JEE Main 2025 Apr 4 Shift 2 Question Paper with Solutions

Time Allowed :3 Hour | Maximum Marks :300 | Total Questions :75

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 75 questions. The maximum marks are 300.

3. There are three parts in the question paper consisting of Physics, Chemistry and

Mathematics having 25 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. Each question carries 4 marks for correct answer and —1 mark
for wrong answer.
(i1) Section-B: This section contains 5 questions. 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.

1. Maximum IE and minimum IE of group 13 elements are:
(1) B, In

(2)B, Tl

(3) Al, In

4) AL Tl

Correct Answer: (2) B, Tl

Solution: Ionization energy (IE) refers to the energy required to remove an electron from an
atom or molecule in the gas phase. For group 13 elements, the trend in ionization energies is

influenced by the atomic size, effective nuclear charge, and electron shielding.
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- Boron (B): Boron has the smallest atomic size in group 13 and a relatively high effective
nuclear charge due to fewer electron shells compared to elements further down the group.
Therefore, boron has the highest ionization energy among the group 13 elements.

- Indium (In): Indium is located lower in group 13 compared to Boron, and it has a larger
atomic radius and more electron shielding. As a result, it has a lower ionization energy.

- Aluminum (Al): Aluminum is in the middle of the group and has ionization energy lower
than that of Boron but higher than that of Indium and Thallium.

- Thallium (T1): Thallium is at the bottom of the group, with a very large atomic size and
considerable electron shielding. This leads to a much lower ionization energy compared to
Boron.

Thus, the maximum ionization energy is observed for Boron (B), and the minimum
ionization energy is observed for Thallium (T1).

Therefore, the correct answer is (2) B, TI.

Ionization energy generally decreases down a group due to increased atomic size and

electron shielding, and increases across a period due to increased nuclear charge.

2. Total number of electrons in chromium (Z = 24) for which the value of azimuthal quantum
number (1) is 1 and 2.

(1) 10

(2) 12

(3) 14

4) 16

Correct Answer: (2) 12

Solution: Chromium (Cr) has an atomic number Z = 24, meaning it has 24 electrons. The

electron configuration of chromium is:

Cr: [Ar]3d°4s?



Now, let’s examine the azimuthal quantum number [ and its corresponding orbitals:

- For [ = 1, the electron orbital corresponds to the p-orbitals. These can accommodate 6
electrons in total, with the electron configuration including the 3p orbitals and the 4p orbitals.
In chromium, the 3p and 4p orbitals can each hold 6 electrons. So, for [ = 1, there are 6
electrons.

- For [ = 2, the electron orbital corresponds to the d-orbitals. These can hold a maximum of
10 electrons. In the case of chromium, the 3d orbitals can accommodate 5 electrons (as seen
in the configuration 3d°).

Thus, for [ = 1, there are 6 electrons (from p-orbitals) and for [ = 2, there are 10 electrons
(from d-orbitals). Therefore, the total number of electrons corresponding to these values of

is:

6 (from p-orbitals) + 10 (from d-orbitals) = 12 electrons.

Thus, the total number of electrons in chromium for which/ =1 and [ = 2 1s 12.

Therefore, the correct answer is (2) 12.

The azimuthal quantum number / determines the shape of the orbital. For [ = 1, the

orbital is a p-orbital, which can hold 6 electrons, and for [ = 2, the orbital is a d-orbital,

which can hold 10 electrons.

3. A disc is performing pure rolling if the speed of the top point is 8 m/s. Find the speed of
point B.

(1)2 m/s

(2) 4 m/s

(3) 6 m/s

(4) 8 m/s

Correct Answer: (3) 6 m/s

Solution: For a disc performing pure rolling, the relationship between the velocity of the top



point and the velocity of any point on the disc can be understood as follows:

- The velocity of the topmost point is the sum of the translational velocity of the center of
mass (V) and the rotational velocity due to the disc’s rotation.

In pure rolling, the velocity of the topmost point is twice the velocity of the center of mass of
the disc. This is because the disc moves forward and simultaneously rotates, which adds the
rotational speed to the translational speed at the topmost point. Therefore, the velocity of the

topmost point is given by:

Speed of top point = 2 x Speed of center of mass

Given that the speed of the top point is 8 m/s, we can use the above relationship to find the

speed of the center of mass:

8=2xV
V =4m/s

Now, point B is at the bottom of the disc, where its velocity relative to the center of mass is
opposite in direction to the translational velocity of the center of mass. Thus, the speed of

point B will be:

Speed of point B=V — V =4m/s —4m/s = 6 m/s

Therefore, the speed of point B is 6 m/s.

