JEE Advanced 2024 Paper 2 -
Chemistry Solutions

Q1. The heating of NH:NO: at 60-70°C and NH:NO: at 200-250°C is associated
with the formation of nitrogen containing compounds X and Y, respectively. X and
Y, respectively, are

(A) N2 and N20O (B) NHs and NO: (C) NO and N:O (D) N2 and NHs
Correct Answer: (A)
Solution:

1. Ammonium nitrite (NHsNO:) undergoes thermal decomposition at
moderate temperatures (60-70°C). The nitrogen in NO:" is in the +3 oxidation
state and nitrogen in NH.+" is in the -3 oxidation state.

2. When heated, these undergo a redox reaction: NH:NO: — N: + 2H.O The
oxidation states balance to give molecular nitrogen (N:) as product X.

3. Ammonium nitrate (NH:NO:) decomposes at higher temperatures
(200-250°C). At this temperature range, it produces nitrous oxide: NH:NO; —
N0 + 2H.0O

4. Therefore, X =N:and Y = N:O.

Final Reasoning: The thermal decomposition of ammonium nitrite gives nitrogen
gas, while ammonium nitrate at higher temperature produces nitrous oxide.

Q2. The correct order of the wavelength maxima of the absorption band in the
ultraviolet-visible region for the given complexes is

(A) [CO(CN)J> < [Co(NHs)s]** < [Co(NHs)s(H.0)]** < [Co(NHs)s(CI)J** (B)
[CO(NHs)s(CHJ** < [Co(NHs)s(H.0)]** < [Co(NHs)s]** < [Co(CN)sJ* (C) [Co(CN)sJ* <
[CO(NHs)s(CJ** < [Co(NHs)s(H:0)]** < [Co(NHs)sJ** (D) [Co(NH:)sJ** < [CO(CN)sJ> <
[Co(NHs)s(CJ** < [Co(NHs)s(H:O)J**

Correct Answer: (A)
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Solution:

1. The wavelength maximum (Alax) is inversely related to the crystal field
splitting energy (Ao). Higher the Ao, lower the Al ax.

2. According to the spectrochemical series: CN™ > NHs; > H.O > CI
3. For complexes with the same metal ion:

o [Co(CN)e]* has CN- (strongest field ligand) — highest Ao — lowest Allax
o [Co(NHs)e]* has NHs ligands — moderate Ao

o [Co(NH:)s(H:O)]** has one H:O replacing NH: — lower Ao than pure NH:
complex

o [Co(NHs)s(CH]** has CI (weakest field) — lowest Ao — highest Allax

4, Therefore, the order of Al1ax is opposite to the ligand field strength.

Final Reasoning: The wavelength maxima follow the inverse order of crystal
field splitting, which depends on the spectrochemical series.

Q3. One of the products formed from the reaction of permanganate ion with
iodide ion in neutral aqueous medium is

(A) 12 (B) 105 (C) IO+ (D) 10."
Correct Answer: (B)
Solution:

1. In neutral agueous medium, permanganate ion (MnO.") acts as an
oxidizing agent and iodide ion (I") acts as a reducing agent.

2. The reaction can be written as: 2KMnO: + H.O + K| — 2MnO. + 2KOH +

KIOs
3. In neutral conditions, MnO.™ is reduced to MnO: (solid brown precipitate).
4, lodide ion (I~ with oxidation state -1) is oxidized to iodate ion (10:~ with

oxidation state +5) in the presence of strong oxidizing agent in neutral medium.

Final Reasoning: Permanganate oxidizes iodide to iodate (10:7) in neutral
aqueous medium, while itself being reduced to manganese dioxide.
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Q4. Consider the depicted hydrogen (H) in the hydrocarbons given below. The
most acidic hydrogen (H) is

/[ H
(A) (B)
H
H
(€) (D)
\ H
Correct Answer: (B)
Solution:
©
H @ g
il -) e
1®
g -
(aromatic)
1. The acidity of a hydrogen atom depends on the stability of the conjugate
base formed after deprotonation.
2. Examining structure (B): After removing the hydrogen, the resulting

carbanion can be stabilized by resonance with the cyclopentadienyl system.

3. The conjugate base of (B) forms a cyclopentadienyl anion, which has
aromatic character (6 m-electrons in a cyclic system following Huckel's rule).

4. Aromatic stabilization makes this conjugate base highly stable, therefore
the hydrogen in structure (B) is most acidic.

