JEE Main 2023 April 10 Shift 2 Chemistry Question Paper With
Solutions

| Time Allowed :3 Hour | Maximum Marks :300 | Total Questions :90 |

General Instructions

Read the following instructions very carefully and strictly follow them:

1. The test is of 3 hours duration.

2. The question paper consists of 90 questions, out of which 75 are to attempted. The
maximum marks are 300.

3. There are three parts in the question paper consisting of Physics, Chemistry and
Mathematics having 30 questions in each part of equal weightage.

4. Each part (subject) has two sections.
(i) Section-A: This section contains 20 multiple choice questions which have only
one correct answer. Fach question carries 4 marks for correct answer and —1 mark
for wrong answer.
(ii) Section-B: This section contains 10 questions. In Section-B, attempt any five
questions out of 10. The answer to each of the questions is a numerical value. Each
question carries 4 marks for correct answer and —1 mark for wrong answer. For
Section-B, the answer should be rounded off to the nearest integer




Chemistry
Section-A

61. The correct relationships between unit cell edge length ’a’ and radius of
sphere ’r’ for face-centred and body-centred cubic structures respectively are:
(1) 2v/2r = a and \/3r = 4a

(2) 7 = 2v/2a and 4r = /3a

(3) 7 = 2v/2a and 3r = 4a

(4) 2v/2r = a and 4r = /3a

Correct Answer: (4) 2v/2r = a and 4r = v/3a

Solution:

For both FCC (Face-Centered Cubic) and BCC (Body-Centered Cubic) structures, we can
derive the relationships between the unit cell edge length a and the radius of the spheres 7.
For FCC (Face-Centered Cubic):

In the FCC structure, the relationship between the edge length a and the radius r is based on
the geometry of the cube. In a face-centered cubic unit cell, the diagonal of the face equals

four radii:
\/5@ = 4r
Solving for a:

4r
a:—:2\/§7‘
V2

For BCC (Body-Centered Cubic):

In the BCC structure, the relation between the edge length a and the radius r is derived from
the body diagonal. The body diagonal of the cube is equal to 4r, so:

\/gazllr

Solving for a:

4r
a=—

V3

Thus, the correct relationships are a = 2v/2r for FCC and a = f‘/—% for BCC.

9 Quick Tip

For FCC and BCC structures, use the geometric properties of the unit cell to derive
the relations between the edge length a and the radius 7 of the spheres.

62. The reaction used for preparation of soap from fat is:
(1) an addition reaction

(2) an oxidation reaction

(3) alkaline hydrolysis reaction

(4) reduction reaction

Correct Answer: (3) alkaline hydrolysis reaction

Solution:



The process of preparing soap from fat is known as saponification, which is a type of
alkaline hydrolysis reaction. During saponification, triglycerides (fats) react with a strong
base like sodium hydroxide (NaOH), resulting in the formation of glycerol (glycerin) and fatty
acids, the key components of soap.

The general equation for saponification is:

Ester (Triglyceride) 4+ Base (NaOH) — Alcohol (Glycerol) 4+ Soap (Fatty Acid)

In this process, triglycerides (which are esters) undergo hydrolysis when treated with NaOH.
The ester bonds in the triglycerides are broken, yielding glycerol and fatty acids. The fatty
acids then combine with the sodium ions from the sodium hydroxide to form soap (sodium
salts of fatty acids).

This reaction is classified as alkaline hydrolysis because it involves breaking down ester bonds
using a strong base (NaOH), leading to the formation of soap and alcohol. Thus, the correct
classification is an alkaline hydrolysis reaction.

Triglyceride (Fat) + NaOH — Glycerol (Alcohol) 4+ Fatty Acid (Soap)

This reaction plays a key role in soap production.

9 Quick Tip

In saponification, the ester (fat) reacts with an alkali (such as NaOH) to produce soap
and glycerol. This process is an example of alkaline hydrolysis.

63. Match List I with List II

LIST1 LIST II
16 g of CH, (g) I. | Weight28 g
lg Gf H, (g) I 1602 x l{J23 electrons

I mole of N, (g) | III | Weight 32 g
0.5 mol of SO, (g) | IV | Occupies 11.4 L volume at STP

O alwm >

Choose the correct answer from the options given below:
(1) A-II, B-1V, C-1, D-III

(2) A-11, B-1V, C-1II, D-I

(3) A-II, B-III, C-1V, D-I

(4) A-1, B-111, C-1I, D-1V

Correct Answer: (2) A-1I, B-1V, C-I1I, D-I

Solution:

Step 1: Match List I with List II.

A : 16 g of CH, represents 1 mole of CHy, and the molar mass of CHy is 28 g. Therefore, A
corresponds to I. Weight 28 g.

B : 1g of H, corresponds to 60.2 x 10?3 electrons, as 1 mole of Hy contains 6.022 x 10%3
molecules. Hence, B corresponds to II. 60.2 x 1023 electrons.

C' : 1mole of Ny weighs 28 g, but since 1 mole of N9 weighs 28 g, it corresponds to

ITI. Weight 32 g.



D : 0.5mol of SOy weighs 32 g and occupies 11.4 L volume at STP, so D corresponds to
IV. Occupies 11.4 L volume at STP.
Thus, the correct matching is | A-11, B-1V, C-III, D-1|.

