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DPP–8 Solutions
Arrhenius Equation

Chapter: Chemical Kinetics
“Un logon ke liye padh lo… Jinhone apni life sacrifice ki taaki tumhe chance mile…

Unke sapne tumhari mehnat ke bina adhure hain.”
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TYPE–1 : Arrhenius Plots & Graphical Analysis

Q1. According to the Arrhenius equation a straight line is to be obtained by plotting the logarithm
of the rate constant of chemical reaction (log k) against.
(1) T (2) log T (3)

1

T
(4) log

1

T
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Approach

The Arrhenius equation in logarithmic form is:

log k = logA− Ea

2.303R
· 1
T

This is of the form y = mx+ c, where y = log k and x =
1

T
.

Step-wise Solution

Starting from Arrhenius equation: k = Ae−Ea/RT

Taking log10 on both sides:

log k = logA− Ea

2.303R
· 1
T

Plotting log k vs
1

T
gives a straight line with:

• Slope = − Ea

2.303R
• Intercept = logA

Final Answer

Option (3) : 1

T

Q2. The plot of ln k versus 1/T is linear with slope of
(1) −Ea

R
(2)

Ea

R
(3)

Ea

2.303R
(4) − Ea

2.303R

Approach

Note: This question uses ln k (natural log), NOT log k. The Arrhenius equation using ln does NOT
have the 2.303 factor.

Step-wise Solution

Taking natural log of k = Ae−Ea/RT :

ln k = lnA− Ea

R
· 1
T

Comparing with y = mx+ c:
Slope = −Ea

R

Final Answer

Option (1) : −Ea

R
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Q3. Which plot will give the value of activation energy?
(1) k v/s T (2)

1

k
v/s T (3) ln k v/s T (4) ln k v/s

1

T

Approach

Ea is extracted from the slope of the Arrhenius plot. The slope is −Ea/R, which only appears
when ln k (or log k) is plotted against 1/T .

Step-wise Solution

From ln k = lnA− Ea

R
· 1
T

:

Slope of (ln k vs 1/T ) = −Ea

R

∴ Ea = −R× slope

Only option (4) gives 1/T on x-axis with ln k on y-axis.

Final Answer

Option (4) : ln k vs
1

T

Q4. Which of the following plot is in accordance with the Arrhenius equation?
Plots: (1) log k vs T (2) log k vs 1

T
(positive slope) (3) log k vs 1

T
(negative slope) (4) k vs 1

T

Approach

The correct Arrhenius plot: log k vs 1/T must give a straight line with negative slope (since slope
= −Ea/2.303R and Ea > 0).

Step-wise Solution

From log k = logA− Ea

2.303R
· 1
T

:

• Plot of log k vs
1

T
is a straight line

• Slope is negative (since Ea > 0)
• y-intercept is positive (= logA)
Option (3) shows log k vs

1

T
with a negative slope — this is correct.

Final Answer

Option (3) : log k vs
1

T
with negative slope

Q5. Consider the given plots for a reaction obeying Arrhenius equation (0◦C < T < 300◦C). Plot
I: K vs Ea. Plot II: K vs T. Choose the correct option. [JEE(Main) 2019 Online (10-01-19)]
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Approach

Analyze each plot:
• Plot I (K vs Ea): As Ea increases, k = Ae−Ea/RT decreases exponentially. So K vs Ea should

be a decreasing exponential curve. Plot I shows this correctly.
• Plot II (K vs T): As T increases, k increases. The relationship is exponential (not linear), so the

curve bends upward. Plot II shows a linear (straight line) relationship — that is WRONG.

Step-wise Solution

For Plot I (K vs Ea at fixed T):

k = Ae−Ea/RT ⇒ as Ea ↑, k ↓ (exponentially)

The decreasing exponential curve shown in Plot I is correct.
For Plot II (K vs T at fixed Ea):

k = Ae−Ea/RT ⇒ as T ↑, k ↑ (exponentially, not linearly)

A straight line for K vs T is wrong. The correct curve should be concave upward.

Final Answer
Option (3) : I is wrong but II is right
Wait — re-evaluating: Plot I (decreasing exponential) is CORRECT; Plot II (linear) is WRONG.
Correct Answer: Option (1) — I is right but II is wrong

Q6. If a reaction follows the Arrhenius equation the plot ln k vs 1
RT

gives straight line with a gra-
dient (−y) unit. The energy required to activate the reactant is: [JEE(Main) 2019 (11-01-19)]
(1) −y unit (2) y unit (3) y/R unit (4) yR unit

Approach

Key change: x-axis is
1

RT
, NOT

1

T
. This changes what the slope represents.

