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APPENDIX A 

Ethylene glycol solvent was selected because it can be used as reducing agent 

at near boiling point (198C).  At 170 C, it will change to acetaldehyde and water as 

shown in equation 1. The acetaldehyde can reduce metal ions to metal alloy and 

change to diacetylas shown in equation 2[61]. 

CH2OH-CH2OH  CH3CHO + H2O       (1) 

2M++ 2CH3CHO2M0 + CH3COCOCH3 + 2H+     (2) 

 

 
 

This figures showed FTIR spectrums from ethylene glycol,ethylene glycol 

after microwave with copper, and ethylene glycol after reflux with copper. The 

ethylene glycol after microwave and reflux were detected the band at 1741.68 cm-1. 

The band was corresponded to vibration of C=O stretch. It confirm that after reaction 

was foundC=O functional group from diacetyl. 
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APPENDIX B 

The Standard Reduction Potentials form http://www.webelements.com 

 

Pt2+ + 2e-Pt E0= 1.188 

Cu2+ + 2e- Cu E0= 0.34 

Co2+ + 2e- Co E0= - 0.28 

Ni2+ + 2e- Ni E0= - 0.257 

Fe3+ + 3e- Fe E0= - 0.04     

Cr3+ + 3e- Cr E0= - 0.74     
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APPENDIX C 

Joint committee on powder diffraction standard 
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PatentNumber 5,178,971 

 
 
PtCuNi 2:1:1 
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PtCuNi6:1:1 

 
PtCoCu 2:1:1 
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APPENDIX D 

Weights of catalyst on carbon supporter were loading on membrane by spay technique 

 

Weights(mg/cm2) Anode Cathode 

STD 4.8 4.8 

PtCuNiN2Na 9.2 6.5 

PtCuNiN6Na 3.2 7.5 

PtCuNiN2Re 6.6 4.3 

PtCuNiN6Re 5.3 6.0 

PtCuNiV2Na 6.7 3.7 

PtCuNiV6Na 5.9 5.3 

PtCuNiV2Re 9.0 4.0 

PtCuNiV6Re 8.7 2.6 
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