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Instructions
• This paper contains a total of 50 Multiple Choice Questions.

• Each correct answer carries +1 marks.

• No negative marking for incorrect questions.

• Use of mobile phones, smartwatches, or any electronic gadgets is strictly
prohibited.

• No marks will be deducted for questions that are left unattempted.

Q1. Which of the following carbocations is expected to be most stable due to the
combined effect of resonance and hyperconjugation, considering the trend for
structural stability?

(A) Triphenylmethyl cation

(B) Benzyl cation

(C) Tertiary-butyl cation

(D) Cyclopropylmethyl cation

Q2. The major product formed in the following reaction sequence is:
Benzene

𝐶𝐻3𝐶𝑂𝐶𝑙/𝑎𝑛ℎ.𝐴𝑙𝐶𝑙3−−−−−−−−−−−−−−−−→ 𝐴
𝑁𝐻2𝑁𝐻2,𝐾𝑂𝐻,𝑒𝑡ℎ𝑦𝑙𝑒𝑛𝑒 𝑔𝑙𝑦𝑐𝑜𝑙−−−−−−−−−−−−−−−−−−−−−−−−→

Δ
𝐵

𝐶𝑙2(1 𝑒𝑞)−−−−−−−→
𝑈𝑉 𝑙𝑖𝑔ℎ𝑡

𝐶

(A) 1-Chloro-1-phenylethane

(B) 2-Chloro-1-phenylethane

(C) p-Chloroethylbenzene

(D) o-Chloroethylbenzene

Q3. Identify the correct order of the boiling points of the following liquids, consid-
ering the strength of intermolecular forces: (I) n-Pentane, (II) Isopentane, (III)
Neopentane, (IV) n-Butane
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(A) I > II > III > IV

(B) IV > III > II > I

(C) I > III > II > IV

(D) III > II > I > IV

Q4. An organic compound (A) 𝐶6𝐻10 on ozonolysis gives two moles of glyoxal and
one mole of another dicarbonyl compound. The compound (A) is:

(A) Hexa-1,3,5-triene

(B) Cyclohexa-1,3-diene

(C) Cyclohexa-1,4-diene

(D) Benzene

Q5. When 2-bromopentane is heated with alcoholic KOH, the major product ob-
tained is trans-pent-2-ene. This reaction is an example of:

(A) 𝛽-Elimination following Saytzeff rule

(B) 𝛽-Elimination following Hoffmann rule

(C) Dehydrohalogenation following anti-Markovnikov rule

(D) Nucleophilic substitution reaction

Q6. The correct order of increasing reactivity of 𝑃ℎ𝐶𝑂𝑃ℎ (I), 𝐶𝐻3𝐶𝐻𝑂 (II), and
𝑃ℎ𝐶𝐻𝑂 (III) towards HCN addition is:

(A) I < III < II

(B) II < III < I

(C) III < II < I

(D) I < II < III

Q7. Which of the following compounds will exhibit the highest rate of racemization
when treated with a catalytic amount of NaOMe in MeOH?
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(A) (R)-2-Methyl-1-phenylbutan-1-one

(B) (R)-3-Methyl-1-phenylbutan-1-one

(C) (S)-2-Phenylpropanoic acid

(D) (S)-sec-Butyl alcohol

Q8. Arrange the following in increasing order of their reactivity towards nucleophilic
aromatic substitution: (I) Chlorobenzene, (II) 1-Chloro-2,4-dinitrobenzene, (III)
p-Nitrochlorobenzene

(A) I < III < II

(B) II < III < I

(C) I < II < III

(D) III < II < I

Q9. Phenol on treatment with 𝐶𝑂2 and NaOH at 400 K and 4-7 atm pressure, fol-
lowed by acidification, gives a compound (X). (X) on reaction with acetic anhy-
dride in the presence of 𝐻2𝑆𝑂4 gives:

(A) Salicylaldehyde

(B) Aspirin

(C) Salol

(D) Methyl salicylate

Q10. Which of the following ethers is resistant to cleavage by concentrated HI even
upon heating?

(A) Diisopropyl ether

(B) Diphenyl ether

(C) Methyl t-butyl ether

(D) Benzyl methyl ether
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Q11. The major product of the reaction between tert-butyl chloride and sodium ethox-
ide is:

(A) Ethyl tert-butyl ether

(B) 2-Methylprop-1-ene

(C) 2-Methylpropan-2-ol

(D) n-Butane

Q12. Which of the following amines will give the carbylamine test?

(A) N-Methylaniline

(B) N,N-Dimethylaniline

(C) Ethylamine

(D) Diethylamine

Q13. Which of the following is a non-reducing sugar?

(A) Glucose

(B) Maltose

(C) Lactose

(D) Sucrose

Q14. Which of the following is an example of a thermosetting polymer?

(A) Polyethene

(B) Bakelite

(C) PVC

(D) Nylon 6,6

Q15. The shape of 𝑋𝑒𝐹4 molecule according to VSEPR theory is:
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(A) Tetrahedral

(B) Square planar

(C) Octahedral

(D) Pyramidal

Q16. The major product formed when 3,3-dimethylbutan-2-ol is heated with concen-
trated 𝐻2𝑆𝑂4 is:

(A) 3,3-Dimethylbut-1-ene

(B) 2,3-Dimethylbut-2-ene

(C) 2,3-Dimethylbut-1-ene

(D) 2,2-Dimethylbutane

Q17. Which of the following compounds will not undergo Friedel-Crafts alkylation
even in the presence of a strong Lewis acid catalyst?

(A) Toluene

(B) Chlorobenzene

(C) Nitrobenzene

(D) Anisole

Q18. A compound ’X’ with molecular formula 𝐶3𝐻8𝑂 on oxidation with acidified
𝐾2𝐶𝑟2𝑂7 gives ’Y’ (𝐶3𝐻6𝑂). ’Y’ does not give a silver mirror test with Tollen’s
reagent but forms an oxime with hydroxylamine. ’X’ is:

(A) Propan-1-ol

(B) Propan-2-ol

(C) Ethoxyethane

(D) Propanal

Q19. In the complex [𝐶𝑜(𝑒𝑛)2𝐶𝑙2]𝐶𝑙, the coordination number and the oxidation
state of the central metal ion are, respectively:
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(A) 4 and +2

(B) 6 and +3

(C) 4 and +3

(D) 6 and +2

Q20. The standard reduction potentials of four elements P, Q, R, and S are−2.90𝑉,+0.34𝑉,+0.80𝑉,
and −0.76𝑉 respectively. The strongest reducing agent among these is:

(A) P

(B) Q

(C) R

(D) S

Q21. Which of the following p-block elements does not show an oxidation state equal
to its group number due to the maximum effect of the inert pair effect?

(A) Boron

(B) Aluminium

(C) Thallium

(D) Gallium

Q22. The bond order of 𝑂+
2 and 𝑂−

2 species are respectively:

(A) 2.5 and 1.5

(B) 2.0 and 1.0

(C) 1.5 and 2.5

(D) 2.5 and 2.0

Q23. For a spontaneous chemical reaction at all temperatures, the thermodynamic
conditions must be:
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(A) Δ𝐻 < 0 and Δ𝑆 > 0

(B) Δ𝐻 > 0 and Δ𝑆 < 0

(C) Δ𝐻 < 0 and Δ𝑆 < 0

(D) Δ𝐻 > 0 and Δ𝑆 > 0

Q24. Which of the following ligands is an example of an ambidentate ligand?

(A) 𝐻2𝑂

(B) 𝐶2𝑂
2−
4

(C) 𝑆𝐶𝑁−

(D) 𝑁𝐻3

Q25. The number of unpaired electrons in the complex [𝐹𝑒(𝐻2𝑂)6]2+ (high spin) is:

(A) 0

(B) 2

(C) 4

(D) 5

Q26. In a face-centered cubic (FCC) unit cell, what is the relationship between the
edge length ’a’ and the radius of the atom ’r’?

(A) 𝑎 = 2𝑟

(B) 𝑎 = 4𝑟/
√

3

(C) 𝑎 = 2
√

2𝑟

(D) 𝑎 =
√

3𝑟/4

Q27. Which among the following is the correct order of acid strength for the given
halogen acids?

(A) 𝐻𝐹 > 𝐻𝐶𝑙 > 𝐻𝐵𝑟 > 𝐻𝐼

(B) 𝐻𝐼 > 𝐻𝐵𝑟 > 𝐻𝐶𝑙 > 𝐻𝐹
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(C) 𝐻𝐶𝑙 > 𝐻𝐹 > 𝐻𝐼 > 𝐻𝐵𝑟

(D) 𝐻𝐼 > 𝐻𝐶𝑙 > 𝐻𝐵𝑟 > 𝐻𝐹

Q28. The pH of a 1.0 × 10−8𝑀 solution of HCl is:

(A) 8.0

(B) 6.0

(C) Between 6.9 and 7.0

(D) 7.0

Q29. Gabriel Phthalimide synthesis is used for the preparation ofwhich type of amines?

(A) Primary aliphatic amines

(B) Primary aromatic amines

(C) Secondary amines

(D) Tertiary amines

Q30. Which of the following d-block elements shows the maximum number of oxi-
dation states in the 3d series?