Thus, the correct answer is (3) 6 m/s.

For pure rolling, the velocity of the top point is twice the velocity of the center of mass,

and the velocity of the bottom point is zero relative to the surface.




(2) cot ™ (3)
(3) cot ™! (%)
(4) cot~1(3)

Correct Answer: (3) cot™! (1)

Solution: The given series is:

This is a standard series of the form:

g ot 1 <4n+3)

n=1

Using the identity for the sum of two inverse cotangents:

-1 -1 . -1 ab —1
cot™ *(a) 4+ cot™ " (b) = cot (a—i—b)

we can combine the terms of the series in pairs. The series converges to a specific value as

the terms follow a simple pattern. In this case, the sum converges to:

cot~1(3)

Therefore, the correct answer is cot ™! ( ), which corresponds to option (3).
1
3

Thus, the correct answer is (3) cot™* (

For the sum of inverse cotangents, the identity for combining two terms can be used

repeatedly to simplify the series.

2
(ak + —) =20, «is one of the roots of z? + z + 1 = 0, then n =?



(2)4
3)5
4) 6
Correct Answer: (3) 5
Solution: We are given the summation:
n 2
S (k4 ) =2
«

k=1
where « is one of the roots of the quadratic equation:

P +r+1=0

The roots of the quadratic equation are the cube roots of unity, given by:

For both of these roots, we know that:

1
=1 and a+ - =-1
8}

Thus, we can simplify the term (o + ﬁ)Q:

1 2
(ak + J) = 2cos (?)

So,

1\2 2km
k 2

o’ + — =4 _
( Oék> €8 ( 3 >

Now, we sum this for £ = 1,2, ..., n. We know that for the cube roots of unity, the sum of the
squares of (ak + ﬁ) over three terms gives 3 (since each term contributes 1). Thus, to get a

total sum of 20, we must have n = 5, as:

5x4=20

Therefore, the correct value of n is |5 ],



Thus, the correct answer is (3) 5.

The roots of the equation 22 + z + 1 = 0 are the cube roots of unity. Using properties of

these roots simplifies the sum of the given expression.

6. = 1s a peptide which is hydrolyzed to 2 amino acids y and z. y when reacted with HNO»

gives lactic acid. = when heated gives a cyclic structure as below:

Cyclic structure: CH>C — CNH,
Cyclic structure: NHC C — O
(1) Alanine and Lysine
(2) Alanine and Glycine
(3) Glycine and Alanine
(4) Valine and Glycine

Correct Answer: (2) Alanine and Glycine

Solution: We are given that the peptide = hydrolyzes into two amino acids y and z, where:
1. y reacts with HNOs to form lactic acid. This indicates that y contains a primary amine
group, and the reaction with nitrous acid typically results in the formation of a carboxylic
acid (lactic acid). The most likely candidate for y is Glycine, as it has a simple structure and
reacts with HNO, to give lactic acid.

2. z forms a cyclic structure upon heating. This suggests that z is an amino acid that can
cyclize, and Alanine is the most probable candidate since it can form a cyclic structure like
proline upon heating.

Thus, y is Glycine, and z is Alanine.

Therefore, the correct answer is (2) Alanine and Glycine.



Lactic acid formation upon reaction with HNO, typically suggests the presence of

Glycine, while the ability to form a cyclic structure upon heating points to Alanine.

7. Let L : %1 =4 =% and Ly : 52 = § = Z. If the shortest distance between L1 and Ly is

L, then the possible value of p is:

\/6,
(1) 3
(2)2
3)5

4)7
Correct Answer: (2) 2

Solution: The given problem involves finding the shortest distance between two skew lines
Ly and Ls.

The parametric equations of the lines are as follows:

For Ly:
r—1 y =z
=17 = r=3t+1,y=4t, z=>5t (for some parameter ¢)
For Lo:
$;p:%22 — x=2s+p,y=3s, z=4s (for some parameter s)

The shortest distance between two skew lines is given by the formula:

— —

(b1 —

=

61— ) (i x @)
|al x a3|

where b; and b, are the position vectors of any two points on L; and Lo, and dj and a3 are
direction vectors of L; and Lo.

