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This lab has recently made a series dimait
estimates transition states and activation ene(gig¢gor
elementary charge transfer reactions including, for
example, reduction of Hand oxidation of KHO? bonded
to Pt. These properties were determined at various
electrode potentials. The model assumption usexdtha
the reaction center is an open system undergoargnil
fluctuations. For an electron to transfer to thaction
center (reduction) or from it (oxidation) when the
electrode potential has the valuethe corresponding
electron affinity EA) or ionization potentiall P) of the
reaction center will equalke+ 4.6 eV, where 4.6 eV
connects the standard hydrogen scale (of measutetoen
the vacuum scale of (quantum calculations). Sihees
is an infinite number of structures,, for which the
electron transfer condition is satisfied, it is @egary to
find the lowest energy ong,’, for this structure is the
transition state. Marcus long ago noted this cairgtand
developed his theory for free energies of activafiom
it.®> Once this structure is found, the activation gpeE.,
is then the difference between it's enerfx,) and
precursor energ¥g(x°), wherex® is the structure of the
precursor. In the previous studies the transisiaies
were located by a pattern-search approach to fgtehg
surface of constarifA or IP corresponding to the chosen
electrode potential and the lowest energy poirtho
surface. This is tedious time-consuming proceameh
can be improved.

We have developed a new approach toribigigm
of finding electron transfer transition states gdine
Lagrange method of undetermined multipliérgve find
a stationary point’, in the Lagrangian function

AX, A) = 0(x) - AMy(x) - E(U)] 1)
whereEg(U) is the electron energy and

¢(x) = Eo(X) - Eo(x°) 2
and, for a reduction reaction,

y(x) = Er(X) - Eo(X) 3)
whereEg(X) is the energy of the reduced system and
Eo(X) is the energy of the oxidized system; for an
oxidation reaction, interchange R and O. The dioms
for stationary points are

OA(X)/oA =0 ()
and

OA=0 )

Gradients used in Eq. 5 are calculated by finite
differences.

Directions are chosen so that once #ialin
structure is found, the precursor structure being a

convenient one since it is easily calculated argizeso
activation energy at a well-defined potential, sition
states at new potentials are found rapidly by teepest
decent method. Several iterations are neededhoamsif
Fig. 1 for oxidation of HO bonded to Pt, with five
internuclear distances varied. The starting pisiat the
far right at zero energy; it is the oxidation pneszy.
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Figure 1. Convergence Ey(U) by successive iterations.
The lowest energy points in Fig. 1 arefthal

results of a series of iterations at each chos¢engial.
They are the predicted activation energies forehes
potentials. They and additional results are grdphé-ig.
2 along with results obtained using the pattermedea
approach from Ref. 2. The new application basethen
Lagrange method produces more accurate and uniform
results with relatively little computational effort
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Figure 2. Comparison of pattern-search (openesicl
and current constrained variation results (clasedes).
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