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CHEMICAL KINETICS e

SOLVED SUBJECTIVE EXERCISE

Very Short Answer Type Questions (1 mark)

What will be the effect of temperature on rate constant ?
_The exact dependence of the rate

1.
Ans. The rate constant of a reaction is nearly doubled with rise in temperature by 10°
constant on temperature is given by Arrhenius equation, k = Ae Ea/BT where Ais called frequency factorand E,
is the activation energy of the reaction.
2. What do you understand by ‘Rate of reaction’?
Ans. The change in the concentration of any one of the reactants or products per unit time is termed as the rate of
reaction.
. d[Hz] d[NH3] .
3.  Forthereaction Nj(g) + 3Hj(g) - 2NHg(g) , how are the reaction expressions — [ dt2 and — interrelated ?
1 d[H2] 1 d[NH3]
—— =4 -
iy T T
4. When does the average rate of reaction become equal to instantaneous rate ?
Ans. Average rate becomes equal to instantaneous rate when the interval, At, approaches zero, i.e., it becomes infinitesimally
small. Th i [ dx) im
5 —| = lim —
gnal. ThuS: finso 1€ L gt/ ato00 At
5. For the reaction A — B, the rate of reaction becomes twenty seven times when the concentration of A is increased
three times. What is the order of the reaction?
Ans r = k[A]" =ka"
When concentration is increased three times, [A] = 3a.
Hence, 27r = k(3a)"
27 k(3a)"
r ka"
or 21
or 3P =3"
ni= 3
6. When could order and molecularity of a reaction (i) be the same and (ii) be different?
Ans. (i) Ifthe rate determining step involves all the reactants taking part in the reaction, i.e., it is a one-step reaction, then
order and molecularity of the reaction is same.
(ii) If reaction involves more than one step, then order and molecularity are different.
4
7. A reaction: Reactant — Product is represented by
(i) the order of the reaction in this case, e
(i) What does the slope of the graph represent? ‘g
Ans, (i) The reaction is of the zero order. ° (R,]
. : dIR] =
(ii) Slope of the straight line graph = -k = —. S}
dt J
3
Time (t) .
- — IR ——
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8.  Following graph is a plot of the rate of a reaction vs concentration of the reactant. What is the order of the
reaction?
1\
S
S
v

>
>

Concentration —»
Ans. Zero order reaction.

9. Define threshold energy of a reaction.

Ans. Threshold energy is the minimum energy which must be possessed by reacting molecules in order to indecgs
effective collision which leads to formation of product molecule.

10. A reaction is 50% complete in 2 hours and 75% complete in 4 hours. What is the order of the reaction?
Ans. Ast,, =2t

Therefore it is a first order reaction.

Short Answer Type Questions (2 mark)

i A reactant has a half-life of 10 min.
(i) Calculate the rate constant for the first order reaction.
(ii) What fraction of the reactant will be left after an hour of the reaction has occurred?

s

Ans. (i) k= Qo003 0.0693min!
y
(i) N=Ng (%)
_ Total time =_6_(_)_ e
where, Toe 10

1 6
N=1X(§'J =.l/64

(where, N, = initial amount of reactant and N = amount of reactant left after time, t)

12. Show that the time required for 99% completion of a first order reaction is twice the time :equi;ed for the completion

i
]
of 90%. ; %
2303, [Ao] ‘.
Ans. For first order reaction, t = TR Ogm ]
: ]
2.303 o 100 J
toow, _ k210099 _ log100 1
toow, ~ 2-303 log 100 logln !
k 100-90 |
_log10? _2logl0 _, |

" log10  log10

togq, = 2tggq,

14 |
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Chemical Kinetics

‘ 3 A first order reaction takes 40 min for 30% decomposition. Calculate t, ,.
Ans. Fora first order reaction K = 2—%23— log%’lj r - vy G / {
S Rl 10010 K s e &
When t = 40 minutes, R] 10030 7 -
2303, 10 2303 2.303
=== —log— =———logl. =
0 %7 a0 0g1.428 20 01548

K =891 X 10~ min!

