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Question one

Give the Rydberg equation and define all the parameters in it.
[6 marks]

Give three quantum numbers that are obtained from solving the Schrodinger
equation. For each quantum number, state possible values that are allowed.

[4.5 marks]
Give the quantum number that determines the
i.  shape of an orbital
ii.  energy of an orbital
iii,  orientation of an orbital
[1.5 marks]

Consider three one-electron species N°', B*" and C**. With the help a brief
explanation, answer the following questions:

1) Which one of the species has the smallest and which one has the largest
most probable radius of the 1s orbital?
[4 marks]

i) Which one of the species is expected to have the smallest energy gap and
which one is expected to have the largest energy gap between any two
shells?

[4 marks]

Sketch the angular part and the radial distribution function of the 5d,; orbital
[5 marks])



b}

b)

Question Two
Consider the two atoms Ca and K.

i) Calculate the effective nuclear charge (Z.g) for an electron in the 4s orbital
of each of the atoms (K and Ca)
[6 marks]
i) The first ionization energies, IE;, of K and Ca are 418.8 and 589.8 kimol™
respectively. Is the trend in these values consistent with the values of Z.g
you calculated in 1) above? Explain your answer, [2 marks]

Consider the molecule XeO,Cl,.

1) Write three non-equivalent Lewis structures for the molecule

it) Out of the structures in 1) above, use formal charges to determine the
most reasonable one

i)  Write the formula of the molecule in the form AB,E, and then determine,
for the molecule, the

+ overall geometry
+ molecular geometry (or shape)
+ hybridization of the Xe atom
[17 marks]

Question Three

One member of each of the following sets is not isoelectronic with the others.
Which one in each set is not isoelectronic with the others?

1) [NO,]", CO,, [NO,] and [N}
iiy  CO,NO",CN and NO

[4 marks]

Each of the following is a radical. For which does a Lewis structure incorrectly
predict this property? Your answer should include Lewis structures of the
molecules.

1) NO i) 0O, i) NF;
[3 marks]

Draw two equivalent Lewis structures for the O; molecule and calculate the

average bond order.
|3 marks]



d)

b)

d)

Using valence orbitals only, prepare a molecular orbital energy level diagram for
C,, showing clearly how the atomic orbitals interact to form molecular orbitals.
Use the diagram vou have drawn to answer the following questions.

1) Write electron configurations for each of the species C,, C;Y and Gy
if) For each of the species in i) above, predict the bond order and the number
of unpaired electrons
iiiy ~ Which of the species in i) above would you expect to have the shortest
bond, and why?
{15 marks]

Question Four
For each of the following, give one example and a complex derived from it;

i) Group 13 halide
i) Group 15 halide
[4 marks]

With the help of a balanced reaction equation, illustrate the synthesis of each of
the following:

1) EtMgCl i) CaH,
[4 marks]

Briefly describe the difference between saline and molecular hydrides with
respect to the following:

i) Nature of bonding
i) Reaction with protic solvents
iiif)  Melting and boiling points
[6 marks]

What explanation can you give for the decrease in solubility of the alkaline earth
metal sulphates in the sequence CaSO, > SrSO4 >BaS0,?
[4 marks]

Explain the fact that the maximum coordination number of Li* complexes is 4
whereas that of other group 1 ions, such as Na', can have coordination numbers as
high as six. [Hint: Use hybridization schemes to illustrate your answer].

[7 marks]



Question Five

a) Sketch the Born-Haber cycle for the formation of LiH(s) from Li(s) and Hax(g).
Then calculate the electron affinity of the gaseous hydrogen atom from the

following data:
Sublimation 0f Li(S) .......c.cccvvvveeveevrsr e +155  kJmol”
Ionization of Li(g) ........ccooocvivi i +518 kImol™
Dissociation of Hax(g) .. et eee ., +432 KJmol”
Enthalpy of formation of L1H(s) ceveeiee.— 90 KJmol
Lattice energy of LiH(s)... .......................-9061<:Jrr101'1

[9 marks]

b) Cs metal crystallizes in a bec lattice and has density of 1.873g.cm™, Calculate the
radius of a cesium atom.

{13 marks]
c) Explain the fact that of all group 1 halides, lithium halides are the most soluble in
organic solvents.
[3 marks]
Question Six
a) Complete and balance the following reactions:
i) Cl,07 + H20())
ii) P4O10 + H20(l)
i} S0; + H20(1) .
iv)  CO+HO() —— *
v) Be(CH);+OH (aq)
vi)  NaOs(s) + HO0()
vii) Fr+Cy ——
vii)  AICh+HO(l) —
i) Mg+N+heat —
[18 marks]



For each of the following species, sketch the structure and indicate the
coordination number around the central atom.

i) GazHs
i) IF5

iy  [SiFg]*
iV) H3BNH3

[7 marks]
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PHYSICAL AND CHEMICAL CONSTANTS
Avogadro’s number N, = 6.022045 x 10** mol™!

Electron charge e = 4.8030 x 107" abs esu
= 1.6021892 x 10°!* C
i Electron mass m, = 9.1091 x 107 kg
' = 5.4860 x 107 amu
= 0.5110 MeV
! Proton mass m, = 1.6726485 x 107 kg
= 1.007276470 amu
Gas constant . R = 831441 J mol ! K!
‘ ' -~ = 1.9872 cal mol~! K-!
: = 0.08206 L. atm mol™' K™!
Ice point ‘ =273.15 K
g Molar volume = 22.414 x 10* cm® mol™'
= 2.2414 X 1072 m® mol~!
Planck’s constant h = 6.626176 x 10°% J s
= 6.626176 x 1077 erg s
Boltzmann's constant k£ = 1.380662 x 10-2 | K!
Rydberg constant R = 1.097373177 x 10~7 m""
Faraday's constant i F = 9.648670 x 10* C mol™!
Speed of light i ¢ = 299792458 x 10° m s~
Bohr radius a, = 0.52917706 x 107" m
Other numbers w = 3.14159
e = 27183
In 10 = 2.3026
j - CONVERSION FACTORS
; 1 cal = 4,184 joules (J)

It

96.485 k] mol™!
= 93.061 keal mol~!

' 1 eV/molecule

I kecal mol™! = 349.76 cm™!
' = (0.0433 eV

1 k] mol™" = 83.54 cm™!
1 wave number (cm™) = 2,8591 x 10~% kecal mol™'
1l erg - =2.390 x 107" keal
1 centimeter {cm) ' =108 A’

= 107 nm
1 picometer {pm) =10 A
I nanometer (nm) =10 A