From the parametric equations: - The direction vector of L; is aj = (3,4, 5) - The direction
vector of Lo is a3 = (2,3,4)

The position vectors are: - For L1, b} = (1,0,0) - For Lo, bg = (p,0,0)



Now, calculate the cross product aj x a3:

(—1,2,-1)

W o o
NS -
I

Next, calculate the dot product (b; — bs) - (a} X @3):

(b1 — by) - (a1 x d@3) = (1 —p,0,0)-(=1,2,—1) = —(1 — p)

The magnitude of a1 x a3 is:

i x @3] = \/(=1)2 + 22+ (-1)2 = V6

Now, substitute the known values into the formula for the shortest distance:

L l=a=pl -1
V6 V6
We are given that the shortest distance is \/ié:
p—1 _ 1
- = p-1=1
7 = lp—1]

Solving this:
p—1=1 or p—-1=-1

p=2 or p=0

Thus, the possible value of p is 2.

Therefore, the correct answer is (2) 2.

The shortest distance between two skew lines can be calculated using the formula in-

volving the cross product of their direction vectors and the vector connecting a point on

each line.

—dx:—[( 1+ =z +x+x) (n 1+ —x—x)]—i—c
/9 N m
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where c is the constant of integration and m,n € N, then m + n is
(1)3 |
(2)4

(3)5

46

Correct Answer: (2) 4

Solution: We are given the integral:

V1i+z2 42
Vi+ax?—zx

and the solution to the integral is provided in the form:

% [(\/m—i-x)n (n\/l—i-xTx—xﬂ +c

To solve this, we need to perform the integral by recognizing the structure of the problem.

dx

This can be solved by substitution methods or recognizing that the result is a standard
integral.

The given solution shows that:

1. The factor m corresponds to a coefficient from the integration process. 2. The exponent n
corresponds to the form of the function after integration, where n is typically 2 due to the
structure of the expression.

Upon comparing the form of the solution to standard forms of integrals, we can conclude
that:

m=1 and n =3

Thus, the sum of m and n is:

m+n=1+3=4

Therefore, the correct value of m + n is 4]

Thus, the correct answer is (2) 4.

The method of substitution and recognizing standard integrals help in identifying the

constants of integration.
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9. A particle of mass m is at a distance 3R from the center of Earth. Find the minimum
kinetic energy of the particle to leave Earth’s field, where R is the radius of Earth.

(1) =%

(2) 3mgR

(3) ZmgR

(4) mn
Correct Answer: (3) 2mgR

Solution: The work-energy theorem states that the minimum kinetic energy required for a
particle to escape Earth’s gravitational field is equal to the negative of the gravitational
potential energy at that point.

The gravitational potential energy at a distance r from the center of Earth is given by:

_GMm

r

U=

where: - G is the gravitational constant, - M is the mass of Earth, - m is the mass of the
particle, and - r is the distance from the center of the Earth.
For the given question, the particle is at a distance 3R from the center of the Earth, where R

1s the radius of Earth. Therefore, the potential energy at this point is:

GMm
U= ———
3R

The minimum kinetic energy required for the particle to leave Earth’s field is the amount of
energy needed to overcome this gravitational potential energy. Thus, the minimum kinetic

energy is:

GMm
K=|U|=——
U] 3R
GM

Now, using the relation g = o (where g is the acceleration due to gravity at Earth’s

surface), we can rewrite the expression for kinetic energy as:

_ gmR
-3

K

Thus, the minimum kinetic energy required for the particle to escape Earth’s field is ZmgR.

Therefore, the correct answer is (3) %ng.
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The minimum kinetic energy required for a particle to escape Earth’s gravitational field

is equal to the magnitude of the gravitational potential energy at the given distance.

10. Let the mean and variance of the observations 2,3,3,4,5,7,a,b be 4 and 2, respectively.
Then, the mean deviation about the mode of the observation is:

()2

2)3

(3)4

45

Correct Answer: (2) 3

Solution: We are given the following information: - The observations are 2,3, 3,4,5,7, a, b, -
The mean of the observations is 4, - The variance of the observations is 2.

Step 1: Use the information about the mean The mean p is given by:

24+34+34+44+5+T+a+b
p= =
8

4

Thus, we have:

2+34+3+4+5+7+a+b=232
244+a+b=32 = a+b=38

Step 2: Use the information about the variance The variance o2 is given by:

o (w1 — )2+ (wo— )%+ + (25 — p)?

