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Table S1. XPS binding energy values and surface concentration of bpy-PMA films before and after FA exposure.

Mo 3d binding energy [eV] Mo 3d concentration [at.%]
Peak component
Mo®* 3d5/2 Mo®* 3d7/2 Mo>* 3d5/2 Mo+ 3d7/2 Mo®* 3d5/2 Mo®* 3d7/2 Mo+ 3d5/2 Mo+ 3d7/2
Before sensing 2334 236.5 N.A. N.A. 40.68 59.32 N.A. N.A.
After sensing 233.3 236.4 2354 231.7 11.06 27.16 23.18 38.60

Table S2. Comparison of the characteristics of state-of-the-art gas sensors based on monolithic TENG previously reported as well as
the present work.

Response time Power density

) S a
Source Materials Target gas Selectivity [sec]? [W m2J° Power [mW]
Ref. 1 PDMS NH _ _ _ _
PANI with Ce-doped ZnO 3
Ref. 2 PANI
PVDF NHs - 40 - -
Ref. 3 PDMS
PEI o, - - - -
Ref. 4 PEI
FEP o, - - - -
Ref. 5 PET
ITO with Pd deposition H, o 1800 o B
Ref. 6 Pl
MC H, — 82to 88 — —
Ref. 7 Latex NO _ _ _ _
Synthesized material 2
Ref. 8 ZnO-doped Ag _ _ _
PDMS Acetylene 0.18
Ref. 9 Al -
rGO-In,0; Aniline — 350 — —
This work  PTZ/Ag NPs Formaldehyde 130 4.65 297°0r893  1.19°or3.57¢

PDMS/bpy-PMA

—” in the table implies that the data are not recorded in research.
bThe dielectric layer is PDMS planar film functionalized with bpy-PMA.
¢The dielectric layer is PDMS nanopillar arrays functionalized with bpy-PMA.
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Table S3. Comparison of the charactersitics of state-of-the-art FA sensors previously reported as well as the present work.

Self-powered Working

Source Sensing materials mode temperature [°C] Selectivity? Response time [sec]?
Ref. 10 Sn0,/rGO nanocomposites No 160 - <10 (<25 ppm)
Ref. 11 : . — 76 (20 ppm)
Zn,5n0,/Sn0, hierarchical sructure No 200
Ref. 12 - — 31 (10 ppm)
rGO/ZnSn0; microspheres No 103
Ref. 13 4 14 (100 ppm)
ZnO@ZIF-8 nanorod No 300
Ref. 14 - — <46 (200 ppm)
Zn0 micro-octahedrons No 400
Ref. 15 . A : — 1 (100 ppm)
In,03 hierarchical architecurets No 260
Ref. 16 p — 12 (100 ppm)
Ag-ZnO nanocomposites No 240
Ref. 17 101 30 (200 ppm)
Sn0O, nanosheets No 200
Ref. 18 GO/TiO h 2 — 65 (0.5 ppm)
Ref. 19 rGO/Ti 0, nanosheet _ No =25 _ 50 (10 ppm)
Ref. 20 SnO, with lamellar and plicated membranes No 200 _ -
’ C030,/Zn0 hollow spheres with nanoparticles No 160
Ref. 21 ; — 46 (5 ppm)
VG/Sn0, nanoparticles No =25
Ref. 22 bi Il id fib — 1to 14 (100to 0.2
Ref. 23 Ga-In bimetallic oxide nanofibers No 150 _ ppm)
Ref. 24 C030.4/Zn0 core-shell nanofibers No 220 _ 6 (100 ppm)
; NiO/SnO, microspheres No 200 PP
Ref. 25 . . — —
Ref. 26 Ni-SnO, nanoparticles No 200 _ 18 (50 ppm)
' Sn0/Sn0, nano-flowers assemble from nanosheets No 120
Ref. 27 . icrofl 33 7 (50 ppm)
Ref. 28 N|O-.Sn02 microflowers No 100 - o
’ Co-rich ZnCo,04 hollow nanospheres No 225
Ref. 29 ZnO nanopowders No 210 - o
Ref- 30 LidopedNio No 600 ~ 340 (0.01 ppm)
Ref. 32 CdOdactl\éatedOSn doped ZnO No 288 — <300 (32 ppm)
This work SSMOPS ZBM A $‘° ‘2‘ 130 180 (32 ppm)
S/bpy- €s > 4.65 (1 ppm)
2 “—"in the table implies that the data are not recorded in research.