_0698__ 0693
W2=TK T 891x107

ty =77.78 min.

g
]}_/T he rate of a reaction quadruples when the temperature changes from 293 K to 313 K. Calculate the energy of
activation of the reaction assuming that it does not change with temperature.
k
Ans. kg —'—4"(1 :>—2—=4
ky
4

ke E, (To-T
gl & 2.303R( T

B~k (313-293J
8% =5 303x8.34 293 %313
E 20
ool
2xleg2 = 757 47\ 91709

 2x0.3010x19.147 x 91709
e 20
E, = 52.85 kJ/mol.

E

15. What is meant by a pseudo first order reaction? Give an example of a pseudo first order reaction and write the rate

equation for the same.

Ans. A reaction which is of higher order but follows the kinetics of first order under special conditions is called a pseudo

first order reaction. Example, Acid hydrolysis of ethyl acetate.
CH,—COOC,H; + H,0 H* , CH,—COOH + CH,—OH

Here, the rate law is given by expression
Rate = K [CH, — COOC,H; ]

The concentration of H,O is so large that it

appear in the rate law.

16. Rate constant k of a reaction varies with temperature according to the equation

log k = Constant — 2303

where E_is the activation energy. Wh

obtained. Calculate the energy of activation for the reaction in proper units. (R = 8.314 JK-' mol™)

hardly undergoes any change during the reaction, therefore, it does not

en a graph is plotted forlog k vs 1/T, a straight line with a slope 6670 K is

Scanned with CamScanner
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Ans. Siope = -—E2__ — _6670k
2.303 RT . ;
E, = 6670 x 2.303 x 8.314 = 127711.43 Jmol™ = 127.711 kd mol”
. — 45
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17. The decomposition of phosphine
4PHg3(g) — P4(g) + 6H,(g)
has the rate law, Rate = k[PH, N

The rate constant is 6.0 x 105! at 300 K and activation energy is 3.05 x 10°
What is the value of rate constant at 310 K. [R = 8.314 JK 'mol J

Ans.  k =6.0x 10" T, = 300 K
ky =? T, = 310K
E, = 3.05 x 10°J mol™
ky  3.05x10° ['310 300J

k; 2.303x8.314(310x300

___ 305x10°x10
2.303x8.314 x 310 300

log-l-‘z= 1.718
k

l(kl =antilog1.718 = 51.62
1

ky =51.62xk; =51.62x6.0x10%s7! =3.1x1072s7?.

d anJl 3

18. The activation energy for the reaction, 2 HI () } - Hy(a) + I, (g), is 209.5 kJ mol ! at 581 K. Calculate the fraction

of molecules of reactants having energy to or greater than activation energy.

Ans. Fraction of molecules having energy equal to or greater than activation energy = x

Eu = a
In % = —gp or logx=-o Rt

209.5 x 10°Jmol !
or logx = "57303.8314 JK 'mol ' x581K

-18.8323

x= Antilog (-18.8323) = antilog 19.1677 = 1.471 x 10™"?

i E,/RT
NTe"

19. At373K, agaseous reaction A — 2B + Cis observed to be of first order. On starting with pure A, it was found that
at the end of 10 minutes, the total pressure of the system was 176 mm of mercury and after a long time, when

dissociation of A was complete, it was 270 mm. From these data, calculate (i) the initial pressure of A (ii) the
pressure of A at the end of the 10 minutes. (iii) the rate constant.

Sol. Suppose initial pressure of A = P mm.
Decrease in the pressure of A after time t = p mm.

A B
Initial pressure P
Pressure after time t P-p
Final pressure 0
(i) Final pressure = 270 mm (Given) - 3P

(i) Pressure after 10 minutes = 176 mm (Given)

2B

2p
2P
=270 or P=90 mm

. P+2p=176 or 90 +2p =
47 mm

Pressure of A after 10 min = P-p =90-43 =

(i) acc P and x «p
k_2.3()3l a 2303lg P
i ga -X t P-p

2.303 9 2303, 90

log

k=

0min °%50-43 ~ 10min %47

-6.496 % 1072 min™!.,

C
0
P

P

S s _am

Total pressure
P
P+2p
3P

176 or p =43 mm

46
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ALLE Chemical Kinetics
20. The half-life period of a first order reaction is 60 minutes. What percentage will be left after 240 minutes”

240 '
sd. NO of half-lives = 60 = 4. e, n=4 '

(Ag]  [A,]

Amount left after 4 half-lives = o 16 = 0.0625 of Ag = 6.25%

short Answer Type Questions (3 mark)

21. The decomposition of NH, on platinum surface is zero order What are the rates of production of N, and H, i
k =25x104 mol L' s ?