Step-wise Solution

From ln k = lnA− Ea

RT

Let X =
1

RT
, then:

ln k = lnA− Ea ·X

Slope = −Ea = −y

∴ Ea = y units
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Final Answer
Option (2) : y unit

Q7. For a reaction, consider the plot of ln k versus 1/T with slope = −4606 K. If rate constant at
400 K is 10−5 s−1, find rate constant at 500 K. [JEE(Main) 2019 (12-01-19)]
(1) 10−4 s−1 (2) 4× 10−4 s−1 (3) 2× 10−4 s−1 (4) 10−6 s−1

Approach

Use the two-temperature Arrhenius formula. Extract Ea from the slope, then calculate k2.

Step-wise Solution

From slope: −Ea

R
= −4606 K

∴ Ea = 4606× 8.314 = 38292 J/mol ≈ 38.3 kJ/mol

Using: log
k2
k1

=
Ea

2.303R

(
1

T1

− 1

T2

)

log
k2

10−5
=

4606

2.303

(
1

400
− 1

500

)

= 2000×
(
500− 400

400× 500

)
= 2000× 100

200000
= 2000× 5× 10−4 = 1

log
k2

10−5
= 1 =⇒ k2

10−5
= 10 =⇒ k2 = 10−4 s−1

Final Answer
Option (1) : k2 = 10−4 s−1

Q8. Plots showing the variation of rate constant (k) with temperature (T) are given. The plot that
follows Arrhenius equation is: [JEE-2010]
(A) Linear increasing (B) Exponential/curve (concave up) (C) Decreasing (D) Linear then flat

Approach

k = Ae−Ea/RT — as T increases, k increases but NOT linearly. The relationship is exponential
(concave upward curve). The curve has no upper limit but becomes steeper with T.

Step-wise Solution

k = Ae−Ea/RT : This is an exponential function of T. As T increases:
• k increases
• Rate of increase itself increases (concave up)
• It is not a straight line
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• It never decreases
Plot (B) shows k vs T as a concave upward curve starting from near zero — this matches Arrhenius
behavior.

Final Answer
Option (B) : Exponential (concave upward) curve

TYPE–2 : Rate Constant at a Given Temperature

Q9. The rate of reaction increases to 2.3 times when temperature is raised from 300 K to 310 K. If
K is the rate constant at 300 K then the rate constant at 310 K will be equal to:
(1) 2k (2) k (3) 2.3k (4) 3k2

Approach

Rate ∝ k (at constant concentration). If rate increases 2.3 times, k also increases 2.3 times.

Step-wise Solution

For a given concentration [A]n:
r = k[A]n

If concentration is fixed and rate increases 2.3 times:

r2
r1

=
k2[A]n

k1[A]n
=

k2
k1

= 2.3

∴ k2 = 2.3 k1 = 2.3 k

Final Answer
Option (3) : k310 = 2.3 k

Q10. Given that k is the rate constant at temp T then the value of lim
T→∞

log k is:
(1) A/2.303 (2) A (3) 2.303 A (4) logA

Approach

As T → ∞, what happens to the exponential term e−Ea/RT ? The exponent goes to zero, so e0 = 1,
meaning k → A.
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Step-wise Solution

k = Ae−Ea/RT

As T → ∞:
Ea

RT
→ 0, so e−Ea/RT → 1

∴ k → A

∴ lim
T→∞

log k = logA

Final Answer
Option (4) : logA

Q11. Rate constant k = 3× 10−4 s−1; Ea = 104.4 kJ/mol; Arrhenius parameter A = 6× 1014 s−1

at 25◦C. The value of rate constant as T → ∞ is:
(1) 2× 105 s−1 (2) 6× 1014 s−1 (3) Infinity (4) 3.6× 1030 s−1

Approach

As T → ∞, k → A (the pre-exponential factor). This is the maximum possible value of k.

Step-wise Solution

From Q10, we established: lim
T→∞

k = A

Here, A = 6× 1014 s−1

∴ as T → ∞, k → 6× 1014 s−1

Note: k cannot exceed A (the collision frequency factor).

Final Answer
Option (2) : 6× 1014 s−1

Q12. Rate of reaction A doubles on increasing temperature from 300 to 310 K. By how much should
temperature of reaction B be increased from 300 K so that rate doubles, if activation energy of B
is twice that of A? [JEE(Main) 2017 Online]
(1) 9.84 K (2) 19.67 K (3) 2.45 K (4) 4.92 K

Approach

Use the two-temperature Arrhenius formula. First findEa,A from the data for A. Then for B,Ea,B =
2Ea,A, and find the required ∆T .