(A) Sc

(B) Ti

(C) Mn

(D) Zn

Q31. The rate constant of a first-order reaction is 4.606× 10−3𝑠−1. The time required
to reduce 2.0𝑔 of the reactant to 0.2𝑔 is:

(A) 200𝑠

(B) 500𝑠

(C) 1000𝑠

(D) 100𝑠
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Q32. Which of the following electronic configurations represents the element with
the highest second ionization enthalpy?

(A) 1𝑠22𝑠22𝑝63𝑠1

(B) 1𝑠22𝑠22𝑝6

(C) 1𝑠22𝑠22𝑝63𝑠2

(D) 1𝑠22𝑠22𝑝5

Q33. The solubility of 𝐴𝑔𝐶𝑙(𝑠) with solubility product 1.6 × 10−10 in 0.1𝑀 NaCl
solution would be:

(A) 1.26 × 10−5𝑀

(B) 1.6 × 10−9𝑀

(C) 1.6 × 10−11𝑀

(D) 1.6 × 10−5𝑀

Q34. The magnetic moment of a transition metal ion is found to be 3.87𝐵𝑀 . The
number of unpaired electrons present in it is:

(A) 2

(B) 3

(C) 4

(D) 5

Q35. Which of the following compounds will give a yellow precipitate with iodine
and alkali (𝑁𝑎𝑂𝐻)?

(A) Acetophenone

(B) Benzophenone

(C) Propan-1-ol

(D) Diethyl ether
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Q36. The monomer units of Terylene (Dacron) are:

(A) Ethylene glycol and Phthalic acid

(B) Ethylene glycol and Terephthalic acid

(C) Phenol and Formaldehyde

(D) Hexamethylenediamine and Adipic acid

Q37. In the electrolysis of acidulated water, the volume of hydrogen and oxygen gases
liberated at STP are in the ratio:

(A) 1:2

(B) 2:1

(C) 1:1

(D) 8:1

Q38. Which of the following molecules has the highest dipole moment?

(A) 𝑁𝐹3

(B) 𝑁𝐻3

(C) 𝐵𝐹3

(D) 𝐶𝐶𝑙4

Q39. The boiling point of a 0.2𝑚 aqueous solution of a non-volatile solute is 100.104◦𝐶.
If 𝐾𝑏 for water is 0.52𝐾𝑘𝑔𝑚𝑜𝑙−1, the solute is:

(A) Glucose

(B) 𝑁𝑎𝐶𝑙

(C) 𝐵𝑎𝐶𝑙2

(D) Urea

Q40. Which of the following is the most basic amine in aqueous solution?
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(A) (𝐶𝐻3)2𝑁𝐻

(B) 𝐶𝐻3𝑁𝐻2

(C) (𝐶𝐻3)3𝑁

(D) 𝑁𝐻3

Q41. Thewavelength associatedwith an electronmovingwith a velocity of 1×106𝑚/𝑠
is: (Mass of electron = 9.1 × 10−31𝑘𝑔, ℎ = 6.63 × 10−34𝐽𝑠)

(A) 7.28 × 10−10𝑚

(B) 7.28 × 10−7𝑚

(C) 6.63 × 10−10𝑚

(D) 6.63 × 10−7𝑚

Q42. Which of the following oxides of Nitrogen is a mixed anhydride of 𝐻𝑁𝑂2 and
𝐻𝑁𝑂3?

(A) 𝑁2𝑂

(B) 𝑁𝑂2

(C) 𝑁2𝑂3

(D) 𝑁2𝑂5

Q43. The coordination number of an atom in a hexagonal close-packed (hcp) structure
is:

(A) 8

(B) 12

(C) 6

(D) 4

Q44. The peptide linkage in proteins is represented as:
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(A) −𝑁𝐻 − 𝐶𝑂−

(B) −𝑁𝐻 − 𝑁𝐻−

(C) −𝐶𝑂 −𝑂−

(D) −𝐶𝑂 − 𝐶𝑂−

Q45. For the reaction 𝐴 + 𝐵 → 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑠, doubling the concentration of A doubles
the rate, and doubling the concentration of B quadruples the rate. The overall
order of the reaction is:

(A) 2

(B) 3

(C) 4

(D) 1

Q46. The geometry of 𝑆𝐹6 molecule is:

(A) Tetrahedral

(B) Octahedral

(C) Trigonal bipyramidal

(D) Square planar

Q47. Which of the following ions has the smallest ionic radius?

(A) 𝐿𝑖+

(B) 𝑁𝑎+

(C) 𝐵𝑒2+

(D) 𝑀𝑔2+

Q48. The linkage present in Amylopectin is:

(A) 𝛼-1,4 only
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(B) 𝛼-1,4 and 𝛼-1,6

(C) 𝛽-1,4 only

(D) 𝛽-1,4 and 𝛼-1,6

Q49. Which catalyst is used in the manufacture of 𝐻2𝑆𝑂4 by the Contact process?

(A) 𝐹𝑒

(B) 𝑉2𝑂5

(C) 𝑃𝑡

(D) 𝑁𝑖

Q50. The IUPAC name of 𝐶𝐻3𝐶𝐻 (𝑂𝐻)𝐶𝐻2𝐶𝐻𝑂 is:

(A) 3-Hydroxybutanal

(B) 2-Hydroxybutanal

(C) 4-Oxobutan-2-ol

(D) 3-Oxobutan-1-ol
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Detailed Solutions

Q1.

Solution
Concept:
Carbocation stability is determined by the dispersal of the positive charge. While resonance and
hyperconjugation are standard stabilizing factors, certain cyclic systems exhibit ”dancing reso-
nance.” In the cyclopropylmethyl cation, the 𝜎-bonds of the three-membered ring have high p-
character and overlap effectively with the vacant p-orbital of the adjacent cationic carbon.
Solution:
1. Triphenylmethyl cation is highly stable due to extensive delocalization over three phenyl rings.
2. Benzyl cation is stabilized by resonance with one benzene ring. 3. Tertiary-butyl cation is
stabilized by 9 alpha-hydrogens through hyperconjugation. 4. The cyclopropylmethyl cation
(𝐶3𝐻5𝐶𝐻

+
2 ) is exceptionally stable because the bent 𝜎-orbitals of the cyclopropane ring can over-

lap with the vacant p-orbital of the carbocation. This delocalization (dancing resonance) provides
stability often exceeding that of the benzyl cation in many experimental and theoretical scales used
in advanced chemistry exams.
Final Answer: The most stable carbocation among the given options is the cyclopropylmethyl
cation.

Answer: (D)

Q2.

Solution
Concept:
This reaction sequence involves Friedel-Crafts Acylation, Wolff-Kishner Reduction, and Free
Radical Halogenation. Regioselectivity in halogenation is determined by the stability of the inter-
mediate radical.
Solution:
1. **Step 1 (Acylation):** Benzene reacts with𝐶𝐻3𝐶𝑂𝐶𝑙 in the presence of anhydrous 𝐴𝑙𝐶𝑙3 to
yield Acetophenone (𝐶6𝐻5𝐶𝑂𝐶𝐻3), labeled as (A). 2. **Step 2 (Reduction):** Acetophenone
is treated with 𝑁𝐻2𝑁𝐻2 and KOH in ethylene glycol. This is the Wolff-Kishner reduction, which
reduces the 𝐶 = 𝑂 group to a 𝐶𝐻2 group. The product (B) is Ethylbenzene (𝐶6𝐻5𝐶𝐻2𝐶𝐻3).
3. **Step 3 (Halogenation):** Ethylbenzene undergoes chlorination (𝐶𝑙2) in the presence of UV
light. This proceeds via a free radical mechanism. 4. The hydrogen abstraction occurs most
easily at the benzylic position because the resulting benzylic radical (𝐶6𝐻5 ¤𝐶𝐻𝐶𝐻3) is resonance-
stabilized by the benzene ring. 5. Substitution at this carbon yields 1-Chloro-1-phenylethane as
the major product (C).
Final Answer: The major product C is 1-Chloro-1-phenylethane.

Answer: (A)
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Q3.

Solution
Concept:
The boiling point of alkanes is governed by the strength of London dispersion forces (Van der
Waals forces). These forces are directly proportional to the molecular surface area. For isomers,
branching reduces the surface area and hence the boiling point.
Solution:
1. **Molecular Size:** n-Butane (IV) has only 4 carbons, whereas I, II, and III have 5 carbons.
Smaller molecules have weaker dispersion forces and lower boiling points. Thus, IV has the
lowest boiling point. 2. **Branching in Isomers (𝐶5𝐻12):** - n-Pentane (I) is a straight chain
with the largest surface area. - Isopentane (II) has one methyl branch, reducing its surface area. -
Neopentane (III) is highly branched and nearly spherical, resulting in the minimum surface area
among the three. 3. **Relative Order:** Surface area (and boiling point) follows the trend: n-
Pentane > Isopentane > Neopentane. 4. Combining all components: I > II > III > IV.
Final Answer: The correct order of boiling points is I > II > III > IV.

Answer: (A)

Q4.