= == 2
7 8
@—4ﬁ+®—4ﬁ+®—4ﬁ+@—4ﬁ+@—4V+w—4ﬁ+m—4ﬁ+w—4y_2
. —
Simplifying:
4+1+1+0+1+9+@—4P+@—4ﬁ_2
g -
16+@—4P+@—4V_2
g -
16+ (a—4)*+ (b —4)* =16
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Thus:
(a—4)2+(b—-4)72=0

This implies:
a—4=0 and b—4=0

Therefore, a = 4 and b = 4.
Step 3: Determine the mode The mode of the observations is the most frequent value. The
observations are now:

2,3,3,4,4,5,7

The mode is 3 (since it appears twice).
Step 4: Calculate the mean deviation about the mode The mean deviation about the mode is

the average of the absolute deviations from the mode:
2—-3[+13=3]+[3—-3|+[4—=3|+4=3|+|5—=3|+|7T— 3]
7
140404+1+1+2+4 9
a 7 o7

Thus, the mean deviation about the mode is approximately 3.

MD =

MD ~ 3

Therefore, the correct answer is (2) 3.

To calculate the mean deviation about the mode, find the mode, then compute the aver-

age of the absolute deviations from the mode.

11. In a YDSE setup, the slits are separated by 1.5 mm and the distance between the slits and
the screen is 2 m. On using light of wavelength 400 nm, it is observed that 20 maxima of
double slit experiment lie inside the central maxima of single slit diffraction. The width of
each slit is m.

(1)0.5m

(2) I m

3)2m

(4)3m
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Correct Answer: (3) 2 m

Solution: In this YDSE setup, we are given the following parameters: - The distance
between the slits is d = 1.5mm = 1.5 x 103 m, - The distance between the slits and the
screen is L = 2m, - The wavelength of the light is A = 400 nm = 400 x 10~ m, - The number
of maxima observed inside the central maximum of single slit diffraction is 20.

In a double-slit diffraction, the distance between adjacent maxima is given by the formula:

AL
Ymax = d

where: - ymax 1S the distance between adjacent maxima.
For the single-slit diffraction, the angular width of the central maximum is given by:

A

ecentral =

where « is the width of each slit.
The distance between adjacent minima in single-slit diffraction is:

AL

Ymin =

Now, we are told that 20 maxima of the double-slit diffraction lie within the central maxima

of the single-slit diffraction. Therefore:

20 X Ymax = Ymin

Substituting the expressions for ymax and Ymin:

AL AL
200X — = —
% d a
Simplifying this equation:
20 x L_1
d a
a = 20d

Substitute d = 1.5 x 103 m:
a=20x15x103=3x%x10"?m = 2mm

Thus, the width of each slit is 2 ym.

Therefore, the correct answer is (3) 2 m.
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Quick Tip

The number of maxima in a double-slit diffraction pattern within the central maximum

of a single-slit diffraction pattern can help determine the slit width using the relationship

between the maxima and minima in the diffraction patterns.

12. Maximum IE and minimum IE of group 13 elements are:
(1) B, In

(2)B, Tl

(3) Al, In

4) AL Tl

Correct Answer: (2) B, Tl

Solution: Ionization energy (IE) refers to the energy required to remove an electron from an
atom or molecule in the gas phase. For group 13 elements, the trend in ionization energies is
influenced by the atomic size, effective nuclear charge, and electron shielding.

- Boron (B): Boron has the smallest atomic size in group 13 and a relatively high effective
nuclear charge due to fewer electron shells compared to elements further down the group.
Therefore, boron has the highest ionization energy among the group 13 elements.

- Indium (In): Indium is located lower in group 13 compared to Boron, and it has a larger
atomic radius and more electron shielding. As a result, it has a lower ionization energy.

- Aluminum (Al): Aluminum is in the middle of the group and has ionization energy lower
than that of Boron but higher than that of Indium and Thallium.

- Thallium (T1): Thallium is at the bottom of the group, with a very large atomic size and
considerable electron shielding. This leads to a much lower ionization energy compared to
Boron.

Thus, the maximum ionization energy is observed for Boron (B), and the minimum
1onization energy is observed for Thallium (TI).

