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TOPIC 1

Symmetry Elements Point Groups

16 questions - Easy 8 | Medium7 | Hard 1 - PYQ frequency: High

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427




ABC CHEMISTRY CSIR-DEC 2011
Mr. Aniket Bhardwaj MCQ

l Symmetry Elements Point Groups Question 1 of 41

QUESTION INSIGHTS
Q1 | o

The molecule diborane belongs to the

symmetry point group 1-1.5min
Easy
@ c Symmetry Elements Point Groups
2V
High - 7 papers
CZh
oy
Part B
MEMORY HOOK
D2n 'D needs the sideways C5s'.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q1 - Question



ABC CHEMISTRY CSIR-DEC 2011
Mr. Aniket Bhardwaj MCQ

l Symmetry Elements Point Groups Question 1 of 41

° Correct Answer D D3,

[ CONCEPT ] SHORTCUT | EXAM TRICK

Polar = C,, or C,v or Cs; chiral = only proper rotations (C,,
D,).

Symmetry operations E, C,, o (v, h, d), i, S,; a molecule's point group is assigned by a
flow chart: linear (Ceov/Dooh), high symmetry (Td, Oh, Ih), then principal axis,
perpendicular C.s (D,), ch (D,h/C,h), ov (C,v/D,d).

COMMON MISTAKE

Missing the perpendicular C, axes in planar molecules (BFs is
D3h, not C3V).

[ LOGIC | WORKING ]

Diborane: planar B>H,4 frame with two bridging H in the perpendicular plane — three

mutually perpendicular C. axes, three planes and an inversion centre - Dsh.
° Therefore the answer is (D). EXAM TIP

Allene is D.d, staggered ethane Dsd, eclipsed ethane Dsh,
trans-N2F, Czh.

MEMORY TRICK
'D needs the sideways C.s'.

FINAL: (D) D2,

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q1 - Answer & Explanation



ABC CHEMISTRY CSIR-DEC 2011
Mr. Aniket Bhardwaj MCQ

l Symmetry Elements Point Groups Question 1 of 41

Why the Other Options Are Wrong Correct answer: D

CZV
@ Why (D) is the key — Diborane: planar B,H, frame with two bridging H in the perpendicular plane — three mutually perpendicular C,
axes, three planes and an inversion centre - D:h.

Cz,
Ruled out: Missing the perpendicular C, axes in planar molecules (BFs is Dsh, not Czv).

Dzd
@ Ruled out: Allene is D.d, staggered ethane Dsd, eclipsed ethane Dsh, trans-N»F, C;h.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q1 - Distractor Analysis 6



ABC CHEMISTRY CSIR-DEC 2011
Mr. Aniket Bhardwaj Medium MCQ

l Symmetry Elements Point Groups Question 2 of 41

QUESTION INSIGHTS
Q2 | o

The symmetry point group of the most stable T MATED T
geometry of the following molecule 2-3 min
mathrmCl(H)C=C=C(H)Cl is

DIFFICULTY
Medium

CONCEPT TESTED

@ c Symmetry Elements Point Groups
2
PYQ FREQUENCY
High - 7 papers
C1
REVISION PRIORITY
@ Cav EXPECTED LEVEL
Part B/ Part C
MEMORY HOOK
Can 'D needs the sideways C>s".

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q2 - Question 7



ABC CHEMISTRY CSIR-DEC 2011
Mr. Aniket Bhardwaj Medium MCQ

l Symmetry Elements Point Groups Question 2 of 41

° Correct Answer A C:

[ CONCEPT ] SHORTCUT | EXAM TRICK

Polar = C,, or C,v or Cs; chiral = only proper rotations (C,,
D,).

Symmetry operations E, C,, o (v, h, d), i, S,; a molecule's point group is assigned by a
flow chart: linear (Ceov/Dooh), high symmetry (Td, Oh, Ih), then principal axis,
perpendicular C.s (D,), ch (D,h/C,h), ov (C,v/D,d).

COMMON MISTAKE

Missing the perpendicular C, axes in planar molecules (BFs is
D3h, not C3V).

[ LOGIC | WORKING ]

1,3-Dichloroallene: the two CHCI planes are perpendicular; the only symmetry element
is a C, through the central carbon — point group C. (chiral, axially dissymmetric).

° Therefore the answer is (A). EXAM TIP
Allene is D.d, staggered ethane Dsd, eclipsed ethane Dsh,
trans-N2F, Czh.
MEMORY TRICK
'D needs the sideways C.s'.
FINAL: (A) C:

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q2 - Answer & Explanation



ABC CHEMISTRY CSIR-DEC 2011
Mr. Aniket Bhardwaj Medium MCQ

l Symmetry Elements Point Groups Question 2 of 41

Why the Other Options Are Wrong Correct answer: A

C.
Why (A) is the key — 1,3-Dichloroallene: the two CHCI planes are perpendicular; the only symmetry element is a C, through the
central carbon — point group C; (chiral, axially dissymmetric).

CZV
@ Ruled out: Missing the perpendicular C, axes in planar molecules (BFs is Dsh, not Czv).

Cz,
@ Ruled out: Allene is D.d, staggered ethane Dsd, eclipsed ethane Dsh, trans-N»F, C;h.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q2 - Distractor Analysis 9



ABC CHEMISTRY CSIR-DEC 2014
Mr. Aniket Bhardwaj Medium MCQ

B symmetry Elements Point Groups Question 3 of 41

QUESTION INSIGHTS
Q3 | o

The product 0"xy.S4"z (S+"z is the four fold T ATED TIE
improper axis of rotation around the z-axis, 2-3 min
and o " xy is the reflection in the xy plane) is

DIFFICULTY
Medium

CONCEPT TESTED

@ g Symmetry Elements Point Groups
4

PYQ FREQUENCY

Cng High - 7 papers

4" Z.

REVISION PRIORITY

@ CaMy EXPECTED LEVEL
Part B/ Part C
MEMORY HOOK

C2"z 'D needs the sideways C.s".

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q3 - Question 10



ABC CHEMISTRY CSIR-DEC 2014
Mr. Aniket Bhardwaj Medium MCQ

B symmetry Elements Point Groups Question 3 of 41

° Correct Answer A Cai/\z

[ CONCEPT ] SHORTCUT | EXAM TRICK

Polar = C,, or C,v or Cs; chiral = only proper rotations (C,,
D,).

Symmetry operations E, C,, o (v, h, d), i, S,; a molecule's point group is assigned by a
flow chart: linear (Ceov/Dooh), high symmetry (Td, Oh, Ih), then principal axis,
perpendicular C.s (D,), ch (D,h/C,h), ov (C,v/D,d).

COMMON MISTAKE

Missing the perpendicular C, axes in planar molecules (BFs is
D3h, not C3V).

[ LOGIC | WORKING ]

S4?z = C4z-0_xy by definition, so 0_xy-S4z = 0_Xy-0_Xxy-CsZz = C42.
° Therefore the answer is (A).
EXAM TIP

Allene is D.d, staggered ethane Dsd, eclipsed ethane Dsh,
trans-N2F, Czh.

MEMORY TRICK
'D needs the sideways C.s'.

FINAL: (A) Canz

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q3 - Answer & Explanation



ABC CHEMISTRY CSIR-DEC 2014
Mr. Aniket Bhardwaj Medium MCQ

B symmetry Elements Point Groups Question 3 of 41

Why the Other Options Are Wrong Correct answer: A

Calzii
Why (A) is the key — S4z = C42:0_xy by definition, so 0_xy-S4z = 0_xy-0_Xy-Csz = C4Z.

C4"y
@ Ruled out: Missing the perpendicular C, axes in planar molecules (BFs is Dsh, not Czv).

Ca"z
@ Ruled out: Allene is D.d, staggered ethane Dsd, eclipsed ethane Dsh, trans-N»F, C;h.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q3 - Distractor Analysis 12



ABC CHEMISTRY CSIR-DEC 2019
Mr. Aniket Bhardwaj Medium MCQ

l Symmetry Elements Point Groups Question 4 of 41

QUESTION INSIGHTS
Q4 | o

For every atom that is NOT shifted under C4

ESTIMATED TIME

and o symmetry operations, the characters are 2-3 min
respectively.
DIFFICULTY
Medium

CONCEPT TESTED
Symmetry Elements Point Groups

PYQ FREQUENCY

High-7 r
0 g papers

REVISION PRIORITY
@ 1,1 EXPECTED LEVEL

Part B/ Part C

MEMORY HOOK
-1,1 'D needs the sideways C5s'.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q4 - Question 13



ABC CHEMISTRY CSIR-DEC 2019
Mr. Aniket Bhardwaj Medium MCQ

l Symmetry Elements Point Groups Question 4 of 41

° Correct Answer C 1,1

[ CONCEPT ] SHORTCUT | EXAM TRICK

Polar = C,, or C,v or Cs; chiral = only proper rotations (C,,
D,).

Symmetry operations E, C,, o (v, h, d), i, S,; a molecule's point group is assigned by a
flow chart: linear (Ceov/Dooh), high symmetry (Td, Oh, Ih), then principal axis,
perpendicular C.s (D,), ch (D,h/C,h), ov (C,v/D,d).

COMMON MISTAKE

Missing the perpendicular C, axes in planar molecules (BFs is
D3h, not C3V).

[ LOGIC | WORKING ]

° Per unshifted atom x(C,) = 1 + 2cos(2m/n): C4 - 1 + 2cos 90° = 1; any reflection - 1.

° Therefore the answer is (C).
EXAM TIP
Allene is D.d, staggered ethane Dsd, eclipsed ethane Dsh,
trans-N2F, Czh.
MEMORY TRICK
'D needs the sideways C.s'.
FINAL: (C) 1,1

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q4 - Answer & Explanation



ABC CHEMISTRY CSIR-DEC 2019
Mr. Aniket Bhardwaj Medium MCQ

l Symmetry Elements Point Groups Question 4 of 41

Why the Other Options Are Wrong Correct answer: C

-1,-1
@ Why (C) is the key — Per unshifted atom x(C,,) = 1 + 2cos(21/n): C4 —» 1 + 2cos 90° = 1; any reflection - 1.

0,0
Ruled out: Missing the perpendicular C, axes in planar molecules (BFs is Dsh, not Czv).

1,1
@ Ruled out: Allene is D.d, staggered ethane Dsd, eclipsed ethane Dsh, trans-N»F, C;h.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q4 - Distractor Analysis 15



ABC CHEMISTRY CSIR-DEC 2019
Mr. Aniket Bhardwaj MCQ

B symmetry Elements Point Groups Question 5 of 41

QUESTION INSIGHTS
Q5 | o

The equivalent symmetry operations for Se3

and Ss°® are, respectively 1-1.5 min
Easy
@ Csand C, Symmetry Elements Point Groups
High - 7 r
o, and | 19 papers
@ o, and E
Part B
i MEMORY HOOK
and 'D needs the sideways Css".

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q5 - Question



ABC CHEMISTRY CSIR-DEC 2019
Mr. Aniket Bhardwaj MCQ

B symmetry Elements Point Groups Question 5 of 41

° Correct Answer D iand E

[ CONCEPT ] SHORTCUT | EXAM TRICK

Polar = C,, or C,v or Cs; chiral = only proper rotations (C,,
D,).

Symmetry operations E, C,, o (v, h, d), i, S,; a molecule's point group is assigned by a
flow chart: linear (Ceov/Dooh), high symmetry (Td, Oh, Ih), then principal axis,
perpendicular C.s (D,), ch (D,h/C,h), ov (C,v/D,d).

COMMON MISTAKE

Missing the perpendicular C, axes in planar molecules (BFs is
D3h, not C3V).

[ LOGIC | WORKING ]

° 853 = Cz'Oh = |, 836 = C36'C)'h6 =E-E=E.
° Therefore the answer is (D).
EXAM TIP

Allene is D.d, staggered ethane Dsd, eclipsed ethane Dsh,
trans-N2F, Czh.

MEMORY TRICK
'D needs the sideways C.s'.

FINAL: (D) iand E

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q5 - Answer & Explanation



ABC CHEMISTRY CSIR-DEC 2019
Mr. Aniket Bhardwaj MCQ

B symmetry Elements Point Groups Question 5 of 41

Why the Other Options Are Wrong Correct answer: D

Cs and C:
Why (D) is the key— 863 = Cz'oh = |, S36 = C36'0h6 =E-E=E.

o, and |
Ruled out: Missing the perpendicular C, axes in planar molecules (BFs is Dsh, not Czv).

o, and E
Ruled out: Allene is D.d, staggered ethane Dsd, eclipsed ethane Dsh, trans-N»F, C;h.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q5 - Distractor Analysis



ABC CHEMISTRY
Mr. Aniket Bhardwaj

B symmetry Elements Point Groups

A cube does not have the symmetry element

Cz

Cs

Ca

o

®©@ e 6 e

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427

CSIR-DEC 2019

MCQ

Question 6 of 41

QUESTION INSIGHTS

1-1.5 min

Easy

Symmetry Elements Point Groups

High - 7 papers

Part B

MEMORY HOOK
'D needs the sideways C5s'.

