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General Instructions

1. This question paper consists of two sections,
Section I — 30 Multiple Choice Questions (Recommended time is I hour).
Section 11 — six (6) Essay type Questions (Recommended time is 2 hours).

2. Read all instructions carefully before answering the questions.

3. Answer All questions.

4., Answers to Multiple Choice Questions should be marked on the MCQ answer sheet.
Answer for each question in section II should commence from a new page.

5. Clearly state your index number in your answer script. Submit the answer scripts for each section I and
section I1 separately.

6. Involvement in any activity that is considered as an exam offense will lead to punishment. You are NOT
allowed to keep Mobile phones with you during the examination. Switch off and leave them in a safe
place.

Gas constant(R) = 8314 JK 'mol ! Avogadro constant = 6.023 x 10% mol !
Faraday constant (F) = 96,500 C mol ! Plancks constant (h) =6.63 x 10 %7 s
Velocity of light (¢) =3.0x 10® ms! Mass of an electron = 9.1 x 107 kg
Rydberg constant = 1.097 x 10" m"!  Standard Atmospheric pressure = 10° Pa (N m™)
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Section I- Multiple Choice Questions (Recommended time -1hour)

e Choose the most correct answer to each of the questions and mark this answer with an “X” on
the answer sheet. '

¢ Use a PEN (not a pencil) to mark your answers.

¢ Any question with more than one answer marked will not be counted for grading.

1. Which of the following species contains 21 neutrons and 19 electrons?
M @fcat B8kt @RSt (o) o

2. The most electropositive element among the following is
(DNa (2) Ca (3) K HCs . (5)Mg
3. Which of the following is NOT an observation/outcome of Rutherford’s gold foil experiment?

(1) There is a positively charged and relatively heavy target particle in the centre of an atom.
(2) atoms are mostly composed of open space.

(3) electrons move around stationary orbits,

(4) Most alpha particles passed straight through the gold foil.

(5) alpha particles were deflected slightly, suggesting interactions with other positively charged
particles within the atom. ‘

4. Which of the following contains a pair of metalloid elements in the periodic table?
(1) Naand K (2) FandCl (3)CaandMg (4) GeandSi  (5) Fe and Mg
5. The electronic configuration of the Fe * jon s,

(1). 1s* 252 2p® 3s? 3p® 45?34 ¢
(2) 1s* 252 2p% 35% 3p% 3d° 447
(3) 15% 252 2p° 3s% 3p° 450 36
(4) 1s% 25 2p° 357 3p© 4¢% 3d* dp?
(5) 15% 25% 2p° 3s? 3p* 3dC 4¢” 4p!

6. Which of the following best describes the most likely pathway for the K ™ ion to achieve a noble
gas configuration?

(DLose two electrons (2} gain two electrons  (3) lose one electron
(4) gain one electron  (5) nothing is required it already has a noble gas configuration
7. Which of the following species has tetrahedral geometry?

(1) IC1s (2) PCls (3) ST4 (4) ICls (5) Xely




8. Schematic representation of HgTe and CdTe (zinc blend) structure is given’below. The
coordination numbers of Hg*" and Te?” ions respectively are

. Hg.Cd

(Iy 4,8 (2)4,6 (3)4.4 (4y4,2 (564

9. Which of the following statement/s is/are true about PCls molecule?
(a) It does not obey the octet rule (b) It has a trigonal bipyramidal geometry
(c) Its central atom is sp® hybridized (d) CI-P-CI bond angle is 90°

The answer is
(1) (a) and (b) only (2) (b) and (c) only (3) (¢} and (d) only
(4) (d) and (a) only (5) (a), (b) and (¢} only

10. Select the correct statement(s) about N molecule.

(a) Its bond order is 2.5 (b) Tt is diamagnetic (c) It is isoelectronic with CO
(d) Tts molecular orbital electron configuration is
Gls2 G 13*2 0'252 (525*2 0'2;)12 TCprz = 7132py2 TCpr* = 732}33!*
'The answer is :
(1) (a) and (b) only (2) (b) and (c) only (3) (¢) and (d) only
(4) (d) and (a) only (5) (a), (b) and (c) only

11. Identify the molecule/s that possess/es non- zero dipole moment.

(a) BF3 (b) SO (c) NIy {(d) CIICl3 i
The answer is

(1) (a) and (b) only (2} (b) and (c) only (3) (¢) and (d) only

(4) (d) and (a) only (5) (a), (b) and (¢) only

12. The molecule/ion that is isoelectronic with nitric oxide ion, NO' is

(a) N2 {b) CO (¢) CN™ (d) O*

The answer is
(1) (a) and (b) only (2) (b) and (c) only (3) (c) and (d) only
(4) (d) and (a) only (5) (a}, (b) and (c) only