9 Quick Tip

For matching-type questions, keep in mind:

- 1 mole of a substance is equal to its molar mass in grams.

- Use Avogadro’s number 6.022 x 103 to convert between moles and number of parti-
cles.

- At STP, 1 mole of any gas occupies 22.4 liters.

64. The correct order of metallic character is:

(1) K > Be > Ca

(2) Be > Ca> K

(3) K> Ca > Be

(4) Ca > K > Be

Correct Answer: (3) K > Ca > Be

Solution:

The metallic character of elements increases as you move down a group and decreases as you
move across a period.

In a group, metallic character increases as the atomic size increases, resulting in a weaker
attraction between the valence electrons and the nucleus.

In a period, metallic character decreases as the effective nuclear charge increases, making it
more difficult to lose electrons.

Thus, the metallic character decreases from K to Be across the period, and increases from Be
to Ca down the group.

Therefore, the correct order of metallic character is:

K > Ca > Be

9 Quick Tip

In a group, metallic character increases as you move down, while in a period, it de-
creases from left to right.

65. The correct order for acidity of the following hydroxyl compounds is:
A. CH,0H " B. (CH,),COH

C. @—()H D. \w‘@—on
Eo,N —@—()H

Choose the correct answer from the options given below:
(WE>C>D>A>B
2)D>E>C>A>B



B)E>D>C>B>A

4 C>E>D>B>A

Correct Answer: (1) E>C>D >A>B

Solution:

Acidity of a compound is related to the stability of its conjugate base. The more stabilized
the conjugate base, the stronger the acid.

E (NOg-group): The NOg2 group is electron-withdrawing and stabilizes the conjugate base,
increasing the acidity.

C (Phenol): This has no electron-donating or electron-withdrawing group, so it has moderate
acidity.

D (Methoxy group, OCHz): The methoxy group is electron-donating and reduces the acidity
by destabilizing the conjugate base.

A (Methanol): Alcohols generally have low acidity compared to phenols due to the absence of
a conjugate base that can be stabilized by resonance.

B (Tertiary alcohol): The tertiary alcohol, due to steric hindrance and electron-donating alkyl
groups, is the least acidic.

Thus, the correct order of acidity is:

E>C>D>A>B

9 Quick Tip

Acidity increases with the presence of electron-withdrawing groups and decreases with
electron-donating groups. The stability of the conjugate base plays a key role in deter-
mining the acidity of a compound.

66. Match List I with_List II

LIST I LIST 11
Complex Crystal Field splitting energy (Ao)
A [Ti(H20)6]2+ I. |[-12
B [V(H,0), ]2+ I |-0.6
C | Mn(H,0) " |10
D [Fe(H,0), ]3+ IV]-08

Choose the correct answer from the options given below:
(1) A-1IV, B-1, C-II, D-III

(2) A-1V, B-1, C-III, D-IT

(3) A-I1, B-1V, C-III, D-I

(4) A-11, B-1V, C-1, D-IIT

Correct Answer: (3) A-1I, B-1V, C-III, D-I

Solution:
To solve this, we will calculate the crystal field splitting energy (CFSE) for each complex.
For Ti*+ (A):



Ti%+ has a 3d? electron configuration. The CFSE for Ti?+ is:
CFSE = —0.4 x tag + 0.6 X ¢4
Substitute the values:
CFSE=-04x24+06x0=-08 = CFSE=-0.8eV

For V24 (B):
V2+ has a 3d3 electron configuration. The CFSE for V2+ is:

CFSE = —0.4 X tog + 0.6 x ¢4
Substitute the values:
CFSE=-04x34+06x0=—-12 = CFSE=-1.2¢eV

For Mn3+ (C):
Mn?+ has a 3d* electron configuration. The CFSE for Mn3+ is:

CFSE = —0.4 X tog + 0.6 x ¢4
Substitute the values:
CFSE=—-04x44+06x1=-164+06=—-1.0 = CFSE=0eV

For Fe?+ (D):
Fe34 has a 3d° electron configuration. The CFSE for Fe3+ is:

CFSE = —0.4 x tog + 0.6 x ¢4
Substitute the values:
CFSE=-04x34+06x2=—-124+12=0 = CFSE=0eV

Thus, the correct matching is:
A matches with II: —0.8eV
B matches with IV: —1.2eV
C matches with III: 0eV

D matches with I: —0.6eV

Q Quick Tip

For complex ions, use the crystal field theory (CFT) to determine the CFSE. The split-
ting of the to, and e, orbitals determines the energy difference.

67. In Carius tube, an organic compound ’X’ is treated with sodium peroxide to
form a mineral acid Y’. The solution of BaCl, is added to Y’ to form a
precipitate ’Z’. ’Z’ is used for the quantitative estimation of an extra element. X’
could be:

(1) Chloroxyleneol

(2) Methionine



(3) A nucleotide

(4) Cytosine

Correct Answer: (2) Methionine

Solution:

The Carius method is a technique used for the quantitative analysis of sulfur. This method
involves the oxidation of sulfur to produce sulfuric acid, which is then reacted with barium
chloride (BaClz) to form barium sulfate (BaSO4), a white precipitate.

Among the options, methionine is the only compound containing sulfur that can react with
sodium peroxide to form sulfuric acid.

