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TOPIC 1

Term Symbols Atoms

6 questions - Easy 3 | Medium 3 | Hard 0 - PYQ frequency: High

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




ABC CHEMISTRY CSIR-DEC 2011
Mr. Aniket Bhardwaj MCQ

B Term Symbols Atoms Question 1 of 16

QUESTION INSIGHTS
Q1 | o

The term symbol for the ground state of

nitrogen atoms is 1-1.5 min
Easy
@ Term Symbols Atoms
SPO
ap,/2 High - 5 papers
© -
Part B
MEMORY HOOK
Sz 'Spin first, then L, then J: Hund 1-2-3".

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



ABC CHEMISTRY CSIR-DEC 2011
Mr. Aniket Bhardwaj MCQ

B Term Symbols Atoms Question 1 of 16

° Correct Answer D 4Ss/2

[ CONCEPT ] SHORTCUT | EXAM TRICK

p? - 3P, ground; d? - 3F;; d® - 3F, (hole formalism: d" and
di®~r share terms, J flips).

Aterm symbol 2s*1L_J summarises total spin S, total orbital angular momentum L and
total J of an atom. Hund's rules pick the ground term: maximum S, then maximum L, then
J = |L-S] (less than half-filled) or L+S (more than half-filled).

COMMON MISTAKE

Taking J = L+S for a less-than-half-filled shell; counting Pauli-
forbidden microstates for equivalent electrons.

[ LOGIC | WORKING ]

° N: 2p3 half-filled. Hund: maximum S = 3/2 (multiplicity 4), L=0 (S term), J=3/2 -
4Sals.
° Therefore the answer is (D). EXAM TIP

Closed shells contribute S = L = 0 — only open-shell
electrons matter.

MEMORY TRICK
'Spin first, then L, then J: Hund 1-2-3".

FINAL: (D) “Ss/2

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



ABC CHEMISTRY CSIR-DEC 2011
Mr. Aniket Bhardwaj MCQ

B Term Symbols Atoms Question 1 of 16

Why the Other Options Are Wrong Correct answer: D

*Po
@ Why (D) is the key — N: 2p3 half-filled. Hund: maximum S = 3/2 (multiplicity 4), L =10 (S term), J = 3/2 - 4S3/>.
P32
Ruled out: Taking J = L+S for a less-than-half-filled shell; counting Pauli-forbidden microstates for equivalent electrons.

Py
@ Ruled out: Closed shells contribute S = L = 0 — only open-shell electrons matter.

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



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

B Term Symbols Atoms Question 2 of 16

QUESTION INSIGHTS
Q2 | o

The term symbol of a molecule with electronic T ATED T
configuration 2-3 min
(1lo_g)?(10u)?(20_g)%(20u)%(2mu) 1 (2mu)? is:

DIFFICULTY
Medium

CONCEPT TESTED

. Term Symbols Atoms
lz_g
PYQ FREQUENCY
High - 5 papers
5% o gh - 5 pap
REVISION PRIORITY
@ 13 g EXPECTED LEVEL
Part B/ Part C
MEMORY HOOK
2.9 'Spin first, then L, then J: Hund 1-2-3',

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



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

B Term Symbols Atoms Question 2 of 16

° Correct Answer B 32 g~

[ CONCEPT ] SHORTCUT | EXAM TRICK

p? - 3P, ground; d? - 3F;; d® - 3F, (hole formalism: d" and
di®~r share terms, J flips).

Aterm symbol 2s*1L_J summarises total spin S, total orbital angular momentum L and
total J of an atom. Hund's rules pick the ground term: maximum S, then maximum L, then
J = |L-S] (less than half-filled) or L+S (more than half-filled).

COMMON MISTAKE

Taking J = L+S for a less-than-half-filled shell; counting Pauli-
forbidden microstates for equivalent electrons.

[ LOGIC | WORKING ]

° (2mw)}(21u)t two electrons in a degenerate Tt set (like Ox's TT_g?): terms 37, 1A, 125
parity u x u = g; Hund - ground 3Z_g~ (option b).
° Therefore the answer is (B). EXAM TIP

Closed shells contribute S = L = 0 — only open-shell
electrons matter.

MEMORY TRICK
'Spin first, then L, then J: Hund 1-2-3".

FINAL: (B) °3_g~

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



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

B Term Symbols Atoms Question 2 of 16

Why the Other Options Are Wrong Correct answer: B

12_9"‘
@ Why (B) is the key — (21y)1(2110)* two electrons in a degenerate Tt set (like Ox's 1_g?): terms 327, 1A, 13 7; parity u x u = g; Hund -
ground 3% _g~ (option b).

12_9-
@ Ruled out: Taking J = L+S for a less-than-half-filled shell; counting Pauli-forbidden microstates for equivalent electrons.

3z_g+
@ Ruled out: Closed shells contribute S = L = 0 — only open-shell electrons matter.

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



ABC CHEMISTRY CSIR-JUNE 2013
Mr. Aniket Bhardwaj MCQ

B Term Symbols Atoms Question 3 of 16

QUESTION INSIGHTS
Q3 | o

What is the atomic term symbol for helium

atom with electronic configuration 1s2? 1-1.5min
Easy
@ Term Symbols Atoms
25,/2
P, High - 5 papers
©-
Part B
MEMORY HOOK
S 'Spin first, then L, then J: Hund 1-2-3".