13. Of the following hydrides of Group 16 (or Group VIA) elements, the one with the lovieat . 2.
boiling point is

(1) H,0 (2) HaS (3) aSe (4) HyTe (5) HyPo

14, What is the IUPAC name of the following compound?
Ghs
Br—CH,~CH~CH=CH-COOH

(1) 1-bromo-2-methylpent-3-en-5-oic acid
(2) 2-methyl-1-bromopent- 3-en-5-oic acid
(3) 4-methyl-5-bromo-2-pentenoic acid
4) 5-bromo-4-methyl-2-pentenoic acid
(5) 4-bromomethyl-2-pentenoic acid

15. Select the correct statement regarding the following conformations A- F.,

B
HOE o By ct HUE B v ol oH B g
@ (SiH @ (?CH QF( (?ﬁ
H H H H H H H
Cl Hi H - HY H He
A B c D E F

(1) Stabilities of conformations A and € are the same.
(2) All eclipsed conformations have the same stability.
(3) D has the least stability among all,

(4) Stability of C is less than that of E.

{5) Conformations B and F have the same stability,

16. Consider the following statements regarding the chlorination of Cls in the presence of sunlight.
(a) Formation of chlorine free radicals is the chain initiation step.
(b) Inthe presence of excess chlorine, a mixture of chlorinated products is formed.
(¢) CH3CHjzcan be formed as a product.

True statement/s is/are,

(1) @only. (2)(b)only. (3)(c) only. (4)(a)and (b)only (5) All (@), (b) and (¢)
17. Select the wrong statement regarding petroleum refining,

(1) Crude petroleum is mainly a mixture of hydrocarbons.

(2) Fractions obtained by distillation of crude petroleum are pure alkanes,
(3) Thermal cracking of petroleum leads to unbranched hydrocarbons

(4) Petroleum cracking can be done by using a catalyst at high temperatures.
(5) Branched smalier alkanes are most suitable to be used as gasoline,

18. Which of the following processes gives no heat exchange between the surroundings and the system?

(1) adiabatic ~ (2) isothermal (3) isobaric  (4) isochoric (5) isoenthalpic




19. Which of the following is true of an isothermal reversible gas expansion?

(1) no heat is exchanged between the system and the surroundings

(2) the temperature of the surroundings remains constant

(3) the system does positive work on the surroundings

(#) the total heat absorbed by the system = total work done by the system
(8) work done by the system is zero

20. Which of the following expression cannot be used for a reversible, adiabatic transformation in an ideal

gas?
(1) PVY = constant (2) PY¥ = nRT (3) TVY~! = constant
(4) AH =nCp AT (5) q=AU

21. The SI unit for molar entropy is,
() JK tmol™? ) JK (3) Jmol™1 (4) JK (5) JKmol™t
22. Which thermodynamic quantity predict the spontaneity of a reaction in a closed system ?

(1) AS for the reaction at constant T and P (2) AU for the reaction at constant P
(3) AH for the reaction at constan{ T (4) AG for the reaction at constant T and P
(5) both AS and AG for the reaction at constant T and P

23. For a spontaneous process which one of the following expression will not apply
dq ’
(1) dSsys > /T (2) dSuniverse >0 (3) dGP,T >0
(4) dU = dq + dw (5) dw = —P,dV

24. According to ITUPAC conventions, the cell reaction cotresponding to a cell diagram

(a)Is written in such a way so that the oxidation takes place at the electrode on the left-hand side.

(b)Is written in such a way so that the cathodic half reaction takes place at the electrode on the right-hand
side.

(¢) Does not have to be spontaneous.

The correct statements, out of (a), (b} and (¢) above, are

(1) (a) and (b) only (2) (a) and (¢) only (3} (b) and (c) only
(4) All (a), (b) and (c) (5) None of the answers (1), (2), (3) or (4) is correct

25. A student prepared a solution by dissolving NaBr and NaySO, in distilled water. The concentration of
NaBr and Na;SOy 0.100 mol dm™ and 0.400 mol dm™ respectively. What is the ionic strength of the
solution in mol dm™.

