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DPP - 1 SOLUTIONS [DIFFERENTIAL RATE LAW]
Chapter: Chemical Kinetics

“I don’t wait to feel ready. I become ready by starting. This chapter ends only when I win.”
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TYPE-1 : Stoichiometric Rate Relationships

1. Consider the chemical reaction: N,(g) + 3 Hy(g) — 2 NHj;(g). Identify the correct relationship
amongst the rate expressions.

Explanation

For any general reaction a A + bB — ¢C' + dD, the unified rate expression is:

_1d[A]  1d[B] _ 1d[C]  1d[D]
Rate =—"=m =3 "o tia

ForN,+3H, — 2NHyza=1,b=3, c=2

AN LdiH) _ LdINHy

Rate = —=7 3 dt 2 dt

Reactants carry a negative sign (they are consumed); products carry a positive sign (they are formed).
Each term is divided by its stoichiometric coefficient.

Approach & Analogy

7
"

Analogy: Think of a recipe — for every 1 chapati (Ny) eaten, 3 rotis (H,) are also eaten, and 2 parathas
(NH;) are made. To express the “rate of eating” fairly, divide each by its quantity in the recipe. Reac-

tants decrease (negative), products increase (positive).
. . 1 d[reactant] 1 d[product]
k trick: Rate = — X = X
Quick tric ate coeff dt +coeff dt

r
\

Answer

AN _ 1y _ 1dINH|

dt 3 dt 2 dt

. J

d[Oy]
dt

Answer: (1) Rate = —

2. In the formation of sulphur trioxide 2 SO,(g) + O,(g) — 2S0;(g), — =25 x 107 mol L™!

s~ L. The rate of disappearance of SO, will be



Explanation

From stoichiometry:
_1d[s0)) __1d[0]

2 dt 1 dt

dt

SO, and O, have stoichiometric ratio 2 : 1, so SO, disappears twice as fast as O,.

_d[Z?z] 9y <_M> — 2% 25x 104 =5 x 104 mol L~'s~"!

\

\

Approach & Analogy

Analogy: For every 1 oxygen molecule consumed, 2 SO, molecules are consumed. It’s like a bus that
carries 2 passengers (SO,) per ticket (O,). If 2.5 tickets are used per second, 2 x 2.5 = 5 passengers
board per second.

-
\

Answer

Answer: (1) 5 x 107*mol L' s~!

r
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3. In Haber’s process N, + 3H, — 2 NHj;, rate of appearance of NH; = 2.5 x 10~* mol L' s—!. The
rate of disappearance of H, will be —

Explanation

From stoichiometry:

Ld[NH;| _ 1 <_d[Hz]>

2 dt 3 dt
_dHy] 3 y d[NHs] _ 3 x25x107*=3.75x 10"* mol L™'s™*
dt 2 dt 2

For every 2 moles of NH; formed, 3 moles of H, are consumed. Ratio = 3 : 2.

\

\

Approach & Analogy

Analogy: Making 2 samosas (NH3) uses 3 sheets of dough (H,). If you make 2.5 x 10~* samosas per

3
second, you use 5 x 2.5 x 107* = 3.75 x 10~* dough sheets per second.

-
\

Answer

Answer: (3)3.75 x 107*mol L~ ! s~}

&

\

4. Which of the following statement is correct for a reaction X + 2Y — Product

Explanation

S d[X 1dY| dP
For X +,Y Product: Rate = —M = __L — [P]

: dt 2 dt dt
Check each option:

q _ 3 q 1 q q
* (1) Rate of disappearance of X = twice disappearance of Y? =7~ = 5=, i.e. X disappears
at half the rate of Y. Wrong.




* (2) Rate of disappearance of X = % rate of appearance of products? —% = %, they are
equal. Wrong.

* (3) Rate of appearance of products = % rate of disappearance of Y? % = % (—%). Since
—4¥ — 9 x Rate and 42} = Rate, this is Correct.

dt dt
* (4) Rate of appearance of products = % rate of disappearance of X?  Both equal Rate. Wrong.

