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3H,(g)+ Na(g9) — 2NHs (g) |
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1 d/Haf d[N2/ | dfNHy]
Rate =—3—3— =& =3~ «
— - dfH,| d[Ny/ 5 df/NHy |
Rate of disappearance of Hy =— —— =—3—F— = 5 —;

Q.2. Define ‘order of a reaction’.’]
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(ICOrder of a reaction may be defined as the sum of the powers of the concentration
terms of the reactants in the rate law expression.
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JOCTRate = K[A]° [B]° or Rate = k.
0 IO DO 0000 - [0 D OR DI OO0 0000 000D O00MO000mm 000
0 000D OIC 00006 DIMOIDOD MDD O 0000d Mo 000D 000D OC0I0MD O d Or [OOIDO0
rJJmOo00
000000 OIDI2 00000
0 OO

Let the rate law for the reaction be

r=k[A]" (1)



According to the question,
27r= fc[fsfl] ()

Dividing equation (i) by equation (1), we get

orr K34
T kA"
or 3¥=3" =~ n=3
r=k 'A] 3 = Order of reaction, n = 3.
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(0TThis is due to improper orientation of the colliding molecules at the time of
collision.
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O $econd order.
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CICITFirst order.
T Define ‘activation energy’ of a reaction.
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(JIThe energy required to form the intermediate called activated complex is known as
activation energy. Activation energy = Threshold energy — Average energy of the
reactants
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1 Gibbs energy (AG) of a reaction?
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L0 No effect
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Q. 1. What do you understand by ‘Rate of reaction’?(]

LIIThe change in the concentration of any one of the reactants or products per unit
time is termed as the rate of reaction.
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CLITAverage rate becomes equal to instantaneous rate when the interval, At,
approaches zero, i.e., it becomes infinitesimally small. Thus,
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Lipep L€, (E) — J]J:Flﬂ A
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U Instantaneous rate is measured over a very small interval of time, hence, it does
not change when a part of solution is taken out.
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Rate = — —— =—%



d [V q & X/ g & /XY,

Rate of disappearance of 3 = - —— = — i = T3 & .
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Acid catalysed hydrolysis of ethyl acetate:
CH;CO0C,Hs + H,0 - CH:COOH + C,H:OH
Rate = k|CH;COOC,H;]
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CILJCIf the reaction is an elementary reaction, order is same as molecularity.
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Order of reaction = % + 2 = %
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CC0A bimolecular reaction may become kinetically of first order if one of the reactants
IS in excess.
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CfCIRate law is an experimental law. On the other hand, law of mass action is a
theoretical law based on the balanced chemical reaction.
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CCISpecific reaction rate is the rate of reaction when the molar concentration of each
of the reactants is unity.
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Let, r=k[A]" (1)

Given, Jr=k [':5"_4: " .o 1)

Dividing equation (i) by (1), we get

3 _ koA 9"k[A[
T KA T kAP
3 = 9-’.‘ or 3| _ 33.'.'
) 1
= 2n=1 o1 n=3

Rate, r = !r.'[r’l] 1/2

- . 1
Order of reaction =

2
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Concentration

([ 1Zero order reaction, as the rate of reaction is independent of concentration of
reactant.
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(00During an elementary reaction, the number of atoms or ions colliding to react is
referred to as molecularity. Had this been an elementary reaction the order of reaction

with respect to B would have been 1, but in the given rate law it is ; This indicates that
the reaction is not an elementary reaction.
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Therefore, it is a first order reaction.
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CICJCITAL higher temperatures, larger fraction of colliding particles can cross the energy
barrier (i.e., the activation energy), which leads to faster rate.
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DOIThe probability of more than three molecules colliding simultaneously is very
small. Hence, possibility of molecularity being three is very low.
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CJCCThermodynamically the conversion of diamond to graphite is highly feasible but
this reaction is very slow because its activation energy is high.
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o E,/RT 0
Doomf Ea = 0, then according to Arrhenius equation k = Ae = Ae’ = A‘.
This implies that every collision results into a chemical reaction which cannot be true.
Hence, a reaction cannot have zero activation energy.
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O0CIThreshold energy is the minimum energy which must be possessed by reacting
molecules in order to undergo effective collision which leads to formation of product
molecules.
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OO DO IO The reaction which takes place in a single step is called an
elementary reaction. For example,

Nz (g) + O2(g) — 2NO(g)
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OOOmO OO The rate of reaction may be defined as the decrease in

concentration of reactant or increase in concentration of product per unit time.

