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1. (40 points) Define and/or characterize

a. Normal coordinate

b. Trace of a matrix

c. A (mathematical) group
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f. Order of a group

e. The five symmetry elements
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g. Huckel approximation
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h. Matrix representation of a group.
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2.( 15 points)
a. How many normal modes of vibration does trans-dichloroethene have?

b. Determine their symmetries.
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3. (15 points) The allyl radical, C3H5 has C2v symmetry and three pi electrons in three
atomic pi orbitals.

a. Determine the characters of the reducible representation generated by these
orbitals.

b. Decompose this reducible representation into its irreducible components.
c. Using the generating (projection) operator method determine the linear

combination of these atomic orbitals that belong to these irreducible representations .
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4. C15 points)
a. Calculate the Huckel energy levels for the cyclo-octatetraene molecule, CgHg.

b. What is the pi electron energy of cyclo-octatetraene?

c. Calculate the delocalization energy of cyclo-octatetraene

Keep in mind the formula: Ell = a + 2/1 cos ( 2;n) ;N = 0, ±1, ±2,"', %
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5. (15 points) Given the two orbitals (jJ1 = P; cos rjJ + P; sin rjJ and (jJ2 = - Px cos rjJ + P; sin rjJ

Express the overlap integral as a function of rjJ
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o

= - ~f'l'P~~fJ'::?~lr..,J\\~~'~:~¥\c)dl: -S?~~~?d.1.
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