1y 17 ) 1.5 (3) 1.3 (4) 2.6 (5)3.0

26, The activity, a, of an ionic species X in solution is given by a,, = ¥, (%),
(a) €Y is always unity irrespective of the units
(b) C, is the molar concentration of the species X
(¢) the value of ¥, depends on the particular ionic species

The correct statements out of (a), (b) and (c) above are,

(1) (@and(b) (2) (@and(c) G)dand(c) (4) All(a), (b)and(c) (5) Only (b)




27. When a Galvanic cell is connected to a load . ' SIS

(a) oxidation takes place at the spontaneous cathode
(b) electrons in the external circuit flows from spontaneous anode to spontaneous cathode
(c) spontaneous cathode is at a higher electric potential than the spontancous anode

The correct statements out of {a), (b) and (c) above are,
(1) (2) and (b) (2) (a) and (c) (3) (b) and (c) (4 All (a), (b) and (¢)  (5) Only (a)
28. Consider the following staternents:

(a) Haber Process N2 (g) + 32 (g) —— > 2NHa (g) with a Pt catalyst is an example of a
heterogeneous catalysis
(b) Refrigeration is an example illustrating the effect of temperature on rates of reaction.
(¢) In accordance with Arrhenius equation, a plot of In k (where k is the rate constant) against T
(temperature in Kelvin) is expected to be linear.
(d) Half-life of a reaction of a first order reaction is 1ndependent of the initial concentration.
Of the above statements,

(1) only (a), (b), and {c) are correct  (2) only (b), (c) and (d) are correct
(3) only (c¢), (d) and (a) are correct  (4) only (d), (a) and (b) are correct
(5) all of (a), (b), (c) and (d) are correct

29. The relationship between two variables, k and T is given by the logarithmic expression In k =
Q (%) + InA (Qand A are constants)

The corresponding exponential form of the equation is

g
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30. A — P is a first order reaction whose rate constant is 2.0 x 10 st and the initial concentration
of A =0.30 mol dm™. The half — life of this reaction (in min) is, approximately,

(1) 582 (2) 38.7 (3) 77.4 (4)3.49x 10°  (5)2.33 x 10°




Section II - Answer All Questions

01.(a) In the hydrogen atom, an electron absorbs a photon and moves fromthen=2ton =3
energy level, and then drops back to the ground level. Atoms flueresce when they move from
an excited energy level to the ground state releasing energy in the form of light.

(i) Draw an arrow that represents the transition of the electron during fluorescence on the
. energy diagram below,

ﬁ'\
n=4
- =3
n=2
n=1

(i) Will the wavelength of the photon emitted in the above case be higher, lower or the same as

the wavelength of the photon absorbed by the electron initially? Briefly explain your
answer,

(iii} Calculate the energy of a photon of light with wavelength 500.0 nm.

(iv)Which electron transition/s between the energy levels of hydrogen causes the emission of a
photon/s in the visible region of the Electromagnetic spectrum?
(v) How would you indicate the electron transition when the hydrogen atom undergoes
ionization?

(50 marks)
(b)Y(®) Explain the difference between an orbit and an orbital,

(i)  Give the numerical values of n, / and m quantum numbers corresponding to each of the
following orbital designations by filling the table:

Orbital n value { value m value
designation '

2s
3p 4

(30 marks)
(c) Explain why

(1) Li has a larger first ionization energy than Na
(11) Graphite conducts electricity whereas diamond does not.
(20 marks)




02. (a) Draw a fully labelled Born- Haber cycle for the formation of Mglh(s). Write the expression
for the lattice energy of Mgla(s) using the energy terms in the cycle.
(20 marks)

(b) For each of the molecules, CHCl3 and CHa, indicate using arrows, the direction of polarities
of bonds and the net dipole moment, if any.
(20 marks)

(c)(1) Using the concept of hybridization, predict the geometry of BCl3 and PCls.
(ii) Draw the resonance structures for CO3*",
; (30 marks)

(d)(@) Draw the molecular orbital energy diagram of Q.. Calculate the bond order of Oz,
(i1} Draw and label the molecular orbitals formed by the overlap of two py orbitals and two
pzorbitals (z- axis is the inter- nuclear axis),
(30 marks)

03. Answer only five parts from parts (a) to (f). If more than five parts are answered, only the first
five in the order of answering will be marked.

(a) Determine the configuration of the double bonds in the following compounds as E or Z. Show
the priority order of the groups according to Cahn-Ingold-Prelog rules clearly.

HC=C , B
‘o= CHaNH: i "=~ CHz20H

HsC~  C=CH HsC' COOCH,

(20 marks)

(b) Draw the two chair conformations of the following compound and state giving reasons which
conformation is more stable.

