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Nanoparticulate 
    Pt Catalysts4

The Cu(I) catalyzed ‘click’ reaction was discovered concurrently and 
independently by the Sharpless and Meldal groups in 2002.6 It is chemoselective
for terminal acetylenes and azides and reacts quickly under mild conditions (< 1 
hour for surface reaction).  The resulting triazole linker is oxidatevely and 
reductively robust and provides electronic coupling similar to that of an ester.

We have previously used the reaction to covalently attach electroactive molecules 
to pyrolized carbon photoresists.7 We have now covalently attached a 3-ethynyl-
phen to a commerical EPG electrode via the ‘click’ reaction.
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Fungal laccase enzymes provide biological precedent for 
molecular Cu catalysts for the 4-electron reduction of O2
to H2O.1  They reduce O2 directly to water at a trinuclear 
copper site at overpotentials as  low as −40 mV from the 
thermodynamic potential of O2 reduction at pH 7.1
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Heller and colleagues have recently reported high current densities of ca. 5 mA/cm-2 at  
overpotentials of only −70 mV from the thermodynamic potential of O2 reduction with specially 
designed laccase modified electrodes at pH 5.3 This current density corresponds to a turnover 
rate of 2.1 O2 reduced per laccase s−1, or 0.7 O2 per Cu s−1.  

In constrast, Pt nanoparticulate catalysts reduce O2 with rates of about 0.25 O2 per Pt s−1 at 
overpotentials of −350 mV.4
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Future effort toward efficient O2 reduction will emulate the trinuclear laccase center using highly 
preorganized polynucleating ligands.  The ligand is formed by the reductive amination of an 
alkyl diamine with an aryl dialdehyde.  Equimolar amounts of these two reagents 
spontaneously form macrocyclic structures capable of holding two or three metals in close 
proximity. 

Because a variety of diamines and dialdehydes are available, this strategy allows a modular 
search for a coordination environment that facilitates dioxygen reactivity.
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Click-ready dialdehydes
are accessible from 
commercial starting 
materials in three steps.
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Cu complexes of 1,10-phenanthroline (phen) derivatives 
have been shown to catalyze the 4 e− reduction of O2
when adsorbed onto edge-plane pyrolitic graphite (EPG) 
electrodes.4

Cylcic voltammograms (shown below) of some Cu 
complexes adsorbed onto EPG were taken under an N2
purge (       ) and in air-saturated solutions (       ).

Under N2, the peaks are due to the reduction and 
Oxidation of the Cu-center.

The large reduction current in the air-saturated 
solution is indicative of the catalytic O2 reduction.

The onset of the catalytic current occrus at or 
negative of the onset of the CuII redcution to CuI, 
suggesting the CuII reduction precedes O2
reduction.  Thus, the O2-reduction potential can be 
shifted by changing ECu.

The rate of O2 reduction can be determined by 
rotating disk voltammetry. From this technique can 
be measured the number of electrons (n) in the 
reduction and the rate of the O2 reduction in the 
absence of mass-transfer effects.

The O2-reduction rates for three Cu complexes are 
shown right.  The vertical bars are ECu for the given 
complex.  The dashed curves are the expected rates 
of O2-reduction if O2 binding were rate limiting.

This suggests that there is some electron-transfer 
step that limits the rate of O2 reduction.  This step 
may be the reduction of a Cu-bound partially-
reduced oxygen species.

The magnitude of the overpotential decreases as electron withdrawing groups are added to the phen-backbone remote 
from the Cu-binding site and as the size of the substituents adjacent to the Cu-binding site increases.  The steric effects 
near the Cu-binding site and the electronic effects remote from the Cu-binding site can be combined, as in the case of 5-
NH2-2,9-Me2-phen and 5-NO2-2,9-Me2-phen.

The rate of O2 reduction (measured at ECu) 
decreases as the magnitude of the overpotential 
decreases.  Theres is no catalytic current 
expected for mononuclear Cu complexes with 
overpotentials more positive than −590 mV.

Synthetic multinuclear Cu complexes in which 
two or more metal centers are situated such that 
they can interact with O2 simultaneously may 
efficiently catalyze the reduction of O2 at more 
positive overpotentials.

Cu(3-ethynyl-phen) is covalently attached 
to an EPG electrode.

The blue dotted line is the C.V. of the bare 
EPG background.

The ECu of the ‘clicked’ complex is at an 
overpotential of −640 mV vs. NHE,  275 
mV more positive than that of adsorbed 
Cu(phen).

Kinetic studies have shown no catalytic 
activity at ECu, but O2 turnovers of ca. 0.25 
O2 Cu−1 s−1 at an overpotential of −740 
mV.
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