wh/kg to about 500 Wh/kg, about 400 Whikg to
about 550 Wh/kg, about 400 Wh/kg to about 600 Wh/kg,
about 400 Wh/kg to about 650 Wh/kg, about 400 Whikg to
about 700 Wh/kg, about 400 Wh/kg to about 800 Wh/kg,
about 450 Wh/kg to about 500 Wh/kg, about 450 Whikg to
about 550 Wh/kg, about 450 Wh/kg to about 600 Wh/kg,
about 450 Wh/kg to about 650 Wh/kg, about 450 Whikg to
about 700 Wh/kg, about 450 Wh/kg to about 800 Wh/kg,
about 500 Wh/kg to about 550 Wh/kg, about 500 Whikg to
about 600 Wh/kg, about 500 Wh/kg to about 650 Wh/kg,
about 500 Wh/kg to about 700 Wh/kg, about 500 Whikg to
about 800 Wh/kg, about 550 Wh/kg to about 600 Wh/kg,
about 550 Wh/kg to about 650 Wh/kg, about 550 Whikg to
about 700 Wh/kg, about 550 Wh/kg to about 800 Wh/kg,
about 600 Wh/kg to about 650 Wh/kg, about 600 Whikg to
about 700 Wh/kg, about 600 Wh/kg to about 800 Wh/kg,
about 650 Wh/kg to about 700 Wh/kg, about 650 Whikg to
about 800 Whikg, or about 700 Wh/kg to about 800 Wh/kg.
In some embodiments, the energy storage device has a total
gravimetric energy density of about 200 Wh/kg, about 250
Wh/kg, about 300 Whikg, about 350 Wh/kg, about 400
Whikg, about 450 Whikg, about 500 Wh/kg, about 550
Whikg, about 600 Whikg, about 650 Wh/kg, about 700
Wh/kg, or about 800 Wh/kg. In some embodiments, the
energy storage device has a total gravimetric energy density
of at least about 250 Wh/kg, about 300 Wh/kg, about 350
Whikg, about 400 Whikg, about 450 Wh/kg, about 500
Whikg, about 550 Whikg, about 600 Wh/kg, about 650
Wh/kg, about 700 Whikg, or about 800 Wh/kg.

[0194] In some embodiments, the energy storage device
has a total volumetric energy density of about 300 Wh/L to
about 1,500 Wh/L. In some embodiments, the energy stor-
age device has a total volumetric energy density of at least
about 300 Wh/L. In some embodiments, the energy storage
device has a total volumetric energy density of at most about
1,500 Wh/L. In some embodiments, the energy storage
device has a total volumetric energy density of about 300
Wh/L to about 400 Wh/L, about 300 Wh/L to about 500
Wh/L, about 300 Wh/L to about 600 Wh/L, about 300 Wh/LL
to about 700 Wh/L, about 300 Wh/L to about 800 Wh/L,
about 300 Wh/L to about 900 Wh/L, about 300 Wh/L to
about 1,000 Wh/L, about 300 Wh/L to about 1,100 Wh/L,
about 300 Wh/L to about 1,200 Wh/L, about 300 Wh/L to
about 1,300 Wh/L, about 300 Wh/L to about 1,500 Wh/L,
about 400 Wh/L to about 500 Wh/L, about 400 Wh/L to
about 600 Wh/L, about 400 Wh/L to about 700 Wh/L, about
400 Wh/L to about 800 Wh/L, about 400 Wh/L to about 900
Wh/L, about 400 Wh/L to about 1,000 Wh/L, about 400
Wh/L to about 1,100 Wh/L, about 400 Wh/L to about 1,200
Wh/L, about 400 Wh/L to about 1,300 Wh/L, about 400
Wh/L to about 1,500 Wh/L, about 500 Wh/L to about 600
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Wh/L, about 500 Wh/L to about 700 Wh/L, about 500 Wh/LL
to about 800 Wh/L, about 500 Wh/L to about 900 Wh/L,
about 500 Wh/L to about 1,000 Wh/L, about 500 Wh/L to
about 1,100 Wh/L, about 500 Wh/L to about 1,200 Wh/L,
about 500 Wh/L to about 1,300 Wh/L, about 500 Wh/L to
about 1,500 Wh/L, about 600 Wh/L to about 700 Wh/L,
about 600 Wh/L to about 800 Wh/L, about 600 Wh/L to
about 900 Wh/L, about 600 Wh/L to about 1,000 Wh/L,
about 600 Wh/L to about 1,100 Wh/L, about 600 Wh/L to
about 1,200 Wh/L, about 600 Wh/L to about 1,300 Wh/L,
about 600 Wh/L to about 1,500 Wh/L, about 700 Wh/L to
about 800 Wh/L, about 700 Wh/L to about 900 Wh/L, about
700 Wh/L to about 1,000 Wh/L, about 700 Wh/L to about
1,100 Wh/L, about 700 Wh/L to about 1,200 Wh/L, about
700 Wh/L to about 1,300 Wh/L, about 700 Wh/L to about
1,500 Wh/L, about 800 Wh/L to about 900 Wh/L, about 800
Wh/L to about 1,000 Wh/L, about 800 Wh/L to about 1,100
Wh/L, about 800 Wh/L to about 1,200 Wh/L, about 800
Wh/L to about 1,300 Wh/L, about 800 Wh/L to about 1,500
Wh/L, about 900 Wh/L to about 1,000 Wh/L, about 900
Wh/L to about 1,100 Wh/L, about 900 Wh/L to about 1,200
Wh/L, about 900 Wh/L to about 1,300 Wh/L, about 900
Wh/L to about 1,500 Wh/L, about 1,000 Wh/L to about
1,100 Wh/L, about 1,000 Wh/L to about 1,200 Wh/L, about
1,000 Wh/L to about 1,300 Wh/L, about 1,000 Wh/L to
about 1,500 Wh/L, about 1,100 Wh/L to about 1,200 Wh/L,
about 1,100 Wh/L to about 1,300 Wh/L, about 1,100 Wh/L
to about 1,500 Wh/L, about 1,200 Wh/L to about 1,300
Wh/L, about 1,200 Wh/L to about 1,500 Wh/L, or about
1,300 Wh/L to about 1,500 Wh/L. In some embodiments, the
energy storage device has a total volumetric energy density
of about 300 Wh/L, about 400 Wh/L, about 500 Wh/L, about
600 Wh/L, about 700 Wh/L, about 800 Wh/L, about 900
Wh/L, about 1,000 Wh/L, about 1,100 Wh/L, about 1,200
Wh/L, about 1,300 Wh/L, or about 1,500 Wh/L. In some
embodiments, the energy storage device has a total volu-
metric energy density of at least about 400 Wh/L, about 500
Wh/L, about 600 Wh/L, about 700 Wh/L, about 800 Wh/L,
about 900 Wh/L, about 1,000 Wh/L, about 1,100 Wh/L,
about 1,200 Wh/L, about 1,300 Wh/L, or about 1,500 Wh/L.

[0195] In some embodiments, per FIG. 20C, the energy
storage device has an active material specific power density
of about 75 Wh/kg to about 270 Wh/kg. In some embodi-
ments, the energy storage device has an active material
specific power density of about 140 kW/kg. By contrast, the
total energy densities of lithium-ion batteries, nickel-cad-
mium batteries, nickel-metal-hydride batteries, and lead-
acid batteries are less than 200 Wh/kg. By further contrast
high power lithium-ion batteries have an energy density of
less than 100 Wh/kg, and commercial supercapacitors
exhibit energy densities of less than 40 Wh/kg.

[0196] In some embodiments, the energy storage device
has a total power density of about 30 kW/kg to about 120
kW/kg. In some embodiments, the energy storage device has
a total power density of at least about 30 kW/kg. In some
embodiments, the energy storage device has a total power
density of at most about 120 kW/kg. In some embodiments,
the energy storage device has a total power density of about
30 kW/kg to about 40 kW/kg, about 30 kW/kg to about 50
kW/kg, about 30 kW/kg to about 60 kW/kg, about 30 kW/kg
to about 70 kW/kg, about 30 kW/kg to about 80 kW/kg,
about 30 kW/kg to about 90 kW/kg, about 30 kW/kg to
about 100 kW/kg, about 30 kW/kg to about 110 kW/kg,
about 30 kW/kg to about 120 kW/kg, about 40 kW/kg to



US 2019/0237752 Al

about 50 kW/kg, about 40 kW/kg to about 60 kW/kg, about
40 kW/kg to about 70 kW/kg, about 40 kW/kg to about 80
kW/kg, about 40 kW/kg to about 90 kW/kg, about 40 kW/kg
to about 100 kW/kg, about 40 kW/kg to about 110 kW/kg,
about 40 kW/kg to about 120 kW/kg, about 50 kW/kg to
about 60 kW/kg, about 50 kW/kg to about 70 kW/kg, about
50 kW/kg to about 80 kW/kg, about 50 kW/kg to about 90
kW/kg, about 50 kW/kg to about 100 kW/kg, about 50
kW/kg to about 110 kW/kg, about 50 kW/kg to about 120
kW/kg, about 60 kW/kg to about 70 kW/kg, about 60 kW/kg
to about 80 kW/kg, about 60 kW/kg to about 90 kW/kg,
about 60 kW/kg to about 100 kW/kg, about 60 kW/kg to
about 110 kW/kg, about 60 kW/kg to about 120 kW/kg,
about 70 kW/kg to about 80 kW/kg, about 70 kW/kg to
about 90 kW/kg, about 70 kW/kg to about 100 kW/kg, about
70 kW/kg to about 110 kW/kg, about 70 kW/kg to about 120
kW/kg, about 80 kW/kg to about 90 kW/kg, about 80 kW/kg
to about 100 kW/kg, about 80 kW/kg to about 110 kW/kg,
about 80 kW/kg to about 120 kW/kg, about 90 kW/kg to
about 100 kW/kg, about 90 kW/kg to about 110 kW/kg,
about 90 kW/kg to about 120 kW/kg, about 100 kW/kg to
about 110 kW/kg, about 100 kW/kg to about 120 kW/kg, or
about 110 kW/kg to about 120 kW/kg. In some embodi-
ments, the energy storage device has a total power density of
about 30 kW/kg, about 40 kW/kg, about 50 kW/kg, about 60
kW/kg, about 70 kW/kg, about 80 kW/kg, about 90 kW/kg,
about 100 kW/kg, about 110 kW/kg, or about 120 kW/kg. In
some embodiments, the energy storage device has a total
power density of at least about 40 kW/kg, about 50 kW/kg,
about 60 kW/kg, about 70 kW/kg, about 80 kW/kg, about 90
kW/kg, about 100 kW/kg, about 110 kW/kg, or about 120
kW/kg.

[0197] By contrast, the total power densities of lithium-ion
batteries, nickel-cadmium batteries, nickel-metal-hydride
batteries and lead-acid batteries are less than 10 kW/kg.
[0198] In some embodiments, the energy storage devices
of the current disclosure exhibit a capacity that is superior to
commercially available energy storage devices tested under
the same conditions. In some embodiments, the specific
combination of device chemistry, active materials, and elec-
trolytes described herein form energy storage devices that
operate at high voltages and exhibit both the capacity of a
battery and the power performance of supercapacitors in one
device. In some embodiments, the energy storage devices of
the current disclosure store more charge than a traditional
lithium ion battery.

[0199] Further, FIG. 20A shows that the capacities and
operating voltages of exemplary energy storage devices
described herein significantly outperform current energy
storage devices.

[0200] In some embodiments, the energy storage device
has a cell-specific capacity at a voltage of about 1.7 V of
about 2,000 mAh to about 10,000 mAh. In some embodi-
ments, the energy storage device has a cell-specific capacity
at a voltage of about 1.7 V of at least about 2,000 mAh. In
some embodiments, the energy storage device has a cell-
specific capacity at a voltage of about 1.7 V of at most about
10,000 mAh. In some embodiments, the energy storage
device has a cell-specific capacity at a voltage of about 1.7
V of about 2,000 mAh to about 2,500 mAh, about 2,000
mAh to about 3,000 mAh, about 2,000 mAh to about 3,500
mAh, about 2,000 mAh to about 4,000 mAh, about 2,000
mAh to about 4,500 mAh, about 2,000 mAh to about 5,000
mAh, about 2,000 mAh to about 5,500 mAh, about 2,000
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mAh to about 6,000 mAh, about 2,000 mAh to about 7,000
mAh, about 2,000 mAh to about 8,000 mAh, about 2,000
mAh to about 10,000 mAh, about 2,500 mAh to about 3,000
mAh, about 2,500 mAh to about 3,500 mAh, about 2,500
mAh to about 4,000 mAh, about 2,500 mAh to about 4,500
mAh, about 2,500 mAh to about 5,000 mAh, about 2,500
mAh to about 5,500 mAh, about 2,500 mAh to about 6,000
mAh, about 2,500 mAh to about 7,000 mAh, about 2,500
mAh to about 8,000 mAh, about 2,500 mAh to about 10,000
mAh, about 3,000 mAh to about 3,500 mAh, about 3,000
mAh to about 4,000 mAh, about 3,000 mAh to about 4,500
mAh, about 3,000 mAh to about 5,000 mAh, about 3,000
mAh to about 5,500 mAh, about 3,000 mAh to about 6,000
mAh, about 3,000 mAh to about 7,000 mAh, about 3,000
mAh to about 8,000 mAh, about 3,000 mAh to about 10,000
mAh, about 3,500 mAh to about 4,000 mAh, about 3,500
mAh to about 4,500 mAh, about 3,500 mAh to about 5,000
mAh, about 3,500 mAh to about 5,500 mAh, about 3,500
mAh to about 6,000 mAh, about 3,500 mAh to about 7,000
mAh, about 3,500 mAh to about 8,000 mAh, about 3,500
mAh to about 10,000 mAh, about 4,000 mAh to about 4,500
mAh, about 4,000 mAh to about 5,000 mAh, about 4,000
mAh to about 5,500 mAh, about 4,000 mAh to about 6,000
mAh, about 4,000 mAh to about 7,000 mAh, about 4,000
mAh to about 8,000 mAh, about 4,000 mAh to about 10,000
mAh, about 4,500 mAh to about 5,000 mAh, about 4,500
mAh to about 5,500 mAh, about 4,500 mAh to about 6,000
mAh, about 4,500 mAh to about 7,000 mAh, about 4,500
mAh to about 8,000 mAh, about 4,500 mAh to about 10,000
mAh, about 5,000 mAh to about 5,500 mAh, about 5,000
mAh to about 6,000 mAh, about 5,000 mAh to about 7,000
mAh, about 5,000 mAh to about 8,000 mAh, about 5,000
mAh to about 10,000 mAh, about 5,500 mAh to about 6,000
mAh, about 5,500 mAh to about 7,000 mAh, about 5,500
mAh to about 8,000 mAh, about 5,500 mAh to about 10,000
mAh, about 6,000 mAh to about 7,000 mAh, about 6,000
mAh to about 8,000 mAh, about 6,000 mAh to about 10,000
mAh, about 7,000 mAh to about 8,000 mAh, about 7,000
mAh to about 10,000 mAh, or about 8,000 mAh to about
10,000 mAh. In some embodiments, the energy storage
device has a cell-specific capacity at a voltage of about 1.7
V of about 2,000 mAh, about 2,500 mAh, about 3,000 mAh,
about 3,500 mAh, about 4,000 mAh, about 4,500 mAh,
about 5,000 mAh, about 5,500 mAh, about 6,000 mAh,
about 7,000 mAh, about 8,000 mAh, or about 10,000 mAh.
In some embodiments, the energy storage device has a
cell-specific capacity at a voltage of about 1.7 V of at least
about 2,500 mAh, about 3,000 mAh, about 3,500 mAh,
about 4,000 mAh, about 4,500 mAh, about 5,000 mAh,
about 5,500 mAh, about 6,000 mAh, about 7,000 mAh,
about 8,000 mAh, or about 10,000 mAh.