Table S4. Comparison of the characteristics of state-of-the-art breath sensors previously reported as well as the present work.

Source Biomarker gas  Disease Materials Self-powered  Working o Selectivity? Rgsponse
mode temperature [°C] time [sec]

Ref. 33 NO Asthma Single walled CNTs No =25 — 255 (485 ppb)
Ref. 34 NO, Asthma Electrochemical, etc  No 250 . 63 (5 ppm)
Ref. 35 Acetone Diabetes Ce-ZnO based No =25 20 (100 ppm)
Ref. 36 H,S Halitosis a-Fe,03 No 350 — 30 (50 ppm)
This work  Formaldehyde Lungcancer PDMS/bpy-PMA Yes 25 130 4.65 (1 ppm)
a“—"in the table implies that the data are not recorded in research.
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Fig. S1. Schematic illustration of working principle of electrode-to-dielectric vertical contact-separation mode TENG.
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Fig. S2. Schematic illustration of the experimental setup for FA sensing.
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Fig. S3. Output characterization of PDMS-based TENG before (a-c) and after (d-f) FA exposure: V. (a, d), /s, (b, e), and Q. (c,
f).
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Fig. S4. The schematic illustration of the possible sensing mechanism of FA gases by PMA
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Fig. S5. KPFM image of PDMS/PMA film after FA exposure.
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Fig. S6. V,. output of the TENG (dielectric layer: PDMS/PMA, electrode: ITO/PEI) before and after exposure to high humidity
atmosphere (relatively humidity =90%) for 1 hr.
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Fig. S7. Guassian-calculated ESP maps of PMA anions and pyridinium (dashed line indicates the electrostatic force between the
electronegative oxygen atoms of PMA anions and ammonium atoms of pyridinium).
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Fig. S8. Schematic representation of the possible interaction between PMA anions and pyridinium.
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Fig. S9. Thermogravimetric analysis of bpy, PMA, and bpy-PMA.
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Fig. $10. Schematic energy level diagram of Ag electrode and PDMS/bpy-PMA dielectric layer. @, @y, E;, E., and E, represent

the work-function of electrode, work-function of dielectric layer, Fermi energy level, conduction band edge, and valence band
edge, respectively.
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Fig. S11. Photographs of various electrode layers after 200,000 times of contact-separation operation.
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Fig. S12. Proposed mechanism for the photo-initiated reactions of PTZ.
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Fig. S13. Schematic representation of photoinduced reduction of Ag* ions to Ag by PTZ.
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Fig. S14. Schematic illustration of WF modulation of Ag NPs film via PTZ modification
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Fig. S15. (a) Charging curve of a capacitor connected to TENG with the rectifying circuit. (b) A photograph of commercial LEDs
lit up simultaneously by charging a capacitor from the TENG.

Glass

PTZ
Ag NPs —

bpy-PMA
PDMS nanopillar

ITO-coated glass ——

Fig. S16. Schematic illustration of the TENG architecture with PDMS nanopillar arrays.
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Fig. S17. Schematic illustration of the fabrication procedures for PDMS nanopillars via AAO template-assisted method.
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Fig. S18. (a, b, d, e) Top-view SEM images, and (c, f) AFM topographic images of: PDMS nanopillars (a-c), and bare AAO template
(d-f).
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Fig. $19. Evolution of /. of TENG as a function of continuous operating cycles.

— Before
400 — After
S 200
>8
0_ &
0 1 2

Time/sec

Fig. $20. V,. output of the TENG (dielectric layer: PDMS/bpy-PMA, electrode: PTZ/Ag NPs) before and after exposure to high
humidity condition (relatively humidity =90%) for 1 hr.
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Fig. S21. V,. output of the TENG (dielectric layer: PDMS/bpy-PMA, electrode: PTZ/Ag NPs) before and after immersion in water
for 12 hr.
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Fig. S22. Schematic illustration of the experimental setup used for regeneration of the active sensing layer (left panel) and V,,
output of the TENG (dielectric layer: PDMS/bpy-PMA, electrode: PTZ/Ag NPs) measued under different conditions (right panel).
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Fig. $23. Schematic illustration of the device architecture of flexible TENG (left panel) and a photograph of flexible TENG (right
panel).
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Fig. S24. Photographs of self-powered face mask based on flexible TENG (note: bending radius of flexible TENG = 13 mm).

Fig. $25. A photograph of as-fabricated TENG.
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