UNIVERSITY OF SWAZILAND

SUPPLEMENTARY EXAMINATION 2007

TITLE OF PAPER: PHYSICAL CHEMISTRY

COURSE NUMBER: C302

TIME: THREE (3) HOURS

INSTRUCTIONS:

There are six questions. Each question is worth 25 marks. Answer any
four questions.

A list of integrals, a data sheet and a periodic table are attached

Non-programmable electronic calculators may be used.

DO NOT OPEN THIS PAPER UNTIL PERMISSION TO DO SO HAS BEEN
GRANTED BY THE CHIEF INVIGILATOR.



Question 1(25 marks)

a. Show that the average distance of an electron from the nucleus in the ground state of

) 3a .
a hydrogen atom is <r> = T" The ground state wavefunction is:

|
== [5]
m,
b. Describe and account for the variation of first ionization energies along period two of
the periodic table. [6]
c. The electron configuration of one of the excited states of calcium is [Ar]3d'4s"
)] Derive the term symbol for the ground state configuration of Ca.  [3]
(i)  Derive the term symbols for this excited state. [3]
(ili) Discuss the possibility of electronic transitions between the ground state
and this excited state. [2]
d. F.)iplain the origin of spin-orbit coupling and how it affects the appearance of a
spectrum. [6]
Question 2(25marks)
a. Describe the physical origin of quantization energy for a particle confined to
moving inside a one-dimensional box. [5]
b. The normalized wavefunction of a particle in a one-dimensional box of length L

i —W/ESin nrx h =1,2,3
1s: "4 I7 17 ,wheren=1,2,3, ....

) Show that y is an eigenfunction of the operator below and give the
eigenvalue.
A n  d?
B ma 2
(ii)  Find the average value of the coordinate x when n = 1. [5]
(iii)  Find the average value of the linear momentum p, whenn = 1 [5]
P.

(iv)  What is the probability of finding the particle in the middle third of the
box? (5]



Question 3 (25 marks)

a. 6)] What is the Zeeman effect? [2]
(ii) How many lines appear in the Zeeman splitting of the n =3, / = 2 level of
the hydrogen atom? ' [3]
(iii)  Calculate the strength of a magnetic field B necessary to produce a
Zeeman splitting of 10 cm™ in the I =1 state of the hydrogen atom. [3]
b. Give the valence bond description of the bonding in ammonia, NHj. [4]
c. Consider the ions NO™" and C;":
6] Draw the molecular orbital energy level for each species. [4]
(ii)  Write down the ground state electron configuration and give the
multiplicity of the ground states of these ions. [31
(iii)  Which ion should have the greater bond dissociation energy? 1]
(iv)  Which ion should have the longer bond length? [1]
d. The ground state term symbol for He," is *X}. Define and/or explain the four
parts comprising this symbol. [4]
Question 4(25 marks)
a. The infrared spectrum of HCN shows strong bands at 712.1 cm™ and 3312.0 cm™.

There is a strong Raman band at 2089.1 cm™. There are weaker infrared bands at
1412.0 cm™, 2116.7 cm™, 2800.3 cm™, 4004.5 cm™, 5394 cm™, and 6521.7 cm™.
Some of the IR bands show PR band contour.

6] Identify these bands as fundamental, overtone or combination bands  [6]

(ii)  Suggest the shape of the molecule [1]

(iii)  Assign the fundamental frequencies to the vibrational modes. [2]



The Vibrational energly levels of Nal lie at the wavenumbers 142.81, 427.31,
710.31 and 991.81 cm™.

)] Show that they fit the expression £, = (v + —;—)17 —(v+ %)2 y A
v=0,1,2... (6]

(ii)  Deduce the force constant, zero point energy, and dissociation energy of
the molecule. (Atomic masses; Na is 22.99 uand Iis 126.90u)  [10]

Question S (25 marks)

a.

What is the wavelength of an electron moving in a potential difference of 2000 V?
How fast (or rather how slow) must a 0.01 kg soccer ball travel to have the same
de Broglie wavelength as a 2 000 V electron? (1eV = 1.602x 107 J. [5]

In an experiment, the position of an electron can be measured with an accuracy of
40.005 nm.

1) What will be the accuracy in measuring the momentum of the
electron? 3]

(i)  What will be the accuracy in measuring the speed of the electron?

[3]
c. Consider the function ™.
(i) Is this function an eigenfunction of p?? If it is, what is the
eigenvalue? (3]
(i)  Is this function an acceptable function when x varies from -oo to +o0?
Explain (2]
(ili) What conditions should be imposed on the constant a so that it is an
acceptable wavefunction in the range x =0 to x = +0 [1]
. ~ d ~ 2 d 2
d. Find the commutator of the operators 4 = x; andB=x ek [8]



Question 6 (25 marks)

a. Give the gross and specific selection rules for pure rotational spectroscopy. [4]

b. Which of the following molecules show pure rotational spectra?
H; HClI CHiCl CH.Cl, H,O NH;
Explain your choices. [6]

c. The average spacing between adjacent lines in the rotational spectra of 'H'F is
41.912 cm™'. Calculate the bond length of 'H'°F.
(Atomic masses: 'H 1.0078 u, '°F 18.9984) [8]

d. Assuming the bond length is independent of isotopic substitution; calculate the

spacing between adjacent lines in the rotational spectra of *H'F.
(Atomic mass “H 2.0140 u) [7]

The end



USEFUL INFORMATION IS GIVEN BELOW
'
I x"e % dx = —%

n+l

a

d7 = r? sin Gd6dgdr

.2 x* xsin2ax cos2ax
J.xsm axdx =

4 4a 8a

2

fxsin xdx = z
2

J'sinz xdx = i—Lsin 2ax
2 4a

] 1 .
ISlnaxcosaxdx -—-.—2——sm2 ax
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General data and fundamental constants

Quantity

Speed of light
Elementary charge
Faraday constant
Boltzmann constant
Gas constant

Planck constant

Avogadro constant
Atomic mass unit
Mass
electron
proton
neutron
Vacuum permittivity

Vacuum permeability

Magneton

Bohr

nuclear

g value
Bohr radius
Fine-structure constant
Rydberg constant '
Standard acceleration
of free fall
Gravitational constant

Conversion factors

==
>

Ha = eh/2m,

py = eN/2m,

Ee

a, = 4ng N/m,e’
a=ype’c2h
R..=m,e*/8h’ce,’

g
G

VYalue

2.997 924 58 X 10! m s
1.602 177 X107 C

9.6485 X 10* C mol™
1.38066 X 10 JK!

8.314 51 JX!' mol”

8.205 78 X 10 dm? atm X! mol”
6.2364 X 10 L Torr X! mol”
6.626 08 X 10%*Js
1.05457X 10" 7Js

6.022 14 X 10® mol’

1.660 54 X 107 Kg

9.109 39 X 10% Kg
1.672 62 X 107 Kg
1.67493 X 107 Kg
8.85419X 102! C*m
1.11265X 10" C?*m™
4nX 1077 C*m?
AnX 107 T ' m®

9.274 02X 10*J T
5.05079X 10771 T"
2.002 32

529177X 10" m
7.297 35X 10°
1.097 37 X 10" m™

9.806 65 m s?
6.672 59 X 10" Nm*Kg?

1 cal 4.184 joules (7) 1erg = 1X107J

lev 1.6022X 10" 7] 1 eV/molecule = 96 485 kJ mol

Prefixes f P n i m- ¢ d k M G
femto pico. pano micro milli centi deci kilo mega giga
10 10° 10° 107°

10"

107 107 10° 10° 10°
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