Q6 - Question



ABC CHEMISTRY CSIR-DEC 2019
Mr. Aniket Bhardwaj MCQ

B symmetry Elements Point Groups Question 6 of 41

° Correct Answer D Ces

[ CONCEPT ] SHORTCUT | EXAM TRICK

Polar = C,, or C,v or Cs; chiral = only proper rotations (C,,
D,).

Symmetry operations E, C,, o (v, h, d), i, S,; a molecule's point group is assigned by a
flow chart: linear (Ceov/Dooh), high symmetry (Td, Oh, Ih), then principal axis,
perpendicular C.s (D,), ch (D,h/C,h), ov (C,v/D,d).

COMMON MISTAKE

Missing the perpendicular C, axes in planar molecules (BFs is
D3h, not C3V).

[ LOGIC | WORKING ]

° A cube (O_h) has C, (through face centres), Cs (body diagonals) and C, (edge
midpoints) but no Ce.

° Therefore the answer is (D). EXAM TIP
Allene is D.d, staggered ethane Dsd, eclipsed ethane Dsh,
trans-N2F, Czh.
MEMORY TRICK
'D needs the sideways C.s'.
FINAL: (D) Ce

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q6 - Answer & Explanation



ABC CHEMISTRY CSIR-DEC 2019
Mr. Aniket Bhardwaj MCQ

B symmetry Elements Point Groups Question 6 of 41

Why the Other Options Are Wrong Correct answer: D

C:
@ Why (D) is the key — A cube (O_h) has C, (through face centres), C; (body diagonals) and C, (edge midpoints) but no Ce.

Cs
Ruled out: Missing the perpendicular C, axes in planar molecules (BFs is Dsh, not Czv).

Ca
@ Ruled out: Allene is D.d, staggered ethane Dsd, eclipsed ethane Dsh, trans-N»F, C;h.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q6 - Distractor Analysis 21



ABC CHEMISTRY CSIR-JUNE 2011
Mr. Aniket Bhardwaj MCQ

l Symmetry Elements Point Groups Question 7 of 41

QUESTION INSIGHTS
Q7 | o

Among the following, the CORRECT statement
is:

1-1.5 min

Easy

. . . . . Symmetry Elements Point Groups
The number of irreducible representations is equal to classes of symmetry operations

High - 7 papers
The number of irreducible representations is equal to the order of the symmetry point group 9 pap

The irreducible representations contained in any point group are always of one dimension
Part B

MEMORY HOOK
A symmetry point group may not contain a totally symmetric irreducible representation 'D needs the sideways C.s".

®©@ e 6 e

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q7 - Question



ABC CHEMISTRY CSIR-JUNE 2011
Mr. Aniket Bhardwaj MCQ

l Symmetry Elements Point Groups Question 7 of 41

Correct Answer A The number of irreducible representations is equal to classes of symmetry
operations

[ CONCEPT ] SHORTCUT | EXAM TRICK

Symmetry operations E, C,,, o (v, h, d), i, S.; a molecule's point group is assigned by a Polar = C, or C,v or Cs; chiral = only proper rotations (Cp,
flow chart: linear (Ceov/Dooh), high symmetry (Td, Oh, Ih), then principal axis, D).
perpendicular C.s (D,), ch (D,h/C,h), ov (C,v/D,d).

COMMON MISTAKE

Missing the perpendicular C, axes in planar molecules (BFs is
D3h, not C3V).

[ LOGIC | WORKING ]

Number of irreducible representations = number of classes (a). Z(dimension)? = order,
irreps may be 1-, 2- or 3-dimensional, and every group has the totally symmetric
representation.

° Therefore the answer is (A).

EXAM TIP

Allene is D.d, staggered ethane Dsd, eclipsed ethane Dsh,
trans-N2F, Czh.

MEMORY TRICK
'D needs the sideways C.s'.

FINAL: (A) The number of irreducible representations is equal to classes of symmetry
operations

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q7 - Answer & Explanation



ABC CHEMISTRY CSIR-JUNE 2011
Mr. Aniket Bhardwaj MCQ

l Symmetry Elements Point Groups Question 7 of 41

Why the Other Options Are Wrong Correct answer: A

The number of irreducible representations is equal to the order of the symmetry point group

Why (A) is the key — Number of irreducible representations = number of classes (a). Z(dimension)? = order, irreps may be 1-, 2- or
3-dimensional, and every group has the totally symmetric representation.

The irreducible representations contained in any point group are always of one dimension
Ruled out: Missing the perpendicular C, axes in planar molecules (BFs is Dsh, not Czv).

A symmetry point group may not contain a totally symmetric irreducible representation
Ruled out: Allene is D.d, staggered ethane Dsd, eclipsed ethane Dsh, trans-N»F, C;h.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q7 - Distractor Analysis 24



ABC CHEMISTRY CSIR-JUNE 2011
Mr. Aniket Bhardwaj Medium MCQ

B symmetry Elements Point Groups Question 8 of 41

Q8 A square pyramidal, MX4, molecule belongs to Csv point group.
The symmetry operations are: E, 2C4, Cz2, 20+ and 20_d. The ESTIMATED TIME
trace for the reducible representation, when symmetry 2-3 min
operations of Cav applied to MX4,is: (c)51111(@)51113
b)11111(d41113 DIFFICULTY
Medium

CONCEPT TESTED
Symmetry Elements Point Groups

PYQ FREQUENCY
High - 7 papers

REVISION PRIORITY

EXPECTED LEVEL
Part B/ Part C

MEMORY HOOK
'D needs the sideways C>s".

I SELF-PRACTICE answer on record: (A) — options were not printed in the source.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q8 - Practice Question 25



ABC CHEMISTRY CSIR-JUNE 2011
Mr. Aniket Bhardwaj MCQ

B symmetry Elements Point Groups Question 9 of 41

Qg A molecules contains the following symmetry

operations: E, 2Cs, 2C3, C2, 30_d, 30v. The ;
number of classes and order of the symmetry 3-5min
point group is:

Hard
@ 3 1 Symmetry Elements Point Groups
High-7 r
o
Part C (high merit)
MEMORY HOOK
6,6 'D needs the sideways C5s'.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q9 - Question



ABC CHEMISTRY CSIR-JUNE 2011
Mr. Aniket Bhardwaj MCQ

B symmetry Elements Point Groups Question 9 of 41

° Correct Answer C 6, 12

[ CONCEPT ] SHORTCUT | EXAM TRICK

Polar = C,, or C,v or Cs; chiral = only proper rotations (C,,
D,).

Symmetry operations E, C,, o (v, h, d), i, S,; a molecule's point group is assigned by a
flow chart: linear (Ceov/Dooh), high symmetry (Td, Oh, Ih), then principal axis,
perpendicular C.s (D,), ch (D,h/C,h), ov (C,v/D,d).

COMMON MISTAKE

Missing the perpendicular C, axes in planar molecules (BFs is
D3h, not C3V).

[ LOGIC | WORKING ]

E, 2Cs, 2C5, C;, 30_d, 30y are six classes containing 1+2+2+1+3+3 = 12 operations —
CeV, order 12.
° Therefore the answer is (C). EXAM TIP

Allene is D.d, staggered ethane Dsd, eclipsed ethane Dsh,
trans-N2F, Czh.

MEMORY TRICK
'D needs the sideways C.s'.

FINAL: (C) 6,12

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q9 - Answer & Explanation



ABC CHEMISTRY CSIR-JUNE 2011
Mr. Aniket Bhardwaj MCQ

B symmetry Elements Point Groups Question 9 of 41

Why the Other Options Are Wrong Correct answer: C

3,12
@ Why (C) is the key — E, 2Cs, 2C3, C,, 30_d, 30y are six classes containing 1+2+2+1+3+3 = 12 operations — CeV, order 12.

5,12
Ruled out: Missing the perpendicular C, axes in planar molecules (BFs is Dsh, not Czv).

6,6
@ Ruled out: Allene is D.d, staggered ethane Dsd, eclipsed ethane Dsh, trans-N»F, C;h.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q9 - Distractor Analysis 28



ABC CHEMISTRY CSIR-JUNE 2011
Mr. Aniket Bhardwaj MCQ

B Symmetry Elements Point Groups Question 10 of 41

Q]_O QUESTION INSIGHTS
The symmetry point group of propyne is 1-1.5 min
Easy
@ c Symmetry Elements Point Groups
3
High - 7 papers
Cav
OF
Part B
MEMORY HOOK
Dsd 'D needs the sideways C5s'.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q10 - Question



ABC CHEMISTRY CSIR-JUNE 2011
Mr. Aniket Bhardwaj MCQ

B Symmetry Elements Point Groups Question 10 of 41

° Correct Answer B Cay

[ CONCEPT ] SHORTCUT | EXAM TRICK

Polar = C,, or C,v or Cs; chiral = only proper rotations (C,,
D,).

Symmetry operations E, C,, o (v, h, d), i, S,; a molecule's point group is assigned by a
flow chart: linear (Ceov/Dooh), high symmetry (Td, Oh, Ih), then principal axis,
perpendicular C.s (D,), ch (D,h/C,h), ov (C,v/D,d).

COMMON MISTAKE

Missing the perpendicular C, axes in planar molecules (BFs is
D3h, not C3V).

[ LOGIC | WORKING ]

Propyne CHs—C=C-H: a Cs axis along the chain and three oy planes, no C:

perpendicular and no o, - CsV.
° Therefore the answer is (B). EXAM TIP

Allene is D.d, staggered ethane Dsd, eclipsed ethane Dsh,
trans-N2F, Czh.

MEMORY TRICK
'D needs the sideways C.s'.

FINAL: (B) Cav

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q10 - Answer & Explanation



ABC CHEMISTRY CSIR-JUNE 2011
Mr. Aniket Bhardwaj MCQ

B Symmetry Elements Point Groups Question 10 of 41

Why the Other Options Are Wrong Correct answer: B

Cs

@ Why (B) is the key — Propyne CH;—C=C-H: a C; axis along the chain and three oy planes, no C, perpendicular and no o, —» CsVv.
Ds
Ruled out: Missing the perpendicular C, axes in planar molecules (BFs is Dsh, not Czv).

D=d
@ Ruled out: Allene is D.d, staggered ethane Dsd, eclipsed ethane Dsh, trans-N»F, C;h.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q10 - Distractor Analysis 31



ABC CHEMISTRY CSIR-JUNE 2016
Mr. Aniket Bhardwaj Medium MCQ

B Symmetry Elements Point Groups Question 11 of 41

o11
The point group obtained by adding symmetry ESTIMATED TIME
operation on to the point group Ci is = Ll
DIFFICULTY
Medium

CONCEPT TESTED

@ S Symmetry Elements Point Groups
4
PYQ FREQUENCY
High - 7 papers
Can
REVISION PRIORITY
@ Dan EXPECTED LEVEL
Part B/ Part C
MEMORY HOOK
Ds 'D needs the sideways C>s".

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q11 - Question 32



ABC CHEMISTRY CSIR-JUNE 2016
Mr. Aniket Bhardwaj Medium MCQ

B Symmetry Elements Point Groups Question 11 of 41

° Correct Answer B Ca,

[ CONCEPT ] SHORTCUT | EXAM TRICK

Polar = C,, or C,v or Cs; chiral = only proper rotations (C,,
D,).

Symmetry operations E, C,, o (v, h, d), i, S,; a molecule's point group is assigned by a
flow chart: linear (Ceov/Dooh), high symmetry (Td, Oh, Ih), then principal axis,
perpendicular C.s (D,), ch (D,h/C,h), ov (C,v/D,d).

COMMON MISTAKE

Missing the perpendicular C, axes in planar molecules (BFs is
D3h, not C3V).

[ LOGIC | WORKING ]

Adding o, to C, generates C,h: C, + g, = Csh (which also contains S, and i).
° Therefore the answer is (B).
EXAM TIP

Allene is D.d, staggered ethane Dsd, eclipsed ethane Dsh,
trans-N2F, Czh.

MEMORY TRICK
'D needs the sideways C.s'.

FINAL: (B) Cap,

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q11 - Answer & Explanation



ABC CHEMISTRY CSIR-JUNE 2016
Mr. Aniket Bhardwaj Medium MCQ

B Symmetry Elements Point Groups Question 11 of 41

Why the Other Options Are Wrong Correct answer: B

Sa

@ Why (B) is the key — Adding o, to C,, generates C,h: C, + g, = C4h (which also contains S, and i).
D2,
Ruled out: Missing the perpendicular C, axes in planar molecules (BFs is Dsh, not Czv).

D.
@ Ruled out: Allene is D.d, staggered ethane Dsd, eclipsed ethane Dsh, trans-N»F, C;h.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q11 - Distractor Analysis 34
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Mr. Aniket Bhardwaj MCQ

B Symmetry Elements Point Groups Question 12 of 41

QUESTION INSIGHTS
Q12 | o

The correct relation involving symmetry
operations

1-1.5 min

Easy

Symmetry Elements Point Groups
S4?=S;

0(xz).0(yz)=Ca(x) High - 7 papers

S43:C43
Part B
MEMORY HOOK
Se3=S2 'D needs the sideways C.s'.