For a hypothetical reaction, R—»P

Rate of reaction = =

AfR]
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O e Cidifferences between ‘order of reaction’ and ‘molecularity of reaction’. [

(000D OO0 000

CrrmDifferences between order and molecularity of reaction:

OO | OrdCr M OO I
It is the sum of the powers of the _It is the number of reacting species takmg_part
. : . in an elementary reaction, which must collide
M | concentration of the reactants in . : :
. simultaneously so as to result into a chemical
the rate law expression. :
reaction.
i1 | Itis determined experimentally. It is a theoretical concept.
[ii [0 | It can be zero or a fraction. It cannot be zero or a fraction.
_ Order is applicable to elementary Mole(_:ularlty is applicable onl_y for_elementary
liv (1 . reactions. For complex reactions it has no
as well as complex reactions. meaning
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For a reaction: 2NHj;(g) 5 N,(g) + 3H;(g)
Rate = k

1. Write the order and molecularity of this reaction.

il.. Write the unit of k. .
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(1l Zero order, bimolecular
[(IT7] mol Lt st
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CILICITA reaction which is not truely of first order but under certain conditions becomes a
reaction of first order is called pseudo first order reaction, e.g., acid hydrolysis of ethyl
acetate.

CH3COOC2Hs + H20 —H+ CH3COOH + C2HsOH
Rate « [CH3COOC:2Hs] as Hz20 is in excess.
0 00 OO0 [d MO0 OO0 0 M o2 O
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(00T he half life (tiz) of a reaction is the time in which the concentration of reactant is
reduced to one half of its initial concentration [R]o.

0693
k

For a first order reaction, t,,; = , i.e, independent of [R],.

_ Rjy :
For a zero order reaction, t,; = ﬁ, Le, fj; X _R](}.

[ mTAnswer the following questions:

0



For a reaction A + B — P, the rate law is given by,
r= k[A]'?[B]%
What is the order of this reaction?

OO

+2 =2
2

| =

Order of reaction =
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Radioactive decay follows first order kinetics.

fp =288 008 o _126x1035s
- k 5.5 x 10714
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LJIConsider the reaction nR — Products
As the reaction is of second order
Rate, r = k [R]? (i)

If the concentration of the reactant reduced to half, then

Rate, ' = k[g] ’ (i)

Dividing equation (i) by (1), we get



r k [R}* 1

T 4k jrP 4

v = %fr. ie., rate of reaction becomes ﬁ of the initial rate.
The unit of rate constant is mol™' L s~
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(1]l ITDue to high activation energy for the reaction.
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D0 TRate = k[A2]°[Bz]° or Rate = k[
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;23031 [R]y
~TE % TR]
2.303 100 log 100
tooag "k bw-ms BTy
.~ 23\ T 00
o 18 w5 log =5
_ log 107 _ 3loglo
~ g2z 03010
taa ny 30
e = 3ot —= 10

tagoy = 10t504
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1. Order of the reaction is zero.

o djR]
ii. Slope = —— =k
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o U Oe-ao-
DOOAN experimentally determined expression which relates the rate of reaction with the
concentration of reactants is called rate law while the rate of reaction when concentration
of each reactant is unity in a rate law expression is called rate constant.

Comparing power of mole in L=t mol s~ and (mol L) s,
We get

1=1-n =n=0I.e., zero order reaction
Again comparing power of mole in L mol-ts~* and (molL-1)1-ns-1, we get

-1=1-n = n=2,i.e., second order reaction

O MO OO0 OOOMO OO0 M MO0 OO ed Cr OO O IO P00 00 [ OO0 - O o0
MeCd DMMMMMMMUDUMU@MMDEEDDEDEDDDDDDDEE% (O O e

'CBSE (F) 201311

0O



30 (B}, AL
t = —Ef‘;lcrg’,.—m,' as  [R]= 4

t = 2% log = 228 xlog 10 = 258 x 1= 3.838 x 1025

1
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Given: [Ry] = 0.10 M [R] = 0.075 M

k=00030mol L 's ! ¢t=7?

