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C249A Final Exam
Yuto Katsuyama

1. Consider parts of a potential energy surface (PES) where the Born-Oppenheimer approximation
holds true, e.g. B2 being deep in one of the minima with respect to the Sm cation, in SmB2+. What
are those energy values corresponding to every nuclear geometry, which define the PES? In other
words, where do they come from?

()

2. Suppose B2 crosses over from one minimum to the other with respect to the Sm cation, via

vibrational motion, i.e. goes through the part of the PES where the Born-Oppenheimer

approximation breaks down. Write down the full Hamiltonian for the SmB2+ system for this

situation (you can leave the atomic numbers and masses of the Sm and B nuclei as parameters).
)

G2)

3. In Figure 1A, the B2 bond distance remains relatively constant across the “left” local minimum
but changes sharply when the system goes to the “right” local minimum. Rationalize this change
using Figure 1B.

When the Sm-B2 bond is short (less than 2.2 A), the electrons reside in the 3al and 1b1 orbitals
(these are the molecular orbitals between Sm and B2). Therefore, the Sm-B2 bond is covalent at
this time

On the other hand, when the Sm-B2 bond is long (more than 2.2 A), the electrons in the 3al and
1b1 orbitals are transferred to the 1al orbital; the 1al orbital is the molecular orbital between B
and B, and this shortens the B-B distance. In this case, the Sm-B2 bond becomes a more ionic
system.

4. Explain the Raman spectral response to isotope substitution of B (focus specifically on the Alg
line). What is it about this line that suggests that this phonon couples to the electronic
background? Why does it agree with what was predicted from the bonding model?

The line widths of the Eg and T1g phonons increase when the isotopes are mixed, due to increased
disorder in the crystal structure. On the other hand, the line width of Alg does not change after
isotopes are mized. The shape of Alg is asymmetric and is called “Fano-shaped,” which is typical of
the coupling of continuum phonons with interband excitation of electrons in underlying Sm

This is consistent with the proposed bonding model, since the stretching of the B-B bond is linked
to the electronic interaction between Sm and B2, which determines the valence of Sm
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