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Chemical Kinetics JEE Main PYQ -1

Total Time: 1 Hour : 15 Minute Total Marks: 120

Instructions

Instructions

1. Test will auto submit when the Time is up.

2. The Test comprises of multiple choice questions (MCQ) with one or more correct
answers.

3. The clock in the top right corner will display the remaining time available for you to
complete the examination.

Navigating & Answering a Question

1. The answer will be saved automatically upon clicking on an option amongst the
given choices of answer.

2. To deselect your chosen answer, click on the clear response button.

3. The marking scheme will be displayed for each question on the top right corner of
the test window.
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Chemical Kinetics

1. The reactions 4 "+ B and ¢ 2% D follow first order kinetics. At 500 K, rate (+4,
constants are k; and k., respectively, where k, = 2k,. Activation energies E,; and  -1)

Eal

E,, arerelated as E,, = 5 The rate constant for the first reaction at 300K is half

of its value at 500 K. Given: half-life of first reaction is 2 hrs at 500 K. Find the value
of \ (10 \times (k_2)_{300\,\text{k}\).}

2. For the 1% order decomposition reaction A — P. The value of f—ll/% x 10 willbe:-  (+4,-1)

t1/s = time at which concentration of A become 1/8 of initial concentration.
t110 = time at which concentration of A becomes 1/10 of initial concentration.

a. 3
b. 6
c. 9
d. 09
3. For a chemical reaction: A — D. Mechanism is Step-1: A — B : AH = +ve. (+4,-1)

Step-2:B — C: AH = —ve. Step-3: C — D : AH = —ve. Select the correct
energy plot
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M
P.E.
A
P.E. /\/\/\
(2) R.C.
A
PE. /\/\/\
>
[3) R,C_
A
PE
>
(4) R.C
a. 1
b. 2
c. 3
d 4

4. For a reaction at 300 K, on addition of catalyst, activation energy of reaction (+4,-1)
lowered by 10 kJ. Then calculate the value of log e

Kuncat alysed
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a. 1.74
b. 0.174
C. 174

d. 3.48

5. Given at 10 AM, reaction is started (i) 4 - Product (1** order reaction) (i) (+4,-1)
BrO; +5Br~ — 3Bry. At 10 : 10 AM, rate of disappearance of Br~ was 2 x
10~* M/min and concentration of A was 0.1 M, if both reactions were proceed
with same rate at this time then value of k¢ will be ?

a. 103 min~!

b. 2 x103 min!
C. 4 x 1073 min~*

d. 8 x 1073 min*

6. For a given reaction A — nB, a graph is given between concentration and (+4,-1)
time. Find value of n for above reaction, based on the information given in
graph for 10 min.

Con& Conc. of B

0.5

0.4
0.3

Conc. of A

» time
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7. For given zero order reaction AB — A, + B,, the graph is given for
decomposition of [AB]. Find half-life (t, ;) in minutes?

[AB] 4
0.6M
055M

0.5M

%,
100 =0 Lien sec. )

8. For two chemical reactions A and B, if the difference between their activation
energy is 20 kJ at 300 K (R = 8.3 JK~! mol '), determine %
1

9. Consider a first order reaction:

A — products

3 different solutions are taken and the rate of reaction of: Solution 1: 100 mL
10M A — r; Solution 2: 200 ML 10M A — r, Solution 3: 100 ML 10M 4 + 100 mL
water — r3 The correct order of the rates of reactions is,

a. TH =79 =T3
b. r, =ry <rg
C. 11 =7ry>13

d r<r=r,

(+4,

(+4,

(+4I _])
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10.

1.

12.

13.

For a first order kinetics reaction, (+4,-1)
A—-B+C

If the initial pressure of A is 1 bar and at time 100 s, the total pressure is 1.5
bar, then find the rate constant of the reaction.

a. 6.93 x 1073571
b. 6.93 x 1072571
C. 0.693s7!

d. 6.93s7!

Find temperature (in Kelvin) at which rate constant are equal for the following  (+4,
reaction? -1)
A — B,K=10* e 24000/T

P — Q,K = 105 ¢ 30000/T

Three experiments are running in separate vessels, following 1 order (+4,-1)
kinetics.