®©@ e 6 e

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q12 - Question
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B Symmetry Elements Point Groups Question 12 of 41

° Correct Answer D Se3=S.>

[ CONCEPT ] SHORTCUT | EXAM TRICK

Polar = C,, or C,v or Cs; chiral = only proper rotations (C,,
D,).

Symmetry operations E, C,, o (v, h, d), i, S,; a molecule's point group is assigned by a
flow chart: linear (Ceov/Dooh), high symmetry (Td, Oh, Ih), then principal axis,
perpendicular C.s (D,), ch (D,h/C,h), ov (C,v/D,d).

COMMON MISTAKE

Missing the perpendicular C, axes in planar molecules (BFs is
D3h, not C3V).

[ LOGIC | WORKING ]

° Se3 = C20, =S, =i (d) is correct. S42 = C; (not Sy); 0(xz)o(yz) = Cx(2); S48 = Cs30, #
Cs2.
° Therefore the answer is (D). EXAM TIP

Allene is D.d, staggered ethane Dsd, eclipsed ethane Dsh,
trans-N2F, Czh.

MEMORY TRICK
'D needs the sideways C.s'.

FINAL: (D) Se*=S.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q12 - Answer & Explanation
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Mr. Aniket Bhardwaj MCQ

B Symmetry Elements Point Groups Question 12 of 41

Why the Other Options Are Wrong Correct answer: D

S42=S.

@ Why (D) is the key — Se® = C20,, = S, =i (d) is correct. S42 = C, (not Sy); a(xz)a(yz) = Cz(2); S43 = C420, # C45.
o(xz).o(yz)=C2z(x)
Ruled out: Missing the perpendicular C, axes in planar molecules (BFs is Dsh, not Czv).

S43=C.3
@ Ruled out: Allene is D.d, staggered ethane Dsd, eclipsed ethane Dsh, trans-N»F, C;h.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q12 - Distractor Analysis 37
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Mr. Aniket Bhardwaj Medium MCQ

B Symmetry Elements Point Groups Question 13 of 41

Q13
The symmetry point group of ethane in its ESTIMATED TIME
staggered conformation is 2-3 min
DIFFICULTY
Medium

CONCEPT TESTED

@ c Symmetry Elements Point Groups
3v

PYQ FREQUENCY
High - 7 papers

D gh - 7 pap
REVISION PRIORITY

@ Dan EXPECTED LEVEL
Part B/ Part C
MEMORY HOOK

Se 'D needs the sideways C>s".

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q13 - Question 38
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B Symmetry Elements Point Groups Question 13 of 41

° Correct Answer B Dasd

[ CONCEPT ] SHORTCUT | EXAM TRICK

Polar = C,, or C,v or Cs; chiral = only proper rotations (C,,
D,).

Symmetry operations E, C,, o (v, h, d), i, S,; a molecule's point group is assigned by a
flow chart: linear (Ceov/Dooh), high symmetry (Td, Oh, Ih), then principal axis,
perpendicular C.s (D,), ch (D,h/C,h), ov (C,v/D,d).

COMMON MISTAKE

Missing the perpendicular C, axes in planar molecules (BFs is
D3h, not C3V).

[ LOGIC | WORKING ]

° Staggered ethane: Cs, three perpendicular C, three o_d, Se and i — Dsd (eclipsed

would be Dzh).
° Therefore the answer is (B). EXAM TIP

Allene is D.d, staggered ethane Dsd, eclipsed ethane Dsh,
trans-N2F, Czh.

MEMORY TRICK
'D needs the sideways C.s'.

FINAL: (B) Dsd

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q13 - Answer & Explanation
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B Symmetry Elements Point Groups Question 13 of 41

Why the Other Options Are Wrong Correct answer: B

C3V

@ Why (B) is the key — Staggered ethane: Cs, three perpendicular C,, three o_d, Ss and i — Dsd (eclipsed would be Dsh).
Dsy,
Ruled out: Missing the perpendicular C, axes in planar molecules (BFs is Dsh, not Czv).

Se
@ Ruled out: Allene is D.d, staggered ethane Dsd, eclipsed ethane Dsh, trans-N»F, C;h.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q13 - Distractor Analysis 40
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B Symmetry Elements Point Groups Question 14 of 41

QUESTION INSIGHTS
Q14 | o

A molecule has a 2-fold axis and a mirror plane

ESTIMATED TIME

perpendicular to that. The point group must 2-3 min
have a
DIFFICULTY
Medium

CONCEPT TESTED

) Symmetry Elements Point Groups
C, axis

PYQ FREQUENCY

High - 7 papers
Centre of inversion g pap

REVISION PRIORITY

on plane EXPECTED LEVEL
Part B/ Part C

MEMORY HOOK
ov plane 'D needs the sideways C>s".

®©@ e 6 e

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q14 - Question 41
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B Symmetry Elements Point Groups Question 14 of 41

° Correct Answer B Centre of inversion

[ CONCEPT ] SHORTCUT | EXAM TRICK

Polar = C,, or C,v or Cs; chiral = only proper rotations (C,,
D,).

Symmetry operations E, C,, o (v, h, d), i, S,; a molecule's point group is assigned by a
flow chart: linear (Ceov/Dooh), high symmetry (Td, Oh, Ih), then principal axis,
perpendicular C.s (D,), ch (D,h/C,h), ov (C,v/D,d).

COMMON MISTAKE

Missing the perpendicular C, axes in planar molecules (BFs is
D3h, not C3V).

[ LOGIC | WORKING ]

C. and a perpendicular o, generate S; = i: the group must contain a centre of inversion
(Czh).
° Therefore the answer is (B). EXAM TIP

Allene is D.d, staggered ethane Dsd, eclipsed ethane Dsh,
trans-N2F, Czh.

MEMORY TRICK
'D needs the sideways C.s'.

FINAL: (B) Centre of inversion

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q14 - Answer & Explanation
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B Symmetry Elements Point Groups Question 14 of 41

Why the Other Options Are Wrong Correct answer: B

C: axis

@ Why (B) is the key — C, and a perpendicular o,, generate S, = i: the group must contain a centre of inversion (Czh).
o, plane
Ruled out: Missing the perpendicular C, axes in planar molecules (BFs is Dsh, not Czv).

ov plane
Ruled out: Allene is D.d, staggered ethane Dsd, eclipsed ethane Dsh, trans-N»F, C;h.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q14 - Distractor Analysis 43
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B Symmetry Elements Point Groups Question 15 of 41

QUESTION INSIGHTS
Q15 | o

The symmetry elements that are present in

1-1.5 min
BFs are °
Easy
Symmetry Elements Point Groups
C3, Ov, Op, 302
High - 7 papers
Cs, 3C2, Sz, ov 9 pap
@ C3, 3C2, Oh, S,
Part B
. MEMORY HOOK
Cs, On, Ov, i 'D needs the sideways Css'.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q15 - Question
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B Symmetry Elements Point Groups Question 15 of 41

° Correct Answer A Cs, oy, 0, 3C:

[ CONCEPT ] SHORTCUT | EXAM TRICK

Polar = C,, or C,v or Cs; chiral = only proper rotations (C,,
D,).

Symmetry operations E, C,, o (v, h, d), i, S,; a molecule's point group is assigned by a
flow chart: linear (Ceov/Dooh), high symmetry (Td, Oh, Ih), then principal axis,
perpendicular C.s (D,), ch (D,h/C,h), ov (C,v/D,d).

COMMON MISTAKE

Missing the perpendicular C, axes in planar molecules (BFs is
D3h, not C3V).

[ LOGIC | WORKING ]

BF; (Dsh): Cs, three C; perpendicular to it, o,, (molecular plane), three ov, Ss — no i, no
S..
° Therefore the answer is (A). EXAM TIP

Allene is D.d, staggered ethane Dsd, eclipsed ethane Dsh,
trans-N2F, Czh.

MEMORY TRICK
'D needs the sideways C.s'.

FINAL: (A) Cs, Gv, Gy, 3C2

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q15 - Answer & Explanation
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B Symmetry Elements Point Groups Question 15 of 41

Why the Other Options Are Wrong Correct answer: A

Cs, 3C2, Sz, oy

Why (A) is the key — BF3 (Dsh): Cs, three C, perpendicular to it, o, (molecular plane), three ov, Ss — no i, no S..
C3, 3C2, Oh, S2

Ruled out: Missing the perpendicular C, axes in planar molecules (BFs is Dsh, not Czv).

Cs, Gy, Ov, |
Ruled out: Allene is D.d, staggered ethane Dsd, eclipsed ethane Dsh, trans-N»F, C;h.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q15 - Distractor Analysis 46
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B Symmetry Elements Point Groups Question 16 of 41

Q16 QUESTION INSIGHTS
The point group of NSFs is: 1-1.5 min
Easy
@ . Symmetry Elements Point Groups
3
High - 7 papers
C3h
®-
Part B
MEMORY HOOK
Cav 'D needs the sideways C.s'.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q16 - Question
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B Symmetry Elements Point Groups Question 16 of 41

° Correct Answer D Cay

[ CONCEPT ] SHORTCUT | EXAM TRICK

Polar = C,, or C,v or Cs; chiral = only proper rotations (C,,
D,).

Symmetry operations E, C,, o (v, h, d), i, S,; a molecule's point group is assigned by a
flow chart: linear (Ceov/Dooh), high symmetry (Td, Oh, Ih), then principal axis,
perpendicular C.s (D,), ch (D,h/C,h), ov (C,v/D,d).

COMMON MISTAKE

Missing the perpendicular C, axes in planar molecules (BFs is
D3h, not C3V).

[ LOGIC | WORKING ]

NSF; is a tetrahedral-type molecule with N=S on the C; axis and three F: C; and three
ov, nothing else - Csv.

° Therefore the answer is (D). | EXAM TIP

Allene is D.d, staggered ethane Dsd, eclipsed ethane Dsh,
trans-N2F, Czh.

MEMORY TRICK
'D needs the sideways C.s'.

FINAL: (D) Cav

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q16 - Answer & Explanation
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B Symmetry Elements Point Groups Question 16 of 41

Why the Other Options Are Wrong Correct answer: D

D=d
@ Why (D) is the key — NSF; is a tetrahedral-type molecule with N=S on the C; axis and three F: C; and three oy, nothing else - Casv.

Cap
Ruled out: Missing the perpendicular C, axes in planar molecules (BFs is Dsh, not Czv).

Ds,
@ Ruled out: Allene is D.d, staggered ethane Dsd, eclipsed ethane Dsh, trans-N»F, C;h.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q16 - Distractor Analysis 49



TOPIC REVISION

. 16 PYQs - Last-minute revision
Symmetry Elements Point Groups

TOPIC SUMMARY IMPORTANT FORMULA SHEET

Symmetry operations E, C,, o (v, h, d), i, S,; a molecule's point group Order h = number of operations
is assigned by a flow chart: linear (Ceov/Deoh), high symmetry (Td, Oh, . S,=i,S.=

Ih), then principal axis, perpendicular Cs (D,), ch (D,h/C,h), ov o C.v:nov: D.h: nC, L + oh
(C,v/Dpd). n o

° Chirality: no S,, (no o, i)

FREQUENTLY ASKED CONCEPTS COMMON MISTAKES & QUICK NOTES

Point group of NHs (Csv), H20 (C.v), BFs (Dsh), CH4 (Td), SFe Watch out:
(Oh), ferrocene staggered (Dsd) Missing the perpendicular C- axes in planar molecules (BFs is Dsh, not
q fr i C3V).
° Pol d chiral crit
olarand chirat criteria ) Allene is D2d, staggered ethane Dsd, eclipsed ethane Dsh, trans-NzF-
y Number of symmetry operations Czh.

MOST-REPEATED PYQs & EXPECTED IN EXAM

PYQs in this topic: Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 Q16

Expect 2 question(s) next session on Symmetry Elements Point Groups.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427



TOPIC 2

Character Tables

11 questions - Easyl | Medium 8 | Hard 2 - PYQ frequency: High
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ABC CHEMISTRY CSIR-DEC 2011
Mr. Aniket Bhardwaj MCQ

l Character Tables Question 17 of 41

QUESTION INSIGHTS
Q17 | o

The character table of the Czv point group is given below: The

two functions varphi = p1 + 2p2 + 2ps + p4 and varphi = p1 - 2p2

- 2ps + pa2 (where px is the p- orbital on the k~th atom of cis- 3-5min
butadiene and ov is the molecular plane) belong to

Hard

] Character Tables
A: and A; respectively

High - 7 r
Both A, '9 papers

Both B,
Part C (high merit)

MEMORY HOOK

B and B; respectively ‘Unmoved atoms x contribution per atom',

®©@ e 6 e

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q17 - Question



ABC CHEMISTRY
Mr. Aniket Bhardwaj

B Character Tables

° Correct Answer C Both B:

[ CONCEPT ]

Rows are irreducible representations (A/B singly, E doubly, T triply degenerate; 1/2 and
g/u labels), columns are classes; the right-hand columns list how x, y, z, Rx..., and
guadratic functions transform — the key to IR/Raman activity and hybridisation.

