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1. (847 points)  Briefly describe each of the following revolutionary 20" Century experiments and
the important results obtained from its explanation. Sketch the results obtained and compare with
“classical” predictions.

A. Blackbody Radiation
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2. (5 points each) Consider the (one-dimensional) Quantum Well (or Particle in a-Box) Model for a
confined electron at 1000 K (Energy = k;T):

A. To what length (meters) must the electron be confined for quantum effects to be “appreciable?”
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B. What is the wavelength (m) for the lowest allowed transition for an electron ina 1.00 x 10" m
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Sketch and properly label the wave function for the n = 2 states (for 0 < X < L)).
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D. Why is a cosine function not an acceptable form for the electron wave function?
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3. (5 points each) The wave function of an electron in the ground state of the hydrogen atom is
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A.  What is the probability of finding the electron in a volume of 1.0 pm’ at a distance of 52.9 pm from
the nucleus, in a fixed but arbitrary direction?
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B.  Sketch and label the atomic orbitals corresponding to n =2, £ =1, showing radial and/or angular
nodes.
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C. Arrange the following five atoms or ions in order of size, from the smallest to the largest: K, Rb,
Br, F,Rb".
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D.  Write the electron configuration for iron. Is it paramagnetic?
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4.  (10+5+5+5 points) Consider the bonding in the NO™ anion.

A. Draw and label the appropriate molecular orbital correlation diagram and predict the bond order
and type of magnetic behavior expected.
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B.  Write the electron configuration for the ground state of this ion.
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C.  Write the expression (no explicit functions needed) for the 2p o* antibonding wave function in
terms of atomic wave functions.
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D.  Sketch and label the 2p n* antibonding orbital
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5. (541045 points) Consider the nitrite ion (NO; )

A. Draw an approximate Lewis structure and predict the steric number, geometry, and hybridization
of the central atom.
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B. Draw and label the molecular orbital correlation diagram for the pi electrons, and predict the bond
order and magnetic behavior.
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C.  Sketch and label the n-bonding, n-antibonding, and n-nonbonding orbitals formed from the atomic
p-orbitals. |




