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INSTRUCTIONS

I. Answer ALL questions from Section A and ANY THREE questions from Section B.

2. Section A carries 40 marks and each question in Section B carries 20 marks.

3. Use of

calculators is permissible
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SECTION A

1 a) Which elements have the following ground state electronic configurations?
i) lis* 282 2p° 35> 3p1
i) |52 2s? 2p® 3s% 3p®4s2 3d'04p® 5s!
i) Kr] 5s%4d'° 5p°
V) Xe] 6s*4f14 5d°

V) Xe] 6s° [S]
b) 1) Define the term Electron affinity [1]
1) Using O as an example, and Slater’s rule, show whether the atom is likely
to form a cation or an anion. [10]
C) Consider the orbitals shown in outline below:

o 00 &

(X) (2)

) What are the possible / and m values for each type of orbital?

1) How many orbitals of each type are found in a shell withn=2?7 [9]
d) Name and draw structures of the following complexes:

1) [CoCla ]+

i) [INi(NH3)s]** [4]
e) What are the geometries of the following two complexes?

) [AICl4]

i) [Ag(NH3)]* 2]
d) ) Calculate the wavelength of electromagnetic radiation emitted by an

electron as it relaxes fromn=3ton = 1. 3]

1) Discuss the origin, application and limitations of Rydberg’s equation [4]
€) Naturally occurring magnesium is a mixture of three isotopes:
78.99% **Mg, 10.00% **Mg, and 11.01% “°Mg

The atomic masses are respectively 23.9850 amu, 24.9858 amu, and 25.9826.
Calculate the average molar mass of magnesium. 2]

[Total 40 marks]

Copyright: National University of Science and Technology, 2025

SCH 1241
Page 2 of 5




SECTION B

2. a) Draw feasible Lewis structures for the following:
1) NO7,
1) H>O»,
1) ClO, and
1) CCl4 [4]
b) Using Hydrogen as an example, discuss the similarities and differences between
atomic and molecular orbitals. [10]
C) Calculate the spin only magnetic moment in uB for the complex [Mn(Br)4]*. Also
predict the geometry of the complex. [6]
[Total 20 marks]|
3. a) Use the molecule CH4 and partial orbital diagrams to describe the hybridisation
model for bond formation. What are the advantages and disadvantages of
hybridisation? [10]
b) Methane can undergo a substitution reaction with bromine.
(1) Write a balanced equation for this reaction

(11) Using appropriate data from the table of bond enthalpies below, calculate
the enthalpy change of reaction for the bromination of methane.  [6]

bond Average bond enthalpy / kJ
mol-’
C-H +413
H-H +435
C-Br +280
Br-Br +193
H-Br +366
C-C +347
C) Two solutions, one orange and one blue each contain a cobalt complex: one has
chloride ions as ligands, while the other has ammonia ligands. Deduce which
solution is expected to be orange [4]

|Total 20 marks]

4, a) What is meant by the term ‘diamagnetism? [1]

b) Describe how you would experimentally determine the magnetism of an element or
compound |4]

c) Using molecular orbital theory and bond order, which of the following would you
expect to exist naturally and be diamagnetic?
1) N>
1) Oz
1) Be," [15]

|[Total 20 marks]
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5. Give the name and find the ligand field stabilization energy (in terms of Dy) for the
complexes below. Are any of them Jahn Teller active?

1) (Cr(NH3)s]*"

i) (Cu(NH3)4(OHz)2]*
1) Ti(OH2)6]**

v)  [Co(CN)s]*

V) [Ni(NH3)4Cl3]

20]
[Total 20 marks]

END OF QUESTION PAPER

GENERAL DATA AND FUNDAMENTAL CONSTANTS

[ amu = 1.6606 x 107 g

| electron volt = 1.6022 x 1077 )
= 06.485 kJ mol !

Ny =6.022 x 107 particles mol™’

T = 3.1416

R = 0.08206 L atm mol ! K!
= 1.987 cal mol™! K™/
= 8.3145 Jmol™! K!

Ry = 1. 09737 x 10" m™!
= 1.09737 x 10° em™!

= 8.3145 kPa dm’ mol™' K’ (Rydberg constant)
h =6.6262 x 107%* J s. M. = 9.109 38 x 1077 kg
=6.6262 x 107 erg s.
C =29979x10°ms'. F = 9.648 53 x 10* C mol™!
e = 1.60219 x 107" coulomb €0 =885419 x 1072 J ' C?°m™!
dmep = | J1265 = ]G0 Cnr!
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1) Periodic Table of the Elements

H
1.0
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i)
11 12
N: Ve
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T
)

108 | 1o | 110 | 111
R IIs | Mt Ds | Uuu | Uub
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