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



ABC CHEMISTRY CSIR-JUNE 2013
Mr. Aniket Bhardwaj MCQ

B Term Symbols Atoms Question 3 of 16

° Correct Answer C 1S,

[ CONCEPT ] SHORTCUT | EXAM TRICK

p? - 3P, ground; d? - 3F;; d® - 3F, (hole formalism: d" and
di®~r share terms, J flips).

Aterm symbol 2s*1L_J summarises total spin S, total orbital angular momentum L and
total J of an atom. Hund's rules pick the ground term: maximum S, then maximum L, then
J = |L-S] (less than half-filled) or L+S (more than half-filled).

COMMON MISTAKE

Taking J = L+S for a less-than-half-filled shell; counting Pauli-
forbidden microstates for equivalent electrons.

{ LOGIC | WORKING ]
° 1s2: closed shell, S=0,L=0,J=0 - 1S,.

° Therefore the answer is (C). |

EXAM TIP

Closed shells contribute S = L = 0 — only open-shell
electrons matter.

MEMORY TRICK
'Spin first, then L, then J: Hund 1-2-3".

FINAL: (C) So

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



ABC CHEMISTRY CSIR-JUNE 2013
Mr. Aniket Bhardwaj MCQ

B Term Symbols Atoms Question 3 of 16

Why the Other Options Are Wrong Correct answer: C

28112
@ Why (C) is the key — 1s2: closed shell, S=0,L=0,J=0 - 1S,.
Po
Ruled out: Taking J = L+S for a less-than-half-filled shell; counting Pauli-forbidden microstates for equivalent electrons.

1S1
@ Ruled out: Closed shells contribute S = L = 0 — only open-shell electrons matter.

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



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

B Term Symbols Atoms Question 4 of 16

QUESTION INSIGHTS
Q4 | o

The lowest energy-state of an atom with

ESTIMATED TIME

electronic configuration ns'np?! has the term 2-3 min
symbol
DIFFICULTY
Medium

CONCEPT TESTED

Term Symbols Atoms
3Pl
PYQ FREQUENCY
High - 5 papers
. gh - 5 pap
REVISION PRIORITY
@ 3P, EXPECTED LEVEL
Part B/ Part C
MEMORY HOOK
Po 'Spin first, then L, then J: Hund 1-2-3".

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



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

B Term Symbols Atoms Question 4 of 16

° Correct Answer D 3Po

[ CONCEPT ] SHORTCUT | EXAM TRICK

p? - 3P, ground; d? - 3F;; d® - 3F, (hole formalism: d" and
di®~r share terms, J flips).

Aterm symbol 2s*1L_J summarises total spin S, total orbital angular momentum L and
total J of an atom. Hund's rules pick the ground term: maximum S, then maximum L, then
J = |L-S] (less than half-filled) or L+S (more than half-filled).

COMMON MISTAKE

Taking J = L+S for a less-than-half-filled shell; counting Pauli-
forbidden microstates for equivalent electrons.

[ LOGIC | WORKING ]

° nstnpt gives 3P and 'P; Hund: triplet lower; less than half-filled - J=|L—- S| =0 - 3P,.

° Therefore the answer is (D).
EXAM TIP

Closed shells contribute S = L = 0 — only open-shell
electrons matter.

MEMORY TRICK
'Spin first, then L, then J: Hund 1-2-3".

FINAL: (D) *Po

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



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

B Term Symbols Atoms Question 4 of 16

Why the Other Options Are Wrong Correct answer: D

P,
@ Why (D) is the key — nstnp? gives 3P and *P; Hund: triplet lower; less than half-filled -~ J=|L -S| =0 - 3P,.
Py
Ruled out: Taking J = L+S for a less-than-half-filled shell; counting Pauli-forbidden microstates for equivalent electrons.

P2
@ Ruled out: Closed shells contribute S = L = 0 — only open-shell electrons matter.

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



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

B Term Symbols Atoms Question 5 of 16

QUESTION INSIGHTS
Q5 | o

The term symbol for the first excited state of

ESTIMATED TIME

Be with the electronic configuration 1s? 2s?! 3s? 2-3 min
is
DIFFICULTY
Medium

CONCEPT TESTED

Term Symbols Atoms
381
PYQ FREQUENCY
High - 5 papers
s, gh - 5 pap
REVISION PRIORITY
@ 15, EXPECTED LEVEL
Part B/ Part C
MEMORY HOOK
25,/2 'Spin first, then L, then J: Hund 1-2-3".

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q5 - Question 16



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

B Term Symbols Atoms Question 5 of 16

° Correct Answer A °3S:

[ CONCEPT ] SHORTCUT | EXAM TRICK

p? - 3P, ground; d? - 3F;; d® - 3F, (hole formalism: d" and
di®~r share terms, J flips).

Aterm symbol 2s*1L_J summarises total spin S, total orbital angular momentum L and
total J of an atom. Hund's rules pick the ground term: maximum S, then maximum L, then
J = |L-S] (less than half-filled) or L+S (more than half-filled).

COMMON MISTAKE

Taking J = L+S for a less-than-half-filled shell; counting Pauli-
forbidden microstates for equivalent electrons.

[ LOGIC | WORKING ]

° 2s13st: two s electrons (L = 0) in different shells can be parallel: S=1,J=1 - 3S; (the
lowest of the excited states by Hund's rule).
° Therefore the answer is (A). EXAM TIP

Closed shells contribute S = L = 0 — only open-shell
electrons matter.