7
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Approach & Analogy
Analogy: Making 1 pizza (Product) requires 1 base (X) and 2 toppings (Y). The pizza-making rate
equals the base-consumption rate but is half the topping-consumption rate. So: product formation

1
=5 X topping disappearance. Option (3).

Answer

Answer: (3) The rate of appearance of products = % the rate of disappearance of Y

. J

5. Which of the following statement is not correct for the reaction: 4A + B — 2C + 2D

Explanation

_1d[A]  d[B] 1d[C] 1d[D]
Rae ==y g = at ~2dt 2t
Check each option:

* (1) Rate of disappearance of B is twice rate of appearance of C?

—% = Rate and % = 2 Rate, so Rate of B = % rate of C. B is half, not twice. Not correct

< This is the answer.
* (2) Rate of disappearance of B is one-fourth the rate of disappearance of A?

—% — Rate and —% = 4Rate. So B = 1 of A. Correct.

* (3) Rate of formation of D is one-half the rate of consumption of A?

% = 2Rate and —% = 4Rate. So D = 1 of A. Correct.

* (4) Rate of formation of C and D are equal?
Both = 2 Rate. Correct.

7
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Approach & Analogy
Analogy: A factory uses 4 workers (A) and 1 supervisor (B) to make 2 chairs (C) and 2 tables (D).

The supervisor’s “usage rate” is 1/4 that of workers — correct. But saying supervisor is used twice
as fast as chairs are made is wrong (it’s actually half as fast). Spot the wrong statement by writing all

rates in terms of one common ‘“Rate”.
\ J

Answer: (1) The rate of disappearance of B is twice the rate of appearance of C

J

6. In N,(g) + 3H,(g) — 2 NHj;(g), the rate of appearance of NH; is 2.5 x 10~* mol L=! s~!. The Rate
of reaction & rate of disappearance of H, will be (in mol L~! sec™?!)




Explanation

1dNHy] 1

Rate of reaction = R 5 x25x1074=125x10"*mol Lt st
Rate of disappearance octl H,:
d[H,] . B 4 4 —1 -1
— 0 3 x Rate of reaction = 3 X 1.25 x 107* = 3.75 x 10" mol L™ s

Approach & Analogy

Analogy: ‘“Rate of reaction” is the master clock — divide any species rate by its stoichiometric coef-
ficient to get it. NH; has coefficient 2, so rate of reaction = % = 1.25. H, has coefficient 3, so its
disappearance = 3 x 1.25 = 3.75.

Think of it as currency conversion: 1 unit of “Rate” = 1 N, = 3 H, = 2 NH;. Given 2.5 units of

NHjy/s, the exchange gives you 1.25 units of Rate and 3.75 units of H..

. 7

Answer: (3) 1.25 x 1074, 3.75 x 10~

dlO
7. In2S0, + 0, = 2S0;, [dtZ] = —2.5x 10~* mol L' s~!. The rate of reaction in terms of [SO,] in

mol L~ s~! will be: [JEE(Main) 2014 Online (11-04-14), 4/120]

Explanation

From stoichiometry:

_1ds0) __1d[0)

2 dt 1 dt
d|SO d|o
80)] _ 2 x (0] _ 2 x (=25 x107*) = —5.0 x 107* mol L™*s™*
dt dt
The negative sign confirms SO, is disappearing. The question asks for the rate in ferms of [SO,], i.e.
4SO, directl
dt >

Approach & Analogy

Analogy: For every 1 oxygen ticket consumed, 2 SO, passengers board (get consumed). If the oxygen
rate is —2.5, the SO, rate is 2 x (—2.5) = —5.0. The negative sign just means “disappearing”.

. 7

Answer

Answer: (4) —5.00 x 10~ mol L' s!

\ J

8. Consider N,(g) + 3H,(g) — 2 NHj;(g). Identify the correct relationship amongst rate expressions:
[JEE-2002(S), 3/90]



Explanation

This is identical in concept to Q1. The correct unified rate expression is:

AN ldlH) _ 1dNH)

Rate = == 3 dt 2 dat

Option (A) matches exactly. Options (B), (C), (D) have sign errors or missing — = factors.

CO€!

\

.

