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Fig. S1 Schematic of the preparation process of the MXene/organo–ionic hydrogel foam 

(MOHF) using the dip-coating method and subsequent gelation of the organo–ionic hydrogel.
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Fig. S2 Low-magnification scanning electron microscope (SEM) images for comparing bare 

melamine foam and PVA/MXene–melamine foam.
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Fig. S3 Cross-sectional high-resolution transmission electron microscope (TEM) image of a 

single PVA/MXene–melamine skeleton.
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Fig. S4 Energy-dispersive X-ray spectroscopy (EDS) images of a cross-sectional PVA/MXene–

melamine skeleton showing (a) carbon, (b) titanium, (c) nitrogen, and (d) merged elements.
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Fig. S5 X-ray photoelectron spectroscopy (XPS) spectra of the PVA/MXene–melamine foam 

showing (a) O 1s and (b) N 1s peaks.
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Fig. S6 X-ray photoelectron spectroscopy (XPS) spectra of C 1s, O 1s, or N 1s for (a),(b) 

melamine foam, (c),(d) MXene film, and (e),(f) poly(vinyl alcohol) (PVA) film.
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Fig. S7 (a) Photographs for comparing the organo–ionic hydrogel and ionic hydrogel taken at 

0 and 7 days under 20% RH. (b) Evaluation of flexibility after 7 days.
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Fig. S8 Adhesion performance of MOHF for various substrates.
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Fig. S9 Open-circuit voltage (VOC) of MEG–MOHF before and after moisture absorption.
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Fig. S10 Open-circuit voltage (VOC) of MEG device with PVA/MXene–melamine foam or 

organo–ionic hydrogel.
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Fig. S11 Resistance of MEG–MOHF device for various concentrations of PVA.
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Fig. S12 Continuous measurement of open-circuit voltage (VOC) for the MEG–MOHF device 

without PVA coating over time under open ambient environment.
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Fig. S13 Schematics and device performance of a MEG–MOHF before (a) and after (b) 

moisture absorption.
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Fig. S14 COMSOL simulation results of the concentration distribution of K+ over time in the 

MOHF.
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Fig. S15 Resistance change over time for MXene–melamine foam, PVA/MXene–melamine 

foam, and MOHF.
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Fig. S16 The discharging and charging properties of the MEG–MOHF at 20% RH.
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Fig. S17 Zeta potential distribution of the PVA/Mxene–melamine foam.
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Fig. S18 Illustration of the mechanism for streaming potential and directional diffusion current 

influenced by flow dynamics.
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Fig. S19 Energy-dispersive X-ray spectroscopy (EDS) mapping of chloride ions on cross-

section of MEG–MOHF after sustained power generation.
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Fig. S20 Relationship between the length of the organo–ionic hydrogel and the inserted silver-

coated polyethylene terephthalate (PET) electrode and the output performance of the MEG–

MOHF. (a) Schematic illustration depicting the distance between the organo–ionic hydrogel 

and the inserted silver-coated PET electrode. (b) Corresponding open-circuit voltage (VOC) and 

short-circuit current (ISC), as a function of this length.
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Fig. S21 Photographs and scanning electron microscopy (SEM) images of the melamine foam 

coated with different concentrations of Mxene.
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Fig. S22 (a) Evaluation of MEG–MOHF electrode stability under stretching, bending, twisting, 

and pressing. (b) SEM images of the electrode regions with MOHF after the deformations.
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Fig. S23 Comparison of compressive strengths of (a) PVA/Mxene–melamine foam and (b) 

organo–ionic hydrogel-coated PVA/Mxene–melamine foam. 
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Fig. S24 Pore-size changes of top and center in MOHF (a) without force, (b) under low force 