[0201] In some embodiments, the energy storage device
has a cell-specific capacity at a voltage of about 1.5 V of
about 2,000 mAh to about 8,000 mAh. In some embodi-
ments, the energy storage device has a cell-specific capacity
at a voltage of about 1.5 V of at least about 2,000 mAh. In
some embodiments, the energy storage device has a cell-
specific capacity at a voltage of about 1.5 V of at most about
8,000 mAh. In some embodiments, the energy storage
device has a cell-specific capacity at a voltage of about 1.5
V of about 2,000 mAh to about 2,500 mAh, about 2,000
mAh to about 3,000 mAh, about 2,000 mAh to about 3,500
mAh, about 2,000 mAh to about 4,000 mAh, about 2,000
mAh to about 4,500 mAh, about 2,000 mAh to about 5,000
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mAh, about 2,000 mAh to about 5,500 mAh, about 2,000
mAh to about 6,000 mAh, about 2,000 mAh to about 7,000
mAh, about 2,000 mAh to about 8,000 mAh, about 2,500
mAh to about 3,000 mAh, about 2,500 mAh to about 3,500
mAh, about 2,500 mAh to about 4,000 mAh, about 2,500
mAh to about 4,500 mAh, about 2,500 mAh to about 5,000
mAh, about 2,500 mAh to about 5,500 mAh, about 2,500
mAh to about 6,000 mAh, about 2,500 mAh to about 7,000
mAh, about 2,500 mAh to about 8,000 mAh, about 3,000
mAh to about 3,500 mAh, about 3,000 mAh to about 4,000
mAh, about 3,000 mAh to about 4,500 mAh, about 3,000
mAh to about 5,000 mAh, about 3,000 mAh to about 5,500
mAh, about 3,000 mAh to about 6,000 mAh, about 3,000
mAh to about 7,000 mAh, about 3,000 mAh to about 8,000
mAh, about 3,500 mAh to about 4,000 mAh, about 3,500
mAh to about 4,500 mAh, about 3,500 mAh to about 5,000
mAh, about 3,500 mAh to about 5,500 mAh, about 3,500
mAh to about 6,000 mAh, about 3,500 mAh to about 7,000
mAh, about 3,500 mAh to about 8,000 mAh, about 4,000
mAh to about 4,500 mAh, about 4,000 mAh to about 5,000
mAh, about 4,000 mAh to about 5,500 mAh, about 4,000
mAh to about 6,000 mAh, about 4,000 mAh to about 7,000
mAh, about 4,000 mAh to about 8,000 mAh, about 4,500
mAh to about 5,000 mAh, about 4,500 mAh to about 5,500
mAh, about 4,500 mAh to about 6,000 mAh, about 4,500
mAh to about 7,000 mAh, about 4,500 mAh to about 8,000
mAh, about 5,000 mAh to about 5,500 mAh, about 5,000
mAh to about 6,000 mAh, about 5,000 mAh to about 7,000
mAh, about 5,000 mAh to about 8,000 mAh, about 5,500
mAh to about 6,000 mAh, about 5,500 mAh to about 7,000
mAh, about 5,500 mAh to about 8,000 mAh, about 6,000
mAh to about 7,000 mAh, about 6,000 mAh to about 8,000
mAh, or about 7,000 mAh to about 8,000 mAh. In some
embodiments, the energy storage device has a cell-specific
capacity at a voltage of about 1.5 V of about 2,000 mAh,
about 2,500 mAh, about 3,000 mAh, about 3,500 mAh,
about 4,000 mAh, about 4,500 mAh, about 5,000 mAh,
about 5,500 mAh, about 6,000 mAh, about 7,000 mAh, or
about 8,000 mAh. In some embodiments, the energy storage
device has a cell-specific capacity at a voltage of about 1.5
V of at least about 2,500 mAh, about 3,000 mAh, about
3,500 mAh, about 4,000 mAh, about 4,500 mAh, about
5,000 mAh, about 5,500 mAh, about 6,000 mAh, about
7,000 mAh, or about 8,000 mAh.

[0202] By contrast, lithium-ion batteries, alkaline super-
capacitors, nickel-cadmium batteries, and nickel-metal-hy-
dride batteries have a capacities of less than, 50 mAh, 20
mAh, 1,000 mAh, and 2,600 mAh, respectively, at operating
voltages of between 2.2 Vto 3.8V, 1.3 Vto 1.6 V, 1.15 to
1.25, and 1.1 V to 1.25 V, respectively.

[0203] As such, the specific combination of device chem-
istry, active materials, and electrolytes described herein form
energy storage devices that operate at high voltages and
exhibit both the capacity of a battery and the power perfor-
mance of supercapacitors in one device. The superior elec-
trical performance of the energy storage devices described
herein enables fast reliable electrical charge storage and
dispensing.

[0204] Per FIG. 16 and Table 4 below, the energy storage
devices of the present disclosure exhibit significantly advan-
tageous specific capacities and charge rates.

Aug. 1,2019

TABLE 4

Discharge rate (C) Specific capacity (mAh/g)

1 495

2 398
4 374
10 320
20 294
40 237
60 188
80 161
100 120
120 102
140 96
160 93
180 85
200 75

[0205] In some embodiments, the energy storage device
has a gravimetric capacity at a discharge rate of about 1C of
about 250 mAl/g to about 1,000 mAh/g. In some embodi-
ments, the energy storage device has a gravimetric capacity
at a discharge rate of about 1C of at least about 250 mAh/g.
In some embodiments, the energy storage device has a
gravimetric capacity at a discharge rate of about 1C of at
most about 1,000 mAh/g. In some embodiments, the energy
storage device has a gravimetric capacity at a discharge rate
of'about 1C of about 250 mAl/g to about 300 mAh/g, about
250 mAh/g to about 350 mAh/g, about 250 mAh/g to about
400 mAbh/g, about 250 mAh/g to about 450 mAh/g, about
250 mAh/g to about 500 mAh/g, about 250 mAh/g to about
550 mAh/g, about 250 mAh/g to about 600 mAh/g, about
250 mAh/g to about 650 mAh/g, about 250 mAh/g to about
700 mAh/g, about 250 mAh/g to about 800 mAh/g, about
250 mAbh/g to about 1,000 mAh/g, about 300 mAh/g to
about 350 mAh/g, about 300 mAh/g to about 400 mAh/g,
about 300 mAl/g to about 450 mAh/g, about 300 mAh/g to
about 500 mAh/g, about 300 mAh/g to about 550 mAh/g,
about 300 mAl/g to about 600 mAh/g, about 300 mAh/g to
about 650 mAh/g, about 300 mAh/g to about 700 mAh/g,
about 300 mAl/g to about 800 mAh/g, about 300 mAh/g to
about 1,000 mAh/g, about 350 mAh/g to about 400 mAh/g,
about 350 mAl/g to about 450 mAh/g, about 350 mAh/g to
about 500 mAh/g, about 350 mAh/g to about 550 mAh/g,
about 350 mAl/g to about 600 mAh/g, about 350 mAh/g to
about 650 mAh/g, about 350 mAh/g to about 700 mAh/g,
about 350 mAl/g to about 800 mAh/g, about 350 mAh/g to
about 1,000 mAh/g, about 400 mAh/g to about 450 mAh/g,
about 400 mAl/g to about 500 mAh/g, about 400 mAh/g to
about 550 mAh/g, about 400 mAh/g to about 600 mAh/g,
about 400 mAl/g to about 650 mAh/g, about 400 mAh/g to
about 700 mAh/g, about 400 mAh/g to about 800 mAh/g,
about 400 mAh/g to about 1,000 mAh/g, about 450 mAh/g
to about 500 mAh/g, about 450 mAh/g to about 550 mAh/g,
about 450 mAl/g to about 600 mAh/g, about 450 mAh/g to
about 650 mAh/g, about 450 mAh/g to about 700 mAh/g,
about 450 mAl/g to about 800 mAh/g, about 450 mAh/g to
about 1,000 mAh/g, about 500 mAh/g to about 550 mAh/g,
about 500 mAh/g to about 600 mAh/g, about 500 mAh/g to
about 650 mAh/g, about 500 mAh/g to about 700 mAh/g,
about 500 mAh/g to about 800 mAh/g, about 500 mAh/g to
about 1,000 mAh/g, about 550 mAh/g to about 600 mAh/g,
about 550 mAl/g to about 650 mAh/g, about 550 mAh/g to
about 700 mAh/g, about 550 mAh/g to about 800 mAh/g,
about 550 mAh/g to about 1,000 mAh/g, about 600 mAh/g
to about 650 mAh/g, about 600 mAh/g to about 700 mAh/g,
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about 600 mAh/g to about 800 mAh/g, about 600 mAh/g to
about 1,000 mAh/g, about 650 mAl/g to about 700 mAh/g,
about 650 mAh/g to about 800 mAh/g, about 650 mAh/g to
about 1,000 mAh/g, about 700 mAl/g to about 800 mAh/g,
about 700 mAlh/g to about 1,000 mAh/g, or about 800
mAh/g to about 1,000 mAh/g. In some embodiments, the
energy storage device has a gravimetric capacity at a dis-
charge rate of about 1C of about 250 mAh/g, about 300
mAh/g, about 350 mAh/g, about 400 mAh/g, about 450
mAh/g, about 500 mAh/g, about 550 mAh/g, about 600
mAh/g, about 650 mAh/g, about 700 mAh/g, about 800
mAh/g, or about 1,000 mAh/g. In some embodiments, the
energy storage device has a gravimetric capacity at a dis-
charge rate of about 1C of at least about 300 mAh/g, about
350 mAl/g, about 400 mAh/g, about 450 mAh/g, about 500
mAh/g, about 550 mAh/g, about 600 mAh/g, about 650
mAh/g, about 700 mAh/g, about 800 mAh/g, or about 1,000
mAh/g.

[0206] In some embodiments, the energy storage device
has a gravimetric capacity at a discharge rate of about 2C of
about 250 mAh/g to about 800 mAh/g. In some embodi-
ments, the energy storage device has a gravimetric capacity
at a discharge rate of about 2C of at least about 250 mAh/g.
In some embodiments, the energy storage device has a
gravimetric capacity at a discharge rate of about 2C of at
most about 800 mAh/g. In some embodiments, the energy
storage device has a gravimetric capacity at a discharge rate
of'about 2C of about 250 mAl/g to about 300 mAh/g, about
250 mAl/g to about 350 mAh/g, about 250 mAh/g to about
400 mAbh/g, about 250 mAl/g to about 450 mAh/g, about
250 mAl/g to about 500 mAh/g, about 250 mAh/g to about
550 mAh/g, about 250 mAh/g to about 600 mAh/g, about
250 mAh/g to about 650 mAh/g, about 250 mAh/g to about
700 mAh/g, about 250 mAl/g to about 800 mAh/g, about
300 mAh/g to about 350 mAh/g, about 300 mAh/g to about
400 mAbh/g, about 300 mAl/g to about 450 mAh/g, about
300 mAh/g to about 500 mAh/g, about 300 mAh/g to about
550 mAl/g, about 300 mAh/g to about 600 mAh/g, about
300 mAh/g to about 650 mAh/g, about 300 mAh/g to about
700 mAh/g, about 300 mAh/g to about 800 mAh/g, about
350 mAl/g to about 400 mAh/g, about 350 mAh/g to about
450 mAh/g, about 350 mAl/g to about 500 mAh/g, about
350 mAl/g to about 550 mAh/g, about 350 mAh/g to about
600 mAh/g, about 350 mAh/g to about 650 mAh/g, about
350 mAl/g to about 700 mAh/g, about 350 mAh/g to about
800 mAl/g, about 400 mAh/g to about 450 mAh/g, about
400 mAh/g to about 500 mAh/g, about 400 mAh/g to about
550 mAl/g, about 400 mAh/g to about 600 mAh/g, about
400 mAh/g to about 650 mAh/g, about 400 mAh/g to about
700 mAh/g, about 400 mAh/g to about 800 mAh/g, about
450 mAh/g to about 500 mAh/g, about 450 mAh/g to about
550 mAh/g, about 450 mAh/g to about 600 mAh/g, about
450 mAh/g to about 650 mAh/g, about 450 mAh/g to about
700 mAh/g, about 450 mAl/g to about 800 mAh/g, about
500 mAh/g to about 550 mAh/g, about 500 mAh/g to about
600 mAh/g, about 500 mAh/g to about 650 mAh/g, about
500 mAh/g to about 700 mAh/g, about 500 mAh/g to about
800 mAl/g, about 550 mAh/g to about 600 mAh/g, about
550 mAh/g to about 650 mAh/g, about 550 mAh/g to about
700 mAh/g, about 550 mAh/g to about 800 mAh/g, about
600 mAh/g to about 650 mAh/g, about 600 mAh/g to about
700 mAh/g, about 600 mAh/g to about 800 mAh/g, about
650 mAh/g to about 700 mAh/g, about 650 mAh/g to about
800 mAh/g, or about 700 mAh/g to about 800 mAh/g. In
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some embodiments, the energy storage device has a gravi-
metric capacity at a discharge rate of about 2C of about 250
mAh/g, about 300 mAh/g, about 350 mAh/g, about 400
mAh/g, about 450 mAh/g, about 500 mAh/g, about 550
mAh/g, about 600 mAh/g, about 650 mAh/g, about 700
mAh/g, or about 800 mAh/g. In some embodiments, the
energy storage device has a gravimetric capacity at a dis-
charge rate of about 2C of at least about 300 mAh/g, about
350 mAl/g, about 400 mAh/g, about 450 mAh/g, about 500
mAh/g, about 550 mAh/g, about 600 mAh/g, about 650
mAh/g, about 700 mAh/g, or about 800 mAh/g.

[0207] In some embodiments, the energy storage device
has a gravimetric capacity at a discharge rate of about 10C
of about 150 mAh/g to about 650 mAh/g. In some embodi-
ments, the energy storage device has a gravimetric capacity
at a discharge rate of about 10C of at least about 150 mAh/g.
In some embodiments, the energy storage device has a
gravimetric capacity at a discharge rate of about 10C of at
most about 650 mAh/g. In some embodiments, the energy
storage device has a gravimetric capacity at a discharge rate
of'about 10C of about 150 mAh/g to about 200 mAh/g, about
150 mAh/g to about 250 mAh/g, about 150 mAh/g to about
300 mAh/g, about 150 mAh/g to about 350 mAh/g, about
150 mAh/g to about 400 mAh/g, about 150 mAh/g to about
450 mAbh/g, about 150 mAh/g to about 500 mAh/g, about
150 mAh/g to about 550 mAh/g, about 150 mAh/g to about
600 mAh/g, about 150 mAh/g to about 650 mAh/g, about
200 mAh/g to about 250 mAh/g, about 200 mAh/g to about
300 mAh/g, about 200 mAh/g to about 350 mAh/g, about
200 mAh/g to about 400 mAh/g, about 200 mAh/g to about
450 mAbh/g, about 200 mAh/g to about 500 mAh/g, about
200 mAh/g to about 550 mAh/g, about 200 mAh/g to about
600 mAh/g, about 200 mAh/g to about 650 mAh/g, about
250 mAh/g to about 300 mAh/g, about 250 mAh/g to about
350 mAh/g, about 250 mAh/g to about 400 mAh/g, about
250 mAh/g to about 450 mAh/g, about 250 mAh/g to about
500 mAbh/g, about 250 mAh/g to about 550 mAh/g, about
250 mAh/g to about 600 mAh/g, about 250 mAh/g to about
650 mAh/g, about 300 mAh/g to about 350 mAh/g, about
300 mAh/g to about 400 mAh/g, about 300 mAh/g to about
450 mAh/g, about 300 mAh/g to about 500 mAh/g, about
300 mAh/g to about 550 mAh/g, about 300 mAh/g to about
600 mAh/g, about 300 mAh/g to about 650 mAh/g, about
350 mAh/g to about 400 mAh/g, about 350 mAh/g to about
450 mAbh/g, about 350 mAh/g to about 500 mAh/g, about
350 mAh/g to about 550 mAh/g, about 350 mAh/g to about
600 mAh/g, about 350 mAh/g to about 650 mAh/g, about
400 mAh/g to about 450 mAh/g, about 400 mAh/g to about
500 mAh/g, about 400 mAh/g to about 550 mAh/g, about
400 mAh/g to about 600 mAh/g, about 400 mAh/g to about
650 mAh/g, about 450 mAh/g to about 500 mAh/g, about
450 mAh/g to about 550 mAh/g, about 450 mAh/g to about
600 mAh/g, about 450 mAh/g to about 650 mAh/g, about
500 mAh/g to about 550 mAh/g, about 500 mAh/g to about
600 mAh/g, about 500 mAh/g to about 650 mAh/g, about
550 mAh/g to about 600 mAh/g, about 550 mAh/g to about
650 mAh/g, or about 600 mAh/g to about 650 mAh/g. In
some embodiments, the energy storage device has a gravi-
metric capacity at a discharge rate of about 10C of about 150
mAh/g, about 200 mAh/g, about 250 mAh/g, about 300
mAh/g, about 350 mAh/g, about 400 mAh/g, about 450
mAh/g, about 500 mAh/g, about 550 mAh/g, about 600
mAh/g, or about 650 mAh/g. In some embodiments, the
energy storage device has a gravimetric capacity at a dis-
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charge rate of about 10C of at least about 200 mAh/g, about
250 mAl/g, about 300 mAh/g, about 350 mAh/g, about 400
mAh/g, about 450 mAh/g, about 500 mAh/g, about 550
mAh/g, about 600 mAh/g, or about 650 mAh/g.