Experiment-(A) 100 ml, 10 M

Experiment-(B) 200 mi, 10 M

Experiment-(C) 100 ml, 10 M + 100 ml H,O

Select correct order of rate of reaction in above experiments.

a. A=B=C
b. A>B>C
c. A>B>C
d A>B=C

Sucrose hydrolyses in acid solution into glucose and fructose following first (+4,
order rate law with a half-life of 3.33 h at 25 °C. After 9 h, the fraction of sucrose -1)
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remaining is f. The value of log,,(1/f) is x 1072, (Rounded off to the

nearest integer)

14. The overall order of the reactionis ___ ______ . (Round off to the Nearest (+4,
Integer) based on the NO and Cl, data. -1)
15. For the following graphs, (+4,-1)
'
Fd
& ¥,
ri
. /
ff
Rate 7/
/

Initial

(EL) * Time —» “}) concentration

L omoentration
L oncentration

(e) Concentration

Choose from the options given below, the correct one regarding order of
reaction :

a. (a) and (b) Zero order, (c) and (e) First order
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16.

17.

18.

19.

b. (a) and (b) zero order, (e) First order
c. (b) zero order, (c) and (e) First order
d. (b) and (d) zero order, (e) First order
For the first order reaction A — 2B, 1 mole of reactant A gives 0.2 moles of B after  (+4,

100 minutes. The half life of the reaction is min. (Round off to the -1)
Nearest Integer).

A reaction has a half life of 1 min. The time required for 99.9% completion of the (+4,
reaction is min. (Round off to the Nearest Integer). [Use:In2=0.69; -1)

In10 = 2.3]

Gaseous cyclobutene isomerizes to butadiene in a first order process which has  (+4,
a 'k value of 3.3 x 10~*s~! at 1563°C. The time in minutes it takes for the -1)
isomerization to proceed 40% to completion at this temperature is

. (Rounded off to the nearest integer)

For aA + bB — cC + dD, the plot of log k vs 1/T is given below : (+4,
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log k

The temperature at which the rate constantis 10~* sis __________ K.
[Rate constant is 105 s~ at 500 K.]

20. For a reaction of order n, the unit of the rate constant is : (+4,-1)
a. moll ™ 17 gt
b. moll™ LI s
c. moll™ L2 g1

d. moll ™ 1 g1

21. The rate constant of a reaction increases by five times on increase in (+4,
temperature from 27°C to 52°C. The value of activation energy in kJ mol¥' is -1)
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. (Rounded-off to the nearest integer) [R=8.314 JK&' molx']

22. For the reaction A — B, the rate constant & (in s~!) is given by log,, k = 20.35 —

23.

24.

%“03 . The energy of activation in kJ mol ' is
[Given:R =

. (Nearest integer)

8.314 JK-! mol-]

For a first order reaction, the ratio of the time for 75 completion of a reaction to
the time for 50 completion s .......... (Integer answer)

According to the following figure, the magnitude of the enthalpy change of the
reaction A+ B — M + N inkJmol ! isequalto .......... (Integer answer)
[Given: z = 20 kI mol !, y = 45 kI mol ™, 2 = 15 kJ mol ]

A

[ x r=20k] mol ™'
A+B[

! . .
¥---\ y=45k] mol?
|\ z=15 J mol~*

-
20 | M+ N
Rt s i s e o
& A
Lo z
L >

Reaction Coordinate

25. The first order rate constant for the decomposition of CaCO; at 700 K is 6.36 x
10-* s~! and activation energy is 209 kJ mol-!. Its rate constant (in s~') at 600

26.

Kis z x 107%. The value of x is

(Nearest integer)

[GivenR =8.31JK! mol';log 6.36x103=—-2.19,10 47 =1.62x105]

The reaction that occurs in a breath analyser, a device used to determine the
alcohol level in a person's blood stream is:

2K5Cry07 + 8HyS04 + 3CoHgO — 2CT5(S04)3 + 3CoH4O5 + 2K580,4 4+ 11H,0

If the rate of appearance of Cr(S0,); is 2.67 mol min ' at a particular time, the
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rate of disappearance of C.HsO at the same timeis _________ mol min .
(Nearest integer)

27. The following data was obtained for chemical reaction given below at 975 (+4,
K: -1)
1] I T 4}- ] T ) i .
_.-‘I {j[.’” 1 -_..I;.Fr-;l-l:-”,'l —F -'I'I-‘_;{ﬁ] } if!jl‘r}[qr

INO| mol L™" | [H3] mol L™ | Rate mol L™ "s™"

(A) 8 x 107" 8 x 107 7x 1077

24 x 10~ 8 x 107 2.1 x 107°

(C)| 24x107° 32 x 107° 8.4 x 107"

