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SECTION A

Question 1

a) Write the electronic arrangements for Calcium, Cerium and Magnesium.

(use the periodic table attached to this question paper for atomic numbers)

(6 marks)

b) Describe the electron box notations of the following atoms.

i. Vanadium (III) ion (V3+) (2 mark)

ii. Chlorine atom (Cl) (2 mark)

c) Describe the energy level diagram for the zinc atom (Zn). (4 marks)

d) Arrange the periodic table according to spdf electronic arrangement of

atoms. (3 marks)

e) Promotion of an electron from principal quantum number n = 1 to n = ∞

corresponds to ionization of an atom. Deduce an equation that can be used

to determine the energy required to for such a promotion. Given that one

mole of a substance contains 6.022 x 1023 mol-1 particles, use the deduced

equation to determine the first ionization energy for H. (4 marks)

f) Briefly explain why the electronic configuration of K, 1s22s22p63s23p64s1

is energetically more stable than the configuration 1s22s22p63s23p63d1.

(3 marks)

g) Use Bohr’s equation to determine the Bohr radius of H atom at n = 1.

(2 marks)

h) Define the following terms: (4 marks)

i. Aufbau principal

ii. Pauli’s exclusion principal

iii. Heisenberg’s uncertainity principal
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iv. Hund’s rule

SECTION B

Question 2

a) One of the most important applications of early quantum theory was the

interpretation of the atomic spectrum of hydrogen on the basis of the

Rutherford–Bohr model of the atom. Using a diagram, illustrate spectral

lines in the emission spectrum of hydrogen. (5 marks)

b) Calculate the energy released by an electron as it returns to its ground

state of 2p from a 3p orbital and characterize the resultant spectral line as

either lyaman, balmer, paschen or pfund. (7 marks)

c) Provide a brief discussion on the four quantum numbers that fully

describe the position of an electron in an atom. (8 marks)

Question 3

a) What is the potential of a fuel cell (a galvanic H2/O2 cell) operating at pH 5?

Overall reaction: 2 H2(g) + O2(g) = 2H2O(l) (10 marks)

b) Given that the principal quantum number, n, is 3, and using the rules that

govern quantum numbers n and l, write down the allowed values of l and

ml, and determine the number of atomic orbitals possible for n = 4.

(5 marks)

c) Discuss the possible sets of quantum numbers that describe an electron in

a 2s atomic orbital. What is the physical significance of these unique sets?

(5 marks)
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Question 4

a) By use of diagrams, illustrate the shape of atomic orbitals in an s, p, d ,f

atomic orbitals. (10 marks)

b) Given that I- can be oxidized to IO3- by MnO4-, which is further reduced to

Mn2+. Deduce a balanced inorganic reaction equation. (10 marks)

Question 5

a) Given the following half reaction: 2H+ + 2e- = H2, (E°1/2 = 0.000 V);

determine E1/2 at pH 5 and PH2 = 1 atm. (10 marks)

b) Briefly describe the Latimer diagram for Mn in acid. (10 marks)
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a) R = Rydberg constant for hydrogen = 1.097 x 107 m-1 or 1.097 x 105

cm-1;

b) Speed of light C = 2.998 x 108 ms-1
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c) Bohr radius (run),
2 2
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ε0= permittivity of vacuum = 8.854 x 10-12 Fm-1

h=Planks constant = 6.626 x 10-34 Js

n = 1, 2, 3, …. describing a given orbit

me = electron rest mass = 9.109 x 10-31 kg

e = charge on an electron (elementary charge) = 1.602 x 10-19C

Nernst equation

where Q is the concentration ratio of products over reactants,

raised to the powers of their coefficients in the reaction.