Chloroxyleneol does not contain sulfur.

Nucleotides and cytosine do not contain sulfur in a form that is detectable by this method.
Therefore, the correct compound "X’ is Methionine.

r

@ Quick Tip

The Carius method is specifically designed for the determination of sulfur in organic
compounds. The presence of sulfur is required for the reaction with sodium peroxide to
produce sulfuric acid.

68. Number of water molecules in washing soda and soda ash respectively are:
(1) 1and 0

(2) 1 and 10

(3) 10 and 0

(4) 10 and 1

Correct Answer: (3) 10 and 0

Solution:

Washing soda is sodium carbonate decahydrate, represented as NaoCO3-10H20. This
indicates that washing soda contains 10 water molecules.

Soda ash is anhydrous sodium carbonate, represented as NagCO3, which contains no water
molecules.

Thus, the number of water molecules in washing soda is 10, and in soda ash is 0.

9 Quick Tip

Washing soda (NapCO3-10H20) contains 10 water molecules, whereas soda ash
(NagCOs3) is anhydrous and contains no water molecules.

69. Gibbs energy vs T plot for the formation of oxides is given below. For the
given diagram, the correct statement is:
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(1) At 600°C, C can reduce ZnO

(2) At 600°C, C can reduce FeO

(3) At 600°C, CO cannot reduce FeO

(4) At 600°C, CO can reduce ZnO

Correct Answer: (2) At 600°C, C can reduce FeO

Solution:

Analyzing the given plot and its corresponding reactions.

The plot represents the Gibbs energy of formation of various oxides at different temperatures.
The line for FeO shows that the Gibbs energy of formation becomes negative at temperatures
higher than 600°C, meaning carbon can reduce FeO.

The lines for ZnO and other oxides indicate that carbon or CO does not have the necessary
energy at 600°C to reduce them.

Thus, the correct statement is that at 600°C, carbon can reduce FeO.

Q Quick Tip

For determining whether a substance can reduce an oxide, check if the Gibbs energy for
the reduction reaction is negative at the desired temperature. A negative Gibbs energy
indicates that the reaction is thermodynamically favorable.

70. Buna-S can be represented as:
CMs = CeHls
(1) ~Fen— cn=cn—cn= c—en - (2) =+ CH,— CH = CH — CH,— CH (‘”'11

|

C Hy CgHs

r | - |
(3) =+~ CH=CH - CH=CH = CH=CH, =+ (4) —E'II_-— CH=C—=CH=CH —L'H_‘}
. n

“=dn

Correct Answer: (2)

Solution:

Step 1: Understanding the structure of Buna-S

Buna-S is a copolymer, meaning it is formed by the polymerization of two distinct monomers:
butadiene and styrene. The monomers involved in the copolymerization are as follows:
Butadiene (CHy = CH — CH = CHy)

Styrene (C6H5 —CH= CHQ)

Step 2: Identifying the correct structure



The polymerization of butadiene and styrene occurs in a 3:1 ratio. This means that for every
three units of butadiene, one unit of styrene is incorporated. In the polymerization process,
the double bonds in the monomers break and connect, forming the long polymer chain.
Option (1) is incorrect because it does not correctly represent the polymerization process
involving styrene.

Option (2) is the correct representation as it shows the proper copolymerization between
butadiene and styrene, with the following structure:

[CHy = CH — CH = CgHs)

This structure correctly alternates between the butadiene and styrene units, forming the
desired polymer chain.

Step 3: Finalizing the structure of Buna-S

In Buna-S, the repeating unit alternates between styrene and butadiene molecules. This
arrangement is essential as it determines the material’s properties, such as its elasticity,
strength, and resistance to wear.

Thus, the correct structure of Buna-S is represented in option (2), and the polymerization of
butadiene and styrene produces the copolymer known as Buna-S.

9 Quick Tip

Buna-S is a synthetic rubber widely used in manufacturing products like tires,
footwear, and gaskets. The copolymerization of butadiene and styrene imparts the rub-
ber with key properties such as durability and resilience.

71. Given below are two statements, one is labelled as Assertion A and the other
is labelled as Reason R.

Assertion A: Physical properties of isotopes of hydrogen are different.

Reason R: Mass difference between isotopes of hydrogen is very large.

In the light of the above statements, choose the correct answer from the options given below:
(1) Both A and R are true but R is NOT the correct explanation of A

(2) A is false but R is true

(3) A is true but R is false

(4) Both A and R are true and R is the correct explanation of A

Correct Answer: (4) Both A and R are true and R is the correct explanation of A
Solution:

The physical properties of hydrogen isotopes, such as their boiling point, melting point, and
density, differ because they have different masses.

The mass differences between hydrogen isotopes (protium, deuterium, and tritium) are
significant enough to influence their physical characteristics.

Therefore, Assertion A is true, and Reason R is also true, with Reason R providing the
correct explanation for Assertion A.

9 Quick Tip

Isotopes of the same element have identical chemical properties but may differ in their
physical properties due to variations in their masses.