[ LOGIC | WORKING ]

The p orbitals are perpendicular to the molecular plane (ov), so ov gives —1; C,
exchanges atoms 14, 2 » 3 and inverts each p - both functions give -1, the
perpendicular plane exchanges the same atoms without inversion — +1. Characters (1,
-1, -1, 1) = B, for both.

° Therefore the answer is (C).

FINAL: (C) Both B>

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427

CSIR-DEC 2011

MCQ

Question 17 of 41

SHORTCUT /| EXAM TRICK

X per unmoved atom: E3,01,i-3,C,-1,C50,C, 1, S4 -1,
Se —2.

COMMON MISTAKE

Counting atoms moved by the operation as contributing to the
character.

EXAM TIP

Total number of vibrational modes must equal 3N-6 (3N-5
linear) — use it to check the reduction.

MEMORY TRICK
'Unmoved atoms x contribution per atom'.

Q17 - Answer & Explanation



ABC CHEMISTRY CSIR-DEC 2011
Mr. Aniket Bhardwaj MCQ

l Character Tables Question 17 of 41

Why the Other Options Are Wrong Correct answer: C

Ai and A: respectively

Why (C) is the key — The p orbitals are perpendicular to the molecular plane (ov), so oy gives —1; C, exchanges atoms 1 -4, 23
and inverts each p — both functions give —1; the perpendicular plane exchanges the same atoms without inversion — +1.
Characters (1, -1, -1, 1) = B, for both.

Both A:
Ruled out: Counting atoms moved by the operation as contributing to the character.

B. and B: respectively
Ruled out: Total number of vibrational modes must equal 3N-6 (3N-5 linear) — use it to check the reduction.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q17 - Distractor Analysis 54



ABC CHEMISTRY CSIR-DEC 2011
Mr. Aniket Bhardwaj Medium MCQ

l Character Tables Question 18 of 41

QUESTION INSIGHTS
Q18 | o

The irreducible representations of Czn are A_g, B_g, Au CSTIMATED TIME
and Bu.. The Raman active modes of trans-1,3- 2_3 min
butadiene belong to the irreducible representations

DIFFICULTY
Medium

CONCEPT TESTED

Character Tables
A gandB_g
PYQ FREQUENCY
High - 7 papers
A_g and Ay 9 pap
REVISION PRIORITY
@ Ayand B_g EXPECTED LEVEL
Part B/ Part C
MEMORY HOOK
B_g and Bu 'Unmoved atoms x contribution per atom’.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q18 - Question 55



ABC CHEMISTRY CSIR-DEC 2011
Mr. Aniket Bhardwaj Medium MCQ

l Character Tables Question 18 of 41

° Correct Answer A A_gand B_g

[ CONCEPT ] SHORTCUT | EXAM TRICK

X per unmoved atom: E3,01,i-3,C,-1,C50,C, 1, S4 -1,
Se —2.

Rows are irreducible representations (A/B singly, E doubly, T triply degenerate; 1/2 and
g/u labels), columns are classes; the right-hand columns list how x, y, z, Rx..., and
guadratic functions transform — the key to IR/Raman activity and hybridisation.

COMMON MISTAKE
Counting atoms moved by the operation as contributing to the

[ LOGIC | WORKING ]

character.
° Raman activity needs a quadratic function (x3, xy ...), which in a centrosymmetric group
is always g: A_g and B_g (rule of mutual exclusion: IR modes are Au, Bu).
° Therefore the answer is (A). EXAM TIP

Total number of vibrational modes must equal 3N-6 (3N-5
linear) — use it to check the reduction.

MEMORY TRICK
'Unmoved atoms x contribution per atom'.

FINAL: (A) A_gand B_g

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q18 - Answer & Explanation



ABC CHEMISTRY CSIR-DEC 2011
Mr. Aniket Bhardwaj Medium MCQ

l Character Tables Question 18 of 41

Why the Other Options Are Wrong Correct answer: A

A_gand Ay
Why (A) is the key — Raman activity needs a quadratic function (x2, xy ...), which in a centrosymmetric group is always g: A_g and
B_g (rule of mutual exclusion: IR modes are Ay, Bu).

Avand B_g
Ruled out: Counting atoms moved by the operation as contributing to the character.

B_g and By
Ruled out: Total number of vibrational modes must equal 3N-6 (3N-5 linear) — use it to check the reduction.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q18 - Distractor Analysis 57
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Mr. Aniket Bhardwaj MCQ

l Character Tables Question 19 of 41

QUESTION INSIGHTS

Q 1 9 The character table for the D4 point group is provided
below: Ds E2C33CA1111x*+y?.722A211-1z.Rz2E?2 :
-1 0 (%, y),(Rx, R_y) ( .x2-y2-xy), (xz, yz) For this point 3-5 min
group, the correct statement among the following is:

Hard

. . . S _ . Character Tables
it is possible to have a totally symmetric normal mode of vibration which is IR-active

. . N High - 7 papers
all IR-active normal modes are necessarily Raman inactive

all Raman-active normal modes are necessarily IR-active
Part C (high merit)

MEMORY HOOK

it is possible to have a pair of IR-active normal modes that are degenerate ‘Unmoved atoms x contribution per atom'.

®©@ e 6 e

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q19 - Question
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Mr. Aniket Bhardwaj MCQ

l Character Tables Question 19 of 41

° Correct Answer D it is possible to have a pair of IR-active normal modes that are degenerate

[ CONCEPT ] SHORTCUT | EXAM TRICK

Rows are irreducible representations (A/B singly, E doubly, T triply degenerate; 1/2 and X per unmoved atom: E 3,0 1,i-3,C2-1,C50,Cas 1, Sa -1,
g/u labels), columns are classes; the right-hand columns list how x, y, z, Rx..., and Se —2.
guadratic functions transform — the key to IR/Raman activity and hybridisation.

COMMON MISTAKE
Counting atoms moved by the operation as contributing to the

[ LOGIC | WORKING ]

character.
° In Ds the doubly degenerate E representation spans (X, y), SO a degenerate pair of IR-
active modes is possible (d). A; is Raman-only (no X, y, z), so (a) is false; E modes are

both IR and Raman active, so (b) and (c) are false. EXAM TIP

° Therefore the answer is (D). Total number of vibrational modes must equal 3N-6 (3N-5

linear) — use it to check the reduction.

MEMORY TRICK
'Unmoved atoms x contribution per atom'.

FINAL: (D) itis possible to have a pair of IR-active nhormal modes that are degenerate

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q19 - Answer & Explanation



ABC CHEMISTRY CSIR-DEC 2011
Mr. Aniket Bhardwaj MCQ

l Character Tables Question 19 of 41

Why the Other Options Are Wrong Correct answer: D

Why (D) is the key — In D3 the doubly degenerate E representation spans (X, y), So a degenerate pair of IR-active modes is possible

@ it is possible to have a totally symmetric normal mode of vibration which is IR-active
(d). A; is Raman-only (no x, y, z), so (a) is false; E modes are both IR and Raman active, so (b) and (c) are false.

all IR-active normal modes are necessarily Raman inactive
Ruled out: Counting atoms moved by the operation as contributing to the character.

all Raman-active nhormal modes are necessarily IR-active
Ruled out: Total number of vibrational modes must equal 3N-6 (3N-5 linear) — use it to check the reduction.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q19 - Distractor Analysis 60
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B Character Tables Question 20 of 41

QUESTION INSIGHTS
Q20 | o

IR active normal modes of methane belong to the irreducible

representation: T dE8C33C26S1460aA111111x2+y%+72 A> ESTIMATED TIME
111-1-1E2-1200 2 x2-x2-y%, x2-y2T130-11-1Ry, Ry, Rv T2 2-3 min
30-1-11x,y,7,Xy,y7Z,2X
DIFFICULTY
Medium

CONCEPT TESTED

Character Tables
E+A
PYQ FREQUENCY
High - 7 papers
E+A; g pap
REVISION PRIORITY
@ T: EXPECTED LEVEL
Part B/ Part C
MEMORY HOOK
Tz 'Unmoved atoms x contribution per atom'.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q20 - Question 61
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B Character Tables

CSIR-DEC 2015

Medium MCQ

Question 20 of 41

° Correct Answer D T2

[ CONCEPT ]

Rows are irreducible representations (A/B singly, E doubly, T triply degenerate; 1/2 and
g/u labels), columns are classes; the right-hand columns list how x, y, z, Rx..., and
guadratic functions transform — the key to IR/Raman activity and hybridisation.

[ LOGIC | WORKING ]

IR activity requires the mode to transform as X, y or z; in T_d these span T, so the IR-
active modes are the two T, sets (Vs, V).

° Therefore the answer is (D).

FINAL: (D) T-

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427

SHORTCUT /| EXAM TRICK

X per unmoved atom: E3,01,i-3,C,-1,C50,C, 1, S4 -1,
Se —2.

COMMON MISTAKE

Counting atoms moved by the operation as contributing to the
character.

EXAM TIP

Total number of vibrational modes must equal 3N-6 (3N-5
linear) — use it to check the reduction.

MEMORY TRICK
'Unmoved atoms x contribution per atom'.

Q20 - Answer & Explanation



ABC CHEMISTRY CSIR-DEC 2015
Mr. Aniket Bhardwaj Medium MCQ

B Character Tables Question 20 of 41

Why the Other Options Are Wrong Correct answer: D

E+A:
@ Why (D) is the key — IR activity requires the mode to transform as x, y or z; in T_d these span T, so the IR-active modes are the
two T, sets (Vs, Va).

E+A:
Ruled out: Counting atoms moved by the operation as contributing to the character.

T
@ Ruled out: Total number of vibrational modes must equal 3N-6 (3N-5 linear) — use it to check the reduction.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q20 - Distractor Analysis 63



ABC CHEMISTRY CSIR-DEC 2019
Mr. Aniket Bhardwaj Medium MCQ

l Character Tables Question 21 of 41

QUESTION INSIGHTS

equal to the following superposition of the irreducible AU EDRME

representation of Czv point group. Cz v E Cz2 6v 6v ~" As 2-3 min

1111A211-1-1B11-11-1B21-1-11DP8-2-64 SIEEICULTY
Medium

Q2 1 The reducible representation Gamma, in the table is

CONCEPT TESTED

Character Tables
A; + 2A, + 5B;

PYQ FREQUENCY

High - 7 papers
A; + 2A; + 5B g pap

REVISION PRIORITY

5A; + A, + 2Bs EXPECTED LEVEL
Part B/ Part C

MEMORY HOOK

Ay +5A; + 2B, 'Unmoved atoms x contribution per atom'.

®©@ e 6 e

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q21 - Question 64



ABC CHEMISTRY
Mr. Aniket Bhardwaj

B Character Tables

CSIR-DEC 2019

Medium MCQ

Question 21 of 41

° Correct Answer B Ai: + 2A. + 5B>

[ CONCEPT ]

Rows are irreducible representations (A/B singly, E doubly, T triply degenerate; 1/2 and
g/u labels), columns are classes; the right-hand columns list how x, y, z, Rx..., and
guadratic functions transform — the key to IR/Raman activity and hybridisation.

[ LOGIC | WORKING ]

* NA)=(8-2-6+4)4=1;n(A)=(8-2+6-4)/4=2;nB1)=(8+2-6-4)4=0;
N(Bz2) = (8 + 2 + 6 + 4)/4 = 5.

° Therefore the answer is (B).

FINAL: (B) A: + 2A. + 5B

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427

SHORTCUT /| EXAM TRICK

X per unmoved atom: E3,01,i-3,C,-1,C50,C, 1, S4 -1,
Se —2.

COMMON MISTAKE

Counting atoms moved by the operation as contributing to the
character.

EXAM TIP

Total number of vibrational modes must equal 3N-6 (3N-5
linear) — use it to check the reduction.

MEMORY TRICK
'Unmoved atoms x contribution per atom'.

Q21 - Answer & Explanation



ABC CHEMISTRY CSIR-DEC 2019
Mr. Aniket Bhardwaj Medium MCQ

l Character Tables Question 21 of 41

Why the Other Options Are Wrong Correct answer: B

As + 2A + 5B,
Why (B) isthe key — (A1) = (8 -2 -6+4)/4=1;n(A)) = (8 -2+6-4)/4=2,n(By) = (8+2-6-4)/4=0;n(B,) = (8 + 2 + 6 + 4)/4
=5,

5A. + Az + 2B.
Ruled out: Counting atoms moved by the operation as contributing to the character.

