) Chemistry 332 Problem Set #3

due* Tuesday February 27, in class
*(this assignment is optional, happy Study Week)

1. In the treatment of the H>* molecule ion, the expressions

2
S=e‘R(I+R+R—) J=e‘2R(l+-1—) K:-‘S:—e*(uR)
3 R R

[12]  for the overlap (), Coulomb (J) and exchange (K) integrals were used to calculate the energy (in
atomic units) as a function of internuclear distance R

E - Ll J+K

2 1+8

Use this information to find a) the minimum value of the energy (in units of Joules)

b) the bond length (in nm)
¢) the force constant of the bond (in Nm™)

d) the fundamental vibration frequency (in Hz).

Note: The atomic unit of energy is the Hartree, equivalent to 27.20 eV. The atomic unit of length is
the Bohr radius (0.05292 nm).

Hint for part’c: In cases where function f{x) is too com
derivatives can be evaluated numeri

sufficiently small values of Ax).

plicated to differentiate analytically, accurate
cally by using the following finite-difference formulas (and

atx=x: /) _ f(x +A0) - f(x - Ax) dzf(x)zf(x,-+Ax)—2f(x,.)+f(x,—Ax)
T dx T 2Ax dx* :

(Ax)*

2 The bond order of a diatomic molecule can be defined as (N - N*
electrons in bonding molecular orbitals and N*
[3] Calculate the bond orders of H>*, No*, Nz, O,

)/2, where N is the number of
is the number of electrons in antibonding orbitals.
02, and O2* molecules.

3, Would you predict Mg; to be a stable diatomic molecule? Use molecular orbital theory to justify your
[1] answer.
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