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Figure S1. Photograph of calcium gluconate residues obtained at 400 °C (5 °C/min, N).
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Figure S2. XPS spectra of NP-CNS-800, NP-CNS-900, NP-CNS-1000 and NP-CNS-1100.
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Figure S3. High magnification SEM images and elemental mapping analysis. (a,b) The SEM
images of NP-CNS-800 and NP-CNS-1000. (c-f) The SEM image of NP-CNS-1000 (c) and

corresponding elemental mapping images C (d), O (e) and Ca (f). Scale bars: (a) 400 nm; (b)

400 nm; (¢)-(f) 10 pm.
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Figure S4. The relative change in current versus humidity applied on the NP-CNS humidity

sensor at different temperatures.



Table S1. Summary of main features of flexible printed humidity sensors.

Active material Working Working Response time (s) Recover time Ref.
mechanism range (RH) (s)

ZnO nanorods Resistance type 11-95% 5 (11 to 95% RH) 10 (95to 11% 1
RH)

Ag NPs Capacitance type  30-80% — - 2

Ag NPs Capacitance type  30-90% 3563 367+4 3

PSSNa* Capacitance type  10-90% - - 4

Ag NPs Capacitance type  10-70% 24 +3 22+4 5

Graphenetmethyl- Capacitance type  5-95% 0.25 (35-100 % RH) 0.35(35-100% 6

red RH)

Ag+PI Capacitance type  16-90% 20 (35-50% RH) 37.7 (50-35% 7
RH)

NP-CNS Resistance type  0-96% 1.7 (10-39% RH) 100.1 39-10%  Our
RH) work

*PSSNa: poly(styrene sulfonic acid) sodium salt
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Figure S5. (a) response time of the strain sensor (NP-CNS-800); (b) response time of the

strain sensor (NP-CNS-1100); (¢) response time of the pressure sensor (NP-CNS-1100).
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Figure S6. Relative change in resistance of the pressure sensor versus the applied pressure.

Table S2. Summary of main features of flexible resistance-type strain sensors.

Active Working Sensitivity (GF) Response  Ref.

material range time (ms)

Ag NWs <70% 2-14, tunable ~200 8

Ag NWs <90% 12 at 5% to 2370 at 70% - 9

CNT 5-100% 2800 at 5-100% - 10

CNT <200% 10.5 at 0-100% <15 11

Graphene <70% 0.76 at 10%, 1.67 at 40%, 2.55 at 70% — 12

rGO 0.2-100% 10 at 1%, 3.7 at 50% <100 13

Ag NPs 0-450% 35 at 100%, 659 at 150-200% - 14

Carbonized >140% 25 at 0-80%, 64 at 80—140% - 15

cotton fabric

MXenetCNT  <130% 64.6 at 0-30%, 772.6 at 40—70% - 16

CNT <120% 3350 at 0—110% - 17

CNT 356% 1.75 - 18

Graphene foam <70% 3.3-24.1 - 19

Cu NWs 4-420% 1687 at 16—420% <200 20

NP-CNS 0-500% 21.9 at 0—350%, 99.9 at 350-500% 70 Our work

Table S3. Summary of main features of pressure sensors.

Active material Working Low Detection Sensitivity Response Ref.
mechanism Limit (Pa) (kPa1) time (s)

Carbonized silk Resistance type — 0.097 ~3 21

nanofiber

CNT Capacitance type  — 0.7 ~50 22

CNT+graphene Resistance type 0.6 19.8 <16.7 23

rGO Resistance type 1.2 15.6 5 24

PEDOT:PSS Capacitance type 2 0.22 140 25

rGO/polyaniline  Resistance type — 0.152 96 26

rGO Resistance type 42 7.94, 178 261 27

NP-CNS Resistance type 5 1.61 32 Our work
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Figure S8. SEM images of the NP-CNS layer in pressure sensor. (a) low-magnification image.

(b) high-magnification image.
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Figure S9. The durability and stability of the humidity, strain, and pressure sensors.

Figure S10. (a) Optical microscope images of the cross section of strain sensor. (b) Optical

microscope images of A4 paper.
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