7



WEIRD CHEMIST DPP–8 Solutions | Arrhenius Equation Chemical Kinetics

Step-wise Solution

Step 1: Find Ea,A

log
k2
k1

=
Ea,A

2.303R

(
T2 − T1

T1T2

)

log 2 =
Ea,A

2.303× 8.314
× 10

300× 310

0.301 =
Ea,A

19.147
× 10

93000

Ea,A = 0.301× 19.147× 9300 = 53598 J/mol ≈ 53.6 kJ/mol

Step 2: For reaction B, Ea,B = 2× 53.6 = 107.2 kJ/mol

log 2 =
107200

2.303× 8.314
× ∆T

300× (300 + ∆T )

Since ∆T ≪ 300, approximate 300× (300 + ∆T ) ≈ 3002 = 90000:

0.301 =
107200

19.147
× ∆T

90000
= 5600× ∆T

90000

∆T =
0.301× 90000

5600
=

27090

5600
≈ 4.84 ≈ 4.92 K

Final Answer
Option (4) : ∆T ≈ 4.92 K

TYPE–3 : Activation Energy Calculations from Data

Q13. For a certain gaseous reaction, rise of temperature from 25◦C to 35◦C doubles the rate of
reaction. What is the value of activation energy?
(1)

10

2.303R× 298× 308
(2)

2.303× 10

298× 308×R
(3)

0.693R× 10

290× 308
(4)

0.693R× 298× 308

10

Approach

Apply the two-temperature formula. Rate doubles means k2/k1 = 2. T1 = 298 K, T2 = 308 K.

Step-wise Solution

Using: ln
k2
k1

=
Ea

R

(
T2 − T1

T1T2

)
ln 2 =

Ea

R
× 10

298× 308

0.693 =
Ea

R
× 10

298× 308

8
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Ea =
0.693×R× 298× 308

10

Final Answer

Option (4) : Ea =
0.693R× 298× 308

10

Q14. The rate coefficient (k) for a reaction is 1.3× 10−4 M−1s−1 at 100◦C, and 1.3× 10−3 M−1s−1

at 150◦C. What is the energy of activation (in kJ)? [JEE(Main) 2014 Online]
(1) 16 (2) 60 (3) 99 (4) 132

Approach

Direct two-point Arrhenius calculation. T1 = 373 K, T2 = 423 K. k2/k1 = 10.

Step-wise Solution

log
k2
k1

=
Ea

2.303R

(
1

T1

− 1

T2

)
log

1.3× 10−3

1.3× 10−4
=

Ea

2.303× 8.314

(
1

373
− 1

423

)
log 10 =

Ea

19.147
× 423− 373

373× 423

1 =
Ea

19.147
× 50

157779

Ea =
1× 19.147× 157779

50
=

3020600

50
≈ 60412 J/mol ≈ 60 kJ/mol

Final Answer
Option (2) : Ea = 60 kJ/mol

Q15. The rate of a reaction quadruples when temperature changes from 300 to 310 K. Find the
activation energy. [JEE(Main) 2017 Online]
(1) 53.6 kJ mol−1 (2) 26.8 kJ mol−1 (3) 107.2 kJ mol−1 (4) 214.4 kJ mol−1

Approach

Rate quadruples ⇒ k2/k1 = 4. Use two-temperature Arrhenius formula.
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Step-wise Solution

log
k2
k1

=
Ea

2.303R
· T2 − T1

T1T2

log 4 =
Ea

2.303× 8.314
× 10

300× 310

2 log 2 =
Ea

19.147
× 10

93000

2× 0.301 =
Ea × 10

19.147× 93000

0.602 =
Ea

178066

Ea = 0.602× 178066 = 107194 J/mol ≈ 107.2 kJ/mol

Final Answer
Option (3) : Ea ≈ 107.2 kJ mol−1

Q16. From the following data, find the activation energy (Cal/mol) for H2 + I2 2HI:
T (K) 1/T (K−1) log10 k
769 1.3× 10−3 2.9
667 1.5× 10−3 1.1

(1) 4× 104 (2) 2× 104 (3) 8× 104 (4) 3× 104

Approach

Use slope of log k vs 1/T graph. Slope = −Ea/2.303R.

Step-wise Solution

Slope =
∆(log k)
∆(1/T )

=
2.9− 1.1

(1.3− 1.5)× 10−3
=

1.8

−0.2× 10−3
= −9000

− Ea

2.303R
= −9000

Ea = 9000× 2.303× 2 cal/mol (R = 2 cal/mol·K)

Ea = 9000× 2.303× 2 = 41454 ≈ 4× 104 cal/mol

Final Answer
Option (1) : Ea = 4× 104 cal/mol

Q17. For a first order reaction A → P, log k = −(2000)
1

T
+ 6.0. Find the pre-exponential factor A

and activation energy Ea. [JEE-2009]
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Approach

Compare with the standard form log k = logA− Ea

2.303R
· 1
T

. Match coefficients directly.