72. The correct order of the number of unpaired electrons in the given complexes

[

[Cr(oxalate),]3~

- [Ni(CO),]

oose the correct answer from the options given below:
JE<A<D<C<B

JA<E<C<B<D

JA<E<D<C<B

4)E<A<B<D<C

Correct Answer: (1) E<A<D<C<B

Solution:

The order of unpaired electrons can be determined by considering the electronic
configurations of the metal centers in the complexes:

CoETOEEE

~—~ —~ —~ —~
w N

Fe3t(3d°)  (for Fe(CN)g_)
Fe™  (for Fng_)
Co®T  (for CoFy™)

Cr¥™  (for Cr(oxalate)s™)
Ni  (for Ni(CO)y)

After considering the ligand field effects (Weak Field Ligand vs Strong Field Ligand) and the
electronic configurations, the order of unpaired electrons is:

F<A<D<C<B

9 Quick Tip

The number of unpaired electrons in a complex depends on the oxidation state of the
metal and the ligand field strength. Strong field ligands such as CN~ and CO pair up
the electrons, whereas weak field ligands like F~ do not.

73. The decreasing order of hydride affinity for following carbonations is:

. T
CH,= CH —C —CH, CeHs —C —CgHg
o I B. |

CH, CeHs

+ +
H;C —C —CH, >—c <]

C. | D.
&, A

Choose the correct answer from the options given below:

10



(1

(2

(3) A, C, D,

(4) C, A, B,D

Correct Answer: (4) C, A, B, D

Solution:

Analyzing the stability and hydride affinity of the given carbocations.
Carbocation A is stabilized through conjugation with a double bond.

Carbocation B is stabilized by conjugation with three phenyl rings, making it the most stable
and thus possessing the highest hydride affinity.

Carbocation D is the least stable due to the absence of resonance and inductive effects.
Therefore, the decreasing order of hydride affinity is: C, A, B, D.

) Y Y

Y Y

> > O
aax
oW U
o U w

@ Quick Tip

The hydride affinity of a carbocation is closely related to its stability. Carbocations
with resonance or conjugation are more stable and thus have a higher hydride affinity.

74. Incorrect method of preparation for alcohols from the following is:
(1) Ozonolysis of alkene.

(2) Hydroboration-oxidation of alkene.

(3) Reaction of alkyl halide with aqueous NaOH.

(4) Reaction of Ketone with RMgBr followed by hydrolysis.

Correct Answer: (1) Ozonolysis of alkene.

Solution:

Step 1: Understanding the methods of alcohol preparation.

Let’s evaluate each of the methods:

1. Ozonolysis of alkene:

Ozonolysis involves the cleavage of the double bond in an alkene using ozone (O3) to form two
carbonyl compounds, which could be either aldehydes or ketones.

The reaction proceeds as:

CHy = CHy 25 C=0+4+C=0

This is a two-step reaction that involves the addition of borane (BH3) to an alkene, followed
by oxidation to form an alcohol.
2. Hydroboration-oxidation of alkene:
This is a two-step reaction that involves the addition of borane (BH3) to an alkene, followed
by oxidation to form an alcohol.
The reaction proceeds as:
Zn, H,0

CHy = CHy + BH3 —~—2= CH3CH,OH
This method is correct for preparing alcohols from alkenes, and it follows the syn addition of
boron and hydrogen across the double bond, followed by the formation of an alcohol after

oxidation.
3. Reaction of alkyl halide with aqueous NaOH:

11



This is a nucleophilic substitution reaction, where an alkyl halide reacts with aqueous NaOH
to form an alcohol.

The reaction proceeds as:
R-X 4+ NaOH — R-OH + NaX

This is a correct method for alcohol preparation, as the hydroxide ion acts as a nucleophile
and displaces the halide ion to form an alcohol.

4. Reaction of Ketone with RMgBr followed by hydrolysis:

This is a reaction of a ketone with a Grignard reagent (RMgBr), which adds to the carbonyl
carbon, followed by hydrolysis to form an alcohol.

The reaction proceeds as:

RoC = O + RMgBr 22 R,C(OH)R

This is a correct method for preparing alcohols, specifically secondary alcohols, from ketones.
Thus, the only incorrect method for preparing alcohols is ozonolysis of alkene.

9 Quick Tip

When preparing alcohols, methods like hydroboration-oxidation and nucleophilic sub-
stitution of alkyl halides are correct. Ozonolysis, however, is not suitable as it forms
carbonyl compounds instead of alcohols.

75. In the reaction given below:
O
|
”1"“‘\%/\ (i) LiAlH,
0 (ii) H30"

The product X’ is:

OH
W) ":N/\)\l/\ mn\.\'/\:/\/\

OH - OH
OH
(3) 4

H,N H,N
OH : Ol

The product ‘X’ is:

(1) HoN — CHy — CHoOH

(2) HoN — CHy — OH

(3) HoN — CHs

(4) HoN — CH2OH

Correct Answer: (4) HoN — CH,OH

Solution:

Step 1: Analyzing the given reaction.

The given reaction involves the reduction of a molecule containing a carbonyl group (C=0)
and an amide group (-NHj) using lithium aluminum hydride (LiAlHy), followed by hydrolysis
with H30T.

