[image: image1.png]3. Hydrogen chloride is an ionic molecule held together by the electrostatic attract:
Hand CI'. Assume the heavier Cl is stationary and the H ion orbits around it at a
radius r. The electrostatic potential energy of the system includes the Coulomb
attraction, and also, at small r, a strong Coulomb repulsion between the positively
charged nuclei. The repulsive term is found empirically to vary as r . The total
potential energy of the system can then be written as:
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where A is to be determined.
a) Show that there is a radial separation, r = R, where the potential is minimum,
and find the value of R in terms of the other constants. If we consider this as the

stable position of H, we may think of R as the inter-atomic spacing.

b) Show that for small radial oscillations of the H atom about this minimum, the
motion will be simple harmonic, with frequency:
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¢) The H and Cl ions form a dipole, and oscillations of the separation distance will
cause a harmonic variation in the dipole moment. Later in the course we will see
that a harmonically varying dipole moment emits electromagnetic radiation at

the oscillation frequency. It is found that HCI indeed emits infrared light at
approximately 10" Hz. Use this fact to find the approximate inter-atomic

spacing, R, in HCI




[image: image2.png]d) Find A. If you have plotting tools, graph the function. Verify the
existence of a minimum at your value of R.




(Please show each step of your solution and FINAL ANSWERS. Thank you.)