MEMORY TRICK
'Spin first, then L, then J: Hund 1-2-3".

FINAL: (A) °S:

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



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

B Term Symbols Atoms Question 5 of 16

Why the Other Options Are Wrong Correct answer: A

3So
Why (A) is the key — 2s13st: two s electrons (L = 0) in different shells can be parallel: S=1,J=1 - 3S; (the lowest of the excited
states by Hund's rule).

'So
@ Ruled out: Taking J = L+S for a less-than-half-filled shell; counting Pauli-forbidden microstates for equivalent electrons.

28412
@ Ruled out: Closed shells contribute S = L = 0 — only open-shell electrons matter.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q5 - Distractor Analysis 18



ABC CHEMISTRY CSIR-JUNE 2019
Mr. Aniket Bhardwaj MCQ

B Term Symbols Atoms Question 6 of 16

QUESTION INSIGHTS
Q6 | o

the term symbol for ground state dinitrogen

cation radical (N2%) is 1-1.5 min
Easy
@ . Term Symbols Atoms
2Plu
25, High - 5 papers
® =
Part B
MEMORY HOOK
= 'Spin first, then L, then J: Hund 1-2-3'.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q6 - Question



ABC CHEMISTRY CSIR-JUNE 2019
Mr. Aniket Bhardwaj MCQ

B Term Symbols Atoms Question 6 of 16

° Correct Answer D 23_g*

[ CONCEPT ] SHORTCUT | EXAM TRICK

p? - 3P, ground; d? - 3F;; d® - 3F, (hole formalism: d" and
di®~r share terms, J flips).

Aterm symbol 2s*1L_J summarises total spin S, total orbital angular momentum L and
total J of an atom. Hund's rules pick the ground term: maximum S, then maximum L, then
J = |L-S] (less than half-filled) or L+S (more than half-filled).

COMMON MISTAKE

Taking J = L+S for a less-than-half-filled shell; counting Pauli-
forbidden microstates for equivalent electrons.

[ LOGIC | WORKING ]

° Nz is ...(Ttu2p)*(0_g2p)?; removing one electron from the c_g HOMO leaves (o_g2p)t: A
=0, g, doublet - 23_g".

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

Closed shells contribute S = L = 0 — only open-shell
electrons matter.

MEMORY TRICK
'Spin first, then L, then J: Hund 1-2-3".

FINAL: (D) 23_g*

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



ABC CHEMISTRY CSIR-JUNE 2019
Mr. Aniket Bhardwaj MCQ

B Term Symbols Atoms Question 6 of 16

Why the Other Options Are Wrong Correct answer: D

2Piy
@ Why (D) is the key — N3 is ...(Tu2p)4(0_g2p)?; removing one electron from the c_g HOMO leaves (c_g2p)t: A= 0, g, doublet —
23 g

Zzu'
Ruled out: Taking J = L+S for a less-than-half-filled shell; counting Pauli-forbidden microstates for equivalent electrons.

*Pi_g
@ Ruled out: Closed shells contribute S = L = 0 — only open-shell electrons matter.

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



TOPIC REVISION

6 PYQs - Last-minute revision

Term Symbols Atoms

Aterm symbol 25*1L_J summarises total spin S, total orbital angular
momentum L and total J of an atom. Hund's rules pick the ground
term: maximum S, then maximum L, then J = |L-S| (less than half-
filled) or L+S (more than half-filled).

TOPIC SUMMARY IMPORTANT FORMULA SHEET

° Multiplicity = 2S+1

° J=L+S ... |L-S]

° Degeneracy of a term = (2S+1)(2L+1); of a level =
° Landé g = 1 + [J(J+1)+S(S+1)-L(L+1)])/2J(I+1)

2J+1

FREQUENTLY ASKED CONCEPTS COMMON MISTAKES & QUICK NOTES

Ground term of p2, d3, f7 configurations

° Number of microstates = n!/(el(n—e)!)
° J levels and their degeneracy
° Equivalent vs non-equivalent electrons

MOST-REPEATED PYQs & EXPECTED IN EXAM

PYQs in this topic: Q1 Q2 Q3 Q4 Q5 Q6

Expect 1 question(s) next session on Term Symbols Atoms.

( Mr. Aniket Bhardwaj By ABC Chemistry )

- www.abcchemistry.com

Watch out:

Taking J = L+S for a less-than-half-filled shell; counting Pauli-forbidden
microstates for equivalent electrons.

Closed shells contribute S = L = 0 — only open-shell electrons matter.

- 9212142427



TOPIC 2

Term Symbols & Spectroscopic
States - General

10 questions - Easy 6 | Medium4 | Hard 0 - PYQ frequency: High

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



ABC CHEMISTRY CSIR-DEC 2011
Mr. Aniket Bhardwaj MCQ

B Term Symbols & Spectroscopic States - General Question 7 of 16

QUESTION INSIGHTS

Q7 Observe the following electronic transition of a
diatomic molecule. (A) 'Z g* - 32 g* (B) 2.t - 13X g* _
(C) 'Au - X _g* (D) 'Pi_g - 'Zu* The allowed transitions 1-1.5 min
are

Easy

Term Symbols & Spectroscopic States — General
(A) and (C) only 4 g :

(B) and (D) only High - 7 papers

(A), (B) and (C) only
Part B

MEMORY HOOK
(A), (C) and (D) only 12 _. 35~ at the bottom, like O, — a triplet ground
State’.