1 3
Ans. NHj = -Z-Nz +EH2

__dINH3]  2d[N;]  2d[H,)
g R JR A kY
For zero order reaction, rate = k
_dINH3] _ 2d[Nz) _ 2d[H,) ‘
dt dt 3 dt
=25x 10" mol L' ¢!

4 o |
. mdmodmdN!.g:ll,z.Sulo 2“\0'[. s -‘”x'r‘wl'-’.—l

Rate of production of H, -@d‘l’ -%x(2.5:10"4m0lL"!'l)
=3.75 x 10" mol L' s

22. hanﬂonuwnAuﬂB.hhmmdmmthdﬂcmwwah“
/ B as given below: i

A/molL™! 020 0.20 0.40 5
B/molL™! 0.30 0.10 0.05 -
©/molL 's” | 5.07x10°5 [507x10° | 7.16x10°°

msumammmunma? h 1
Ans. ﬁ-nhhwmbcq_dnro-mmr
3 (rg)y = 5.07 x 10°° = (0.20)"(0.30)"
\ (ro)p = 5.07 x 10°° = (0.20)"(0.10)"
’ (ty)g = 7.16 X 10°° = (0.40)"(0.05)"
0.30
%’:'1 (oxo) e
@)’ =@’

Scanned with CamScanner



T

PR ]
33,,:-' R

1157 .'y"‘

A

i
i

’r
niy

5
1 04

‘:‘ ¥
175

b
7, ek e

AT
VLS
Iy Jﬂ S

AT
Wi i) "
-')‘J",".J’i‘a 14

BB T
e
_3

1

L )0 s
Wl

m

i
N L

it nnrlﬂmiﬂl'bhlmﬂ“w.’uw‘ﬁﬁ ’n"»lﬂm""r&%ﬂ

Y
ST 47
All JJ_ "‘]_7!‘

3

EN
m

Chemistry
7 1 ug of 0Sr was dbsorbed in the

23. During nuclear explosion, one of the products is ©Sr with half life of 28.-1 yitafs
bones of a newly bom baby instead of calcium, how much of it will remain after

metabolically?
- As radioactive disintegration follow first order kinetics,
0.693 0.693 T B
Decay constant of 905r, k= : =§T— =2.466x10"y
1/2 -1y

To calculate the amount left after 10 years,
a=1pg t=10years, k =2466 x 102y, (a—x) = ?
2.303 a

] 2.303 1
10 c)g(a—x)
or log(a-x) =-0.1071 3

or (2a-x) = Antilog 1.8929 =0.7814 pg. / M,}V

To calculate the amount left after 60 years,

2 2303 1
2.466x1072 = =72,
2 60 3

a-x
log (a-x) = 0.6425
(a—-x) = Antilog 7 3575 =0.2278 ug.

24. The following data were obtained during the first order thermal decomposition of SO,Cl, at a constant value:

SO;Cl3(g) - SOz(g) + Clz(g)

Experiment | Time/s | Total Pressure/atm
1 0 0.5
2 100 0.6
Calculate the rate of reaction when the total pressure is 0.65 atm.
Ans. S0O,Cly(g) - SO4(g) + Cly(g)
Initial pressure P, 0 0
After time t P,-P P B
Total pressure after time tP)=(P,-P)+P+P =P +P

orP=P -P,
a o P and (a - x) « P - P or substituting the value of P

a-x o Pj—(P-P)i.e.

(@-x) « 2P, -P,
o L 1 2.303 a
as decomposition of SO,Cl, is a first order reaction k = log 5
-x
2.303 P,
= -
t 2P, P,
2.303 0.5 2.303
IG5 0 100s o)
3
= g“'93(0.0969) =2.2316 x 1073 s!
100s

When P, = 0.65 atm, i.e., Py + p = 0.65 atm
- p=065-Py=0.50=0.15 atm

<. Pressure of SO,Cl, at time t( Pso,c1, )= Py~ p = 0.50 - 0.15 atm = 0.35 atm
Rate at that time = k X Pso,c1, =(2.2316 x 105 (0.35 atm) = 7.8 x 10~

atm s‘l.

10 years and 60 years if it is not lost

|
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Ans.

