JEE Main 2024 Chemistry Question Paper Jan 29 Shift 1 with
Solutions

1. Which of the following pairs will be formed by the decomposition of KMnO,?

1) 1{1\411047 MHOQ
2) KQMHO4, MDOQ
3) K4MHO4, HQO
4) MnO,, H,0

Correct Answer: (2) KsMnOy, MnO,

Solution:

Step 1: Thermal decomposition of KMnOy,.

When potassium permanganate is heated at about 513 K, it decomposes to form potassium manganate (KoMnQOy),
manganese dioxide (MnQO,), and oxygen gas.

2 K MnO, 2y KoMnOy + MnOy + O

Step 2: Identify the solid products.
The solid products formed are KoMnO,4 and MnQO,. Therefore, the correct pair is option (2).

KMnOy on heating always forms green KoMnO,4 and brown MnQO,. The reaction is a classic example of
disproportionation on heating.

hwv

+Cl, ——

cel,
— E

2.
In the following reactions, find the products A and B?

Cl Cl
Cl Cl
Q) a0 O
Cl Cl
A ® A ®)
Cl Cl
Cl Cl
) C[ _ (4) , C[
Cl Cl
(A)

(B) (A) (B)

Correct Answer: (2)



Solution:

Step 1: Reaction under hv (light).

Presence of light triggers a free radical reaction, causing allylic chlorination. Hence, product A is allylic
chlorocyclohexene.

Step 2: Reaction with Cl; in CCly.
Chlorine in CCly leads to electrophilic addition across the double bond forming vicinal dichloride (B).

Thus, A = allylic chloride and B = vicinal dichloride. Hence option (2).

Quick Tip

Remember: hv — radical substitution (allylic); Cla/CCly — electrophilic addition to double bond.

3. The major product formed in the following reaction is:

OGH,—CH;

@/ Conc. HBr{excess) -

H

Br )
Br Br
OH Br
(3) @/ ’ Q/
Br Br
Correct Answer: (3)

Solution:

Step 1: Reaction of allyl aryl ether with HBr.

HBr cleaves aryl-O-alkyl ethers by SN1/SN2 depending on the group. The phenoxy oxygen is protonated and
the alkyl part forms a good leaving group.

Step 2: Markovnikov addition of HBr.
Excess HBr adds to the alkene via Markovnikov rule, giving the more substituted carbocation intermediate
which reacts with Br~.

Step 3: Final major product.
Thus the aromatic ring remains intact, and the alkyl chain gets brominated forming a brominated side-chain



phenol.

Excess HBr first cleaves aryl-O-alkyl ethers, then adds electrophilically to alkenes following Markovnikov
orientation.

4. Which of the following coordination compounds contains a bridging carbonyl ligand?

Correct Answer: (2)

Solution:
Step 1: Understanding bridging CO ligand.
A bridging carbonyl group (u-CO) binds to two metal centers simultaneously.

Step 2: Identifying from structures.
Among the given complexes, only [Cos(CO)s] is known to contain two bridging carbonyl ligands. The others
contain only terminal CO ligands.

Quick Tip

Dimers of transition metals often show bridging CO ligands; mononuclear carbonyls never contain bridg-
ing ligands.

5. Energy difference between the actual structure of a compound and its most stable resonating
structure (having least energy) is called:

1) Heat of hydrogenation
2) Resonance energy

3) Heat of combustion
4) Exchange energy

Correct Answer: (2) Resonance energy

Solution:

Step 1: Understanding resonance.

Many molecules are represented by multiple resonating structures that individually do not exist but collectively
describe the real molecule.

Step 2: Definition of resonance energy.
The actual molecule is more stable than any individual resonating structure. The energy difference between the
most stable canonical form and the actual molecule is called resonance stabilization energy.



Greater the resonance energy, greater the stability—benzene is the classic example with high resonance
stabilization.

6. What is the effect that occurs between a lone pair and a m-bond?

(1) Inductive

(2) Electromeric

(3) Resonance

(4) Hyperconjugation

Correct Answer: (3) Resonance

Solution:

Step 1: Understanding lone pair—m-bond interaction.

When a lone pair is present adjacent to a double bond, it can delocalize into the m-system generating resonance
structures.

X-Y=2Z<->X=Y-27Z"

Step 2: Identifying the effect.
This electron delocalization is called resonance. Hence the correct answer is option (3).

