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Figure S1: Test sample configuration for transmissibility measurements. The sample is
sandwiched between two steel parts and the accelerations are measured using an impedance head

at the bottom and an accelerometer at the top of the sample.
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Table S1: General material properties of the polyurea aerogels

Bulk density Skeletal density Porosity
Morphology 3 a P
(v, gem ) (p,gem ) (1, % vIv)
Caterpillar-like assemblies of
0.150 + 0.002 1.196 + 0.004 87.5+0.5
nanoparticles
Random assemblies of
0.277 £ 0.002 1.201 £ 0.001 76.9 0.2
nanoparticles
Entangled nanofibers 0.062 £ 0.001 1.199 £0.015 948+ 1.7
Microspheres-with-“hair” 0.151 +0.009 1.182+0.003 87.2+0.8

a b c

Average of 3 samples. Single sample, average of 50 measurements. Porosity (percent of
empty space) /7= 100 x (ps—pb) /ps.
[S-1] Taghvaee, T., Donthula, S., Rewatkar, P. M., Majedi Far, H., Sotiriou-Leventis, C., and

Leventis, N., 2019, “K -Index: A Descriptor, Predictor, and Correlator of Complex
Nanomorphology to Other Material Properties,” ACS Nano, 13(3), pp. 3677-3690
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Table S2: Pore structure properties of the polyurea aerogels

Single point BET surface | Average pore Particle
Morphology :"‘f‘: . volume ads. area diameter radius
(cm g) (Vm1 cm3 g-l) ’ (o, m2 g-l) (f, nm) ‘ (r, nm) ¢
Caterpillar-like
assemblies of 5.83 0.586 185 126 (13) 14
nanoparticles
Random assemblies of 2.78 0.956 151 74 (25) 17
nanoparticles
Entangled nanofibers 15.30 0.245 60.2 1020 (16) 42
Microspheres-with-“hair” 5.78 0.080 23.3 1005 (14) 111

" Calculated via VTOtal = (l/pb) — (l/ps). ° The maximum volume of N, absorbed along the

isotherm as P/P0 approaches to 1.0. ° Cumulative volume of pores between 1.7 nm and 300 nm

from Nz-sorption data and the BJH desorption method. ) By the 4V/o method; for the first

number, V' was taken equal to Vo

= (l/pb) — (l/ps); for the number in [brackets], V' was set

d
equal to the maximum volume of N2 absorbed along the isotherm as P/P0 approaches to 1.0.

Particle radius, r» = 3/(stcr).

[S-1] Taghvaee, T., Donthula, S., Rewatkar, P. M., Majedi Far, H., Sotiriou-Leventis, C., and
Leventis, N., 2019, “K -Index: A Descriptor, Predictor, and Correlator of Complex
Nanomorphology to Other Material Properties,” ACS Nano, 13(3), pp. 3677-3690
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Table S3: Basic mechanical and thermal properties of the polyurea aerogels

Ultimate Specific Thermal
Young’s . ener . s
Compressive gy conductivity
Morphology n};oi/lllll,us Strength absorption (mW . K_l)
s a -
( V| wes,mpay | L ag)
Caterpillar-like a.ssembhes of 1641 49 1 4 2146 34.0 4 0.1
nanoparticles
lies of
Random assemblies o 8243 157+ 1 5241 36.5+0.1
nanoparticles
Entangled nanofibers 2.1+0.1 235+1 135+ 1 31.0+0.1
Microspheres-with-“hair” 6.3+0.4 240 £ 12 65+ 1 38.7+0.1

[S-1] Taghvaee, T., Donthula, S., Rewatkar, P. M., Majedi Far, H., Sotiriou-Leventis, C., and
Leventis, N., 2019, “K -Index: A Descriptor, Predictor, and Correlator of Complex
Nanomorphology to Other Material Properties,” ACS Nano, 13(3), pp. 3677-3690
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Figure S2: (A) The work-flow for the construction of the micromechanical model in order to
determine dynamic material properties; (B) Discrete element modeling schematic including
particle-particle interactions defined by linear spring stiffness terms and a cut-off radius to
truncate the particle-particle interactions; (C) A typical micromechanical model including
random packing of 5150 polyurea spherical particles (with average diameter of 2.3 = 0.2 um)

and cut-off length of 12 pm at bulk density 0.15 g/cm? similar to the experimental sample.
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Figure S3: Effective Young’s modulus of the micro-computational models at different numbers

of particles at similar bulk density and porosity.
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Figure S4: SEM micrograph of the sample with microspheres-with-“hair” (K-index = 1.8)

morphology at a lower magnification.



