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Experimental Sections 

Characterization 

The morphologies of the nanofibers and membranes were characterized using a scanning 

electron microscope (SEM, Hitachi S-4800, Japan) after 2 min gold coating (E1045, Hitachi ion 

sputter, Japan). Fiber diameter was determined from SEM micrographs using an Image-Pro plus 

analyzer (Ipwin32, Soft Imaging System). The thermal stability of PES and SPES was investigated 

by high resolution thermogravimetric analysis (TGA), which was performed using TGA 

instruments (STA409PC).  

Water uptake (WU) and dimensional swelling (DS) were calculated using the following 

equations:  

WU (%) = (Ww − Wd)/Wd × 100%                   (1) 

DS (%) = (Aw - Ad)/Ad ×100%                     (2) 

where Ww and Wd were the water swollen membrane weight and dry membrane weight and Aw 

and Ad were the water swollen membrane area and dry membrane area, respectively. The proton 



conductivity of samples was measured using four electrodes. The proton conductivity was 

measured by electrochemical impedance spectroscopy using an electrochemical workstation 

(CHI604E) from 0.1 Hz to 100 kHz. The proton conductivity was calculated from the formula: 

σ = L A−1 R−1                                  (3) 

where L, A, and R are the distance between the reference-sensing electrodes, the cross sectional area, 

and the resistance of the membrane, respectively. The methanol diffusion coefficients were 

calculated through the formula:  

                               (4) 

 where CA and CB are the methanol concentrations of methanol side (10 M) and water side, 

respectively; A, L, and VB are the effective area, thickness of the membrane, and volume of the 

permeated compartment, respectively; DK is the methanol permeability; t is the end time, and t0 is 

the start time. Methanol concentration was monitored by gas chromatography (Agilent 7820) 

equipped with a thermal conductivity detector (TCD) and a DB-624 column.  


