Chemistey 543

Spring Semester 1999
First Exam
| March 4, 1999

1. Given the complete orthonormal set of functions {¢,3,y} which are
eigenfunctions of the z component of angular momentum /, with eigenvalues %, - A,
and 0, respectively. The operators / ~and / " have the following properties:

[ a=\2ny ITa=0

I y=2hp I y=V2ha

I" =0 1T B=2ny

a. Find the matrix representations of the operator
L, of Le=(I"+17)2 andof[,= (I -1 7)12i in this basis set.

b. Find the eigenvalues of [, operator.



2. For the nuclear spin system with two inequivalent sets of nuclei, a single of

spin 1/2 and three of a kind also with spin 1/2. (NMR users call this an AB;
| system.) Determine the NMR Hamiltonian matrix in blocked-out form, i.e., write
all the non-zero elements in terms of the frequencies vy, vi, and the coupling
constant J.

# /b= - vy (LOHL@HLG) ) - va Lo + T (IHHe) ) o g

Couplings also exist between B and B nuclei but we ignore these, as they will not affect
the spectrum. The operators Iy, Iy, I, have the following properties:

L(Da(l) =% a(l) LD B =-%npB(1)
L(Da(1)="%2n B(1) L) B(1)= Y2ha(l)
I,(1)o(1) = % ix B(L) I,(1) B(1) =- % i a(1)

a(1) and B(1) are functions associated with particle 1. _

I =LA)i+I)j+L(MDk i, j, and k are unit vectors along the x,
y, and z directions.

Recall the step up and step down operators:

L Wi = [0+ - m@mED)] 5 W
Remember to use as basis for your representation, the eigenfunctions of
F.=F/A) + Fy(B),
FAB) = LtL@y+L,3).



3 The ground electronic state of O, is 3Zg_. What are the results of the following
~ operations on the electronic wavefunction ‘P(E’Zg_) ?
I ‘P(Szg_) inversion of all space-fixed coordinates through the origin

Gy LIJ(3Zg_) reflection of molecule-fixed electronic coordinates through a
plane containing the internuclear axis

i ‘P(SZg‘) inversion of molecule fixed electronic coordinates through the
origin (same as inversion of space-fixed electronic coordinates)

P AB\{J(3zg') the interchange of the indistinguishable nuclei A and B
PPCE,) the interchange of any two electrons

For *°0, molecule, what are the consequences of the nuclear spin of %0 being
zero? Apply your discussions specifically to the ground electronic state.



4. The potential function for ArH" ground state is shown below:
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FI1G. 5. Potential functions for ArH*. The solid curve is experimental, circles correspond to points
CEPA surface from Ref. (38).

The points (circles) are the solutions to electronic motion calculated by Rosmus
(1979). The solid curve is derived from a fit to experimental data (312 transitions
from microwave, far infrared, infrared , of 5 isotopomers). One of the
wavefunctions obtained by numerical solution of the nuclear motion problem is
shown at the appropriate energy [Gruebele et al. (1988)] D— refers to some
asymptotic energy on the far right of the figure. |
Give specific answers to the following:

a) Give the differential equation that had to be solved in order to find the circles.

b) Give the differential equation that had to be solved numerically to find the
wiggly curve? Whaich particular state is this?

¢) From the figure you have enough information to estimate the vibrational
frequency and Dy of ArH" molecule. Do it.

d) What does simple valence bond theory tell us about the stability of the ground

states of the rare gas monohydrides (such as ArH) and their ions (such as ArH")?
Explain. ' N
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5. Given the following electronic wavefunction of a diatomic molecule:

-%- (D@ —r @ O — 1 (O (2) + 7 @+ (1)

the © MOs being ungerade. For this electronic wavefunction, determine:

total parity

the symmetry with respect to interchange of electrons 1 and 2.

the symmetry with respect to inversion of electronic coordinates.

d. the symmetry with respect to interchange of the two identical nuclei.

What then is the term symbol? In each case show how you got your answers.

Draw a rotational energy level diagram for this state, more or less to scale

(neglecting any energy splittings due to angular momentum coupling), for identi- _
cal nuclei of spin 1/2. ' '

Label each rotational level according to:
(1) total parity — _
(2) the symmetry of the space part of the total wavefunction with respect to
interchange of the two nuclei
- (3) the total degeneracy of each rotational level.

o op




6. The molecular orbitals of a diatomic molecule are shown here. Dashed lines
correspond to negative values of the wavefunction. Label each one fully following
the usual notation, including the atomic orbitals they come from.
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New Observations on the Visible Spectrum of Antimony Monoxide
JOURNAL OF MOLECULAR SPECTROSCOPY 130, 382-388 (1988)

] WALTER J. BALFOUR AND RAM S. RaM! )
" A summary of the observed low-lying states of SbO is given in Fig. |. The ground
electron configuration may be written :

« o+ (20)(ya*) xpoy(wr)(ve*) ! X°I1 M
with some low-energy configurations being

s+« (zoY(yo*) xpa)(wa)(va)’: 2TI3), *®, ‘1 @

e o (2o (yo®)(xpo) (wr)Hvr*)Z 22, P27, I8, 42T {a |
bonding

It is probable that the (xps) and (wrr) orbitais are similar in energy and : e

powers . The (wr) and (vr*) orbitals are relatively bonding and antibondin -
spectively, so that the electron promotion from (wx) or (xpe) to (vx*) results 1
weaker bond. ' .

Derive the given term symbols from the excited electronic configurations

FIG. 1. Observed low-lying states of SbO (in cm™").
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8. Classify the following molecules according to their point group symmetry.
a. MosCl,, b. W30,(0,CCH;)s(H,0):]*




c. Ru,Cly(dmpm), d. silasesquioxane HgSigOy;

c(2)






