UNIVERSITY OF SWAZILAND

FINAL EXAMINATION 2005

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{25marks)

a. Briefly explain the relationship between the Heisenberg uncertainty principle
and the commutation of operators. (4]
b, What is the standard deviation in the velocity of an electron if the uncertainty
in its position is 100 pm? What is the corresponding standard deviation in the
kinetic energy of the electron? [6]
C. Give the quantum mechanical operator of the following physical quantity
p, [3]
d. Evaluate the following commutator [l, 7,1 f4]
X
€. For the following functions and operators show that f(x) is an eigen function
of the operator and determine the eigenvalue
~d?
(i) Q= s f(x) = 3 cosdx
(i) Q= LA f(x) = 3™ 8]
S At
Question 2 (25 marks)
a. A particle is in a state described by the function w(x) = 0.632e** + 0.775¢™™.
What is the probability that the particle will be found with momentum 2% [3]
b. The ground state wavefunction of a particle confined to a one-dimensional box
is
= \/z sin(zj
NI T
Suppose the box is 10.0 nm long. Calculate the probability that the particle is
in the right half of the box. [6]
c. Consider the function f{ix)= x>’ -w<x<w
(i) Normalize f(x) [61]
(ii)  Find the average value of x [ 6]

Calculate the wavelength of a photon needed to excite a transition between
neighboring energy levels of a harmonic oscillator of mass equal to that of an
oxygen atom (15.9949 u) and force constant 544 N m™. (4]



Question 3( 25 marks)

d.

Calculate the wavelength of the photon emitted when an electron goes from
the n =3 ton = 2 level in a hydrogen atom. (3]

Calculate the ionization energy of Li** in kJ/mol. [3]

Calculate the magnitude of the orbital angular momentum of a 4d electron in a
hydrogenic atom. [3]

Calculate the position of the radial nodes for the 2s orbital of a C** ion

3
1 [z Zr
= 1 (2-pl?, == 3
WZS 4 FZ?T [aa] ( pk p ao [ ]

Define the quantum numbers L and S as applied to many electron atoms,
indicating the kind of values they may have. State the physical meaning of the
two quantum numbers in quantitative terms. Under what conditions are L and
S no longer valid as quantum numbers? State the reason in a sentence or two.

[7]
Derive the lowest term symbol for T2 if the first two electrons to be lost by
the neutral atom are the 4s electrons. [6]
Question 4 (25 marks)

Compare the species 0,", 02, and O, in terms of ground state configuration,
bond order, stability, bond length and magnetic properties. [12]

The photoelectron spectrum of NO was obtained using He 58.4 nm (21.22 eV)
radiation. It consisted of a strong peak at kinetic energy 4.69 eV and a series
of 24 lines starting at 5.56 ¢V and ending at 2.2 eV. A shorter series of six
lines began at 12.0 eV and ended at 10.7 V. Account for this spectrum. [8]

When light of wavelength 440 nm passes through 3.5mm of solution of an
absorbing substance at a concentration 0.667 mmol L, the transmission is
65.5 %. Calculate the molar absorption coefficient of the solute at this
wavelength and express the answer in cm’mol . [5]



Question 5(25 marks)

a. Give the vibrational modes of (i) CS, (ii) CoF, (iiiy CCly [3]

b. Sketch and name the vibrational modes of SO,. Indicate which are infrared
active and which are Raman active. [6]

C. Explain how you can use infrared and Raman spectroscopy to determine the
structure of a triatomic, AB», molecule. [6]

d. State the selection rules for rotational Raman spectroscopy. [2]

e The pure rotational Raman spectrum of '“N, shows a spacing of 7.99 cm’
between adjacent rotational lines.

(i) Calculate the value of the rotational constant B. [2]

(il)  What is the spacing between the unshifted line ve, and the pure
rotational line closest tO Vey. (2]

(iii)  If 540.8 nm radiation from an argon laser is used as the exciting
radiation, find the wavelength of the two pure rotational Raman lines
nearest the unshifted lines. [4]

Question 6(25 marks)

a. The wavenumber of the fundamental vibrational transition of “Br®'Br is 323.2
cm”. Calculate the force constant of the bond. (Atomic masses are ' Br:
78.9183 u and *'Br: 80.9163 u). [5]

b. Calculate the relative numbers of "’Br®'Br molecules in the ground and first
excited states at (i) 298 K and (ii) 1000 K. (Use data in (a) above. [6]

c. Infrared absorption of "H'?I gives rise to an R branch from v = 0. What is the
wavenumber of the line originating from the rotational state J=2.
(V, =2308.09¢m™" and B=6.511 cm™). (5]

d. The first five vibrational energy levels of HI are at 1144.83, 3374.90, 5525.51,

7596.66 and 9588.35 cm’™'. Calculate the dissociation energy of the molecule
in reciprocal centimetres and electronvolts [9].

P



Useful Integrals

: |
Jsm axcos axdx = 5—sm2 ax
a

J'sinzaxdx = i—-l—sin 2ax
2 4da

Ix"dxz ! x™ n=z-l
(n+1)

ot g 1
fwae dx = "

fxle—axldx=_1_ 13
= 2Va



General data and fundamental constants

Quantity Symbol
Speed of light c
Elementary charge €
Faraday constant F=N,e
Boltzmann constant k
Gas constant R=N,k
Planck constant h
h=h/2n

Avogadro constant N,
Atomic mass unit u
Mass

electron m,

proton I,

neutron m,
Vacuum permittivity g, = 1/c’y,

4ng,

Vacuum permeability K,
Magneton

Bohr pg = eh/2m,

nuclear sy = eh/2m,

g value ge
Bohr radius a, = 4ne vm e
Fine-structure constant o = e’c/2h
Rydberg constant ' R.. =m_e*/8h’ce ?
Standard acceleration
of free fall g
Gravitational constant G
Conversion factors
lcal = 4.184 joules (J) 1 erg
leV = 1.6022X 1077 1 eV/molecule

Prefixes f p
femto pico-
10-15 10—12

n i1 m -
pance micro milli
10°  10°% 103

Value

2.997 924 58 X 108 m 5!
1.602 177 X107 C

9.6485 X 10* C mol!
1.38066 X 10* J K

8.314 51 JK'' mol*

8.205 78 X 107 dm® atm K mol
6.2364 X 10 L Torr X! mol?!
6.626 08X 10**J s

1.054 57X 10 7Ts

6.022 14 X 10* mol”
1.660'54 X 10¥ Kg

9.10939 X 10* Kg
1.672 62 X 107 Kg
1.674 93X 107 Kg
885419X 101" C'm”
1.11265X 10" 7' C* m™
AnX107T2C?m"

4 X107 TP m?

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

5291 77X 10" m
7.297 35X 107
1.09737X 10'm™

0.806 65ms?
6.672 59 X 10" Nm? Kg?

= 1X1077
= 96 485 kJ mol”

c d k M G
centi deci kilo mega giga
107 100 100 108 10°

12
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