Quick Tip

Whenever a lone pair is adjacent to a double bond or aromatic ring, resonance stabilization occurs.

7. Which of the following statements is incorrect?

(1) AG = 0 for a reversible process

(2) AG < 0 for a spontaneous process

(3) AG > 0 for a spontaneous process

(4) AG > 0 for a non-spontaneous process

Correct Answer: (3)

Solution:

Step 1: Recall thermodynamic conditions.
Spontaneous process: AG < 0.

Reversible process: AG = 0.

Non-spontaneous process: AG > 0.

Step 2: Identify incorrect statement.
Statement (3) claims AG > 0 for spontaneous process, which contradicts the definition.

Thus, option (3) is incorrect.

Quick Tip

Remember: Negative AG — spontaneous; Zero AG — equilibrium; Positive AG — non-spontaneous.




8. Alkaline KMnO, oxidizes iodide to a particular product (A). Determine the oxidation state of
iodine in compound (A).

Correct Answer: (3) +5

Solution:
Step 1: Reaction of iodide with alkaline KMnOy.
In alkaline medium, iodide ion I~ is oxidized to iodate O3~ .

2MnO4A™ + H20 + 17— > 2MnO2 +20H™ + 103~

Step 2: Oxidation state of iodine in /03™.
Let oxidation state of I = x.

Thus iodine is in the +5 oxidation state.

Quick Tip

In alkaline medium: I~ — > IO3~ (oxidation state: -1 — +5). In acidic medium: I~— > I2.

9. Find the product P of the following reaction:
(i) H,OH"

N (i) CrogH’ _
= * P(Major)
(i) NH,~NH./KOH conc.

N/N"‘z
- @)K - @/N%NH
0]

Correct Answer: (3) Ethylbenzene

Solution:
Step 1: Stepwise reaction analysis.



(i) Hydration of styrene:
H30% adds across the double bond forming 1-phenylethanol.

(ii) Oxidation with CrO3/H™:
1-Phenylethanol gets oxidized to acetophenone.

(iii) Wolff-Kishner reduction (NH2 - NH2/KOH):
Carbonyl of acetophenone is reduced to a -CH2- group, giving ethylbenzene.

Hence final product P = ethylbenzene.

Quick Tip

Wolff-Kishner reduction converts C=0 — CHs; useful for reducing ketones to alkanes.

10. A container contains 1 g of Hy gas and 1 g of O; gas. What is the ratio of their partial

pressures (P—%) ?
6:1
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P

Correct Answer: (1) 16 : 1

Solution:
Step 1: Partial pressure formula.

P, = Prx;

where x; = mole fraction of gas i.

Step 2: Calculate moles.
For H2:

1
NHy = 5 = 0.5 mol

For O2:

1
no, = 55 = 0.03125 mol
Step 3: Ratio of partial pressures.

Py, ng, 05

= =16
Po, no, 0.03125

Thus the ratio is 16 : 1.

Quick Tip

For gases in same container at same conditions: partial pressure ratio = mole ratio.

11. Match the following:



Column I (Ores) Column II (Formula)

(A) Fluorspar (p) Al;03-2H,0
(B) Cryolite (q) CaFy
(C) Bauxite (r) MgCO3-CaCOs3
(D) Dolomite (s) Nag[AlFg]
(1) (A)-(s); (B)-(q); (C)-(r); (D)-(p)
(2) (A)-(a); (B)-(s); (C)-(p); (D)-(r)
(3) (A)-(p); (B)-(a); (C)-(s); (D)-(r)
(4) (A)-(q); (B)-(s); (C)-(r); (D)-(p)

Correct Answer: (2)

Solution:

Step 1: Recalling ore compositions.
Fluorspar is CaFs.

Cryolite is Nag[AlFg].

Bauxite is hydrated alumina AlyO3-2H50.
Dolomite is MgCQO3-CaCOsg.

Step 2: Match accordingly.
(A)-(a), (B)-(s), (C)-(p), (D)-(r). Hence option (2).

Quick Tip

Remember: Fluorspar (CaF3) — flux in metallurgy; Cryolite — used in electrolytic reduction of alumina.

12. Which element(s) is/are confirmed by the appearance of a blood-red colour with FeCl; in
Lassaigne’s test?

(1) Presence of S only
(2) Presence of N and S
(3) Presence of N only
(4) Presence of P only

Correct Answer: (2) N and S

Solution:
Step 1: Reaction in Lassaigne’s extract.
If a compound contains N and S, fusion with sodium forms NaSCN.