®©@ e 6 e

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



ABC CHEMISTRY CSIR-DEC 2011
Mr. Aniket Bhardwaj MCQ

B Term Symbols & Spectroscopic States - General Question 7 of 16

° Correct Answer B (B) and (D) only

[ CONCEPT ] SHORTCUT | EXAM TRICK

Fill the MO diagram, look only at partly filled degenerate 1t
orbitals: T2 gives 327, 1A, 13* (ground 3%7).

Atomicterms use L =S, P, D, F...; molecular (diatomic) terms use A = Z, I, A with g/u
parity and £ symmetry for X states. Spin—orbit coupling splits a term into J levels
(Russell-Saunders for light atoms, jj for heavy).

COMMON MISTAKE
Forgetting that gxg = g, uxu = g, gxu = u for parity.

[ LOGIC | WORKING ]

° Rules: AS=0,9 - U, 2" » %, AA=0, £1. (A) singlet - triplet x; (B) 1Zuv* - X_g* v;
(C)A - zhasAA=2 x; (D) M_g - 24" v. Hence (B) and (D).

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

Same-shell equivalent 12 electrons cannot give 3A or 3%*
(Pauli).

MEMORY TRICK
T2 - 33" at the bottom, like O, — a triplet ground state'.

FINAL: (B) (B) and (D) only

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



ABC CHEMISTRY CSIR-DEC 2011
Mr. Aniket Bhardwaj MCQ

B Term Symbols & Spectroscopic States - General Question 7 of 16

Why the Other Options Are Wrong Correct answer: B

(A) and (C) only
Why (B) is the key — Rules: AS=0,9 o u, 2" « 2%, AA=0, £1. (A) singlet - triplet x; (B) 1Zy" - 2 _g* v; (C) A - Zhas AA=2
x; (D) M_g - 1" v. Hence (B) and (D).

(A), (B) and (C) only
Ruled out: Forgetting that gxg = g, uxu = g, gxu = u for parity.

(A), (C) and (D) only
Ruled out: Same-shell equivalent 12 electrons cannot give 3A or 3% (Pauli).

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q7 - Distractor Analysis 26



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

B Term Symbols & Spectroscopic States - General Question 8 of 16

QUESTION INSIGHTS
Q8 | o

Two a particles having speeds S:1 and Sz have T ATED TIE
kinetic energies 1 and 2 MeV respectively; the 2-3 min
relationship between S: and S: is :

DIFFICULTY
Medium

CONCEPT TESTED

Term Symbols & Spectroscopic States — General
S1 = 282
PYQ FREQUENCY
High - 7 papers
REVISION PRIORITY
@ S =V(2) S: EXPECTED LEVEL
Part B/ Part C
MEMORY HOOK
S1 = V(2S3) 12 _. 35~ at the bottom, like O, — a triplet ground

State’.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q8 - Question 27



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

B Term Symbols & Spectroscopic States - General Question 8 of 16

° Correct Answer C S2=vV(2)S:

[ CONCEPT ] SHORTCUT | EXAM TRICK

Fill the MO diagram, look only at partly filled degenerate 1t
orbitals: T2 gives 327, 1A, 13* (ground 3%7).

Atomicterms use L =S, P, D, F...; molecular (diatomic) terms use A = Z, I, A with g/u
parity and £ symmetry for X states. Spin—orbit coupling splits a term into J levels
(Russell-Saunders for light atoms, jj for heavy).

COMMON MISTAKE
Forgetting that gxg = g, uxu = g, gxu = u for parity.

[ LOGIC | WORKING ]

° Kinetic energy « speed E,/E; = 2 = (S2/S1)? — Sz = V2 S: (option ¢). The printed key

(b) would need a four-fold energy ratio.
° Therefore the answer is (C). EXAM TIP

Same-shell equivalent 12 electrons cannot give 3A or 3%*
(Pauli).

MEMORY TRICK
T2 - 33" at the bottom, like O, — a triplet ground state'.

FINAL: (C) Sz=V(2) Sz

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q8 - Answer & Explanation



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

B Term Symbols & Spectroscopic States - General Question 8 of 16

Why the Other Options Are Wrong Correct answer: C

S1=2S>
@ Why (C) is the key — Kinetic energy « speed? E,/E; = 2 = (S2/S1)2 —» Sz = V2 S; (option c). The printed key (b) would need a four-
fold energy ratio.

S, =2S:
Ruled out: Forgetting that gxg = g, uxu = g, gxu = u for parity.

Si= '\/(282)
Ruled out: Same-shell equivalent 12 electrons cannot give 3A or 3% (Pauli).

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q8 - Distractor Analysis 29



ABC CHEMISTRY CSIR-DEC 2015
Mr. Aniket Bhardwaj MCQ

B Term Symbols & Spectroscopic States - General Question 9 of 16

QUESTION INSIGHTS
Q9 | o

The standard deviation of speed (o_c) for

Maxwell's distribution satisfies the relation 1-1.5 min

Easy

@ - Term Symbols & Spectroscopic States — General

o_c «V(T) High - 7 papers

@ o cxl/T
Part B
MEMORY HOOK

o_¢ = 1N(T) M2 - 35~ at the bottom, like O, — a triplet ground

State’.

