
OUTER SPHERE ELECTRON 

TRANSFER 

    How does an electron get from one metal to another?  This might be a more 

difficult task than it seems.  In biochemistry, an electron may need to be transfered a 

considerable distance.  Often, when the transfer occurs between two metals, the metal 

ions may be constrained in particular binding sites within a protein, or even in two 

different proteins. 

   

    That means the electron must travel through space to reach its destination.  Its 

ability to do so is generally limited to just a few Angstroms (remember, an Angstrom 

is roughly the distance of a bond).  Still, it can react with something a few bond 

lengths away.  Most things need to actually bump into a partner before they can react 

with it. 

   This long distance hop is called an outer sphere electron transfer.  The two metals 

react without ever contacting each other, without getting into each others' 

coordination spheres.  Of course, there are limitations to the distance involved, and the 



further away the metals, the less likely the reaction. But an outer sphere electron 

transfer seems a little magical. 

  

Barrier to Reaction: A Qualitative Picture of Marcus Theory 

   So, what holds the electron back? What is the barrier to the reaction?  

   Rudy Marcus at Caltech has developed a mathematical approach to understanding 

the kinetics of electron transfer, in work he did beginning in the late 1950's.  We will 

take a very qualitative look at some of the ideas in what is referred to as "Marcus 

Theory".  

   An electron is small and very fast.  All those big, heavy atoms involved in the 

picture are lumbering and slow.  The barrier to the reaction has little to do with the 

electron's ability to whiz around, although even that is limited by distance.  Instead, it 

has everything to do with all of those things that are barely moving compared to the 

electron.  

   Imagine an iron(II) ion is passing an electron to an iron(III) ion.  After the electron 

transfer, they have switched identities; the first has become an iron(III) and the second 

has become an iron(II) ion.  

   Nothing could be simpler.  The trouble is, there are big differences between an 

iron(II) ion and an iron(III) ion.  For example, in a coordination complex, they have 

very different bond distances.  Why is that a problem?   Because when the electron 

hops, the two iron atoms find themselves in sub-optimal coordination environments. 

Source: http://employees.csbsju.edu/cschaller/Reactivity/redox/ROoutersphere.htm 

http://en.wikipedia.org/wiki/Rudolph_A._Marcus
http://www.cce.caltech.edu/faculty/marcus/index.html