1. Step 1: Reduction with LiAlIH,

12



e Lithium aluminum hydride (LiAlHy) is a strong reducing agent. When it reacts with a
carbonyl compound (such as a ketone or aldehyde), it reduces the carbonyl group to a
primary or secondary alcohol.

e In this case, the carbonyl group (C=0) of the given compound will be reduced to a
hydroxyl group (-OH), resulting in an intermediate amide being reduced to a primary
amine group (-NHg). The structure of the intermediate product will be:

HoNC — CHy — CH2OH

where the ketone group is reduced to an alcohol group.
2. Step 2: Hydrolysis with H30™"

e After reduction, the product is treated with an acidic solution (HzO™"), which will
hydrolyze the intermediate and result in a final product where the amide group has been
converted to an amine group (-NHy) attached to a hydroxyl group (-OH). This confirms
the product as:

HoN — CH2,OH

This is the final product, and it is a primary amine with a hydroxyl group attached to the
adjacent carbon.
Thus, the product "X’ is HoN — CH,OH.

9 Quick Tip

LiAlHy is a strong reducing agent that reduces carbonyl compounds to alcohols. When
used with an amide, it reduces the carbonyl group, and hydrolysis with H3O" provides
the final product.

76. Given below are two statements, one is labelled as Assertion A and the other
is labelled as Reason R. Assertion A: The energy required to form Mg?" from Mg is much
higher than that required to produce Mg™. Reason R: Mg?T is a small ion and carries more
charge than Mg™.

In the light of the above statements, choose the correct answer from the options given below:
(1) Both A and R are true and R is the correct explanation of A

(2) A is true but R is false

(3) A is false but R is true

(4) Both A and R are true but R is NOT the correct explanation of A

Correct Answer: (1) Both A and R are true and R is the correct explanation of A
Solution:

Step 1: Understanding Assertion A

The formation of Mg?" requires the removal of two electrons, whereas the formation of Mg™
involves the removal of only one electron. Since removing more electrons requires more
energy, the energy needed to form Mg?T is significantly higher than that required for Mg™.
Step 2: Understanding Reason R

13



Reason R is correct because the smaller size of Mg?™ results in a higher charge density, which
makes it more stable but also harder to form compared to Mg™.

Therefore, both Assertion A and Reason R are true, and Reason R provides the correct
explanation for Assertion A.

Q Quick Tip

When considering ion formation, remember that the greater the charge and smaller the
ion, the more energy is required to form the ion due to the stronger electrostatic forces
present in small, highly charged ions.

77. The major product ’P’ formed in the given reaction is:

CH, 0, Cl
= anhy
' Y o o
™ AlCly (major)

CH,0,

'S o P
M 5N = 2) e ] § J ”\. ,

, T
CHy CHy CH

O,N

CH,

' CH;0
ON CH,

O,N

Correct Answer: (1) The structure in option (1)

Solution:

The given reaction is an electrophilic aromatic substitution. When the compound reacts with
AlCls, a Friedel-Crafts alkylation or acylation typically takes place. The compound contains
both a nitro group (NOg2) and a methoxy group (OCHg3) as substituents.

The nitro group is electron-withdrawing and deactivates the aromatic ring towards
electrophilic substitution, while the methoxy group is electron-donating and activates the
ring. Therefore, the reaction will predominantly occur at the position where the methoxy
group is located, as it makes the ring more reactive.

As a result, the major product will be the structure shown in option (1), where substitution
occurs at the position activated by the methoxy group.

-

9 Quick Tip

In electrophilic aromatic substitution reactions, the site of substitution depends on the
electron-donating or electron-withdrawing effects of the substituents. Electron-donating
groups, like OCHg, direct substitution to the ortho/para positions, whereas electron-
withdrawing groups, like NOg, direct it to the meta position.

78. Ferric chloride is applied to stop bleeding because -

(1) Blood absorbs FeCls and forms a complex.

(2) FeCls reacts with the constituents of blood which is a positively charged sol.
(3) Fe?* ions coagulate blood which is a negatively charged sol.

(4) CI™ ions cause coagulation of blood.

14



Correct Answer: (3) Fe3T ions coagulate blood which is a negatively charged sol.
Solution:

Step 1: Understanding the coagulation process

Blood exists as a negatively charged sol. When ferric chloride (FeCl3) is introduced, the Fe3*
ions interact with the negatively charged blood sol, causing it to coagulate. This occurs due
to the electrostatic attraction between the positively charged Fe3*t ions and the negatively
charged blood particles.

Step 2: The role of Fe3T ions

The Fe3T ions neutralize the negative charge on the blood particles, leading to their
aggregation and coagulation. This explains why Fe3T ions are responsible for facilitating the
coagulation of blood.

Q Quick Tip

Ferric chloride (FeCls) acts as a coagulant due to the high charge density of Fe3* ions,
which neutralize the negative charge on blood particles, causing them to aggregate.

79. The delicate balance of CO; and O, is NOT disturbed by

(1) Burning of Coal

(2) Deforestation

(3) Burning of petroleum

(4) Respiration

Correct Answer: (4) Respiration

Solution:

Step 1: Understanding the balance of COs and O»

The equilibrium between carbon dioxide (COz2) and oxygen (O2) in the atmosphere is
primarily regulated by the process of photosynthesis in plants, which absorbs CO2 and releases
0. Conversely, respiration by both plants and animals releases CO2 and consumes Oa.
Step 2: Identifying the correct process

While activities such as coal burning, deforestation, and petroleum combustion disrupt the
delicate balance of CO9 and Og, respiration does not. Respiration is a natural process where
the consumption of O2 and the release of CO are in balance, ensuring that atmospheric
levels remain stable.

