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1) Determine the wavenumber (in cm-1), wavelength (in nm), and energy (in J) for the lowest-energy line in the Paschen series of the hydrogen spectrum.

Useful constants:  Planck constant (h) = 6.626 ( 10-34 J s; Speed of light (c) = 2.998 ( 108 m s-1; Rydberg constant (RH) = 1.097 ( 107 m-1.


(18 points)

2) a. Draw the px, dx2-y2, dxy, and dz2 orbitals.  Show the electron density in reference to suitable axes.

(12 points)

   b.  What is the point group for each orbital in part a.

(8 points)

3) Answer the following questions for each of the three following molecules or ions:

[HCOS]- (C is central) 


SeOF4


[ICl4]-
   a) Write the electronic configuration for the central atom.

(6 points)

   b) Draw the Lewis dot structure.

 (9 points)

   c) Determine the geometry of the atoms comprising the molecule or ion (draw the structure).

(6 points)

   d) Determine whether each compound is polar or non-polar.

(6 points)

   e) Determine the point group for each.

(6 points)

4) “Cisplatin” was declared "the molecule of the week” for the week of 9-17-2001 (last week), according to the web page for the American Chemical Society (www.acs.org).  “Cisplatin” is a common name for cis-Pt(NH3)2(Cl)2, which is a square-planar complex of Pt2+ that is used for the treatment of certain cancers.  The trans- isomer of Pt(NH3)2(Cl)2 is not useful in chemotherapy, however.  

a) Write down the electronic configuration for the Pt2+ ion.

(3 points)

   b) Determine the point group for both the cis- and trans- square planar isomers of Pt(NH3)2(Cl)2.  You may ignore the H atoms for the purpose of point-group determination.

(6 points)

   c) Show how group theory can be used to distinguish between the two isomers based on differences in the vPt-Cl infrared and Raman bands.  That is, determine the irreducible representations that correspond to the Pt-Cl stretching vibrations in each isomer, then determine whether each mode is IR or Raman active, and finally conclude how many vPt-Cl bands are expected in the IR and Raman spectrum of each isomer.

(20 points)

