Chem. 562 Name
Spring 2012

Please put your name on all pages.
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Exam 2

1. This exam contains 7 pages of questions and instructions, two pages of equations and integrals,
and a page of tables.

2. Show your work and make your reasoning clear.

3. You have 1.5 hours to work on the exam.

1. /20
2. /120
3. /15
4. /20
5. 125
Total /100
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1. Answer the following questions about atomic orbitals.

1a. (5 pts.) Draw the 1s radial wavefunction, Ryo(r), and its radial distribution function, P(r).
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1b. (5 pts) Draw the same two plots for the Zp, orbital.
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1c. (5 pts) For the 2p, orbital, calculate the most likely distance from the nucleus that one would
find an electron.
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1d. (5 pts) List all the wavefunctions ¥y, ¢(r,0,¢) that have two nodes (list using n and £)? For each,
specify the number of radial and angular nodes. _
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2. Answer the following questions. No wes f- N tondtrE J‘b Com
2a (10 pts). Write down the full Hamiltonian for H,. How many terms are there? 4 ke + HOPE- 10
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2b (5 pts). In your answer from 2a, which term, do we
when we make the Born Oppenheimer Approx1mat10n'?
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2c (5 pts). Which term do we neglect when we make the orbital approximation?
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3. Answer the following questions about spins.

3a. (5 pts). Consider two electrons that are both in a 1s orbital (e.g. 1s(1) and 1s(2)). Each electron
can be either spin up (a) or spin down (b).
Write 4 wavefunctions that obey the criteria of indistinguishability.

Label each wavefunction as “good for fermions”¥*“good for bosons”, T.
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3b. (5 pts). Consider two electrons, one of which is in a 1s orbital and the other in a 2s orbital.
Write down a valid wavefunction for a triplet state and another for a smglet
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3c. (5 pts). Using your wavefunctions from 2b, calculate the spin selection rule (AS) for
transitioning from a singlet state to a triplet state. Since the space part and spin part of atomic
wavefunctions are separable, the only integral you need to do is over the spin coordinates:

AS = I¢sl¢52drsldrs2
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4. Answer the questions below about a homonuclear diatomic molecule AB.

Consider the 1s atomic orbitals of A and B as shown below, which are plotted on a common x-axis.
Atom A is centered at x=0 and atom B is center at x=R.
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4a. (5 pts.) Write the equation for the 1s, wavefunction between 0<x<R as a function of x (not r!).
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4b. (5 pts.) Write the equation for the 1sg wavefunction between 0<x<R as a function of x.
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4c. (5 pts) Calculate the spatial overlap integral S as a function of R. (Only consider the integral

over the range of 0<x<R.) ;
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4d. (5 pts) The integral S = I AH Bdrt isrelated to an overlap integral. In one sentence, explain
why B+#E, [ ABdz=E,S
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5. Answer the following questions about the molecular orbitals of ammonia. In ammonia, the
nitrogen orbitals 2Sy, 2Py, 2Py, and 2P,x mix with the three hydrogen orbitals 1S4, 1Sg, and 1Sc.

5a. (5 pts.) Shown below are the molecular orbital wavefunctions of ammonia, numbered 1 through
7. Label each energy level in the diagram on the right with the number corresponding to its
molecular orbital. Some of the energy levels are degenerate.
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5b. (5 pts). The E and A labels refer to the symmetries of linear combinations of hydrogen atoms
(similar to how we mixed the H orbitals in class when discussing H,O). Write the wavefunctions for
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5c. (5 pts). The molecular orbital labeled “4” above is a lone pair formed by a single 2P orbital.
That 2P orbital has A1 symmetry just like one of the hydrogen wavefunctions. Why does this 2P
orbital form a lone pair rather than mixing with the other atomic orbitals?
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5d (5 pts) ﬁerte a 2x2 secular matrix thatinctudes-o,-By-and-S-from which one could calculate the
S(\l- energles&)f the e molecular orbitals. Use-one-E-and-one-2R-wavefunction-No-need to specify which—
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5e. (5 pts). The 2P and E atomic orbitals have about the same ionization energy of 10 eV. The
ionization energy of the orbital pointed at by the arrow is about 16 eV. Estimate the value of 8. You

can neglect S.
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