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Note S1: The effective working area of the device.

K+ ions move laterally through the nanoconfined graphene oxide (GO) channels.

From Figure S1a, b, it can be seen that the graphene oxide (GO) region in the device

has a length (L) of 3.92 mm, a width (W) of 2.94 mm, and a height (H) of ~ 5 µm.

The diffusion cross-sectional area of K+ ions in the two-dimensional nanoconfined

channels can be calculated using the following formula:

� = � × � = 1.96 × 10−6 �2# 1

Note S2: The process of estimating the electrode potential of the power source

using the Nernst equation.

Faradaic reactions are used to enhance the permeation power of ion-electronic devices.

The Nernst equation is applied to calculate the electrode potential introduced by the

redox reactions. However, since ion-electronic systems are a new type of solid-state

power source, the Nernst equation can only be used to estimate the electrode potential

of the power source.

Cathodic reaction and its Nernst equation:

Ag+ +e- ⇌Ag

E Ag+ Ag = E⊙ Ag+ Ag −
RT
F

ln
α Ag

α Ag+ = 0.7994 V

Anodic reaction and its Nernst equation:

Al(OH)3 + 3e− ⇌Al+3OH−

E Al(OH)3 Al = E⊙ Al(OH)3 Al −
RT
3F

ln
α Al [ a OH− ]3

α Al(OH)3
=− 2.31 V

Where, E represents the standard electrode potential of this electrode. The activity of

the solids α(Ag), α(Al) and α[Al(OH)3] is 1. In fact, the measured open-circuit voltage

(VOC) of the iontronic power source is much lower than the theoretical value, which

may be due to the relatively high internal resistance of the power source.

Note S3: Power density and energy calculations for iontronic power sources.
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The device’s power and energy output are evaluated by adjusting the external load

resistance (RL) of the iontronic power source using a ZX21g rotary resistor box. The

voltage (UR) and current (IR) across the external load resistor RL were measured by

using a multi-channel electrochemical workstation Autolab, respectively. Therefore,

the device’s power density with the external load resistance RL can be calculated

using the following formulas:

��
� = �� × ��# 2

Figure S1. Desolvation energy barriers of different salt solution ions with water

molecules.

Desolvation energy barriers for the fully hydrated metal cations Li⁺, Na⁺, K⁺, and Ca²⁺

were calculated using density functional theory (DFT). The desolvation energy barrier

of an ion is defined by the following formula:

Δ���� = ������ − (����� + ��2�)# 1

Where ������ represents the total energy of the system when the cation interacts with

an H₂O molecule. The total energy of a single dehydrated metal cation is denoted as

�����, while the standard energy of water is represented by as ��2�. The desolvation

energy barrier of the system, with the ion positioned 2.51 Å from the H₂O molecule, is

illustrated in Figure S1. The K⁺ cation exhibits the lowest desolvation energy barrier

among the solution systems compare to the other three hydrated ions, which

facilitating its release from the hydration shell, reducing polarization resistance when

it enters into the two-dimensional nanofluidic channels. Consequently, K⁺, with its

minimal desolvation energy barrier, was selected as the cation for diffusion within GO
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2D nanofluidic channels.

Figure S2. (a) Front view of the iontronic power source. (b) Top SEM image of the

GO and rGO junction interface. (c) Cross-sectional SEM image of the GO and rGO

junction interface.

Figure S3. Scanning electron microscope image of graphene oxide.
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Figure S4. Fourier transform infrared spectroscopy (FTIR) for graphene oxide (GO).

The surface of graphene oxide features -C=C bonds (~1618.1 cm-¹) and oxygen-

containing functional groups, including C-O bonds (~1027.9 cm-¹), C-O-C bonds

(epoxy groups, ~1020.8 cm-¹), C-OH bonds (~1411.8 cm-¹), C=O bonds (carbonyl

groups, ~1708.8 cm-¹), and -OH bonds (hydroxyl groups, ~3282.6 cm-¹).

Figure S5. The zeta potential of GO.
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Figure S6. (a) The 3D surface profile of GO. (b) Numerical analysis of the length,

width, and thickness of GO in the device.

Figure S7 Optical photograph of the KOH/GO on the Al electrode (anode) side of

the power source. (a) Optical microscopy image of the rGO side before discharge in

the iontronic power source. (b) Optical microscopy image of the rGO side after

discharge in the iontronic power source.
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Figure S8. XRD spectra of the GO film before and after discharge of the ion-

electronic power source system.

Figure S9 SEM and EDS images of GO/AgNO3 on the Ag electrode (cathode) side

before discharging. (a) SEM image of the GO on the cathode side. (b) The elemental

composition within the GO on the cathode side. (c-h) EDS images of the various

elements within the GO on the cathode side.
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Figure S10 SEM and EDS images of GO/AgNO3 on the Ag electrode (cathode)

side after discharging. (a) SEM image of the iontronic power source's cathode side

after discharge. (b) The elemental composition of the GO on the cathode side of the

iontronic power source after discharge. (c-g) EDS images of the various elements

within the GO on the cathode side after discharge.

Figure S11 The relationship between the viscosity of GO ink and the shear rate.
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Figure S12 Three integrated devices can power a watch for over 6 h at 25°C and 45%

RH.

Figure S13An iontronic power source charges a 470uF capacitor up to 2V.
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Table S1. Comparison of the performance outputs across various iontronic

power sources

Type Ref Materials Voltage (V)

Current

density

μA·cm-2

This Work GO-AgNO3/rGO ~2.0 2.35·104

MEGs

[S1]

[S2]

[S3]

[S4]

[S5]

PDDA/SiNWs

PAN

GO/rGO

1T-WS2@CSilk

H-PSS

1.0

0.8

0.76

0.65

0.80

8.2

14.3

73.0

170

120

WEGs

[S6]

[S7]

[S8]

[S9]

[S10]

MOFs

LiCl-Cellulon

paper

SiNWs

Cellulon paper

SiNWs

0.40

0.78

0.40

0.71

1.50

2.7

0.8

55

700

0.40

Iontronic power

source
[S11] PEDOT-GO/rGO 0.70 1.30·103

MEGs: Moist-electric generators

WEGs: Water evaporation-induced electric generators

Table S2. The proportion of various elements within the GO on the cathode side

Elt. Line Intensity

(c/s)

Conc Units Error

2-sig

MDL

3-sig

C Ka 92.09 34.800 wt.% 0.819 0.610

O Ka 55.36 27.124 wt.% 1.304 0.924

K Ka 3.47 0.580 wt.% 0.162 0.404
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Al Ka 4.85 0.496 wt.% 0.121 0.259

Ag La 13.60 2.721 wt.% 0.215 0.466

Au La 24.96 34.278 wt.% 1.252 1.635

100.000 wt.% Total

Table S3. The proportion of various elements within the GO on the cathode side

after discharge.

Elt. Line
Intensity

(c/s)
Conc Units

Error

2-sig

MDL

3-sig

C Ka 55.21 18.121 wt.% 0.574 0.482

O Ka 36.13 16.722 wt.% 0.728 0.886

Na Ka 50.58 7.463 wt.% 0.289 0.411

Ag La 189.71 29.208 wt.% 0.470 0.635

Au La 26.84 28.486 wt.% 1.128 1.576

100.000 wt.% Total
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