
CHEM302: Final Exam Name:

1. Why are calculated vibrational frequencies almost always higher than the actual fre-
quencies?

2. Why is it necessary to compute the Hessian matrix when attempting to calculate the
enthalpy of a molecule with an ab initio method?

3. The energy returned from most ab initio calcualtions is a large, negative number.
What is the zero of energy for most ab initio calculations and how does that explain
this observation?

Spring 2010 1



CHEM302: Final Exam Name:

4. A typical carbon-carbon single bond is 1.4 Å. How many meters is that?

5. The Hamiltonian for a molecule is given by
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in atomic units.

(a) What is the meaning of each of the five terms?

(b) Why are the sums in the last two terms
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6. In your own words, describe the Born-Oppenheimer approximation and its importance
to computational chemistry. Also, give a situation where the Born-Oppenheimer ap-
proximation may lead to significant error in a calcualtion.

7. The solution to the equation ĤΨ = EΨ is for multielectron systems is complicated by
the fact that Hamiltonian (especially the electron-electron interaction) depends on the
wavefunction. Explain how the self-consistent field procedure overcomes this issue.
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8. What is the connection between the Pauli Exclusion Principle and the use of Slater
determinants to express electronic wavefunctions?

9. Atomic orbitals are not Gaussians. Atomic orbitals have a cusp at the nucleus, Gaus-
sians do not. Atomic orbitals go to zero like e−r as r → ∞, Gaussians go to zero like
e−r2

as r → ∞. Why then are Gaussian basis functions used in so many electronic
structure calculations? How do Gaussian basis sets address these deficiencies?

10. What is the advantage of a split-valence double-zeta basis set over a full double-zeta
basis set?
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11. Compare and contrast the 6-31G basis set and the 6-311+G(d,p) basis set.

12. Calculations involving atoms in the fourth period and beyond are potentially very
expensive due to the large number of core electrons and the large number of basis
functions required to describe these core electrons. Suppose you are interested in
a system involving atoms in the fourth period and beyond. Discuss approaches to
handling this problem.

13. If a molecule has two unpaired electons, like O2, what is the value of the multiplicity
we should specify when trying to do an electronic structure calculation of the ground
state of such a system. Explain how you computed your answer.

14. Why is it a good idea to calculate the Hessian matrix at a stationary point even if you
don’t care about the vibrational frequencies?
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15. Write down all of the calcualtions one would have to perform to compute the enthalpy
of a molecule using the MP2/6-311+G(2df,2p)//HF/6-31+G(d,p) model chemistry.

16. What is the advantage of using a model chemistry such as MP2/6-311+G(2df,2p)//HF/6-
31+G(d,p) to compute the enthalpy of a molecule as opposed to just using MP2/6-
311+G(2df,2p) alone?
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17. There are a plethora of density functionals to choose from, e.g., BLYP, PBE, TPSS,
BMK. Why are there so many choices and what are you changing when you change
functionals?

18. BMK is an example of a hybrid meta-GGA. What does “hybrid meta-GGA” mean?
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19. What is the Polarizable Continuum Method and what is its purpose?

20. Give an example of a situation where an implicit solvation method will fail to give a
good answer. Discuss methods to overcome this deficiency of the model.
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