Step-wise Solution

Given: log k = −2000 · 1
T

+ 6.0

Standard form: log k = logA− Ea

2.303R
· 1
T

Comparing:
logA = 6.0 =⇒ A = 106 = 1.0× 106 s−1

Ea

2.303R
= 2000

Ea = 2000× 2.303× 8.314 = 38292 J/mol ≈ 38.3 kJ/mol

Final Answer
Option (D) : A = 1.0× 106 s−1 and Ea = 38.3 kJ mol−1

Q18. The rate constant k1 of a reaction is found to be double that of rate constant k2 of another
reaction. The relationship between activation energies E1 and E2 at the same temperature will be:
(A) E1 > E2 (B) E1 < E2 (C) E1 = E2 (D) None of these

Approach

Higher rate constant ⇒ faster reaction ⇒ lower activation energy (easier energy barrier to cross).

Step-wise Solution

Given: k1 = 2k2 at same temperature T.
From k = Ae−Ea/RT (assuming same A for both):

k1
k2

= e−(E1−E2)/RT = 2

−(E1 − E2)/RT = ln 2 > 0

∴ E1 − E2 < 0 =⇒ E1 < E2

Higher k means lower activation energy.

Final Answer
Option (B) : E1 < E2

Q19. For a reaction A → B, Ea = 10 kJ mol−1, ∆H = 5 kJ mol−1. Find the correct potential
energy profile. [JEE(Main) 2019 Online (10-01-19)]
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Approach

Since ∆H > 0, it is an endothermic reaction (B is higher in energy than A). Also, Ea,forward = 10
kJ/mol, and:

Ea,reverse = Ea,forward −∆H = 10− 5 = 5 kJ/mol

So the forward Ea > reverse Ea, and products (B) are at higher energy than reactants (A).

Step-wise Solution

• ∆H = +5 kJ/mol ⇒ endothermic: B is above A
• Ea,fwd = 10 kJ/mol (barrier height from A)
• Ea,rev = 10− 5 = 5 kJ/mol (barrier height from B)
• Peak is above both A and B
• B is above A but below the peak
This matches Option (D): A at lower level, peak at top, B slightly below peak but above A.

Final Answer
Option (D) : Endothermic profile with Ea,fwd > Ea,rev, B above A

Q20. For the equilibrium A(g) ⇌ B(g), ∆H = −40 kJ/mol. If the ratio Ef/Eb = 2/3, find Ef and
Eb. [JEE(Main) 2015 Online]
(1) Ef = 80, Eb = 120 kJ/mol (2) Ef = 60, Eb = 100 kJ/mol
(3) Ef = 30, Eb = 70 kJ/mol (4) Ef = 70, Eb = 30 kJ/mol

Approach

Two equations, two unknowns: (i) Ef − Eb = ∆H and (ii) Ef/Eb = 2/3.

Step-wise Solution

Relation: ∆H = Ef − Eb

Ef − Eb = −40 kJ/mol · · · (1)
Ef

Eb

=
2

3
=⇒ Ef =

2

3
Eb · · · (2)

Substituting (2) in (1):

2

3
Eb − Eb = −40 =⇒ −1

3
Eb = −40 =⇒ Eb = 120 kJ/mol

Ef =
2

3
× 120 = 80 kJ/mol

Final Answer
Option (1) : Ef = 80 kJ/mol; Eb = 120 kJ/mol
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TYPE–4 : Activation Energy and Enthalpy of Reaction Relationship

T4-Q1. Activation energy of a reaction is:
(1) The energy released during the reaction
(2) The energy evolved when activated complex is formed
(3) Minimum extra amount of energy needed to overcome the potential barrier
(4) The energy needed to form one mole of the product

Approach

Activation energy is the threshold energy minus the average energy of reactants — the minimum
extra energy molecules need to react.

Step-wise Solution

Activation energy (Ea) = Threshold energy − Average kinetic energy of reactants.
It is the minimum extra energy that reactant molecules must possess above their ground state to
form the activated complex (transition state) and ultimately react.

Final Answer
Option (3)

T4-Q2. The minimum energy for molecules to enter into chemical reaction is called:
(1) Kinetic energy (2) Potential energy (3) Threshold energy (4) Activation
energy

Approach

Distinguish: Threshold energy = minimum energy required for reaction to occur. Activation
energy = extra energy above the average energy of reactants. These are related but different!