CH4
"’CMe3
(20 marks)
(c) Giving suitable reagents and conditions, show how you carry out the following conversions.
HO  CH,CH, o ,
i \)K/\/\CHO
4 Q@
ii, Chy-C~CHy > CHy-C—CH,Br
Br

(20 marks)




(d) Give the structures of the major products of the following reactions.

iN- bromo succinamide

0
i é CH,=PPh;
- O

NaNHs/ lig. NH;

iil. CH4C=CH
-33°C
Hy/Pd/ BaSO
v, W 2 kit 4

quinoline
(20 marks)

(e) Give the product and the mechanism of the following reaction.

H CHa HBr

= -

H  CHy (20 marks)

(f) Classify the following reactions as elimination, addition, substitution or rearrangement reactions.

H
| H*/ C,HsOH
] Heoeo 2T HyC~G—OH
HyC OC,Hg
Br OH
. NO NaOH NO,
NOZ N02

@ H*/ C,H;OH ©/COCH3
ii,

_H,SO
CHyCHCH, _ Z0T% 257 oy, —CHCH,
OH 170 °C

(20 marks)

04(a). Write down mathematical expressions for the following using the standard symbols.

(i) root mean square speed  (ii) mean speed (ii1) mean translational energy p

(15 marks)




(b). 3 mols of an ideal gas at 27°C and 4 atm pressure undergo an isothermal expansion to half the
initial pressure, Calculate the work done on the gas by the surrounding when this expansion
takes place . '

(1) reversibly
(ii) irreversibly
against an external pressure of 2 atm.
(35 marks)

(¢) (i) Define “Thermal capacity” (C ) of a substance using a mathematical expression.
. (ii) Indicate to what type of system the concept of thermal capacity will apply.

(iii)Starting from the first law of thermodynamics show that the heat change in an isochoric
(constant volume) process is equal to the internal encrgy change, (AU) provided only
expansion work is possible.

i (25 marks)

(d). 1000 moles of water vapour are condensed to liquid water at 373K under standard atmo spheric
pressure. The standard enthalpy change for the condensation is - 40 kJ moll. Calculate the
following change in properties accompanying this process.

(i} Entropy, AS
(i) Gibbs free energy, AG . (25 marks)

05(a). Define the following as applied in studying Galvanic Cells.

(i) Electromotive force of a Galvanic cell
(if) Negative terminal of a Galvanic cell
(iii) Electrode potential of an-electrode.
(24 marks)

(b) A student prepared a Galvanic cell by electrically connecting the ionic phases of two metal —
metal ion clectrodes, X(s) |X* (aq) and Y(s) | Y** (aq), using a salt bridge. Under the
experimental conditions the electrode potentials of the electrodes are given by
E x(s) | x2+ (ap = 1.342 V and E vgs) | v3+ (ag) = 3.450 V.

() Giving reasons, state the spontaneous anode of the above given cell.

(if)  Giving reasons, write down the spontaneous anode, cathode and cell reactions of the above
cell. “
(iif)  What is the charge number of the cell reaction written above?
(iv)  Using standard notation, draw a cell diagram for the above cell whose cell reaction is non -
—spontaneous. )
(v)  Giving reasons assign an emf to the cell diagram you have drawn (under the conditions
the student prepared the cell.)

(40 marks)

10




(¢) (i). Write down the relationship between the Gibbs free energy and the emf assigﬁéa;féjaj‘
reaction and identify all the parameters in it.

(i) Given that, E® (Cd* | Cd) =- 0.43 V and E°(Pb* | Pb)=- (.126 V.

Calculate the E? and AG® for the cell reaction,
Cd (s) + Pb*" (aq) — Cd* (aq) + Pb ()
(36 marks)

06. (a) A hypothetical elementary reaction is of the form
C P A+B —— products

(1) Write down the rate expression for the above reaction using the standard symbols

(i)  Determine the SI units of the rate constant,

(i)  Assuming that this reaction is carried out with an excess amount of B relative to A,
derive an expression for the pseudo rate constant (k*) of the reaction in term of the
concentration of A, [A] at time, t and its initial concentration of [Ag]

(36 marks)

(b) A certain reaction [A ------- > P] is found to follow the differential rate law,

Given Ag - A = kt ( standard symbols used) and 25% of A undergoes reaction in 30 minutes,
what would be the concentration of A at the end of one hour(initial concentration of A is 4.0 x

10° mol m™).

(24 marks)
(¢) How are the two terms Activation Energy and Catalyst related to each other?
{12 marks)
d[A] : : : .
d) - ar k [A]” [B]? is the general expression that represents the rate equation for a reaction of

the form A+ B -—-——-->P

With the aid of the relevant mathematical expression, briefly outline the principle of the Initial
Rate method for the determination of order with respect to A (experimental details NOT )

necessary).

(28 marks)
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