[0208] In some embodiments, the energy storage device
has a gravimetric capacity at a discharge rate of about 60C
of about 90 mAh/g to about 350 mAh/g. In some embodi-
ments, the energy storage device has a gravimetric capacity
at a discharge rate of about 60C of at least about 90 mAh/g.
In some embodiments, the energy storage device has a
gravimetric capacity at a discharge rate of about 60C of at
most about 350 mAh/g. In some embodiments, the energy
storage device has a gravimetric capacity at a discharge rate
of'about 60C of about 90 mAl/g to about 100 mAh/g, about
90 mAh/g to about 125 mAh/g, about 90 mAh/g to about 150
mAh/g, about 90 mAh/g to about 175 mAh/g, about 90
mAh/g to about 200 mAh/g, about 90 mAh/g to about 225
mAh/g, about 90 mAh/g to about 250 mAh/g, about 90
mAh/g to about 275 mAl/g, about 90 mAh/g to about 300
mAh/g, about 90 mAh/g to about 325 mAh/g, about 90
mAh/g to about 350 mAh/g, about 100 mAh/g to about 125
mAh/g, about 100 mAh/g to about 150 mAh/g, about 100
mAbh/g to about 175 mAl/g, about 100 mAh/g to about 200
mAh/g, about 100 mAh/g to about 225 mAh/g, about 100
mAh/g to about 250 mAh/g, about 100 mAh/g to about 275
mAh/g, about 100 mAh/g to about 300 mAh/g, about 100
mAbh/g to about 325 mAl/g, about 100 mAh/g to about 350
mAh/g, about 125 mAh/g to about 150 mAh/g, about 125
mAh/g to about 175 mAl/g, about 125 mAh/g to about 200
mAh/g, about 125 mAh/g to about 225 mAh/g, about 125
mAh/g to about 250 mAh/g, about 125 mAh/g to about 275
mAh/g, about 125 mAh/g to about 300 mAh/g, about 125
mAh/g to about 325 mAl/g, about 125 mAh/g to about 350
mAh/g, about 150 mAh/g to about 175 mAh/g, about 150
mAh/g to about 200 mAh/g, about 150 mAh/g to about 225
mAh/g, about 150 mAh/g to about 250 mAh/g, about 150
mAh/g to about 275 mAl/g, about 150 mAh/g to about 300
mAh/g, about 150 mAh/g to about 325 mAh/g, about 150
mAbh/g to about 350 mAl/g, about 175 mAh/g to about 200
mAh/g, about 175 mAh/g to about 225 mAh/g, about 175
mAh/g to about 250 mAh/g, about 175 mAh/g to about 275
mAh/g, about 175 mAh/g to about 300 mAh/g, about 175
mAh/g to about 325 mAl/g, about 175 mAh/g to about 350
mAh/g, about 200 mAh/g to about 225 mAh/g, about 200
mAh/g to about 250 mAh/g, about 200 mAh/g to about 275
mAh/g, about 200 mAh/g to about 300 mAh/g, about 200
mAh/g to about 325 mAl/g, about 200 mAh/g to about 350
mAh/g, about 225 mAh/g to about 250 mAh/g, about 225
mAh/g to about 275 mAl/g, about 225 mAh/g to about 300
mAh/g, about 225 mAh/g to about 325 mAh/g, about 225
mAh/g to about 350 mAh/g, about 250 mAh/g to about 275
mAh/g, about 250 mAh/g to about 300 mAh/g, about 250
mAh/g to about 325 mAl/g, about 250 mAh/g to about 350
mAh/g, about 275 mAh/g to about 300 mAh/g, about 275
mAbh/g to about 325 mAl/g, about 275 mAh/g to about 350
mAh/g, about 300 mAh/g to about 325 mAh/g, about 300
mAh/g to about 350 mAh/g, or about 325 mAh/g to about
350 mAh/g. In some embodiments, the energy storage
device has a gravimetric capacity at a discharge rate of about
60C of about 90 mAbh/g, about 100 mAh/g, about 125
mAh/g, about 150 mAh/g, about 175 mAh/g, about 200
mAh/g, about 225 mAh/g, about 250 mAl/g, about 275
mAh/g, about 300 mAh/g, about 325 mAh/g, or about 350
mAbh/g. In some embodiments, the energy storage device has

Aug. 1,2019

a gravimetric capacity at a discharge rate of about 60C of at
least about 100 mAh/g, about 125 mAh/g, about 150 mAh/g,
about 175 mAl/g, about 200 mAh/g, about 225 mAh/g,
about 250 mAbh/g, about 275 mAbh/g, about 300 mAh/g,
about 325 mAl/g, or about 350 mAh/g.

[0209] In some embodiments, the energy storage device
has a gravimetric capacity at a discharge rate of about 100C
of about 60 mAh/g to about 240 mAh/g. In some embodi-
ments, the energy storage device has a gravimetric capacity
at a discharge rate of about 100C of at least about 60 mAh/g.
In some embodiments, the energy storage device has a
gravimetric capacity at a discharge rate of about 100C of at
most about 240 mAh/g. In some embodiments, the energy
storage device has a gravimetric capacity at a discharge rate
of'about 100C of about 60 mAh/g to about 80 mAh/g, about
60 mAh/g to about 100 mAh/g, about 60 mAh/g to about 120
mAh/g, about 60 mAh/g to about 140 mAh/g, about 60
mAh/g to about 160 mAh/g, about 60 mAh/g to about 180
mAh/g, about 60 mAh/g to about 200 mAh/g, about 60
mAh/g to about 220 mAl/g, about 60 mAh/g to about 240
mAh/g, about 80 mAh/g to about 100 mAh/g, about 80
mAh/g to about 120 mAl/g, about 80 mAh/g to about 140
mAh/g, about 80 mAh/g to about 160 mAh/g, about 80
mAh/g to about 180 mAl/g, about 80 mAh/g to about 200
mAh/g, about 80 mAh/g to about 220 mAh/g, about 80
mAbh/g to about 240 mAl/g, about 100 mAh/g to about 120
mAh/g, about 100 mAh/g to about 140 mAh/g, about 100
mAh/g to about 160 mAl/g, about 100 mAh/g to about 180
mAh/g, about 100 mAh/g to about 200 mAh/g, about 100
mAbh/g to about 220 mAl/g, about 100 mAh/g to about 240
mAh/g, about 120 mAh/g to about 140 mAh/g, about 120
mAh/g to about 160 mAl/g, about 120 mAh/g to about 180
mAh/g, about 120 mAh/g to about 200 mAh/g, about 120
mAh/g to about 220 mAl/g, about 120 mAh/g to about 240
mAh/g, about 140 mAh/g to about 160 mAh/g, about 140
mAh/g to about 180 mAl/g, about 140 mAh/g to about 200
mAh/g, about 140 mAh/g to about 220 mAh/g, about 140
mAh/g to about 240 mAl/g, about 160 mAh/g to about 180
mAh/g, about 160 mAh/g to about 200 mAh/g, about 160
mAh/g to about 220 mAl/g, about 160 mAh/g to about 240
mAh/g, about 180 mAh/g to about 200 mAh/g, about 180
mAbh/g to about 220 mAl/g, about 180 mAh/g to about 240
mAh/g, about 200 mAh/g to about 220 mAh/g, about 200
mAh/g to about 240 mAh/g, or about 220 mAh/g to about
240 mAh/g. In some embodiments, the energy storage
device has a gravimetric capacity at a discharge rate of about
100C of about 60 mAh/g, about 80 mAh/g, about 100
mAh/g, about 120 mAh/g, about 140 mAh/g, about 160
mAh/g, about 180 mAh/g, about 200 mAh/g, about 220
mAh/g, or about 240 mAh/g. In some embodiments, the
energy storage device has a gravimetric capacity at a dis-
charge rate of about 100C of at least about 80 mAh/g, about
100 mAh/g, about 120 mAh/g, about 140 mAh/g, about 160
mAh/g, about 180 mAh/g, about 200 mAh/g, about 220
mAh/g, or about 240 mAh/g.

[0210] In some embodiments, the energy storage device
has a gravimetric capacity at a discharge rate of about 160C
of about 45 mAh/g to about 180 mAh/g. In some embodi-
ments, the energy storage device has a gravimetric capacity
at a discharge rate of about 160C of at least about 45 mAh/g.
In some embodiments, the energy storage device has a
gravimetric capacity at a discharge rate of about 160C of at
most about 180 mAh/g. In some embodiments, the energy
storage device has a gravimetric capacity at a discharge rate
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of'about 160C of about 45 mAh/g to about 50 mAh/g, about
45 mAh/g to about 60 mAh/g, about 45 mAh/g to about 70
mAh/g, about 45 mAh/g to about 80 mAl/g, about 45
mAbh/g to about 100 mAl/g, about 45 mAh/g to about 120
mAh/g, about 45 mAh/g to about 130 mAh/g, about 45
mAbh/g to about 140 mAl/g, about 45 mAh/g to about 150
mAh/g, about 45 mAh/g to about 160 mAh/g, about 45
mAbh/g to about 180 mAh/g, about 50 mAh/g to about 60
mAh/g, about 50 mAh/g to about 70 mAh/g, about 50
mAh/g to about 80 mAh/g, about 50 mAh/g to about 100
mAh/g, about 50 mAh/g to about 120 mAh/g, about 50
mAbh/g to about 130 mAl/g, about 50 mAh/g to about 140
mAh/g, about 50 mAh/g to about 150 mAh/g, about 50
mAh/g to about 160 mAh/g, about 50 mAh/g to about 180
mAh/g, about 60 mAh/g to about 70 mAh/g, about 60
mAh/g to about 80 mAh/g, about 60 mAh/g to about 100
mAh/g, about 60 mAh/g to about 120 mAh/g, about 60
mAh/g to about 130 mAl/g, about 60 mAh/g to about 140
mAh/g, about 60 mAh/g to about 150 mAh/g, about 60
mAh/g to about 160 mAh/g, about 60 mAh/g to about 180
mAh/g, about 70 mAh/g to about 80 mAh/g, about 70
mAh/g to about 100 mAl/g, about 70 mAh/g to about 120
mAh/g, about 70 mAh/g to about 130 mAh/g, about 70
mAh/g to about 140 mAl/g, about 70 mAh/g to about 150
mAh/g, about 70 mAh/g to about 160 mAh/g, about 70
mAh/g to about 180 mAh/g, about 80 mAh/g to about 100
mAh/g, about 80 mAh/g to about 120 mAh/g, about 80
mAh/g to about 130 mAl/g, about 80 mAh/g to about 140
mAh/g, about 80 mAh/g to about 150 mAh/g, about 80
mAh/g to about 160 mAh/g, about 80 mAh/g to about 180
mAh/g, about 100 mAh/g to about 120 mAh/g, about 100
mAbh/g to about 130 mAl/g, about 100 mAh/g to about 140
mAh/g, about 100 mAh/g to about 150 mAh/g, about 100
mAbh/g to about 160 mAh/g, about 100 mAh/g to about 180
mAh/g, about 120 mAh/g to about 130 mAh/g, about 120
mAbh/g to about 140 mAl/g, about 120 mAh/g to about 150
mAh/g, about 120 mAh/g to about 160 mAh/g, about 120
mAh/g to about 180 mAl/g, about 130 mAh/g to about 140
mAh/g, about 130 mAh/g to about 150 mAh/g, about 130
mAbh/g to about 160 mAh/g, about 130 mAh/g to about 180
mAh/g, about 140 mAh/g to about 150 mAh/g, about 140
mAbh/g to about 160 mAh/g, about 140 mAh/g to about 180
mAh/g, about 150 mAh/g to about 160 mAh/g, about 150
mAh/g to about 180 mAh/g, or about 160 mAh/g to about
180 mAh/g. In some embodiments, the energy storage
device has a gravimetric capacity at a discharge rate of about
160C of about 45 mAh/g, about 50 mAh/g, about 60 mAh/g,
about 70 mAh/g, about 80 mAh/g, about 100 mAh/g, about
120 mAbh/g, about 130 mAh/g, about 140 mAh/g, about 150
mAh/g, about 160 mAl/g, or about 180 mAh/g. In some
embodiments, the energy storage device has a gravimetric
capacity at a discharge rate of about 160C of at least about
50 mAh/g, about 60 mAh/g, about 70 mAh/g, about 80
mAh/g, about 100 mAh/g, about 120 mAh/g, about 130
mAh/g, about 140 mAh/g, about 150 mAh/g, about 160
mAh/g, or about 180 mAh/g.

[0211] In some embodiments, the energy storage device
has a gravimetric capacity at a discharge rate of about 200C
of about 35 mAh/g to about 150 mAh/g. In some embodi-
ments, the energy storage device has a gravimetric capacity
at a discharge rate of about 200C of at least about 35 mAh/g.
In some embodiments, the energy storage device has a
gravimetric capacity at a discharge rate of about 200C of at
most about 150 mAh/g. In some embodiments, the energy

Aug. 1,2019

storage device has a gravimetric capacity at a discharge rate
of'about 200C of about 35 mAh/g to about 40 mAh/g, about
35 mAh/g to about 50 mAh/g, about 35 mAh/g to about 60
mAh/g, about 35 mAh/g to about 70 mAl/g, about 35
mAh/g to about 80 mAh/g, about 35 mAh/g to about 90
mAh/g, about 35 mAh/g to about 100 mAh/g, about 35
mAh/g to about 120 mAl/g, about 35 mAh/g to about 130
mAh/g, about 35 mAh/g to about 140 mAh/g, about 35
mAbh/g to about 150 mAh/g, about 40 mAh/g to about 50
mAh/g, about 40 mAh/g to about 60 mAh/g, about 40
mAh/g to about 70 mAh/g, about 40 mAh/g to about 80
mAh/g, about 40 mAh/g to about 90 mAh/g, about 40
mAh/g to about 100 mAh/g, about 40 mAh/g to about 120
mAh/g, about 40 mAh/g to about 130 mAh/g, about 40
mAh/g to about 140 mAl/g, about 40 mAh/g to about 150
mAh/g, about 50 mAh/g to about 60 mAh/g, about 50
mAh/g to about 70 mAh/g, about 50 mAh/g to about 80
mAh/g, about 50 mAh/g to about 90 mAh/g, about 50
mAh/g to about 100 mAh/g, about 50 mAh/g to about 120
mAh/g, about 50 mAh/g to about 130 mAh/g, about 50
mAh/g to about 140 mAl/g, about 50 mAh/g to about 150
mAh/g, about 60 mAh/g to about 70 mAh/g, about 60
mAh/g to about 80 mAh/g, about 60 mAh/g to about 90
mAh/g, about 60 mAh/g to about 100 mAh/g, about 60
mAbh/g to about 120 mAl/g, about 60 mAh/g to about 130
mAh/g, about 60 mAh/g to about 140 mAh/g, about 60
mAh/g to about 150 mAh/g, about 70 mAh/g to about 80
mAh/g, about 70 mAh/g to about 90 mAh/g, about 70
mAh/g to about 100 mAl/g, about 70 mAh/g to about 120
mAh/g, about 70 mAh/g to about 130 mAh/g, about 70
mAh/g to about 140 mAl/g, about 70 mAh/g to about 150
mAh/g, about 80 mAh/g to about 90 mAh/g, about 80
mAh/g to about 100 mAh/g, about 80 mAh/g to about 120
mAh/g, about 80 mAh/g to about 130 mAh/g, about 80
mAh/g to about 140 mAl/g, about 80 mAh/g to about 150
mAh/g, about 90 mAh/g to about 100 mAh/g, about 90
mAh/g to about 120 mAl/g, about 90 mAh/g to about 130
mAh/g, about 90 mAh/g to about 140 mAh/g, about 90
mAbh/g to about 150 mAl/g, about 100 mAh/g to about 120
mAh/g, about 100 mAh/g to about 130 mAh/g, about 100
mAbh/g to about 140 mAl/g, about 100 mAh/g to about 150
mAh/g, about 120 mAh/g to about 130 mAh/g, about 120
mAh/g to about 140 mAl/g, about 120 mAh/g to about 150
mAh/g, about 130 mAh/g to about 140 mAh/g, about 130
mAh/g to about 150 mAh/g, or about 140 mAh/g to about
150 mAh/g. In some embodiments, the energy storage
device has a gravimetric capacity at a discharge rate of about
200C of about 35 mAh/g, about 40 mAh/g, about 50 mAh/g,
about 60 mAh/g, about 70 mAh/g, about 80 mAh/g, about 90
mAh/g, about 100 mAh/g, about 120 mAh/g, about 130
mAh/g, about 140 mAl/g, or about 150 mAh/g. In some
embodiments, the energy storage device has a gravimetric
capacity at a discharge rate of about 200C of at least about
40 mAbh/g, about 50 mAh/g, about 60 mAh/g, about 70
mAh/g, about 80 mAh/g, about 90 mAh/g, about 100
mAh/g, about 120 mAh/g, about 130 mAh/g, about 140
mAh/g, or about 150 mAh/g.

