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As shown in Fig. S1, the optical photographs of graphene sponges obtained from
GO, EDA, and various concentration of PVP system exhibit the various features.
Apparently, it was difficult to form the monolith with the integrity configuration once the
concentration of PVP over 3 mg mL-. It is deduced that the sufficient PVP were
adsorbed on both sides of GO sheets, thusly reduced greatly the interaction between GO,
leading to the weak self-assembling of GO sheets. Moreover, the low solution fluidity
caused by the high concentration of PVP prevent the assembly channel of solution is

another effective reason.
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Fig. S1 Optical images of NGA-3 and NGA-5.



Table S1 Bulk density and electrical conductivity of the NGS with various concentration

of PVP
Samples Bulk density (mg cm3) Electrical conductance (S m)
NGA-0.5 17.19 0.33
NGS-0.5 7.75 0.67
NGS-1 8.44 0.82
NGS-2 9.17 1.05
NGS-3 9.31 1.40
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Fig. S2 XPS spectra of NGA obtained from different additive concentrations of PVP.



Table S2 Atomic composition of NGA from different additive concentrations of PVP

determined by XPS analysis

N/C Atomic composition (at. %)
Sample C/O
(%) C N o
NGA-0.5 6.23 7.38 81.02 5.98 13.00
NGA-1 5.89 7.92 80.07 6.34 13.59
NGA-2 6.63 8.33 81.03 6.75 12.22
NGA-3 6.80 8.53 80.38 6.86 11.83

Table S3 Atomic composition of samples determined by XPS analysis

N/C Atomic composition (at. %)
sample C/O
(%) C N O
GO 2.64 -- 72.51 - 27.49
NGA-3 6.82 8.31 80.38 6.86 11.83
NGS-3 10.94 3.43 88.83 3.05 8.12




Table S4 Nitrogen species deconvolution derived from XPS spectra

N 1s (%)
sample
Pyridinic N Pyrrolic N Quaternary N
NGA-3 -- 56.13 43.87
NGS-3 15.73 11.35 72.92

*The Np/Nq atomic ratios were calculated according to the peak areas of N elements

from XPS wide scans.

As shown in Fig. S3, the SEM images of graphene sponge from various systems
exhibited that the graphene sponges have porous architecture. However, the morphology
of graphene sponge from pure GO system exhibited the features of the absolutely
disordered and scarcely porous structure (Fig. S3a). After the addition of EDA, the
morphology showed the hierarchical porous structure and the graphene sheets are heavily
stacked (Fig. S3b). It is noteworthy that the porous morphology of NGA obtained from
GO, EDA, and PVP systems became gradually ordered and uniform with the

concentration increases of PVP (Fig. S3c-f).



Fig. S3 SEM images of NGA from various system: (a) pure GO, (b-f) GO dispersion
mixed with EDA and the different concentrations of PVP (0, 0.5, 1, 2, 3 mg/mL),

respectively.

Fig. S4 The cross-section morphologies of NGA-3 by POM: (a) the top left corner, (b)

right above of the center, (c) central area, and (d) the right of the center.
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Fig. S5 Photographs of the NGS under the different strain amplitudes.
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Fig. S6 (a) Photographs of graphene aerogel (GA) and NGA from pure GO system and

the mixture of GO with PVP and EDA system, respectively. (b-d) Photographs of the

loading tests, where 14 mg of NGA-3 supported 10, 20, and 50 g weight, respectively.
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Fig. S7 (a) The sensing response of multiple cycles under 2% strain for NGS-3. (b)

Variation of Current for NGS-3 with raising strains.
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Fig. S8 Schematic of the wearable piezo-resistive sensor.