(~15 kPa), and (c) under high force (~60 kPa).
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Fig. S25 Photographs of a MEG–MOHF under extreme pressure (~12.5 MPa) using 

commercial car.
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Fig. S26 Open-circuit voltage (VOC) and short-circuit current (ISC) of (a), (b) melamine foam 

and (c), (d) melamine foam coated with Mxene.
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Fig. S27 (a) Open-circuit voltage (VOC) and (b) short-circuit current (ISC) of PVA/MXene–

melamine foam.
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Fig. S28 Fluorescent photographs showing the diffusion of Rhodamine B containing water from 

an organo–ionic hydrogel in the MOHF.
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Fig. S29 Photograph of a complementary MEG–TENG–MOHF device.
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Fig. S30 Photographs and brightness signals of a photodetector from operating energy harvester 

of (a) MEG–MOHF, (b) TENG–MOHF, and (c) complementary MEG–TENG–MOHF single 

device.
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Fig. S31 Maximum power density values for the recent MEG and TENG works with optimal 
resistance values.
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Fig. S32 Power density of MEG–TENG–MOHF depending on the load resistance at (a) 40% 

RH, (b) 60% RH and (c) 80% RH. (d) Dependence of the maximum power density of MEG–

TENG–MOHF as a function of RH.
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Fig. S33 Charging curves of capacitors with various capacities from (a) MEG–MOHF, (b) 

TENG–MOHF, and (c) complementary MEG–TENG–MOHF. 
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Fig. S34 Charging/discharging curves of commercial capacitor (4.7 μF) connected to a 

complementary MEG–TENG–MOHF.
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Fig. S35 Powering various commercial electronic devices by connecting eight-unit MEG–

MOHFs in series: (a) an LED, (b) a watch, and (c) a calculator. (d) Long-term power supply 

capacity of the MEG–MOHF to operate the calculator.
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Table S1. Characteristics of the recent electrical and mechanical properties of MEG and 

hybride MEG devices in comparison with the present work.

Type Material
Relative 
humidity

(%)

Power
Density 

(μW cm-2)

Stretching
(strain%)

Com-
pression
(strain%, 
strenght)

Ben-
ding

Twis-
ting

Refer-
ence

CMC/MXene/Al3+ 90 - O
(8%)

O
(8%, -) O X 1

MXene/GO 100 - O
(0.4%) O X X 2

LiCl-loaded paper/CB 60 - X X X X 3

Cellulose acetate 
nanofiber 90 2.45 O

(35%) X X X 4

PSSA/PVA 85 7.9 O
(25%) X O O 5

CNF/GO 85 - O
(4%) X O O 6

GO 70 27 X X O O 7

Film

Defective ZIF-8/GO 37 109.2 X X X X 8

GO/P-rGO aerogel 50 2.02 X X O X 9
Aerogel

IL-GO/GO@PVA 
aerogel 85 22.55 X O

(-, 80 kPa) O O 10

PAN/PSSA nanofiber 80 1.48 X X O O 11
Fabric

PVA ionic hydrogel-
Carbon black fabric 70 70 μW cm-3 O

(~30%) X O O 12

LS-Al3+-PAA hydrogel 55 0.24 O
(>300%)

O
(70%, 250 

kPa)
O O 13

Nafion/pNIPAm 
hydrogel 80 10.14 X X X X 14Hydrogel

PVA-PA-glycerol 
hydrogel 85 35 X X O X 15

PDMS/Carbon 
black/CNT - 1 X O

(-, -) X X 16
Foam

PVA@FCB@PU-
sponge 55 2.7 X X O X 17

PSSA/Kc
(MEG-Sunlight) 70 ~90 X X X X 18

PSSA/R
(MEG-Sunlight) 50 88 O

(~15%) X O X 19

PAMPS-PSSS
(MEG-Thermoelectric 

generator)
60 4.75 O

(~200%) X O O 20

Polyester-based yarn
Cotton-based yarn

(MEG-TENG)
- MEG: 5.4

TENG: 166
O

(25%) X O X 21

Silicon NW/Ag/FEP
(MEG-TENG) - MEG: 8

TENG: 250 X X X X 22

Hybrid

MOHF
(MEG-TENG) 20

MEG: 9.3
TENG: 28

MEG-TENG: 
83

O
(30%)

O
(>95%, ~2.1 

MPa)
O O This 

work
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