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



ABC CHEMISTRY CSIR-DEC 2015
Mr. Aniket Bhardwaj MCQ

B Term Symbols & Spectroscopic States - General Question 9 of 16

° Correct Answer B o_c «x V(T)

[ CONCEPT ] SHORTCUT | EXAM TRICK

Fill the MO diagram, look only at partly filled degenerate 1t
orbitals: T2 gives 327, 1A, 13* (ground 3%7).

Atomicterms use L =S, P, D, F...; molecular (diatomic) terms use A = Z, I, A with g/u
parity and £ symmetry for X states. Spin—orbit coupling splits a term into J levels
(Russell-Saunders for light atoms, jj for heavy).

COMMON MISTAKE
Forgetting that gxg = g, uxu = g, gxu = u for parity.

[ LOGIC | WORKING ]

° All characteristic speeds of the Maxwell distribution scale as v(T/m); _c = V({c2) - (c)?)
= (3 - 8/m)V(kT/m) « VT. Correct option is (b); the printed key (c) is wrong.
° Therefore the answer is (B). EXAM TIP
Same-shell equivalent 12 electrons cannot give 3A or 3%*
(Pauli).

MEMORY TRICK
T2 - 33" at the bottom, like O, — a triplet ground state'.

FINAL: (B) o_c  V(T)

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



ABC CHEMISTRY CSIR-DEC 2015
Mr. Aniket Bhardwaj MCQ

B Term Symbols & Spectroscopic States - General Question 9 of 16

Why the Other Options Are Wrong Correct answer: B

ocxT
@ Why (B) is the key — All characteristic speeds of the Maxwell distribution scale as V(T/m); o_c = V({c2) — (c)?) = V(3 — 8/m)V(KT/m) «
VT. Correct option is (b); the printed key (c) is wrong.

o c«x1T
Ruled out: Forgetting that gxg = g, uxu = g, gxu = u for parity.

g _c x 1V(T)
Ruled out: Same-shell equivalent 12 electrons cannot give 3A or 3% (Pauli).

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q9 - Distractor Analysis 32



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

B Term Symbols & Spectroscopic States - General Question 10 of 16

QUESTION INSIGHTS
Q10 | o

The highest molecular orbitals for an excited

electronic configuration of the oxygen molecule are ESTIMATED TIME

[1n_g]*[30u.]*. A possible molecular term symbol for 2-3 min

oxygen with this electronic configuration is SIEEICULTY
Medium

CONCEPT TESTED

@ 1pi Term Symbols & Spectroscopic States — General
PYQ FREQUENCY

5 High - 7 papers
REVISION PRIORITY

@ 1A EXPECTED LEVEL
Part B/ Part C
MEMORY HOOK

2 M2 - 35~ at the bottom, like O, — a triplet ground

State’.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q10 - Question 33



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

B Term Symbols & Spectroscopic States - General Question 10 of 16

° Correct Answer A *Pi

[ CONCEPT ] SHORTCUT | EXAM TRICK

Fill the MO diagram, look only at partly filled degenerate 1t
orbitals: T2 gives 327, 1A, 13* (ground 3%7).

Atomicterms use L =S, P, D, F...; molecular (diatomic) terms use A = Z, I, A with g/u
parity and £ symmetry for X states. Spin—orbit coupling splits a term into J levels
(Russell-Saunders for light atoms, jj for heavy).

COMMON MISTAKE
Forgetting that gxg = g, uxu = g, gxu = u for parity.

[ LOGIC | WORKING ]

Arm_g)Y(Bou):A=1+0=1 - IT; parity g X u = u; two unpaired electrons can couple to
singlet or triplet. 1 (option a) is a valid term (31 also exists but is not offered).

° Therefore the answer is (A). EXAM TIP
Same-shell equivalent 12 electrons cannot give 3A or 3%*
(Pauli).
MEMORY TRICK
T2 - 33" at the bottom, like O, — a triplet ground state'.
FINAL: (A) *Pi

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



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

B Term Symbols & Spectroscopic States - General Question 10 of 16

Why the Other Options Are Wrong Correct answer: A

3z
Why (A) is the key — (11t_g)}(3ou):: A=1+0=1 - I; parity g X u = u; two unpaired electrons can couple to singlet or triplet. 1I1
(option a) is a valid term (3l also exists but is not offered).

1A
@ Ruled out: Forgetting that gxg = g, uxu = g, gxu = u for parity.

B2
@ Ruled out: Same-shell equivalent 12 electrons cannot give 3A or 3% (Pauli).

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q10 - Distractor Analysis 35



ABC CHEMISTRY CSIR-DEC 2018
Mr. Aniket Bhardwaj MCQ

B Term Symbols & Spectroscopic States - General Question 11 of 16

Q11
Entropy of a perfect gas is 1-1.5 min
Easy
TR Y Term Symbols & Spectroscopic States — General

High - 7 papers
proportional to V 9 pap

proportional to In V
Part B

MEMORY HOOK

proportional to V2 12 _. 35~ at the bottom, like O, — a triplet ground
State’.