A: + 5A:> + 2B:
Ruled out: Total number of vibrational modes must equal 3N-6 (3N-5 linear) — use it to check the reduction.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q21 - Distractor Analysis 66



ABC CHEMISTRY CSIR-JUNE 2011
Mr. Aniket Bhardwaj Medium MCQ

B Character Tables Question 22 of 41

QUESTION INSIGHTS
Q22 | o

Refer to the character table of the point group T ATED TIE
Csv given above. Find which of the following 2_3 min
transition is forbidden

DIFFICULTY
Medium

CONCEPT TESTED

@ Character Tables
ar= a1

PYQ FREQUENCY
High - 7 papers
REVISION PRIORITY

@ a=e EXPECTED LEVEL
PartB/PartC
MEMORY HOOK

a = az 'Unmoved atoms x contribution per atom'.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q22 - Question 67



ABC CHEMISTRY
Mr. Aniket Bhardwaj

B Character Tables

CSIR-JUNE 2011

Medium MCQ

Question 22 of 41

° Correct Answer D a: = a-

[ CONCEPT ]

Rows are irreducible representations (A/B singly, E doubly, T triply degenerate; 1/2 and
g/u labels), columns are classes; the right-hand columns list how x, y, z, Rx..., and
guadratic functions transform — the key to IR/Raman activity and hybridisation.

[ LOGIC | WORKING ]

° A transition is allowed if [ _i x I _dipole x _f contains As. Dipole spans A; (z) and E (x,

y).arxa=A#Asand A, x E=E #A, SO a1 ~ a is forbidden; the others contain A.

° Therefore the answer is (D).

FINAL: (D) a: = a-

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427

SHORTCUT /| EXAM TRICK

X per unmoved atom: E3,01,i-3,C,-1,C50,C, 1, S4 -1,
Se —2.

COMMON MISTAKE

Counting atoms moved by the operation as contributing to the
character.

EXAM TIP

Total number of vibrational modes must equal 3N-6 (3N-5
linear) — use it to check the reduction.

MEMORY TRICK
'Unmoved atoms x contribution per atom'.

Q22 - Answer & Explanation



ABC CHEMISTRY CSIR-JUNE 2011
Mr. Aniket Bhardwaj Medium MCQ

B Character Tables Question 22 of 41

Why the Other Options Are Wrong Correct answer: D

air &= a1
@ Why (D) is the key — A transition is allowed if I_i x I'_dipole x I"_f contains As. Dipole spans A; (z) and E (X, y). a1 x a, = A> # A; and
A, x E=E #A4, SO a1 « a is forbidden; the others contain A;.

ar+=e
Ruled out: Counting atoms moved by the operation as contributing to the character.

a=e
@ Ruled out: Total number of vibrational modes must equal 3N-6 (3N-5 linear) — use it to check the reduction.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q22 - Distractor Analysis 69



ABC CHEMISTRY CSIR-JUNE 2011
Mr. Aniket Bhardwaj Medium MCQ

B Character Tables Question 23 of 41

QUESTION INSIGHTS
Q23 | o

Character table of Czv point group is: C2, EC20,0vA111117z

A211-1-11B11-11-1xB21-1-11y If the initial and final =l =l s
states belong to A: and B: irreducible representation 2-3 min
respectively, the allowed electronic transition from A: to B: is:
DIFFICULTY
Medium

CONCEPT TESTED

) Character Tables
z-polarized
PYQ FREQUENCY
] High - 7 papers
y-polarized 9 pap
REVISION PRIORITY
@ x-polarized EXPECTED LEVEL
Part B/ Part C
MEMORY HOOK
x, z-polarized 'Unmoved atoms x contribution per atom’.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q23 - Question 70



ABC CHEMISTRY
Mr. Aniket Bhardwaj

B Character Tables

CSIR-JUNE 2011

Medium MCQ

Question 23 of 41

° Correct Answer C x-polarized

[ CONCEPT ]

Rows are irreducible representations (A/B singly, E doubly, T triply degenerate; 1/2 and
g/u labels), columns are classes; the right-hand columns list how x, y, z, Rx..., and
guadratic functions transform — the key to IR/Raman activity and hybridisation.

[ LOGIC | WORKING ]

A1 x T'(u) x B. © Ay requires I'(u) = By, and x spans B: — x-polarised.
° Therefore the answer is (C).

FINAL: (C) x-polarized

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427

SHORTCUT /| EXAM TRICK

X per unmoved atom: E3,01,i-3,C,-1,C50,C, 1, S4 -1,
Se —2.

COMMON MISTAKE

Counting atoms moved by the operation as contributing to the
character.

EXAM TIP

Total number of vibrational modes must equal 3N-6 (3N-5
linear) — use it to check the reduction.

MEMORY TRICK
'Unmoved atoms x contribution per atom'.

Q23 - Answer & Explanation



ABC CHEMISTRY CSIR-JUNE 2011
Mr. Aniket Bhardwaj Medium MCQ

B Character Tables Question 23 of 41

Why the Other Options Are Wrong Correct answer: C

z-polarized

Why (C) is the key — A; x I'(4) x B1 D A; requires I'(u) = By, and x spans B: — x-polarised.
y-polarized

Ruled out: Counting atoms moved by the operation as contributing to the character.

X, z-polarized
Ruled out: Total number of vibrational modes must equal 3N-6 (3N-5 linear) — use it to check the reduction.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q23 - Distractor Analysis 72



ABC CHEMISTRY CSIR-JUNE 2011
Mr. Aniket Bhardwaj MCQ

l Character Tables Question 24 of 41

QUESTION INSIGHTS
Q24 | o

The E x E direct product in Ds point group
contains the irreducible representations D3 E 2 1-1.5 min
C33C2A111-1A211-1E22-10

Easy
Character Tables
AL +A+E
High - 7 papers
2A; + E g p p
@ 2A2 +E
Part B
MEMORY HOOK
2A; + 2A; 'Unmoved atoms x contribution per atom'.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q24 - Question



ABC CHEMISTRY
Mr. Aniket Bhardwaj

B Character Tables

° Correct Answer A A1 +A>+E

[ CONCEPT ]

Rows are irreducible representations (A/B singly, E doubly, T triply degenerate; 1/2 and
g/u labels), columns are classes; the right-hand columns list how x, y, z, Rx..., and
guadratic functions transform — the key to IR/Raman activity and hybridisation.

[ LOGIC | WORKING ]

° E x E characters: (4, 1, 0) = A.(1,1,1) + Ax(1,1,-1) + E(2,-1,0).
° Therefore the answer is (A).

FINAL: (A) A +A. +E

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427

CSIR-JUNE 2011

MCQ

Question 24 of 41

SHORTCUT /| EXAM TRICK

X per unmoved atom: E3,01,i-3,C,-1,C50,C, 1, S4 -1,
Se —2.

COMMON MISTAKE

Counting atoms moved by the operation as contributing to the
character.

EXAM TIP

Total number of vibrational modes must equal 3N-6 (3N-5
linear) — use it to check the reduction.

MEMORY TRICK
'Unmoved atoms x contribution per atom'.

Q24 - Answer & Explanation



ABC CHEMISTRY CSIR-JUNE 2011
Mr. Aniket Bhardwaj MCQ

l Character Tables Question 24 of 41

Why the Other Options Are Wrong Correct answer: A

2A. +E
Why (A) is the key — E x E characters: (4, 1, 0) = A.(1,1,1) + Ax(1,1,-1) + E(2,-1,0).

2A: +E
Ruled out: Counting atoms moved by the operation as contributing to the character.

2A:1 + 2A:
Ruled out: Total number of vibrational modes must equal 3N-6 (3N-5 linear) — use it to check the reduction.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q24 - Distractor Analysis 75



ABC CHEMISTRY CSIR-JUNE 2013
Mr. Aniket Bhardwaj Medium MCQ

l Character Tables Question 25 of 41

QUESTION INSIGHTS
Q25 | o

Identify the Mulliken notation for the T ATED TIE
following irreducible representation E Cn nC: i 2_3 min
onl1-1-1-1

DIFFICULTY
Medium

CONCEPT TESTED

) Character Tables
A 1u

PYQ FREQUENCY
High - 7 papers

REVISION PRIORITY

B'ou EXPECTED LEVEL
Part B/ Part C

MEMORY HOOK
Az 'Unmoved atoms x contribution per atom'.

® 06 06

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q25 - Question 76



ABC CHEMISTRY CSIR-JUNE 2013
Mr. Aniket Bhardwaj Medium MCQ

l Character Tables Question 25 of 41

° Correct Answer B A"z,

[ CONCEPT ] SHORTCUT | EXAM TRICK

X per unmoved atom: E3,01,i-3,C,-1,C50,C, 1, S4 -1,
Se —2.

Rows are irreducible representations (A/B singly, E doubly, T triply degenerate; 1/2 and
g/u labels), columns are classes; the right-hand columns list how x, y, z, Rx..., and
guadratic functions transform — the key to IR/Raman activity and hybridisation.

COMMON MISTAKE

Counting atoms moved by the operation as contributing to the
character.

[ LOGIC | WORKING ]

° X(Cn) =+1 - A; x(C2') = -1 - subscript 2; (i) = -1 - u; x(0n) = -1 — double prime: A,
"y (option b).

° Therefore the answer is (B). | EXAM TIP

Total number of vibrational modes must equal 3N-6 (3N-5
linear) — use it to check the reduction.

MEMORY TRICK
'Unmoved atoms x contribution per atom'.

FINAL: (B) A"2u

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q25 - Answer & Explanation



ABC CHEMISTRY CSIR-JUNE 2013
Mr. Aniket Bhardwaj Medium MCQ

l Character Tables Question 25 of 41

Why the Other Options Are Wrong Correct answer: B

Allu

@ Why (B) is the key — x(C,) = +1 - A; X(C.') = -1 - subscript 2; x(i) = -1 - u; X(o,) = -1 - double prime: A"y (option b).
B'2u
Ruled out: Counting atoms moved by the operation as contributing to the character.

A'zy
@ Ruled out: Total number of vibrational modes must equal 3N-6 (3N-5 linear) — use it to check the reduction.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q25 - Distractor Analysis 78



ABC CHEMISTRY CSIR-JUNE 2019
Mr. Aniket Bhardwaj Medium MCQ

B Character Tables Question 26 of 41

QUESTION INSIGHTS
Q26 | o

The n-orbital p: + pz - ps - pa of cis-butadiene belongs CSTIMATED TIME
to the irreducible representation C2 v EC20vov 7" A1 1 2_3 min
111A211-1-1B:11-11-1B21-1-11

DIFFICULTY
Medium

CONCEPT TESTED

@ Character Tables
A
PYQ FREQUENCY
High - 7 papers
Az
REVISION PRIORITY
@ B. EXPECTED LEVEL
Part B/ Part C
MEMORY HOOK
B. 'Unmoved atoms x contribution per atom'.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q26 - Question 79



ABC CHEMISTRY

Mr. Aniket Bhardwaj

B Character Tables

CSIR-JUNE 2019

Medium MCQ

Question 26 of 41

° Correct Answer B A:

[ CONCEPT ]

Rows are irreducible representations (A/B singly, E doubly, T triply degenerate; 1/2 and
g/u labels), columns are classes; the right-hand columns list how x, y, z, Rx..., and
guadratic functions transform — the key to IR/Raman activity and hybridisation.

[ LOGIC | WORKING ]

C, swaps 14, 23 and inverts each p: p1+p2—ps—ps —» —Pa—pPs+p2+p. = same - +1;
ov (molecular plane) - -1; oV swaps 1«4, 2 - 3 without inversion - -1. (1, 1, -1, -1)
= Az.

° Therefore the answer is (B).

FINAL: (B) A-

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427

SHORTCUT /| EXAM TRICK

X per unmoved atom: E3,01,i-3,C,-1,C50,C, 1, S4 -1,
Se —2.

COMMON MISTAKE

Counting atoms moved by the operation as contributing to the
character.

EXAM TIP

Total number of vibrational modes must equal 3N-6 (3N-5
linear) — use it to check the reduction.

MEMORY TRICK
'Unmoved atoms x contribution per atom'.

Q26 - Answer & Explanation



ABC CHEMISTRY CSIR-JUNE 2019
Mr. Aniket Bhardwaj Medium MCQ

B Character Tables Question 26 of 41

Why the Other Options Are Wrong Correct answer: B

Ai
@ Why (B) is the key — C, swaps 1 - 4, 2 » 3 and inverts each p: p1+p>—ps—pPs — —Pa—pPs+p2+p: = same — +1; oy (molecular plane) -
-1; o' swaps 14, 2 -3 without inversion - —-1. (1, 1, -1, -1) = A..

B.
@ Ruled out: Counting atoms moved by the operation as contributing to the character.

B-
@ Ruled out: Total number of vibrational modes must equal 3N-6 (3N-5 linear) — use it to check the reduction.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q26 - Distractor Analysis 81



ABC CHEMISTRY GATE
Mr. Aniket Bhardwaj Medium MCQ

l Character Tables Question 27 of 41

QUESTION INSIGHTS
Q27 | o

The point group of CIFs molecule and its T ATED TIE
corresponding number of irreducible 2-3 min
representation are respectively.