[0212] In some embodiments, the energy storage device
has a charge rate of about 5 mAh/g to about 1,600 mAh/g.
In some embodiments, the energy storage device has a
charge rate of at least about 5 mAh/g. In some embodiments,
the energy storage device has a charge rate of at most about
1,600 mAh/g. In some embodiments, the energy storage
device has a charge rate of about 5 mAh/g to about 10
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mAh/g, about 5 mAh/g to about 20 mAh/g, about 5 mAh/g
to about 50 mAh/g, about 5 mAh/g to about 100 mAh/g,
about 5 mAh/g to about 200 mAh/g, about 5 mAh/g to about
500 mAl/g, about 5 mAh/g to about 1,000 mAh/g, about 5
mAh/g to about 1,200 mAh/g, about 5 mAh/g to about 1,600
mAh/g, about 10 mAh/g to about 20 mAh/g, about 10
mAbh/g to about 50 mAh/g, about 10 mAh/g to about 100
mAh/g, about 10 mAh/g to about 200 mAh/g, about 10
mAh/g to about 500 mAh/g, about 10 mAh/g to about 1,000
mAh/g, about 10 mAh/g to about 1,200 mAbh/g, about 10
mAbh/g to about 1,600 mAh/g, about 20 mAh/g to about 50
mAh/g, about 20 mAh/g to about 100 mAh/g, about 20
mAbh/g to about 200 mAl/g, about 20 mAh/g to about 500
mAh/g, about 20 mAh/g to about 1,000 mAbh/g, about 20
mAh/g to about 1,200 mAh/g, about 20 mAh/g to about
1,600 mAl/g, about 50 mAh/g to about 100 mAh/g, about
50 mAh/g to about 200 mAh/g, about 50 mAh/g to about 500
mAh/g, about 50 mAh/g to about 1,000 mAh/g, about 50
mAh/g to about 1,200 mAh/g, about 50 mAlh/g to about
1,600 mAh/g, about 100 mAh/g to about 200 mAl/g, about
100 mAh/g to about 500 mAh/g, about 100 mAh/g to about
1,000 mAh/g, about 100 mAh/g to about 1,200 mAh/g,
about 100 mAh/g to about 1,600 mAh/g, about 200 mAh/g
to about 500 mAh/g, about 200 mAh/g to about 1,000
mAh/g, about 200 mAh/g to about 1,200 mAh/g, about 200
mAh/g to about 1,600 mAh/g, about 500 mAh/g to about
1,000 mAh/g, about 500 mAh/g to about 1,200 mAh/g,
about 500 mAh/g to about 1,600 mAh/g, about 1,000 mAh/g
to about 1,200 mAh/g, about 1,000 mAl/g to about 1,600
mAh/g, or about 1,200 mAh/g to about 1,600 mAh/g. In
some embodiments, the energy storage device has a charge
rate of about 5 mAh/g, about 10 mAh/g, about 20 mAh/g,
about 50 mAh/g, about 100 mAh/g, about 200 mAh/g, about
500 mAh/g, about 1,000 mAh/g, about 1,200 mAh/g, or
about 1,600 mAh/g. In some embodiments, the energy
storage device has a charge rate of at least about 10 mAh/g,
about 20 mAh/g, about 50 mAh/g, about 100 mAh/g, about
200 mAbh/g, about 500 mAh/g, about 1,000 mAh/g, about
1,200 mAl/g, or about 1,600 mAh/g.

[0213] In some embodiments, the energy storage devices
of the current disclosure exhibit excellent rate capability and
ultrafast charge/discharges rates of up to about 847C. In
some embodiments, the energy storage device has a charge
rate of at about 100C to about 1,600C. Charge rate, or C-rate,
is a measure of the rate at which an energy storage device is
charged relative to its maximum capacity. Energy storage
devices with charge rates of 0.5C, 1C, and 200C take 2
hours, 1 hour, and 18 seconds, respectively, to fully charge.

[0214] In some embodiments, the energy storage devices
of the current disclosure can be recharged in just a few
seconds, compared with hours required to charge conven-
tional batteries. In some embodiments, the energy storage
device has a recharge time of about 1.5 seconds to about
3,000 seconds. In some embodiments, the energy storage
device has a recharge time of at least about 1.5 seconds. In
some embodiments, the energy storage device has a recharge
time of at most about 3,000 seconds. In some embodiments,
the energy storage device has a recharge time of about 1.5
seconds to about 2 seconds, about 1.5 seconds to about 5
seconds, about 1.5 seconds to about 10 seconds, about 1.5
seconds to about 20 seconds, about 1.5 seconds to about 50
seconds, about 1.5 seconds to about 100 seconds, about 1.5
seconds to about 200 seconds, about 1.5 seconds to about
500 seconds, about 1.5 seconds to about 1,000 seconds,
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about 1.5 seconds to about 2,000 seconds, about 1.5 seconds
to about 3,000 seconds, about 2 seconds to about 5 seconds,
about 2 seconds to about 10 seconds, about 2 seconds to
about 20 seconds, about 2 seconds to about 50 seconds,
about 2 seconds to about 100 seconds, about 2 seconds to
about 200 seconds, about 2 seconds to about 500 seconds,
about 2 seconds to about 1,000 seconds, about 2 seconds to
about 2,000 seconds, about 2 seconds to about 3,000 sec-
onds, about 5 seconds to about 10 seconds, about 5 seconds
to about 20 seconds, about 5 seconds to about 50 seconds,
about 5 seconds to about 100 seconds, about 5 seconds to
about 200 seconds, about 5 seconds to about 500 seconds,
about 5 seconds to about 1,000 seconds, about 5 seconds to
about 2,000 seconds, about 5 seconds to about 3,000 sec-
onds, about 10 seconds to about 20 seconds, about 10
seconds to about 50 seconds, about 10 seconds to about 100
seconds, about 10 seconds to about 200 seconds, about 10
seconds to about 500 seconds, about 10 seconds to about
1,000 seconds, about 10 seconds to about 2,000 seconds,
about 10 seconds to about 3,000 seconds, about 20 seconds
to about 50 seconds, about 20 seconds to about 100 seconds,
about 20 seconds to about 200 seconds, about 20 seconds to
about 500 seconds, about 20 seconds to about 1,000 seconds,
about 20 seconds to about 2,000 seconds, about 20 seconds
to about 3,000 seconds, about 50 seconds to about 100
seconds, about 50 seconds to about 200 seconds, about 50
seconds to about 500 seconds, about 50 seconds to about
1,000 seconds, about 50 seconds to about 2,000 seconds,
about 50 seconds to about 3,000 seconds, about 100 seconds
to about 200 seconds, about 100 seconds to about 500
seconds, about 100 seconds to about 1,000 seconds, about
100 seconds to about 2,000 seconds, about 100 seconds to
about 3,000 seconds, about 200 seconds to about 500
seconds, about 200 seconds to about 1,000 seconds, about
200 seconds to about 2,000 seconds, about 200 seconds to
about 3,000 seconds, about 500 seconds to about 1,000
seconds, about 500 seconds to about 2,000 seconds, about
500 seconds to about 3,000 seconds, about 1,000 seconds to
about 2,000 seconds, about 1,000 seconds to about 3,000
seconds, or about 2,000 seconds to about 3,000 seconds. In
some embodiments, the energy storage device has a recharge
time of about 1.5 seconds, about 2 seconds, about 5 seconds,
about 10 seconds, about 20 seconds, about 50 seconds, about
100 seconds, about 200 seconds, about 500 seconds, about
1,000 seconds, about 2,000 seconds, or about 3,000 seconds.
In some embodiments, the energy storage device has a
recharge time of at most about 1.5 seconds, about 2 seconds,
about 5 seconds, about 10 seconds, about 20 seconds, about
50 seconds, about 100 seconds, about 200 seconds, about
500 seconds, about 1,000 seconds, about 2,000 seconds, or
about 3,000 seconds.

[0215] An 18650 form factor defines the size of an energy
storage device as being round with a diameter of about 16
mm, and a length of about 65 mm.

[0216] In some embodiments, the energy storage device
has an equivalent series resistance in a 18650 form factor of
about 2 milliohms to about 10 milliohms. In some embodi-
ments, the energy storage device has an equivalent series
resistance in a 18650 form factor of at least about 2
milliohms. In some embodiments, the energy storage device
has an equivalent series resistance in a 18650 form factor of
at most about 10 milliohms. In some embodiments, the
energy storage device has an equivalent series resistance in
a 18650 form factor of about 2 milliohms to about 2.5
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milliohms, about 2 milliohms to about 3 milliohms, about 2
milliohms to about 3.5 milliohms, about 2 milliohms to
about 4 milliohms, about 2 milliohms to about 4.5 mil-
liohms, about 2 milliohms to about 5 milliohms, about 2
milliohms to about 6 millichms, about 2 milliohms to about
7 milliohms, about 2 milliohms to about 8 milliohms, about
2 milliohms to about 10 milliohms, about 2.5 milliochms to
about 3 milliohms, about 2.5 millichms to about 3.5 mil-
liohms, about 2.5 milliohms to about 4 milliohms, about 2.5
milliohms to about 4.5 milliohms, about 2.5 milliohms to
about 5 milliohms, about 2.5 milliohms to about 6 mil-
liohms, about 2.5 milliohms to about 7 milliohms, about 2.5
milliohms to about 8 milliohms, about 2.5 milliohms to
about 10 milliohms, about 3 milliohms to about 3.5 mil-
liohms, about 3 milliohms to about 4 milliohms, about 3
milliohms to about 4.5 milliohms, about 3 milliohms to
about 5 milliohms, about 3 milliohms to about 6 milliohms,
about 3 milliohms to about 7 milliohms, about 3 millichms
to about 8 milliohms, about 3 milliohms to about 10 mil-
liohms, about 3.5 milliohms to about 4 milliohms, about 3.5
milliohms to about 4.5 milliohms, about 3.5 milliohms to
about 5 milliohms, about 3.5 milliohms to about 6 mil-
liohms, about 3.5 milliohms to about 7 milliohms, about 3.5
milliohms to about 8 milliohms, about 3.5 milliohms to
about 10 milliohms, about 4 milliohms to about 4.5 mil-
liohms, about 4 milliohms to about 5 milliohms, about 4
milliohms to about 6 millichms, about 4 milliohms to about
7 milliohms, about 4 milliohms to about 8 milliohms, about
4 milliohms to about 10 milliohms, about 4.5 milliohms to
about 5 milliohms, about 4.5 milliohms to about 6 mil-
liohms, about 4.5 milliohms to about 7 milliohms, about 4.5
milliohms to about 8 milliohms, about 4.5 milliohms to
about 10 millichms, about 5 milliohms to about 6 milliohms,
about 5 milliohms to about 7 milliohms, about 5 milliohms
to about 8 milliohms, about 5 milliohms to about 10 mil-
liohms, about 6 milliohms to about 7 milliohms, about 6
milliohms to about 8 millichms, about 6 milliohms to about
10 milliohms, about 7 milliohms to about 8 milliohms, about
7 milliohms to about 10 milliohms, or about 8 milliohms to
about 10 milliohms. In some embodiments, the energy
storage device has an equivalent series resistance in a 18650
form factor of about 2 milliohms, about 2.5 milliohms, about
3 milliohms, about 3.5 milliohms, about 4 milliohms, about
4.5 milliohms, about 5 milliohms, about 6 milliohms, about
7 milliohms, about 8 milliohms, or about 10 milliochms. In
some embodiments, the energy storage device has an
equivalent series resistance in a 18650 form factor of at most
about 2 milliohms, about 2.5 milliohms, about 3 milliohms,
about 3.5 milliohms, about 4 milliohms, about 4.5 mil-
liohms, about 5 milliohms, about 6 milliohms, about 7
milliohms, or about 8 milliohms.

[0217] In some embodiments, the energy storage device
has a charge/discharge lifetime of about 500 cycles to about
10,000 cycles. In some embodiments, the energy storage
device has a charge/discharge lifetime of at least about 500
cycles. In some embodiments, the energy storage device has
a charge/discharge lifetime of at most about 10,000 cycles.
In some embodiments, the energy storage device has a
charge/discharge lifetime of about 500 cycles to about 600
cycles, about 500 cycles to about 700 cycles, about 500
cycles to about 800 cycles, about 500 cycles to about 1,000
cycles, about 500 cycles to about 2,000 cycles, about 500
cycles to about 3,000 cycles, about 500 cycles to about 5,000
cycles, about 500 cycles to about 6,000 cycles, about 500
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cycles to about 7,000 cycles, about 500 cycles to about 8,000
cycles, about 500 cycles to about 10,000 cycles, about 600
cycles to about 700 cycles, about 600 cycles to about 800
cycles, about 600 cycles to about 1,000 cycles, about 600
cycles to about 2,000 cycles, about 600 cycles to about 3,000
cycles, about 600 cycles to about 5,000 cycles, about 600
cycles to about 6,000 cycles, about 600 cycles to about 7,000
cycles, about 600 cycles to about 8,000 cycles, about 600
cycles to about 10,000 cycles, about 700 cycles to about 800
cycles, about 700 cycles to about 1,000 cycles, about 700
cycles to about 2,000 cycles, about 700 cycles to about 3,000
cycles, about 700 cycles to about 5,000 cycles, about 700
cycles to about 6,000 cycles, about 700 cycles to about 7,000
cycles, about 700 cycles to about 8,000 cycles, about 700
cycles to about 10,000 cycles, about 800 cycles to about
1,000 cycles, about 800 cycles to about 2,000 cycles, about
800 cycles to about 3,000 cycles, about 800 cycles to about
5,000 cycles, about 800 cycles to about 6,000 cycles, about
800 cycles to about 7,000 cycles, about 800 cycles to about
8,000 cycles, about 800 cycles to about 10,000 cycles, about
1,000 cycles to about 2,000 cycles, about 1,000 cycles to
about 3,000 cycles, about 1,000 cycles to about 5,000 cycles,
about 1,000 cycles to about 6,000 cycles, about 1,000 cycles
to about 7,000 cycles, about 1,000 cycles to about 8,000
cycles, about 1,000 cycles to about 10,000 cycles, about
2,000 cycles to about 3,000 cycles, about 2,000 cycles to
about 5,000 cycles, about 2,000 cycles to about 6,000 cycles,
about 2,000 cycles to about 7,000 cycles, about 2,000 cycles
to about 8,000 cycles, about 2,000 cycles to about 10,000
cycles, about 3,000 cycles to about 5,000 cycles, about 3,000
cycles to about 6,000 cycles, about 3,000 cycles to about
7,000 cycles, about 3,000 cycles to about 8,000 cycles, about
3,000 cycles to about 10,000 cycles, about 5,000 cycles to
about 6,000 cycles, about 5,000 cycles to about 7,000 cycles,
about 5,000 cycles to about 8,000 cycles, about 5,000 cycles
to about 10,000 cycles, about 6,000 cycles to about 7,000
cycles, about 6,000 cycles to about 8,000 cycles, about 6,000
cycles to about 10,000 cycles, about 7,000 cycles to about
8,000 cycles, about 7,000 cycles to about 10,000 cycles, or
about 8,000 cycles to about 10,000 cycles. In some embodi-
ments, the energy storage device has a charge/discharge
lifetime of about 500 cycles, about 600 cycles, about 700
cycles, about 800 cycles, about 1,000 cycles, about 2,000
cycles, about 3,000 cycles, about 5,000 cycles, about 6,000
cycles, about 7,000 cycles, about 8,000 cycles, or about
10,000 cycles. In some embodiments, the energy storage
device has a charge/discharge lifetime of at least about 600
cycles, about 700 cycles, about 800 cycles, about 1,000
cycles, about 2,000 cycles, about 3,000 cycles, about 5,000
cycles, about 6,000 cycles, about 7,000 cycles, about 8,000
cycles, or about 10,000 cycles.

[0218] In some embodiments, the energy storage device
has at least one of a capacity, a power density, and an energy
density that diminishes after about 10,000 cycles by about
10% to about 30%. In some embodiments, the energy
storage device has at least one of a capacity, a power density,
and an energy density that diminishes after about 10,000
cycles by at least about 10%. In some embodiments, the
energy storage device has at least one of a capacity, a power
density, and an energy density that diminishes after about
10,000 cycles by at most about 30%. In some embodiments,
the energy storage device has at least one of a capacity, a
power density, and an energy density that diminishes after
about 10,000 cycles by about 10% to about 12%, about 10%
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to about 14%, about 10% to about 16%, about 10% to about
18%, about 10% to about 20%, about 10% to about 22%,
about 10% to about 24%, about 10% to about 26%, about
10% to about 28%, about 10% to about 30%, about 12% to
about 14%, about 12% to about 16%, about 12% to about
18%, about 12% to about 20%, about 12% to about 22%,
about 12% to about 24%, about 12% to about 26%, about
12% to about 28%, about 12% to about 30%, about 14% to
about 16%, about 14% to about 18%, about 14% to about
20%, about 14% to about 22%, about 14% to about 24%,
about 14% to about 26%, about 14% to about 28%, about
14% to about 30%, about 16% to about 18%, about 16% to
about 20%, about 16% to about 22%, about 16% to about
24%, about 16% to about 26%, about 16% to about 28%,
about 16% to about 30%, about 18% to about 20%, about
18% to about 22%, about 18% to about 24%, about 18% to
about 26%, about 18% to about 28%, about 18% to about
30%, about 20% to about 22%, about 20% to about 24%,
about 20% to about 26%, about 20% to about 28%, about
20% to about 30%, about 22% to about 24%, about 22% to
about 26%, about 22% to about 28%, about 22% to about
30%, about 24% to about 26%, about 24% to about 28%,
about 24% to about 30%, about 26% to about 28%, about
26% to about 30%, or about 28% to about 30%. In some
embodiments, the energy storage device has at least one of
a capacity, a power density, and an energy density that
diminishes after about 10,000 cycles by about 10%, about
12%, about 14%, about 16%, about 18%, about 20%, about
22%, about 24%, about 26%, about 28%, or about 30%. In
some embodiments, the energy storage device has at least
one of a capacity, a power density, and an energy density that
diminishes after about 10,000 cycles by at most about 10%,
about 12%, about 14%, about 16%, about 18%, about 20%,
about 22%, about 24%, about 26%, or about 28%.