®©@ e 6 e

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



ABC CHEMISTRY CSIR-DEC 2018
Mr. Aniket Bhardwaj MCQ

B Term Symbols & Spectroscopic States - General Question 11 of 16

° Correct Answer C proportional to InV

[ CONCEPT ] SHORTCUT | EXAM TRICK

Fill the MO diagram, look only at partly filled degenerate 1t
orbitals: T2 gives 327, 1A, 13* (ground 3%7).

Atomicterms use L =S, P, D, F...; molecular (diatomic) terms use A = Z, I, A with g/u
parity and £ symmetry for X states. Spin—orbit coupling splits a term into J levels
(Russell-Saunders for light atoms, jj for heavy).

COMMON MISTAKE
Forgetting that gxg = g, uxu = g, gxu = u for parity.

[ LOGIC | WORKING ]

° Sackur—Tetrode / ideal-gas entropy: S = nR In V + f(T) — entropy rises logarithmically
with volume (AS = nR In(V2/Vy)).
° Therefore the answer is (C). EXAM TIP
Same-shell equivalent 12 electrons cannot give 3A or 3%*
(Pauli).

MEMORY TRICK
T2 - 33" at the bottom, like O, — a triplet ground state'.

FINAL: (C) proportional to In V

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



ABC CHEMISTRY CSIR-DEC 2018
Mr. Aniket Bhardwaj MCQ

B Term Symbols & Spectroscopic States - General Question 11 of 16

Why the Other Options Are Wrong Correct answer: C

independent of V
Why (C) is the key — Sackur—Tetrode / ideal-gas entropy: S = nR In V + f(T) — entropy rises logarithmically with volume (AS = nR
In(V2/V1)).

proportional to V
Ruled out: Forgetting that gxg = g, uxu = g, gxu = u for parity.

proportional to V2
Ruled out: Same-shell equivalent 12 electrons cannot give 3A or 3% (Pauli).

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q11 - Distractor Analysis 38



ABC CHEMISTRY CSIR-DEC 2018
Mr. Aniket Bhardwaj MCQ

B Term Symbols & Spectroscopic States - General Question 12 of 16

QUESTION INSIGHTS
Q12 | o

Root mean square speed of the molecules of a
perfect gas is proportional to

1-1.5 min

Easy

Term Symbols & Spectroscopic States — General
1/T./2

High - 7 papers

T./2
Part B

MEMORY HOOK

T M2 - 35~ at the bottom, like O, — a triplet ground
State’.

ONoNONO

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q12 - Question



ABC CHEMISTRY
Mr. Aniket Bhardwaj

B Term Symbols & Spectroscopic States - General

° Correct Answer C Til2

[ CONCEPT ]

Atomicterms use L =S, P, D, F...; molecular (diatomic) terms use A = Z, I, A with g/u
parity and £ symmetry for X states. Spin—orbit coupling splits a term into J levels
(Russell-Saunders for light atoms, jj for heavy).

[ LOGIC | WORKING ]

° v_rms = V(3RT/M) x TAY — option (c). The printed key (d) is wrong.
° Therefore the answer is (C).

FINAL: (C) Taf2

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

CSIR-DEC 2018

MCQ

Question 12 of 16

SHORTCUT /| EXAM TRICK

Fill the MO diagram, look only at partly filled degenerate 1t
orbitals: T2 gives 327, 1A, 13* (ground 3%7).

COMMON MISTAKE
Forgetting that gxg = g, uxu = g, gxu = u for parity.

EXAM TIP

Same-shell equivalent 12 electrons cannot give 3A or 3%*
(Pauli).

MEMORY TRICK
T2 - 33" at the bottom, like O, — a triplet ground state'.

Q12 - Answer & Explanation



ABC CHEMISTRY CSIR-DEC 2018
Mr. Aniket Bhardwaj MCQ

B Term Symbols & Spectroscopic States - General Question 12 of 16

Why the Other Options Are Wrong Correct answer: C

1/T./2
@ Why (C) is the key — v_rms = V(3RT/M) « TA%. — option (c). The printed key (d) is wrong.

-
Ruled out: Forgetting that gxg = g, uxu = g, gxu = u for parity.

Ut
@ Ruled out: Same-shell equivalent 12 electrons cannot give 3A or 3% (Pauli).

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q12 - Distractor Analysis 41



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

B Term Symbols & Spectroscopic States - General Question 13 of 16

QUESTION INSIGHTS
Q13 | o

A monoatomic perfect gas undergoes expansion from

(p1, V1) to (p2, V2) under isothermal or adiabatic ESTIMATED TIME

conditions. The pressure of the gas will fall more 2-3 min

rapidly under adiabatic conditions because SIEEICULTY
Medium

CONCEPT TESTED

Term Symbols & Spectroscopic States — General
p o (1)/(V)

PYQ FREQUENCY

p o« (1)/(V7/5) High - 7 papers

REVISION PRIORITY

p o« (1)/(V32) EXPECTED LEVEL
Part B/ Part C

MEMORY HOOK
p o« (1)/(V5/3) 12 _. 35~ at the bottom, like O, — a triplet ground
State’.

®©@ e 6 e

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q13 - Question 42



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

B Term Symbols & Spectroscopic States - General Question 13 of 16

° Correct Answer D p « (1)I(V5I3)

[ CONCEPT ] SHORTCUT | EXAM TRICK

Fill the MO diagram, look only at partly filled degenerate 1t
orbitals: T2 gives 327, 1A, 13* (ground 3%7).

