Simons Problems 3: These problems are best discussed once you have learned the Slater Condon rules.

In describing intramolecular electronic excitation transfer from a donor (D) part of a molecule through a so-called bridge (B) portion and onto the acceptor (A) part of the molecule, one has to consider the couplings among various electronic states including:

1. An initial state in which the donor is electronically excited. For example, 

y1 = |aaabbbbdd*| representing a state in which the donor is in the dd*triplet excited state, the bridge is in the bbbsinglet ground state, and the acceptor is in the aaab singlet ground state (here a and a* represent acceptor bonding and antibonding orbitals, b and b* denote corresponding bridge orbitals, and d and d* are the donor bonding and antibonding orbitals), 

y2 = |aaabbb*dd| representing a state in which the donor is in the ddground state, the bridge is in the bb*triplet state, and the acceptor is in the aaab singlet ground state

y3 = |aaa*bbbdd| representing a state in which the donor is in the ddground state, the bridge is in the bbbsinglet ground state, and the acceptor is in the aaa* triplet state.

The rate of excitation transfer from the donor to the acceptor is expressed in terms of a product of two Hamiltonian coupling matrix elements < y3|H| y2> < y2|H| y1> (and an energy denominator that we are not dealing with here). 

1. Use the Slater-Condon rules to express < y2|H| y1> in terms of one- and two-electron integrals involving the orbitals a, a*, b, b*, d and d*; carry out the spin integrations to obtain a final result involving only integrals over spatial coordinates. How (i.e., exponentially, R-3, R-6, or what?) do you think this coupling matrix element will depend on the distance R between the donor and bridge orbitals?

2. Use the Slater-Condon rules to express < y3|H| y2> in terms of one- and two-electron integrals involving the orbitals a, a*, b, b*, d and d*; carry out the spin integrations to obtain a final result involving only integrals over spatial coordinates. How (i.e., exponentially, R-p where p is some power, or what?) do you think this coupling matrix element will depend on the distance R between the acceptor and bridge orbitals?
3. See if you can formulate what y1 , y2 , and y3 and < y2|H| y1> are if the energy transfer involves a singlet rather than a triplet excitation. 