[Bo| [R]

i

We know that k=

(B[R] p1o - 0075
o k T 0.0030 =833 s.

or t
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NCERT Exemplar (1

CTIThe rate of reaction depends on the concentration of reactants. As the reaction
progresses, reactants start getting converted to products so the concentration of
reactants decreases hence the rate of reaction decreases.

D200 D000 OO0 r M OO0 MO0 O OM D OO0 0000 (O O000mO0000d COrd O L0000
OO MO e [0 DO e OO0 OO D Oroom OO oo

NCERT Exemplar(]

CICICITA complex reaction proceeds through several elementary reactions. Number of

molecules involved in each elementary reaction may be different, i.e., the molecularity
of each step may be different. Therefore, discussion of molecularity of overall complex
reaction is meaningless. On the other hand, order of a complex reaction is determined



by the slowest step in its mechanism and is not meaningless even in the case of
complex reactions.
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(JCIINo, the molecularity can never be equal to zero or a fractional number.
Molecularity is the number of molecules involved in each elementary reaction which
may be different, i.e., the molecularity of each step may be different.
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Rate of reaction is the change in It is the rate of reaction when the
NN concentration of a reactant or product in a | molar concentration of each of the
unit interval of time. reactants is unity.

The rate of reaction at any instant of time The rate constant does not depend
i depends upon the molar concentrations of | upon the concentrations of the

the reactants at that time. reactants.
(L Its units are always mol litre~* time. Its umts depend upon the order of
reaction.

) (OO ) COCI e OO (e (IO el (e = K[Cl2][NOJ2
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C0CmOrder with respect to Clz2 = 1, Order with respect to NO = 2,

Overall order=1+2=3
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i Order = % + % = 2, ie, second order.

- Apder L 3 PR S BT AR T
i Order = 5 + (1) = 5 Le, half order. -
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(Il Pseudo unimolecular
(M) Order = 1.
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OO0
Rate = k [X]?
n = k[X]* ()
r =k [3X]° (i)

Dividing (ii) by (1),

r 9 (X[

- § =9
TI P IIIXJ'IE 01 I I

Thus, rate of formation of ¥ will increase by nine times.
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JOOIComparing the unit of k, with the general unit (mol L=1)" s, we get
mol*" = mol!
1-n=1

= n =0, i.e., zero order reaction.
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% =k [Ester] [H+]']
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L) The rate of reaction will be doubled. (ii) No effect on rate.
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For completion, 'R] =0

L))

k 0
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k=0.0030 mol L™'s™", [R]g = 0.10 M, [R] = 0.075 M
We know that
[R] = - kt+ [R]o
0.075 = - 0.0030t+ 0.10

= =100 -75 = = 8.33 seconds
]
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1 0 0.4
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. 2303 Iy
k=== log 5P, D,
Here, Py = 0.4 atm, t = 100 s, P, = 0.7 atm
2.303 0.4
k=50 108 5554 o7
_ 2303 0.4 _ 2303 _ 2.303
= o5 108 57 = oo log 4 = S5 x 0.6021
k=1386x10"%s""
0 MOOOOI0 MMIMDOMO O OO 00 MO O0Or O D00 OO0 OO rd Or e OO0 O
0 OO OO
OO
[%Jn = % because 87.5% has disintegrated, amount left is 12.5%.
13" sl . 13™ r143
(3) = (5) = (z) = (3)
Number of half lives = 3
iz = % = 15 minutes
O MO OO DM OO0 DOOmmO R — P O K (R I OO OO0 MO 00 O DOOMOm

o




YA

3x10721

2x10721

Rate (mol L' s7")

X
o %

01 02 03 X
[R] (mol L)

UL

From the graph

Case I: Rate = k[ﬂ]

I x 10" mol L' st

k (D.I mol L ])

I = 1 = 10% mol L's!

N 0ol molL' 0.1s7!
Case II:
3x10 2 mol L's ™" = k (0.3 mol L")
L= 3x107 mol LT -1
0.3 mol L'
Hence, k=015s"!
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i. Threshold energy for the reaction = 300 kJ mol ™’
ii. Activation energy for the forward reaction = 300 - 150
= 150 kJ mol™
il Activation energy for the backward reaction = 300 - 100
= 200 kJ mol !
iv. Enthalpy change for the forward reaction AJJ{ = 100 - 150
= - 50 k] mol™"
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E.