Atomicterms use L =S, P, D, F...; molecular (diatomic) terms use A = Z, I, A with g/u
parity and £ symmetry for X states. Spin—orbit coupling splits a term into J levels
(Russell-Saunders for light atoms, jj for heavy).

COMMON MISTAKE
Forgetting that gxg = g, uxu = g, gxu = u for parity.

[ LOGIC | WORKING ]

° Isothermal: p « 1/V. Reversible adiabatic: pV”y = const with y = 5/3 for a monatomic
gas, so p « 1/V~(5/3) — steeper fall (option d). The printed key (a) describes the
isothermal curve, not the reason. EXAM TIP
° Therefore the answer is (D). Same-shell equivalent 12 electrons cannot give 3A or 3%*
(Pauli).

MEMORY TRICK
T2 - 33" at the bottom, like O, — a triplet ground state'.

FINAL: (D) p  (1)I(V=I3)

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q13 - Answer & Explanation



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

B Term Symbols & Spectroscopic States - General Question 13 of 16

Why the Other Options Are Wrong Correct answer: D

p  (1)I(V)
@ Why (D) is the key — Isothermal: p « 1/V. Reversible adiabatic: pV”y = const with y = 5/3 for a monatomic gas, so p « 1/V*(5/3) —
steeper fall (option d). The printed key (a) describes the isothermal curve, not the reason.

p o (1)/(V*I5)
Ruled out: Forgetting that gxg = g, uxu = g, gxu = u for parity.

p « (1)I(V3I2)
Ruled out: Same-shell equivalent 12 electrons cannot give 3A or 3% (Pauli).

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q13 - Distractor Analysis 44



ABC CHEMISTRY CSIR-DEC 2019
Mr. Aniket Bhardwaj MCQ

B Term Symbols & Spectroscopic States - General Question 14 of 16

QUESTION INSIGHTS
Q14 | o

The molar residual entropy (in J/K) for solid

. 1-1.5 min
OCS is close to 5 mi
Easy
Term Symbols & Spectroscopic States — General
0
High - 7 papers
- gh - 7 pap
© *
Part B
MEMORY HOOK
8.7 M2 - 35~ at the bottom, like O, — a triplet ground

State’.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q14 - Question



ABC CHEMISTRY CSIR-DEC 2019
Mr. Aniket Bhardwaj MCQ

B Term Symbols & Spectroscopic States - General Question 14 of 16

° Correct Answer C 5.8

[ CONCEPT ] SHORTCUT | EXAM TRICK

Fill the MO diagram, look only at partly filled degenerate 1t
orbitals: T2 gives 327, 1A, 13* (ground 3%7).

Atomicterms use L =S, P, D, F...; molecular (diatomic) terms use A = Z, I, A with g/u
parity and £ symmetry for X states. Spin—orbit coupling splits a term into J levels
(Russell-Saunders for light atoms, jj for heavy).

COMMON MISTAKE
Forgetting that gxg = g, uxu = g, gxu = u for parity.

[ LOGIC | WORKING ]

° Linear OCS can freeze in two orientations (OCS/SCO) - residual entropy S=RIn 2 =
8.314 x 0.693 = 5.8 J K1 mol™.

° Therefore the answer is (C). EXAM TIP
Same-shell equivalent 2 electrons cannot give A or 3%*
(Pauli).
MEMORY TRICK
T2 - 33" at the bottom, like O, — a triplet ground state'.

FINAL: (C) 5.8

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q14 - Answer & Explanation



ABC CHEMISTRY CSIR-DEC 2019
Mr. Aniket Bhardwaj MCQ

B Term Symbols & Spectroscopic States - General Question 14 of 16

Why the Other Options Are Wrong Correct answer: C

0
@ Why (C) is the key — Linear OCS can freeze in two orientations (OCS/SCO) - residual entropy S=RIn2=8.314 x 0.693 =5.8J
K™ mol™.

29
Ruled out: Forgetting that gxg = g, uxu = g, gxu = u for parity.

8.7
@ Ruled out: Same-shell equivalent 12 electrons cannot give 3A or 3% (Pauli).

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q14 - Distractor Analysis 47



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

B Term Symbols & Spectroscopic States - General Question 15 of 16

QUESTION INSIGHTS
Q15 | o

For an assembly of molecules (molar mass = T ATED TIE
M) at temperature T, the standard deviation of 2-3 min
Maxweller's speed is approximately

DIFFICULTY
Medium

CONCEPT TESTED

Term Symbols & Spectroscopic States — General
@ 0.7V((RT)I(M)) 4 o A
PYQ FREQUENCY
LaV(RTY(M)) High - 7 papers
REVISION PRIORITY
@ 0.7V((M/(RT)) EXPECTED LEVEL
Part B/ Part C
MEMORY HOOK
LAV((M)/(RT)) M2 - 35~ at the bottom, like O, — a triplet ground

State’.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q15 - Question 48



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

B Term Symbols & Spectroscopic States - General Question 15 of 16

° Correct Answer A 0.7V((RT)/(M))

[ CONCEPT ] SHORTCUT | EXAM TRICK

Fill the MO diagram, look only at partly filled degenerate 1t
orbitals: T2 gives 327, 1A, 13* (ground 3%7).

Atomicterms use L =S, P, D, F...; molecular (diatomic) terms use A = Z, I, A with g/u
parity and £ symmetry for X states. Spin—orbit coupling splits a term into J levels
(Russell-Saunders for light atoms, jj for heavy).