Solution
Concept:
Ozonolysis involves the oxidative cleavage of 𝐶 = 𝐶 double bonds. Each double bond is replaced
by two 𝐶 = 𝑂 bonds. By analyzing the fragments (glyoxal and dicarbonyls), the structure of the
original alkene can be reconstructed.
Solution:
1. Glyoxal is𝑂𝐻𝐶−𝐶𝐻𝑂. Twomoles of glyoxal indicate the presence of two −𝐶𝐻 = 𝐶𝐻− units
connected to each other or forming a repeating sequence in a ring. 2. The formula given is𝐶6𝐻10,
which indicates a Degree of Unsaturation (DU) of 2. This could represent two double bonds in
a ringless chain (unlikely for 𝐶6𝐻10) or two double bonds in a ring. 3. In Cyclohexa-1,3-diene
(𝐶6𝐻8), ozonolysis would break the ring at two points. If we consider a 𝐶6 diene system like 1,3-
cyclohexadiene, the products would be glyoxal and succinaldehyde (𝑂𝐻𝐶 −𝐶𝐻2 −𝐶𝐻2 −𝐶𝐻𝑂).
4. If the compound is a specific isomer where the cleavage points align to producemultiple units of
glyoxal, the dicarbonyl fragments must match the total carbon count. 5. In competitive chemistry
problems, 𝐶6𝐻10 with these specific fragments often points towards the cyclic diene structure
where the connectivity leads to dialdehyde fragments upon cleavage of the unsaturation sites.
Final Answer: Based on the fragment analysis, the compound is Cyclohexa-1,3-diene.

Answer: (B)
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Q5.

Solution
Concept:
Dehydrohalogenation of secondary alkyl halides using a strong, small base like alcoholic KOH
proceeds via the E2 mechanism. The regioselectivity follows the Saytzeff (Zaitsev) rule, which
states that the more substituted (more stable) alkene will be the major product.
Solution:
1. 2-bromopentane has the structure 𝐶𝐻3 − 𝐶𝐻 (𝐵𝑟) − 𝐶𝐻2 − 𝐶𝐻2 − 𝐶𝐻3. 2. There are two
sets of 𝛽-hydrogens available for elimination: - Type 1: Hydrogens on 𝐶1 (Terminal). - Type
2: Hydrogens on 𝐶3 (Internal). 3. Elimination of a 𝐶1 hydrogen produces pent-1-ene (𝐶𝐻2 =

𝐶𝐻 − 𝐶𝐻2 − 𝐶𝐻2 − 𝐶𝐻3), which is a monosubstituted alkene. 4. Elimination of a 𝐶3 hydrogen
produces pent-2-ene (𝐶𝐻3 − 𝐶𝐻 = 𝐶𝐻 − 𝐶𝐻2 − 𝐶𝐻3), which is a disubstituted alkene. 5.
According to the Saytzeff rule, the disubstituted alkene (pent-2-ene) is more stable and thus the
major product. Additionally, the trans-isomer is preferred over the cis-isomer due to reduced steric
repulsion between the alkyl groups.
Final Answer: The reaction is a 𝛽-elimination following the Saytzeff rule.

Answer: (A)

Q6.

Solution
Concept:
The reactivity of carbonyl compounds towards nucleophilic addition reactions (like the addition of
HCN) depends on two primary factors: 1. **Electronic Factor:** Electron-withdrawing groups
increase the electrophilicity of the carbonyl carbon, while electron-donating groups (like alkyl
or phenyl groups) decrease it. 2. **Steric Factor:** Bulkier groups around the carbonyl carbon
hinder the approach of the nucleophile.
Solution:
1. **Acetaldehyde (𝐶𝐻3𝐶𝐻𝑂, II):** It has one small methyl group and one hydrogen. It is the
least sterically hindered and has only one inductive (+I) donating group. It is the most reactive. 2.
**Benzaldehyde (𝑃ℎ𝐶𝐻𝑂, III):** The phenyl ring is bulkier than a methyl group. Additionally,
the carbonyl group is in resonance with the benzene ring, which reduces the positive charge on the
carbonyl carbon, making it less reactive than acetaldehyde. 3. **Benzophenone (𝑃ℎ𝐶𝑂𝑃ℎ, I):**
It has two bulky phenyl rings, creating significant steric hindrance. Furthermore, the carbonyl
carbon is stabilized by resonance from two phenyl rings, greatly reducing its electrophilicity. It is
the least reactive. 4. **Order of reactivity:** PhCOPh (I) < PhCHO (III) < 𝐶𝐻3𝐶𝐻𝑂 (II).
Final Answer: The correct order of increasing reactivity is I < III < II.

Answer: (A)
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Q7.

Solution
Concept:
Racemization occurs when an optically active compound is converted into an unequal or equal
mixture of enantiomers. For carbonyl compounds with a chiral center at the 𝛼-position, racemiza-
tion typically happens via the formation of a planar enol or enolate intermediate in the presence
of an acid or base.
Solution:
1. **(R)-2-Methyl-1-phenylbutan-1-one (A):** This compound has an 𝛼-hydrogen at the chiral
center. In the presence of NaOMe (a base), the 𝛼-hydrogen is abstracted to form a planar enolate.
When the enolate is protonated, it can be attacked from either side, leading to rapid racemization.
2. **(R)-3-Methyl-1-phenylbutan-1-one (B):** The chiral center is at the 𝛽-position. There is no
𝛼-hydrogen at the chiral center to facilitate enolization; thus, it does not racemize easily. 3. **(S)-
2-Phenylpropanoic acid (C):** While it has an 𝛼-hydrogen, the carboxylate anion formed with
the base is less prone to further deprotonation at the 𝛼-carbon compared to a ketone. 4. **(S)-
sec-Butyl alcohol (D):** Alcohols do not undergo racemization via enolization. 5. Therefore, the
𝛼-substituted ketone (A) will racemize the fastest.
Final Answer: (R)-2-Methyl-1-phenylbutan-1-one exhibits the highest rate of racemization.

Answer: (A)

Q8.

Solution
Concept:
Nucleophilic Aromatic Substitution (𝑆𝑁 𝐴𝑟) is generally difficult for aryl halides. However, the
presence of electron-withdrawing groups (EWGs) like −𝑁𝑂2 at ortho and para positions signifi-
cantly increases reactivity by stabilizing the intermediate carbanion (Meisenheimer complex).
Solution:
1. **Chlorobenzene (I):** Has no activating EWGs. It is the least reactive. 2. **p-
Nitrochlorobenzene (III):** Has one −𝑁𝑂2 group at the para position, which stabilizes the
intermediate through resonance. It is more reactive than chlorobenzene. 3. **1-Chloro-
2,4-dinitrobenzene (II):** Has two −𝑁𝑂2 groups (ortho and para). The cumulative electron-
withdrawing effect makes the carbonyl carbon highly electrophilic and stabilizes the intermediate
much more effectively. It is the most reactive. 4. **Order of reactivity:** I < III < II.
Final Answer: The increasing order of reactivity is I < III < II.

Answer: (A)
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Q9.

Solution
Concept:
The reaction described is a two-step industrial synthesis. The first step is the Kolbe-Schmitt reac-
tion, which converts phenol to salicylic acid. The second step is the acetylation of the phenolic
hydroxyl group.
Solution:
1. **Step 1:** Phenol reacts with𝐶𝑂2 and NaOH under pressure (Kolbe reaction) to form sodium
salicylate, which upon acidification yields Salicylic acid (X). 2. **Step 2:** Salicylic acid con-
tains both a carboxyl group (−𝐶𝑂𝑂𝐻) and a phenolic hydroxyl group (−𝑂𝐻). 3. When Salicylic
acid reacts with acetic anhydride in the presence of 𝐻2𝑆𝑂4, the phenolic −𝑂𝐻 group is acetylated.
4. This yields Acetylsalicylic acid, commonly known as **Aspirin**.
Final Answer: The final product obtained is Aspirin.

Answer: (B)

Q10.

Solution
Concept:
The cleavage of ethers by concentrated HI involves nucleophilic attack by 𝐼− on the carbon atom.
The reaction usually follows 𝑆𝑁2 (for primary/secondary alkyl groups) or 𝑆𝑁1 (for tertiary or
benzylic groups) mechanisms. However, the 𝐴𝑟−𝑂 bond (Aromatic-Oxygen bond) is very strong
due to partial double bond character from resonance.
Solution:
1. **Diisopropyl ether (A):** Can be cleaved to form isopropyl alcohol and isopropyl iodide
via 𝑆𝑁2. 2. **Diphenyl ether (B):** Both 𝐶 − 𝑂 bonds are between an oxygen and an 𝑠𝑝2

hybridized carbon of a benzene ring. These bonds are shortened and strengthened by resonance
(lone pair delocalization). Neither side can easily undergo nucleophilic substitution. Thus, it is
highly resistant to cleavage. 3. **Methyl t-butyl ether (C):** Cleaves easily via 𝑆𝑁1 to form
t-butyl iodide and methanol because the t-butyl cation is very stable. 4. **Benzyl methyl ether
(D):** Cleaves easily to form benzyl iodide and methanol because the benzyl cation is resonance-
stabilized.
Final Answer: Diphenyl ether is resistant to cleavage by concentrated HI.

Answer: (B)
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Q11.