According to Arrhenius equation, Ink = - gz + In A
iSlope=— 08 __ b __E o, g _tp
Slope=— ¢ =—- 4 =- 3 a = g
ii. Intercept on y-axis = OB=b=In Aor A = & .
O O OO0 OO IR M e e OODrd Cr e DOODOMOOOMOOO0DO0d MDIDOE MOmmo P

O OO A e OO e []
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t — 238100 b (i)

kOB TRj

k—2.54x103s1;[R] — [Zh

Substituting these values in equation (i), we get

2,303 Ry 3
10" log W, — 0.9066 = 10" log 4
4

t3/4 =

fy4 = 0.9066 x 107 x 0.6021 s = 5.46 x 10* s
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U oum
Here, [R]o = 1 g [R] =0.125 g t=24h

E= mlﬂgﬂ

f — 2308



2303
k= 24

log 8

k=27 x0.9031

k— 0.0866 h !
 0.693
by =%
0.693

O O M Oard Cr OO0 OO0 2 020 (8- (2 010g (M2 0 tgy MOmDOmE 00O DOm0
DOOMDOROINIO0OMOOK M2 Momme P 000G D00MHO 02 Oz d 0000 0000d Moo
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k= 2'1“3 log %
20x104%s1 = %lﬂg %
log -2 — 20990 0,0781
log % — 0.0781
% - Antilog 1.9219
% — 0.835
[R] = 0.835 [R]o

If [R]o = 100, then

[R] = 83.5

'CBSE Sample Paper 201311/



R]o—[R] = 100 — 83.5 = 16.5, i.e., 16.5% of initial concentration has changed into
products.
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OH

2H,05 — 2H,0 + O,
This reaction takes place in two steps as given below:
Step-1 H,0, +1 — H, O+ 10 (slow)
Step-II HyO9 + IO — H30O+ I + Oy (fast)

i. Write the rate law expression and determine the order of reaction w.r.t. H,0O,.
ii. What is the molecularity of each individual step?

0O

i. Rate = k [H,0,]" [I']'
Order of reaction w.r.t H-0, = 1

ii. Molecularity of step I = 2 and step Il = 2.
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(00CThe half life (tw2) of a reaction is the time in which the concentration of a reactant
is reduced to one half of its initial concentration.

L t;;; for a zero order reaction = -5 where [R n = initial concentration, k = rate constant
ii. t;/; for a first order reaction = &;3

OO OO HIN2(9) +O02(g9)=2NO(g) [ I e OO DO e (O
MO DO MO DO MO D0 O e 00D OMOOO00 MO0 M0 MO0 (MO0 0000 0 [0 SO0
Do IDO0000OOD M OO000H 2 MmO O 00d 00 2 002 00 OO o 000
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L OO
N2 + O2 — 2NO
Initial conc. in mol L™t 0.8 0.2 0
Change in conc. in mol L™ —X —X +2X
Equilibrium conc. in mol L™ 0.8—x 0.2—x 2X
_ [NOf _ 5 (2z)*
Ke = [Nz [Oa] o 1107 = (0.8 — z) (0.2 -~ )

As x << 0.2, therefore 0.8 - x= 08 and 0.2 - x= 0.2

nm-‘:% = 45 =16 107

¥=6.324% 10" mol L



Thus at equilibrium,
[NO] = 2x=2x6.324x 107"
= 12.648 x 1074 mol L}
[N2] = 0.8 - 6.324 x 10" mol L™
= 0.799 mol L~?

[0;] = 0.2 - 6.324 x 107* mol L™

= OO0 o=

O MO0 OO0 00O I e O O —ed Cr Cd 0000 000000 20 2 OO0 OO0
0

1
log k=142 - 10X 10 K
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Comparing the equation, log k = 14.2 - M K with the equation, log k = log A - 230§—ERT we get

e = LK o 2 1.0 % 10* K % 2.303 x R
E,=1.0x 10" Kx 2303 x8314]K ' mol’

= 19.1471 x 10* ] mol!

