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Gas constant R) = - 8.314 JK 'mol™
Avogadro constant (N, ) = 6.023 %10 mol™
Faraday constant (F) = 96,500 Cmol™
Planck constant (h) = 6.63x10™ Jsg
Velocity of light (c) = 3.0x10° ms™
Standard atmospheric pressure = 10° Pa (N m‘z)
Log, (X) = 2303 Log (X)

Part A — 15 Multiple Choice Questions (90 Marks)

Answer all questions

Select the most correct answer to each question given below and mark a cross X over the
answer on the given answer sheet. Any answers with more than one X will not be counted.
1/6" of a mark will be deducted for each incorrect answer.

1. An operaticnal definition of symmeltry involves
(a) a geometric element.
(b) an operation.
(c) aprocedure.

The correct statements, out of (a), (b) and (c) above, are
(1) (a) and (b) oniy. (2) (a) and (c) only. (3) (byand (c)only.
{(4) All(a), (b)and (c). (5) None of the answers (1), (2), (3) or (4), is correct.

2. Symmetry of a molecule is determined by
(a) its nuclear skeleton.
(b) its electron density distribution. .
(c) the relative lengths of chemical bonds and the angles between chemical bonds. -
The correct statements, out of (a), (b) and (c) above, are
(1) (a) and (b) only. (2) (a)and {(c) only. (3) (b) and (c) only.
(4} All(a), (b) and (c). (5) None of the answers (1), (2), (3) or (4), is correct.

3. The total set of distinct symmetry operations about an axis of order 5 is
(C,, C,CLCILE (2CL Cl, CE Ch,cl (3)C,, C3, C3, CLE
(4) C;,C},C3,CLE  (5) None of the answers (1), (2), (3) or (4), is correct.




4. Ydentical configurations ofa molecule are
(a) equivalent configurations. :
(b) nuclear configurations where similar nuclei occupy slightly different positions in
space.

(c) nuclear configurations where identical nuclei occupy identical positions in space.

The correct statement/s, out of (a), (b) and (c) above, isfare
(1) (b) onty. (2) (c)only. (3) (a)and {b) only.
(4) (a), and (c) only (5) (b)and (c) only

5. A symmetry operation
(a) always carries the nuclei of a molecule from one configuration to an identical

configuration.

(b) always carries the nuclei of a molecule from one configuration to an equivalent
configuration. ‘

(c) on amolecule can always be realised, physically, without altering the chemical bonds
during the process.

The correct statement/s, out of (a), (b) and (c) above, is/are :

(1) {a) only. (2) (b) only. (3). (a) and (b) only.

(4) (a), and (c) only (5) (b) and (c} only g

6. Consider the following staternents.
(a) Identity operation carries a nuclear configuration of a molecule to an equivalent
configuration. k
(b) Identity operation carries 2 nuclear configuration of a molecule to an identical
configuration.

(c) Identity operation is denoted by E.

The correct statement/s, out of (a), (b) and (c) above, isfare

(1) (b) only. (2) (c)only. (3) (a)and (b) only.
(4) (@), and (c) only (5) Al (a), (b) and (c)

7. Consider the following statements. ‘
(a) Always one can perform a rotation operation about any axis in a molecule.
(b) Always,a given molecule has only a limited number of axes of rotation.

{c) Always one must be able to perform a rotational symmetry operation, where the angle

of rotation is less than 360°, about an axis of rotation. .
The correct statements, out of (a), (b) and (c) above, aré
- (1) (a) and (b) only. (2) (a) and (c) only. (3) (b)and (c) only.
(4) Alt{a), (b) and (c). {5) None of the answers (1), (2), {3) or (4), is correct.

8. Outof the following, which molecules have a C, axis?
(2) HBr (b) CS: (c) CHyCHCHyCH; (9 CH=CH

(1) Oniy (a). (b) and (c). {2) Only (a), (D) and (d). (3)Only (a), (c) and (d).
(4) Only (b), (c) and (d) (5) Al (@), (b). () and {d). ‘
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Consider the following statements.

(a) A vertical plane is always 2 dihedral plane. .

® A dihedral plane is always perpendicular to a horizontal plane (when it exists).
(c) A vertical plane is always perpendicular to a horizontal plane {when it exists).
The correct statements, out of {a), (b) and (c) above, are

(1) (@) and (b) only. (2) (a)and (c) only. (3) (b)and (c) only.

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

Consider the following symmetry planes. ‘
(@) o, of O () o of PICI>™  (¢) o, of eclipsed ethane

The numbers of reflection symmetry operations, which produce distinct outcomes, that
can be carried out with respect to each of the above symmetry planes is

(1 22,1 (2) 1.2,2. {3) 2.1.1. 4y 2,2.2. (5) 2,1,2.

Consider the following statements.

(a) Alwaysan inversion centre (of 2 molecule) is located ata nucleus.

(b) A molecule can have, at most, one inversion cenfre.

(¢) Inprinciple,2 macromolecule can have an inversion ceatre.

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

(1) (a) and (b) only. (2) (a)and (c) anly. (3) (b)and (c) cnly.

(4) All{a), (b) and (c). (5) None of the answers {1). (2), (3) or {#), is correct.

Consider the following statements.

(a) All the rotation axes of a molecule must pass through the inversion centre, when it
exists. ‘

(b) A molecule having an inversion centre cannot have a principal axis.

(c) All the symmefry planes of a molecule must pass through the inversion centre, when
it exists. - : '

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

(1) (a) and (b} anly. (2) (a)and (c) only. (3) (b) and (c) only.

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

Conpsider the following statements. .
(a) Always there are only 5 distinct symmetry operations about an S5 axis.
(b) Always there is a Cs coincident with an Ss axis.
(c) Always there is a o perpendicular to an Ss.
The correct statements, out of (a), (b) and {C) above, are
(1) (a) and (b) only. (2) (a) and (c) only. (3) (b)and (c} only.
~{4) All(a), (b) and (c). (5) None of the answers (1), (2), (3) or (4), is correct.




14. Consider the following statements, about the S4axis in PICI5™.

15.

(a) Ttis perpendicular fo the ionic plane.

(b) Itis redundant.

(c) The symmetry operations about it can generate only 2 distinct outcomes.
The correct statements, out of (a), (b) and (c) above, are

(1) (a) and (b) only. (2) (a) and (c) only. (3) (b)and (c) only.

(4) All (a), (b) and (c). (5) None of the answers (1); (2), (3) or (4), is cormect.

Consider the following four relationships.
@Ssi=S! mS:=S ©S=5 @S5'=F

The correct relationships, out of (a), (b), (c} and (d) above, are :
(1) (a) and (b) only. (2) (b) and {c) only. (3) (c) and (d) only. -
{4) (a), (b) and (c) only. (5 (b), {c) and (d) only. _
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Q 1. Answers for part (a), (c) are given ln the diagram
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(d) It is the symmetry axis with the highest order.
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(d) A vertical symmetry plane contains the principal axis. All 8 of the mdic.ated planes i
contain the principal axis, - _

(D (All the above vertical planes are dihedral planes) : Lo
- A dihedral plane is a vertical plane which bisects the angle batween two Cz axes whlch
are perpendicular to the principal axis. x
-All the vertical planes satxsfy this COI’]dltlDI‘l

Q3. (3) | |
@\ Inversion Center-

-
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(c) i= Cj Itis a rotation by 180° about the princil.sf.:ll"a)s:"is‘'.=

Q4. (a)
S
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One of the axis.
(b) Order=2

The sma]lest angle of i unproper rotation about this axis in 1800 n= 3600/ 1 800 =2
 (c) 180° |
(d)




