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SI 1. Preparation of S-SWCNTs: 

Water-soluble S-SWCNTs (2.6 mg/mL) were prepared by a microwave treatment of SWCNTs in a 

(1:1) mixture of 98% H2SO4 and 70% HNO3 using 60% power of a total 700 watts for 5 minutes. After 

the microwave treatment, the content was filtered through a 0.2 µm PTFE membrane and excess acid 

was removed by dialysis using deionized water until the pH of the solution became neutral.
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SI 2. Pretreatment of membranes: 

 Membranes were first boiled in a 3% H2O2 solution for 1 hour in order to remove organic 

impurities, followed by 1 hour boiling in De ionized (DI) water to remove excess H2O2. Subsequently 

these membranes were boiled in 0.5 M sulfuric acid for 1 hour to protonate the membranes followed 

by treating with boiling DI water to remove extra sulfuric acid. Finally these membranes were stored 

in DI water at 15 oC till before experiment.  
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SI 3. MEA fabrication: 

 Two carbon cloths (2x2 cm2) were made hydrophobic by immersing in 5% Teflon emulsion for 30 

minutes followed by air drying. These clothes were then heat treated at 350 oC for 5 hours and the 

Diffusion layer was prepared by brushing a mixture of Vulcan XC 72 carbon and PTFE followed by 

annealing at 350 oC. 

 The catalyst ink was prepared by mixing 20% Pt/C and 5% nafion solution in isopropyl alcohol 

using an ultrasonicator. The resulting ink was brushed on the diffusion layer until the loading level 

reached 0.5 mg/cm2 for Pt and 0.6 mg/cm2 for nafion respectively. Finally a small layer of nafion was 

applied on the catalyst layer and these electrodes were hot pressed with the membrane uni-axially at a 

temperature of 120 oC using a compaction load of 1 ton for 5 minutes. This MEA was used for all the 

fuel cell experiments. 
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SI 4. Impedance analysis of Nafion/pristine SWCNT: 

 Figure S1 shows the Arrhenius plot of Nafion 1135 and Nafion/pristine SWCNT (p-SWCNT) 

composite membranes. From the plot we can clearly see that both the membranes show almost same 

proton conductivity values at all temperatures. This result is in perfect agreement with those of Liu et 

al regarding the use of CNT/nafion composite membranes for fuel cell electrolyte applications.  

 

Fig S1. Temperature dependant ionic conductivity of nafion 1135 and Nafion/p-SWCNT composite 

membrane.  
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SI 5. DTG analysis: 

 Figure S2 shows the superimposed DTG curves for nafion 1135 and nafion\S-SWCNT composite. 

Separate decomposition profile of nafion and S-SWCNT sulfonic acid groups can be observed in the 

region of 300 to 400 oC for the composite membrane while only one peak is observable for the core of 

Nafion 1135 membrane. A two-stage disintegration of side chain polyether groups and poly 

tetrafluoroethylene backbone in nafion membrane is indicated by the doublet in the region of 400 to 

525 oC.  However, this doublet is merged in the case of the composite membrane perhaps, due to the 

overlap of SWCNT decomposition and the possible acceleration by this process. 

 

 

 

 

 

 

 

 

 

 

 

Figure S2. Differential Thermogram of Nafion 1135 and Nafion/S-SWCNT composite membrane 
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SI 6. Mechanical stability analysis: 

 All mechanical stability measurements were performed on a microtensile meter,(linkam, using 

Linksys 32 model) at 23 oC, and the measurements have been repeated for six samples (25 mm x 6.5 

mm) for reproducibility. Fig. S3a shows a typical plot of stress Vs strain for Nafion 1135 and 

Nafion/S-SWCNT composite membranes, indicating the respective changes in the modulus (10.3 for 

Nafion 1135 and 7.6 MPa for Nafion/S-SWCNT). However, the yield point of our composite is found 

to be surprisingly improved as compared to that of nafion 1135 (Fig. S3b) and further experiments are 

in progress to investigate the details. 

 

Fig S3. a) Linear fitted stress stain plot for commercial Nafion 1135 and Nafion/S-SWCNT 

membranes respectively. b) Stress stain plot for the commercial Nafion 1135 and Nafion/S-SWCNT 

membranes till the yield point. 