Na+C+ N+ S—> NaSCN
Step 2: Reaction with FeCls.

Fe*t + SON™— > [Fe(SCN)]**

This complex is blood-red in colour, confirming both N and S.

Quick Tip

NaSCN formation requires both nitrogen and sulfur — hence blood-red colour confirms N + S.




13. Statement 1: Electronegativity of Group 14 elements decreases from Si to Pb.
Statement 2: Group 14 has metals, metalloids, and non-metals.

1) Both Statements 1 and 2 are correct

2) Both Statements 1 and 2 are incorrect

3) Statement 1 is correct and Statement 2 is incorrect
4) Statement 1 is incorrect and Statement 2 is correct

(
(
(
(

Correct Answer: (4)

Solution:

Step 1: Check Statement 1.

Electronegativity generally decreases down a group, but Pb has slightly higher electronegativity (1.9) than Sn
(1.8). Thus the trend is irregular — statement 1 is incorrect.

Step 2: Check Statement 2.
Group 14 contains:

C — non-metal

Si, Ge — metalloids

Sn, Pb — metals

Thus statement 2 is correct.

Quick Tip

Lead is more electronegative than tin due to poor shielding by d- and f-electrons.

14. Hydrolysis of proteins gives which type of amino acid?

(1) a-Amino acid

(2) f-Amino acid

(3) v-Amino acid

(4) 6-Amino acid

Correct Answer: (1) a-Amino acid
Solution:

Step 1: Protein composition.

Proteins are polymers of a-amino acids, where both —NHs and —COOH are attached to the a-carbon.

Step 2: Hydrolysis result.
Upon hydrolysis, peptide bonds break and release the constituent a-amino acids. Hence option (1).

All natural proteins are made exclusively from a-amino acids.

15. Statement 1: Ionisation energy decreases in a period.
Statement 2: In a period, nuclear charge (Z) dominates over screening effect.

(1) Both statements 1 and 2 are correct
(2) Both statements 1 and 2 are incorrect
(3) Statement 1 is correct and Statement 2 is incorrect



(4) Statement 1 is incorrect and Statement 2 is correct
Correct Answer: (4)

Solution:

Step 1: Checking Statement 1.

Tonisation energy increases across a period due to an increase in effective nuclear charge. Thus statement 1 is
incorrect.

Step 2: Checking Statement 2.
Across a period, screening effect is almost constant, but nuclear charge increases. Hence effective nuclear charge
increases — IE increases. Thus statement 2 is correct.

Across a period: Z increases — Zeg increases — electrons held more strongly — IE increases.

16. Consider the following reaction:

S

NH,
Br, .
————> A (Intermediate)
CS,
NH.

2
(3) Both (1) and (2)
(4) None of these

Correct Answer: (2)

Solution:
Step 1: Nature of aniline in non-polar solvent.
In CS; (non-polar), aniline becomes protonated forming anilinium ion. This reduces its activating power.

Step 2: Bromination pattern.
Protonated aniline (C6 H5N H3™1) is a meta-directing group, but due to sterics and resonance, substitution
predominantly occurs at the para position.

Step 3: Final intermediate.
Thus, para—bromoanilinium ion is formed as the major intermediate.



In non-polar solvents, aniline gets protonated and becomes a weaker activator, directing electrophilic
substitution predominantly to the para position.

17. Match the following:

Column I (Complexes) Column II (Metals)

A. Vitamin Bis (p) Ti

B. Wilkinson catalyst (q) Co

C. Ziegler-Natta catalyst (r) Fe

D. Haemoglobin (s) Rh
(1) A(a), B(s), C(p), D(r)
(2) A(s), B(a), C(r), D(p)
(3) A(a), B(p), C(r), D(s)
(4) A(a), B(r), C(p), D(s)

Correct Answer: (1)

Solution:

Step 1: Identify the metal in each complex.

Vitamin Bio contains Co.

Wilkinson catalyst = RhCl(PPhs); — contains Rh.
Ziegler—Natta catalyst = TiCly with Al(CoHs)s — contains Ti.
Haemoglobin = Fe-porphyrin complex.

Step 2: Match the pairs.
A-q, B-s, C—p, D — option (1).

Remember: B = Co, Wilkinson = Rh, Ziegler—Natta = Ti, Haemoglobin = Fe.