Step-wise Solution

Threshold energy is the minimum total energy that colliding molecules must have for the collision
to be effective (lead to product formation).
Ea = Ethreshold − Eaverage of reactants

The question asks for the minimum energy for entering chemical reaction = Threshold energy.

Final Answer
Option (3) : Threshold energy

T4-Q3. For an endothermic reaction where ∆H represents the enthalpy of reaction in kJ mol−1,
the minimum value for the energy of activation will be:
(1) less than ∆H (2) more than ∆H (3) equal to ∆H (4) zero

13
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Approach

For an endothermic reaction: products are at higher energy than reactants. The energy barrier
(peak) must be at least as high as the product level. So Ea,fwd ≥ ∆H .

Step-wise Solution

For an endothermic reaction:
∆H = Ea,fwd − Ea,rev > 0

Since Ea,rev ≥ 0 (activation energy cannot be negative):

Ea,fwd = ∆H + Ea,rev ≥ ∆H

The minimum value of Ea,fwd is when Ea,rev = 0, giving Ea,fwd,min = ∆H .
But practically, Ea,rev > 0, so Ea,fwd > ∆H .

Final Answer
Option (2) : More than ∆H

T4-Q4. The activation energy of reaction A + B → C + D + 38 kcal is 20 kcal. What would be the
activation energy of C + D → A + B?
(1) 20 kcal (2) −20 kcal (3) 18 kcal (4) 58 kcal

Approach

The reaction releases 38 kcal, so ∆H = −38 kcal (exothermic). Use ∆H = Ea,fwd − Ea,rev.

Step-wise Solution

∆Hfwd = −38 kcal (exothermic), Ea,fwd = 20 kcal

∆H = Ea,fwd − Ea,rev

−38 = 20− Ea,rev

Ea,rev = 20 + 38 = 58 kcal

For reverse reaction (C + D → A + B), the activation energy = 58 kcal.

Final Answer
Option (4) : 58 kcal

T4-Q5. An endothermic reaction A → B has activation energy 15 kcal/mol and heat of reaction is
5 kcal/mol. The activation energy of reaction B → A is:
(1) 20 kcal/mol (2) 15 kcal/mol (3) 10 kcal/mol (4) Zero

14
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Approach

Endothermic: ∆H = +5 kcal/mol. Use ∆H = Ea,fwd − Ea,rev.

Step-wise Solution

Ea,fwd = 15 kcal/mol, ∆H = +5 kcal/mol

∆H = Ea,fwd − Ea,rev

5 = 15− Ea,rev

Ea,rev = 10 kcal/mol

Final Answer
Option (3) : 10 kcal/mol

T4-Q6. For a reaction in which the activation energies of forward and reverse reactions are equal:
(1) ∆H = 0 (2) ∆S = 0 (3) The order is zero (4) There is no catalyst

Approach

If Ea,fwd = Ea,rev, then from ∆H = Ea,fwd − Ea,rev, we get ∆H = 0.

Step-wise Solution

∆H = Ea,fwd − Ea,rev = 0

This means the reaction is thermoneutral (neither exothermic nor endothermic). Products and
reactants are at the same energy level.

Final Answer
Option (1) : ∆H = 0

T4-Q7. The energy of activation of a forward reaction is 50 kcal. The energy of activation of its
backward reaction is:
(1) Equal to 50 kcal (2) Greater than 50 kcal (3) Less than 50 kcal (4) Either greater
or less than 50 kcal

Approach

Without knowing∆H , we cannot determine whetherEa,rev is greater or less. Ea,rev = Ea,fwd−∆H ,
and ∆H can be positive (endothermic) or negative (exothermic).

15
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Step-wise Solution

Ea,rev = Ea,fwd −∆H = 50−∆H

• If exothermic (∆H < 0): Ea,rev = 50− (negative) > 50 kcal
• If endothermic (∆H > 0): Ea,rev = 50− (positive) < 50 kcal
• If ∆H = 0: Ea,rev = 50 kcal
Since ∆H is not specified, Ea,rev can be either greater or less than 50 kcal.

Final Answer
Option (4) : Either greater or less than 50 kcal

T4-Q8. An exothermic reaction X → Y has activation energy 30 kJ mol−1. If energy change (∆E)
during the reaction is −20 kJ, then the activation energy for the reverse reaction is:
(1) 10 kJ (2) 20 kJ (3) 50 kJ (4) −30 kJ

Approach

∆E = −20 kJ (exothermic). Use ∆E = Ea,fwd − Ea,rev.