[0219] In some embodiments, the energy storage device
comprises a first electrode comprising Zn—Fe LDH/3DGA
and a second electrode comprising Ni(OH),. The perfor-
mance characteristics of each of the first electrode and the
second electrode are shown per the CV graph of a 3E cell
energy storage device comprising an exemplary first elec-
trode comprising Zn—Fe LDH/3DGA and an exemplary
second electrode comprising Ni(OH), per FIG. 14A.

[0220] In some embodiments, the energy storage device
comprises a first electrode comprising Zn—Fe LDH/3DGA,
a second electrode comprising Ni(OH),, and an electrolyte
comprising a ZnO-saturated KOH solution. The perfor-
mance characteristics of an exemplary energy storage device
comprising a first electrode comprising Zn—Fe L[LDH/
3DGA, a second electrode comprising Ni(OH),, and an
electrolyte comprising a ZnO-saturated KOH solution at a
scan rate of 10 mV/s is shown per the CV graph in FIG. 14B.
Further, the performance characteristics of the exemplary
energy storage device comprising a first electrode compris-
ing Zn—Fe LDH/3DGA, a second electrode comprising
Ni(OH),, and an electrolyte comprising a ZnO-saturated
KOH solution at discharge rates from 1C to 4C, 10C to 80C,
100C to 200C, and 1C to 200C are displayed per the
galvanic charge/discharge (GCD) graphs in FIGS. 15A-D,
respectively. As seen in FIGS. 15A-D, the exemplary energy
storage device exhibits a steady discharge rate, enabling
high energy and power output throughout discharging.

[0221] Additionally, FIG. 17 shows a Nyquist plot of an
exemplary energy storage device comprising a first electrode
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comprising Zn—Fe LDH/3DGA, a second electrode com-
prising Ni(OH),, and an electrolyte comprising a ZnO-
saturated KOH solution.

[0222] The performance characteristics of an exemplary
second electrode comprising Ni(OH), in a 3E cell and 3.0 M
KOH are further characterized by the Nyquist plot in FIG.
18A and the high frequency impedance spectrum per FIG.
18B.

[0223] Finally, FIG. 19 is an illustration of an equivalent
circuit fitted to the experimental electrochemical impedance
spectroscopy (EIS) measurements in FIG. 17. The equiva-
lent circuit characteristics per the illustration in FIG. 19 are
listed in Table 5 below.

TABLE 5
Property Value
Rs (Q) 0.92
Retl (Q) 0.23
CPE1 (F s"1) 0.99
nl 0.91
Ret2 (Q) 1.33
W (Qs Y2 6.24
CPE2 (F sn - 1) 0.077
n2 0.55

Methods of Forming a First Electrode

[0224] Described herein, in certain embodiments, are
methods of forming a first electrode comprising: forming a
solution; stirring the solution; heating the solution; cooling
the solution; rinsing the solution in a solvent; and freeze-
drying the solution.

[0225] In some embodiments, the solution comprises a
reducing agent, a deliquescence, and a carbon-based disper-
sion. In some embodiments, the reducing agent comprises
urea, citric acid, ascorbic acid, hydrazine hydrate, hydro-
quinone, sodium borohydride, hydrogen bromide, hydrogen
iodide, or any combination thereof. In some embodiments,
the strong base comprises urea. In some embodiments, the
strong base comprises hydroquinone. In some embodiments,
the strong base comprises ascorbic acid.

[0226] In some embodiments, the deliquescence com-
prises a salt. In some embodiments, the salt comprises a
citrate salt, a chloride salt, a nitrate salt, or any combination
thereof. In some embodiments, the citrate salt comprises
zinc (III) citrate, zinc (III) citrate hexahydrate, iron (III)
citrate, iron (III) citrate hexahydrate, or any combination
thereof. In some embodiments, the chloride salt comprises
zinc (IIT) chloride, zinc (III) nitrate hexahydrate, iron (III)
chloride, iron (IIT) chloride hexahydrate, or any combination
thereof. In some embodiments, the nitrate salt comprises
zinc (III) nitrate, zinc (III) nitrate hexahydrate, iron (III)
nitrate, iron (III) nitrate hexahydrate, or any combination
thereof. In some embodiments, the deliquescence comprises
zinc(Ill) nitrate hexahydrate. In some embodiments, the
deliquescence comprises iron(I1l) nitrate. In some embodi-
ments, the deliquescence comprises zinc (II) nitrate hexa-
hydrate.

[0227] Insome embodiments, the carbon-based dispersion
comprises a carbon-based foam, a carbon-based aerogel, a
carbon-based hydrogel, a carbon-based ionogel, carbon-
based nanosheets, carbon nanotubes, carbon nanosheets,
carbon cloth, or any combination thereof. In some embodi-
ments, the carbon-based dispersion comprises graphene,
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graphene oxide, graphite, activated carbon, carbon black, or
any combination thereof. In some embodiments, the carbon-
based dispersion comprises carbon nanotubes. In some
embodiments, the carbon-based dispersion comprises gra-
phene oxide. In some embodiments, the carbon-based dis-
persion comprises activated carbon.

[0228] In some embodiments, the mass percentage of the
reducing agent in the solution is about 30% to about 90%.
In some embodiments, the mass percentage of the reducing
agent in the solution is at least about 30%. In some embodi-
ments, the mass percentage of the reducing agent in the
solution is at most about 90%. In some embodiments, the
mass percentage of the reducing agent in the solution is
about 30% to about 35%, about 30% to about 40%, about
30% to about 45%, about 30% to about 50%, about 30% to
about 55%, about 30% to about 60%, about 30% to about
65%, about 30% to about 70%, about 30% to about 75%,
about 30% to about 80%, about 30% to about 90%, about
35% to about 40%, about 35% to about 45%, about 35% to
about 50%, about 35% to about 55%, about 35% to about
60%, about 35% to about 65%, about 35% to about 70%,
about 35% to about 75%, about 35% to about 80%, about
35% to about 90%, about 40% to about 45%, about 40% to
about 50%, about 40% to about 55%, about 40% to about
60%, about 40% to about 65%, about 40% to about 70%,
about 40% to about 75%, about 40% to about 80%, about
40% to about 90%, about 45% to about 50%, about 45% to
about 55%, about 45% to about 60%, about 45% to about
65%, about 45% to about 70%, about 45% to about 75%,
about 45% to about 80%, about 45% to about 90%, about
50% to about 55%, about 50% to about 60%, about 50% to
about 65%, about 50% to about 70%, about 50% to about
75%, about 50% to about 80%, about 50% to about 90%,
about 55% to about 60%, about 55% to about 65%, about
55% to about 70%, about 55% to about 75%, about 55% to
about 80%, about 55% to about 90%, about 60% to about
65%, about 60% to about 70%, about 60% to about 75%,
about 60% to about 80%, about 60% to about 90%, about
65% to about 70%, about 65% to about 75%, about 65% to
about 80%, about 65% to about 90%, about 70% to about
75%, about 70% to about 80%, about 70% to about 90%,
about 75% to about 80%, about 75% to about 90%, or about
80% to about 90%. In some embodiments, the mass per-
centage of the reducing agent in the solution is about 30%,
about 35%, about 40%, about 45%, about 50%, about 55%,
about 60%, about 65%, about 70%, about 75%, about 80%,
or about 90%. In some embodiments, the mass percentage of
the reducing agent in the solution is at least about 35%,
about 40%, about 45%, about 50%, about 55%, about 60%,
about 65%, about 70%, about 75%, about 80%, or about
90%. In some embodiments, the mass percentage of the
reducing agent in the solution is at most about 30%, about
35%, about 40%, about 45%, about 50%, about 55%, about
60%, about 65%, about 70%, about 75%, or about 80%.

[0229] In some embodiments, the mass percentage of the
deliquescence in the solution is about 5% to about 30%. In
some embodiments, the mass percentage of the deliques-
cence in the solution is at least about 5%. In some embodi-
ments, the mass percentage of the deliquescence in the
solution is at most about 30%. In some embodiments, the
mass percentage of the deliquescence in the solution is about
5% to about 6%, about 5% to about 8%, about 5% to about
10%, about 5% to about 12%, about 5% to about 14%, about
5% to about 16%, about 5% to about 18%, about 5% to about
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20%, about 5% to about 25%, about 5% to about 30%, about
6% to about 8%, about 6% to about 10%, about 6% to about
12%, about 6% to about 14%, about 6% to about 16%, about
6% to about 18%, about 6% to about 20%, about 6% to about
25%, about 6% to about 30%, about 8% to about 10%, about
8% to about 12%, about 8% to about 14%, about 8% to about
16%, about 8% to about 18%, about 8% to about 20%, about
8% to about 25%, about 8% to about 30%, about 10% to
about 12%, about 10% to about 14%, about 10% to about
16%, about 10% to about 18%, about 10% to about 20%,
about 10% to about 25%, about 10% to about 30%, about
12% to about 14%, about 12% to about 16%, about 12% to
about 18%, about 12% to about 20%, about 12% to about
25%, about 12% to about 30%, about 14% to about 16%,
about 14% to about 18%, about 14% to about 20%, about
14% to about 25%, about 14% to about 30%, about 16% to
about 18%, about 16% to about 20%, about 16% to about
25%, about 16% to about 30%, about 18% to about 20%,
about 18% to about 25%, about 18% to about 30%, about
20% to about 25%, about 20% to about 30%, or about 25%
to about 30%. In some embodiments, the mass percentage of
the deliquescence in the solution is about 5%, about 6%,
about 8%, about 10%, about 12%, about 14%, about 16%,
about 18%, about 20%, about 25%, or about 30%. In some
embodiments, the mass percentage of the deliquescence in
the solution is at least about 6%, about 8%, about 10%, about
12%, about 14%, about 16%, about 18%, about 20%, about
25%, or about 30%. In some embodiments, the mass per-
centage of the deliquescence in the solution is at most about
5%, about 6%, about 8%, about 10%, about 12%, about
14%, about 16%, about 18%, about 20%, or about 25%.

[0230] In some embodiments, the mass percentage of the
carbon-based dispersion in the solution is about 10% to
about 40%. In some embodiments, the mass percentage of
the carbon-based dispersion in the solution is at least about
10%. In some embodiments, the mass percentage of the
carbon-based dispersion in the solution is at most about
40%. In some embodiments, the mass percentage of the
carbon-based dispersion in the solution is about 10% to
about 12%, about 10% to about 14%, about 10% to about
16%, about 10% to about 18%, about 10% to about 20%,
about 10% to about 24%, about 10% to about 28%, about
10% to about 32%, about 10% to about 34%, about 10% to
about 40%, about 12% to about 14%, about 12% to about
16%, about 12% to about 18%, about 12% to about 20%,
about 12% to about 24%, about 12% to about 28%, about
12% to about 32%, about 12% to about 34%, about 12% to
about 40%, about 14% to about 16%, about 14% to about
18%, about 14% to about 20%, about 14% to about 24%,
about 14% to about 28%, about 14% to about 32%, about
14% to about 34%, about 14% to about 40%, about 16% to
about 18%, about 16% to about 20%, about 16% to about
24%, about 16% to about 28%, about 16% to about 32%,
about 16% to about 34%, about 16% to about 40%, about
18% to about 20%, about 18% to about 24%, about 18% to
about 28%, about 18% to about 32%, about 18% to about
34%, about 18% to about 40%, about 20% to about 24%,
about 20% to about 28%, about 20% to about 32%, about
20% to about 34%, about 20% to about 40%, about 24% to
about 28%, about 24% to about 32%, about 24% to about
34%, about 24% to about 40%, about 28% to about 32%,
about 28% to about 34%, about 28% to about 40%, about
32% to about 34%, about 32% to about 40%, or about 34%
to about 40%. In some embodiments, the mass percentage of
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the carbon-based dispersion in the solution is about 10%,
about 12%, about 14%, about 16%, about 18%, about 20%,
about 24%, about 28%, about 32%, about 34%, or about
40%. In some embodiments, the mass percentage of the
carbon-based dispersion in the solution is at least about 12%,
about 14%, about 16%, about 18%, about 20%, about 24%,
about 28%, about 32%, about 34%, or about 40%. In some
embodiments, the mass percentage of the carbon-based
dispersion in the solution is at most about 10%, about 12%,
about 14%, about 16%, about 18%, about 20%, about 24%,
about 28%, about 32%, or about 34%.

[0231] In some embodiments, the solution is stirred for a
period of time of about 10 minutes to about 60 minutes. In
some embodiments, the solution is stirred for a period of
time of at least about 10 minutes. In some embodiments, the
solution is stirred for a period of time of at most about 60
minutes. In some embodiments, the solution is stirred for a
period of time of about 10 minutes to about 15 minutes,
about 10 minutes to about 20 minutes, about 10 minutes to
about 25 minutes, about 10 minutes to about 30 minutes,
about 10 minutes to about 35 minutes, about 10 minutes to
about 40 minutes, about 10 minutes to about 45 minutes,
about 10 minutes to about 50 minutes, about 10 minutes to
about 55 minutes, about 10 minutes to about 60 minutes,
about 15 minutes to about 20 minutes, about 15 minutes to
about 25 minutes, about 15 minutes to about 30 minutes,
about 15 minutes to about 35 minutes, about 15 minutes to
about 40 minutes, about 15 minutes to about 45 minutes,
about 15 minutes to about 50 minutes, about 15 minutes to
about 55 minutes, about 15 minutes to about 60 minutes,
about 20 minutes to about 25 minutes, about 20 minutes to
about 30 minutes, about 20 minutes to about 35 minutes,
about 20 minutes to about 40 minutes, about 20 minutes to
about 45 minutes, about 20 minutes to about 50 minutes,
about 20 minutes to about 55 minutes, about 20 minutes to
about 60 minutes, about 25 minutes to about 30 minutes,
about 25 minutes to about 35 minutes, about 25 minutes to
about 40 minutes, about 25 minutes to about 45 minutes,
about 25 minutes to about 50 minutes, about 25 minutes to
about 55 minutes, about 25 minutes to about 60 minutes,
about 30 minutes to about 35 minutes, about 30 minutes to
about 40 minutes, about 30 minutes to about 45 minutes,
about 30 minutes to about 50 minutes, about 30 minutes to
about 55 minutes, about 30 minutes to about 60 minutes,
about 35 minutes to about 40 minutes, about 35 minutes to
about 45 minutes, about 35 minutes to about 50 minutes,
about 35 minutes to about 55 minutes, about 35 minutes to
about 60 minutes, about 40 minutes to about 45 minutes,
about 40 minutes to about 50 minutes, about 40 minutes to
about 55 minutes, about 40 minutes to about 60 minutes,
about 45 minutes to about 50 minutes, about 45 minutes to
about 55 minutes, about 45 minutes to about 60 minutes,
about 50 minutes to about 55 minutes, about 50 minutes to
about 60 minutes, or about 55 minutes to about 60 minutes.
In some embodiments, the solution is stirred for a period of
time of about 10 minutes, about 15 minutes, about 20
minutes, about 25 minutes, about 30 minutes, about 35
minutes, about 40 minutes, about 45 minutes, about 50
minutes, about 55 minutes, or about 60 minutes. In some
embodiments, the solution is stirred for a period of time of
at least about 15 minutes, about 20 minutes, about 25
minutes, about 30 minutes, about 35 minutes, about 40
minutes, about 45 minutes, about 50 minutes, about 55
minutes, or about 60 minutes. In some embodiments, the
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solution is stirred for a period of time of at most about 10
minutes, about 15 minutes, about 20 minutes, about 25
minutes, about 30 minutes, about 35 minutes, about 40
minutes, about 45 minutes, about 50 minutes, or about 55
minutes.

[0232] In some embodiments, the solution is heated by an
autoclave, an oven, a fire, a Bunsen burner, a heat exchanger,
a microwave, or any combination thereof.