ALLEM
CAREER INSTITUTE Chem iCG’ Kinetics

The tim ire c ; ;
e time required for 10% completion of a first order reaction at 298 K is equal to that required for its 25%

completion at 308 K. If A s
P the value of Ais 4 x 10 g1, calculate k at 318 K and E,.

2.303 a 2303, 1
koo = 2" log—2 . &009, 10 _ 2.303
1 t k298K
2.303 a 2.303
= log— - —— === 4 2303
k308K t, 95 - 0254 b log5 =T (0.125) = 0.2879 oy 0.2879
2 tz k308K
0.1055 0.
But t; = t,. Hence, —— ——28-2
} kaogk  kaosk
kaogk _ 02879 _, .o
o8 koggk 0.1055 9

Now, from Arrhenius equation, Jog ksosk _ E, (Tz -Ty J

koogk  2.303R| T;T,
@ log(2.7289) = E, (308 - 298)K §
» 2.303x8.314JK 'mol™! 298K x 308K
04360 — Lo 10
2.303x8.314 298 x 308

E, = 76.623 kd mol".
Calculation of k at 318 K:

E 76623JK 'mol ™!
logk =logA ———2— =log(4 x 1612)~
2.303RT 2.303x8.314 JK 'mol ™! x 318K

= 10.6021 - 12.5843 = — 1.9822
or k= Antilog (-1.9822) = Antilog(2.0178 ) = 1.042 x 107 s

26. (a) List the factors on which the rate of a chemical reaction depends.
(b) The half-life for decay of radioactive 1C is 5730 years. An archaeological artefact containing wood has only 80%
of the C activity as found in living trees. Calculate the age of the artefact.
Ans. (a) Rate of reaction depends on

(i) Concentration
" (ii) Temperature-
i (iii) Nature of reactant
j (iv) Pressure of the gaseous reactant
g (v) Surface area
£ (vi) Catalyst
é (b) typ = 5730 year
! : K=9'6_9?1=9£2§=1.209x10“4year"1

& ty/2 5730
2.303. [Rgl 2.303 100 -
t — l = log an
K CSR] 12x10% 80
! 4
. 2.303x10% ~ 2.303x10 (1-3l0g2)

[ 4
i L 2B0F _ 2.303x0.097 x 10

t——l‘—z——XIO (1—3)(0.3010)— 1.209

t=1847.7 years
E— < . \ s

49
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It is found that this reaction follows the following rate equation:
Rate = k[PH,]
The half-life of PHB is 37.9 s at 120°C.

(i) How much time will be required for 3/4 of PH, to decompose?

N S ) Y, LT YA VY VA T

| Ans. (i) Given typ = 37.95

0.693

0.
‘ tye = , k= 093 =1.83x1072s7!
| k ti/2
0.693 _ 2.303, [Ag]
k== 1 t=———]| ol
379 ° ° k. CIA]
2.303 (Ag] 2.303
taja = 0= 100log 2°
TR0 2. Bl 188 . oo
e
., - 2:303x100x2x030105 13864
=8 1.83 g

| t3/4 = 75.765

0.693 _0.693 &1

e =1.83x107%7!
() * = " 379 e

t = 1 minute = 60s

2303, [Ao]
Eecoop ol
kU [A]
__ 2308 [Ag]
1.83x1072s1 * [A]
2
jaglfol  60x183x107 _, 10q
(A] 2.303
[Ag]

log (4] = ~0-4768 =1.5232

1Al _ pntilogT.5232 = 0.3336
(Ap]
(A]

w —=0.334
or (Ao]

\.?/ Decomposition of phosphine (PH,) at 120°C proceeds according to the eq
4PH,(g) - P,(g) + 6H,(q)

uation:

(ii) What fraction of the original amount of PH, will remain undecomposed after 1 minute ?

[ ' | | 50
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Chemical Kinetics

At 27°C in the presence of a catalyst, the activation energy of a reaction is lowered by 2 kcal. Calculate by how
much the rate of reaction will increase?

