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Problem 1

a. Without taking into consideration parity and spin determine the possible molecular
terms for a molecule obtained by combining two different atoms in the states P and

D.

b. Determine the possible terms for the molecule Cl, which can be obtained by combining
two Cl atoms in the state 2P.

c. Find possible molecular terms which can be derived from the electron configuration
(1s0)%(2s0)?(2pm)®.

Problem 2

a. CO, molecule has a linear structure with C atom in the center. The distance between
C and O is 1nm. Find the dipole moment of CO, molecule.

b. A diatomic molecule with the distance R between nuclei of charges Z;e and Zye has
a total dipole moment D. Find the position of origin of the frame of reference where
the mean electron dipole moment is D/2.

c. When in a diatomic molecule nuclei with masses m; and my are replaced by their
isotopes with masses m} and mj, respectively, how much will change the vibrational
frequency?

Problem 3

A ground electron term of CaO molecule is approximated by the potential U(R) = B, (1 — e*"(R_b))
where Ey = 3.5 x 10*em™, @ = 10nm ™! and b = 1.5nm. The atomic weights of Ca and O
are 40 g/mol and 16 g/mol,respectively.
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a. Find the distance R, where the potential has a minimum and calculate the magnitude
of the potential energy at R,.

b. Find the frequency wy of small vibrations around the equilibrium distance R,.

c. Find the bond energy and dissociation energy for the ground electron state of CaO
molecule.



Problem 4

The ground state of BeO molecule has the rotational constant B, = 1.651 ecm~' and the
vibrational frequency w, = 1487.0cm™!. The electron excited state ATl has the rotational
constant B, = 1.366 cm™" and the vibrational frequency w, = 1144 cm~!. Difference between
minima of the potential curves AT and XY is 9405.5 cm~L. The absorption vibration band
X'B(v” = 0) — B'I(v' = 0) is considered. Using the approximation of harmonic oscillator
and rigid rotator find for this vibrational band:

a. The maximal wavenumber in the P-branch.
b. The maximal wavenumber in the Q-branch.

¢. The maximal wavenumber in the R-branch.
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1 Introduction

Electron mass me =9.10939 x 10-28 g
Proton mass mp =1.67262 x 10724 g
Atomic unit of mass Mma = 5m(**C) = 1.66054 x 1024 g
Planck constant h=6.62619 x 10727 ergcm

h=1.05457 x 10727 ergcm
Light velocity €¢=2.99792 x 101%cm/s
Electron charge e=1.60219 x 10~ C
Avogadro number Ny =6.02214 x 1023 mol~!
Molar volume Vin = 22.4141/mol
Universal gas constant R = 8.314 x 107 erg/mol K
Boltzmann constant k=R/N, =1.3807 x 1078 erg/K

2 Adiabatic Approximation and the Concept of

Molecular Potentials
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3 Rotation, Vibration, and Potential Curves of
Diatomic Molecules
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4 Spectra of Diatomic Molecules
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