Marcus equation solutions for exergonic reaction

Reactants - exergonic
Products - exergonic

Energy (eV)

Reaction cordinate

The parabolic equation for the reactants:
E = kR(x_xA)2 +E, (1)

The parabolic equation for the products:
E = kP(x_x3)2 +E, (2)

Solve for the energy of activation for the exergonic reaction, AG"., using equation (1),
points {xc, E"}, {xg, hextEr} and equation (2), point {xc, E*}:

1) Substitution of point {x¢, E*} into equation (1):

E"=k,(x.—x,) +E,

Substitute : x, = x" + x,

E' =k (x" +x,)~x,)" + E,

E"=k,(x")’ +E,

Substitute : AG!. = E* —E,

E'—E, =AG) =k (x")’

i1
x' = (_AGex )2
kR
i) Substitution of point {xp, AextEr} into equation (1):

Ao + Ep =kp(xy = xA)2 + Ep
Substitute Q0 = x,; — x,

/’i’ex = kR(Q)2

/’Lex %
0= ()



iii)

Substitution of point {x¢, E*}into equation (2):
E* =k,(x. —x,)* + E,
Substitute : x. = x" — x

E' —E, =k, (2" —x,) = x,)°
Substitute : Q = x, — x
E*—E, =k,(x* - Q)?
Substitute : E, = E, — AE

E* —(E, - AE)=k,(x* - 0)}
Substitute : AG.. = E* - E,,
AG! + AE =k, (x" - Q)’
From(i) & (ii)above
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Assume : k, =k,
1
AG! + AE = (AG! —2(A,AG')* +4,)
1

AE =-2(A, AG!)? + A,

aG? = P ~AE)°
ex 42’&’6

Substitute : AE = —AG .

AG# _ (//{’ex + AGSX)Z
“ 4

ex



Marcus equation solutions for endergonic reaction

Reactants - endergonic
Products - endergonic

Energy (eV)

Reaction cordinate

The parabolic equation for the reactants:
E=ky(x—x,)"+E, (1)

The parabolic equation for the products:
E=kp(x—x,)" +E, (2)

Solve for the energy of activation for the endergonic reaction, AG".,, using equation (1),
points {xc, E*}, {xg, AentEr} and equation (2), point {xc, E"}:

v) Substitution of point {x¢, E*} into equation (1):
E" =k,(x.—x,) +E,
Substitute : x, =x" +x
E" =k, (x"+x,)-x,) +E,
E"=k,(x")+E,
Substitute : AG! =E* - E,
E'—E, =AG] =ky(x")?
x* = (ﬂ)%
kR
V) Substitution of point {xg, Aey+Er} into equation (1):
Aw TEp =kp(xp -x,)’ +E,
Substitute: Q =x, —x

ﬂ‘en = kR (Q)Z

//i’en %
Q= (E)



vi)

Substitution of point {x¢, E*}into equation (2):
E" =kp(xc —x,) +E,

Substitute : x. = x" +x,,

E'—E,=ky((x" +x,)-x,)°

Substitute : Q = x, —x,,

E'-E, =k,(x" - Q)

Substitute : E, = E, + AE

E' —(E, +AE) =k, (x" ~0)’

Substitute : AG! =E" - E,

AG!, — AE =k, (x* ~ Q)

From(i) & (ii)above
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Assume : k, =k,
1

—2(A4,AG*) +A,)

en

AG! — AE = (AG?

en
1

—AE =-2(A,AG* )2 + 4,

AG# — (/Ien +AE)2
“ 42

en

Substitute : AE = AG",
_ (/Ien + AGc?n)z
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