In the absence of catalyst, suppose rate constant = k.

m— E"
2.303RT
In the presence of catalyst, suppose rate constant = k',

Then logk = log A -

Now, activation energy = E_ -2 (if E, is in kcal mol™)

E 2kecal mol ™

logk'=logA -2 or logk"zlogA_ a .
2 303RT 2303RT * 2.303RT W
Subtracting equation (i) from equation (ii), we get logk'-logk = 2Zkcal moﬁ
2.303RT

l k' 2kcalmol !
987 = 2.303(2x10 *kealK 'mol ')(300K)

-1.4474 (- R=2 x 103 keal K™ mol™)

or

ki _ antilog1.4474 = 28
or k' =28k, i.e., the rate of reaction will increase 28 times.

The decomposition of a compound is found to follow a first order rate law. If it takes 15 min for 20% of original
material to react, calculate

(i) the rate constant

(ii) the time at which 10% of the original maten‘gl remains unreacted.

Ans. (i) 20% decomposition means [Ry] = 100,

[R]= 100 - 20 = 80

A 2303, __[Ro)
t [R]
2303, 100
= lOg——'
15 580
2.303
o log1.25
k = xlog
_ 2303 0969
15

= 0.0148 min™'
(ii) Time at which 10% of the original material remains unreacted.

[R,] = 100, [R] = 10

2303, [Rol
L
k —log el
2303 . 100
00148 % 10 8 )
e 2303x1
0.0148
= J556 i
51
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30.

Ans.

s burnt in air at a high

. fuel i
he ti = tributes to air pollution wherever @
The reaction, Ny(g)+Os(g) = 2NO(g) contribu [N.] = 0.80 mol L il

temperature. At 1500 K, equilibrium constant K for it is 1.0 x 10°
[0,] = 0.20 mol L before any reaction occurs. Calculate the equilib
product after the mixture has been heated to 1500 K.

Npl@ + Opl@ = 2NO@

Initial conc. 0.8M 0.20M 0
At equilibrium 0.80 —x 0.20-x 2x
NOJ? 2x)?
LN {2x) = 1.0 x 10° (Given)

© “IN,]05]  (0.80-x)(0.20 - x)

4x® =1.0x1075(0.16 — 0.80x — 0.20x + x?)
or 4x10°x2 —x2 +x-0.16=0

or 4x10°%x% +x-0.16 =0

Since, above equation is a quadratic equation, hence x = %
Hence,a =4 x 10° ,b = land c = -0.16
o _ 12\ -4 x4x10°(-0.16)

2x4x10°
2 ~1+v2.56x10° _-1+506
8x10° 8x10°

x=+63x10% x=63x10"
Since, concentration cannot be negative, hence x = 6.3 X 107
[NO] = 2x =2 x 6.3 x 107 = 1.26 x 10~ mol L™
[N,] = 0.80 - 6.3 x 107 = 0.799 mol L™’
[0,] = 0.20 x 6.3 x 107 = 0.199 mol L™

_ Suppose in a case
rium concentration of the reactants and the

52
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PREVIOUS YEARS BOARD PROBLEMS

CBSE 2016
_1—. Forareaction:2NHy(@) P, N,(g) + 3H,(g)

Rate = k
(i) Write the order and molecularity of this reaction.

(i) Write the unit of k.

Z./'he rate constant for the first order decomposition of H,0, is given by the following equation:

1.0x10*K
]Og k = 142 — —_‘x'—_l::—'-‘—

Calculate E, for this reaction and rate constant k if its half-life period be 200 minutes.
(Given : R = 8.314 JK! mole™)

_/’ CBSE 2015
1. For the hydrolysis of methyl acetate in aqueous solution, the following results were obtained :

t/s 0 30 | 60
[CH;COOCH3]mol L™ | 0.60 | 0.30 | 0.15 |
(i) Show that it follows pseudo first order reaction as the concentration of water remains constant.
(i) Calculate the average rate of reaction between the time interval 30 to 60 seconds

2. _/(a‘)/Fc;r a reaction A + B — P, the rate is given by

Rate = k [AJ? [B]
(i) How is the rate of reaction affected if the concentration of A is doubled ?