[0233] In some embodiments, the solution is heated at a
temperature of about 80° C. to about 360° C. In some
embodiments, the solution is heated at a temperature of at
least about 80° C. In some embodiments, the solution is
heated at a temperature of at most about 360° C. In some
embodiments, the solution is heated at a temperature of
about 80° C. to about 100° C., about 80° C. to about 120°
C., about 80° C. to about 140° C., about 80° C. to about 160°
C., about 80° C. to about 180° C., about 80° C. to about 200°
C., about 80° C. to about 240° C., about 80° C. to about 280°
C., about 80° C. to about 320° C., about 80° C. to about 360°
C., about 100° C. to about 120° C., about 100° C. to about
140° C., about 100° C. to about 160° C., about 100° C. to
about 180° C., about 100° C. to about 200° C., about 100°
C. to about 240° C., about 100° C. to about 280° C., about
100° C. to about 320° C., about 100° C. to about 360° C.,
about 120° C. to about 140° C., about 120° C. to about 160°
C., about 120° C. to about 180° C., about 120° C. to about
200° C., about 120° C. to about 240° C., about 120° C. to
about 280° C., about 120° C. to about 320° C., about 120°
C. to about 360° C., about 140° C. to about 160° C., about
140° C. to about 180° C., about 140° C. to about 200° C.,
about 140° C. to about 240° C., about 140° C. to about 280°
C., about 140° C. to about 320° C., about 140° C. to about
360° C., about 160° C. to about 180° C., about 160° C. to
about 200° C., about 160° C. to about 240° C., about 160°
C. to about 280° C., about 160° C. to about 320° C., about
160° C. to about 360° C., about 180° C. to about 200° C.,
about 180° C. to about 240° C., about 180° C. to about 280°
C., about 180° C. to about 320° C., about 180° C. to about
360° C., about 200° C. to about 240° C., about 200° C. to
about 280° C., about 200° C. to about 320° C., about 200°
C. to about 360° C., about 240° C. to about 280° C., about
240° C. to about 320° C., about 240° C. to about 360° C.,
about 280° C. to about 320° C., about 280° C. to about 360°
C., or about 320° C. to about 360° C. In some embodiments,
the solution is heated at a temperature of about 80° C., about
100° C., about 120° C., about 140° C., about 160° C., about
180° C., about 200° C., about 240° C., about 280° C., about
320° C., or about 360° C. In some embodiments, the solution
is heated at a temperature of at least about 100° C., about
120° C., about 140° C., about 160° C., about 180° C., about
200° C., about 240° C., about 280° C., about 320° C., or
about 360° C. In some embodiments, the solution is heated
at a temperature of at most about 80° C., about 100° C.,
about 120° C., about 140° C., about 160° C., about 180° C.,
about 200° C., about 240° C., about 280° C., or about 320°
C

[0234] In some embodiments, the solution is heated for a
period of time of about 4 hours to about 16 hours. In some
embodiments, the solution is heated for a period of time of
at least about 4 hours. In some embodiments, the solution is
heated for a period of time of at most about 16 hours. In
some embodiments, the solution is heated for a period of
time of about 4 hours to about 5 hours, about 4 hours to
about 6 hours, about 4 hours to about 7 hours, about 4 hours
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to about 8 hours, about 4 hours to about 9 hours, about 4
hours to about 10 hours, about 4 hours to about 11 hours,
about 4 hours to about 12 hours, about 4 hours to about 13
hours, about 4 hours to about 14 hours, about 4 hours to
about 16 hours, about 5 hours to about 6 hours, about 5 hours
to about 7 hours, about 5 hours to about 8 hours, about 5
hours to about 9 hours, about 5 hours to about 10 hours,
about 5 hours to about 11 hours, about 5 hours to about 12
hours, about 5 hours to about 13 hours, about 5 hours to
about 14 hours, about 5 hours to about 16 hours, about 6
hours to about 7 hours, about 6 hours to about 8 hours, about
6 hours to about 9 hours, about 6 hours to about 10 hours,
about 6 hours to about 11 hours, about 6 hours to about 12
hours, about 6 hours to about 13 hours, about 6 hours to
about 14 hours, about 6 hours to about 16 hours, about 7
hours to about 8 hours, about 7 hours to about 9 hours, about
7 hours to about 10 hours, about 7 hours to about 11 hours,
about 7 hours to about 12 hours, about 7 hours to about 13
hours, about 7 hours to about 14 hours, about 7 hours to
about 16 hours, about 8 hours to about 9 hours, about 8 hours
to about 10 hours, about 8 hours to about 11 hours, about 8
hours to about 12 hours, about 8 hours to about 13 hours,
about 8 hours to about 14 hours, about 8 hours to about 16
hours, about 9 hours to about 10 hours, about 9 hours to
about 11 hours, about 9 hours to about 12 hours, about 9
hours to about 13 hours, about 9 hours to about 14 hours,
about 9 hours to about 16 hours, about 10 hours to about 11
hours, about 10 hours to about 12 hours, about 10 hours to
about 13 hours, about 10 hours to about 14 hours, about 10
hours to about 16 hours, about 11 hours to about 12 hours,
about 11 hours to about 13 hours, about 11 hours to about 14
hours, about 11 hours to about 16 hours, about 12 hours to
about 13 hours, about 12 hours to about 14 hours, about 12
hours to about 16 hours, about 13 hours to about 14 hours,
about 13 hours to about 16 hours, or about 14 hours to about
16 hours. In some embodiments, the solution is heated for a
period of time of about 4 hours, about 5 hours, about 6 hours,
about 7 hours, about 8 hours, about 9 hours, about 10 hours,
about 11 hours, about 12 hours, about 13 hours, about 14
hours, or about 16 hours. In some embodiments, the solution
is heated for a period of time of at least about 5 hours, about
6 hours, about 7 hours, about 8 hours, about 9 hours, about
10 hours, about 11 hours, about 12 hours, about 13 hours,
about 14 hours, or about 16 hours. In some embodiments,
the solution is heated for a period of time of at most about
4 hours, about 5 hours, about 6 hours, about 7 hours, about
8 hours, about 9 hours, about 10 hours, about 11 hours, about
12 hours, about 13 hours, or about 14 hours.

[0235] In some embodiments, the solvent comprises
deionized water, acetone, water, or any combination thereof.
In some embodiments, the solution is freeze-dried. In some
embodiments, the solution is freeze-dried under vacuum.

[0236] In some embodiments, the first electrode is con-
figured to be employed as the positive electrode. In some
embodiments, the first electrode is configured to be
employed as the negative electrode.

Methods of Forming a Second Electrode

[0237] Described herein, in certain embodiments, are
methods of forming a second electrode comprising forming
a second current collector by treating a conductive scaffold
in an acid, washing the second current collector, and depos-
iting a hydroxide onto the second current collector.
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[0238] Insome embodiments, the second current collector
comprises a conductive foam. In some embodiments, the
conductive foam comprises aluminum foam, carbon foam,
graphene foam, graphite foam, copper foam, nickel foam,
palladium foam, platinum foam, steel foam, or any combi-
nation thereof. In some embodiments, the conductive foam
comprises graphene foam. In some embodiments, the con-
ductive foam comprises graphite foam. In some embodi-
ments, the conductive foam comprises copper foam. In some
embodiments, the conductive foam comprises nickel foam.

[0239] In some embodiments, the acid comprises a strong
acid. In some embodiments, the acid comprises perchloric
acid, hydobromic acid, hydroiodic acid, sulfuric acid, meth-
anesolfonic acid, p-toluenesolfonic acid, hydrochloric acid,
or any combination thereof. In some embodiments, the acid
comprises hydobromic acid. In some embodiments, the acid
comprises hydrochloric acid.

[0240] In some embodiments, the acid has a concentration
of about 1 M to about 6 M. In some embodiments, the acid
has a concentration of at least about 1 M. In some embodi-
ments, the acid has a concentration of at most about 6 M. In
some embodiments, the acid has a concentration of about 1
M to about 1.5 M, about 1 M to about 2 M, about 1 M to
about 2.5 M, about 1 M to about 3 M, about 1 M to about
3.5 M, about 1 M to about 4 M, about 1 M to about 4.5 M,
about 1 M to about 5 M, about 1 M to about 5.5 M, about
1 M to about 6 M, about 1.5 M to about 2 M, about 1.5 M
to about 2.5 M, about 1.5 M to about 3 M, about 1.5 M to
about 3.5 M, about 1.5 M to about 4 M, about 1.5 M to about
4.5 M, about 1.5 M to about 5 M, about 1.5 M to about 5.5
M, about 1.5 M to about 6 M, about 2 M to about 2.5 M,
about 2 M to about 3 M, about 2 M to about 3.5 M, about
2 M to about 4 M, about 2 M to about 4.5 M, about 2 M to
about 5 M, about 2 M to about 5.5 M, about 2 M to about
6 M, about 2.5 M to about 3 M, about 2.5 M to about 3.5 M,
about 2.5 M to about 4 M, about 2.5 M to about 4.5 M, about
2.5 M to about 5 M, about 2.5 M to about 5.5 M, about 2.5
M to about 6 M, about 3 M to about 3.5 M, about 3 M to
about 4 M, about 3 M to about 4.5 M, about 3 M to about
5 M, about 3 M to about 5.5 M, about 3 M to about 6 M,
about 3.5 M to about 4 M, about 3.5 M to about 4.5 M, about
3.5 M to about 5 M, about 3.5 M to about 5.5 M, about 3.5
M to about 6 M, about 4 M to about 4.5 M, about 4 M to
about 5 M, about 4 M to about 5.5 M, about 4 M to about
6 M, about 4.5 M to about 5 M, about 4.5 M to about 5.5 M,
about 4.5 M to about 6 M, about 5 M to about 5.5 M, about
5 M to about 6 M, or about 5.5 M to about 6 M. In some
embodiments, the acid has a concentration of about 1 M,
about 1.5 M, about 2 M, about 2.5 M, about 3 M, about 3.5
M, about 4 M, about 4.5 M, about 5 M, about 5.5 M, or about
6 M. In some embodiments, the acid has a concentration of
at least about 1.5 M, about 2 M, about 2.5 M, about 3 M,
about 3.5 M, about 4 M, about 4.5 M, about 5 M, about 5.5
M, or about 6 M. In some embodiments, the acid has a
concentration of at most about 1 M, about 1.5 M, about 2 M,
about 2.5 M, about 3 M, about 3.5 M, about 4 M, about 4.5
M, about 5 M, or about 5.5 M.

[0241] In some embodiments, the conductive foam is
treated for a period of time of about 1 minute to about 30
minutes. In some embodiments, the conductive foam is
treated for a period of time of at least about 1 minute. In
some embodiments, the conductive foam is treated for a
period of time of at most about 30 minutes. In some
embodiments, the conductive foam is treated for a period of
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time of about 1 minute to about 2 minutes, about 1 minute
to about 4 minutes, about 1 minute to about 6 minutes, about
1 minute to about 8 minutes, about 1 minute to about 10
minutes, about 1 minute to about 14 minutes, about 1 minute
to about 18 minutes, about 1 minute to about 22 minutes,
about 1 minute to about 26 minutes, about 1 minute to about
30 minutes, about 2 minutes to about 4 minutes, about 2
minutes to about 6 minutes, about 2 minutes to about 8
minutes, about 2 minutes to about 10 minutes, about 2
minutes to about 14 minutes, about 2 minutes to about 18
minutes, about 2 minutes to about 22 minutes, about 2
minutes to about 26 minutes, about 2 minutes to about 30
minutes, about 4 minutes to about 6 minutes, about 4
minutes to about 8 minutes, about 4 minutes to about 10
minutes, about 4 minutes to about 14 minutes, about 4
minutes to about 18 minutes, about 4 minutes to about 22
minutes, about 4 minutes to about 26 minutes, about 4
minutes to about 30 minutes, about 6 minutes to about 8
minutes, about 6 minutes to about 10 minutes, about 6
minutes to about 14 minutes, about 6 minutes to about 18
minutes, about 6 minutes to about 22 minutes, about 6
minutes to about 26 minutes, about 6 minutes to about 30
minutes, about 8 minutes to about 10 minutes, about 8
minutes to about 14 minutes, about 8 minutes to about 18
minutes, about 8 minutes to about 22 minutes, about 8
minutes to about 26 minutes, about 8 minutes to about 30
minutes, about 10 minutes to about 14 minutes, about 10
minutes to about 18 minutes, about 10 minutes to about 22
minutes, about 10 minutes to about 26 minutes, about 10
minutes to about 30 minutes, about 14 minutes to about 18
minutes, about 14 minutes to about 22 minutes, about 14
minutes to about 26 minutes, about 14 minutes to about 30
minutes, about 18 minutes to about 22 minutes, about 18
minutes to about 26 minutes, about 18 minutes to about 30
minutes, about 22 minutes to about 26 minutes, about 22
minutes to about 30 minutes, or about 26 minutes to about
30 minutes. In some embodiments, the conductive foam is
treated for a period of time of about 1 minute, about 2
minutes, about 4 minutes, about 6 minutes, about 8 minutes,
about 10 minutes, about 14 minutes, about 18 minutes, about
22 minutes, about 26 minutes, or about 30 minutes. In some
embodiments, the conductive foam is treated for a period of
time of at least about 2 minutes, about 4 minutes, about 6
minutes, about 8 minutes, about 10 minutes, about 14
minutes, about 18 minutes, about 22 minutes, about 26
minutes, or about 30 minutes. In some embodiments, the
conductive foam is treated for a period of time of at most
about 1 minute, about 2 minutes, about 4 minutes, about 6
minutes, about 8 minutes, about 10 minutes, about 14
minutes, about 18 minutes, about 22 minutes, or about 26
minutes.

[0242] In some embodiments, the conductive foam is
washed in deionized water, acetone, water, or any combi-
nation thereof.

[0243] In some embodiments, the hydroxide comprises
aluminum hydroxide, ammonium hydroxide, arsenic
hydroxide, barium hydroxide, beryllium hydroxide, bismuth
(IIT) hydroxide, boron hydroxide, cadmium hydroxide, cal-
cium hydroxide, cerium(IIl) hydroxide, cesium hydroxide,
chromium(II) hydroxide, chromium(I1I) hydroxide, chromi-
um(V) hydroxide, chromium(VI) hydroxide, cobalt(Il)
hydroxide, cobalt(Ill) hydroxide, copper(I) hydroxide, cop-
per(Il) hydroxide, gallium(II) hydroxide, gallium(III)
hydroxide, gold(I) hydroxide, gold(I1T) hydroxide, indium(I)
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hydroxide, indium(II) hydroxide, indium(IIl) hydroxide,
iridium(II) hydroxide, iron(II) hydroxide, iron(IIl) hydrox-
ide, lanthanum hydroxide, lead(Il) hydroxide, lead(IV)
hydroxide, lithium hydroxide, magnesium hydroxide, man-
ganese(l]) hydroxide, manganese(Ill) hydroxide, mangane-
se(IV) hydroxide, manganese(VII) hydroxide, mercury(l)
hydroxide, mercury(Il) hydroxide, molybdenum hydroxide,
neodymium hydroxide, nickel oxo-hydroxide, nickel(Il)
hydroxide, nickel(IIT) hydroxide, niobium hydroxide, osmi-
um(IV) hydroxide, palladium(Il) hydroxide, palladium(IV)
hydroxide, platinum(I1) hydroxide, platinum(IV) hydroxide,
plutonium(IV) hydroxide, potassium hydroxide, radium
hydroxide, rubidium hydroxide, ruthenium(IIl) hydroxide,
scandium hydroxide, silicon hydroxide, silver hydroxide,
sodium hydroxide, strontium hydroxide, tantalum(V)
hydroxide, technetium(Il) hydroxide, tetramethylammo-
nium hydroxide, thallium(I) hydroxide, thallium(III)
hydroxide, thorium hydroxide, tin(Il) hydroxide, tin(IV)
hydroxide, titanium(II) hydroxide, titanium(II1) hydroxide,
titanium(IV) hydroxide, tungsten(Il) hydroxide, uranyl
hydroxide, vanadium(IIl) hydroxide, vanadium(I1I) hydrox-
ide, vanadium(V) hydroxide, ytterbium hydroxide, yttrium
hydroxide, zinc hydroxide, zirconium hydroxide, or any
combination thereof. In some embodiments, the hydroxide
comprises nickel(Il) hydroxide. In some embodiments, the
hydroxide comprises nickel(I1I1) hydroxide. In some embodi-
ments, the hydroxide comprises palladium(Il) hydroxide. In
some embodiments, the hydroxide comprises palladium(IV)
hydroxide. In some embodiments, the hydroxide comprises
copper(l) hydroxide. In some embodiments, the hydroxide
comprises copper(Il) hydroxide.

[0244] In some embodiments, the hydroxide comprises
hydroxide nanoflakes, hydroxide nanoparticles, hydroxide
nanopowder, hydroxide nanoflowers, hydroxide nanodots,
hydroxide nanorods, hydroxide nanochains, hydroxide
nanofibers, hydroxide nanoparticles, hydroxide nanoplate-
lets, hydroxide nanoribbons, hydroxide nanorings, hydrox-
ide nanosheets, or a combination thereof. In some embodi-
ments, the hydroxide comprises hydroxide nanosheets. In
some embodiments, the hydroxide comprises hydroxide
nanoflakes.

[0245] In some embodiments, the hydroxide comprises
cobalt(I]) hydroxide nanopowder. In some embodiments, the
hydroxide comprises cobalt(IIl) hydroxide nanosheets. In
some embodiments, the hydroxide comprises nickel(II])
hydroxide nanoflakes. In some embodiments, the hydroxide
comprises copper(l) hydroxide nanoflakes. In some embodi-
ments, the hydroxide comprises copper(I]) hydroxide nano-
powder. In some embodiments, the hydroxide comprises
nickel(Il) hydroxide nanoflakes.

[0246] Insome embodiments, depositing a hydroxide onto
the second current collector comprises depositing a hydrox-
ide onto the second current collector by electrochemical
deposition, electrocoating, electrophoretic  deposition,
microwave synthesis, photothermal deposition, thermal
decomposition laser deposition, hydrothermal synthesis, or
any combination thereof. In some embodiments, electro-
chemical deposition comprises cyclic voltammetry. In some
embodiments, cyclic voltammetry comprises applying con-
secutive potential sweeps to the second current collector. In
some embodiments, applying consecutive potential sweeps
to the second current collector comprises applying consecu-
tive potential sweeps to the second current collector in a
catalyst.



