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THE FOLLOWING HAVE BEEN PROVIDED WITH THIS EXAMINATION
PAPER:

« Periodic Table of the Elements
Table of Universal Constants
« Tanabe-Sugano diagrams for octahedral complexes

NON-PROGRAMMABLE ELECTRONIC CALCULATORS MAY BE USED

“Marks will be awarded for method, clearly labelled diagrams, organization and
presentation of thoughts in clear and concise language”

PLEASE DO NOT OPEN THIS PAPER UNTIL AUTHORISED TO DO
SO BY THE CHIEF INVIGILATOR.



QUESTION 1 [25MARKS]

a) Evaluate the commutator [&%ﬂ [4]

b) The muzzle velocity of a rifle bullet is about 900m/s. if the bullet weighs 30g and
the uncertainty in its momentum is 0.10%, how accurate can the position of the
bullet be measured? [4]

¢) Calculate the probability that a particle in a one-dimensional box of length L is
found between 0.31 and 0.35L when it is described by the following

wavefunctions.
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i).  Are the eigenfunctions of H for the particle in a one-dimensional box also
eigenfunctions of the position operator, £? I2]

ii).  Calculate the average value of x for n = 3 and n = 5 given the

wavefunction to be y(x) = /%sin-@?, n=123... [6]

fii).  From your results in (i) suggest an expression for all values of n.
[1]
iv). How does your result compare with the prediction based on classical
physics? [1]
Useful integrals
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QUESTION 2 [25 MARKS]

a) Explain why Einstein’s introduction of quantization accounted for the heat
capacities of metals at low temperatures. [5]

b) When lithium is irradiated with light, the kinetic energy of ejectBed electrons is
2.935 x 107°J for % = 300.0nm and 1.28 x 10°"%J for A = 400.0nm. calculate
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General data and fundamental constants

Quantity

Speed of light
‘Elementary charge
Faraday constant
Boltzpann constant
(5as constant

. Planck copstant

Avogadro constant
Afomic mass unit
Mass
electron
profon
, nentron
Vacuum permittivity

Vacuum pepmeability

Magneton
Bohr
nuclear
gvalue
Bohr radius -
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Standard acceleration.
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c) The rotational constant of ?D'*F determined from microwave spectroscopy is 11.007
cm ', The atomic masses of '°F and D are 18.9984032 u and 2.0141018 u,
respectively. Calculate the bond length in ?DF to the maximum number of
significant figures consistent with this information. 71

d) Derive the term symbols for the electron configuration ns'nd'. Which of these terms
has the lowest energy? [5]

e) The pure rotational Raman spectrum of "N, shows a spacing of 7.99 cm™ between
adjacent rotational lines.

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

(10 What is the spacing between the unshifted line vex and the pure rotational line
closest to Vex? [2]

(1)  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 to the
unshifted lines. [4]

QUESTION 3 (25 MARKS)

a) The force constant of °Br’*Br is 240 N m™ and the atomic mass of "“Br is 78.9183 u.
Calculate
(i) The fundamental vibration frequency V and [3]

(i)  The zero point energy of °Br» [3]

b) The fundamental line in the infrared spectrum of *C'°0 occurs at 2143.0cm ™', and
the first overtone occurs at 4260.0 cm ™. Calculate
(i) The fundamental vibrational frequency, V , and the anharmonicity constant,

Xe [5]
(ii) The exact zero point energy of CO. [3]

c) Given that the fundamental vibrational frequency V = 4138.32 cm™ and the
rotational constant B = 20.956 cm™' for 'H'®F, calculate the first three lines in the P
and R branches in the vibration-rotation spectrum of HF. [6]

d) How many normal modes of vibration does the molecule BF3 have? Sketch two of its

bond stretching modes (non-degenerate) and indicate whether they are infrared

active or not. [5]

Total Marks /80/
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QUESTION 1 (25 MARKS)

a) The ionization energies (1) of an electron from the valence orbitals on a carbon and
an oxygen atoms are given in the table below:

Atom Valence orbital | /MJ mol”
O 2s 3.116
2p 1.524
C 2s 1.872
2p 1.023
(i} Use these data to construct a molecular orbital energy diagram for CO.[5]
(if) What is the electron configuration of the ground state of CO? {1
(iiiy ~ What is the bond order of CO? 1]
(iv)  |s CO paramagnetic or diamagnetic? [1]

b) The highest occupied molecular orbitals for an excited electronic configuration of an

oxygen molecule are (ITg)’ (20%,)!. Determine the molecular term symbols for oxygen
in this electronic configuration. [5]

¢) 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 eV and ending at 2.2 eV. A shorter series of six lines began at
12.0 eV and ended at 10.7 eV. Account for this spectrum. [7]

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

QUESTION 2 (30 MARKS)

a) Determine the number of translational, rotational and vibrational degrees of freedom
in the following molecules:
(i) CH;CI (i) OCS (iii) CeHs (iv) H.CO [6]
b) Classify each of the following molecules as spherical , a symmetric or an asymmetric
top:
) CH;CH (iHCCly (iii) SO2 (iv) SFq (4]