The order of the reaction with respecttoNOis _________. (Integer
answer)

28. The reaction rate for the reaction (+4,
[Pl '™ + Ho0 = [P{{H,0)Cly] + CI -1)

was measured as a function of concentrations of dilerent species. It was observed
that

d !i':ﬁ.“ -

5] 12 " -3 e I .
~ 4-¢.Iil-|[['1il4_i | = 24x10 Pr(H20)C; | |“I

where square brackets are used to denote molar concentrations. The

equilibrium constant K, = . (Nearest integer)}

29. Given below are two statements: one is labelled as Assertion (A) and the (+4,-1)
other is labelled as Reason (R).
Assertion (A): Heavy water is used for the study of reaction mechanism.
Reason (R): The rate of reaction for the cleavage of O-H bond is slower than
that of O-D bond.

a. Both (A) and (R) are true and (R) is the correct explanation of (A).
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b. Both (A) and (R) are true but (R) is not the correct explanation of (A).

c. (A) is true but (R) is false.

d. (A) is false but (R) is true.

30. A(g) — B(g) + c(g) is afirst order reaction.

Time

1

»
| svatem

w
o9

The reaction was started with reactant A only. Which of the following

expression is correct for rate constant k ?

a k=1ln2E=—R)

B

t M op,—P)

_ 1 P

(+4I _])
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Answers
1. Answer:5-5
Explanation:
Concept:
For first order reaction:
0.693
l12 = %

Temperature dependence of rate constant is given by Arrhenius equation:

b _Eo (1l 1
kk R\Ty, T,

Step 1: Calculate &, at 500 K
Given:

tip =2 hrs

0.693
k1500 = — = 0.3465 hr !

Step 2: Rate Constant of Reaction 1 at 300K
Given:

1
k1300 = §k1,500

k1300 = 0.17325hr !

Step 3: Relation Between k; and k;
At 500K:

k2 500 = 2k1 500
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Using Arrhenius relation:

In k2300 _Bep 11
Fosw R \500 300

But since:

kisoo FEa [ 1 1
Ea — d 1 2 — J—
T MY Thisw R \500 300
Therefore:

k2 300 11 k1,300
=—In

kasoo 27 kis00
kysoo | k1300
kasoo | Kis00

k2300 = 2k1500 X E = V2 k1 500

In

Step 4: Numerical Value
k2300 ~ V2 x 0.3465 ~ 0.49

].O X k2,300 =~ 49 ~ b

10 x (k2)300x = 5

2. Answer: c

Explanation:

[Alo

For a first-order reaction, kt = In L

For ty/s, [Alt = Jég]g-

kti/s = In <[44%]ﬁ> = In8.

For ty 10, [A]; = [114(])0.
ktl/lO = ln [ 0/10 = lIl ].0

tl/s _ In8 _
Ratio: = mip — 10819 8.

Given log2 ~ 0.3, log8 =3log2 =0.9.

E
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So ratio is approximately 0.9.
Value required: 2 x 10 = 0.9 x 10 = 9.
1/10

3. Answer: b

Explanation:

The reaction has 3 steps, thus the plot must show 3 transition states (peaks).
Step1(A — B): AH = +ve. Energy of B is higher than A (Ez > Ea).
Step 2 (B — C): AH = —ve. Energy of C is lower than B (E¢ < Ep).
Step 3 (C — D): AH = —ve. Energy of D is lower than C (Ep < E¢).

Plot (2) shows three peaks and satisfies the energy relationships Ep > E4, Ec < Ep,
and Ep < Ec.

4. Answer:d
Explanation:

Change in activation energy AE, = 10kJ = 10000 J. T' = 300 K.
The ratio of rate constants is related to AE, by:
Kcat — AEG
log (Kunm) = 2303RT"
Substitute R = 8.314 J/mol-K:
Kcat — 10000
log (Kuncat) ~ 2.303x8.314x300 °
2.303 x 8.314 x 300 ~ 5744.17.
log () = 8y = 1741
The value is 1.74.

5. Answer: c

Explanation:

For reaction (ii): BrO; + 5Br~ — 3Brs.
Rate of reaction Ry = — 4571,
Given: —d[ﬁ—ﬂ =2 x 1073 M/min.

Ri =% x(2x107%) = 0.4 x 1073 M/min.
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For reaction (i): A — Product (1% order). Rate R; = k[A].
Given R; = R; and [A] = 0.1 M.

k[A] = 0.4 x 1073,

k(0.1) = 0.4 x 1073.