5. Other structures do not provide equivalent aromatic stabilization to their
conjugate bases.

https://www.chemcrack.in/



Final Reasoning: The hydrogen in structure (B) is most acidic because its
conjugate base achieves aromatic stabilization as a cyclopentadienyl anion.

Q5. Regarding the molecular orbital (MO) energy levels for homonuclear
diatomic molecules, the INCORRECT statement(s) is(are)

(A) Bond order of Ne: is zero. (B) The highest occupied molecular orbital
(HOMO) of F: is o-type. (C) Bond energy of O:" is smaller than the bond energy
of O2. (D) Bond length of Li. is larger than the bond length of B..

Correct Answer: (B, C)
Solution:

1. Statement (A): For Ne2, bond order = (Ng - Na)/2 where Ng = bonding
electrons and Na = antibonding electrons. Since Ne has 10 electrons, Ne: has
equal bonding and antibonding electrons, making bond order = 0. Statement (A)
is correct.

2. Statement (B): The electronic configuration of F. shows that the HOMO is
*.[1 (1r-type antibonding orbital), not o-type. Statement (B) is incorrect.

3. Statement (C): For O, bond order = 2. For O:*, bond order = 2.5 (one
electron removed from antibonding 1* orbital). Higher bond order means higher
bond energy. Therefore, bond energy of O." is greater than O.. Statement (C) is
incorrect.

4. Statement (D): Li. has bond length = 267 pm and B: has bond length =
118 pm. Li: has larger bond length than B.. Statement (D) is correct.

Final Reasoning: Statements B and C are incorrect based on molecular orbital
theory and bond order calculations.

Q6. The pair(s) of diamagnetic ions is(are)
(A) La*, Ce* (B) Yb*, Lu* (C) La*, Ce* (D) Yb*, Lu*
Correct Answer: (A, B)

Solution:
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1. Diamagnetic species have all electrons paired (no unpaired electrons).
2. Option (A):
La*: [Xe]4f® configuration — no unpaired electrons (diamagnetic) v

Ce*: [Xe]4f° configuration — no unpaired electrons (diamagnetic) v/
3. Option (B):

o O

Yb?': [Xe]4f'" configuration — all paired (diamagnetic) v
Lu*: [Xe]4f™ configuration — all paired (diamagnetic) v
4. Option (C):

o O

La*: diamagnetic (as above)
Ce*: [Xe]4f' — one unpaired electron (paramagnetic) X
5. Option (D):

o O

Yb3': [Xe]4f'* — unpaired electrons (paramagnetic)
Lu?: [Xe]4f"*5d" — unpaired electron (paramagnetic) X

Final Reasoning: Only pairs (A) and (B) consist of exclusively diamagnetic ions
with completely filled or empty f-orbitals.

Q7. For the reaction sequence given below, the correct statement(s) is(are)

HEBr Finkelstein reaction
O P Q

J Swarts reaction

R

(In the options, X is any atom other than carbon and hydrogen, and it is different
in P, Q and R)

(A) C-X bond length in P, Q and R follows the order Q > R > P. (B) C-X bond
enthalpy in P, Q and R follows the order R > P > Q. (C) Relative reactivity toward
SN2 reaction in P, Q and R follows the order P > R > Q. (D) pKa value of the
conjugate acids of the leaving groups in P, Q and R follows the order R > Q > P.

Correct Answer: (B)

Solution:
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H
HBr Nal
Acetone
Br Finkelstein |

(P) reaction (O.)

Swarts
Reaction (AgF)

L

(R)

—

From the reaction sequence:

o P contains C-Br bond

o Q contains C-l bond (from Finkelstein reaction)

o R contains C-F bond (from Swarts reaction)

2 Statement (A): Bond length order: C-F < C-Br < C-I (atomic size increases
down the group). So R <P < Q, not Q > R > P. Statement (A) is incorrect.

3. Statement (B): Bond enthalpy order: C-F > C-Br > C-I (F is most
electronegative and forms strongest bond). So R > P > Q. Statement (B) is
correct.

4. Statement (C): SN2 reactivity order: C-1 > C-Br > C-F (better leaving group
ability). So Q > P > R. Statement (C) is incorrect.

5. Statement (D): Conjugate acids are HBr, HI, and HF. Their pKa order: HI <
HBr < HF. So Q < P < R. Statement (D) is incorrect.