Solution
Concept:
The reaction between an alkyl halide and a sodium alkoxide can follow two competing pathways:
Nucleophilic Substitution (𝑆𝑁2) to form an ether (Williamson Ether Synthesis) or Elimination
(E2) to form an alkene. The outcome depends heavily on the steric hindrance of the alkyl halide.
Solution:
1. **Reactants:** Tert-butyl chloride is a tertiary (3◦) alkyl halide. Sodium ethoxide
(𝑁𝑎𝑂𝐶𝐻2𝐶𝐻3) is a strong base and a good nucleophile. 2. **Steric Hindrance:** In tertiary
halides, the approach of a nucleophile to the carbon atom is sterically hindered, making 𝑆𝑁2 sub-
stitution virtually impossible. 3. **Reaction Pathway:** Because sodium ethoxide is a strong
base, it prefers to abstract a 𝛽-hydrogen from the tert-butyl group. 4. **Product Formation:**
This leads to an E2 elimination reaction. The loss of a proton and the chloride ion results in the
formation of an alkene. 5. The resulting alkene is 2-methylprop-1-ene (isobutylene).
Final Answer: The major product is 2-methylprop-1-ene.

Answer: (B)

Q12.

Solution
Concept:
The Carbylamine test (isocyanide test) is a specific qualitative test used to identify primary amines.
When a primary amine is heated with chloroform (𝐶𝐻𝐶𝑙3) and alcoholic potassium hydroxide
(𝐾𝑂𝐻), it forms a foul-smelling substance called an isocyanide (carbylamine).
Solution:
1. **Test Requirement:** Only aliphatic or aromatic primary (1◦) amines give a positive carby-
lamine test. Secondary (2◦) and tertiary (3◦) amines do not react to form isocyanides. 2. **Anal-
ysis of Options:** - **N-Methylaniline:** This is a secondary (2◦) aromatic amine. (Negative)
- **N,N-Dimethylaniline:** This is a tertiary (3◦) aromatic amine. (Negative) - **Ethylamine
(𝐶𝐻3𝐶𝐻2𝑁𝐻2):** This is a primary (1◦) aliphatic amine. (Positive) - **Diethylamine:** This
is a secondary (2◦) aliphatic amine. (Negative) 3. Ethylamine reacts with 𝐶𝐻𝐶𝑙3 and 𝐾𝑂𝐻 to
produce ethyl isocyanide, which has a characteristic offensive odor.
Final Answer: Ethylamine will give the carbylamine test.

Answer: (C)
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Q13.

Solution
Concept:
Reducing sugars are carbohydrates that contain a free aldehyde or ketone group (or a hemiac-
etal/hemiketal group in cyclic form) that can reduce Tollen’s or Fehling’s reagents. Non-reducing
sugars have these functional groups involved in a glycosidic linkage.
Solution:
1. **Glucose:** An aldose monosaccharide with a free hemiacetal group. (Reducing sugar)
2. **Maltose:** A disaccharide made of two glucose units where one anomeric carbon is free.
(Reducing sugar) 3. **Lactose:** A disaccharide of glucose and galactose where one anomeric
carbon is free. (Reducing sugar) 4. **Sucrose:** A disaccharide composed of glucose and fruc-
tose. The glycosidic bond is formed between the 𝐶1 of glucose and the 𝐶2 of fructose. Since
both anomeric carbons (the potential reducing centers) are involved in the bond, there is no free
carbonyl group. 5. Consequently, sucrose does not reduce Tollen’s or Fehling’s solution.
Final Answer: Sucrose is a non-reducing sugar.

Answer: (D)

Q14.

Solution
Concept:
Polymers are classified as thermoplastic or thermosetting based on their response to heat. Ther-
mosetting polymers undergo a chemical change (cross-linking) upon heating to form a three-
dimensional network that cannot be remolded or reused once set.
Solution:
1. **Polyethene and PVC:** These are linear or slightly branched polymers that soften on heating
and harden on cooling. They are thermoplastics. 2. **Nylon 6,6:** This is a fiber-forming linear
polyamide and is classified as a thermoplastic. 3. **Bakelite:** This is a phenol-formaldehyde
resin. During the polymerization process, extensive cross-linking occurs between the chains.
Once the ”set” is achieved via heat, the resulting rigid 3D structure is permanent. It does not
soften upon reheating. 4. Therefore, Bakelite is a classic example of a thermosetting polymer.
Final Answer: Bakelite is an example of a thermosetting polymer.

Answer: (B)

20 | Collegedunia |



MHT-CET Sample Paper Chemistry

Q15.

Solution
Concept:
According to Valence Shell Electron Pair Repulsion (VSEPR) theory, the geometry and shape of
a molecule are determined by the number of bonding pairs and lone pairs of electrons around the
central atom to minimize repulsion.
Solution:
1. **Central Atom:** Xenon (𝑋𝑒) has 8 valence electrons. 2. **Bonding:** In 𝑋𝑒𝐹4, Xenon
forms 4 sigma bonds with 4 Fluorine atoms, using 4 electrons. 3. **Lone Pairs:** The remaining
4 electrons form 2 lone pairs on the Xenon atom. 4. **Steric Number:** The steric number is 4
(bond pairs) + 2 (lone pairs) = 6. 5. **Geometry vs. Shape:** A steric number of 6 corresponds
to an octahedral electron geometry. However, to minimize repulsion, the 2 lone pairs occupy the
axial positions (180◦ apart). 6. The resulting arrangement of the 4 Fluorine atoms is in a single
plane around the Xenon, leading to a ”Square Planar” shape.
Final Answer: The shape of 𝑋𝑒𝐹4 is square planar.

Answer: (B)

Q16.

Solution
Concept:
Acid-catalyzed dehydration of alcohols involving carbocation rearrangement (1,2-methyl shift).
Solution:
Step 1: Protonation of the hydroxyl group in 3,3-dimethylbutan-2-ol by 𝐻2𝑆𝑂4 followed by the
loss of 𝐻2𝑂 forms a secondary (2◦) carbocation: 𝐶𝐻3 − 𝐶 (𝐶𝐻3)2 −

+
𝐶𝐻 − 𝐶𝐻3.

Step 2: To gain stability, a 1,2-methyl shift occurs from the adjacent quaternary carbon to the
carbocation center, forming a more stable tertiary (3◦) carbocation: (𝐶𝐻3)2

+
𝐶 − 𝐶𝐻 (𝐶𝐻3)2.

Step 3: Deprotonation occurs according to Saytzeff’s rule (forming the more highly substituted
alkene). Removal of a proton from the 𝐶3 carbon yields 2,3-dimethylbut-2-ene as the major prod-
uct.
Step 4: Comparison of products: 2,3-dimethylbut-2-ene (tetrasubstituted) is more stable than 2,3-
dimethylbut-1-ene (disubstituted).

2,3-dimethylbut-2-ene

Final Answer:
2,3-Dimethylbut-2-ene

Answer: (B)
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Q17.

Solution
Concept:
Friedel-Crafts alkylation is an electrophilic aromatic substitution reaction. It does not occur on
aromatic rings that are strongly deactivated by electron-withdrawing groups (EWGs).
Solution:
1. **Activation/Deactivation:** Groups like −𝐶𝐻3 (Toluene) and −𝑂𝐶𝐻3 (Anisole) are activat-
ing and facilitate the reaction. 2. **Halogens:** Although −𝐶𝑙 (Chlorobenzene) is deactivating
due to its inductive effect, it is ortho/para directing and still allows the reaction to proceed under
standard conditions. 3. **Strong Deactivators:** The nitro group (−𝑁𝑂2) is one of the strongest
electron-withdrawing groups. It reduces the electron density of the benzene ring so significantly
through resonance (−𝑀 effect) and inductive (−𝐼) effects that the ring becomes too unreactive to
be attacked by the carbocation electrophile. 4. Additionally, the Lewis acid catalyst (𝐴𝑙𝐶𝑙3) often
complexes with the lone pair of the nitro group, further inhibiting the reaction.
Final Answer: Nitrobenzene will not undergo Friedel-Crafts alkylation.

Answer: (C)

Q18.

Solution
Concept:
Alcohols (𝐶𝑛𝐻2𝑛+2𝑂) can be oxidized to aldehydes or ketones. Aldehydes (from primary alco-
hols) give a positive Tollen’s test, while ketones (from secondary alcohols) do not. Both can react
with hydroxylamine to form oximes.
Solution:
1. **Molecular Formula:** Compound X (𝐶3𝐻8𝑂) is an alcohol or an ether. Since it can be
oxidized, it must be an alcohol. 2. **Oxidation:** Oxidation gives Y (𝐶3𝐻6𝑂). 3. **Chemical
Tests for Y:** Y reacts with hydroxylamine to form an oxime, confirming it is a carbonyl com-
pound. 4. **Tollen’s Test:** Y does not give a silver mirror test (negative Tollen’s), which means
Y is a ketone (Propanone/Acetone) and not an aldehyde (Propanal). 5. **Deducing X:** Since
the oxidation of a secondary alcohol yields a ketone, X must be Propan-2-ol.
Final Answer: Compound X is Propan-2-ol.

Answer: (B)
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Q19.

Solution
Concept:
The coordination number (C.N.) is the total number of coordinate bonds formed between the
ligands and the central metal ion. The oxidation state is the charge the central atom would carry
if all ligands were removed along with the electron pairs shared with them.
Solution:
1. **Ligands:** ’en’ (ethylenediamine) is a bidentate ligand, meaning each ’en’ molecule forms
2 coordinate bonds. ’Cl’ (chlorido) is a monodentate ligand. 2. **Coordination Number:** With
two ’en’ molecules and two ’Cl’ atoms in the coordination sphere, the total bonds are: (2 × 2) +
(1 × 2) = 6. 3. **Oxidation State:** Let the oxidation state of Co be 𝑥. Ethylenediamine is
neutral (0) and Chloride has a charge of -1.

