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INSTRUCTIONS:

THERE ARE TWO SECTIONS: SECTION A AND SECTION B.
ANSWER ALL _THE QUESTIONS IN SECTION A AND ANY
THREE QUESTIONS FROM SECTION B. SECTION A IS
WORTH 40 MARKS AND EACH QUESTION IN SECTION B IS
WORTH 20 MARKS.

THE ANSWER SHEET FOR SECTION A IS ATTACHED TO THE
QUESTION PAPER. GIVE YOUR ANSWERS TO SECTION A
QUESTIONS BY RECORDING ON THE ANSWER SHEET THE
LETTER CORRESPONDING TO THE CORRECT ANSWER.

DETATCH THE ANSWER SHEET FROM THE QUESTION
PAPER AND FILL IN ALL THE INFORMATION REQUIRED IN
" THE SPACES PROVIDED, BEFORE YOU LEAVE, PLACE THE
ANSWER SHEET INSIDE THE UNISWA ANSWER BOOKLIET
CONTAINING YOUR ANSWERS TO SECTION B
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A periodic table, a table of constants and a copy of Slater’s Rules have been
provided with this examination paper.

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




Question One

How many radial nodes and angular nodal planes do 3s, 3p, and 3d orbitals
have? Show how you arrive at your answers.

[3]
Use sketches of 2s, 3p and 4d orbitals to distinguish between (a) the radial
functions and (b) the radial distribution functions. {71

Given that radial the distribution function P(r) for a 1s orbital is proportional to
the function f(r) = r2e®, where b = 2Zr/a,, show that the most probable radius
occurs at T'max= 8o/Z

[8]
Given that the angular function of an orbital is proportional to cos?0, determine
the orientation of the orbital. (7]

Question Two

In two dimension, sketch the angular parts of orbitals that transform as the
functions given below. In each case label the drawing with the correct Cartesian
coordinates and the + and - signs. 7]

i) X 1) yz iii) x2-y?

Give the ground-state electron configuration for each of the following:

i) ps- i)  Co® i) EBu
[6]

For each of the species in b) above, state the number of unpaired electrons
present. Show how you arrive at your answer. 6]

For each of the following species, state whether the bonding is ionic, polar
covalent or non-polar covalent. Explain your answer.

i) BeCls ii) BaO iii) Pbla iv} AsHs
[6}




Question Three

a) The halogens react among themselves to form compounds, called
“interhalogens”. One of these compounds is iodine monochloride, ICl, in
which the energies of molecular orbitals, arising from valence orbital
interactions only, have been calculated and found to increase in the

orderlo< 2o< 171< 30 < 211< 40.

i) Draw a schematic molecular orbital energy-level diagram for ICl, with all

the molecular orbitals labelled. [Note: Energies of valence ao’s increase in

the order 3s (Cl)<3p(C1)<5s(l)<Sp (I)]. [8]
ii) Give the ground state electron configuration of IC1 [2]
iii) For each of the molecular orbitals 1o, 177, and 211, sketch the orbital

diagram illustrating interaction of atomic orbitals {to form the molecular
orbital). [6]

b) Consider the atomic species Sn and Sn2*. For each of the species, calculate
the effective nuclear charge for a valence electron. [7]

¢) The first and third ionization energies of tin are 708 and 2943 kJ mol-!

respectively. Comment on these values, especially in light of effective nuclear

charge values you calculated in b) above. [2]

Question Four

Give a sketch of the Born-Haber cycle for the formation of MgO(s} from
the elements in their standard states. From the following data,
calculate the electron affinity of an oxygen atom in gaining two
electrons to give the oxide ion, 02

Standard heat of formation of MgO(s) ......... -600 kJ mole-!

Lattice energy of MgO(s).....ccovvviiiiiiiiinnnnnn -3860 kJ mole -1
lonization energy of Mg(g) to give Mg2* (gh.....+2170 kJ mole-1
Dissociation energy of Oz(g) ....ccoveieniininiiiinn +494 kJ mole-t
Heat of sublimation of Mg(s) .....covievivnnennnn +150 kJ mole-1

[12]

The radius a tungsten atom is 141 pm. Draw the bec unit cell of
tungsten metal.

i) Calculate the length (£) of the unit cell of tungsten metal
ii) Calculate the volume of the unit cell




ilij  Determine the number of tungsten atoms per unit cell

iv) Calculate the density of tungsten

v) If a carbon atom is placed at the centre of every face of the unit
cell, what would be the formula of the resulting compound?

[13]
Question Five
For each of the following species, determine domain geometry, molecular
geometry and hybridization of atomic orbitals around the central atom.
i) SOF4 ii) IFs
[°]

Consider the molecule XeOsFs, where Xe is the central atom,
i Write at least four non-equivalent Lewis {i.e. resonatice)
structures.
i} Use formal charges to determine which one of the structures from
i) above is expected to be the most stable.
[10]
Use appropriate diagrams to illustrate the nature of hydrogen bonding

interactions in the following systems:

i) Acetic acid (CH3COOH)
i) A liquid mixture of chloform (CHCls) and propanone
(i.e. CH3COCHS3)
ifi)  Liquid HF
[6]




a)

Question Six

Give complete reaction equations for the following processes:

i) The reaction of SiF4 with Hz0O

i) Synthesis of calcium carbide

i) Reaction of aluminium carbide with water
iv) Reaction of LisN with water

V) The production of nitric acid

vi) The reaction of P4O10 with water

[14]
Draw a Lewis structure for each of the following :
(i} Molecule of phosphorus Pa
(ii) Molecule of sulphur Ss.
[5]

Which of the following schemes for the repeating pattern of close-packed
planes are not ways of generating close-packed lattices? Explain your
Answer.

ij  ABCABBC ......... i)  ABAC..... iii) ABAA.... iv) ABCBC .....
[6]




Commonly Used Physical Constants

Constant Symbol Value

acceleration due to gravity | g 0.8 ms?

atomic mass unit amu, myoru | .66 x1027 kg
Avogadro’s Number N 6.022 x 1023 mol~
Bohr radius o 0.529 x107°m
Boltzmann constant k 1.38 x 1023 J K
electron charge to mass ratio | -e/me -1.7588 x 101 C kg!
electron classical radius Te 2.818 x 105 m
electron mass energy (J) meC? 8.187x 104 J
electron mass energy (MeV) | mec? 0.511 MeV

electron rest mass Me 0.109 X 1073 kg
Faraday constant F 9.649 x 104 C mol+
fine-structure constant a 7.207 X 1073

gas constant R 8.314 J mol* K*
gravitational constant G 6.67 x 107 Nm?2kg-2
neutron mass energy (J) muc2 1.505 X 107 J
neutron mass energy (MeV) | myc? 939.565 MeV
neutron rest mass Mn 1.675 x 1027 kg
neutron-electron mass ratio | mn/me 1838.68
neutron-proton mass ratio | mn/mp 1.0014
permeability of a vacuum Lo 4 x 107N A2
permittivity of a vacuum €0 8.854 x 102 Fm!
Planck constant h 6.626 x 1034 J s
proton mass energy (J) mpc? 1.503 x 107 J
proton mass energy (MeV) | myc? 038.272 MeV
proton rest mass my 1.6726 X 1027 kg
proton-electron mass ratio | mp/me 1836.15

Rydberg constant Ru 1.0974 X 107 m™1
speed of light in vacuum C 2.9979 x 108 m/s
Flectronic Charge e 1.602 x 1019 C
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