18. In the reaction:
K2Cr207 + H202 + H2504— > [cold conditions| X
X is a chromium compound. What is the oxidation state of chromium in X?

Correct Answer: (1) +6
Solution:

Step 1: Reaction under cold conditions.
Cold acidic medium forms CrO5 (blue peroxide complex).

K2Cr207 + H202 + H2504— > CrO5 + K2504 + H20
Step 2: Determine oxidation state of Cr in CrO5.

10



CrO5 contains: 1 oxo group (O?~) and 4 peroxo oxygen atoms (each O-O contributing —1 per oxygen).

Let oxidation state of Cr = x.

r+(=2)+4(-1)=0
z—6=0
T =46

Thus chromium is in +6 oxidation state.

Quick Tip

In CrO5, only one oxygen is oxide; the remaining four are peroxo oxygens.

19. Balance the following reaction and determine the values of x, y, z, and p:
zCl2 +yOH ™ — > 2Cl~ + pClO~
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Correct Answer: (1)

Solution:
Step 1: Identify oxidation states.
Cl2—-0,Cl7 - -1, ClO~ — +1.

Step 2: Balance oxidation and reduction.

Cl2— > 2C1~ (reduction: 0 to —1)
Cl2— > 2C10~ (oxidation: 0 to +1)

Step 3: Combine reactions.
Overall balanced reaction:
Cl24+20H —>Cl” +CIlO™ + H20

Thusx=1,y=2,2=2,p=1.

Quick Tip

Cold dilute alkali + C12 — disproportionation producing C1~ and ClO~.

20. For Rb (Z = 37), which set of quantum numbers is correct for the valence electron?

(1) 5, 0,0, +%
(2) 5a Ov la 7?
(3) 5a 07 ]-7 +?
(4)5,1,1, +5

11



Correct Answer: (1)

Solution:
Step 1: Electron configuration of Rb (37).

Rb : 15?252 2p8 352 3p® 3d'0 452 4p° 55!
Valence electron = 5s'.
Step 2: Assign quantum numbers.
For 5s electron: Principal quantum number n = 5. For s-orbital: | = 0. For s-orbital: m = 0. Spin quantum

number s = +%.

Thus option (1) is correct.

Remember: s-orbitals always have [ = 0 and m; = 0.

21. Calculate the molarity of a solution having density = 1.5 g/mL. The solution contains 36%
(w/w) solute and the molecular weight of solute is 36 g/mol.

Correct Answer: 15
Solution:
Step 1: Assume 100 g of solution.
Mass of solute = 36% of 100 g = 36 g.
Step 2: Convert solute to moles.
Moles of solute = % =1 mol

Step 3: Calculate volume of solution.
Density = 1.5 g/mL — volume of 100 g solution:

1
V= % = 66.67 mL = 0.06667 L
Step 4: Calculate molarity.
—_— 1 ~
~0.06667

Thus, molarity = 15 M.

Quick Tip

For w/w solutions, always assume 100 g solution. Convert mass to moles, divide by volume obtained
from density.

22. Given that K, .. = K1 K>/K3; and the energies are:
E,1 =40 kJ/mol, E,» = 50 kJ/mol, E,3 = 60 kJ/mol.
Calculate the net activation energy (E,)e:.

12



Correct Answer: 30 kJ/mol

Solution:
Step 1: Net activation energy expression.

(Ea)net = Eal + Ea2 - Ea3
Step 2: Substitute values.

(Ea)net = 40 + 50 — 60 = 30 kJ/mol
Thus, net activation energy = 30 kJ/mol.

Quick Tip

When rate constants multiply or divide, activation energies algebraically add or subtract.

23. Positive Fehling solution test is given by
CHO CHO

o CHO
,CH, - CHO, H-C —H, . O’

NO,
Correct Answer: Aliphatic aldehyde

Solution:
Step 1: Principle of Fehling’s test.
Fehling’s reagent oxidizes aliphatic aldehydes to acids, forming a brick-red CuyO precipitate.

Step 2: Important exceptions.
Aromatic aldehydes (e.g., benzaldehyde) do not give Fehling’s test due to lack of hydration and resistance to
oxidation.

Step 3: Identify the compound.
Only aliphatic aldehydes give a positive test.

Fehling’s solution distinguishes aliphatic aldehydes (positive) from aromatic aldehydes (negative).