𝑥 + 2(0) + 2(−1) = +1

(The +1 comes from the chloride ion outside the sphere: the complex ion is [𝐶𝑜(𝑒𝑛)2𝐶𝑙2]+).

𝑥 − 2 = +1 =⇒ 𝑥 = +3

Final Answer: The coordination number is 6 and the oxidation state is +3.

Answer: (B)

Q20.

Solution
Concept:
A reducing agent is a species that loses electrons (undergoes oxidation). In the electrochemical
series, a lower (more negative) standard reduction potential indicates a greater tendency to lose
electrons and act as a stronger reducing agent.
Solution:
1. **Given Potentials:** - P: −2.90𝑉 - Q: +0.34𝑉 - R: +0.80𝑉 - S: −0.76𝑉 2. **Analysis:**
The species with the most negative reduction potential is the most easily oxidized. 3. **Com-
parison:** −2.90𝑉 (P) is the most negative value among the four elements listed. 4. Therefore,
element P has the highest tendency to act as a reducing agent.
Final Answer: The strongest reducing agent is P.

Answer: (A)
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Q21.

Solution
Concept:
The inert pair effect refers to the reluctance of the outermost s-electrons to participate in chemical
bonding due to their poor shielding by intervening d and f electrons. This effect becomes more
pronounced as we move down a group in the p-block.
Solution:
1. **Group 13 Elements:** The elements are Boron (B), Aluminium (Al), Gallium (Ga), Indium
(In), and Thallium (Tl). The general electronic configuration is 𝑛𝑠2𝑛𝑝1. 2. **Oxidation States:**
These elements can show oxidation states of +3 (by involving both s and p electrons) and +1 (by
involving only the p electron). 3. **Trend:** As we descend the group, the stability of the +1
oxidation state increases relative to the +3 state. 4. **Thallium (Tl):** Located at the bottom
of the group, Thallium shows a very strong inert pair effect. Consequently, its +1 oxidation state
is much more stable than its +3 state. While the group number is 13 (valence electrons = 3), Tl
predominantly exists in the +1 state rather than the +3 state.
Final Answer: Thallium (Tl) does not commonly show an oxidation state equal to its group
number (+3) as its stable state due to the inert pair effect.

Answer: (C)

Q22.

Solution
Concept:
According to Molecular Orbital Theory (MOT), the bond order is calculated as:

Bond Order =
1
2
(𝑁𝑏 − 𝑁𝑎)

where 𝑁𝑏 is the number of electrons in bonding orbitals and 𝑁𝑎 is the number of electrons in
anti-bonding orbitals.
Solution:
1. **Oxygen Molecule (𝑂2):** Total electrons = 16. Bond order = 2. 2. **𝑂+

2 Ion:** Formed
by removing one electron from an anti-bonding 𝜋∗ orbital. - Total electrons = 15. - 𝑁𝑏 = 10,
𝑁𝑎 = 5. - Bond Order = 1

2 (10 − 5) = 2.5. 3. **𝑂−
2 Ion (Superoxide):** Formed by adding one

electron to an anti-bonding 𝜋∗ orbital. - Total electrons = 17. - 𝑁𝑏 = 10, 𝑁𝑎 = 7. - Bond Order =
1
2 (10 − 7) = 1.5. 4. **Comparison:** Removing an anti-bonding electron increases bond order,
while adding one decreases it.
Final Answer: The bond orders of 𝑂+

2 and 𝑂−
2 are 2.5 and 1.5 respectively.

Answer: (A)
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Q23.

Solution
Concept:
The spontaneity of a reaction is determined by the Gibbs Free Energy change (Δ𝐺), given by the
equation:

Δ𝐺 = Δ𝐻 − 𝑇Δ𝑆

For a reaction to be spontaneous, Δ𝐺 must be negative (Δ𝐺 < 0).
Solution:
1. **Case 1: Δ𝐻 < 0 and Δ𝑆 > 0:** - Δ𝐻 is negative (exothermic) and −𝑇Δ𝑆 is always negative
(since 𝑇 in Kelvin is always positive). - In this scenario, Δ𝐺 will always be negative regardless of
the value of 𝑇 . 2. **Case 2: Δ𝐻 > 0 and Δ𝑆 < 0:** - Both terms are positive; Δ𝐺 will always
be positive (non-spontaneous). 3. **Case 3: Δ𝐻 < 0 and Δ𝑆 < 0:** - Spontaneous only at low
temperatures where |Δ𝐻 | > |𝑇Δ𝑆 |. 4. **Case 4: Δ𝐻 > 0 and Δ𝑆 > 0:** - Spontaneous only at
high temperatures where |𝑇Δ𝑆 | > |Δ𝐻 |. 5. To be spontaneous at *all* temperatures, the enthalpy
must be favorable (negative) and the entropy must be favorable (positive).
Final Answer: The conditions are Δ𝐻 < 0 and Δ𝑆 > 0.

Answer: (A)

Q24.

Solution
Concept:
An ambidentate ligand is a unidentate ligand that contains more than one coordinate bonding site
(donor atom). It can link to the central metal atom through either of these sites, but only one at a
time.
Solution:
1. **𝐻2𝑂 and 𝑁𝐻3:** These are simple monodentate ligands with only one type of donor atom
(O and N respectively). 2. **𝐶2𝑂

2−
4 (Oxalate):** This is a didentate (chelating) ligand that

binds through two oxygen atoms simultaneously. 3. **𝑆𝐶𝑁− (Thiocyanate):** This ion has
two different potential donor atoms: Nitrogen (N) and Sulfur (S). - It can coordinate as 𝑀 −
𝑆𝐶𝑁 (thiocyanato-S). - It can coordinate as 𝑀 − 𝑁𝐶𝑆 (isothiocyanato-N). 4. Because it has two
different donor atoms but uses only one at a time to form a single coordinate bond, it is classified
as ambidentate.
Final Answer: 𝑆𝐶𝑁− is an example of an ambidentate ligand.

Answer: (C)
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Q25.

Solution
Concept:
The number of unpaired electrons in a coordination complex is determined by the oxidation state
of themetal, its electronic configuration, and the strength of the ligand field (Crystal Field Theory).
Solution:
1. **Oxidation State:** In [𝐹𝑒(𝐻2𝑂)6]2+, the water ligands are neutral. Therefore, the oxidation
state of Iron (Fe) is +2. 2. **Electronic Configuration:** Atomic Fe is [𝐴𝑟]3𝑑64𝑠2. 𝐹𝑒2+ is
[𝐴𝑟]3𝑑6. 3. **Ligand Strength:** 𝐻2𝑂 is a weak field ligand. It does not cause the pairing of
electrons in the 3d orbitals (High Spin complex). 4. **Orbital Filling:** According to Hund’s
rule, the 6 electrons will fill the five 3d orbitals as follows: - First 5 electrons go into five separate
orbitals with parallel spins. - The 6th electron pairs up in the first orbital. 5. **Counting:** This
leaves 4 orbitals with a single, unpaired electron each.
Final Answer: The number of unpaired electrons is 4.

Answer: (C)
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Q26.

Solution
Concept:
Relationship between edge length ’𝑎’ and atomic radius ’𝑟’ in a Face-Centered Cubic (FCC) lat-
tice.
Solution:
Step 1: In an FCC unit cell, the atoms at the corners and the atom at the center of the face touch
each other along the face diagonal.
Step 2: Let the edge length of the unit cell be 𝑎 and the radius of the atom be 𝑟. According to the
Pythagorean theorem, the length of the face diagonal 𝐴𝐶 in a square face 𝐴𝐵𝐶𝐷 is:

𝐴𝐶 =
√
𝐴𝐵2 + 𝐵𝐶2 =

√
𝑎2 + 𝑎2 =

√
2𝑎

Step 3: Along the face diagonal, there is one radius from a corner atom, a full diameter (2𝑟) from
the face-centered atom, and another radius from the opposite corner atom. Thus, the total length
of the diagonal is:

𝐴𝐶 = 𝑟 + 2𝑟 + 𝑟 = 4𝑟

Step 4: Equating the two expressions for the face diagonal:

√
2𝑎 = 4𝑟

𝑎 =
4𝑟
√

2
=

2 × 2𝑟
√

2
= 2

√
2𝑟

𝑎

4𝑟
=
√ 2𝑎

Face of an FCC Unit Cell

Final Answer:
𝑎 = 2

√
2𝑟

Answer: (C)
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Q27.

Solution
Concept:
The acid strength of hydrogen halides (𝐻𝑋) is determined by the bond dissociation enthalpy of
the 𝐻 − 𝑋 bond. A weaker bond allows the hydrogen ion (𝐻+) to be released more easily, making
the acid stronger.
Solution:
1. **Bond Length:** As we move down Group 17 (𝐹 to 𝐼), the size of the halogen atom increases
significantly. 2. **Bond Strength:** The increase in size leads to an increase in𝐻−𝑋 bond length.
Longer bonds are generally weaker. 3. **Dissociation:** The bond dissociation enthalpy follows
the order: 𝐻𝐹 > 𝐻𝐶𝑙 > 𝐻𝐵𝑟 > 𝐻𝐼. Since 𝐻𝐹 has the strongest bond, it is the weakest acid.
4. **Acidity Trend:** Because 𝐻𝐼 has the weakest bond, it dissociates most readily in water to
release 𝐻+ ions. 5. Therefore, the order of acidic strength is 𝐻𝐼 > 𝐻𝐵𝑟 > 𝐻𝐶𝑙 > 𝐻𝐹.
Final Answer: The correct order is 𝐻𝐼 > 𝐻𝐵𝑟 > 𝐻𝐶𝑙 > 𝐻𝐹.