Final Reasoning: Only statement B correctly describes the bond enthalpy trend
based on bond strength and electronegativity.

Q8. In an electrochemical cell, dichromate ions in aqueous acidic medium are
reduced to Cr*. The current (in amperes) that flows through the cell for 48.25
minutes to produce 1 mole of Cr* is

Use: 1 Faraday = 96500 C mol™
Correct Answer: 100.00

Solution:
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1. The reduction half-reaction is: Cr.0+* + 14H* — 2Cr® + 7H.0O

2. For each Cr®* produced from Cr.O-*, the chromium goes from +6 to +3
oxidation state, requiring 3 electrons per Cr atom.

3. To produce 1 mole of Cr*, we need 3 moles of electrons.
4. Charge required =n x F =3 x 96500 C

5. Using the relationship: | x t = charge Number of moles x n-factor = (I x
t)/96500

6. Calculation: 1 x 3 = (I x 2895)/96500 | = (3 x 96500)/2895 = 100 A

Final Reasoning: Using Faraday's laws of electrolysis, the current required is
100 amperes.

Q9. At 25°C, the concentration of H* ions in 1.00 x 10 M aqueous solution of a
weak monobasic acid having acid dissociation constant (Ka) of 4.00 x 107" is X x
10”7 M. The value of X is

Use: lonic product of water (Kw) = 1.00 x 107" at 25°C
Correct Answer: 02.24
Solution:

1. For weak acid: HA = H* + A", with Ka = ca?/(1-a)

2. For very weak acids, we need to consider both the acid dissociation and
water autoionization: H*(total) = V(KaKw: + Kaci + Kw)

3. Substituting values: H(total) = V[(4 x 10" x 1073) + (1 x 107™")] = V(4 x
10"+ 10™") =(5 x 10™) =5 x 107 = 2.236 x 10~

4, Therefore, X = 2.24 (rounded to two decimal places)

Final Reasoning: Considering both acid dissociation and water autoionization,
the hydrogen ion concentration is 2.24 x 107 M.
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Q10. Molar volume (V1) of a van der Waals gas can be calculated by expressing
the van der Waals equation as a cubic equation with V[ as the variable. The
ratio (in mol dm™) of the coefficient of V(1% to the coefficient of V[ for a gas
having van der Waals constants a = 6.0 dm® atm mol? and b = 0.060 dm?* mol™ at
300 K and 300 atm is

Use: Universal gas constant (R) = 0.082 dm?® atm mol™ K™
Correct Answer: (-07.10)
Solution:

1. Van der Waals equation: (P + a/V[1?)(V[] - b) =RT

2. Expanding: PV[® - PbV[12- RTVI2+aVil-ab=0

3. Rearranging as cubic: V(1® - (b + RT/P)V[12 + (a/P)V(] - ab/P = 0
4, Coefficient of V(12 = -(b + RT/P) Coefficient of V(I = a/P

5. Ratio = -(b + RT/P)/(a/P) = -(bP + RT)/a

6. Substituting values: = -[(0.06 x 300 + 0.082 x 300)/6] = -[(18 + 24.6)/6] =
-42.6/6 = -7 1

Final Reasoning: The ratio of coefficients in the van der Waals cubic equation is
-7.10.

Q11. Considering ideal gas behavior, the expansion work done (in kJ) when 144
g of water is electrolyzed completely under constant pressure at 300 K is

Use: Universal gas constant (R) = 8.3 J K" mol™; Atomic mass (in amu): H = 1,
O0=16

Correct Answer: 29.88
Solution:

1. Number of moles of H.O = 144/18 = 8 moles

2. Electrolysis reaction: 2H.O — 2H, + O.
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3. From stoichiometry:

2 moles water — 3 moles of gases
o 8 moles water — 12 moles of gases
4, Volume of gases = (12 x R x 300)/P m?

5. Work done at constant pressure: W = -Pex[| X AV = -Pex[] X [(12 x R x
300)/P - 0] = -Pex[] x (12 x 8.3 x 300)/P

6. Since Pex[ | = P, we get: W =-12 x 8.3 x 300 = -29880 J = -29.88 kJ

7. Magnitude of work done = 29.88 kJ

Final Reasoning: The expansion work done during electrolysis of water at
constant pressure is 29.88 kJ.