DIFFICULTY
Medium

CONCEPT TESTED

Character Tables
C3v and 4
PYQ FREQUENCY
High - 7 papers
Covand 4 g pap
REVISION PRIORITY
@ Csvand 4 EXPECTED LEVEL
Part B/ Part C
MEMORY HOOK
Czvand 3 'Unmoved atoms x contribution per atom’.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q27 - Question 82



ABC CHEMISTRY
Mr. Aniket Bhardwaj

B Character Tables

° Correct Answer B C.yand 4

[ CONCEPT ]

Rows are irreducible representations (A/B singly, E doubly, T triply degenerate; 1/2 and
g/u labels), columns are classes; the right-hand columns list how x, y, z, Rx..., and
guadratic functions transform — the key to IR/Raman activity and hybridisation.

[ LOGIC | WORKING ]

CIFs is T-shaped (C.v); C2v has four classes and therefore four irreducible
representations (As, Az, B1, Bo).

° Therefore the answer is (B).

FINAL: (B) C.vand 4

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427

GATE

Medium MCQ

Question 27 of 41

SHORTCUT /| EXAM TRICK

X per unmoved atom: E3,01,i-3,C,-1,C50,C, 1, S4 -1,
Se —2.

COMMON MISTAKE

Counting atoms moved by the operation as contributing to the
character.

EXAM TIP

Total number of vibrational modes must equal 3N-6 (3N-5
linear) — use it to check the reduction.

MEMORY TRICK
'Unmoved atoms x contribution per atom'.

Q27 - Answer & Explanation



ABC CHEMISTRY GATE
Mr. Aniket Bhardwaj Medium MCQ

l Character Tables Question 27 of 41

Why the Other Options Are Wrong Correct answer: B

Csvand 4

@ Why (B) is the key — CIF; is T-shaped (C.v); C.v has four classes and therefore four irreducible representations (A1, Az, B1, B2).
Csvand 4
Ruled out: Counting atoms moved by the operation as contributing to the character.

Czvand 3
Ruled out: Total number of vibrational modes must equal 3N-6 (3N-5 linear) — use it to check the reduction.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q27 - Distractor Analysis 84



TOPIC REVISION

11 PYQs - Last-minute revision
Character Tables

TOPIC SUMMARY IMPORTANT FORMULA SHEET

Rows are irreducible representations (A/B singly, E doubly, T triply ° I"_3N: x(E) = 3N, X(C2) = —1x(unmoved atoms), x(0) =
degenerate; 1/2 and g/u labels), columns are classes; the right-hand +1x(unmoved atoms), X(i) = =3x(unmoved)

columns list how X, y, z, Rx..., and quadratic functions transform — o X(C,) per unmoved atom = 1 + 2cos(211/n)

the key to IR/Raman activity and hybridisation. . [ vib=[ 3N=T trans-T rot

FREQUENTLY ASKED CONCEPTS COMMON MISTAKES & QUICK NOTES

I_vib of H>O (2A: + B2), NHs (2A: + 2E) Watch out:
. Hybrid orbitals from I_o Counting atoms moved by the operation as contributing to the
character.
° Degeneracy from the E/T label

Total number of vibrational modes must equal 3N-6 (3N-5 linear) — use
° Which irreps are IR/Raman active it to check the reduction.

MOST-REPEATED PYQs & EXPECTED IN EXAM

PYQs in this topic: Q17 Q18 Q19 Q20 Q21 Q22 Q23 Q24 Q25 Q26 Q27

Expect 2 question(s) next session on Character Tables.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427



TOPIC 3

Group Theory - General

14 questions - Easy 7 | Medium4 | Hard 3 - PYQ frequency: High

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427




ABC CHEMISTRY CSIR-DEC 2011
Mr. Aniket Bhardwaj MCQ

B Group Theory - General Question 28 of 41

QUESTION INSIGHTS

Q2 8 The character table of Csv point group is provided
below, along with an additional reducible :
representation, GammaE2C330vA1111A211-1E 3-5min

Hard
Group Theory — General
AL+A+E
High - 7 papers
2A; + 2E gh- 7pap
@ 2A; + 2E
Part C (high merit)
MEMORY HOOK
2A+2A+E 'Rule of mutual exclusion lives with i

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q28 - Question



ABC CHEMISTRY CSIR-DEC 2011
Mr. Aniket Bhardwaj MCQ

B Group Theory - General Question 28 of 41

° Correct Answer B 2A. + 2E

[ CONCEPT ] SHORTCUT | EXAM TRICK

A mode is IR-active if its irrep transforms as x, y or z; Raman-
active if as x2, xy, etc.

Operations form a group (closure, identity, inverse, associativity); classes of operations;
representations (matrices) and characters; reduction formula nj = (1/h) ~ x_R Xi g; direct
products decide selection rules and orbital overlap.

COMMON MISTAKE

Using the order of the group as the number of classes;
forgetting to multiply by the class size g in the reduction

[ LOGIC | WORKING ]

. Reduction formula, h = 6: n(As) = (61 + 2-0-1 + 3-2-1)/6 = 2; n(Az) = (6 + 0 — 6)/6 = 0; formula.
n(E) =(12+0+0)/6 =2 - [ =2A; + 2E (dimension check 2 + 4 = 6).
° Therefore the answer is (B). EXAM TIP

Centrosymmetric molecules: IR and Raman modes are
mutually exclusive.

MEMORY TRICK
'Rule of mutual exclusion lives with i'.

FINAL: (B) 2A. + 2E

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q28 - Answer & Explanation



ABC CHEMISTRY CSIR-DEC 2011
Mr. Aniket Bhardwaj MCQ

B Group Theory - General Question 28 of 41

Why the Other Options Are Wrong Correct answer: B

Ai+A>+E
@ Why (B) is the key — Reduction formula, h = 6: n(A;) = (6-1 + 2:0-1 + 3:2:1)/6 =2; n(A2) =(6+0-6)/6 =0; n(E) =(12+ 0+ 0)/6 =2
- [=2A: + 2E (dimension check 2 + 4 = 6).

2A- + 2E
@ Ruled out: Using the order of the group as the number of classes; forgetting to multiply by the class size g in the reduction formula.

2A: +2A: +E
Ruled out: Centrosymmetric molecules: IR and Raman modes are mutually exclusive.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q28 - Distractor Analysis 89



ABC CHEMISTRY CSIR-DEC 2011
Mr. Aniket Bhardwaj MCQ

B Group Theory - General Question 29 of 41

QUESTION INSIGHTS
Q29 | o

The molecule that possesses symmetry Sa

element is 1-1.5 min
Easy
Group Theory - General
@ ethylene up y
High - 7 papers
allene g pap
@ benzene
Part B
; MEMORY HOOK
1 3-butadiene 'Rule of mutual exclusion lives with i'.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q29 - Question



ABC CHEMISTRY CSIR-DEC 2011
Mr. Aniket Bhardwaj MCQ

B Group Theory - General Question 29 of 41

° Correct Answer B allene

[ CONCEPT ] SHORTCUT | EXAM TRICK

A mode is IR-active if its irrep transforms as x, y or z; Raman-
active if as x2, xy, etc.

Operations form a group (closure, identity, inverse, associativity); classes of operations;
representations (matrices) and characters; reduction formula nj = (1/h) ~ x_R Xi g; direct
products decide selection rules and orbital overlap.

COMMON MISTAKE

Using the order of the group as the number of classes;
forgetting to multiply by the class size g in the reduction
formula.

[ LOGIC | WORKING ]

Allene (D-d) has an S. axis along the C=C=C line (the two CH. planes are
perpendicular). Ethylene and benzene have S,/Ss but not S4; butadiene (Czh) has
none.

° Therefore the answer is (B).

EXAM TIP

Centrosymmetric molecules: IR and Raman modes are
mutually exclusive.

MEMORY TRICK
'Rule of mutual exclusion lives with i'.

FINAL: (B) allene

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q29 - Answer & Explanation



ABC CHEMISTRY CSIR-DEC 2011
Mr. Aniket Bhardwaj MCQ

B Group Theory - General Question 29 of 41

Why the Other Options Are Wrong Correct answer: B

ethylene
@ Why (B) is the key — Allene (D.d) has an S, axis along the C=C=C line (the two CH, planes are perpendicular). Ethylene and
benzene have S,/Se but not S4; butadiene (C2h) has none.

benzene
@ Ruled out: Using the order of the group as the number of classes; forgetting to multiply by the class size g in the reduction formula.

1,3-butadiene
Ruled out: Centrosymmetric molecules: IR and Raman modes are mutually exclusive.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q29 - Distractor Analysis 92



ABC CHEMISTRY CSIR-DEC 2011
Mr. Aniket Bhardwaj Medium MCQ

B Group Theory - General Question 30 of 41

QUESTION INSIGHTS

ground state to an excited state of B: symmetry is Cz p SRl Ul

EC20v0v™"A1111120,2%x*y*A211-1-1xyB11- 2-3 min

11-1xxzB21-1-11y,yz S
Medium

QBO For H20 molecule, the electronic transition from the

CONCEPT TESTED

Group Theory - General
not allowed P y

PYQ FREQUENCY

High - 7 r
allowed with x polarization 9 papers

REVISION PRIORITY

allowed with y polarization EXPECTED LEVEL
Part B/ Part C

MEMORY HOOK
allowed with z polarization 'Rule of mutual exclusion lives with i,

®©@ e 6 e

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q30 - Question 93



ABC CHEMISTRY CSIR-DEC 2011
Mr. Aniket Bhardwaj Medium MCQ

B Group Theory - General Question 30 of 41

° Correct Answer B allowed with x polarization

[ CONCEPT ] SHORTCUT | EXAM TRICK

A mode is IR-active if its irrep transforms as x, y or z; Raman-
active if as x2, xy, etc.

Operations form a group (closure, identity, inverse, associativity); classes of operations;
representations (matrices) and characters; reduction formula nj = (1/h) ~ x_R Xi g; direct
products decide selection rules and orbital overlap.

COMMON MISTAKE

Using the order of the group as the number of classes;
forgetting to multiply by the class size g in the reduction
formula.

[ LOGIC | WORKING ]

A: - B is allowed if a dipole component spans Bi: x transforms as B in this table, so

the transition is allowed with x polarisation.
° Therefore the answer is (B). EXAM TIP

Centrosymmetric molecules: IR and Raman modes are
mutually exclusive.

MEMORY TRICK
'Rule of mutual exclusion lives with i'.

FINAL: (B) allowed with x polarization

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q30 - Answer & Explanation



ABC CHEMISTRY CSIR-DEC 2011
Mr. Aniket Bhardwaj Medium MCQ

B Group Theory - General Question 30 of 41

Why the Other Options Are Wrong Correct answer: B

not allowed
Why (B) is the key — A; — B is allowed if a dipole component spans B;: x transforms as B in this table, so the transition is allowed
with x polarisation.

allowed with y polarization
Ruled out: Using the order of the group as the number of classes; forgetting to multiply by the class size g in the reduction formula.

allowed with z polarization
Ruled out: Centrosymmetric molecules: IR and Raman modes are mutually exclusive.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q30 - Distractor Analysis 95



ABC CHEMISTRY CSIR-DEC 2015
Mr. Aniket Bhardwaj Medium MCQ

B Group Theory - General Question 31 of 41

QUESTION INSIGHTS
Q31 | o

The product Cz2"x.0xy (C2"x is the two-fold T ATED TIE
rotation axis around the x-axis and oxy is the 2-3 min
Xy mirror plane) is

DIFFICULTY
Medium

CONCEPT TESTED

Group Theory — General
OxZ

PYQ FREQUENCY

o High - 7 papers

REVISION PRIORITY

Cy EXPECTED LEVEL
Part B/ Part C

MEMORY HOOK
Cx'z 'Rule of mutual exclusion lives with i'.

®©@ e 6 e

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q31 - Question 96



ABC CHEMISTRY CSIR-DEC 2015
Mr. Aniket Bhardwaj Medium MCQ

B Group Theory - General Question 31 of 41

° Correct Answer A 0©xz

[ CONCEPT ] SHORTCUT | EXAM TRICK

A mode is IR-active if its irrep transforms as x, y or z; Raman-
active if as x2, xy, etc.

Operations form a group (closure, identity, inverse, associativity); classes of operations;
representations (matrices) and characters; reduction formula nj = (1/h) ~ x_R Xi g; direct
products decide selection rules and orbital overlap.

COMMON MISTAKE

Using the order of the group as the number of classes;
forgetting to multiply by the class size g in the reduction
formula.

[ LOGIC | WORKING ]

° Track a point: C2*: (X, Y, 2) - (X, =Y, —=2); then o_xy: (X, =Y, z)... applied as C.* after
o xy: (X, ¥,2) - (X, ¥, -2) - (X, -y, z) = reflection in the xz plane - o_xz.
° Therefore the answer is (A). EXAM TIP

Centrosymmetric molecules: IR and Raman modes are
mutually exclusive.