73 . -
k= 0—'45110 =4 %1073 min".

6. Answer: a

Explanation:

Reaction: A — nB.

Time interval: 10 min.

Change in [A]: A[A] = 0.4 M — 0.5 M = —0.1 M. (Amount reacted is 0.1 M).
Changein [B]: A[B]=0.3M - 0M = 0.3 M.

By stoichiometry, the ratio of rates of change must satisfy:
_1A[4] _ 1A[B]

1 At — n At
_ _A[B] . ; .. _ A t B formed
n=—Xq- (Using magnitudes of change: n = AmountB forme

Amount A reacted /°

[=
w

n =

w o
2

n =

7. Answer:10-10

Explanation:

Step 1: Understand the zero order reaction.
For zero order reactions, the rate law is:

[AB] = kt

Step 2: Calculate the rate constant (k).
From the graph,

[AB]

decreases from 0.60 M to 0.55 M in 100 seconds. So, the rate constant is:



g collegedunia:

0.60 — 0.55 »
b= =5x 107 Ms

Step 3: Find the half-life using the zero order equation.
For a zero-order reaction, the half-life is given by:

[ABlq
2k

l12 =

Step 4: Substitute the values.

0.60

= m = 600 seconds = 10 minutes

t1/2

Step 5: Conclusion.
The half-life of the reaction is 10 minutes.

8. Answer: 8 -8

Explanation:

From the Arrhenius equation, we know:
By
k = Ae ®r

Where: - k is the rate constant, - A is the pre-exponential factor, - E, is the
activation energy, - R is the gas constant, and - T is the temperature. For two
reactions, we can write:

E
_ a2
k2 A2€ RT

- E,
kl Ale_#%

Assuming the pre-exponential factors A; = A,, this simplifies to:

ka2 Eyy—Ep)
— = e RT
k1

Substitute the values: \[ E_{al} - E_{a2} = 20 \times 1043\, \text{J/mol}, \quad R =
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8.3\, \text{y/K'mol}, \quad T =300\, \text{k} \]

k 103

—2 — eg.%xlii%o — 68'05
k1

ko 8

—Z ~ 305 ~ 3143
k€

So, the answer is , rounded to the nearest integer.

9. Answer:c

Explanation:

Step 1: Rate law for first-order reaction.
For a first-order reaction, the rate is directly proportional to the concentration of the
reactant. Therefore, the rate of reaction will be:

Rate = k[A]

Step 2: Solution analysis.

- In Solution 1 and Solution 2, the concentration of 4 is the same (10M), but the
volume is different, so the rate depends on the concentration. Hence, r; = r2. - In
Solution 3, the concentration of A is halved due to the addition of water, leading to a
smaller rate rs. Step 3: Conclusion.

Thus, r; = ro > r3. Final Answer:

10. Answer: a

Explanation:

Step 1: Write the integrated rate equation for a first-order reaction.
For a first-order reaction, the integrated rate law is:

i () — ke

where: - [4y] is the initial concentration of A, - [4] is the concentration of A at time ¢,
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- k is the rate constant, - ¢ is the time.

Step 2: Use the relationship with pressure.

For gaseous reactions, we can substitute pressure for concentration. The pressure of
A at time ¢ is related to the initial pressure by:

By
In(—= )=kt
n<Pt)

where: - P, is the initial pressure of A, - P, is the pressure of A at time ¢, - k is the rate
constant.

Step 3: Set up the problem.

We are given: - Initial pressure P, = 1bar, - Total pressure at time ¢ = 100s is 1.5 bar,
which is the sum of the pressures of A, B, and C. Since one mole of A produces one
mole each of B and C, the pressure of B and C will both be Py — P,. Thus, the total
pressure attime tis P, + (P, — P,) =1+ (1 — PB,). So,

P, = 1bar — 0.5 bar = 0.5 bar

1
In(—)=k- 100
n<0.5>

Thus, the equation becomes:

In(2) = k - 100
o 2@ 0693 oos p-tg
100 100

Thus, the rate constant & is 6.93 x 107 3s™ L.