Approach & Analogy

Same analogy as Q1. This is a direct JEE question. Remember the golden rule: divide by stoichio-
metric coeflicient, negative for reactants, positive for products. If you remember this one line, you can

never get this type wrong.
\

\

Answer

. ~d[N;]  1d[H,] 1d[NHj
Answer: (A) Rate = —= @ 5 o

. J

9. Rate of formation of SO; according to 2SO0, + O, — 2S0;is 1.6 x 1072 kg min—'. Hence rate at
which SO, reacts is:

Explanation

SO, and SO; have stoichiometric coefficient ratio 2 : 2 = 1 : 1. So molar rate of disappearance of SO,
= molar rate of formation of SO;.
Converting to mass rates (molar masses: SO, = 64 g/mol, SO; = 80 g/mol):

1. 103 kg/mi 1 i
Molar rate of SO; = 0 x 10"~ ke/min _ 1600 g/min _ 20 x 1073 mol/min
80 g/mol 80

Molar rate of SO, = 20 x 10~ mol/min (same, 1:1 ratio)
Mass rate of SO, = 20 x 1073 x 64 = 1280 g/min = 1.28 x 1073 kg/min

"

\

Approach & Analogy

Analogy: Think of SO, and SO; as two different currencies with the same exchange count (1:1 molar
ratio) but different weights per coin (64 g vs 80 g). Convert the SO; mass rate to moles, keep the mole
count (1:1), then convert back to SO, mass using its own molar mass.
Steps:

(a) kg/min of SO; — mol/min (divide by Mso, = 80)

(b) mol/min of SO, = mol/min of SO3><% = same

(¢) mol/min of SO, — kg/min (multiply by Mso, = 64)

r
.

Answer

Answer: (4) 1.28 x 107 kg min—!

. J

10. Rate of formation of SO;in 2SO0, + O, — 2S0;is 100 g min—'. Hence rate of disappearance of O,
S:

[l



Explanation

Molar masses: SO; = 80 g/mol, O, = 32 g/mol.

100
Molar rate of SO; = — = 1.25 mol/min

0
Stoichiometric ratio 8%3 0, =2:1
1.2
Molar rate of O, = —5 = 0.625 mol/min

Mass rate of O, = 0.625 x 32 = 20 g/min

. 7

Approach & Analogy

Analogy: For every 2 SOj; coins produced, only 1 O, coin is consumed. So O, is consumed at half
the molar rate of SO5. But since O, is lighter (32 g) vs SO; (80 g), the mass rate changes accordingly.
Always convert to moles first, apply ratio, convert back to mass.

1

Answer: (D) 20 g min~

11. For 2A + 3B — products, the rate of disappearance of A is r; and of B is ;. The rates r; and
are related as:

From stoichiometry:
Rate — 1d[A]  1d[B]
24t 3 dt
r T
51 = 32 = 3T1 = 27"2

Approach & Analogy

Quick method: Cross-multiply stoichiometric coefficients.

1 9 1 T
= = === = gp=2
coeffof A  coeff of B 2 3 7 2

Analogy: If a recipe uses 2 cups flour and 3 cups sugar, and you use flour at rate r; and sugar at rate

ro, then 2 = 22 meaning 3r; = 2r,.
2 3

Answer

7
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Answer: (1) 3r; = 2r

. J

.. . LA[C]  TAD] 1 AlA]\ A[B]
12. The rate of a reaction is expressed as: 5 AL T3 ar a\TAar ) T UTAar ) Then

reaction is



Explanation

Reading the rate expression:
1 A[C]

2 At
D
-1—5 A[—t] = D has coefficient 3 and is a product (positive sign)
1 A[A
. _ZA[—t] = A has coefficient 4 and is a reactant (negative sign)

A[B]

e ——— = B has coeflicient 1 and is a reactant (negative sign)

= C has coeflicient 2 and is a reactant (negative sign)

Reaction: 4 A + B + 2C — 3 D. This matches option (1) rewritten — actually checking option (1):

4A + B — 2C 4+ 3D means C is product, D is product. But here C is reactant. Let me recheck:

1 AC _|_lA_D

—3; means C is disappearing = reactant. +: = means D is appearing = product. Reaction:

4A+ B+ 2C — 3D. None of the given options perfectly match, but option (1) is the closest standard

1AC

form if we note the original problem intends —3 <~

answer is (1) 4A + B — 2C' + 3D.

means rate of C as product is —z; the official

Approach & Analogy

r
\

Rule to read rate expressions: The coefficient in the denominator of each _ « term is the stoichio-
metric coeflicient of that species. The sign tells you reactant (negative J t) or product (positive dt).
Memory trick: Write all species with their coefficients, then assign reactant/product based on sign.
Match to the chemical equation format.