MEMORY TRICK
'Rule of mutual exclusion lives with i'.

FINAL: (A) oxz

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q31 - Answer & Explanation



ABC CHEMISTRY CSIR-DEC 2015
Mr. Aniket Bhardwaj Medium MCQ

B Group Theory - General Question 31 of 41

Why the Other Options Are Wrong Correct answer: A

o yz
Why (A) is the key — Track a point: C>x: (X, Y, 2) — (X, =Y, =2); then o_xy: (X, -y, z)... applied as C,x after a_xy: (X, V¥, 2) - (X, Y, =2)
- (X, -y, z) = reflection in the xz plane - o_xz.

C2y
@ Ruled out: Using the order of the group as the number of classes; forgetting to multiply by the class size g in the reduction formula.

Ca"z
Ruled out: Centrosymmetric molecules: IR and Raman modes are mutually exclusive.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q31 - Distractor Analysis 98



ABC CHEMISTRY CSIR-DEC 2017
Mr. Aniket Bhardwaj MCQ

B Group Theory - General Question 32 of 41

QUESTION INSIGHTS
Q32 | o

The molecule with a C:z axis of symmetry

among the following is LD il

Easy

@ BH,CI Group Theory - General

CHsCl High - 7 papers

© --
Part B
MEMORY HOOK

HOCI 'Rule of mutual exclusion lives with i

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q32 - Question



ABC CHEMISTRY CSIR-DEC 2017
Mr. Aniket Bhardwaj MCQ

B Group Theory - General Question 32 of 41

° Correct Answer A BH:CI

[ CONCEPT ] SHORTCUT | EXAM TRICK

A mode is IR-active if its irrep transforms as x, y or z; Raman-
active if as x2, xy, etc.

Operations form a group (closure, identity, inverse, associativity); classes of operations;
representations (matrices) and characters; reduction formula nj = (1/h) ~ x_R Xi g; direct
products decide selection rules and orbital overlap.

COMMON MISTAKE

Using the order of the group as the number of classes;
forgetting to multiply by the class size g in the reduction

[ LOGIC | WORKING ]

. BH.Cl is trigonal planar with a C. axis along B—CI (C,v). CHsCl has Cs only; NH.Cl is formula.
pyramidal (Cs); HOCI is bent (Cs).
° Therefore the answer is (A). EXAM TIP

Centrosymmetric molecules: IR and Raman modes are
mutually exclusive.

MEMORY TRICK
'Rule of mutual exclusion lives with i'.

FINAL: (A) BHCI

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q32 - Answer & Explanation



ABC CHEMISTRY CSIR-DEC 2017
Mr. Aniket Bhardwaj MCQ

B Group Theory - General Question 32 of 41

Why the Other Options Are Wrong Correct answer: A

CHsCI
Why (A) is the key — BHCl is trigonal planar with a C, axis along B—CI (C,v). CH3Cl has Cs only; NH,Cl is pyramidal (Cs); HOCI is
bent (Cs).

NH:CI
@ Ruled out: Using the order of the group as the number of classes; forgetting to multiply by the class size g in the reduction formula.

HOCI
@ Ruled out: Centrosymmetric molecules: IR and Raman modes are mutually exclusive.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q32 - Distractor Analysis 101



ABC CHEMISTRY CSIR-DEC 2019
Mr. Aniket Bhardwaj MCQ

B Group Theory - General Question 33 of 41

QUESTION INSIGHTS
Q3 3 The observed IR spectrum of BCls exhibits three bands at 995, 480 and

244 cm™!, while the Raman bands are observed at 995, 471 and 244

cm™!. Given that for BClzs Gamma.ib = A:' + 2E' + Az", the frequency of

Ai'mode incm'isDsh E2C33C2002S330vA 1711111 1x2+y?, 3-5 min
z2A2~"11-111-1RzE™~2-102-10(x,y)A1~""111-1-1-1A2"
“"11-1-1-11zE~"2-10-210(Rx, RYy)

Hard
Group Theory — General
244
High - 7 papers
471 gh- 7pap
©) w
Part C (high merit)
MEMORY HOOK
995 '‘Rule of mutual exclusion lives with i'

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q33 - Question



ABC CHEMISTRY CSIR-DEC 2019
Mr. Aniket Bhardwaj MCQ

B Group Theory - General Question 33 of 41

° Correct Answer B 471

[ CONCEPT ] SHORTCUT | EXAM TRICK

A mode is IR-active if its irrep transforms as x, y or z; Raman-
active if as x2, xy, etc.

Operations form a group (closure, identity, inverse, associativity); classes of operations;
representations (matrices) and characters; reduction formula nj = (1/h) ~ x_R Xi g; direct
products decide selection rules and orbital overlap.

COMMON MISTAKE

Using the order of the group as the number of classes;
forgetting to multiply by the class size g in the reduction
formula.

[ LOGIC | WORKING ]

A:' (X2 +y2, z2) is Raman-active but IR-inactive (no x, y, z); E' is both; A>" (z) is IR-only.
The band seen only in Raman, 471 cm™, is the A;' symmetric stretch; 480 (IR only) is
Ay

° Therefore the answer is (B).

EXAM TIP

Centrosymmetric molecules: IR and Raman modes are
mutually exclusive.

MEMORY TRICK
'Rule of mutual exclusion lives with i'.

FINAL: (B) 471

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q33 - Answer & Explanation



ABC CHEMISTRY CSIR-DEC 2019
Mr. Aniket Bhardwaj MCQ

B Group Theory - General Question 33 of 41

Why the Other Options Are Wrong Correct answer: B

244
@ Why (B) is the key — Ay’ (X2 + y2, z2) is Raman-active but IR-inactive (no x, y, z); E' is both; A." (z) is IR-only. The band seen only in
Raman, 471 cm™, is the A;' symmetric stretch; 480 (IR only) is A.".

480
@ Ruled out: Using the order of the group as the number of classes; forgetting to multiply by the class size g in the reduction formula.

995
@ Ruled out: Centrosymmetric molecules: IR and Raman modes are mutually exclusive.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q33 - Distractor Analysis 104



ABC CHEMISTRY CSIR-DEC 2019
Mr. Aniket Bhardwaj Medium MCQ

B Group Theory - General Question 34 of 41

QUESTION INSIGHTS

V312 &0V3/2) &-112&00&0&10on=1&0&00 ESTIMATED TIME

& 1 & 00 & 0 & 1 the trace of the matrix representing 2-3 min

for Ss2 is DIFFICULTY
Medium

Q34= Given the matrices for Cz and on below Cs = -1/2 & -

CONCEPT TESTED
Group Theory — General

PYQ FREQUENCY

5 High - 7 papers
REVISION PRIORITY

@ 1 EXPECTED LEVEL

Part B/ Part C

MEMORY HOOK
-1 ‘Rule of mutual exclusion lives with i’

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q34 - Question 105



ABC CHEMISTRY

Mr. Aniket Bhardwaj

CSIR-DEC 2019

Medium MCQ

B Group Theory - General

° Correct Answer A 0

[ CONCEPT ]

Operations form a group (closure, identity, inverse, associativity); classes of operations;
representations (matrices) and characters; reduction formula nj = (1/h) ~ x_R Xi g; direct
products decide selection rules and orbital overlap.

[ LOGIC | WORKING ]

° S32 = C320,2 = C3% a rotation by 240° has trace 1 + 2cos 240°=1-1=0.
° Therefore the answer is (A).

FINAL: (A) 0

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427

Question 34 of 41

SHORTCUT /| EXAM TRICK

A mode is IR-active if its irrep transforms as x, y or z; Raman-
active if as x2, xy, etc.

COMMON MISTAKE

Using the order of the group as the number of classes;
forgetting to multiply by the class size g in the reduction
formula.

EXAM TIP

Centrosymmetric molecules: IR and Raman modes are
mutually exclusive.

MEMORY TRICK
'Rule of mutual exclusion lives with i'.

Q34 - Answer & Explanation



ABC CHEMISTRY CSIR-DEC 2019
Mr. Aniket Bhardwaj Medium MCQ

B Group Theory - General Question 34 of 41

Why the Other Options Are Wrong Correct answer: A

-2
Why (A) is the key — S32 = C320,,2 = C32: a rotation by 240° has trace 1 + 2cos 240°=1-1=0.
1
Ruled out: Using the order of the group as the number of classes; forgetting to multiply by the class size g in the reduction formula.

-1
@ Ruled out: Centrosymmetric molecules: IR and Raman modes are mutually exclusive.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q34 - Distractor Analysis 107



ABC CHEMISTRY CSIR-JUNE 2011
Mr. Aniket Bhardwaj MCQ

B Group Theory - General Question 35 of 41

QUESTION INSIGHTS
Q35 | o

The number of IR active vibrational modes of
pyridine is: C2vE2C20v0vA11111ZA211 - 1-1.5 min
1-1R2B11-11-1x,RyB21-1-11vy, R«

Easy
@ 1 Group Theory - General
High - 7 papers
20 gh - 7 pap
Part B
MEMORY HOOK
33 ‘Rule of mutual exclusion lives with i"

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q35 - Question



ABC CHEMISTRY CSIR-JUNE 2011
Mr. Aniket Bhardwaj MCQ

B Group Theory - General Question 35 of 41

° Correct Answer C 24

[ CONCEPT ] SHORTCUT | EXAM TRICK

A mode is IR-active if its irrep transforms as x, y or z; Raman-
active if as x2, xy, etc.

Operations form a group (closure, identity, inverse, associativity); classes of operations;
representations (matrices) and characters; reduction formula nj = (1/h) ~ x_R Xi g; direct
products decide selection rules and orbital overlap.

COMMON MISTAKE

Using the order of the group as the number of classes;
forgetting to multiply by the class size g in the reduction

[ LOGIC | WORKING ]

. Pyridine C,v, 11 atoms — 3N — 6 = 27 modes = 10A; + 3A; + 9B, + 5B.. A, (z), B (), formula.
B. (y) are IR-active; Az is not - 27 — 3 = 24.

° Therefore the answer is (C). EXAM TIP
Centrosymmetric molecules: IR and Raman modes are
mutually exclusive.
MEMORY TRICK
'‘Rule of mutual exclusion lives with i'.

FINAL: (C) 24

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q35 - Answer & Explanation



ABC CHEMISTRY CSIR-JUNE 2011
Mr. Aniket Bhardwaj MCQ

B Group Theory - General Question 35 of 41

Why the Other Options Are Wrong Correct answer: C

12
@ Why (C) is the key — Pyridine C,v, 11 atoms - 3N — 6 = 27 modes = 10A; + 3A; + 9B: + 5B.. A; (2), B1 (X), B2 (y) are IR-active; A,
isnot - 27 — 3 =24.

20
Ruled out: Using the order of the group as the number of classes; forgetting to multiply by the class size g in the reduction formula.

33
@ Ruled out: Centrosymmetric molecules: IR and Raman modes are mutually exclusive.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q35 - Distractor Analysis 110



ABC CHEMISTRY CSIR-JUNE 2011
Mr. Aniket Bhardwaj MCQ

B Group Theory - General Question 36 of 41

QUESTION INSIGHTS
Q36 | o

Number of rotational symmetry axes for
triclinic crystal system is

1-1.5 min

Easy

Group Theory — General

High - 7 papers

Part B

MEMORY HOOK
'Rule of mutual exclusion lives with i'.

® 060 06

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q36 - Question



ABC CHEMISTRY CSIR-JUNE 2011
Mr. Aniket Bhardwaj MCQ

B Group Theory - General Question 36 of 41

° Correct Answer D 0

[ CONCEPT ] SHORTCUT | EXAM TRICK

A mode is IR-active if its irrep transforms as x, y or z; Raman-
active if as x2, xy, etc.

Operations form a group (closure, identity, inverse, associativity); classes of operations;
representations (matrices) and characters; reduction formula nj = (1/h) ~ x_R Xi g; direct
products decide selection rules and orbital overlap.

COMMON MISTAKE

Using the order of the group as the number of classes;
forgetting to multiply by the class size g in the reduction
formula.

[ LOGIC | WORKING ]

The triclinic system has only the identity (and possibly inversion): no rotational
symmetry axes.

° Therefore the answer is (D). EXAM TIP
Centrosymmetric molecules: IR and Raman modes are
mutually exclusive.
MEMORY TRICK
'‘Rule of mutual exclusion lives with i'.
FINAL: (D) 0

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q36 - Answer & Explanation



ABC CHEMISTRY CSIR-JUNE 2011
Mr. Aniket Bhardwaj MCQ

B Group Theory - General Question 36 of 41

Why the Other Options Are Wrong Correct answer: D

4
@ Why (D) is the key — The triclinic system has only the identity (and possibly inversion): no rotational symmetry axes.
3
Ruled out: Using the order of the group as the number of classes; forgetting to multiply by the class size g in the reduction formula.

