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 8 

Supplementary Figure 1. Fabrication process of a typical CB device. (Ⅰ) The ceramic plate (3×5 9 

cm2) is ultrasonically cleaned. (Ⅱ) Patterning equally-spaced electrodes with width of around 1 mm 10 

on the ceramic plate with carbon nanotube slurry. (Ⅲ) A uniform CB sheet is grown on the ceramic 11 

plate across the two electrodes over an ethanol flame. (Ⅳ) Air-annealing-treatment on the CB. (Ⅴ) 12 

Wired and insulation treatment on the electrodes. (Ⅵ) Schematic illustration of the experimental 13 

set-up for measuring electricity. 14 



 15 

Supplementary Figure 2. Characterizations of the CB film. a, b, Cross-section (a) and top-view 16 

SEM image (b) for the CB film, respectively. c, High resolution transmission electron microscopy 17 

image for the CB nanoparticle. d, Raman spectrum of the CB film. 18 

 19 

Supplementary Figure 3. Current-voltage curves of two typical CB films with ethanol 20 

evaporation. The open-circuit voltage of different CB films is in range of 0.2-1.8 V owing to the 21 

variation of resistance. 22 



 23 

Supplementary Figure 4. Voltage variation (red) as a function of ambient pressure (black). 24 

The beaker is laid in a chamber and the pressure is adjusted by pumping and venting the chamber. 25 

The room temperature is maintained around 23 °C during the test. 26 

 27 

Supplementary Figure 5. Measured voltage with the beaker periodically sealed and unsealed. 28 

The induced voltage declines as the beaker is sealed and returns to its original level when the beaker 29 

is unsealed. 30 



 31 

Supplementary Figure 6. Voltage variation of the CB film as the beaker is sealed. When the 32 

beaker is fully sealed, the voltage of the CB film gradually decreases to around 0. 33 

 34 

Supplementary Figure 7. Voltage variation of the CB film with the rising ethanol level. The 35 

induced voltage decreases to around 0 as the CB film is fully immersed in ethanol. The insets show 36 

the ethanol level at the bottom (left) and top electrode (right), respectively. 37 



 38 

Supplementary Figure 8. The thermoelectric effect of the CB film. a, Experimental set-up for 39 

measuring the thermoelectric effect. The bottom end of the device is laid on a heater and the top end 40 

is fixed on a cold aluminum plate. b, Voltage of the CB film with different temperature gradient. 41 

The inset showed the thermal photos of the CB film before (left) and after heating (right). 42 

 43 

Supplementary Figure 9. Voltage distribution in the CB film as water evaporates from the film. 44 

a, Schematic illustration of the experimental set-up. The bottom end of a five-electrode CB film is 45 

immersed in water. The spacing between each neighbouring electrodes is around 3 mm. b, Steady-46 

state voltage between each two neighbouring electrodes. 47 



 48 

Supplementary Figure 10. Zeta potential of the CB material. Zeta potential of the CB is 49 

measured to be -34.6 mV in DI water (black) and -1.69 mV in ethanol (red), respectively. 50 

 51 

Supplementary Figure 11. Voltage distribution in the CB film inserted in water with the 52 

bottom two electrodes covered with a PMMA layer. a, Schematic illustration of the experimental 53 

set-up. The spacing between each neighbouring electrodes is around 1 mm. b, Steady-state voltage 54 

between each two neighbouring electrodes. 55 



 56 

Supplementary Figure 12. Images of the precursor film. a, Optical images of the precursor film. 57 

The precursor of around 1 mm wide moves ahead of the capillary ethanol. b, Thermal image of the 58 

precursor film. The dark area indicates the capillary ethanol film. 59 

 60 

Supplementary Figure 13. Short-circuit current of the CB film. The test is under normal 61 

laboratory conditions (ambient temperature ~21 ± 1 ℃ and relative humidity ~48 ± 5 %). 62 



 63 

Supplementary Figure 14. XPS spectrum for the CB films. The CB film (black) contains element 64 

of C and O with an atom ratio of about 79.1:20.9. The N-doped CB film (red) contains element of 65 

C, O and N, the atomic percentage of which is about 79.2, 13.0 and 7.8 %, respectively. 66 

 67 

Supplementary Figure 15. Fourier transform infrared spectrum (FTIR) for the CB films. The 68 

FTIR shows significant peaks of C-O, C=O, and O-H bonds in the pristine CB (black). The peak of 69 