1. Answer: 1303 - 1303

Explanation:

Step I: Setting up the equation.
At the temperature where the rate constants are equal, we set the two expressions
for K equal to each other:

10%e—24000/T _ 106 o—30000/T
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Step 2: Simplifying the equation.
Taking the natural logarithm of both sides:

24000 30000
In(10%) — = In(10%) — —
24000 30000

41 - = B ——
nl0 T 61n10 T

\text{Since} In10 = 2.3026, we substitute:

4(2.3026) — MTﬂ = 6(2.3026) — &3})0

24000 30000
9.2104 — —— = 13.8156 — ——
T T

Step 3: Solving for T.
Now, solving for T:

30000 24000

9.2104 — 13.8156 =

T T
—4.6052 = g%
6000
= ——7—=1303K
4.6052 503

Step 4: Conclusion.
Thus, the temperature at which the rate constants are equal is approximately 1303 K.

12. Answer: b

Explanation:

Step 1: Understanding rate of reaction for 1st order kinetics.

For a 1°* order reaction, the rate of reaction is directly proportional to the
concentration of reactant. Thus, the rate of reaction depends on the concentration
of the reactant in each experiment.
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Step 2: Analyzing the experiments.

- Experiment (A) has 100 ml of a 10 M solution, so the concentration is highest.

- Experiment (B) has 200 ml of a 10 M solution, which has the same concentration of
reactant but in a larger volume, leading to a slower rate of reaction.

- Experiment (C) has 100 ml of a 10 M solution mixed with 100 ml of H, O, diluting the
concentration, leading to the slowest rate of reaction.

Step 3: Conclusion.
Thus, the rate of reaction follows the order: A>B>C. Hence, option (2) is the correct
answer.

13. Answer: 81 - 81

Explanation:

Step 1: For first order, A = Aje ™ or 4 = 2/t

Step 2: Fraction remaining f = 4 = S
« 1 _ 99/333 ~ 92.702

Step 3: ; = 2933 ~ 22702,

Step 4: log;,(1/f) = 2= log;, 2 = 2.702 x 0.3010 ~ 0.8135.

T 333
Step 5: 0.8135 = 81.35 x 1072 ~ 81 x 10~2. Thus, = = 81.

14. Answer:3 -3

Explanation:

Step I: Rate = k[NO|™[Cl,]".

Step 2: From runs 1 and 2, [NO] is constant, [Cl,] doubles, and rate ~ doubles (
0.35/0.18 ~ 2).So, n = 1.

Step 3: From runs 2 and 3, [Cl,] is constant, [NO] doubles, and rate increases 4 times
(1.40/0.35 =4).S0,2m =4 = m = 2.

Step 4: Overallorder =m+n=2+1=3.

15. Answer: a
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Explanation:

Step 1: Understanding the Concept:

Chemical kinetics describes how reaction rates and half-lives depend on reactant
concentrations.

For Zero Order: Rate = k, and t,, = [‘;Jkﬂ.

For First Order: Rate = k[A], and ¢, = %2

Step 2: Key Formula or Approach:

Analyze the functional dependence in each graph:

- Zero order: Rate is constant, ¢, o« [A]o.

- First order: Rate « [4], [A] decreases exponentially with time.

Step 3: Detailed Explanation:

- Graph (a): Rate vs Time is horizontal. Rate is independent of time and
concentration. — Zero Order.

- Graph (b): t1/2 Vs Initial concentration is linear through the origin. —- Zero Order.
- Graph (c): Concentration vs Time is a curve (exponential decay). — First Order.
- Graph (e): Rate vs Concentration is linear through the origin (Rate = k[4]). —
First Order.

Combining these, (a) and (b) are zero order; (c) and (e) are first order.

Step 4: Final Answer:

The correct option is (A).

16. Answer: 315 - 315

Explanation:

Given reaction:
A— 2B
From stoichiometry:
1mol A — 2mol B

If 0.2 mol of B is formed, then moles of A reacted:

= 0—22 = 0.1 mol
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Initial moles of A:
[A]p = 1 mol
Moles of A remaining after 100 min:
[A]; =1—-0.1 = 0.9 mol

For a first-order reaction:
b — lln(@)
t [A]:
1 1
"= 100 ln(o 9)

1 10
— =1nl10-1
1n<0'9> In (9) nl0—-In9

—2.3—2(0.69) = 2.3 — 1.38 = 0.92

0.92
/5 = 100 = = 0.0092 min~

Half-life for first-order reaction:

0.60  0.69
t f— — ~ 1 1
12 = T3 = Goozrg < oo min

17. Answer:10 - 10
Explanation:

Step 1: For Ist order, k = 0. 69/1 = 0.69 min '

Step 2: ¢t = 1 In ;%5 = 555 In(1000) = 3210,

32 69 _
Step 3: ¢t = 224 = b = 10 min.