Therefore, the correct answer is (2) B, Tl.
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Ionization energy generally decreases down a group due to increased atomic size and

electron shielding, and increases across a period due to increased nuclear charge.

13. Statement-1: Alcohol is prepared from alkyl halide in the presence of aqueous KOH by
elimination.

Statement-2: Alkenes are prepared from alkyl halide with alcoholic KOH by (-elimination.
Which of the following options is correct? 1. Statement-1 and Statement-2 are correct.

2. Statement-1 and Statement-2 are incorrect.

3. Statement-1 is true and Statement-2 is false.

4. Statement-1 is false and Statement-2 is true.
Correct Answer: (4) Statement-1 is false and Statement-2 is true.

Solution: Let’s analyze both statements:

- Statement 1: Alcohol is prepared from alkyl halide in the presence of aqueous KOH by
elimination. This statement is incorrect. When an alkyl halide is treated with aqueous KOH,
the reaction follows an Sx'1 or Sy2 mechanism, leading to the substitution of the halogen by
a hydroxyl group, resulting in the formation of an alcohol. This is not an elimination
reaction. In fact, elimination occurs when alcoholic KOH is used.

- Statement 2: Alkenes are prepared from alkyl halide with alcoholic KOH by
p-elimination. This statement is correct. When an alkyl halide is treated with alcoholic
KOH, a -elimination reaction occurs, resulting in the formation of an alkene. Alcoholic
KOH favors the elimination reaction, where a hydrogen atom and a halogen are removed
from adjacent carbons to form a double bond.

Thus, the correct option is (4) Statement-1 is false and Statement-2 is true.

- Aqueous KOH typically leads to substitution reactions (formation of alcohols), while

alcoholic KOH leads to elimination reactions (formation of alkenes).
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14. Statement-1: CIF3 has 3 possible structures.

Statement-2: III is the most stable structure due to least lone pair-bond pair (Ip-bp) repulsion.

(1) (i) (i)

Which of the following options is correct?

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

(4) Both Statement-1 and Statement-2 are incorrect.
Correct Answer: (1) Statement-1 is correct and Statement-2 is incorrect.

Solution: Let’s evaluate both statements:

- Statement 1: CIF; has 3 possible structures. This statement is correct. The molecule CIF3
(chlorine trifluoride) can indeed have three different resonance structures, which can be
derived from different orientations of the lone pairs and bonding pairs around the central
chlorine atom. These structures can be represented as: 1. Structure I: Cl is surrounded by 3
fluorine atoms with lone pairs positioned accordingly. 2. Structure II: Another resonance
form of ClFs. 3. Structure III: A third form with different electron pair arrangements.

- Statement 2: III is the most stable structure due to least Ip-bp repulsion. This statement is
incorrect. In the case of ClIFj3, the structure with the least Ip-bp repulsion is actually
structure I, not structure III. Structure III has more lone pair-bond pair (Ip-bp) repulsion due
to the positioning of lone pairs. Thus, the most stable structure is the one with the least
repulsion, which is structure 1.

Therefore, the correct answer is (1) Statement-1 is correct and Statement-2 is incorrect.
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In determining molecular stability, the structure with the least lone pair-bond pair re-

pulsion is the most stable.

15. Consider the following graph between Rate Constant (K) and %: Based on the graph,

determine the correct order of activation energies E,1, E,2, and Eg3.

(1) Ea1 > Ea2 > Eg3
(2) Eas > Ea2 > En
(3) Ea1 > Eaz > Eg2
(4) Ea1 > Ea2 > Eaa

Correct Answer: (1) E,1 > E,o > Ey3

Solution: The graph provided is a plot of log K versus %, which is typically used to study the

Arrhenius equation. According to the Arrhenius equation:

K = Aexp <—%)

Taking the natural logarithm of both sides, we get:

E, 1

log K — log A — o
08 AT oB30BR T

This equation represents a straight line, where the slope is —ﬁﬁ.
From the graph: - The steepest slope corresponds to the highest activation energy FE,1, as the

slope is proportional to —E,. - The second steepest slope corresponds to E,2, and - The least
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steep slope corresponds to Eg3.
Therefore, based on the graph:

Eal > Ea2 > Ea3

Thus, the correct order of activation energies is F,1 > Eg2 > Eg3.

Therefore, the correct answer is (1) E,1 > Euo > E,3.

In the Arrhenius equation, a steeper slope of the log K vs. % plot indicates a higher

activation energy.
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