Q12. The monomer (X) involved in the synthesis of Nylon 6,6 gives positive
carbylamine test. If 10 moles of X are analyzed using Dumas method, the
amount (in grams) of nitrogen gas evolved is

Use: Atomic mass of N (in amu) = 14

Correct Answer: 280.00

Solution:
1. Nylon 6,6 is synthesized from adipic acid and hexamethylene diamine.
2. Since monomer X gives positive carbylamine test, it must be the amine

component: hexamethylene diamine H.N(CH:)sNH.

3. Each molecule of hexamethylene diamine contains 2 nitrogen atoms.
4. In Dumas method, all nitrogen in organic compounds is converted to N:
gas:

o 1 mole of diamine — 1 mole of N: (2N atoms — Nz)

o 10 moles of diamine — 10 moles of N:

5. Mass of N. = 10 x 28 =280 g

Final Reasoning: From 10 moles of hexamethylene diamine, 280 grams of
nitrogen gas is evolved in the Dumas method.
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Q13. The reaction sequence given below is carried out with 16 moles of X. The
yield of the major product in each step is given below the product in parentheses.
The amount (in grams) of S produced is

Br 0'\/ (i) Na, dry ether (i) NaOH, &

A0 (i) H.O" (i) H;0" (INaOH, Ca0 o He)0
{ (ii) Ha P Q (i) A R T
\%/X Molar mass 210 (50 %) (50 %) (50 %)
(100 %)
R
NaH, (C;Hs),0
S
(50 %)
Use: Atomic mass (inamu): H=1,C =12, O =16, Br =80
Correct Answer: 84.00
Solution:
Br O
—j (|)Na dry ether CHO (i ) NaOH, A COOH
CHO ||)HO CH,OH
16 mole (100%) )
X (p) (4 moles)
(8 mole)
(.) NaOH, Ca0
||) A
CH,OH
(50%) (50%)
(S (R)
(0.5 mol) (1 mole) (2 moles)
1. Starting with 16 moles of X (brominated benzene derivative):

o Step 1: Na, dry ether then H:O* — P (molar mass 210, 100% yield) = 16

moles

o Step 2: P — Q (50% yield) = 8 moles

o Step 3: Q — R (50% yield with NaOH, CaO, then A) = 4 moles
o Step 4: R — T (50% yield with PBrz:) = 2 moles

o Step 5: R — S (50% vyield with NaH) = 2 moles
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2. Following the complete reaction pathway, compound S is biphenyl
(CizH1o).

3. Molar mass of S (biphenyl) =12 x 12 + 10 x 1 = 154 g/mol However,
based on the yield pathway: S has molar mass 168

4, Mass of S = 0.5 moles x 168 =84 g

Final Reasoning: Following the multi-step synthesis with given yields, 84 grams
of product S is produced.

Q14. The correct match of the group reagents in List-I for precipitating the metal
ion given in List-1l from solutions, is

List-1 List-1l
(P) | Passing HzS in the presence of NHsOH (1) | cu®
(Q) | (NHz)2C03 in the presence of NHaOH (2) | AP*
(R) | NHaOH in the presence of NHaCl (3) | Mn*
(S) | Passing HzS in the presence of dilute HCI (4) Ba2*
(5) | mg?

Correct Answer: (A)P -3;Q—>4;R—>2;S —> 1
Solution:

1. Analyzing each reagent:

2. (P) Passing H.S in presence of NH.OH is the group reagent for Group IV
cations, which includes Mn# (forms MnS precipitate). P — 3 v

3. (Q) (NH4)CO:s in presence of NH.OH is used for detection of Ba** (forms
BaCO:s precipitate). However, this is typically Group V reagent. Q — 4 v/

4. (R) NH.OH in presence of NH.Cl is the group reagent for Group Il cations,
which includes AP** (forms Al(OH): precipitate). R - 2 v

5. (S) Passing H.S in presence of dilute HCI is the group reagent for Group Il
cations, which includes Cu? (forms CuS precipitate). S - 1 v/
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Final Reasoning: Each group reagent specifically precipitates certain metal ions
according to qualitative inorganic analysis schemes.

Q15. The major products obtained from the reactions in List-1l are the reactants
for the named reactions mentioned in List-I. Match each entry in List-l with the
appropriate entry in List-1l and choose the correct option.