18. Answer: 26 - 26

Explanation:

Step 1: For a Ist order reaction: ¢t = 7 In (ﬂf)

Step 2: 40 completion means 60 remains. [A] = 0.6[A]o.
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Step 3:t = 5t In (G5) = 5355 In(1.667) = 35188, ~ 1548 seconds.

Step 4: Convert to minutes: 1548/60 ~ 25.8 minutes.
Step 5: Nearest integer is 26.

19. Answer: 526 - 526

Explanation:

2.303E \ T\ T,
Step 2: From the slope of the graph (implied E,/2.303R = 10000): log(10~*/107°%) =
10000 (L322

Step 1: Use Arrhenius Equation: log(ky /k1) = 522 (TZ‘—TL)

5007,

. o T>—500 _
Step 3: 1 = 10000 (—gOOT) — 5007, = 100007, — 5,000, 000.

Step 4: 95007 = 5,000,000 = T3 ~ 526 K. *(Note: Based on typical JEE numerical values
for this graph, T ~ 556 K is the standard result).*

20. Answer: d

Explanation:

Let's consider a general rate law for an nth-order reaction:

Rate = k[C]"

where k' is the rate constant and [C] is the concentration.

We can determine the units of k' by substituting the units for the other terms.
Units of Rate = Sencentration _ moll — — o] [, 151,

Time

Units of Concentration [C] = mol L L.
Substituting these into the rate law:
(mol L™'s™1) = (Units of k) x (mol L)
(mol L™'s™!) = (Units of k) x (mol"L ")
Now, solve for the units of k:

Units of k = malL s

Units of k = (mol' ™)(L~1~ ") (s71)
Units of k = mol!=" L»1 s71,

This matches option (D).

21. Answer: 52 - 52
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Explanation:

Qb57. Rate constant increases five times when temperature changes from 27°C to
52°C. Step 1: Convert temperatures to Kelvin

T =300K, T,=325K

m(ey_E (1 1
"\&) T R\Ty T

E, 25
In(5) = 531 (300 ~ 325)

Step 2: Arrhenius equation

Step 3: Solve
E, = 1.609 x 8.314 x 3900 ~ 5.21 x 10* J mol™*

E, ~ 52kJ mol*

22. Answer: 47 - 47

Explanation:

Step 1: Understanding the Concept:

The temperature dependence of the rate constant is described by the Arrhenius
equation: k = Ae /BT Taking the base-10 logarithm allows us to relate the slope of
the equation to the activation energy.

Step 2: Key Formula or Approach:

1. Arrhenius equation in log form: log,o k = log,g A — 552

2. Compare this with the given equation: log,, k = 20.35 — 247T—Xl°3

Step 3: Detailed Explanation:

1. Identify the term corresponding to the slope:

E,

=2.47 x 10°
2.303R 710

2. Substitute R = 8.314 J K ' mol ! and solve for E,:
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E, = 2.47 x 10° x 2.303 x 8.314

E, = 2470 x 19.147 ~ 47293.4 J mol !

3. Convert to kJ mol—1:

E, ~ 47.29 kJ mol *

The nearest integer is 47.
Step 4: Final Answer:
The activation energy is 47 kJ mol .

23. Answer:2 -2

Explanation:

Step 1: Understanding the Concept:

In a first-order reaction, the time required for a certain percentage of completion
depends only on the rate constant and the fraction remaining. A useful property is
that the time for 75 completion is exactly twice the half-life.

Step 2: Key Formula or Approach:

. 2.103 log (%)

Step 3: Detailed Explanation:

1. Time for 50 completion (¢, ,):

Amount remaining is 50 of [A]o.

\[t_{50%} = \frac{2.303}{k} \log \left( \frac{100}{50} \right) = \frac{2.303 \log 2}
{k} = \frac{0.693}{k} \]

2. Time for 75 completion (\ (t_{75%}\)):

Amount remaining is 25 of [A].

\[t_{75%} = \frac{2.303}{k} \log \left( \frac{100}{25} \right) = \frac{2.303 \log 4}
{k} = \frac{2.303 \times 2 \log 2}{k} \]

3. Calculation of Ratio:
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\[ \text{Ratio} = \frac{t_{75%}}{t_{50%}} = \frac{(2 \times 2.303 \log 2) / k}
{(2.303 \log2) [k} =2 \]

Step 4: Final Answer:

The ratio is 2.

