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Question one

The second ionization energy of helium is almost exactly four times the
ionization energy of H, and the third ionization energy of Li is almost exactly
nine times the ionization energy of hydrogen:

HE) — , H@' +¢ IE(H) = 1.3120 x 10° kJ.mol"
He'®) —  , He'(g)+e  IEx(He)=5.2504 x 10° kJ.mol’
Li®*(@g) —— » Li**(g)+e¢  IEs(Li)=11.8149 x 10° kJ.mol™

Explain this trend on the basis of the Bohr equation for energy levels of single
electron systems. [S marks]

@) Calculate Z" for a 65 electron and a 5d electron in Platinum.

(ii) Based on your Z* values, which one of the two orbitals is expected to
lie lower in energy? Explain your answer.

[S marks]

For which of the following species can the Bohr theory be used to estimate
energy level?

i) He ii) Be** iiiy Be* vy H
[4 marks]

On the same axis set, sketch approximate (i.e. qualitative) representations of
the function 4m’[R(r)]* for 1s orbital of H and B**. Indicate the positions of
the most probable values, r;, in the diagram. Explain any differences between
the two representations. [S marks]

Give the name and symbol for each of the atoms whose ground state electron
configurations in their outer shells are given below:

i)  35°3p%as?
i)  4s%4p°ad'® 5s%5p°
i)  6s%6p®
[6 marks]

Question Two

Magnesium oxide and sodium fluoride have the same arrangement of
ions in the solid state. Explain the observation that MgO is nearly
twice as hard as NaF and has a much higher melting point than

NaF (2800° compared to 993°). [4 marks]
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Write down a reaction equation that defines the process to which each of the
following refers:

i) IE; of Sn ,
i) Overall process corresponding to (IE; + IE; + IE;) of aluminium, Al
[3 marks]

EA; and EA, for O atom are -141 and +798 kJmol™ respectively. Write the
equation for each individual process as well as the overall process and,

~ determine the value of AHg, for the overall process.

[3 marks]
Explain the following:

i) There is a decrease in first ionization energy on moving from N to O
i) The substantial decrease in first ionization energy observed
between Mg and Ca, is not observed on moving from Al to Ga
iii)  In water, Li is as strong a reducing agent as cesium
iv)  Elements with a large difference in electronegavity will tend to form
ionic bonds with one another
[12 marks]

The C-C bond length in ethane is 154 pm and that of the CI-Cl is 198.8 pm.
Estimate the length of the C-Cl bond in chloroethane.
[3 marks]

Question Three

Sketch simple orbital diagrams to illustrate the following bonding interactions:

i) A pr-ps interaction
ii) A pr-d, interaction
iii) = interactions in H-C=C-H

[§ marks]
Construct an MO diagram for the formation of O,; show only the participation
of valence orbitals of the oxygen atoms. Use the diagram to answer the
following questions:

i) Rationalize the following trend in O-O bond distances: O,, 121 pm;
0,", 112 pm; Oy, 134 pm; 0.7, 149 pm
ii) Which of the species in i) above are paramagnetic?
[8 marks]

Consider the species SO; and SO;”. For each of the species:

i) write four non-equivalent Lewis structures
ii) determine the best Lewis structure
iii)  determine the average bond order for the best Lewis structure
iv)  give the hybridization of the central atom
[12 marks]



Question Four

a) Determine the number formula units in the unit cell of sodium chloride (shown
below). [Note: Sodium ions are represented by the small grey spheres].
[4 marks]

Cl Na

b) Give an outline of the Born-Haber cycle depicting the formation of a metal
halide, MXj(s), starting with a metal M(s) and a halogen X5(g). Calculate the
electron affinity of X(g) from the following data:

Standard heat of formation of MXa(s) -798 kimol™
Heat of sublimation of M(s) +193 kimol™
Dissociation energy of Xx(g) +242 kJmol?
Tonization energy of M(g) to M*(g) +1725 kJmol™
Lattice energy of MX(s) -2260 kJmol™
’ [9 marks]

c) Calculate the inter-ionic distance (in A) in Csl which crystallizes in CsCl
system (1 formula unit per unit cell) and has density 4.51 g.cm™. [Note: The
CsCl structure is shown below where the cesium ion is represented by the
black sphere at the centre of the cube].
[12 marks]




Question Five

A compound A was isolated from the reaction between a group 1 metal M
and O,. Compound A reacts with water to give only MOH, while M reacts in
a controlled manner with water giving MOH and another product B.

i) Suggest the identities of M, A and B.
ii) Write equations for the reactions described
iii)  Compare the reaction between M and O, with that between the other
group 1 metals and O..
[8 marks]

With the help of a balanced reaction equation as an example, illustrate how Li,
in some instances, does not resemble the other group 1 metals but resembles
Mg. Give a brief explanation for this type of behaviour. |6 marks]

For each of the following, draw a likely structure, state the geometry and the
coordination number around the central atom: [6 marks]

i) The dimer of BeCl, (present in vapour phase below 1020 K)
it) BeCl2.2Et;0 ( formed when BeCl, is dissolved in ether)

Explain each of the following:
i) Be(OH), is virtually insoluble in water , but is soluble in aqueous
solution containing excess hydroxide ions. -
ii) The Be?" ion forms the tetrahedral complex ion, [Be(OH,)s]**, while
- the Mg?* ion forms octahedral complex ion, [Mg(OH,)¢]*".
[§ marks}
Question Six

a) With the help of chemical reactions, give an outline of basic steps
involved in the extraction of the following metals.

i) Boron from borax [ marks]
it) Aluminium ‘ﬁ'om bauxite [8 marks]

b)  Identify the boron compounds A, C, D and E in the following
equations: [6 marks]

BF; + LiBH4 —————» A (gas)

A+H0 -+ C




¢)  Aluminium metal reacts with Hg(CH;), to form Hg and
trimethylaluminium which is covalent and exists as a dimer.

(i) Give a balanced equation for the reaction.  [2 marks]
(ii)  Describe the probable structure of the aluminium compound

and the type of bonding present in the structure.
[4 marks]
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