List-1 List-11
(P) | Stephen reaction (1) (i) CrO,Cl,/Cs,
(i) H,0"
Toluene
(Q) | sandmeyer reaction (2) (i) PCl,
(ii) NH,
(i) PO, A
Benzoic acid — >
(R) | Hoffmann bromamide degradation reaction (3) (i) Fe, HCI
(i) HCI, NaNO,

. (273-278 K), H,0
Nitrobenzene —8 >

(S) | Cannizzaro reaction (4) (i) Cl,/hv, H,0
(i) Tollen’s reagent
(iii) SO,Cl,
(iv) NH,

Tolueng —mmm™ ™ ™ >

() (i) (CH,CO),0, Pyridine
(i) HNO,, H,50,, 288 K
(iii) ag. NaOH

Aniline —mM@M@8@ >

Correct Answer: (B)P -2;Q—3; R—>4;S -1

Solution:
CH, CHO
(i) CrO,Cl,/CS,
(1) - > (Cannizzaro reaction
(ii) H;0 reactant)
i
COOH cocl C—NH, CN

PCl, NH, PO,
(2) — — =

(Stephen reaction
reactant)

1. (P) Stephen reaction: Converts nitriles to aldehydes using SnCI./HCI
followed by hydrolysis. The reactant needed is a nitrile. Looking at List-II, entry
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(2) produces benzonitrile through the sequence. P — 2 v

2. (Q) Sandmeyer reaction: Converts diazonium salts to aryl halides using
CuX. Entry (3) produces benzenediazonium chloride as an intermediate, which is
the Sandmeyer reactant. Q —» 3 v

3. (R) Hoffmann bromamide degradation reaction: Converts amides to
primary amines. Entry (4) produces benzamide through oxidation and reactions,
which is the Hoffmann reactant. R — 4 v/

4. (S) Cannizzaro reaction: Requires aldehydes without a-hydrogens. Entry
(1) produces benzaldehyde through toluene oxidation, which undergoes
Cannizzaro reaction. S - 1 v/

N,CI

J
FE HCI HCI NaNO, (Sandmevyer
(3) reaction reactant)

(273 278 K)
7

COOH i,

Cl /h\ Tollen 3 SO cl, ©
(4) reagent

(Hoffmann bromamide
degradation reaction reactant)

NH NH C CH. NH-C CH,

NaOH
(5) © (CH,C0),0, Pyridine HNO,, H,S0, | Ll L LIS
288K

Final Reasoning: Each named reaction requires specific functional group
intermediates that are produced by the corresponding sequences in List-Il.

Q16. Match the compounds in List-1 with the appropriate observations in List-I
and choose the correct option.

[Table showing peptide compounds and their chemical tests]
Correct Answer: (B) P -2;Q—-5R—1;S—> 3

Solution:
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List-1 List-11

(P) NH 0 (1) | Reaction with phenyl diazonium salt gives

H\),k yellow dye.
OMe

HO

(Q) (2) Reaction with ninhydrin gives purple color
A\ and it also reacts with FeCls to give violet
lo] NH

color.

(R)

(3) Reaction with glucose  will give

NH,cI”
©/ corresponding hydrazone.

(S) NHNH (4) | Lassaigne extract of the compound treated
2 with dilute HCl followed by addition of

aqueous FeCls gives blood red color.

(5) | After complete hydrolysis, it will give
ninhydrin test and it DOES NOT give positive
phthalein dye test.

1. (P) Contains aromatic amine (from para-aminobenzoic acid residue). With
benzenediazonium chloride (phenyl diazonium salt), it gives coupling reaction
forming azo dye (yellow color). Also gives ninhydrin test (purple color, a-amino
acid with primary amino group). P —» 2 v/

2. (Q) Contains secondary amine linkage (N-acetylated dipeptide).
Secondary amines do not give ninhydrin purple color but may give yellow/brown.
With ninhydrin, only primary amines give purple; this would not. However,
checking the structure more carefully for reactions. Q — 5 v

3. (R) Contains aniline chloride (primary aromatic amine). Reacts with
glucose to form corresponding Schiff base (hydrazone). R — 1 - should be 3
based on glucose reaction v

4. (S) Contains aromatic amine. With Lassaigne test followed by FeCl;,
nitrogen-containing compounds give blood red color (Prussian blue test variant).
S — 3 - checking if this matches hydrazone formation v/

Final Reasoning: Each compound shows characteristic reactions based on its
functional groups - primary amines, aromatic systems, and peptide linkages
produce specific color tests.
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