COMMON MISTAKE
Forgetting that gxg = g, uxu = g, gxu = u for parity.

[ LOGIC | WORKING ]

° o_c =V({c?) - (c)?) = V(3RT/M - 8RT/TIM) = V(RT/M)V(3 - 2.546) = 0.67V(RT/M) =
0.7V(RT/M) (option a). The printed key (b, 1.4) is wrong.

° Therefore the answer is (A).

EXAM TIP

Same-shell equivalent 12 electrons cannot give 3A or 3%*
(Pauli).

MEMORY TRICK
T2 - 33" at the bottom, like O, — a triplet ground state'.

FINAL: (A) 0.7V((RT)/(M))

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q15 - Answer & Explanation



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

B Term Symbols & Spectroscopic States - General Question 15 of 16

Why the Other Options Are Wrong Correct answer: A

1.4V((RT)/(M))
Why (A) is the key — o_c = V({c2) - (c)?) = V(3RT/M — 8RT/TtM) = V(RT/M)V(3 — 2.546) = 0.67V(RT/M) = 0.7V(RT/M) (option a). The
printed key (b, 1.4) is wrong.

0.7V((M)/(RT))
Ruled out: Forgetting that gxg = g, uxu = g, gxu = u for parity.

1.4V((M)/(RT))
Ruled out: Same-shell equivalent 12 electrons cannot give 3A or 3% (Pauli).

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q15 - Distractor Analysis 50



ABC CHEMISTRY CSIR-JUNE 2015
Mr. Aniket Bhardwaj MCQ

B Term Symbols & Spectroscopic States - General Question 16 of 16

QUESTION INSIGHTS
Q16 | o

The electric-dipole allowed transition among

the following is 1-1.5 min

Easy

@ 35 _, 3D Term Symbols & Spectroscopic States — General

3g _, 3p High - 7 papers

@ 35 - 1D
Part B
MEMORY HOOK

ST 1?2 — 32~ at the bottom, like O, — a triplet ground

State’.

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q16 - Question



ABC CHEMISTRY CSIR-JUNE 2015
Mr. Aniket Bhardwaj MCQ

B Term Symbols & Spectroscopic States - General Question 16 of 16

° Correct Answer B 3S - 3P

[ CONCEPT ] SHORTCUT | EXAM TRICK

Fill the MO diagram, look only at partly filled degenerate 1t
orbitals: T2 gives 327, 1A, 13* (ground 3%7).

Atomicterms use L =S, P, D, F...; molecular (diatomic) terms use A = Z, I, A with g/u
parity and £ symmetry for X states. Spin—orbit coupling splits a term into J levels
(Russell-Saunders for light atoms, jj for heavy).

COMMON MISTAKE
Forgetting that gxg = g, uxu = g, gxu = u for parity.

[ LOGIC | WORKING ]

° Electric-dipole rules: AS = 0 and AL = %1 (Laporte). 3S - 3P satisfies both; 3S - 3D has

AL = 2; the singlet targets break AS = 0.
° Therefore the answer is (B). EXAM TIP

Same-shell equivalent 12 electrons cannot give 3A or 3%*
(Pauli).

MEMORY TRICK
T2 - 33" at the bottom, like O, — a triplet ground state'.

FINAL: (B) °S - °P

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q16 - Answer & Explanation



ABC CHEMISTRY CSIR-JUNE 2015
Mr. Aniket Bhardwaj MCQ

B Term Symbols & Spectroscopic States - General Question 16 of 16

Why the Other Options Are Wrong Correct answer: B

S . 3D
@ Why (B) is the key — Electric-dipole rules: AS = 0 and AL = +1 (Laporte). 3S - 3P satisfies both; 3S - 3D has AL = 2; the singlet
targets break AS = 0.

S . D
Ruled out: Forgetting that gxg = g, uxu = g, gxu = u for parity.

S L F
@ Ruled out: Same-shell equivalent 12 electrons cannot give 3A or 3% (Pauli).

( Mr. Aniket Bhardwaj By ABC Chemistry ) - www.abcchemistry.com - 9212142427 Q16 - Distractor Analysis 53



TOPIC REVISION

10 PYQs - Last-minute revision

Term Symbols & Spectroscopic States - General

TOPIC SUMMARY IMPORTANT FORMULA SHEET

Atomic terms use L =S, P, D, F...; molecular (diatomic) terms use A = ° =T (glu)M(2)

>, M, A with g/u parity and £ symmetry for Z states. Spin—orbit coupling . A=|lEm_I;S==m_s

rs]ggts ?term into J levels (Russell-Saunders for light atoms, jj for . 0, ground: 35_g"~: Na: 15_g*; NO: M1
vy).

FREQUENTLY ASKED CONCEPTS COMMON MISTAKES & QUICK NOTES

Term symbol of O,, N2, NO, CN Watch out:

. g/u from the MO configuration Forgetting that gxg = g, uxu = g, gxu = u for parity.
I— for S stat Same-shell equivalent 12 electrons cannot give A or *Z* (Pauli).
° +/— for X states

Microstate counting

MOST-REPEATED PYQs & EXPECTED IN EXAM

PYQs in this topic: Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 Q16

Expect 1 question(s) next session on Term Symbols & Spectroscopic States — General.

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