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Several results are presented on how anions affect the 
electrochemical oxidation of oxygenated organic 
molecules.  Some results are contrary to the current 
understanding of the effects of anions and anion 
adsorption on reaction pathways [1-5].  These results 
include ways anions affect reactions mechanisms that are 
different from geometric properties [6] and from blocking 
reaction sites [1], and demonstrating that increasing the 
solution’s overall anion adsorption strength can increase 
the efficiency of reactions.  Evidence is also presented 
that supports the idea that anions can produce an effect 
similar to that contained in the bifunctional theory [7-9] 
which describes how adatoms enhance reaction.  The 
results are obtained through straightforward applications 
of simple electrochemical techniques and using 
techniques from nonlinear chemical dynamics [10-11].  

The electrolyte has a direct effect on the 
efficiency of the electrochemical oxidation of oxygenated 
organics including fuel-cell reactants [1].  The anion 
adsorption strength is an important quantity in judging the 
viability of an electrolyte that includes a specific anion.  It 
follows from the current understanding and theories that 
the properties of the electrolyte improve as the anion 
adsorption strength decreases; the lower the anion 
strength the better the electrolyte.  Chlorate anions have 
one of the lowest adsorption strengths and that is why 
perchloric acid is usually the electrolyte of choice amount 
researchers.   

Instabilities that result from varying the fraction 
of an anion are characterized. Varying another anion in 
another limit can produce similar instabilities.  These and 
other experiments show that anion adsorption strength is 
not responsible for these changes.  Instead, it is the 
interaction of anions with other anions and the chemical 
interaction with other surface species that play the 
dominant role.  

Results from both current control and potential 
control experiments show that an electrolyte can be made 
to make a reaction more efficient by increasing its overall 
anion adsorption strength.  Under other conditions, 
reactions are made less efficient by decreasing the overall 
anion adsorption strength.  These results are contrary to 
the present understanding of the effects of anions.  The 
results depend on the anions.  Increasing the fraction of 
sulfuric acid in a perchloric acid sulfuric acid electrolyte 
can increase the efficiency of a reaction.  However, 
increasing the fraction of phosphoric acid in an perchloric 
acid –phosphoric acid electrolyte mixture seems to only 
decrease efficiency.  The results also depend on the 
organic being oxidized. Increasing the fraction of sulfuric 
acid in a perchloric acid - sulfuric acid electrolyte can 
increase the efficiency of the oxidation of formic acid but 
this increase does not appear to increase the efficiency of 
the oxidation of methanol.  The efficiency of methanol 
oxidation is increased if the (hydrogen) sulfate anions are 
replaced by fluoroborate ion.  
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