Answer: (B)
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Q28.

Solution
Concept:
In extremely dilute solutions of strong acids (concentration < 10−7𝑀), the contribution of 𝐻+

ions from the auto-ionization of water cannot be ignored.
Solution:
1. **Direct Calculation:** If we only consider the acid, [𝐻+] = 10−8𝑀 , which would give a
𝑝𝐻 = 8. However, an acid solution cannot have a basic pH (> 7) at room temperature. 2. **Total
[𝐻+]:** We must account for 𝐻+ from water. Let 𝑥 be the concentration of 𝐻+ from water.

[𝐻+]𝑡𝑜𝑡𝑎𝑙 = (10−8 + 𝑥)

[𝑂𝐻−] = 𝑥

3. **Ionic Product:** At 298 K, 𝐾𝑤 = [𝐻+] [𝑂𝐻−] = 10−14.

(10−8 + 𝑥) (𝑥) = 10−14

𝑥2 + 10−8𝑥 − 10−14 = 0

4. **Solving for x:** Using the quadratic formula, 𝑥 ≈ 9.5 × 10−8𝑀 . 5. **Final pH:**
[𝐻+]𝑡𝑜𝑡𝑎𝑙 = 10−8 + 9.5 × 10−8 = 1.05 × 10−7𝑀 .

𝑝𝐻 = − log(1.05 × 10−7) ≈ 6.98

6. This value is slightly less than 7, placing it between 6.9 and 7.0.
Final Answer: The pH is between 6.9 and 7.0.

Answer: (C)
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Q29.

Solution
Concept:
Gabriel Phthalimide synthesis is a specific method used to prepare pure primary amines. It in-
volves the nucleophilic substitution (𝑆𝑁2) of an alkyl halide by the phthalimide anion.
Solution:
1. **Step 1:** Phthalimide is treated with KOH to form potassium phthalimide. 2. **Step 2:**
Potassium phthalimide reacts with an alkyl halide (𝑅 − 𝑋) via an 𝑆𝑁2 mechanism to form N-
alkylphthalimide. 3. **Step 3:** Alkaline hydrolysis of N-alkylphthalimide yields a primary
amine (𝑅−𝑁𝐻2) and phthalate ion. 4. **Limitations:** - Aromatic halides (like chlorobenzene)
do not undergo 𝑆𝑁2 reactions with the phthalimide anion. Therefore, primary aromatic amines
(like aniline) cannot be prepared this way. - The reaction is designed to prevent ”over-alkylation,”
ensuring a high yield of primary amines only. 5. Thus, it is exclusively used for primary aliphatic
amines.
Final Answer: It is used for the preparation of primary aliphatic amines.

Answer: (A)

Q30.

Solution
Concept:
The variety of oxidation states in transition elements arises from the fact that the energy levels
of (𝑛 − 1)𝑑 and 𝑛𝑠 orbitals are very close, allowing electrons from both shells to participate in
bonding.
Solution:
1. **3d Series:** The elements are Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn. 2. **Configuration:**
Manganese (𝑀𝑛) has the electronic configuration [𝐴𝑟]3𝑑54𝑠2. 3. **Available Electrons:** It has
the maximum number of unpaired electrons in the d-subshell (5) plus 2 electrons in the s-subshell.
4. **States:** Mn can show oxidation states ranging from +2 to +7 (specifically +2, +3, +4, +5,
+6, and +7). 5. **Comparison:** - Scandium (Sc) only shows +3. - Titanium (Ti) shows +2, +3,
+4. - Zinc (Zn) only shows +2 because the d-orbitals are completely filled. 6. Manganese shows
the highest number of oxidation states in the 3d series.
Final Answer: Mn shows the maximum number of oxidation states.

Answer: (C)
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Q31.

Solution
Concept:
For a first-order reaction, the time (𝑡) required for a change in concentration from initial value
[𝐴]0 to final value [𝐴]𝑡 is given by the integrated rate law:

𝑡 =
2.303
𝑘

log
[𝐴]0

[𝐴]𝑡

where 𝑘 is the rate constant.
Solution:
1. **Given Data:** - Rate constant (𝑘) = 4.606 × 10−3𝑠−1 - Initial mass ([𝐴]0) = 2.0𝑔 - Final
mass ([𝐴]𝑡 ) = 0.2𝑔 2. **Substitution:**

𝑡 =
2.303

4.606 × 10−3 log
2.0
0.2

3. **Calculation:** - log 2.0
0.2 = log 10 = 1 - 𝑡 = 2.303

4.606×10−3 × 1 - 𝑡 = 1
2×10−3 = 0.5 × 103 = 500𝑠

Final Answer: The time required is 500 s.

Answer: (B)

Q32.

Solution
Concept:
The second ionization enthalpy (𝐼𝐸2) is the energy required to remove an electron from a unipos-
itive ion (𝑀+). It is exceptionally high when the first electron removal leaves the ion with a stable
noble gas configuration.
Solution:
1. **Option A (1𝑠22𝑠22𝑝63𝑠1):** This is Sodium (Na). - 𝑁𝑎

𝐼𝐸1−−−→ 𝑁𝑎+(1𝑠22𝑠22𝑝6). - 𝑁𝑎+ has a
stable neon configuration. Removing a second electron requires breaking this stable octet. Thus,
𝐼𝐸2 is very high. 2. **Option B (1𝑠22𝑠22𝑝6):** This is Neon (Ne). It already has a high 𝐼𝐸1. 3.
**Option C (1𝑠22𝑠22𝑝63𝑠2):** This is Magnesium (Mg). - 𝑀𝑔+

𝐼𝐸2−−−→ 𝑀𝑔2+(1𝑠22𝑠22𝑝6). - 𝐼𝐸2

is relatively low because it results in a stable configuration. 4. **Option D (1𝑠22𝑠22𝑝5):** This
is Fluorine (F). 5. Comparing all, an alkali metal (like Na) always shows the highest 𝐼𝐸2 because
𝑀+ is a noble gas structure.
Final Answer: The element with configuration 1𝑠22𝑠22𝑝63𝑠1 has the highest second ionization
enthalpy.

Answer: (A)
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Q33.

Solution
Concept:
The common ion effect reduces the solubility of a sparingly soluble salt when a soluble salt con-
taining a common ion is added. The solubility product (𝐾𝑠𝑝) remains constant at a given temper-
ature.
Solution:
1. **Dissociation:** 𝐴𝑔𝐶𝑙 (𝑠) ⇌ 𝐴𝑔+(𝑎𝑞)+𝐶𝑙

−
(𝑎𝑞) 2. **Common Ion:** In 0.1𝑀 NaCl, the [𝐶𝑙−]

from NaCl is 0.1𝑀 . 3. **Solubility Setup:** Let 𝑠 be the solubility of AgCl in this solution. -
[𝐴𝑔+] = 𝑠 - [𝐶𝑙−] = 𝑠 + 0.1 ≈ 0.1 (since 𝑠 is extremely small). 4. **𝐾𝑠𝑝 Equation:**

𝐾𝑠𝑝 = [𝐴𝑔+] [𝐶𝑙−]

1.6 × 10−10 = 𝑠 × 0.1

5. **Calculation:**
𝑠 =

1.6 × 10−10

0.1
= 1.6 × 10−9𝑀

Final Answer: The solubility is 1.6 × 10−9𝑀 .

Answer: (B)

Q34.

Solution
Concept:
The ”spin-only” magnetic moment (𝜇) is related to the number of unpaired electrons (𝑛) by the
formula:

𝜇 =
√
𝑛(𝑛 + 2) Bohr Magnetons (BM)

Solution:
1. **Given Data:** 𝜇 = 3.87𝐵𝑀 . 2. **Formula Application:**

3.87 =
√
𝑛(𝑛 + 2)

3. **Squaring both sides:**
(3.87)2 = 𝑛2 + 2𝑛

14.97 ≈ 15

4. **Solving for 𝑛:** - If 𝑛 = 3: 𝜇 =
√

3(3 + 2) =
√

15 ≈ 3.87𝐵𝑀 . - If 𝑛 = 4: 𝜇 =
√

4(4 + 2) =√
24 ≈ 4.90𝐵𝑀 . 5. A useful shortcut is that the digit before the decimal point in the BM value

usually indicates the number of unpaired electrons. Since the value is **3**.87, 𝑛 = 3.
Final Answer: The number of unpaired electrons is 3.

Answer: (B)

32 | Collegedunia |



MHT-CET Sample Paper Chemistry

Q35.

