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Planck’s constant 6.6 x 10 Is
FElectron mass 9.1x 10 Kg
Light speed 3.0x 108 m/s
Typical C-C bond length 1.54 A

Typical C=C bond length 1.34 A

1. (30%) Suppose the volume of an ideal gas system expand reversibly and that there
is no energy as heat flows into or out of the system during the expansion. Prove that
the correct relation of the initial (By, V1,.T)) and the final (P, V3, T,) states of the
system is given by the following equation:
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2. (40%) Consider the 7 electrons and the relevant-molecular orbitals of butadiene
molecule ONLY:
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(a) Draw the HOMO and LUMO orbitals. [10%]
n’h®

(b) The energy level of a particle in a one-dimensional box of length Lis E, = P
m

Based on the model of particle-in-a-box, estimate the longest wavelength for the
electronic absorption spectrum of butadiene. [30%]

3. (30%) Explain the principles of nuclear magnetic resonance.
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