Therefore, respiration does not disturb the delicate balance.

9 Quick Tip

Photosynthesis and respiration are fundamental in maintaining the natural balance of
COg3 and Og in the atmosphere. Human activities, such as burning fossil fuels and de-
forestation, have a much larger effect on this balance.

80. Given below are two statements, one is labelled as Assertion A and the other
is labelled as Reason R.
Assertion A: 3.1500 g of hydrated oxalic acid dissolved in water to make 250.0 mL solution

15



will result in 0.1M oxalic acid solution.

Reason R: Molar mass of hydrated oxalic acid is 126 g mol~!

In the light of the above statements, choose the correct answer from the options given below:
(1) A is false but R is true

(2) A is true but R is false

(3) Both A and R are true but R is NOT the correct explanation of A

(4) Both A and R are true and R is the correct explanation of A

Correct Answer: (4) Both A and R are true and R is the correct explanation of A
Solution:

Step 1: Verifying the Assertion A

Given mass of hydrated oxalic acid = 3.1500 g

Molar mass of hydrated oxalic acid = 126 g/mol

Volume of solution = 250.0 mL = 0.250 L

To calculate molarity (M), we use the formula:

moles of solute

volume of solution in liters

Moles of solute:
3.1500 g

les = ———— = 0.0250 mol
O = 126 g/mol e
Thus, molarity:
0.0250 mol
=—=01M
0.250 LL

So, Assertion A is correct.

Step 2: Verifying the Reason R

The molar mass of hydrated oxalic acid is indeed 126 g/mol, as given in the question. This
confirms that Reason R is correct.

Thus, both Assertion A and Reason R are true, and Reason R explains Assertion A.

9 Quick Tip

To find the molarity of a solution, remember to first calculate the moles of solute (us-
ing the molar mass) and then divide by the volume of the solution in liters.

SECTION-B

81. The number of molecules from the following which contain only two lone pair
of electrons is:
H20, No, CO, XeFy, NH3, NO, CO2, Fo

Correct Answer: 4
Solution:
Analyzing the lone pairs of electrons in the given molecules.

e Ho0O: Oxygen has 2 lone pairs, and each hydrogen atom has 0 lone pairs. Total = 2 lone
pairs.
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e Ny: Nitrogen in Ng has no lone pairs in the molecular structure. Total = 0 lone pairs.
e CO: Carbon in CO has no lone pairs, but oxygen has 2 lone pairs. Total = 2 lone pairs.

e XeF4: Xenon in XeF,4 has 2 lone pairs, and each fluorine atom has 3 lone pairs. Total =
2 lone pairs.

e NHj: Nitrogen in NH3 has 1 lone pair, and each hydrogen atom has 0 lone pairs. Total
= 1 lone pair.

e NO: Nitrogen in NO has 1 lone pair, and oxygen has 2 lone pairs. Total = 3 lone pairs.

e COq: Carbon in CO2 has no lone pairs, and oxygen has 2 lone pairs on each oxygen
atom. Total = 4 lone pairs.

e F5: Each fluorine atom in F9 has 3 lone pairs. Total = 3 lone pairs.

From the analysis, the molecules that contain only 2 lone pairs are HoO, CO, and XeFy.
Therefore, the correct answer is 4 molecules.

9 Quick Tip

To determine the number of lone pairs, remember that the lone pairs are those elec-
trons not involved in bonding. Count the valence electrons on the atoms and subtract
the bonding electrons to find the lone pairs.

82. The specific conductance of 0.0025M acetic acid is 5 x 1077 S cm™! at a certain
temperature. The dissociation constant of acetic acid is _______ x10~7. (Nearest
integer)

Consider limiting molar conductivity of CH3COOH as 400 S ¢cm? mol .

Correct Answer: 66 x 1077

Solution: We are given:

k=5x10""Sem™!, € =0.0025M, Ay (limiting molar conductivity) = 400 S ecm®mol ™!

Step 1: Calculate molar conductivity

% 1000
A=
C

Substitute the given values:

5% 1077 x 1000 5 x 1072

Am = = =208 cm?mol !
m 0.0025 2.5 % 103 e me
Step 2: Degree of dissociation
20 1
o= — = —
400 20
Step 3: Calculate dissociation constant K,
C 2
Ko=—2
1—a
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Substitute the values:

10,0025 x (4)°  0.0025 x g 0.0025 x 107

a 1 - 19 -
1- & Iy 19/20

—66 x 1077

Thus, the dissociation constant K, is 66 x 1077.

9 Quick Tip

To calculate the dissociation constant from specific conductivity, use the formula K, =

%, where « is the degree of dissociation and C' is the molarity of the solution.

83. An aqueous solution of volume 300 cm?® contains 0.63 g of protein. The

osmotic pressure of the solution at 300 K is 1.29 mbar. The molar mass of the
protein is _______ g mol L.

Given: R = 0.083L bar K 'mol™!

Solution: Given:

e Volume (V) = 300 cm® = 0.3 LL

e Mass (m) = 0.63 g

e Osmotic pressure () = 1.29 mbar = 1.29 x 103 bar
e Temperature (T) = 300 K

e R = 0.083 L bar K* mol!