Solution
Concept:
The Iodoform test is given by compounds containing a methyl ketone group (−𝐶𝑂𝐶𝐻3) or a
methyl carbinol group (−𝐶𝐻 (𝑂𝐻)𝐶𝐻3). These react with 𝐼2 and 𝑁𝑎𝑂𝐻 to form a yellow pre-
cipitate of Iodoform (𝐶𝐻𝐼3).
Solution:
1. **Acetophenone (𝐶6𝐻5𝐶𝑂𝐶𝐻3):** Contains the methyl ketone group attached to the phenyl
ring. (Positive test) 2. **Benzophenone (𝐶6𝐻5𝐶𝑂𝐶6𝐻5):** Does not have a methyl group at-
tached to the carbonyl carbon. (Negative test) 3. **Propan-1-ol (𝐶𝐻3𝐶𝐻2𝐶𝐻2𝑂𝐻):** It is a
primary alcohol but not a methyl carbinol (it lacks the 𝐶𝐻3 − 𝐶𝐻 (𝑂𝐻)− unit). (Negative test)
4. **Diethyl ether (𝐶2𝐻5𝑂𝐶2𝐻5):** Ethers do not undergo this reaction. (Negative test) 5. Ace-
tophenone reacts to form sodium benzoate and the yellow 𝐶𝐻𝐼3 precipitate.
Final Answer: Acetophenone will give a yellow precipitate.

Answer: (A)

Q36.

Solution
Concept:
Terylene, also known as Dacron, is a polyester formed by the condensation polymerization of a
diol and a dicarboxylic acid. In this process, water molecules are eliminated as the ester linkages
are formed.
Solution:
1. **Monomer 1:** Ethylene glycol (𝐻𝑂 − 𝐶𝐻2 − 𝐶𝐻2 − 𝑂𝐻), which provides the diol com-
ponent. 2. **Monomer 2:** Terephthalic acid (𝐻𝑂𝑂𝐶 − 𝐶6𝐻4 − 𝐶𝑂𝑂𝐻), which is benzene-
1,4-dicarboxylic acid. 3. **Polymerization:** The hydroxyl group of the glycol reacts with the
carboxyl group of the acid to form an ester bond (−𝐶𝑂𝑂−). 4. **Repeating Unit:** The polymer
consists of alternating units of ethylene and terephthalate. 5. **Comparison:** - Ethylene glycol
+ Phthalic acid (benzene-1,2-dicarboxylic acid) forms Glyptal. - Hexamethylenediamine + Adipic
acid forms Nylon 6,6.
Final Answer: The monomer units of Terylene are Ethylene glycol and Terephthalic acid.

Answer: (B)
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Q37.

Solution
Concept:
The electrolysis of water involves the decomposition of 𝐻2𝑂 into Hydrogen and Oxygen gases.
The stoichiometry of the balanced chemical equation determines the molar and volume ratios of
the liberated gases at the same temperature and pressure.
Solution:
1. **Overall Reaction:** 2𝐻2𝑂 (𝑙) → 2𝐻2(𝑔) + 𝑂2(𝑔) 2. **Cathode Reaction (Reduction):**
4𝐻2𝑂 (𝑙) + 4𝑒− → 2𝐻2(𝑔) + 4𝑂𝐻− (𝑎𝑞) 3. **Anode Reaction (Oxidation):** 2𝐻2𝑂 (𝑙) →
𝑂2(𝑔) + 4𝐻+(𝑎𝑞) + 4𝑒− 4. **Molar Ratio:** From the balanced equation, 2 moles of 𝐻2 are
produced for every 1 mole of 𝑂2. 5. **Volume Ratio:** According to Avogadro’s Law, the
volume of a gas is directly proportional to its number of moles at constant 𝑇 and 𝑃. Therefore,
the volume ratio of 𝐻2 to 𝑂2 is 2:1.
Final Answer: The volume ratio of hydrogen to oxygen is 2:1.

Answer: (B)

Q38.

Solution
Concept:
Molecular geometry and resultant dipole moment (𝜇).
Solution:
Step 1: **𝐵𝐹3 and 𝐶𝐶𝑙4**: 𝐵𝐹3 is trigonal planar and 𝐶𝐶𝑙4 is tetrahedral. Both are perfectly
symmetrical molecules where individual bond dipoles cancel out exactly. Thus, 𝜇 = 0 for both.
Step 2: **𝑁𝐻3 vs 𝑁𝐹3**: Both have a pyramidal geometry with one lone pair. However, the
direction of the bond dipoles differs.
Step 3: In **𝑁𝐻3**, Nitrogen is more electronegative than Hydrogen. The bond dipoles are
directed towards Nitrogen, which is the same direction as the lone pair dipole. These vectors add
up, resulting in a high net dipole moment (≈ 1.47D).
Step 4: In **𝑁𝐹3**, Fluorine is more electronegative than Nitrogen. The bond dipoles are di-
rected away from Nitrogen, partially opposing the dipole moment of the lone pair. This cancella-
tion results in a much lower net dipole moment (≈ 0.23D).

𝑁𝐻3
..

𝐻 𝐻
𝐻

𝑁
↑↑ Net 𝜇

Final Answer:
𝑁𝐻3

Answer: (B)
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Q39.

Solution
Concept:
The elevation in boiling point (Δ𝑇𝑏) is a colligative property given by:

Δ𝑇𝑏 = 𝑖 · 𝐾𝑏 · 𝑚

where 𝑖 is the Van’t Hoff factor, 𝐾𝑏 is the ebullioscopic constant, and 𝑚 is the molality.
Solution:
1. **Given Data:** - 𝑇𝑏 (solution) = 100.104◦𝐶 - 𝑇𝑏 (water) = 100.000◦𝐶 - Δ𝑇𝑏 = 100.104 −
100.000 = 0.104𝐾 - 𝐾𝑏 = 0.52𝐾𝑘𝑔𝑚𝑜𝑙−1 - 𝑚 = 0.2𝑚 2. **Calculate Van’t Hoff Factor (𝑖):**

0.104 = 𝑖 × 0.52 × 0.2

0.104 = 𝑖 × 0.104 =⇒ 𝑖 = 1

3. **Determine the Solute:** - 𝑖 = 1 indicates a non-electrolyte that does not dissociate or
associate in solution. - Glucose (𝑖 = 1) and Urea (𝑖 = 1) both fit. However, ”Glucose” and
”Urea” are both provided in options. In typical MHT-CET chemistry problems, glucose is the
standard non-electrolyte used for such calculations. (Note: Both A and D are technically correct,
but Glucose is the more common reference in these specific paper patterns).
Final Answer: The solute is Glucose.

Answer: (A)

Q40.

Solution
Concept:
The basicity of methylamines in aqueous solution is determined by three factors: the Inductive
effect (+I), Solvation effect (hydrogen bonding with water), and Steric hindrance.
Solution:
1. **Inductive Effect:** Increases with the number of methyl groups: (𝐶𝐻3)3𝑁 > (𝐶𝐻3)2𝑁𝐻 >

𝐶𝐻3𝑁𝐻2. 2. **Solvation Effect:** Decreases with the number of methyl groups because there
are fewer hydrogens for bonding: 𝐶𝐻3𝑁𝐻2 > (𝐶𝐻3)2𝑁𝐻 > (𝐶𝐻3)3𝑁 . 3. **Steric Hindrance:**
Increases as the amine becomes more substituted, making the lone pair less accessible to protons.
4. **Combined Result (Aqueous):** Formethyl-substituted amines, these factors balance tomake
the secondary amine the most basic. The order is:

(𝐶𝐻3)2𝑁𝐻 > 𝐶𝐻3𝑁𝐻2 > (𝐶𝐻3)3𝑁 > 𝑁𝐻3

5. Dimethylamine (𝐶𝐻3)2𝑁𝐻 is the most basic.
Final Answer: (𝐶𝐻3)2𝑁𝐻 is the most basic amine in aqueous solution.

Answer: (A)
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Q41.

Solution
Concept:
The de-Broglie wavelength (𝜆) associated with a moving particle is inversely proportional to its
momentum (𝑝). It is calculated using the formula:

𝜆 =
ℎ

𝑚𝑣

where ℎ is Planck’s constant, 𝑚 is the mass of the particle, and 𝑣 is its velocity.
Solution:
1. **Given Data:** - ℎ = 6.63 × 10−34𝐽𝑠 - 𝑚 = 9.1 × 10−31𝑘𝑔 - 𝑣 = 1 × 106𝑚/𝑠 2. **Substitu-
tion:**

𝜆 =
6.63 × 10−34

(9.1 × 10−31) × (1 × 106)

3. **Calculation:** - 𝜆 = 6.63×10−34

9.1×10−25 - 𝜆 ≈ 0.728 × 10−9𝑚 - 𝜆 = 7.28 × 10−10𝑚

Final Answer: The wavelength associated with the electron is 7.28 × 10−10𝑚.

Answer: (A)

Q42.

Solution
Concept:
An anhydride is an oxide that reacts with water to form an acid. A mixed anhydride is an oxide
that reacts with water to form two different acids, typically representing two different oxidation
states of the non-metal.
Solution:
1. **Oxidation States in Acids:** - In Nitrous acid (𝐻𝑁𝑂2), the oxidation state of Nitrogen is
+3. - In Nitric acid (𝐻𝑁𝑂3), the oxidation state of Nitrogen is +5. 2. **Analysis of 𝑁𝑂2:** -
Nitrogen dioxide (𝑁𝑂2) has Nitrogen in the +4 oxidation state. - When 𝑁𝑂2 reacts with water, it
undergoes disproportionation:

2𝑁𝑂2 + 𝐻2𝑂 → 𝐻𝑁𝑂2 + 𝐻𝑁𝑂3

3. Since it yields both acids simultaneously, it is the mixed anhydride of nitrous and nitric acids.
4. **Comparison:** 𝑁2𝑂3 (+3) is the anhydride of 𝐻𝑁𝑂2, and 𝑁2𝑂5 (+5) is the anhydride of
𝐻𝑁𝑂3.
Final Answer: 𝑁𝑂2 is the mixed anhydride of 𝐻𝑁𝑂2 and 𝐻𝑁𝑂3.

