Prof. Sighart F. Fischer, Smoluchowski Lectures in Biophysics 2007, Exercises 6.

Problem 3: Light harvesting complex

The circular light harvesting complex of the bacterium Rhodopseudomonas aci-
dophila consists of 9 Bacteriochlorophyll dimers in a Cy-symmetric arrangement.
The two subunits of a dimer are denoted as o and 3 . The exciton Hamiltonian
with nearest neighbour interactions only is (with the index n taken as modulo 9)

9
H = Z{Ea|n;a ><n;al + Egn; B ><n; Bl + Vi (In; o >< n; B + h.c.)+

n=1
+Vsai(ln —Lia><n; B[+ [n; f ><n+ 10|}

Transform the Hamiltonian to delocalized states

9 9

|k; o0 >= %;eik"ﬂn;a > |k 0 >= %;ei’mﬂn;ﬁ >
k=0,+1,42 43,44 ¢ =21/9
(a) Show that states with different k-values do not interact
<K, a(B)|H|k,a(B) >=0 ifk#FK
(b) Find the matrix elements
Hoo(k) =< kjalHlk;a > Hpg(k) =< k; BIH|k; B> Hap(k) =< k; a|H|k; 5 >
(c) Solve the Eigenvalue problem

(i) mom ) (&) =mem (&)

(d) The transition dipole moments are given by

sin@ cos(¢a — v + no) sin@ cos(¢p + v + no)
fina = || sind sin(¢, — v+ no) fing =p|| sind sin(¢g + v+ no)
cos 6 cos ¢

v =10.3° g = —112.5%, ¢ = 63.2° ,0 = 84.9°.

Determine the optically allowed transitions from the groundstate and calculate the
relative intensities
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Problem 1: Absorption spectrum

Within the Born-Oppenheimer approximation the rate for optical transitions of a
molecule from its ground state to an electronically excited state is proportional to

a(hw) =Y Pl <ilulf > [*6(hw — hwy + hw;)
i’f

Show that this Golden rule expression can be formulated as the Fourier integral of
the dipole moment correlation function

1 —iwt
57 dt e < p(t)p(0) >

and that within the Condon approximation this reduces to the correlation function
of the nuclear motion.

Problem 2: Photosynthetic Reaction Center

The “special pair” in the photosynthetic reaction center of Rps.viridis is a dimer of
two bacteriochlorophyll molecules whose centers of mass have a distance of 7A. The
transition dipoles of the two molecules include an angle of 139°.

P N
o 7A Hp

Calculate energies and intensities of the two dimer bands from a simple exciton

model A
A2V
= < VA2 >

as a function of the energy difference A and the interaction V. The Hamiltonian is
pepresented here in a basis spanned by the two localized excited states |A x B >
and |Bx A >.