Table SS. Comparison of conductivity, compressibility, and durability for different foam

materials
Compressibilit
Sample Density Conductivity Durability Reference
y
SGA 3.72 mg cm™ -- 99.5% 1000 1
GA 61 mg cm™ 0.4 Sm! - -- 2
SGH -- 0.5 S m! -- -- 3
N-doped graphene aerogel  2.32 mgcm=>  11.74 Sm’! 50% 10 4
MWCNT aerogel 4 mg cm? 3.2Sm’! 90% 1000 5
Graphene monolith 5.10 mg cm3 12 S m! 80% 10 6
EDA reduced graphene
6.9 mg cm -- 70% 5 7
aerogel
ULGA 10.9 mg cm3 - 90% 5 8
MWCNT-GA 2.52 mg cm?3 320Q 80% 100 9
CNT aerogel 7.5 mg cm?3 80% 10 10
CNF aerogel -- -- 80% 100 11
TRGO aerogel 29.1 mg cm?3 -- 60% 500 12
MGM 12.3 mg cm™ 1.76 S m’! 50% 10 13
GPA 27.2 mg cm3 1.0 S m! - - 14
UFA 224mgem3  ~0.6 Sm’! 65% 1000 15
NGS 9.31 mg cm 1.4S m’! 80% >50 OThis work




Table S6. Comparison of sensitivity for different pressure sensors

Detection Response
Samples Stress range Sensitivity o Durability 'p References
limit time
0~1.5 kPa 0.22 kPa™!
MPS-GAs aerogel -- 100 cycles - 16
7~8 kPa 0.03 kPa-!
0~1.5 kPa 0.18 kP-!
rGO-PI foam -- 2000 cycles -- 17
3.5~6.5 kPa 0.023kPa’!
ACC-PAA-alginate
hvdrogel 0~1 kPa 0.17 kPa’! -- 100 cycles -- 18
ydroge
0~2 kPa 0.26 kPa™!
RGO-PU sponge 10 kP 0.03 kPa! 9 Pa 10000 cycles - 19
~ a . a
Coplanar-gate
henoFET 0~40 kPa 0.12 kPa! - 2500 cycles - 20
graphene-
0.00023 kPa
CNT Ecoflex film 0~0.9 Mpa X -- 12500 cycles -- 21
PDM
5 0~2 kPa 0.55 kPa'!
microstructure 3Pa - 4s 22
2~7 kPa 0.15 kPa’!
OFET
Au NW-PDMS
0~5 kPa >1.14 kPa"! 13 Pa >50000 cycles <17 ms 23
paper
4.5 x 1072
N-doped 3DG 0~10 kPa IPa ~15 Pa -- 0.7s 24
a-
GF 0~10 kPa 0.027 kPa"! -- -- 80 ms 25
0.4 kPa 4.05 kPa'!
3D MX-rGO 77 56 KPa! 7 56 KPa! <10 Pa 10000 cycles 200 ms 26
: a : a
0~0.5 kPa -67.1 kPa’!
SGA 0.5~1.5 kPa -8.6 kPa’! <30 Pa -- -- 27
1.5~2.5 kPa -14.3 kPa’!
0~1kPa 0.15 kPa’! OThi
is
NGS 1~3 kPa 1.33 kPa! 2% strain 3000 cycles 72.4 ms "
wor
>3 kPa 0.51 kPa™!




Table S7. Comparison of the linear sensing range for different materials-based strain

sensors
Samples sensing range  Detection limit Durability ~ Response time References
Fragmentized graphene foam-based
, <20% 0.08% 10000 cycles - 28
strain sensor
Fish-scale-like graphene-based
. 20%~30% <0.1% >5000 cycles -- 29
strain sensor
ZnO nanowire/PSNF flexible films-
. 20% 1.5% -- 140 ms 30
based strain sensor
Conductive polymer composite-
, 100% - -- 50 ms 31
based strain sensor
Nanofiber-based strain sensor 400% 0.5% 10000 cycles 5ms 32
Graphite-based strain sensor 0.3% ~0.13% 1000 cycles <110 ms 33
Ag NW Electronic fabric-based
. 0~10% -- 10000 cycles 8 ms 34
strain sensor
SGA -- ~10% - -- 27
N-doped 3DG -- ~0.2 % strain -- 0.7s 24
OThis
NGS ~20% 2% 3000 cycles 72.4 ms
work
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Fig. S9 Schematic illustration for the evolution of the conductive network in NGS during
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