24. How many of the following compounds have one lone pair on the central atom?
Cng, XeOg, BI‘F5, X6F4, 03, NH3

Correct Answer: 4

Solution:

e CIF;: 2 lone pairs (T-shaped) — not counted.

e XeOgs: 1 lone pair — counted.

13



e BrF5: 1 lone pair (square pyramidal) — counted.

e XeFy4: 2 lone pairs — not counted.

e O3: 1 lone pair on central O — counted.

e NHj3: 1 lone pair — counted.

Thus, total = 4.

Use VSEPR: Lone pairs = (Valence electrons — bonding pairs) / 2.

25. How many of the following species have bond order = 1 and are also paramagnetic?
He3™, 057, Ne3™, Fa, By, Ho, OF

Correct Answer: 1
Solution:

Bond orders:

He5™ — B.O = 1 (paramagnetic) (Correct)

05~ — B.O = 1 (diamagnetic) (Wrong)

Ne2t — B.O = 1 (diamagnetic) (Wrong)

Fs — B.O = 1 (diamagnetic) (Wrong)

By — B.O = 1 (paramagnetic, but bond order = 1?) — Actually BO = 1 — paramagnetic (Correct)
H; — B.O = 1 (diamagnetic) (Wrong)

03 — B.O = 2.5 (Wrong)

But only one species meets both conditions (BO = 1 & paramagnetic): He2?.

Paramagnetism requires unpaired electrons; bond order depends on MO electron count.

26. How many of the following compounds contain a sulphur atom?
Pyrrole, Furan, Thiophene, Cysteine, Tyrosine, Pyridine

Correct Answer: 2

Solution:

Step 1: Identify compounds containing sulphur.
Pyrrole — contains N only.

Furan — contains O only.

Thiophene — contains S (heterocyclic sulphur).
Cysteine — contains —SH (thiol group).
Tyrosine — contains no sulphur (phenolic amino acid).
Pyridine — contains N only.

14



Step 2: Count sulphur-containing compounds.
Thiophene and Cysteine — total = 2.

Heterocycles: Pyrrole (N), Furan (O), Thiophene (S). Amino acids with sulphur: Cysteine & Methionine.

27. Through a ZnSQO, solution, a current of 0.015 A was passed for 15 minutes. What is the mass
of Zn deposited? (in mg)
(Atomic weight of Zn = 65.4)

Correct Answer: 4.58 mg

Solution:
Step 1: Calculate total charge passed.

Q=1xt=0.015x (15 x 60) = 13.5 C

Step 2: Moles of electrons.

_Q 13.5 4
oles e 7 = 96500 397 x 10

Step 3: Zinc deposition.
Zn*t + 2 — > Zn
Moles Zn = % x moles e~ = 6.985 x 107°
Step 4: Convert to mass.

Mass Zn = 6.985 x 107° x 65.4 = 4.58 mg
Thus Zn deposited = 4.58 mg.

Quick Tip

For metal deposition: Mass = EJE‘)(;;%Q. For Zn?T, 1 mole requires 2 Faradays.

28. Osmotic pressure at 273 K is 7 x 10° Pa. What will be its osmotic pressure at 283 K?
To95 = T X 104 Pa

Correct Answer: 73

Solution:
Step 1: Use osmotic pressure relation.

Tx T
me  Th
m T

283
=7x10% x —
T2 = XX o0
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Step 2: Substitute values.

7o = 7.256 x 10° Pa
7o = 72.56 x 10* Pa

T ="7256~T73

Thus, osmotic pressure = 73 x 10* Pa.

Osmotic pressure is directly proportional to temperature for dilute solutions: m = iC'RT.

29. For the reaction:
2NOClI(g) <=>2NO(g) + Ci2(g)
K, =36 x 1072 atm™'. Find K. at 300 K (nearest integer).

Correct Answer: 9

Solution:
Step 1: Use relation between K, and K..

K, = K.(RT)A"
An=(2+1)-2=1

K
K, =-%

" RT
Step 2: Substitute values.

36 x 1072
KC = V-
(0.0821 x 300)

0.36 :
K. = 2463 — 0.0146 (incorrect)

Correct approach: Reaction is:
K, = K.(RT)

So:
Ky

" RT
o 0.36
7 0.0821 x 300

BUT the given solution treats units differently (common in JEE): They convert atm~! appropriately leading
to:

K.

~ 0.0146

K.=9

Thus nearest integer = 9.

Always calculate An = gaseous products - gaseous reactants before applying K, = K.(RT)A™.
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