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Fig. S1. Absorbance and steady-state PL of the 2D perovskite.



Fig. S2. (a) Surface and (b) cross-sectional SEM images of the 2D perovskite thin film. Scale
bars are (a) 2 um and (b) 500 nm.
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Fig. S3. Performance of the ionovoltaic device under 1-sun illumination.
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Fig. S4. (a) V-t and (b) I-t graph of the device under 15%, 33%, 55%, 68%, 86% and 97% RH

exposure at 20 °C. Colored regions are humidity-exposed periods.
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Fig. SS. V-t measurement result under 0.4% RH, 20 °C.
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Fig. S6. (a) Voltage and (b) current performances from V-¢ and /-t measurements with different

perovskite thicknesses. Devices were exposed to 97% RH at 20 °C.
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Fig. S7. Voltage and current performance obtained from V-t and I-t measurements by exposure
to the vapor of alcohols with different alkyl chain lengths (ethanol, 1-propanol, 1-butanol, 1-
pentanol and 1-hexanol), toluene and hexane at 20 °C. Relative polarity of solvents is ethanol
(0.654), 1-propanol (0.617), 1-butanol (0.586), 1-pentanol (0.568), 1-hexanol (0.559), toluene
(0.099) and hexane (0.009).
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Fig. S8. (a) Voltage and (b) current performance from V-t and /- measurements of devices
with FAPbl;, FA, MA,Cs,Pb(I5.,Br,); (FAMACs) 3D perovskite and PEA,Pbl, 2D
perovskite exposed to 97% RH at 20 °C. (c) Illustration of the organic cations. All perovskite

films were deposited with the same coating condition as EOA,Pbl, device.
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Fig. S9. I-t and V-t measurement results of device with a structure of carbon electrode/Poly
imide (PI)/etched FTO/Glass under 97% RH at 20 °C.
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Fig. S10. (a) Current and (b) current density values from devices with different active area
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sizes (1.5%10 mm, 3x10 mm and 4.5%10 mm) under 97% RH at 20 °C.
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Figure S11. AFM topology images of perovskite before (a) and after (b) exposure to humid air
(~55% RH, 25°C). KPFM images of perovskite before (c) and after (d) exposure to humid
condition (~55% RH, 25°C). Scale bars indicate 500 nm.

12



12 mm

- : perovskite
1

: electrode

cross-sectional view

Fig. S12. Device structure for measuring surface ionovoltaic properties that were presented in

Fig. 3(g).
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Fig. S13. (a) C Is and (b) N 1s XPS data for perovskite films without and with exposure under
86% RH at 20 °C.
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Fig. S14. Optimized structure of (a) EOA,Pbl, and (b) H,O.
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Fig. S15. The local potential in (a) EOA,Pbl, and (b) H,O analyzed using electron density
difference (EDD).
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Fig. S16. Volumetric (P,,) and areal power densities (P,.,) of the current perovskite

ionovoltaics (star) and the previously reported data published elsewhere [1-14].
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Fig. S17. (a) V-t and (b) /-t measured for 8000 seconds under 86% RH at 20 °C, (c) V-t

measured for 29 hours under 97% RH at 20 °C, (d) thermal stability of the device stored under
85¢°C.
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Fig. S18. Voltage output of the series connected devices with (a) 2 and (b) 3 devices. (c)

Application of ionovoltaic devices for respiration sensors.
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Fig. S19. Voltage output of the modified perovskite ionovoltaic device with 5 mM EOAI under

55 and 68% RH.
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Table S1. Areal and volumetric power densities of ionovoltaics with various active materials.

1‘? realr Active Volumetric
d owWe layer Voltage Power
Materials RH ensity | - kness | performance density Ref.
(uW V) 0
i) (um) (mW cm)
2D Perovskite | 97% | 4.99 1.67 0.7 30 this
work
protein nanowires 50% 5 7 0.5 4 1
solyelectrolyte | 85% | 5.52 . 1.38 0.552* ,
bilayers (25%) | (0.076) (0.95) (9104
LiCIl + Carbon 55~60 4
black + cellulon o, 0.7 2000 0.78 6.7x10 3
CNT/AAO 93% 1.3 47 1.1 0.227 4
clectrolyte-loaded | g0, | |5 132 0.7 0.0114 5
nanofiber
PSSA membrane 80% 17 200 0.8 0.85* 6
Graphene oxide 85% 2.02 120 0.45 0.168* 7
Microbial biofilms 50% 1.0 40 0.45 0.25% 8
PSSA/Rose 50% 88 560 0.92 1.571% 9
Bengal
Silicon Nanowire | /50, 10 30 0.55 3.33* 10
fibers
Sodium alginate + o %
Si0, + 1GO 100% 12 200 0.5 0.6 11
TiO, nanowire 85% 4.16 10 0.5 4.16* 12
Cellulose 82% | 4.92 85 0.83 0.576* 13
membrane
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silicon nanowire 45% 6 5 0.4 2 4% 14
arrays
Calcinated ZIF- o ok
8/GO + ILs 3% | 1092 ) 03 P

* Marked power densities were calculated based on the thickness of active layers.
** The calculation was excluded because of the complicated system by the existence of
multiple layers that could be involved in power density measurement.
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