CHEMIASHTRY 542

Second Exam
November 10, 2003

1. (a) Given H= a.L{1) + a,L,(2), given that I, o = (#/2)a and I, B = -(A/2)p
determine the matrix representation of #/ in the basis functions

y1 = af1)ea(2)

y2 = of1)ep(2)

vs = B(1)ea(2)

va = B(1)ep(2)

(b) In this basis, the matrix representation of I(1) e I(2) is

1]0]0]0
2|0 [ -1 0
402 ]1]0
0001

Given a system described by the Hamiltonian
FH=a,(1) + axl,(2) +J I(1) ¢ I(2) where a, = 10/h, a; = 20/aand J = Alr*
Question: Determine the energies for this system. _

2. Given a system with Hamiltonian

H=HO+ p
It is known that # © is represented and that & is represented
in its own eigenfunctions : in the same basis functions
{b1, d2, 03, b4, 5 } bY the matrix by the matrix
110000 31001 11-1
0(2]0]0]0 0[5]0]010
0(0|3]0]|0 al 001120
0([0]0]5]0 11012120
00|00 8 110|000

(where o is a small constant)

Question: Find the energies (correct to 2nd order) and wavefunctions
(correct to 1st order) of the system .



2. Using the complete set of eigenfunctions of the particle in a one-
dimensional box as a basis, the matrix representation of the position
coordinate x is given by:

0 2/9 0 - 4/225 0 6/1225 0

2/9 0 6/25 0 10/441 0 14/2025 ...
0 6/25 0 12/49 0 181729 0

(8ai®) O  10/441 0  20/81 0 30121 0
61225 0  18/729 O 30121 O  42/169
0 14/2025 0 28/1089 0  42/169 O

8/3969 0 24/3025 0 40/1521 0 56/225

(a) Determine the integral that was used to obtain the matrix element
~(8a/m?)e (2/9).

You have to write the integral explicitly, including the limits, but do not

actually have to carry out the integration all the way to this numerical

answer. -

41225 0 12/49 0 20/81 0 28/1089 ...




(b) In ’the so-called “free electron” model for all~t_rans conjugated polyenes

“the polyene structure is approximated by a line (or one dimensional box):

etc

12 34 b6 78

in which the pi electrons are restricted, with the additional constraint that
the electrons are non-interacting, except that no more than 2 may occupy
the same one-electron state. The pronounced bathochromic shift (i.e.,
‘toward longer wavelengths) for an increase in chain length of the polyenes
is a general experimental observatlon which can be predlcted by the “free-
electron” model. '

Question: Apply the “free electron” model to 3 molecules that have 4, 6,
and 8 pi electrons respectively and predict the wavelengths of the first
(lowest energy) ultra-violet band. You may use an average C-C distance of
1.40 A and add one extra C-C bond length at each end of the molecule
because the electron density extends beyond the nuclei of the end
carbons. For example, the butadiene “box” length is 7.00 A, arising from

-~ 5(1.40) from —C=C—C=C—, where the extra distances at the ends are
shown as — . Determine the configurations of the pi electrons of each
molecule and the energy states of each of the three molecules.

(c) Given: The transitions are governed by the electric dipole mom,ent
~operator, such that the intensity of the observed band is proportlonal to the
- square of the integral :

[T o P P iia™ & % Pina dxydx -
The dimensionless intensity measure, the oscillator stregth for the i —» f
transition is defined by

oscillator strength = 1. 08»5><1022 (x)* @y . where AE ;= hcay,= he/k
A means wavelength. S it

= =i
oM. om



Question: In the free electron model for polyenes, which are trhe “allowed”
(non-zero intensity) transitions?

Question: Predict the oscillator strengths for the lowest energy transitions
in butadiene, hexatriene, octatriene.