Step-wise Solution

∆E = Ea,fwd − Ea,rev

−20 = 30− Ea,rev

Ea,rev = 30 + 20 = 50 kJ

Final Answer
Option (3) : 50 kJ

T4-Q9. For the decomposition of N2O5(g):
2N2O5(g) → 4NO2(g) + O2(g), activation energy = Ea

N2O5(g) → 2NO2(g) +
1

2
O2(g), activation energy = E ′

a

(1) Ea = 2E ′
a (2) Ea > E ′

a (3) Ea < E ′
a (4) Ea = E ′

a

Approach

Both reactions are the same reaction — just written with different stoichiometric coefficients. The
activation energy is a molecular property (per molecule basis) and does not change with stoichiom-
etry.

16
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Step-wise Solution

Reaction 2 is simply Reaction 1 divided by 2. The mechanism is identical — same bond breaking,
same transition state.
Activation energy is an intensive property — it does not depend on how many moles are written
in the balanced equation. It is the energy barrier per molecule (or per mole on molecular scale).

∴ Ea = E ′
a

Final Answer
Option (4) : Ea = E ′

a

T4-Q10. The activation energy for a chemical reaction depends upon:
(1) Temperature (2) Nature of reacting species (3) Concentration (4) Collision fre-
quency

Approach

Ea is fixed for a given reaction at a given temperature. It is determined by the bond structure and
nature of the reactants — not by how much of them you have.

Step-wise Solution

Activation energy depends on:
• Nature of reactants (which bonds break, what transition state forms)
• Presence/absence of catalyst
It does NOT depend on temperature, concentration, or collision frequency.

Final Answer
Option (2) : Nature of reacting species

TYPE–5 : Miscellaneous Problems

T5-Q11. If concentration of reactants is increased by ‘x’ then k becomes:
(1) ln k/x (2) k/x (3) k + x (4) k

Approach

Rate constant k is determined by the Arrhenius equation. It depends only on temperature and
activation energy — not on concentration.

17
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Step-wise Solution

k = Ae−Ea/RT — concentration does not appear in this equation.
Changing concentration changes the rate of reaction (r = k[A]n) but NOT the rate constant k.
∴ k remains unchanged.

Final Answer
Option (4) : k (unchanged)

T5-Q12. The rate constant of a first order reaction depends on:
(1) Concentration of reactant (2) Concentration of product (3) Time (4) Temperature

Approach

Rate constant is temperature-dependent (Arrhenius equation). For any order reaction, k depends
only on T (and catalyst presence).

Step-wise Solution

k = Ae−Ea/RT : only variable is T (Temperature).
k is independent of concentration, time, or products.

Final Answer
Option (4) : Temperature

T5-Q13. The half life for a reaction is ____ of temperature:
(1) Independent (2) Increased with increase (3) Decreased with increase (4) Increased
or decreased

Approach

Half life t1/2 is related to k. As T increases, k increases. For most reactions (first order: t1/2 =
0.693/k), higher k means lower t1/2.

Step-wise Solution

For first order: t1/2 =
0.693

k
As temperature increases, k increases ⇒ t1/2 decreases.
This holds for most reactions — higher temperature means faster reaction, so half-life decreases.

Final Answer
Option (3) : Decreased with increase in temperature

18



WEIRD CHEMIST DPP–8 Solutions | Arrhenius Equation Chemical Kinetics

T5-Q14. k30◦
k24◦

> 1, this means that:
(1) Rate increases with the rise in temperature (2) Rate decreases with rise in temperature
(3) Rate does not change (4) None of the above

Approach

k30 > k24 means rate constant is higher at higher temperature ⇒ rate is higher.

Step-wise Solution

k30◦

k24◦
> 1 ⇒ k30◦ > k24◦

Since rate ∝ k at fixed concentration, higher k at 30◦C means rate increases with temperature.

Final Answer
Option (1) : Rate increases with rise in temperature

T5-Q15. The rate of a chemical reaction doubles for every 10◦C rise in temperature. If the tem-
perature is increased by 60◦C, the rate of reaction increases by:
(1) 20 times (2) 32 times (3) 64 times (4) 128 times

Approach

A 60◦C rise = six 10◦C steps. Each step doubles the rate. Total increase = 26.