(ii) What is the overall order of reaction if B is present in large excess ?
(b) A first order reaction taken 23.1 minutes for 50% completion. Calculate the time required for 75% completion of

this reaction. ‘\
(Given : log2 = 0.301, log3 = 0.4771, log4 = 0.6021) Zﬂ\ <%g

CBSE 2014 ';i%ﬂ

s For a chemical reaction R —» P, the variation in the concentration (R) vs. time (t) plot is given as

{ —>
(i) Predict the order of the reaction.

e following data were obtained during the first order thermal decomposition of SO,Cl, at a constant volume:

2,
S0,Cl,(g) —» SO,(g) + Cla(@) [1.38 x 10s7]
Experiment Time/s ! | Total pressure/atm A
1 0 0.4
e 100 0.7
Calculate the rate constant.
(Given: log4 = 0.6021, log2 = 0.3010)
& 55
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/’ CBSE 2013
- (i) Fora reaction A + B — C, the rate law is given by, 1= KA1 (B’ (5/2]

what is the order of this reaction? '
. s ; 4 1 Fi > half-life 2 reacti
(i) A first order reaction is found to have a rate constant k=D55X 101s Find the h alf-life of the reaction
S [1.26 % 10‘331

CBSE 2012

\'_L/A reaction is of second order with respect to a reactant. How is rate affec
(i) Doubled (ii) Reduced to half?

' i i i herever a fuel is burnt in air at a k;
&?he reaction, Ny(a) + O, —= 2NO(a) con(nb}n'es t8 alrlgﬁlxgzlzt;(\;e rever & L8 2 080 In 8k and}{‘gh
emperature. At 1500 K, equilibrium constant K foritis 1.0 X . rations of the reactants and ll';g]

= 0.20 mol ! before any reaction occurs. Calculate the equilibr

product after the mixtu 500 K.
Sxcivinbsean h‘;ﬁgj O o or i N] = 0-289 ol [0,] = 0.199 mojy

CBSE 2011

Define order of a reaction.

ted if the concentration of the reactant i

jum concent

0°L mol™ g,

M'/ Identify the reaction order from the following rate constant, k = 23x1
/ reaction? Identify the order of a reaction if the unis

"~ What do you understand by the rate law and rate constant of 2
of its rate constant are (i) L™ mol st (i) L mol™! s
A reaction is of second order with respect to a reactant. How is the rate of reaction affected if the concentrationf
the reactant is reduced to half? What is the unit of rate constant for such a reaction?

(i) Rate determining step of a reaction (ii) Molecularity of a reaction.
6. What are pseudo first order reactions? Give one example of such reactions.

4
/g. Explain the terms
6./

r reaction, the concentration of the reactant is reduced from 0.6 mol ! to 0.2 mol L' in 5. Calculate

In a first orde
[0.2197 min”]

the rate constant of the reaction.

The thermal decomposition of HCOOH is a first order reaction with a rate constant of 2.4 x 107 s cettal
temperature. Calculate how long will it take for three fourth of initial quantity of HCOOH to decompose?

(log 0.25 = -0.6021). [5.77 x 10 |

L —|

CBSE 2010

Define rate of a reaction.
. Explain the difference between the average rate and instantaneous rate of a chemical reaction

Distinguish between molecularity and order of a reaction.

The decomposition of phosphine, PH, proceeds according to the following e i
4PH,(@) — P,(a) + 6H,(a) g equation.
It is found that the reaction follows the following rate equation
Rate = k[PH,]
The half-life of PH, is 37.9 s at 120°C.

] et " 3
(i) How mucl'-l tlmef lsh T’EQl.}lt‘ed for Zth of PH, to decompose?- [
(ii) What fraction © the original sample of PH, remains behind after 1 min? 2 997 or33

56
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—5+—In a pseudo first order hydrolysis of ester in water, the following results are obtained:

t (in second) 0 30 60 90

[Ester] M 0.55 0.31 0.17 0.85

(i) Calculate the average rate of reaction between the time interval 30 to 60 s. [4.67 x 1073s71]
(ii) Calculate the pseudo first order rate constant for the hydrolysis of ester. [1.98 x 10%s71]

—6— The rzlnte Qf a mfffttc:ion bec.omes four .times when the temperature changes from 300 K to 320 K. Calculate the energy
of activation ol the reaction, assuming that it does not change with temperature. (R = 8.314 J K! mol!)
[55327.58 J mol!]

- : F .
7. Theactivation energy for the reaction 2HI(g) ____, H,(g) + l,(g) is 209.5 kJ mol"! at 581K. Calculate the fraction
of molecules having energy equal to or greater than activation energy. [R = 8.31 JK ' mol !

[X=1.471 x 10°"]
CBSE 2009
7 Define the following

(i) Elementary step in a reaction  (ii) Rate of a reaction.