= 191.47 kJ mol™!
For a first order reaction, t,,; = % or k = ﬂ;iia
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U OO
L. At 300 s,
2 303 fRfy
2.303 161072 2.303
= =5 lo u.silu* = Sg5-log 2
2.303 3 1
k= o0 X 0.3010 = 2.31 x 10 “s
At 600 s
2 303 fRj
2.303 16x102 2303
= 500 1© D.4x102 600 log4
k=238 x0.6021 =2.31 x 10 35!

k is constant and is equal to 2.31 x 103 s~ when we use first order equation. Hence, it
follows first order reaction.

— — 2 300s
231 105 1
00T T O o 0 W
2 o000 0o 00Dr OO0 0000000 (000 00000 00 0O MO0 0000 DO 000

COMMOIMOME ]
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mimni

Substituting k1 = 2 x 10 2, ka =4 x 10 2, 1 =300K,T: =310 K, R=8314 J K 'mol ! in the

expression

kx _ Eﬂ T& ﬂ
IDEF, T 2303x R ( TTh ) ,» we get

log X107 _ E, 310 300)
B o 10z 2303 x 8314 \300 % 310
o _ _E 10
]DB 2= 19.147 * 300 = 310
E,=0.3010 x 19.147 x 300 x 31 = 53598 ] mol
E,=53.598 k] mol '
[]
OO0 OO O] Ce (0 IO C C T (0 (]
[ (WA 2B [ [MC M2 D MO O OO0 000 COOOMIB M2 00 O 00
(] I
i O O OO med
i. OOmImoOo0OIDmOOCOO0EOODOIOD mMod 0O
U U0m
d /B B,
1. As di}I:leU;InﬂlL]SI
.1 d4[Bf 2 -2 =1 =1
Rate = — 3 @ = §>=;lx 10-=05%x10“"mol L' s
. e djgAL oy d Bl 1 d/Cf
11. Rate = Tl ET—"'ET

Rate of change in concentration of A



_d 4]

1 d/B]
dt 2t

~05%x10? mol L™} 57!

Rate of change in concentration of €

d[C]
dt

B3 %1 x 102

=+ dt 2

_ 3
2

=1.5x 107? mol L! 57!

0 [2 00 M IO O O OO0 Moo OO e Od DOOmme 0000 O OO

'HOTS!]

2NO(g) + Oi(g) — 2NO2(g)

The rate law for this reaction is:
Rate = k [NO]? [O;]
Propose a mechanism for the reaction.

U oo

The probable proposed mechanism may be,

NO + O — NO; (fast) Step 1

NOs + NO 5 NO; + NO; (slow) Stepll
Since slowest reaction is the rate determining step, therefore
Rate = k; [NO;] [NO]

-__ [NOs/
K= [NO [ [0a]



[NO;| = K[NOJ [O,]

Rate = &, K [NO] [O;] [NOJ = K"[.“JD]E '0,], where K = k.K
) ) B (]

O MIOOOMmmeDO0mmOM2 0 0 00 2—20 0 O M 0000 (M 0O0mO0000 0 COmOmm @m0
dO000md MOd O O000 DO OOII OO0 OOOMO0000 o DO OO O 0d 00 @& 0r 0
d J00md [ Cd OOOmm Omm©ed Cr WO COOmmo

'HOTSII!
OTLet r = k [NOJ* [Cl2]¥ 0

2r = k [NOJX [2Cl2)¥ ...(ii)

8r = k [2NOJ* [2Cl2]¥ ... (iii)

Dividing (iii) by (ii), we get

ar Kk [2NOJ* 201, ¥
2r Tk [NOJT [2CL ¥

[2]1

X=2

52

Putting the value of xin (i) and (ii), we get
r=k [NOJ* [CLJ’
2r =k [NOJ* [2CL,)*

2r  [2CL [

T [ClL*

2=[2p
y=1
Rate = k [NOJ? [Cl2]*

Overall order of reaction=x+y=2+1=[1]



O [ MO Om oMM 2 O 2 [0 OOOmm O0Hd MO0 O M OO0 oDOmmm Omid e OO0 e OO
I A AR I R

U O o] U HN 20
D00 OWImM OO0 om 00 201 U min
U

D000 MMOmd 0000 DOOMmOMDIT 2 0 2 MO Ced Cr e COCmO

mImEnn

: 2.303 23.8 2.303 . -1
Lk = 55 log 135 = 55 % 0.2093 = 0.048 min
. 2.303 23.8 2.303 . -1
ik = =55 log 57 = 55 % 0.4176 = 0.048 min

Since the value of k comes out to be constant in both the cases, therefore the reaction is
of first order.