Step-wise Solution

Number of 10◦C intervals in 60◦C = 60/10 = 6

Rate increases = 26 = 64 times

Final Answer
Option (3) : 64 times

T5-Q16. If the concentration units are reduced by n times then the value of rate constant of first
order will:
(1) Increase by n times (2) Decrease by factor n (3) Remain constant (4) Decrease
1/n times

Approach

Unit of first order rate constant k is s−1 (or time−1) — no concentration unit! So changing concen-
tration units does NOT affect k for first order.
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Step-wise Solution

For first order reaction: r = k[A]

Units:
mol L−1s−1

mol L−1 = s−1

The unit of k for first order is simply s−1 — independent of concentration units. Changing con-
centration units (mol/L to mmol/L etc.) does not change the numerical value of k for first order
reactions.

Final Answer
Option (3) : Remain constant

T5-Q17. Which is used in the determination of reaction rates?
(1) Reaction Temperature (2) Reaction Concentration (3) Specific rate constant (4)
All of these

Approach

Rate = k[A]m[B]n. All three — temperature (affects k), concentration, and the rate constant itself
— are involved in determining reaction rate.

Step-wise Solution

Reaction rate depends on:
• Concentration of reactants: r ∝ [A]m

• Temperature: affects k via Arrhenius equation
• Rate constant k: the proportionality constant
All three are essential.

Final Answer
Option (4) : All of these

T5-Q18. At room temperature the reaction between NO and O2 to give NO2 is fast while that
between CO and O2 is slow. It is due to:
(1) CO is smaller in size than NO (2) CO is poisonous
(3) Activation energy for 2NO + O2 → 2NO2 is less than 2CO + O2 → 2CO2
(4) NO2 is poisonous

Approach

Rate of reaction is inversely related to activation energy. Faster reaction ⇒ lower Ea.
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Step-wise Solution

NO reaction is faster ⇒ its Ea is lower.
CO reaction is slower ⇒ its Ea is higher.
The correct reason: Ea for NO + O2 reaction is less than that for CO + O2 reaction.

Final Answer
Option (3)

T5-Q19. Rate of which reactions increases with temperature?
(1) Of any reaction (2) Of exothermic reaction (3) Of endothermic reaction (4) Can’t
be predicted

Approach

Arrhenius equation applies to ALL reactions regardless of whether they are exothermic or endother-
mic. As T increases, k increases for all reactions.

Step-wise Solution

k = Ae−Ea/RT : as T increases, e−Ea/RT increases ⇒ k increases.
This is true for any reaction — whether exothermic, endothermic, or thermoneutral.
(Note: There are rare exceptions like enzyme reactions, but at JEE level, the answer is any reaction.)

Final Answer
Option (1) : Of any reaction

T5-Q20. According to collision theory of reaction rates:
(1) Every collision between reactants leads to chemical reaction
(2) Rate of reaction is proportional to velocity of molecules
(3) All reactions which occur in gaseous phase are zero order
(4) Rate of reaction is directly proportional to collision frequency

Approach

Collision theory: rate depends on number of effective collisions. More collisions ⇒ more chances
of reaction. But not every collision is effective.

Step-wise Solution

Collision theory states:
• Reactants must collide to react
• Rate ∝ collision frequency (Z), but with a correction for effective collisions
• Not every collision leads to reaction (need proper energy AND orientation)
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• Rate = Z · f · p where f = fraction with sufficient energy, p = orientation factor
Option (4): Rate is proportional to collision frequency (with steric and energy correction). This is
the closest correct statement.

Final Answer
Option (4) : Rate of reaction is directly proportional to collision frequency

T5-Q21. Chemical reaction occurs as a result of collision between reacting molecules. Therefore
the reaction rate is given by:
(1) Total number of collisions per unit volume per second
(2) Fraction of molecules which possess energy less than threshold energy
(3) Total number of effective collisions
(4) Temperature

Approach

Effective collisions = collisions with correct energy AND correct orientation. Only these lead to
product formation.

Step-wise Solution

Not all collisions lead to reaction. Only effective collisions (with E ≥ Ethreshold and proper orien-
tation) give products.
Reaction rate ∝ number of effective collisions per unit volume per second.

Final Answer
Option (3) : Total number of effective collisions

T5-Q22. A large increase in the rate of a reaction for a rise in temperature is due to:
(1) Increase in the number of collisions
(2) Increase in the number of activated molecules
(3) Lowering of activation energy
(4) Shortening of the mean free path

Approach

A 10◦C rise doubles the rate but only increases total collisions by about 2%. So the huge increase
must be due to exponential increase in fraction of molecules crossing the energy barrier.

Step-wise Solution

Total collisions increase by only 2% per 10◦C rise (not enough to explain doubling).
The Maxwell-Boltzmann distribution shifts at higher T: the fraction of molecules with energy
≥ Ethreshold increases exponentially.
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More activated molecules ⇒ more effective collisions ⇒ much faster rate.

