University of Ruhuna- Faculty of Technology
Bachelor of Engineering Technology Honours
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Course Unit: TMS 1122 Chemistry of Materials Duration: 2 hours

Instruction to Candidates
e Answer all Four (04) questions.
e All symbols have their usual meaning.
¢ Calculators are allowed.
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1. Answer all parts.

(2) Briefly describe the following. ' : (20 marks)
(i) Electron filling sequence using Aufbau pnncnple
(i) Four Quantum numbers.

(b) Draw the Lewis structure for the following molecules. (18 marks)
(i) N2
(ii) CaF,4
(ii))CO,

(c) Answer the following questions using your knowledge of electronic configurations.

() Write down the electronic configurations for Chromium (Cr). (04 marks)
(i1) Draw the orbital diagram for the above element. (14 marks)
(iii)Briefly define the terms diamagnetic substance and paramagnetic substances.

(08 marks)

(iv)Determine whether the Chromium (Cr) is diamagnetic or paramagnetic. (06 marks)

(d) The four successive ionization energies of an unknown element (A) are:

900, 1760, 14800, 21000 (kJ/mol)
(1) Define the term ionization energy of an elements. {08 marks)
(i) Determine the corresponding group of the periodic table the unknown element (A)
belongs to. (06 marks)
(1i)What is the reason for the significant difference between the second and third
ionization energies of the above-mentioned unknown element? (06 marks)
(iv)Briefly describe the ionization energy trend of the periodic table across period and
down a group by giving reasons. (10 marks)

2. Answer all parts.

(a)
(i) Define the term Molecular Orbital. (10 marks)
(ii) Briefly describe the two possibilities and their results when two wave functions of
atomic orbitals are combined to form a molecular orbital. (10 marks)
(iii)Sketch the molecular orbital diagram of a Li: molecule. Write the electron
configuration for Li; molecule. (20 marks)
(iv)Calculate the bond order of Li> molecule. (10 marks)
(b) Determine the shapes of the following molecules using Valence Shell Electron Pair
Repulsions (VSEPER) theory.
(1) NH;
(i) 10 (16 marks)
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(c) Titan submarine is powered by the electricity generated through the combustion of
methane (CHq) gas. O gas is required for the underwater combustion of CHy while CO;
and H20 are the products of the reaction. (Molar mass of C is 12 gmol ', O is 16 g mol -

'and His 1 gmol )

(i) Write the balanced equation for the above combustion reaction. (05 marks)
(ii) How many moles of O; are consumed when 12.5 mol of CO; are produced?

(05 marks)
(m)Calculaxe the mass of O, required for the full combustion of 1.6 kg of CHa.

(14 marks)

(d) Describe how you would prepare 0.15 M of Isotonic saline (NaCl) of 2.0 L froma 6.0 M
stock solution. Calculate the volume needed from the stock solution.

(10 marks)
3. Answer all parts.
(a)
(i) Define melting point of a substance? (10 marks)
(ii) How does soluble impurity affect the melting point of a substance? (10 marks)
(iii)Briefly describe the following bonds. (20 marks)
(I) Hydrogen Bond.
(1I) Covalent Bond.

(b) The reaction between reactants A and B results the products C and D.
AptBep — Cu+Dy

The rates of the reaction measured at 25 °C for the above reaction in different
concentrations of hydrogen and iodine are given in the table below.

Ex‘ﬁmm [A] x10* /(mol L) | [B] x10”/(mol L") | Rate 10" /(mol L"'s™")
1 5.0 2.0 1.2
2 10.0 2.0 5.0
3 10.0 4.0 100

(1) Calculate the orders for the above reaction. Consider the orders of the reaction with
respect to A and B as x and y respectively. Calculate the overall order of the reaction
using the data given in the table. (34 marks)

(i) Calculate the rate constant for the above reaction. (16 marks)

(1i1)The decomposition of ethane (Csz) to methyl radicals is a first-order reaction with a
rate constant of 5.36 x10™ s at 700 °C. Calculate the half-life of the reaction in
minutes. (10 marks)
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4. Answer all parts.

(a) Acid rain is a harmful effect of environmental pollution. It contains highly acidic water
droplets due to the presence of Nitric (HNO;) and Sulfuric (H2SOs) acids. Natural
buﬂ'cnng agents in the soil can minimize the effects of acid rain on soil pH.

In an analysxs to check the quality of rainwater, a 100 ml water sample was collected
during a rainy day. This sample was labeled as “Y™. A preliminary pH test on water sample
Y indicated that it contains acidic water.

(i) Define an acid using the Brensted-Lowry, Arrhenius, and Lewis theories on acids and

(ii) Predxct what would happen if the following actions were performed on the water
sample Y. (06 marks)

(I) Inserted a blue litmus paper.
(II) Dropped a small piece of Magnesium metal.
(IIT)Added a few drops of phenolphthalein.

(iii)Write the chemical formulas of conjugate bases of the acids present in water sample

X (09 marks)
(iv)The pH of the water sample Y was found to be 4.82 at 25 °C.
(I) Calculate the pOH of Y. (10 marks)

(I) Calculate the H™ ion concentration in Y. State what would happen to this value
upon addition of Sodium Hydroxide (NaOH). Give reasons for your answer.
(10 marks)

(IlI)Determine the volume of 0.001 M NaOH required to reach the endpoint in the
titration of sample Y. Take the volume of the sample as 100.0 mL. (Hint: Burette

contains NaOH). (10 marks)
(v) Briefly describe the buffering action of a buffer. (06 marks)
® :
(i) State five (05) types of radioactive decay. (10 marks)
(ii) Complete the following nuclear equations and identify X. (12 marks)
M %3 U - 23Th + X
(IN%3%Th - *3%Th + X
(iii)Briefly Explain the following terms. (18 marks)
(I) Isotopes.
(II) Nuclear fission.
(IIT)Nuclear fusion.
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