0 DO oo OO O O IO Caoime

2NO(g) + Oy(g) — 2NOy(g)

0 o T A A T R A
(e Cd COOd oo Com ed OO e OO0 E OO0 e OO OO OO O ed D
DI OOOOmOm Mo Od O00d om0 00

'HOTST
0o
Rate = k [HD]E [O;]
Let initially, moles of NO = a, moles of O, = b, volume of the vessel = V. Then
[NO| = £M, [0;] = =M
Rate (1)) = k(%)z (%) = k% (1)

Now, new volume = %



New concentrations: 'f\.'('}] = lrig — 3_1:1
- b 3b
_DJ] “ Vi oV
] : 3a\> [ 3b 27 ka’ b
New rate (rm) =k (Ta) (?) = irl‘ ...(11)
2 =27 or ry; = 27, Le, rate becomes 27 times.

T
Thus, there is no effect on the order of reaction.

O MIOO0Ommmmo MO O O Omommod d Cr MO MmO OO ed Cr 00 O Ofd 0000 O00mmmo0
UMz 0] ofg MO OO morme Lo

T2 020 g [H-> 201201 (g T 2(g [

g oo Qi O OO e OO e LI
EN U min
20 BN Omr

(]
0 OO OO

‘HOTS!I

D let the pressure of N20Os(g) decrease by 2x atm. As two moles of
N20s decompose to give two moles of N204(g) and one mole of O2(g), the pressure of

N204(g) increases by 2x atm and that of O2(g) increases by x atm.

2N20s5(g) — 2N204(g) + O2(g)
Att=0 0.5 atm 0 atm 0 atm
At time t (0.5 - 2x) atm 2xatm xatm

Pr = PN,0; +PNy0, + PO,
= {f_}.:': -2x)+2x+x=05+x
x=p =05
pn,0. =05—- 2z = 05— 2(p, — 0.5)=1.5- 2p,

=(05-2x) +2x+x=0.5+x



X=pt—0.5
pn,0, =05—- 2z = 05— 2(p; — 0.5)=1.5- 2p,
At t=100s; p, = 0.512 atm,

N0, = 1.0 = 2x0.512 =0476 atm

. 2303 Pi
Thus, k==~ log Iy

= To0 =

= 230 0.0216 = 4.98 x 105!

100 =
U DI e L Oy OO O OO OET I OO T T T e DI DI T OO T e e I
OO OMO MmO k Mm-S 000 OMR MDImOmrm =20 OFE0m
U OO

Given T, = 280K, k; = 16 = 10°s " kb, =2, E, =0, >, = 300 K

By Arrhenius equation,

kﬂ o Eﬂ Ts T
log %k, 2303 R [ 3T ]
As, E =0
log %z[}
or %=1 or ky = K
1

Thus, the rate constant at 300 K is 1.6 x 109 s~1.

O IO 00O OO0 MM MO O 0000 O0OmmO oo Omnd d O

(20 1gy 15 (20 (g I (g

OO0 OO0 IC S0 SO O OO OO OO OO0 O COO OO O 0000
OO S OO O oo




OOCMWe know that,

log k; - log k| = Eo [?1] - i]

2.303

log ks = log k; + —m2 [i - l]

2.303 T Ty

log k; = log (1.60 x 1077 s) + e jD:]:iJ; I:illl = [ﬁﬂ[}f( — e
log ky = — 4796 + 2.599 = - 2.197 or k; = Antilog (3.803)
k; = 6.36 x 1073 g7!
O M0 OO0 MO DOOImO OO0 00 OODO00mE2 O oo 000 0d CO0or00) 00
0 0 R 0 W

OO0 OO e O ed O i COOMmO0

(RO =00 OE-OIDOmIDImm2 0

'HOTSIT
0 oum
For a first order reaction, &k = u;?f
T, = 300 K, ky = 2098 = 3456 x 1072 min”!
Ts = 350 K, ky = 232 = 1.386 x 107! min""
log :_f = 2_355 R [ﬂTxT:ﬂ]
log ;E: iﬁl = 2_30355? 53 (350 300)
log 4 = 2_3113% 8.314 (35[: 5:-? 50 )



E, 50
0.602 = 19.147 (350 = 300)

E = 0.602 x 19.147 = 350 x 300
L 50

24205.63 ] mol™! = 24.206 k] mol~!