Solution: Using the formula: m = ¢RT', where c is the molarity.
1. Calculate molarity (c):

T 1.29 x 1073 bar
C= —— =
RT  0.083 L bar K 'mol™! x 300 K

¢~ 5.18 x 107 mol/L
2. Calculate moles (n):
n=cxV =518 x 107" mol/L x 0.3 L
n = 1.554 x 107 mol

3. Calculate molar mass (M):

M =

~ 1.554 x 10~5 mol
M =~ 40540 g/mol

m 0.63 g
n
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Answer: The molar mass of the protein is approximately 40540 g/mol.

9 Quick Tip

To calculate the molar mass from osmotic pressure, use the formula n = %, and then

calculate molar mass as molar mass = 2258

84. The difference in the oxidation state of Xe between the oxidised product of
Xe formed on complete hydrolysis of XeF, and XeF is __________

Correct Answer: 2

Solution:

Step 1: Understanding the oxidation states of Xenon in XeF, and its hydrolysis
product.

1. In XeF4, Xenon is bonded to 4 fluorine atoms.

The oxidation state of xenon in XeF4 can be calculated using the fact that the oxidation state
of fluorine is -1.

Oxidation state of Xe in XeFqs =4 x (—=1) = —4 = Oxidation state of Xe = +4.

Therefore, the oxidation state of Xe in XeFy is +4.
2. When XeF, undergoes complete hydrolysis with water, the products formed are Xenon
(Xe), Xenon trioxide (XeO3z), oxygen (Oz), and hydrofluoric acid (HF):

XeF4 + HoO — Xe 4+ XeO3 + Og + HF

In the product XeOs, Xenon is bonded to three oxygen atoms. The oxidation state of oxygen
is -2 in most compounds, so the oxidation state of Xenon can be determined as follows:

Oxidation state of Xe in XeO3 =3 x (—=2) = —6 = Oxidation state of Xe = +6.

Therefore, the oxidation state of Xenon in XeQOj3 is +6.
Step 2: Calculating the difference in oxidation state of Xe.
The oxidation state of Xenon in XeFy is +4, and in XeOj3 it is +6. The difference in oxidation
state is:
6—4=2

Thus, the difference in oxidation state of Xe between XeF, and its oxidized product XeOj is 2.

e D

@ Quick Tip

To calculate the oxidation state of an element in a compound, balance the oxidation
states of the atoms in the compound and use the known oxidation states of other ele-
ments. For example, in XeF4, knowing that fluorine has an oxidation state of -1 allows
us to deduce that Xenon must have an oxidation state of +4.

85. The number of endothermic process/es from the following is
(A) I (g) = 21 (g)
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(B) HCI (g) — H (g) + C1 (g)
(C) H20 (1) — H20 (g)

(D) C (s) + O2 (g) = CO2 (g)

(E) Dissolution of ammonium chloride in water

Correct Answer: 4

Solution: (A) Iz (g) — 2I (g) is an endothermic process (Atomisation).

(B) HCI (g) — H (g) + ClI (g) is an endothermic process (Atomisation).

(C) H20 (1) — H20 (g) is an endothermic process (Vaporisation).

(D) C (s) + O2 (g) — CO2 (g) is an exothermic process (Combustion).

(E) Dissolution of ammonium chloride in water is an endothermic process (Dissolution).
Thus, the number of endothermic processes is 4.

9 Quick Tip

Endothermic reactions absorb heat, while exothermic reactions release heat. Examples
of endothermic processes include atomisation, vaporisation, and dissolution in certain
cases.

86. The number of incorrect statement/s from the following is

(A) The successive half lives of zero order reactions decreases with time.

(B) A substance appearing as reactant in the chemical equation may not affect the rate of
reaction.

(C) Order and molecularity of a chemical reaction can be a fractional number.

(D) The rate constant units of zero and second order reaction are mol L=! s~ and mol~! L
s~1 respectively.

Correct Answer: 1

Solution:

Let’s evaluate each statement individually:

Statement (A):

For zero-order reactions, the successive half-lives decrease as time progresses. - The half-life
for a zero-order reaction is given by the formula:

b [Alo
1/2 - ﬁ

where [A]p represents the initial concentration of the reactant and K is the rate constant.
Since the concentration of the reactant decreases over time, the half-life also diminishes. This
confirms that the statement is correct.

Statement (B):

A substance that appears as a reactant in the chemical equation may not necessarily influence
the rate of reaction. - This statement is true because the order of reaction with respect to a
substance does not always align with its stoichiometric coefficient in the equation. A
substance can appear in the equation but have a zero-order effect on the reaction, meaning it
does not alter the rate. For instance, in a zero-order reaction with respect to a substance,
varying its concentration does not affect the rate of the reaction. Hence, this statement is
correct.

Statement (C):
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Order and molecularity of a chemical reaction can both be fractional numbers. - The order of
a reaction refers to the powers of the concentration terms in the rate law and can indeed be
fractional, as observed in some reactions. However, molecularity, which refers to the number
of reacting particles in an elementary step, must always be a whole number. This is because
molecularity counts the species involved in an elementary reaction step. Therefore, this
statement is incorrect as molecularity cannot be fractional.