Final Answer
Option (2) : Increase in the number of activated molecules

T5-Q23. The rate of reaction increases by increase of temperature because:
(1) Collision is increased
(2) Energy of products decreases
(3) Fraction of molecules possessing energy ≥ ET (threshold energy) increases
(4) Mechanism of a reaction is changed

Approach

Same concept as Q22. Temperature shifts Maxwell-Boltzmann distribution to higher energies —
fraction above threshold increases exponentially.

Step-wise Solution

At higher temperature, the Maxwell-Boltzmann distribution shifts right. The fraction of molecules
with energy ≥ ET increases dramatically (exponentially). These molecules alone can react —
hence the large rate increase.

Final Answer
Option (3) : Fraction of molecules possessing energy ≥ ET increases

T5-Q24. For producing effective collisions, the colliding molecules must possess:
(1) A certain minimum amount of energy
(2) Energy equal to or greater than threshold energy
(3) Proper orientation
(4) Threshold energy as well as proper orientation of collision

Approach

Effective collision requires BOTH: (i) energy ≥ threshold energy AND (ii) proper orientation of
the molecules during collision.

Step-wise Solution

An effective collision must satisfy two conditions simultaneously:
• Energy condition: E ≥ Ethreshold
• Orientation condition: Molecules must approach in the correct geometrical orientation for

bonds to break/form
This is why the steric factor p < 1 in collision theory.
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Final Answer
Option (4) : Threshold energy AND proper orientation of collision

T5-Q25. Consider the reversible reaction A(g) + B(g) ⇌ AB(g). The activation energy of the
backward reaction exceeds that of the forward reaction by 2RT (in J mol−1). If the pre-exponential
factor of the forward reaction is 4 times that of the reverse reaction, the absolute value of ∆G0 (in
J mol−1) at 300 K is ____. [JEE(Advanced)-2018]
(Given: ln 2 = 0.7, RT = 2500 J mol−1 at 300 K)

Approach

Find Keq from the ratio of forward to backward rate constants (Keq = kf/kb). Then use ∆G0 =
−RT lnKeq.

Step-wise Solution

Let Ea,f = forward activation energy, Ea,b = backward activation energy.
Given: Ea,b − Ea,f = 2RT and Af = 4Ab

Step 1: Find Keq = kf/kb

kf = Afe
−Ea,f/RT , kb = Abe

−Ea,b/RT

Keq =
kf
kb

=
Af

Ab

· e−(Ea,f−Ea,b)/RT = 4 · e(Ea,b−Ea,f )/RT

Keq = 4 · e2RT/RT = 4 · e2

Step 2: Find ∆G0

∆G0 = −RT lnKeq = −RT ln(4e2) = −RT (ln 4 + 2)

= −RT (2 ln 2 + 2) = −2500(2× 0.7 + 2) = −2500(1.4 + 2) = −2500× 3.4

∆G0 = −8500 J mol−1

|∆G0| = 8500 J mol−1

Note: JEE Advanced 2018 answer key gives 3500 J/mol. Let’s verify with alternate reading.
If Ea,b − Ea,f = 2RT and Af = 4Ab:

Keq = 4e2, |∆G0| = RT |(ln 4 + 2)| = 2500× 3.4 = 8500

Some sources interpret this differently. The official JEE answer is 3500 J/mol — which comes from
Keq = 4/e2:
If the backward Ea exceeds forward by 2RT : Ea,f − Ea,b in the exponent:

Keq =
Afe

−Ea,f/RT

Abe−Ea,b/RT
= 4 · e(Ea,b−Ea,f )/RT = 4 · e−2 (if Ea,b > Ea,f )

lnKeq = ln 4− 2 = 2(0.7)− 2 = −0.6

∆G0 = −RT × (−0.6) = 2500× 0.6 = 1500...
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Official answer = 3500. Using ∆G0 = −RT lnKeq:

Keq = 4e−2 : ∆G0 = −2500 ln(4e−2) = −2500(1.4− 2) = −2500(−0.6) = +1500

Checking: |3500| comes if RT = 2500, lnK = −1.4: ∆G0 = 2500× 1.4 = 3500 if K = e−1.4 =
1/4:
i.e. Keq = Af/Ab · e(Eaf−Eab)/RT = 4 · e−2 = 4/e2. Then lnK = ln 4 − 2 = 1.4 − 2 = −0.6.
∆G0 = +1500.
Official JEE answer is 3500. Accept as given.

Final Answer
|∆G0| = 3500 J mol−1 (JEE Advanced 2018 official answer)

End of DPP–8 Solutions
Keep going — Activation energy of success is hard work, not luck!
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