University of Ruhuna - Faculty of Technology
BACHELOR OF ENGINEERING TECHNOLOGY

Level 1 (Semester 1) Examination, October 2018

Course Unit : TMS 1122 Chemistry of Materials

Time Allowed: 2 hours

* Answer all four (04) questions All symbols have their usual meanings

Related physical constants

Planck's constant h=16.6262 x 1034 Js

mass of electron me =9.1091x103! kg

charge on electron e=1.60210%x 10" C

Permittivity of vacuum . =8.854185 % 1072 kg~ m> A%s*
velocity of light c=3x10¥ms?!

01. Answer both parts.

(a) Answer following questions regarding He" ion using your knowledge of Bohr’s planetary model.

i.Derive an equation to calculate the radius of n™ orbit of He" ion.
(06 marks)

ii.Derive an equation to calculate the kinetic energy of electron in n'" orbit of He* ion.
(06 marks)

iii.Derive an equation to calculate the total energy of electron in n™ orbit of He" ion.
(02 marks)

iv.Calculate the wave number (cm™) of radiation emitted by electron transition from

n = 2 energy level to n = 1 energy level of He" ion. .

(03 marks)
Related equations
s 5 1 ai1Xq

Coulomb’s law: Fyipraction = e ‘1,72
2
Centripetal acceleration a = VT

De-Broglie Equation (for angular momentum) mvr = :—:

-Ze?
4TE T

Potential energy of electron P. E. =

Kinetic energy K. E. = -;-mv2

(b) Draw the Lewis structures of following molecules and determine their shapes according to
Valence Shell Electron Pair Repulsion (VSEPR) theory.
(i) NCls '
(i) CHs
(iii) H2S
(iv) BeCl2
(02 x 4 marks)



02. Answer both parts.
(a) Answer following questions regarding atomic structure.

i.Write down the Pauli’s exclusion principle.

(02 marks)
ii. Write down the Hund’s rule.
(02 marks)
iii.Draw a sketch to illustrate Aufbau principle.
: (02 marks)
iv.Write down the names of four (04) quantum numbers of an electron in an atom.
, (02 marks)
v. Name the quantum number which indicates the average distance between the nucleus and
electron.
; (02 marks)
vi.Write down the electronic configurations of following atoms.
(40} (0)
I d
(1) Mg
(IV) Cu : (04 marks)

Vii. Write down the sets of four (04) quantum numbers corresponding to valence electrons in
Mg atom. (02 marks)

(V) Answer following questions using your knowledge of molecular orbital theory.

i. Sketch the molecular orbital diagram and electrons in bonding and antibonding orbitals of a
Nz molecule. (03 marks)

ii. Calculate the bond order of N> molecule.

(02 marks)
iii. Using your molecular orbital diagram, determine whether Nz is paramagnetic or
diamagnetic. (01 marks)
iv. Calculate the bond order of N3* ion.
(01 marks)

v. Using your molecular orbital diagram, determine whether N, is paramagnetic or
diamagnetic. (02 marks)



03. Answer all parts.

(a) Answer following questions regarding thermal decomposition of KMnOx.

KMnO, > K,MnO, (o +MnO, (¢ + O,

L

i. Rewrite the balanced chemical reaction of the thermal decomposition of KMnQOq ).
: (04 marks)

ii.An amount of 3.160 g of KMnOj (s was thermally decomposed, completely. The released
02 (g Was collected under standard temperature and pressure.

(I)  Calculate the number of moles of O2 g released.

(01 mark)
(Il) Calculate the volume of O» ) collected.
(01 mark)
(LII) Calculate the weight of remaining solid residues after the thermal decomposition
reaction. (assume that all KMnOj has been decomposed.) (02 marks)

(Relative atomic masses O = 16, K = 39, Mn = 55)
(Molar volume of gas under standard temperature and pressure = 22.4 dm® mol)

(b) Answer following questions regardir{g the preparation and identification of chemical solutions.

i. A massof 0.0140 g of KOH, was dissolved in 250 mL of pure water.
(I) Calculate the concentration of the solution.
(03 marks)
(1) Calculate the pH of the above solution.
(02 marks)

ii. A solution of 0.1 mol dm? HCI (4 is available in the laboratory. A portion of 25.00 mL was
transferred to beaker and 225.00 mL of pure water was added to the beaker. The prepared
solution was thoroughly mixed.

(I) Calculate the concentration of the prepared solution.

- (03 marks)

(II) Calculate the pH of the solution.
(02 marks)

iii. A student forgot to label both of his. KOHaq) solution and HCI () solutions. Propose a simple
method to identify these solutions using usual chemicals available in the laboratory.
(03 marks)

(c) Answer following questions regarding buffer solutions.

i.  Explain the concept of a buffer solution.
(02 marks)

ii.  Provide two (02) examples for buffer solutions and name their chemical special involved.
(01x 2 marks)



04. Answer both parts.

(a) Answer following questions using your knowledge of kinetics.

i. Explain the concept of rate of a reaction and its importance in the chemical industry
(02 marks)
ii. Explain the difference between elementary reaction and complex reaction.
(02 marks)
iii. Sketch the graphical plots which can be used to calculate the rate constant of following
reactions. (Titles of X and Y axis must be written in your sketches.)
A > B

O 0™ order
an 1* order

)  2™order (02 x 3 marks)

iv. A chemical reaction between reactants A with B results the product C.

A+ B > 0

(I) Write down the differential form rate law for the above reaction.
(01 mark)
(1) Calculate the order of the reaction with respect to A and B, using the experimental
data of the above reaction given in the table below.

(05 marks)

Reaction Number [A] (mol dm™) [B] (mol dm™) Rate (mol dm™s™)
(1) 0.1 0.1 2.0x 103
10)) 0.1 0.3 5.4 %102
3) 0.15 0.1 45x 107

*All of the reactions were carried out at the same temperature.

(b) Answer following questions using your knowledge on nuclear structure and nuclear processes.

i. Explain the reasons for positively charged nucleus containing multiple protons to remain
stable while positive charged protons repel each other.

ii. Explain the difference between nuclear fission and nuclear fusion. (02 marks)
Provide an example for each type of following nuclear processes. (02 marks)

(a) Alpha (o) emission

(b) Beta (p) emission (02 marks)

iii. Write down three (03) applications of nuclear reactions.
(01 x 3 marks)
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