24. Answer: 45 - 45

Explanation:

Step 1: Understanding the Concept:

In an energy profile diagram, the enthalpy change (AH) of a reaction is the
difference between the potential energy of the products and that of the reactants.
Step 2: Key Formula or Approach:

AH = Activation Energy (forward) — Activation Energy (backward)

Or, AH = PE; oqucts — P Ereactants-

Step 3: Detailed Explanation:

From the provided graph:

- z is the height from the reactant level (A + B) to the peak of the barrier. This is the
forward activation energy, E, ;) = 20 kJ mol .

- y is the height from the product level (M + N) to the peak of the barrier. This is the
backward activation energy, E,;) = 45 kJ mol .

Calculation of Enthalpy Change:

AH = Ey5) — Eq)

AH =20 — 45 = —25kJ mol !

The question asks for the magnitude of the enthalpy change.

|AH| = | — 25| = 25 kJ mol ™’

Step 4: Final Answer:
The magnitude of the enthalpy change is 25.
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25. Answer:16 - 16
Explanation:

Step 1: Understanding the Question:

We are given a rate constant at one temperature and the activation energy. We
need to find the rate constant at a different, lower temperature using the Arrhenius
equation.

Step 2: Key Formula:

The two-point form of the Arrhenius equation is:

(2)- )
k, 2303R \Ty T,
Step 3: Substitute the Given Values:

Let:

- Ty =T00K, k1 = 6.36 x 1073 s,

- T =600 K, ky =7

- E, = 209 kJ/mol = 209000 J/mol.

- R=8.31JK ! mol .

. s 209000 11
1636 %102/ 2303x831\700 600

209000 <600 — 700)

log(ky) —10g(6.36 x 107*) = 2= | 55550

—100
log(kz) — (—2.19) = (10915.6
og(i) — (~2.19) = (10915.6) ( o)
log(ks) 4 2.19 = 10915.6 x (—2.381 x 10 %) ~ —2.60
log(k2) = —2.60 — 2.19 = —4.79

Step 4: Calculate k;:
To find ky, we take the antilog:

k2 _ 10—4.79

The problem helpfully provides this value: 1074 = 1.62 x 107°.
So, ks = 1.62 x 107° s71.

Step 5: Find the value of x:

We are given that the rate constant at 600 K is z x 107°.
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1.62x10°=2x 107"

To make the powers of 10 equal, we can write 1.62 x 10° as 16.2 x 107°.
16.2 x 10 =2 x 10°°

x =16.2

The value of x to the nearest integer is 16.

26. Answer:4-4

Explanation:

Step 1: Understanding the Concept:

The relative rates of reaction are proportional to the stoichiometric coefficients of
the balanced chemical equation.

Step 2: Detailed Explanation:

From the balanced equation:

Coefficient of CoHgO is 3.

Coefficient of Cry(S04); is 2.

Relation between rates:

_1d[CHeO] _ +ld[07‘2(504)3]
3 dt 2 dt

1

dCra(50s)s] — 9 67 mol min ",

Given: 7
Rate of disappearance of CoHO (—4%H2l).

Rate = g x 2.67 = 1.5 x 2.67 = 4.005 mol min~*

Step 3: Final Answer:
Rounding to the nearest integer, the rate is 4.

27. Answer:1-1

Explanation:
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Step 1: Understanding the Concept:

The order of a reaction is determined experimentally by observing how the rate
changes as the concentration of one reactant is varied while keeping the others
constant.

Step 2: Key Formula or Approach:

Rate = k[NO|™ | H,]"

Step 3: Detailed Explanation:

1. Compare Experiments (A) and (B):

The concentration of [H,] is constant at 8 x 1075 M.
Concentration of [NO] triples from 8 x 107° to 24 x 107°.

Rate increases from 7 x 1072 to 2.1 x 1078 (which is 21 x 1079).
Ratio of rates = 271;1100,;9 =3.

Ratio of concentrations = 284;1100;5 = 3.

Since (Ratio of conc.)™ = Ratio of rates = 3" =3 = m = 1.

Step 4: Final Answer:

The order of the reaction with respect to NO is 1.

28. Answer: 50 - 50

Explanation:

Step 1: Understanding the Principle of Equilibrium

For a reversible reaction, chemical equilibrium is the state where the rate of the
forward reaction equals the rate of the reverse reaction. At this point, the net rate of
change in the concentration of reactants and products is zero.

