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Figure S1. A schematic of a home-built parallel-plate electrochemical testing setup.
Compressive strain on the electrodes was adjusted by adding and removing shims from the cell.



Graphene
coating

Figure S2. (a) SEM and (b) high-resolution TEM images of a cross-section of graphene-coated
SWCNT aerogels show an open porous network with two to five layers of graphene coating on
the junctions between SWCNTs and the struts.'
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Figure S3. SEM images (a, ¢) and corresponding EDS mapping of Mn (b, d) at the surfaces (a,
b) and the interior (¢, d) of MnO,-decorated graphene-coated SWCNT aerogels after 10 000
charge—discharge cycles.
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Figure S4. SEM images (a, ¢) and corresponding EDS mapping of Mn (b, d) at the surfaces (a,
b) and the interior (¢, d) of MnO,-decorated graphene-coated SWCNT aerogels after 10 000
compression—release cycles but before any charge—discharge cycles.
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Figure S5. SEM images (a, c¢) and corresponding EDS mapping of Mn (b, d) at the surfaces (a,
b) and the interior (c, d) of MnO,-decorated graphene-coated SWCNT aerogels after 10 000
compression—release and subsequent 10 000 charge—discharge cycles.
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Figure S6. EDS spectra from MnO,-decorated graphene-coated SWCNT aerogels (a, b) before
any compression—release and charge—discharge cycles, (¢, d) after 10 000 charge—discharge
cycles, (e, f) after 10 000 compression—release cycles, and (g, h) after 10 000 compression—
release and subsequent 10 000 charge—discharge cycles. Samples were examined at the surfaces
(a, c, e, and g) and the interior (b, d, f, and h). MnO, weight percentages were from weight
percentages of carbon and manganese detected in EDS spectra and also accounting for the
oxygen in MnO,.
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Figure S7. The pore diameter distribution of graphene-coated SWCNT acrogels before and after
MnO, decoration using the desorption branch of the isotherm and the BJH analysis. A majority
of the pores is between 2—40 nm in diameter for both types of aerogels.
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Figure S8. Raman spectra from graphene-coated SWCNT aerogels before and after MnO,
decoration as well as MnO,-decorated graphene-coated SWCNT aerogels after 10 000 charge—
discharge cycles and after 10 000 compression—release cycles followed by 10 000 charge—
discharge clycles. Each spectrum is normalized by the intensity of the G-band of the SWCNTs at
~1590 cm™.
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Figure S9. XPS spectra from graphene-coated SWCNT aerogels (a) before and (b, d) after MnO,
decoration. C 1s spectra (a) before and (b) after MnO, deposition. (¢) Mn 2p and (d) O 1s spectra

after MnO; deposition.
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Figure S10. Compressive stress vs compressive strain curves of MnO,-decorated graphene-
coated SWCNT aerogels. The aerogels display 48% plastic deformation when compressed to
80% strain, whereas compression to 50% strain does not induce any plastic deformation.
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Figure S11. Cyclic voltammograms of MnO,-decorated graphene-coated SWCNT aerogels
before compression at scan rates from 2-200 mV/s.
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Figure S12. Electrochemical performance of MnO,-decorated graphene-coated SWCNT
aerogels before compression and after 10 000 compression—release cycles. (a) Representative
galvanostatic charge—discharge curves at 1 A/g and (b) Nyquist plots depict near identical
performance even after being subjected to vigorous mechanical deformation.
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Figure S13. Cyclic voltammograms of MnO,-decorated graphene-coated SWCNT acrogels with
greater MnO; loading (33 wt%) before, under, and after recovery from 50% compression at a
scan rate of 100 mV/s. The electrodes exhibit nearly identical gravimetric capacitances under
compression and after recovery from compression to 50% strain. However, gravimetric
capacitance of the aerogels is slightly larger before compression.
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Figure S14. Gravimetric capacitances of MnO,-decorated graphene-coated SWCNT aerogels
with 33 wt% MnO, loading before and under 50% compression over a scan rate of 2-200 mV/s.
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Figure S15. (a) Gravimetric and (b) volumetric energy versus power densities for MnO,-
decorated graphene-coated SWCNT aerogels with 33 wt% MnO; loading before and under 50%
compression.



Table S1. Comparison of compressible pseudocapacitors

. . number of
. . capacitance capacitance .
. capacitance maximum compression—
pseudocapacitive . under after recovery
: before compressive . . release reference
material compression strain (%) maximum from maximum les. .
p ’ compression compression cycles; strain
(%)
98 F/g 106 F/g 128 F/g ) .
MnO; 1.5 Flem’ 50 3.3 Flem® 2.0 Flem® 10000; 50 this work
Polypyrrole and 320 F/g 293 F/g
MnO, 9 Flem’ 50 16 Flem’ N/A N/A ref 6
310 F/g 288 F/g 304 F/g )
Polypyrrole | g ¢ Frem’ 50 182 Ffem® | 9.6 Flem’ 1.000; 50 ref 7
360 F/g 350 F/g 360 F/g )
Polypyrrole 14 Flem’® 50 27.2 Flem? 14 Flem® 1000; 50 ref 8
. 216 F/g 209 F/g 209 F/g )
Polyaniline 3.4 Flem® 60 8.2 F/em’ 3.3 F/em® 100; 60 ref9
212 Flg 105.4 F/g
MnO, 29 Flom? 80 6.4 F/em’ N/A N/A ref 10
753.8 F/g 592.3 F/g
Polypyrrole 1.4 Flemy® 80 5.5 Flem’ N/A N/A ref 10
296.3 F/g 266.7 F/g 296.3 F/g )
a-Fe;0; 2.8 Flem® 70 8.3 F/em® 2.8 F/em® 1000; 50 ref 11
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