Statement (D): The rate constant units for zero and second-order reactions are mol L™1 s~
and mol~! L s™! respectively. - In zero-order reactions, the rate law is:

1

Rate = k[A]° = k

The unit for rate is mol L™ s™!, and the unit of the rate constant % is mol L=1 s~1. For
second-order reactions, the rate law is:

Rate = k[A]?

The unit for rate is mol L™ s7!, and the unit of the rate constant k is mol™' L s~!. Thus,
this statement is correct.

Conclusion:

Statement (A) is correct.

Statement (B) is correct.

Statement (C) is incorrect.

Statement (D) is correct.

Therefore, the number of incorrect statements is 1, and the incorrect statement is (C).

9 Quick Tip

- In zero-order reactions, the half-life decreases as the reactant concentration decreases.
- Molecularity refers to the number of reactant molecules involved in an elementary
reaction and is always a whole number, while reaction order can be fractional.

- The units of the rate constant depend on the reaction order: for zero-order reactions,
the unit is mol L=! s7!, and for second-order reactions, it is mol=! L s71.

87. The electron in the nth orbit of Li*t is excited to (n + 1)th orbit using the
radiation of energy 1.47 x 10~17 J. The value of nis __________.

Given: Ry =2.18 x 10718

Correct Answer: 1

Solution:

Step 1: Using the formula for the energy difference between two orbits.

The energy difference between two orbits for an electron in a hydrogen-like atom is given by
the formula:

11
AE = RyZ® <—2 — —2>
npo Ny

where AFE is the energy difference, Ry is the Rydberg constant, Z is the atomic number
(which is 3 for Li?*), nq is the initial orbit, and ns is the final orbit.
Step 2: Applying the given data.
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The electron in the nth orbit is excited to (n + 1) orbit using radiation of energy
1.47 x 10717 J. Therefore, AE = 1.47 x 10717 J. We can substitute the known values into the

formula:

1 1
147x10717" =218 x 1078 x99 > - ——
n?  (n+1)2

147 3 1 1

1.96 4 n?Z (n+1)2
Step 3: Solving for n.
Solving the equation, we find that n = 1.
Thus, the value of n is 1.

@ Quick Tip

To find the value of n in such problems, use the energy difference formula and apply
the given energy. Solving the equation will give the value of n.

88. For a metal ion, the calculated magnetic moment is 4.90 BM. This metal ion

has _______ number of unpaired electrons.
Correct Answer: 4
Solution:

Step 1: Using the formula for the magnetic moment.
The magnetic moment (u) is related to the number of unpaired electrons (n) by the formula:

p=/n(n+2)

where p is the magnetic moment in Bohr Magneton (BM) and n is the number of unpaired
electrons.

Step 2: Substituting the given value of magnetic moment.

We are given that p = 4.90 BM. Substituting this value into the formula:

4.90 = \/n(n +2)

Step 3: Solving for n.
Squaring both sides:
(4.90)* = n(n + 2)

24.01 = n(n + 2)

Expanding the equation:
24.01 = n* + 2n

Rearranging the equation:
n® 4 2n —24.01 =0

Solving this quadratic equation for n gives:
n=4

Thus, the metal ion has 4 unpaired electrons.

22



9 Quick Tip

To find the number of unpaired electrons, use the formula for the magnetic moment
and solve for n. The formula g = y/n(n + 2) helps determine the number of unpaired
electrons based on the magnetic moment.

89. In alkaline medium, the reduction of permanganate anion involves a gain of
____ electrons.

Solution:

The reduction of permanganate anion (MnO, ) in alkaline medium involves the following
process:

MnO)j (oxidation state of Mn = +7) — Mn*" (oxidation state of Mn = +4)

The reduction from Mn”t to Mn?T involves the gain of 3 electrons, as the change in oxidation
number is from +7 to +4. Therefore, the reduction of permanganate anion involves the gain
of 3 electrons.

Q Quick Tip

The number of electrons involved in the reduction process corresponds to the change
in the oxidation state of the element. In this case, Mn changes from +7 to 44, which
requires the gain of 3 electrons.

90.

A(g)—2B(g) +C(g)

For the given reaction, if the initial pressure is 450 mmHg and the pressure at
time t is 720 mmHg at a constant temperature T and constant volume V. The
fraction of A(g) decomposed under these conditions is z x 10~!. The value of x is
,,,,,,, (nearest integer)

Solution:

The reaction is given as:

A(g) = 2B(g) + C(g)

At time t = 0, the pressure of A is 450 mmHg, and at time ¢ = ¢, the total pressure is 720
mmHg.

Let the extent of decomposition at time ¢ be 2z, so that the pressures of A, B, and C at time
t are:

Pressure of A = 450 — x

Pressure of B = 2z

Pressure of C =

Thus, the total pressure at time ¢ is:

P, = Py + Pg + Po = (450 — z) + 22 + = 720 mmHg
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Now, solving for x:
720 =450 —z + 2z +

720 = 450 + 2x
270 = 2x
r =135
The fraction of A decomposed is:
x 135
Fraction of A d d=-—"="=03=3x10"
raction o ecompose 150 — 150 0.3=3x10

Thus, the value of z is 3.

¢ Quick Tip

For reactions involving changes in pressure, the change in pressure can be used to de-
termine the extent of reaction. Here, the total pressure is related to the individual
pressures of reactants and products at equilibrium.
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