US 2019/0237752 Al

[0247] In some embodiments, the consecutive potential
sweeps are performed at a voltage of about -2.4 V to about
-0.3 V. In some embodiments, the consecutive potential
sweeps are performed at a voltage of at least about -2.4 V.
In some embodiments, the consecutive potential sweeps are
performed at a voltage of at most about -0.3 V. In some
embodiments, the consecutive potential sweeps are per-
formed at a voltage of about —0.3 V to about -0.5 V, about
—-0.3 V to about -0.9 V, about -0.3 V to about —1.1 V, about
—-0.3 V to about -1.3 V, about -0.3 V to about —1.5 V, about
—-0.3 V to about -1.7 V, about -0.3 V to about —1.9 V, about
—-0.3 V to about -2.1 V, about -0.3 V to about -2.3 V, about
—-0.3 V to about -2.4 V, about -0.5 V to about -0.9 V, about
—-0.5 V to about -1.1 V, about -0.5 V to about —1.3 V, about
—-0.5 V to about -1.5 'V, about -0.5 V to about —1.7 V, about
—-0.5 V to about -1.9 V, about -0.5 V to about -2.1 V, about
—-0.5 V to about -2.3 V, about -0.5 V to about -2.4 V, about
—-0.9 V to about -1.1 V, about -0.9 V to about —1.3 V, about
—-0.9 V to about -1.5 'V, about -0.9 V to about —1.7 V, about
—-0.9 V to about -1.9 V, about -0.9 V to about -2.1 V, about
—-0.9 V to about -2.3 V, about -0.9 V to about -2.4 V, about
-1.1 V to about -1.3 V, about —1.1 V to about —1.5 V, about
-1.1 V to about -1.7 V, about —1.1 V to about —1.9 V, about
-1.1 V to about -2.1 V, about —-1.1 V to about -2.3 V, about
-1.1 V to about -2.4 V, about —1.3 V to about —1.5 V, about
-1.3 V to about -1.7 V, about —1.3 V to about —1.9 V, about
-1.3 V to about -2.1 V, about —1.3 V to about -2.3 V, about
-1.3 V to about -2.4 V, about —1.5 V to about —1.7 V, about
-1.5V to about -1.9 V, about —1.5 V to about -2.1 V, about
-1.5V to about -2.3 V, about —1.5 V to about -2.4 V, about
-1.7 V to about -1.9 V, about —1.7 V to about -2.1 V, about
-1.7 V to about -2.3 V, about —1.7 V to about -2.4 V, about
-1.9 V to about -2.1 V, about —1.9 V to about -2.3 V, about
-1.9 V to about -2.4 V, about -2.1 V to about -2.3 V, about
-2.1 V to about -2.4 V, or about -2.3 V to about =2.4 V. In
some embodiments, the consecutive potential sweeps are
performed at a voltage to the second current collector of
about 0.3 V, about —0.5 V, about -0.9 'V, about -1.1 V, about
-1.3V, about -1.5V, about —=1.7 V, about -1.9 V, about -2.1
V, about -2.3 V, or about -2.4 V. In some embodiments, the
consecutive potential sweeps are performed at a voltage to
the second current collector of at least about -0.5 V, about
-0.9V, about -1.1V, about —=1.3 V, about -1.5 'V, about -1.7
V, about -1.9 V, about -2.1 V, about -2.3 V, or about -2.4
V. In some embodiments, the consecutive potential sweeps
are performed at a voltage to the second current collector of
at most about -0.3 'V, about -0.5 V, about -0.9 V, about -1.1
V, about -1.3 V, about -1.5V, about -1.7 V, about -1.9 V,
or about -2.1 V, about -2.3 V.

[0248] In some embodiments, the consecutive potential
sweeps are performed at a scan rate of about 50 mV/s to
about 175 mV/s. In some embodiments, the consecutive
potential sweeps are performed at a scan rate of at least
about 50 mV/s. In some embodiments, the consecutive
potential sweeps are performed at a scan rate of at most
about 175 mV/s. In some embodiments, the consecutive
potential sweeps are performed at a scan rate of about 50
mV/s to about 60 mV/s, about 50 mV/s to about 70 mV/s,
about 50 mV/s to about 80 mV/s, about 50 mV/s to about 90
mV/s, about 50 mV/s to about 100 mV/s, about 50 mV/s to
about 110 mV/s, about 50 mV/s to about 120 mV/s, about 50
mV/s to about 130 mV/s, about 50 mV/s to about 140 mV/s,
about 50 mV/s to about 160 mV/s, about 50 mV/s to about
175 mV/s, about 60 mV/s to about 70 mV/s, about 60 mV/s
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to about 80 mV/s, about 60 mV/s to about 90 mV/s, about
60 mV/s to about 100 mV/s, about 60 mV/s to about 110
mV/s, about 60 mV/s to about 120 mV/s, about 60 mV/s to
about 130 mV/s, about 60 mV/s to about 140 mV/s, about 60
mV/s to about 160 mV/s, about 60 mV/s to about 175 mV/s,
about 70 mV/s to about 80 mV/s, about 70 mV/s to about 90
mV/s, about 70 mV/s to about 100 mV/s, about 70 mV/s to
about 110 mV/s, about 70 mV/s to about 120 mV/s, about 70
mV/s to about 130 mV/s, about 70 mV/s to about 140 mV/s,
about 70 mV/s to about 160 mV/s, about 70 mV/s to about
175 mV/s, about 80 mV/s to about 90 mV/s, about 80 mV/s
to about 100 mV/s, about 80 mV/s to about 110 mV/s, about
80 mV/s to about 120 mV/s, about 80 mV/s to about 130
mV/s, about 80 mV/s to about 140 mV/s, about 80 mV/s to
about 160 mV/s, about 80 mV/s to about 175 mV/s, about 90
mV/s to about 100 mV/s, about 90 mV/s to about 110 mV/s,
about 90 mV/s to about 120 mV/s, about 90 mV/s to about
130 mV/s, about 90 mV/s to about 140 mV/s, about 90 mV/s
to about 160 mV/s, about 90 mV/s to about 175 mV/s, about
100 mV/s to about 110 mV/s, about 100 mV/s to about 120
mV/s, about 100 mV/s to about 130 mV/s, about 100 mV/s
to about 140 mV/s, about 100 mV/s to about 160 mV/s,
about 100 mV/s to about 175 mV/s, about 110 mV/s to about
120 mV/s, about 110 mV/s to about 130 mV/s, about 110
mV/s to about 140 mV/s, about 110 mV/s to about 160
mV/s, about 110 mV/s to about 175 mV/s, about 120 mV/s
to about 130 mV/s, about 120 mV/s to about 140 mV/s,
about 120 mV/s to about 160 mV/s, about 120 mV/s to about
175 mV/s, about 130 mV/s to about 140 mV/s, about 130
mV/s to about 160 mV/s, about 130 mV/s to about 175
mV/s, about 140 mV/s to about 160 mV/s, about 140 mV/s
to about 175 mV/s, or about 160 mV/s to about 175 mV/s.
In some embodiments, the consecutive potential sweeps are
performed at a scan rate of about 50 mV/s, about 60 mV/s,
about 70 mV/s, about 80 mV/s, about 90 mV/s, about 100
mV/s, about 110 mV/s, about 120 mV/s, about 130 mV/s,
about 140 mV/s, about 160 mV/s, or about 175 mV/s. In
some embodiments, the consecutive potential sweeps are
performed at a scan rate of at least about 60 mV/s, about 70
mV/s, about 80 mV/s, about 90 mV/s, about 100 mV/s,
about 110 mV/s, about 120 mV/s, about 130 mV/s, about
140 mV/s, about 160 mV/s, or about 175 mV/s. In some
embodiments, the consecutive potential sweeps are per-
formed at a scan rate of at most about 50 mV/s, about 60
mV/s, about 70 mV/s, about 80 mV/s, about 90 mV/s, about
100 mV/s, about 110 mV/s, about 120 mV/s, about 130
mV/s, about 140 mV/s, or about 160 mV/s.

[0249] In some embodiments, the catalyst comprises
nickel acetate, nickel chloride, ammonium nickel(II) sulfate
hexahydrate, nickel carbonate, nickel(I) acetate, nickel(Il)
acetate tetrahydrate, nickel(Il) bromide 2-methoxyethyl,
nickel(Il) bromide, nickel(Il) bromide hydrate, nickel(Il)
bromide trihydrate, nickel(Il) carbonate, nickel(Il) carbon-
ate hydroxide tetrahydrate, nickel(II) chloride, nickel(Il)
chloride hexahydrate, nickel(II) chloride hydrate, nickel(Il)
cyclohexanebutyrate, nickel(Il) fluoride, nickel(Il)
hexafluorosilicate hexahydrate, nickel(Il) hydroxide, nickel
(II) iodide anhydrous, nickel(Il) iodide, nickel(II) nitrate
hexahydrate, nickel(I) oxalate dihydrate, nickel(IT) perchlo-
rate hexahydrate, nickel(Il) sulfamate tetrahydrate, nickel
(II) sulfate, nickel(I) sulfate heptahydrate, potassium nickel
(IV) paraperiodate, potassium tetracyanonickelate(Il)
hydrate, or any combination thereof. In some embodiments,
the catalyst comprises nickel carbonate. In some embodi-
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ments, the catalyst comprises nickel(Il) nitrate. In some
embodiments, the catalyst comprises nickel acetate.

[0250] In some embodiments, the catalyst has a concen-
tration of about 50 mM to about 200 mM. In some embodi-
ments, the catalyst has a concentration of at least about 50
mM. In some embodiments, the catalyst has a concentration
of'at most about 200 mM. In some embodiments, the catalyst
has a concentration of about 50 mM to about 60 mM, about
50 mM to about 70 mM, about 50 mM to about 80 mM,
about 50 mM to about 90 mM, about 50 mM to about 100
mM, about 50 mM to about 120 mM, about 50 mM to about
140 mM, about 50 mM to about 160 mM, about 50 mM to
about 180 mM, about 50 mM to about 200 mM, about 60
mM to about 70 mM, about 60 mM to about 80 mM, about
60 mM to about 90 mM, about 60 mM to about 100 mM,
about 60 mM to about 120 mM, about 60 mM to about 140
mM, about 60 mM to about 160 mM, about 60 mM to about
180 mM, about 60 mM to about 200 mM, about 70 mM to
about 80 mM, about 70 mM to about 90 mM, about 70 mM
to about 100 mM, about 70 mM to about 120 mM, about 70
mM to about 140 mM, about 70 mM to about 160 mM,
about 70 mM to about 180 mM, about 70 mM to about 200
mM, about 80 mM to about 90 mM, about 80 mM to about
100 mM, about 80 mM to about 120 mM, about 80 mM to
about 140 mM, about 80 mM to about 160 mM, about 80
mM to about 180 mM, about 80 mM to about 200 mM,
about 90 mM to about 100 mM, about 90 mM to about 120
mM, about 90 mM to about 140 mM, about 90 mM to about
160 mM, about 90 mM to about 180 mM, about 90 mM to
about 200 mM, about 100 mM to about 120 mM, about 100
mM to about 140 mM, about 100 mM to about 160 mM,
about 100 mM to about 180 mM, about 100 mM to about
200 mM, about 120 mM to about 140 mM, about 120 mM
to about 160 mM, about 120 mM to about 180 mM, about
120 mM to about 200 mM, about 140 mM to about 160 mM,
about 140 mM to about 180 mM, about 140 mM to about
200 mM, about 160 mM to about 180 mM, about 160 mM
to about 200 mM, or about 180 mM to about 200 mM. In
some embodiments, the catalyst has a concentration of about
50 mM, about 60 mM, about 70 mM, about 80 mM, about
90 mM, about 100 mM, about 120 mM, about 140 mM,
about 160 mM, about 180 mM, or about 200 mM. In some
embodiments, the catalyst has a concentration of at least
about 60 mM, about 70 mM, about 80 mM, about 90 mM,
about 100 mM, about 120 mM, about 140 mM, about 160
mM, about 180 mM, or about 200 mM. In some embodi-
ments, the catalyst has a concentration of at most about 50
mM, about 60 mM, about 70 mM, about 80 mM, about 90
mM, about 100 mM, about 120 mM, about 140 mM, about
160 mM, or about 180 mM.

[0251] In some embodiments, electrochemical deposition
comprises applying a constant voltage to the second current
collector. In some embodiments, the constant voltage is
about -2.4 V to about -0.3 V. In some embodiments, the
constant voltage is at least about —2.4 V. In some embodi-
ments, the constant voltage is at most about 0.3 V. In some
embodiments, the constant voltage is about —0.3 V to about
-0.5V, about -0.3 V to about -0.9 V, about -0.3 V to about
-1.1V, about -0.3 V to about —1.3 V, about -0.3 V to about
-1.5V, about -0.3 V to about —1.7 V, about -0.3 V to about
-1.9V, about -0.3 V to about -2.1 V, about -0.3 V to about
-2.3V, about -0.3 V to about -2.4 V, about -0.5 V to about
-0.9V, about -0.5 V to about —-1.1 V, about -0.5 V to about
-1.3V, about -0.5 V to about —1.5 V, about -0.5 V to about

Aug. 1,2019

-1.7V, about -0.5 V to about -1.9 V, about -0.5 V to about
-2.1V, about -0.5 V to about -2.3 V, about -0.5 V to about
-2.4'V, about -0.9 V to about —-1.1 V, about -0.9 V to about
-1.3V, about -0.9 V to about -1.5 V, about -0.9 V to about
-1.7V, about -0.9 V to about -1.9 V, about -0.9 V to about
-2.1V, about -0.9 V to about -2.3 V, about -0.9 V to about
-2.4V, about -1.1 V to about -1.3 V, about -1.1 V to about
-1.5V, about -1.1 V to about -1.7 V, about -1.1 V to about
-1.9V, about -1.1 V to about -2.1 V, about -1.1 V to about
-2.3V, about -1.1 V to about -2.4 V, about —1.3 V to about
-1.5V, about -1.3 V to about -1.7 V, about —1.3 V to about
-1.9V, about -1.3 V to about -2.1 V, about —1.3 V to about
-2.3V, about -1.3 V to about -2.4 V, about —1.5 V to about
-1.7V, about —1.5 V to about -1.9 V, about -1.5 V to about
-2.1V, about -1.5 V to about -2.3 V, about —1.5 V to about
-2.4V, about —1.7 V to about -1.9 V, about —1.7 V to about
-2.1V, about -1.7 V to about -2.3 V, about -1.7 V to about
-2.4V, about -1.9 V to about -2.1 V, about —1.9 V to about
-2.3V, about -1.9 V to about -2.4 V, about -2.1 V to about
-2.3V, about -2.1 V to about -2.4 V, or about -2.3 V to
about -2.4 V. In some embodiments, the constant voltage is
about 0.3 V, about —0.5 V, about -0.9 V, about -1.1 V, about
-1.3V, about -1.5V, about —=1.7 V, about -1.9 V, about -2.1
V, about =2.3 V, or about -2.4 V. In some embodiments, the
constant voltage is at least about —-0.9 V, about -1.1 V, about
-1.3V, about -1.5V, about —=1.7 V, about -1.9 V, about -2.1
V, about =2.3 V, or about -2.4 V. In some embodiments, the
constant voltage is at most about —0.3 V, about 0.5 V, about
-0.9V, about -1.1 V, about —=1.3 V, about -1.5V, about -1.7
V, about -1.9 V, about -2.1 V, or about -2.3 V.

[0252] In some embodiments, hydrothermal synthesis
comprises submerging the second current collector in an
aqueous solution. In some embodiments, the aqueous solu-
tion comprises an acetate, a chloride, a nitrate salt, a
reducing agent, or any combination thereof.

[0253] In some embodiments, the acetate comprises, alu-
minum acetate, aluminum acetotartrate, aluminum diacetate,
aluminum sulfacetate, aluminum triacetate, ammonium
acetate, antimony(IIl) acetate, barium acetate, basic beryl-
lium acetate, bismuth(IIl) acetate, cadmium acetate, cesium
acetate, calcium acetate, calcium magnesium acetate, camo-
stat, chromium acetate hydroxide, chromium(Il) acetate,
clidinium bromide, cobalt(Il) acetate, copper(Il) acetate,
dess-martin periodinane, (diacetoxyiodo)benzene, iron(Il)
acetate, iron(Ill) acetate, lead(Il) acetate, lead(IV) acetate,
lithium acetate, magnesium acetate, manganese(II) acetate,
manganese(I1l) acetate, mercury(Il) acetate, methoxyethyl-
mercuric acetate, molybdenum(Il) acetate, nexeridine, nick-
el(Il) acetate, palladium(II) acetate, paris green, platinum(Il)
acetate, potassium acetate, propanidid, rhodium(II) acetate,
satraplatin, silver acetate, sodium acetate, sodium chloroac-
etate, sodium diacetate, sodium triacetoxyborohydride, thal-
lous acetate, tilapertin, triamcinolone hexacetonide, trieth-
ylammonium acetate, uranyl acetate, uranyl zinc acetate,
white catalyst, zinc acetate, or any combination thereof.