Answer: (B)
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Q43.

Solution
Concept:
Coordination number in a Hexagonal Close-Packed (HCP) crystal structure.
Solution:
Step 1: Identify the arrangement of atoms in an HCP structure. It follows an 𝐴𝐵𝐴𝐵... stacking
pattern where each atom is surrounded by others in its own layer and adjacent layers.
Step 2: Consider a central atom in layer 𝐵. It is in direct contact with 6 atoms in its own plane
(hexagonal arrangement).
Step 3: This central atom also touches 3 atoms in the layer immediately above it (Layer 𝐴) and 3
atoms in the layer immediately below it (Layer 𝐴).
Step 4: Total coordination number = 6 (same layer) + 3 (layer above) + 3 (layer below) = 12.

3 atoms below

6 atoms in plane

3 atoms above

Final Answer:
12

Answer: (B)

Q44.

Solution
Concept:
Proteins are polymers of 𝛼-amino acids. These amino acids are joined together by a specific type
of covalent bond known as a peptide bond or peptide linkage, which is an amide functional group.
Solution:
1. **Formation:** A peptide bond is formed by a condensation reaction between the carboxyl
group (−𝐶𝑂𝑂𝐻) of one amino acid and the amino group (−𝑁𝐻2) of the next amino acid. 2.
**Reaction:**

𝑅1 − 𝐶𝑂𝑂𝐻 + 𝐻2𝑁 − 𝑅2 → 𝑅1 − 𝐶𝑂 − 𝑁𝐻 − 𝑅2 + 𝐻2𝑂

3. **Structure:** The resulting linkage is the −𝐶𝑂 − 𝑁𝐻− (or −𝑁𝐻 − 𝐶𝑂−) group. 4. This
linkage is the backbone that holds the primary structure of proteins together.
Final Answer: The peptide linkage is represented as −𝑁𝐻 − 𝐶𝑂−.

Answer: (A)
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Q45.

Solution
Concept:
The overall order of a reaction is the sum of the partial orders with respect to each reactant. The
partial order is the exponent to which the concentration of a reactant is raised in the rate law
equation.
Solution:
1. **Rate Law Equation:** Let 𝑅𝑎𝑡𝑒 = 𝑘 [𝐴]𝑥 [𝐵]𝑦 . 2. **Effect of A:** When [𝐴] is doubled,
the rate doubles. - 2 = (2)𝑥 =⇒ 𝑥 = 1. (First order with respect to A). 3. **Effect of B:**
When [𝐵] is doubled, the rate quadruples (22). - 4 = (2)𝑦 =⇒ 𝑦 = 2. (Second order with
respect to B). 4. **Overall Order:** 𝑛 = 𝑥 + 𝑦. - 𝑛 = 1 + 2 = 3.
Final Answer: The overall order of the reaction is 3.

Answer: (B)

Q46.

Solution
Concept:
The geometry of a molecule is determined by the number of bond pairs and lone pairs around the
central atom, according to VSEPR theory. For a central atom with 6 bonding pairs and zero lone
pairs, the repulsion is minimized when the atoms are directed towards the corners of a regular
octahedron.
Solution:
1. **Central Atom:** Sulfur (S) belongs to Group 16 and has 6 valence electrons. 2. **Bond-
ing:** In 𝑆𝐹6, Sulfur forms 6 sigma bonds with 6 Fluorine atoms, using all 6 of its valence
electrons. 3. **Lone Pairs:** There are 0 lone pairs on the Sulfur atom. 4. **Steric Number:**
Steric number = 6 (bond pairs) + 0 (lone pairs) = 6. 5. **Geometry:** A steric number of 6 with
no lone pairs corresponds to 𝑠𝑝3𝑑2 hybridization and an octahedral geometry. All F–S–F bond
angles are 90◦ or 180◦.
Final Answer: The geometry of 𝑆𝐹6 is octahedral.

Answer: (B)
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Q47.

Solution
Concept:
For ions, the ionic radius depends on the nuclear charge and the number of electron shells. For
isoelectronic species (ions with the same number of electrons), the radius decreases as the nuclear
charge (atomic number) increases. For ions in the same group, the radius increases as we go down
the group.
Solution:
1. **Group 1 (Alkali Metals):** 𝐿𝑖+ and 𝑁𝑎+. 𝐿𝑖+ is smaller than 𝑁𝑎+ because it has fewer elec-
tron shells. 2. **Group 2 (Alkaline Earth Metals):** 𝐵𝑒2+ and𝑀𝑔2+. 𝐵𝑒2+ is smaller than𝑀𝑔2+.
3. **Comparing across periods:** 𝐵𝑒2+ and 𝐿𝑖+ are in the same period. 𝐵𝑒2+ has a higher nuclear
charge (+4) than 𝐿𝑖+ (+3) while having the same number of electrons (2). 4. **Conclusion:**
Higher nuclear charge pulls the electrons closer. Thus, 𝐵𝑒2+ is smaller than 𝐿𝑖+. Similarly, 𝐵𝑒2+

is smaller than 𝑀𝑔2+ and 𝑁𝑎+. 5. Therefore, 𝐵𝑒2+ has the smallest ionic radius among the given
options.
Final Answer: 𝐵𝑒2+ has the smallest ionic radius.

Answer: (C)

Q48.

Solution
Concept:
Starch is composed of two components: Amylose and Amylopectin. While Amylose is a linear
polymer, Amylopectin is a branched-chain polymer of 𝛼-D-glucose.
Solution:
1. **Linear Chain:** In Amylopectin, the main chain is formed by glycosidic linkages between
the 𝐶1 of one glucose unit and the 𝐶4 of the next. This is the 𝛼-1,4-linkage. 2. **Branching:**
Branching occurs periodically along the chain. The branch points are formed by a glycosidic
linkage between the 𝐶1 of a glucose unit in the branch and the 𝐶6 of a glucose unit in the main
chain. This is the 𝛼-1,6-linkage. 3. **Comparison:** Amylose only contains 𝛼-1,4-linkages,
whereas Amylopectin contains both.
Final Answer: The linkages present in Amylopectin are 𝛼-1,4 and 𝛼-1,6.

Answer: (B)
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Q49.

Solution
Concept:
The Contact process is the modern industrial method for producing high concentrations of sulfuric
acid. A key step involves the catalytic oxidation of sulfur dioxide (𝑆𝑂2) to sulfur trioxide (𝑆𝑂3).
Solution:
1. **The Reaction:** 2𝑆𝑂2(𝑔) + 𝑂2(𝑔) ⇌ 2𝑆𝑂3(𝑔). 2. **Catalyst History:** Originally, plat-
inum (𝑃𝑡) was used, but it is expensive and easily poisoned by impurities like arsenic. 3. **Cur-
rent Standard:** Vanadium pentoxide (𝑉2𝑂5) is the preferred catalyst in modern industry because
it is more cost-effective and resistant to poisoning. 4. **Conditions:** The reaction is typically
carried out at 450◦C and 2 atm pressure in the presence of 𝑉2𝑂5.
Final Answer: 𝑉2𝑂5 is the catalyst used in the Contact process.

Answer: (B)

Q50.

Solution
Concept:
According to IUPAC nomenclature for polyfunctional compounds, the principal functional group
(the one with the highest priority) is chosen as the suffix. The other groups are treated as sub-
stituents and named as prefixes.
Solution:
1. **Identify Groups:** The compound 𝐶𝐻3𝐶𝐻 (𝑂𝐻)𝐶𝐻2𝐶𝐻𝑂 contains a hydroxyl group
(−𝑂𝐻) and an aldehyde group (−𝐶𝐻𝑂). 2. **Priority:** Aldehydes have a higher priority than
alcohols. Therefore, the parent chain suffix is ”-anal”. 3. **Numbering:** The carbon chain is
numbered starting from the aldehyde carbon: - 𝐶1: −𝐶𝐻𝑂 - 𝐶2: −𝐶𝐻2− - 𝐶3: −𝐶𝐻 (𝑂𝐻)− -
𝐶4: −𝐶𝐻3 4. **Substituents:** There is a hydroxyl group located at position 3. 5. **Name:**
Combining these, we get 3-hydroxybutanal.
Final Answer: The IUPAC name is 3-hydroxybutanal.

Answer: (A)
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Answer Key

Q Ans Q Ans Q Ans Q Ans Q Ans
1 D 2 A 3 A 4 B 5 A
6 A 7 A 8 A 9 B 10 B
11 B 12 C 13 D 14 B 15 B
16 B 17 C 18 B 19 B 20 A
21 C 22 A 23 A 24 C 25 C
26 C 27 B 28 C 29 A 30 C
31 B 32 A 33 B 34 B 35 A
36 B 37 B 38 B 39 A 40 A
41 A 42 B 43 B 44 A 45 B
46 B 47 C 48 B 49 B 50 A
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