/ A first order reaction has a rate constant value of 0.00510 min-'. If we begin with 0.10 M concentration of the
reactant, how much of the reactant will remain after 3.0 h? [0.0399M]

3. , The half-life for a first order reaction is 5 x 10* s. What percentage of the initial reactant will react in 2 hours?
Calculate. [90.497 %]

4/ A first order reaction is 20% complete in 5 min. Calculate the time taken for the reaction to be 60% complete.
[20.546 min.]

5 What is the effect of temperature on the rate constant of a reaction? How can this temperature effect on rate
constant be expressed quantitatively?

6. Foradecomposition reaction the values of rate constant k at two different temperatures are given below :
k, = 2.15 x 10 L mol™ s at 650 K [E, = 182201.71 d mol™]
k, =2.39 x 107 L mol ™ s at 700 K
Calculate the value of activation energy for this reaction. [R=8.314 JK ! mol™]

Charnatry \Shawt \Bowrd Mater ol\ Eng\ Shest- 1 (RC)\04_Chamical Kinstics pa s
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Chemistry o

S
SOLUTIONS OF PREVIOUS YEARS BOARD PROBLEM

CHEMICAL KINETICS
CBSE 2016

Sol.1 (i) zero order , bimolecular/ unimolecular
(ii) mol L™ s
Sol.2 log k = log A — Ea/2.303RT
E,/2303RT=1x10"k/T
E, =1.0 x 10* x 2.303 x 8.314
=191471.4 J/mol
t,, = 0.693/ k
k = 0.693/200
=0.0034 min™' /3.4 x 10~ min'

CBSE 2015
Sol.1 (i) Ao=0.60 A=030 when t=30s
(2303 [A,]
[A]
2303, 0.60
k=——-"I0og—
30 030
2303, . 2.303
= D 000 =2 50,3010
K o T 30
k=269 _ 59315
30
When Ao = 0.60 A=0.15 when t=60s »
2303, 0.60
e lopg———
; *80.15 :
L2303, 060 |
S0 Cols
L
2.303 2.303 }
e oed == 0.6021 :
SRR
k=L§§§é=0.23ls" ; ;
60 :

As for both cases k is approximately same reaction is of pseudo first order

18
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ALLEN[ _ Chemical Kinetics
: :

Change in concentration
Change in time

(i) Average rate during the interval 30 — 60 sec =

£ 0.15-0.30
60 -30

-0.15
:"_91_:umﬁnmu;3”
30

Sol.2 (a) (i) Rate increases by 4 times
(11) 2nd order
(b) Reaction is 50% completed in 23.1 min i.e. Half-life is 23.1 min

ke 0.693
llll
Lol 0.03 min ™'
23:1
A 2.303 log[A”]
t [A]
@
0.03min"' = 2303 log@
25
0.03= e log4
‘ 1.3866
t=23%, 06021 = . - 46221 min
0.03 0.03
CBSE 2014
! Sol.1 (i) Zero order
(ii) Slope =-K : '
Sol.2 The thermal decomposition of SO,CI, at a constant volume is represented by the following equation.
SO.CL,, > SOy, # Cly,
Att=0 P 0 , 0
Att=t P=p p p

After time, t, total pressure, P = (P —p) +p + p
>P=P+p=>p=F -P, :
Therefore, P, - p = P,— (P - P) = 2P, - P,

For a first order reaction,

"2'30310 e —2'303109 B,
It gP(,—p t 2P, - p,

k

2.303 0.4 .
When t = 100 = =1.386%10s™
e s 100s IC’92><0.4—0.7 >< °

m 2 \rood0A\BCAG- A-\{aore\ EF  Acvarced) \ s ax \Cmermisty \ Snam \Boc—e Mater @ \C3S5 \Sowtior\0 €3SE Soutions XC\G4_Crerica Kingt
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Sol.1 (a) 2.5

CBSE 2013

by - 0693 0693 o
» n - k 5%10 " =0.126 x 10" sec
CBS
Sol.1 Rate = K[A]’
(1) 4 times
Sol.2 N, + 0. = INO
8 0.2 2x
8-x 2-x 2x
(2x)?
1 x107° =
K, (0.8x)(.2
=1x 107 (0.16 - 0.80x - 0.2x + x?)