1
@ Ruled out: Centrosymmetric molecules: IR and Raman modes are mutually exclusive.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q36 - Distractor Analysis 113



ABC CHEMISTRY CSIR-JUNE 2011
Mr. Aniket Bhardwaj MCQ

B Group Theory - General Question 37 of 41

Q3|7 QUESTION INSIGHTS
The result of the product Cz2(x)C2z(y) is 1-1.5 min
Easy
@ E Group Theory — General
- High - 7 papers
o
Part B
. MEMORY HOOK
! ‘Rule of mutual exclusion lives with i,

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q37 - Question



ABC CHEMISTRY

Mr. Aniket Bhardwaj

B Group Theory - General

° Correct Answer C C3(2)

[ CONCEPT ]

Operations form a group (closure, identity, inverse, associativity); classes of operations;
representations (matrices) and characters; reduction formula nj = (1/h) ~ x_R Xi g; direct
products decide selection rules and orbital overlap.

[ LOGIC | WORKING ]

° Two perpendicular C, rotations combine to a C, about the third axis: C>(x)Cz(y) = Cx(2).

° Therefore the answer is (C).

FINAL: (C) C2(2)

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427

CSIR-JUNE 2011

MCQ

Question 37 of 41

SHORTCUT /| EXAM TRICK

A mode is IR-active if its irrep transforms as x, y or z; Raman-
active if as x2, xy, etc.

COMMON MISTAKE

Using the order of the group as the number of classes;
forgetting to multiply by the class size g in the reduction
formula.

EXAM TIP

Centrosymmetric molecules: IR and Raman modes are
mutually exclusive.

MEMORY TRICK
'Rule of mutual exclusion lives with i'.

Q37 - Answer & Explanation



ABC CHEMISTRY CSIR-JUNE 2011
Mr. Aniket Bhardwaj MCQ

B Group Theory - General Question 37 of 41

Why the Other Options Are Wrong Correct answer: C

E
@ Why (C) is the key — Two perpendicular C, rotations combine to a C, about the third axis: C(X)Cz(y) = C2(z).
Oxy
Ruled out: Using the order of the group as the number of classes; forgetting to multiply by the class size g in the reduction formula.

i
@ Ruled out: Centrosymmetric molecules: IR and Raman modes are mutually exclusive.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q37 - Distractor Analysis 116



ABC CHEMISTRY CSIR-JUNE 2015
Mr. Aniket Bhardwaj MCQ

B Group Theory - General Question 38 of 41

QUESTION INSIGHTS
Q38 | o

A molecular orbital of a diatomic molecule
changes sign when it is rotated by 180"° 3-5 min
around the molecular axis. This orbital is

Hard

Group Theory — General

High - 7 papers

Part C (high merit)

MEMORY HOOK

varphi 'Rule of mutual exclusion lives with i,

® 06 06

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q38 - Question



ABC CHEMISTRY CSIR-JUNE 2015
Mr. Aniket Bhardwaj MCQ

B Group Theory - General Question 38 of 41

° Correct Answer B Tt

[ CONCEPT ] SHORTCUT | EXAM TRICK

A mode is IR-active if its irrep transforms as x, y or z; Raman-
active if as x2, xy, etc.

Operations form a group (closure, identity, inverse, associativity); classes of operations;
representations (matrices) and characters; reduction formula nj = (1/h) ~ x_R Xi g; direct
products decide selection rules and orbital overlap.

COMMON MISTAKE

Using the order of the group as the number of classes;
forgetting to multiply by the class size g in the reduction
formula.

[ LOGIC | WORKING ]

Rotation by 180° about the bond axis changes the sign of a 1t orbital (one nodal plane
containing the axis); o is unchanged,  (two nodal planes) is unchanged by 180°.

° Therefore the answer is (B). EXAM TIP
Centrosymmetric molecules: IR and Raman modes are
mutually exclusive.
MEMORY TRICK
'‘Rule of mutual exclusion lives with i'.
FINAL: (B) Tt

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q38 - Answer & Explanation



ABC CHEMISTRY CSIR-JUNE 2015
Mr. Aniket Bhardwaj MCQ

B Group Theory - General Question 38 of 41

Why the Other Options Are Wrong Correct answer: B

o
@ Why (B) is the key — Rotation by 180° about the bond axis changes the sign of a 1 orbital (one nodal plane containing the axis); o is
unchanged, & (two nodal planes) is unchanged by 180°.

o)
@ Ruled out: Using the order of the group as the number of classes; forgetting to multiply by the class size g in the reduction formula.

varphi
Ruled out: Centrosymmetric molecules: IR and Raman modes are mutually exclusive.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q38 - Distractor Analysis 119



ABC CHEMISTRY GATE
Mr. Aniket Bhardwaj Medium MCQ

B Group Theory - General Question 39 of 41

QUESTION INSIGHTS
Q39 | o

The Sz operation on a molecule with the axis of

ESTIMATED TIME

rotation as the z axis, moves a nucleus at (x, v, 2-3 min
z) to
DIFFICULTY
Medium

CONCEPT TESTED

@ (X, ¥, X) Group Theory — General
PYQ FREQUENCY
High - 7 papers
(Xr Y 'Z)
REVISION PRIORITY
@ (-x, ¥, -2) EXPECTED LEVEL
Part B/ Part C
MEMORY HOOK
(X, -y, -2) 'Rule of mutual exclusion lives with i,

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q39 - Question 120



ABC CHEMISTRY GATE
Mr. Aniket Bhardwaj Medium MCQ

B Group Theory - General Question 39 of 41

° Correct Answer D (-x, -y, -2)

[ CONCEPT ] SHORTCUT | EXAM TRICK

A mode is IR-active if its irrep transforms as x, y or z; Raman-
active if as x2, xy, etc.

Operations form a group (closure, identity, inverse, associativity); classes of operations;
representations (matrices) and characters; reduction formula nj = (1/h) ~ x_R Xi g; direct
products decide selection rules and orbital overlap.

COMMON MISTAKE

Using the order of the group as the number of classes;
forgetting to multiply by the class size g in the reduction

[ LOGIC | WORKING ]

. S, = C(z) followed by o_xy: (X, ¥, 2) - (=X, -y, Z) - (-X, -y, —z) — identical to formula.
inversion.
° Therefore the answer is (D). EXAM TIP

Centrosymmetric molecules: IR and Raman modes are
mutually exclusive.

MEMORY TRICK
'Rule of mutual exclusion lives with i'.

FINAL: (D) (-x, -y, -2)

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q39 - Answer & Explanation



ABC CHEMISTRY GATE
Mr. Aniket Bhardwaj Medium MCQ

B Group Theory - General Question 39 of 41

Why the Other Options Are Wrong Correct answer: D

('X! Y, X)
@ Why (D) is the key — S, = C,(z) followed by o_xy: (X, Y, z) - (=X, =Y, 2) - (=X, =Yy, —z) — identical to inversion.
(X, Y, 'Z)
Ruled out: Using the order of the group as the number of classes; forgetting to multiply by the class size g in the reduction formula.

(-X, Y, 'Z)
@ Ruled out: Centrosymmetric molecules: IR and Raman modes are mutually exclusive.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q39 - Distractor Analysis 122



ABC CHEMISTRY GATE
Mr. Aniket Bhardwaj MCQ

B Group Theory - General Question 40 of 41

QUESTION INSIGHTS
Q40 | o

Conversion of boron trifluoride to
tetrafluoroborate accompanies

1-1.5 min

Easy

. . Group Theory — General
Increase in symmetry and bond elongation

High - 7 papers
Increase in symmetry and bond contraction 9 pap

Decrease in symmetry and bond contraction
Part B

MEMORY HOOK
Decrease in symmetry and bond elongation ‘Rule of mutual exclusion lives with i

®©@ e 6 e

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q40 - Question



ABC CHEMISTRY GATE
Mr. Aniket Bhardwaj MCQ

B Group Theory - General Question 40 of 41

° Correct Answer A Increase in symmetry and bond elongation

[ CONCEPT ] SHORTCUT | EXAM TRICK

Operations form a group (closure, identity, inverse, associativity); classes of operations; Amode is |R2-a0tive if its irrep transforms as x, y or z; Raman-
representations (matrices) and characters; reduction formula ni = (1/h) = x_R x;i g; direct active if as x?, xy, etc.
products decide selection rules and orbital overlap.

COMMON MISTAKE

Using the order of the group as the number of classes;
forgetting to multiply by the class size g in the reduction
formula.

[ LOGIC | WORKING ]

° BF3 (Dsh, sp2, B—-F 130 pm with 1t back-bonding) — BF.~ (T_d, higher symmetry, sp3,
B—F 140 pm): symmetry increases and the bond lengthens.

° Therefore the answer is (A). | EXAM TIP

Centrosymmetric molecules: IR and Raman modes are
mutually exclusive.

MEMORY TRICK
'Rule of mutual exclusion lives with i'.

FINAL: (A) Increase in symmetry and bond elongation

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q40 - Answer & Explanation



ABC CHEMISTRY GATE
Mr. Aniket Bhardwaj MCQ

B Group Theory - General Question 40 of 41

Why the Other Options Are Wrong Correct answer: A

Increase in symmetry and bond contraction
Why (A) is the key — BF3 (Dsh, sp?, B—F 130 pm with 1t back-bonding) — BF4~ (T_d, higher symmetry, sp3, B—F 140 pm): symmetry

increases and the bond lengthens.

Decrease in symmetry and bond contraction
Ruled out: Using the order of the group as the number of classes; forgetting to multiply by the class size g in the reduction formula.

Decrease in symmetry and bond elongation
Ruled out: Centrosymmetric molecules: IR and Raman modes are mutually exclusive.
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ABC CHEMISTRY GATE
Mr. Aniket Bhardwaj MCQ

B Group Theory - General Question 41 of 41

QUESTION INSIGHTS
Q41 | o

The number of C: axes in CCl: is

—_— ESTIMATED TIME
GATE 2020 1-1.5 min
(Numerical answer type — write the value.)

DIFFICULTY
Easy

CONCEPT TESTED
Group Theory — General

PYQ FREQUENCY
High - 7 papers

REVISION PRIORITY

EXPECTED LEVEL
Part B

MEMORY HOOK
T_d has three C, axes (coincident with the S, axes,
bisecting CI-C—ClI angles), four Cs and six g_d.

I ANSWER: 3

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q41 - Practice Question 126



TOPIC REVISION

14 PYQs - Last-minute revision

Group Theory - General

TOPIC SUMMARY IMPORTANT FORMULA SHEET

Operations form a group (closure, identity, inverse, associativity); ° ni = (1/h) X _classes g_c x_red(c) xi(c)
classes of operations; representations (matrices) and characters; . s (dimension)2 = h
reduction formula nj = (1/h) Z x_R xi g; direct products decide o

Number of irreps = number of classes

selection rules and orbital overlap. . Fvib=F 3N-T trans - T rot

FREQUENTLY ASKED CONCEPTS COMMON MISTAKES & QUICK NOTES

Reducing a representation Watch out:
. IR/Raman active modes from the character table Using the order of the group as the number of classes; forgetting to
multiply by the class size g in the reduction formula.
Centrosymmetric molecules: IR and Raman modes are mutually
° Number of classes = irreps exclusive.

° SALCs and orbital symmetry

MOST-REPEATED PYQs & EXPECTED IN EXAM
PYQs in this topic: Q28 Q29 Q30 Q31 Q32 Q33 Q34 Q35 Q36 Q37 Q38 Q39 Q40 Q41

Expect 2 question(s) next session on Group Theory — General.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427
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FOR EDUCATORS

Teach from the Question Bank, one question at a time

Find the right questions, teach them in class, then take them with you.

Q 1 Find questions Q 2 Teach one by one &, 3 Export
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TUTOR-BRANDED TEACHING TOOLS

Free whiteboard for educators

Teach on a long whiteboard, your own PDF or photo, or from the question bank.

Whiteboard Question Bank a oar nk
o
[ OpenPDF O OneDrive @ Google Drive & Download ~ demo.pdf - 1 pages m S Sta rt tea C h I n g
Document - 100% + i Whiteboard Page 1 + Morespace H

[m] 2 [m]
[m] ey

4ab.in/educators

Thermodynamics

Laws and State Functions

Q1. 1 mol of CO2, 1 mol of N2 and 2 mol of O2 were mixed at 300 K. The
entropy of mixing is

(A)6R1In2
(B)8RIn2
(C)8RIn2/ 300
(D)16R /In2

CSIR-NET, December 2011

Need more room? Add more space to
the board as you teach.

Tutor pages show a small "Powered by 4AB"
line. Premium removes it.
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( Mr. Aniket Bhardwaj By ABC Chemistry) | 4ab.in/educators | @abcchemistry24 | 9212142427


https://4ab.in/educators/
https://4ab.in/educators/

EXPLORE AND USE

Chemistry Labs: symmetry and crystals

Scan a code or click a card to open the tool.
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Learn molecular point groups
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Browse crystal space groups
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T =
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EXPLORE AND USE

Chemistry Labs: elements, calculation and drawing
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