0J DO

AU changes to “gsPb by successive radioactive decay. A sample of uranium

ore was analysed and found to contain 1.0 g of 2*®U and 0.1 g of 2%°Pb had
accumulated due to decay of ?**U, find out the age of the ore. (Half-life of
28U = 4.5 x 107 years)

[HOTS] _
[EREn

| Ao = Initial amount of 238U = amount of ***U left at time t + amount of **3U decayed

|A]o = 1.0 + amount of 238 decayed

Now, amount of ***U decayed = E—lﬁmﬂ g=0.1155¢g

o~ |Alp=10g+0.1155g=1.1155¢

Determination of ke k= 282 — _06983 _ _ 154 x 10~ year!
iz 45 x 107 :

2.303 | Ak

Determination of time: ¢ = —5— log Tar
Substituting the values of |Alg = 1.1155 g and k = 0.154 = 10~ year™!
fe 2303 Io 1.1155

0154 = 10° 1

- 0.7099 = 10° vear

- 7.099 x 10° year
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log [R]

\J

Time

I [MDIOOMDOOOMIH -2 MO IOCHmm OO0 M Om OO OO OO0 00000

D 000 [ OOOmO O O r Ord Cr OO O COOOOMO e OOOmO 0000
L OO
i Slope =— yrmork =— 2.303 x Slope

k=-2303x(-20x 107571
k = 4.606 x 107% 57!
ii. For a zero order reaction

_ [Ry[R]
t=——

.
At t=t,,[R] =1k

IR
[Ry 3 [Rhy

tl,rrg = — or tl.."f! = =5
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2NO(g) + Cl(g) — 2NOCl(g),_

MMOMDMDO DO 0000 O OOmO MO0 [ Mmoo 000000 D000 COr O0DO00 0002 000 D
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JrrSuppose order w.r.t. NO is m and order w.r.t. Cl2 is n. Then the rate will be

Rate = k [NOJ™ [Cl]"

Substituting the values of experiment 1 to 3 in the rate expression, we get

Dividing equation (iii) by (i), we get

0.60 = k(0.15)™ (0.15)"

1.20 = k(0.15)™ (0.30)"

2.40 = Kk(0.30)™ (0.15)"

2.40 K (0.30)" (0.15)"

0.60 ~ k (0.15)"{0.15)"

0,
...(ii)
...(iii)




4=2"or22=2"orm=2
Dividing equation (i) by (1), we get

1.20 k(015" (0.30)"
0.60 k(015" (0.15)"

(]

2%orn=1

i. Rate law expression is, Rate = R[H{J]E [Cl]

ii. 0.60 mol L' min"' = k(0.15 mol L'")? (0.15 mol L™ ")
k = 177.77 mol™* L* min™"
iii. Rate = 177.77 mol * L* min" x (0.25 mol L") (0.25 mol L")

= 2.778 mol L™! min~!

0200000 Or MO O MOmO00amo0s
O MO M OOOOMDOA B — [P DO OO0 D OO0 0o

TR EALTIB 2

O 0 00 DD O O0OIn e OO0 OIoamOTHd MMM OO 00000 DOm O od 0O00Md O
OO OO 0 CMed O (0 OO O [ e OO0 (i T OOmOO0000

OO Rate, r =k [A] [B]?
If concentration of B is doubled, then

I = k [A] [2B]2

r' =4k [A] [B]?, i.e., [ (e I I
[TCAs A is present in large excess therefore, order of the reaction w.r.t. A will be zero.
Rate = k [A]° [B]? = k [B]?

Order of reaction = 2[]

0 0 (e OO ed Cr G COOMMO MDOO000000 MO0 MO0 (000 OO0 OMD OO 0OOOIo O 00
r 00 Od MDr MO0 MO0 OODOmOMmOIDIDe DOOMDOMIOR [MImmmO000
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OO0
tyz = 30 min.

