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1. Zeta potential of GO colloids. 

We test the surface charge of GO nanosheets in neutral colloids (0.1 mg mL−1). The 

zeta potential of GO colloids is −43.3±2.3 mV, which confirm the negatively charged 

property in water [1] (Figure S1).  

 

 

Figure S1. Zeta potential of GO nanosheets in neutral colloids (0.1 mg mL−1).  

  



2. Characterization of the CA membrane.  

The properties of CA membrane were investigated. Surface contact angle 

measurement on CA membrane shows a hydrophilic surface (59.2o, Figure S2). SEM 

observation on the surface and cross section of the CA membrane show porous 

structure with pore size of hundred nanometers (Figure S3). The thickness of the CA 

membrane is about 100 μm.  

 

Figure S2. Contact angle of CA membrane.  

 

 

Figure S3. SEM observation on the surface (a,b) and cross section (c,d) of the CA 

membrane show porous structure. 

  



3. XPS analysis of GO membrane.  

To estimate the oxygen containing functional groups on GO sheets, the GO 

membrane was measured using X-ray photoelectron spectra (XPS). From the XPS 

survey spectra, the C/O ratios was calculated to be 1.6. XPS analysis of the C 1s 

spectra indicate that the as-prepared GO nanosheets contains four types of carbon 

bonds: C=C (284.7 eV), O=C−OH (288.9 eV), C−O (286.8 eV), and C=O (287.6 eV) 

[2, 3] (Figure S4 and Figure 2d).  

 

 

Figure S4. XPS survey spectra  of the GO membrane, implying the existence of 

oxygen functional groups on the surface.  

  



4. Stabilization of GO-CA membranes in water.  

We tested the stability of the GO-CA membrane in water and ionic solutions. The 

as-prepared GO-CA membrane keeps intact in water for more than 8 days (Figure S5). 

Moreover, the morphology of GO-CA membrane before and after test are observed, 

the membrane keeps intact after test for 12h (Figure S6). 

 

Figure S5. The stability of GO-CA membrane in water, KCl and NaCl solutions.  

 

 

Figure S6. The morphology of GO-CA membrane (a) before and (b) after test for 

12h. 

  



5. Equivalent circuit.  

The recorded open circuit voltage (Voc) is composed of osmotic voltage (Vos) and 

redox voltage (Vredox), Figure S7 shows the equivalent circuit diagram. 

 

 

Figure S7. Equivalent circuit of ion transport through the GO-CA membrane. The Voc 

is composed of Vos and Vredox.  

  



6. Membrane thickness dependence of the power density.  

We test the power density of GO-CA membranes with various thickness. GO-CA 

membranes with different thickness were prepared by varying the loading of the GO 

dispersion. The power density is obtained from the 0.01 M/0.5 M NaCl system with a 

resistance of 51 kΩ. A typical result is shown in Figure S8, when the thickness is 

lower than 3.6 μm, the output power density increases with the membrane thickness. 

While the power density decreases when the membrane thickness is higher than 3.6 

μm.  

 

Figure S8. Membrane thickness dependence of the power density.  
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7. Comparison with other membranes.  

We compared the GO-CA membrane with other membranes in literature and 

commercial anion exchange membranes (Table S1). The transference number and 

resultant output power density of the GO-CA membrane at high temperature is higher 

than the performances of some state-of-the-art nanostructured membranes and 

commercial anion exchange membranes.  

 

Table S1. Power generation performance of GO-CA membrane compared with 

state-of-the-art nanostructured membranes and commercial anion exchange 

membranes. 

Membrane type Transference 
number 

Power density 
(W/m2) Reference 

This work 0.95 0.55 - 

State-of-the-
art 

nanostructur
ed 

membranes 

Polymeric Carbon 
Nitride Membranes - 0.21 Angew. Chem. Int. Ed. 

2018, 57, 10123-10126 

Ionic Diode 
Membrane 0.8 3.46 

J. Am. Chem. Soc. 
2014, 136, 

12265-12272 

Nafion-filled PDMS 
microchannels 0.92 0.755 Micromachines 2016, 7, 

205 

BCP-coated PET 
conical nanochannels 0.93 0.35 

J. Am. Chem. Soc. 
2015, 137, 

14765-14772 

Commercial 
anion 

exchange 
membranes 

Ionsep (Iontech, 
China) - 0.131 

J. Am. Chem. Soc. 
2015, 137, 

14765-14772 

Neosepta (Tokuyama 
Corporation, Japan)  - 0.115 

Qianqiu (Hangzhou 
QianQiu Industry Co., 

China) 
- 0.106 

 



The value of transference number (t+) can be obtain [4]:  

2𝑡ା − 1 = ாವ೔೑೑ೃ೅೥ಷ୪୬ (ಋ಴ಹిಹಋ಴ಽిಽ )           (1) 

where R, T, z, F, γ, CH, and CL represent the ideal gas constant, Kelvin temperature, 

charge valent, Faraday constant, activity coefficient of ions, high and low ion 

concentrations, respectively. For example, under a concentration gradient of 10-fold 

(10-6 M/10-5 M KCl), the diffusion potential was measured to be 52 mV, The value of 

t+ can be calculated to be 0.95. 
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