[0254] In some embodiments, the chloride comprises alu-
minum trichloride, ammonium chloride, barium chloride,
barium chloride dihydrate, calcium chloride, calcium chlo-
ride dihydrate, cobalt(Il) chloride hexahydrate, cobalt(IIl)
chloride, copper(Il) chloride, copper(Il) chloride dihydrate,
iron(Il) chloride, iron(III) chloride, iron(III) chloride hexa-
hydrate, lead(II) chloride, lead(IV) chloride, magnesium
chloride, magnesium chloride hexahydrate, manganese(Il)
chloride tetrahydrate, manganese(IV) chloride, mercury(I)
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chloride, nickel(Il) chloride hexahydrate, nickel(IIl) chlo-
ride, phosphorus pentachloride, phosphorus trichloride,
potassium chloride, silver chloride, sodium chloride, stron-
tium chloride, sulfur hexachloride, tin(IV) chloride penta-
hydrate, zinc chloride, or any combination thereof.

[0255] In some embodiments, the nitrate salt comprises
aluminum nitrate, barium nitrate, beryllium nitrate, cad-
mium nitrate, calcium nitrate, cesium nitrate, chromium
nitrate, cobalt nitrate, cupric nitrate, dicyclohexylammo-
nium nitrite, didymium nitrate, econazole nitrate, ferric
nitrate, gallium nitrate, guanidine nitrate, lanthanum nitrate
hexahydrate, lead nitrate, lithium nitrate, magnesium nitrate,
manganese nitrate, mercuric nitrate, mercurous nitrate,
nickel nitrate, nickel nitrite, potassium nitrite, silver nitrate,
sodium nitrate, strontium nitrate, thallium nitrate, uranyl
nitrate, zinc ammonium nitrite, zinc nitrate, zirconium
nitrate, or any combination thereof.

[0256] In some embodiments, the reducing agent com-
prises urea, citric acid, ascorbic acid, hydrazine hydrate,
hydroquinone, sodium borohydride, hydrogen bromide,
hydrogen iodide, or any combination thereof.

[0257] In some embodiments thermal decomposition is
performed at a temperature of about 150° C. to about 400°
C. In some embodiments thermal decomposition is per-
formed at a temperature of at least about 150° C. In some
embodiments thermal decomposition is performed at a tem-
perature of at most about 400° C. In some embodiments
thermal decomposition is performed at a temperature of
about 150° C. to about 200° C., about 150° C. to about 250°
C., about 150° C. to about 300° C., about 150° C. to about
350° C., about 150° C. to about 400° C., about 200° C. to
about 250° C., about 200° C. to about 300° C., about 200°
C. to about 350° C., about 200° C. to about 400° C., about
250° C. to about 300° C., about 250° C. to about 350° C.,
about 250° C. to about 400° C., about 300° C. to about 350°
C., about 300° C. to about 400° C., or about 350° C. to about
400° C. In some embodiments thermal decomposition is
performed at a temperature of about 150° C., about 200° C.,
about 250° C., about 300° C., about 350° C., or about 400°
C. In some embodiments thermal decomposition is per-
formed at a temperature of at least about 200° C., about 250°
C., about 300° C., about 350° C., or about 400° C. In some
embodiments thermal decomposition is performed at a tem-
perature of at most about 150° C., about 200° C., about 250°
C., about 300° C., or about 350° C.

Terms and Definitions

[0258] Unless otherwise defined, all technical terms used
herein have the same meaning as commonly understood by
one of ordinary skill in the art to which this disclosure
belongs.

[0259] As used herein, the singular forms “a,” “an,” and
“the” include plural references unless the context clearly
dictates otherwise. Any reference to “or” herein is intended
to encompass “and/or” unless otherwise stated.

[0260] As used herein, the term “about” refers to an
amount that is near the stated amount by about 10%, 5%, or
1%, including increments therein.

[0261] As used herein, the term “active material specific”
refers to a property based solely on the active materials of
the electrode or the energy storage device, not including any
casing materials.
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[0262] As used herein, the term “cell specific” refers to a
property based on the entirety of an electrode or energy
storage device, including any casing materials.

[0263] As used herein, the term “charge discharge life-
time” refers to the number of charge and discharge cycles at
which the rated capacity of an energy storage reduces by
about 80%.

[0264] As used herein, the term “3D” refers to three-
dimensional.

[0265] As used herein, the term “GO” refers to graphene
oxide.

[0266] As used herein, the term “GA” refers to a graphene
aerogel.

[0267] As used herein, the term ‘“3DGA” refers to a

three-dimensional graphene aerogel.

[0268] As used herein, the term “freeze-drying,” also
known as lyophilisation, lyophilization, or cryodesiccation,
refers to a process a dehydration process of freezing the
material and reducing the surrounding pressure to allow a
frozen fluid in the material to sublime directly from the solid
phase to the gas phase.

[0269] As used herein, the term “LDH” refers to layered
double hydroxide. In some embodiments, an LDH is a class
of ionic solids characterized by a layered structure with the
generic layer sequence [AcBZAcB],, where c represents
layers of metal cations, A and B are layers of hydroxide
(HO™) anions, and Z are layers of other anions and neutral
molecules.

NON-LIMITING EXAMPLES

Exemplary First Electrodes

[0270] Embodiment 1: The first electrode comprises a
layered double hydroxide comprising manganese-iron lay-
ered double hydroxide, a conductive scaffold comprising
3DGA, and a current collector comprising graphite foam.
[0271] Embodiment 2: The first electrode comprises a
layered double hydroxide comprising zinc-iron double lay-
ered hydroxide, a conductive scaffold comprising graphene
foam, and a current collector comprising copper foam.
[0272] Embodiment 3: The first electrode comprises a
layered double hydroxide comprising zinc-iron double lay-
ered hydroxide, a conductive scaffold comprising 3DGA,
and a current collector comprising nickel foam.

[0273] Embodiment 4: The first electrode comprises a
layered double hydroxide comprising chromium-iron double
layered hydroxide, a conductive scaffold comprising graph-
ite ionogel, and a current collector comprising nickel foam.
[0274] Embodiment 5: The first electrode comprises a
layered double hydroxide comprising nickel-aluminum
double layered hydroxide, a conductive scaffold comprising
3DGA foam, and a current collector comprising graphite
foam.

[0275] Embodiment 6: The first electrode comprises a
layered double hydroxide comprising lithium-aluminum
double layered hydroxide, a conductive scaffold comprising
graphene foam, and a current collector comprising nickel
foam.

[0276] Embodiment 7: The first electrode comprises a
layered double hydroxide comprising nickel-iron double
layered hydroxide, a conductive scaffold comprising graph-
ite ionogel, and a current collector comprising copper foam.
[0277] Embodiment 8: The first electrode comprises a
layered double hydroxide comprising zinc-cobalt double
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layered hydroxide, a conductive scaffold comprising 3DGA,
and a current collector comprising nickel foam.

Exemplary Energy Storage Devices

[0278] Embodiment 9: The energy storage device com-
prises a first electrode comprising a layered double hydrox-
ide comprising manganese-iron double layered hydroxide, a
conductive scaffold comprising graphene ionogel, and a first
current collector comprising nickel foam; a second electrode
comprising a hydroxide comprising copper(Il) hydroxide
and a second current collector comprising nickel foam; a
separator, and an electrolyte comprising a 3M ferrous (I1I)
oxide-saturated potassium hydroxide solution.

[0279] Embodiment 10: The energy storage device com-
prises a first electrode comprising a layered double hydrox-
ide comprising zinc-iron double layered hydroxide, a con-
ductive scaffold comprising graphene foam, and a current
collector comprising copper foam; a second electrode com-
prising a hydroxide comprising nickel (II) hydroxide and a
second current collector comprising nickel foam; a separa-
tor, and an electrolyte comprising a 6M zinc (II) oxide-
saturated sodium hydroxide solution.

[0280] Embodiment 11: The energy storage device com-
prises a first electrode comprising a layered double hydrox-
ide comprising zinc-iron double layered hydroxide, a con-
ductive scaffold comprising 3DGA, and a first current
collector comprising nickel foam; a second electrode com-
prising a hydroxide comprising nickel (II) hydroxide and a
second current collector comprising nickel foam; a separa-
tor, and an electrolyte comprising a 6M zinc (II) oxide-
saturated sodium hydroxide solution.

[0281] Embodiment 12: The energy storage device com-
prises a first electrode comprising a layered double hydrox-
ide comprising chromium-iron double layered hydroxide, a
conductive scaffold comprising carbon cloth, and a first
current collector comprising graphene foam; a second elec-
trode comprising a hydroxide comprising nickel hydroxide
and a second current collector comprising carbon foam; a
separator, and an electrolyte comprising a SM copper (1)
oxide-saturated calcium hydroxide solution.

[0282] Embodiment 13: The energy storage device com-
prises a first electrode comprising a layered double hydrox-
ide comprising nickel-aluminum double layered hydroxide,
a conductive scaffold comprising 3DGA foam, and a current
collector comprising graphite foam; a second electrode
comprising a hydroxide comprising nickel hydroxide and a
second current collector comprising carbon foam; a separa-
tor, and an electrolyte comprising a SM copper (I) oxide-
saturated calcium hydroxide solution.

[0283] Embodiment 14: The energy storage device com-
prises a first electrode comprising a layered double hydrox-
ide comprising lithium-aluminum double layered hydroxide,
a conductive scaffold comprising graphene foam, and a
current collector comprising nickel foam; a second electrode
comprising a hydroxide comprising nickel hydroxide and a
second current collector comprising carbon foam; a separa-
tor, and an electrolyte comprising a SM copper (I) oxide-
saturated calcium hydroxide solution.

[0284] Embodiment 15: The energy storage device com-
prises a first electrode comprising a layered double hydrox-
ide comprising nickel-iron double layered hydroxide, a
conductive scaffold comprising graphite ionogel, and a
current collector comprising copper foam; a second elec-
trode comprising a hydroxide comprising nickel hydroxide
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and a second current collector comprising carbon foam; a
separator, and an electrolyte comprising a SM copper (1)
oxide-saturated calcium hydroxide solution.

[0285] Embodiment 16: The energy storage device com-
prises a first electrode comprising a layered double hydrox-
ide comprising zinc-cobalt double layered hydroxide, a
conductive scaffold comprising 3DGA, and a current col-
lector comprising nickel foam; a second electrode compris-
ing a hydroxide comprising nickel hydroxide and a second
current collector comprising carbon foam; a separator, and
an electrolyte comprising a SM copper (I) oxide-saturated
calcium hydroxide solution.

Preparation of Exemplary First Electrodes

[0286] Embodiment 17: A GO was prepared by the modi-
fied Hummers’ method and dispersed in water by mixing.
The first electrode was prepared by successively adding
hydroquinone, zinc(Il) nitrate hexahydrate, and iron(III)
citrate into a GO aqueous dispersion to form a composite
hydrogel. The composite hydrogel was then stirred to form
a homogeneous mixture and sealed in an oven. After cooling
to room temperature, the composite hydrogel was immersed
in water to remove any impurities and freeze-dried.

[0287] Embodiment 18: A GO was prepared by the modi-
fied Hummers’ method and dispersed in water by sonication.
The first electrode was prepared by successively adding
urea, zinc(Il) nitrate hexahydrate, and iron(II) nitrate into
GO aqueous dispersion to form a composite hydrogel. The
composite hydrogel was then stirred to form a homogeneous
mixture and sealed in a Teflon-lined autoclave. After
unaided cooling to room temperature, the composite hydro-
gel was immersed in deionized water to remove any impu-
rities and freeze-dried under vacuum.

[0288] Embodiment 19: A GO was prepared by the modi-
fied Hummers’ method and dispersed in water by sonication.
The first electrode was prepared by successively adding
urea, iron nitrate(Il) hexahydrate, and iron(IIl) citrate into
GO aqueous dispersion to form a composite hydrogel. The
composite hydrogel was then heated, cooled to room tem-
perature, and immersed in acetone to remove any impurities
and freeze-dried under vacuum.

Preparation of an Exemplary Second Electrodes

[0289] Embodiment 20: An electrode was prepared in a
three-electrode cell with a platinum plate counter electrode,
and an Ag/AgCl reference electrode by treating a nickel
foam substrate with a hydrochloric acid solution to remove
the surface oxide layer, thoroughly washing the substrate
with deionized water, and electrodepositing nickel(Il)
hydroxide on the substrate by cyclic voltammetry by con-
secutive potential sweeps in an aqueous solution of nickel
(II) nitrate hexahydrate.
[0290] Embodiment 21: An electrode was prepared in a
three-electrode cell with a platinum plate counter electrode,
and an Ag/AgCl reference electrode by treating a carbon
foam substrate with a hydobromic acid solution and elec-
trodepositing copper (II) hydroxide on the substrate by
cyclic voltammetry by consecutive potential sweeps in an
aqueous solution of nickel carbonate.

What is claimed is:

1. A method of forming an electrode comprising:

forming a current collector by treating a three-dimen-

sional graphene-based conductive scaffold in an acid;
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washing the current collector in a solvent comprising
deionized water, acetone, water, or any combination
thereof; and

depositing a layered double hydroxide onto the current

collector to form an electrode;

wherein the layered double hydroxide comprises a metal-

lic layered double hydroxide.

2. The method of claim 1, wherein the metallic layered
double hydroxide comprises a zinc-based layered double
hydroxide, an iron-based layered double hydroxide, an alu-
minum-based layered double hydroxide, a chromium-based
layered double hydroxide, an indium-based layered double
hydroxide, a manganese-based layered double hydroxide, or
any combination thereof.

3. The method of claim 2, wherein the zinc-based layered
double hydroxide comprises a zinc-bismuth layered double
hydroxide.

4. The method of claim 1, wherein the three-dimensional
graphene-based conductive scaffold comprises conductive
foam, graphene aerogel, amorphous carbon foam, thin-layer
graphite foam, carbon nanotubes, carbon nanosheets, or any
combination thereof.

5. The method of claim 1, wherein the three-dimensional
graphene-based conductive scaffold comprises aluminum
foam, copper foam, nickel foam, palladium foam, platinum
foam, steel foam, or any combination thereof.

6. The method of claim 1, wherein the acid has a con-
centration of about 1 M to about 6 M.

7. The method of claim 1, wherein depositing the layered
double hydroxide onto the current collector comprises elec-
trochemical deposition, electrocoating, electrophoretic
deposition, microwave synthesis, photothermal deposition,
thermal decomposition laser deposition, hydrothermal syn-
thesis, or any combination thereof.

8. The method of claim 7, wherein the electrochemical
deposition comprises applying a constant voltage to the
current collector.

9. The method of claim 8, wherein the constant voltage is
about -2.4 V to about -0.3 V.

10. The method of claim 7, wherein the electrochemical
deposition comprises cyclic voltammetry.

11. The method of claim 10, wherein the cyclic voltam-
metry comprises applying consecutive potential sweeps to
the current collector.

51

Aug. 1,2019

12. The method of claim 11, wherein the consecutive
potential sweeps comprise applying a voltage of about -0.3
V to about -2.4 V at a scan rate of about 50 mV/s to about
175 mV/s to the electrode.

13. The method of claim 11, wherein applying consecu-
tive potential sweeps to the current collector occurs in a
catalyst.

14. The method of claim 13, wherein the catalyst has a
concentration of about 50 mM to about 200 mM.

15. The method of claim 7, wherein the hydrothermal
synthesis comprises submerging the current collector in an
aqueous solution.

16. The method of claim 15, wherein the aqueous solution
comprises an acetate, a chloride, a nitrate salt, a reducing
agent, or any combination thereof.

17. The method of claim 16, wherein the acetate com-
prises, aluminum acetate, aluminum acetotartrate, aluminum
diacetate, aluminum sulfacetate, aluminum triacetate,
ammonium acetate, antimony(IIl) acetate, barium acetate,
basic beryllium acetate, bismuth(Ill) acetate, cadmium
acetate, cesium acetate, calcium acetate, calcium magne-
sium acetate, camostat, chromium acetate hydroxide, chro-
mium(I]) acetate, clidinium bromide, cobalt(Il) acetate, cop-
per(Il) acetate, Dess-Martin periodinane (diacetoxyiodo)
benzene, iron(Il) acetate, iron(IIl) acetate, lead(II) acetate,
lead(IV) acetate, lithium acetate, magnesium acetate, man-
ganese(l]) acetate, manganese(Ill) acetate, mercury(Il)
acetate, methoxyethylmercuric acetate, molybdenum(II)
acetate, nexeridine, nickel(I) acetate, palladium(Il) acetate,
paris green, platinum(1I) acetate, potassium acetate, propani-
did, rhodium(Il) acetate, satraplatin, silver acetate, sodium
acetate, sodium chloroacetate, sodium diacetate, sodium
triacetoxyborohydride, thallous acetate, tilapertin, triamci-
nolone hexacetonide, triethylammonium acetate, uranyl
acetate, uranyl zinc acetate, white catalyst, zinc acetate, or
any combination thereof.

18. The method of claim 17, wherein the acetate consists
of bismuth(III) acetate.

19. The method of claim 1, wherein the three-dimensional
graphene-based conductive scaffold is treated for a period of
time of about 1 minute to about 30 minutes.

20. The method of claim 1, wherein depositing the layered
double hydroxide onto the current collector comprises elec-
trochemical deposition of the layered double hydroxide onto
the current collector.



