Here are some questions from previous exams that would be fair game this year:
1. (5 minutes) Add pairs of dots and necessary formal charges below to complete two different plausible Lewis structures for cyanic acid (HNCO).  Underline the one you think is a better structure and say why you think so.

[image: image1.wmf]
3.  (4 min) Explain why X-ray scattering [in 2 dimensions] by an evenly spaced row of atoms gives tiny dots at specific angles, rather than broad peaks spread over a range of angles.

4.  (6 min)  How did scientists create the following diagram for half of an aromatic benzene ring?              (i.e. what experiment and calculation was necessary?)

                   What does the diagram show in general about the nature of bonds?
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5.  (2 min) What is a quantum-mechanical wave function a function of (i.e. what are its independent variables and how many are there)?

6. (4 min)  List the conditions a wave function must satisfy in order to solve the Schrödinger equation.

7. (6 min) Suppose cos(ax) solves the Schrödinger Equation for a particle in one dimension. 

a)  From cos(ax) determine mathematically the kinetic energy as a function of position.

b) Explain mathematically how the total energy varies with 1/a, the wavelength of the function.

8.
The curve below is Psi, a solution to the Schrödinger equation for a familiar type of potential energy function. The horizontal line is at a Psi value of 0. The function continues to the right as a sine wave.

A.
(8 minutes) Complete the lower graph by adding a potential energy function that would give this Psi for the total energy shown.  In a few words explain how key features of the energy plot are reflected in features of Psi.
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B. (1.5 minute) Name the potential function and say what chemical phenomenon it could represent. 

C.
(3 minutes) Could other acceptable Psi functions be found with any old nearby energy? Explain. 

2.
(8.4 / 10) Add dots below to give valid Lewis formulae of the two resonance structures of the cation HCNH+ .  Show the location of formal charge.  Beneath each structure indicate one of its good features (e.g. complete octets) and one of its bad features (four features in all). 
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4.
(9.0 / 12)  Why is it difficult or impossible to do each of the following?


A. Use a superpowerful visible-light microscope to locate individual atoms.


B. Use an atomic force microscope to locate individual atoms on the surface of an organic solid.


C. Use x-ray diffraction to locate atomic nuclei directly (rather than inferring their position).

5.
Below left is an electron deformation density (or difference density) map in the plane of a bonded triangle consisting of two carbons atoms and a shaded nitrogen atom.   Other atoms to which they are attached do not lie in this plane.  The contours are drawn at intervals of 0.05 e/Å3.

A.
(3.9 / 6) In the right frame sketch a plausible map of the total electron density in this same plane.

B.
(6 min)  What does the electron deformation density map show about this molecule, and in what ways is what it shows curious?

1.
(3 minutes) Write a valid Lewis dot structure for H2NCN (cyanamide).

5.
(7 minutes)  At the top and bottom of Rosalind Franklin's X-ray diffraction pattern from double-helical DNA are large dark spots.  In terms of the molecular structure, explain the source of these two spots and why they are further from the center of the pattern that the other dark spots. (If you draw a blank on this question, you can describe another feature of the pattern for half credit.) 

6.
(7 minutes)  Draw appropriate horizontal arrows to denote the relationship between the members of the following two pairs of structures.  Explain briefly the meaning of the arrows.
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9.
Below are shown three potential energy functions (as dashed lines) and three superimposed wave functions (as solid lines) that are solutions of the corresponding one-dimensional Schrödinger equations (mass = 1 in each case).  Each half of the two double minimum potentials is identical to a corresponding portion of the single minimum potential (which is for a single bond "harmonic oscillator").   Obviously there is a crude resemblance in shape between a portion of the first wave function and the left half of each of the others.
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A.  (3 minutes) On each potential energy diagram draw a horizontal line denoting the actual total energy.  Explain in a few words, and by drawing on the diagrams, how you decided where to position each line.

B. (9 minutes) The three total energies for the wave functions on the previous page are 3.83, 4.15, and 4.39 kcal/mole, but not necessarily in that order.  Label each diagram with the proper total energy, and explain below in a few words how you decided which is which. [Hint: one approach would be to draw vertical lines bisecting each double-minimum diagram and compare psi functions in the left half with each 


C.  (2  minutes, a challenging question for small credit.  Make sure you've completed the rest of the exam before doing this one.)  Explain why the existence of the second minimum alters the shape of the wave function (and thus the energy) in the first minimum. 