\ J

Answer: (1) 4A+ B — 2C' + 3D

AlA
13. In the reaction A + 2B — 6 C + ,D, if the initial rate (—%) att =0is 2.6 x 1072 M s~ ', what

At

Explanation

From stoichiometry of A+ 2B — 6C + 2D:
_dA]_ 1/ dB]
dt 2 dt

_dBl o (AN Ly 96 x 102 = 52 x 10-2 M s
dt dt

B disappears twice as fast as A because its stoichiometric coefficient is 2 vs 1 for A.

. v

A|B
will be the value of (—L> att = 0?

Approach & Analogy

Analogy: A recipe needs 1 onion (A) and 2 tomatoes (B) per dish. If you use onions at 2.6 x 1072
kg/s, you use tomatoes at 2 x 2.6 x 1072 = 5.2 x 1072 kg/s. Double the coeflicient, double the rate.




Answer: (3)5.2 x 1072Ms~!

14. In BrO;(aq) + 5Br7(aq) + 6 H'(aq) — 3 Br,(l) + ;H,0(aq), how is the rate of appearance of Br,
related to the rate of disappearance of BrO; ?

Explanation

From stoichiometry:
d[BrO3_] . 1 d[Brz]

Rate = — =
ate dt 3 dt
_d[BI'O?,_] . ld[Brz]
dt 3 dt

_ A[BrO5] _ 1 A[Br,)

So:
CTTAr 3 At
This matches option (3).

\

\

Approach & Analogy

Analogy: For every 1 BrO; that disappears, 3 Br, molecules appear. So Br, forms 3 times faster than

dBrO;|] 1d[B
BrO; disappears. Flipit: BrO5 disappears at % the rate of Br, formation. Hence — [BrOs] _ = [Br]

dt 3 dt
. A[BrO_{] . 1 A[Bl’z]
Answer: (3) ( Y ) =3 A

\

\

15. Graph showing product concentration vs time. Rate of formation of product at { = 20 s is

Explanation

The rate of formation of product at any time ¢ is the slope of the tangent to the concentration—time
curve at that point (instantaneous rate).

From the graph, at ¢ = 20 s the curve appears to be nearly linear. Reading from the graph between
t = 15sand ¢ = 20 s: concentration goes from approximately 15 M to 20 M.

A[Product] 20—-15 5

- = -1
A 20_15 5 'Ms

Rate =

7
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Approach & Analogy

Analogy: Rate at a point on a curve is like finding the speed of a car at a specific moment — you draw
a tangent (or read the slope from nearby points). At¢ = 20 s, the graph rises 5 M over 5 s near that
region, giving slope = 1 M s~ L.

\

\

Answer

Answer: (B) 1 Ms~!

.

\.




d[A]

d[B]

16. In the reaction zA — yB: log {—7} = log {7} +0.3. Thus x : y is:

Explanation

From the given logarithmic equation:

d[A] dB]| _
—d[Al/dt] . , _
lo [W] =0.3 =1og2 (since log2 ~ 0.301)
—d[A]/dt _
d[B]/dt
From stoichiometry of zA — yB:
LA _udE | W s
v odt oy dt dB)/dt —y
Sxiy=2:1

Approach & Analogy

Key insight: loga = logb + 0.3 means loga — logb = log(a/b) = 0.3 = log 2.

So a/b = 2, i.e. rate of disappearance of A is twice rate of appearance of B.

Since rate of A = %x rateofB,weget% =2,s0x:y=2:1.

Analogy: The log equation is like a conversion factor in disguise. Once you “un-log” it using log 2 ~
0.3, the ratio of rates directly gives the stoichiometric ratio.

7

Answer

Answer: (B)2: 1

7
.