C=O bonds at 1731.5 cm-1 declines and a new peak of C=N bonds at 1592.4 cm-1 appears in the N-70 

doped CB (red). 71 



 72 

Supplementary Figure 16. Molecular-dynamics simulation. a, Snapshots of an ethanol molecule 73 

evaporating from a graphene oxide layer. b, Model of the graphene sheet oxidized by carboxyl 74 

groups. The atom ratio of C to O is 4.5:1. c, Angle variation between the O-H bond and the normal 75 

line as a functional of distance from the molecule to the graphene layer during evaporation process. 76 



 77 

Supplementary Figure 17. Equivalent capacitance-resistance model for the evaporating 78 

potential. Transferred electrons from ethanol molecules and attracted holes in the graphene layer 79 

can be simplified as a series of capacitors (C1 ~ Cn).  80 

 81 

Supplementary Figure 18. Voltage variation between E1 and E2 during ethanol capillary 82 

process. a, Schematic diagram of experimental setup. The capillary film moves along the CB film 83 

through evaporation and capillary force with the bottom end of the CB film inserted in ethanol. b, 84 

Modelling results (red line) for the experimental data (black line). The grey lines mark when the 85 

precursor film starts to contact or leave E1 and E2, respectively. 86 



 87 

Supplementary Figure 19. Output characteristics of the CB film with ethanol evaporation. a, 88 

Output voltage (black squares) and current (red squares) of the CB film measured for different load 89 

resistances. b, Power density of the device. Solid lines are fitting curves for the experimental results. 90 

 91 

Supplementary Figure 20. Scalability of the device. a, b, Series connection (a) and parallel 92 

connection of CB devices (b) can scale up the induced voltage and current, respectively. 93 



 94 

Supplementary Figure 21. Application demonstration of the evaporation generators. a, Time-95 

voltage curves of capacitors charged by a single CB film. The inset is the optical image of the device. 96 

b, Photograph of a liquid crystal display powered by the capacitor charged with a CB film. 97 



Supplementary Table 1. First-principles calculations of charge redistribution on the graphene and 98 

at the edge of the graphene nanoribbon (GNR) with different functional groups adsorbed with an 99 

ethanol molecule and corresponding adsorption energy (Ead) of the ethanol molecule. 100 

 Functional group Charge redistribution (e) Ead (meV) 

On the graphene 

Pure graphene -0.0145 -356.081 

C-O-C -0.016 -452.581 

C-OH -0.0295 -82.381 

O=C-OH 0.0385 -681.281 

At the edge of 

GNR 

GNR -0.0036 -208.811 

C-O-C -0.0008 -229.001 

C-OH -0.0049 -212.631 

C=O -0.0108 -348.171 

O=C-OH -0.0023 -301.881 

Pyridinic N -0.0449 -420.791 

101 



Supplementary Note 1. Remarks on Eq. 1. 102 

As the area of the precursor is proportion to W and L, the volume of ethanol evaporating from the 103 

precursor per unit time should be ∙ 𝑊 ∙ 𝐿. It is reasonable to assume that the discharging rate (i.e. 104 

current) though ∆𝑅 . Since the charge transferred through the upper section finnally transfer to the 105 

lower section, the current through each resistance should be 106 
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where ν is the average evaporation rate of ethanol in the precursor film, ρ is the density of ethanol, 108 

q0 is the discharging charge per volume, W and L is the width and length of the precursor film, 109 

respectively. Then the potential difference across the CB can be expressed as 110 
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where x is the distance from ΔRm to the capillary front of the ethanol film and Rsq is the square 111 

resistance of CB. The voltage distribution in the CB can be expressed as 112 

                           𝑉 ∙ 𝑞 ∙ 𝑅 ∙ 𝐿 𝑥                            3114 



Supplementary Note 2. Model on the voltage variation when the capillary film moves along 115 

the CB film. 116 

When the precursor film is below E1, 𝑉 0. 117 

When the precursor film start to contact E1,  𝑉 ∙ 𝜈 ∙ 𝑅 ∙ 𝑢 ∙ 𝑡 𝑡 , where u1 is the 118 

average velocity of the precursor film moving across E1. 119 

When the precursor film is between E1 and E2, 𝑉 ∙ 𝜈 ∙ 𝑅 ∙ 𝐿 . 120 

When the precursor film start to contact E2, 𝑉 ∙ 𝜈 ∙ 𝑅 ∙ 𝐿 𝑢 ∙ 𝑡 𝑡 . 121 

When the precursor film is above E2, 𝑉 0. 122 

The fitting curve is shown in Supplementary Fig. 13, which is in consistence with experimental 123 

results. 124 