4

4x10°x*-x*+x-0.16=0
4x105x*+x-016=0

E 2012
(1) 1/4 times
Since, above equation is a quadratic equation, henc
64 \.“h: dac
X
24
Hence,a=4 x 105, b = | and ¢ 0.16
14J(1)? - 4x4%10° x(~0.16)
2x4x10°
411\/’ 56x10° | + 506
8x10° §x105
x=+63x10* x=-63x 10"

since, concentration cannot be negative, hence x

[Nol]=2x=2x63x 1
[N,] =0.80-63 x 107

[0,]=020-63x 10"

63 %10

0*=126x 10" mol lin
= 0.799 mol L
=0.199 mol L

-Sol.1 Order of reaction :

Sol.3 The effect of concentration on the rate reaction was first studied by Guldberg and Wagc n 1867, They put

CBSE 2011

Order of a reaction is the sum of the powers of the concentration terms
in the experimentally determined rate equation.

Sol.2 n=2

forward the following result, called the Law of Mass Action.

For a general reaction.

aA + AB — Products.

Rate a [A]" [B]

It is observed that the rate of this reaction may not depend Upon all the "4’ concentration term of A and
all the ‘b’ concentration term of B. Suppose, experimentally the rate of the reaction is found to depend upon

or

Rate = k [A]' [B]’

‘a’ concentration term of A and ‘B’ concentration term of B. Then,

Rate a [A]* [B]*
Rate = k [A]* [B)®

or !
where A and B are the molar concentrations of A and B respectively and k is a constant called velocits }
constant or rate constant. The above expression is called Rate Law. :
(i) Zero order |
(ii) Second order |
— 30 E
-
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Sol.4 Let the concentration of the reactant be[A] = a
Rate of reaction, R = K[A]

= Ka
(1) If the concentration of the reactant is doubled 1e [A] = 2a then the rate of the reaction would be
R = K(la)
= 4Ka

= 4R
There fore, the rate of the reaction would increase by 4 times

|
(1) If the concentration of the reactant is reduced 1o haff. 1e. A= 4

then the rate of the reaction would be
\' | 1

a = ~Kaa—R
4 4

Therefore the rate of the reaction would be reduced to llh
Sol.5 (a) The rate determining step 15 the slowest step of a chmical reaction that determnes the speedirate ) s
which the overall reaction preoceeds.
(b) The number of reacting species taking part in an elementary reaction Which must collowde
simultancously in order to bring about a chemical reaction is called molecularity of a reaction
Sol.6 There are circamstance where a second order reaction might, acoer in an experiment, (o be first grder
That is when one of the reactants in the rate equation is present in great excess over the other in the
reaction mixture.

2.303
Sol7 K, == "log %,

K =02197 min"’
Sol.8 The first apder reaction is

[:—wLulAL.
K
where (AL =1, (A1, log 025 = ~06021, k = 24x10°

2.303
= 107 VoB(A), ~log(A),)

2.303

VP L

. 0.602 : _
l-uaFI =t " . ;
.mg S T —— - I-J-- J---——--
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ALLEMN Chemical Kinetics
A o .
(=2303x 0,693 1
4(
2.303xt,,, xlog 4« 2.303x1,,, x log 2
0.693 0.693
2.303x37.9%x2x0.3010 .
0.693 [.. ¢, =379s]
52.544
=————=7582 sec.
0.693
(i) Here t = 1 min = 60s and  , = 37.9s
Using the formula
k IAL e ll/?
2.303 [Al,
( -~ 0_6.9;%_ IAL
‘II?

t=2.303x 1 x joglAk

0.693 [A],
I _2.303x37.9 Iog[A]0
0.693 [A],

" [A), ~ 1x0.693 0.693 0.0079

(Al, 2303x379 872837

%%1—](.) - anti— log (0.0079) = 1.018

, &= A7-.31 =14
Sol.5 (i) Ag- 9___& “-ll——— —— =0.0046

(-1, 60-30 30 /

. =46x 107" \
2.303, .55

(i) K=—"—log—=1.98x10"%s"!
30 31

K, E, [1 1
9 log —2 = a s
Sol.6 8y 2.303K[T, T,]

g2k ___E [L__'_
%K, 2303x83141300 320

E 20

log4 = X
2.303x8.314 300x320
E = 52.8 ki/mol
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