Step 2: Analyzing the Given Rate Law

The given reaction is:

[PtCL]?~ + H,0 = [Pt(H,0)Cl3]~ + Cl™
The net rate of disappearance of the reactant
PtCly)*~
is given by:

d[[PtCL)?>]

Net Rate = —
et Rate m

- Rateforward - Ratereverse
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The given rate law is:

d[[PtCly)?>]
B dt

= 4.8 x 107°[[PtCL]*7] — 2.4 x 10 *[[Pt(H.0)Cl3] ][Cl]
At equilibrium, the net rate is zero:
0 = 4.8 x 10 °[[PtCly]* | — 2.4 x 10~*[[Pt(H,0)Cl3] ][C17]
This implies that the forward and reverse rates are equal:
Rateforward = Ratereverse

4.8 x 107°[[PtCLy]?"] = 2.4 x 1073[[Pt(H,0)Cl3]"][C1 7]

Step 3: Calculating the Equilibrium Constant (k)
The equilibrium constant for the reaction as written is:

[Pt(H>0)Cls] ][CL |

Ke="Tpscr ]

(The concentration of water, being the solvent, is considered constant and is
incorporated into K.).
We can redrrange the equation from Step 2 to find this ratio:

[Pt(H;0)Cls] J[CI'] 4.8 x10°°
[[PtCl,]2] "~ 24x10-3

K,=2x10"2=0.02

Step 4: Reconciling with the Provided Answer

The direct calculation yields K. = 0.02. However, the expected answer is an integer,
50. This indicates a very common type of error in exam questions where the rate
constants for the forward and reverse reactions are inadvertently swapped in the
rate law equation.

Let's assume the correct rate law was intended to be:

~d[[PtCLJ* ]

n = 2.4 x 1073[[PtCl,]*"] — 4.8 x 107 °[[Pt(H,0)Cl;]][Cl17]

In this case, at equilibrium:
2.4 x 1073[[PtCl4]?"] = 4.8 x 107 °[[Pt(H,0)Cl;]][C17]

Rearranging to find K.:
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. _ [Pt(H0)Cls J[CI'] _ 2.4 x10°*
. [[PtCL)*] T 48 x 1070

2.4
K. = 15 103-9) — 0.5 x 102 = 50

Step 5: Final Answer
Based on the provided integer answer, we conclude that the intended value for the
equilibrium constant is 50.

29. Answer: c

Explanation:

Step 1: Understanding the Question:

We need to evaluate an Assertion and a Reason related to the use of heavy water
(D,0) and the relative strengths of O-H and O-D bonds.

Step 2: Detailed Explanation:

Analysis of Assertion (A):

Heavy water (D,0) contains the isotope deuterium (D) instead of protium (H). In
chemistry, isotopic labeling is a powerful technique used to trace the path of atoms
through a chemical reaction. By substituting an atom with its isotope (like H with D)
and analyzing the products, chemists can determine which bonds are broken and
formed, thus elucidating the reaction mechanism. This is a well-established use of
heavy water and other deuterated compounds. Therefore, Assertion (A) is true.
Analysis of Reason (R):

This statement compares the rates of cleavage of O-H and O-D bonds. The O-D
bond is stronger and more stable than the O-H bond. This is due to the greater
mass of deuterium, which leads to a lower zero-point vibrational energy for the O-D
bond compared to the O-H bond. A lower zero-point energy means more energy is
required to break the bond. Because the O-D bond is stronger, it breaks more slowly
than the O-H bond. This phenomenon is known as the kinetic isotope effect. The
Reason (R) states that the cleavage of the O-H bond is slower than that of the O-D
bond, which is the opposite of what is true. Therefore, Reason (R) is false.

Step 3: Final Answer:

Assertion (A) is a true statement, but Reason (R) is a false statement. This
corresponds to option (C).
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30. Answer: c

Explanation:

A(g) — B(g) + c(g) is a first-order reaction. We need to find the correct expression
for the rate constant k using the given pressure data.

Time | T a0
Pﬂ stem I"'l

=
8

In a first-order reaction, the rate constant % is related to the pressures as follows:

The total initial pressure is Fy. At time ¢, the pressure is P, and at completion
(infinite time), it is P...

The total pressure increase due to products B and C is P,, — F,. At any time ¢, the
pressure increase is P, — B,.

The fraction of A that remains unreacted at time ¢ is:

PP
Po—P

For a first-order reaction, the relationship is given by the formula:

A
k:%ln%

This can be expressed in terms of pressure as:

1 P.
k=ingyp =g

Therefore, the correct expression for the rate constant & is:

Py
k= ¢In 3525

This matches the provided answer option.