[R] = [R]o - 90% of [R]o = [R]o - 70

r {Rf
_R] = 1o
. 0.693 0693 y .
k= e 80 - 0.0231 min
 2.303 Ry
==~ log TR
2303 (R 2303
t = Gooar 108 Ty 00231 log 10
1o
=997 min.
O I e DO COmOOmod Ord CO00 OOC00mO O ed 0O MO IO OOmOn
ZDZDu@DEHDDDDZ@[UEDDZ@D
OO O ed Cr e OO Do Od o re O DOCd Do Od O COme e o Cel o
OOmoomd O
(M2 M U Cm todd
0.400 0.00
0.289 20.0
0.209 40.0
0.151 60.0
0.109 80.0

I OOmOmooOm e OO OO MmO OO OO OO G OO0 OO
[0 O OO o O OO0 OO0 e OO O IO O 2 0 o0 e OO o
[ O OO S e DO e e
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OO0 When t = 20 min, [R] = 0.289 mol L™

Also, [R]0 = 0.400 mol L™



For a first order reaction

1.

[log4.00 — log 2.89/]

/0.6021 — 0.4609]

k= 2'3:]3 log ’Eﬁ;

k- 2tog S
k=22 x 0.1412

k=

k =1.6259 x 1072 min~!
s 2'1“3 log %

2.303 x 0.00706 = 0.016259 min "’

Here, [R] = 0.400 mol ! t=100 min, k = 1.626 x 10°* min"'

100 x 1.626 = 1072

Antilog (0.7060) =

2.303

B 2.303 0.400
100 = 1.626 x 102 [R]
- 04 — 04
= log i = 0.7060 = log 7]
0.4
[R]
. 0.4 0.4
J.DSZ = E = f}?}E = m

i1i. Initial rate, ie, rate of reaction when t = 0

When,

t = 0.00 min, [R] = 0.400 mol L

= 0.0787 M



Also, k

Initial rate

1 o T T T AL

6.504 x 1073

1.626 = 10°* min

k[R]

1

mol L™} min~

1.626 % 1072 min~ ' x 0.400 mol L."!

O COrOmOmmod O
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0 0000 D00 oo CCooOod OO Ord Cr Cr 000000 MO0 OO 000000 OOmOC0m
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ooood 00

(I MOOMDOR MmmOCOmm O 00

RiEnIN

[Bly

i k= log T

Substituting [R]o = 0.60 mol L™, [R] = 0.30 mol L~ and t = 30 s in equation (i), we get

2.303 0.60
k== 1og 535
. _ 2.303 2303
k==5log 2 = =&

Again substituting, [R]o = 0.60 mol L%, [R] = 0.15 mol L~ and t = 60 in equation (i), we

get

2.303 0.60
k= B0 ].'Clg 0.1%
k=238 » log 4 =

x 0.3010

2,303
Lill]

x 0.6021

k=002315"
O

[CBSE Delhi 2015111

(1)




As the value of k is same in both the cases, therefore, hydrolysis of methylacetate in
agueous solution follows pseudo first order reaction.

A/ CH; COOCH; |

1. Average rate = — o

f0.15 - 0.30f 0.15

&0 — 30 30

Average rate = [0 O

o I

O (0 e O—ed Cr [ OOOMOM0IO0 [00 O000nd MoIOI 00000 OO0 0oz 0

'CBSE (F) 20171

RN

. 2.303 (R
For a first order reaction, t= ——1 .

E 98 Tg)
2303 10
fapa Tl{]f{ = legd  peon1
tyz IR0 T Japa T 0.3010
1/2 T]_{]g - O
4‘1"”“ =2 or tip—=20min.
12 /
(0
(@) T (b) T
12 f2
[Rlo—> Rlo—>

O 00 OTR MM OO 00000 0Omo e 0000

D OO0 O MImOOOMm O MO O

OO alFirst order (b Zero order
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Time (t) >
IR
i. The reaction R — P is a zero order reaction.
ii. For the reaction R — P
L
rate = m =k
d [R] = - k dt
Integrating both sides,
[R] = - kt+ C, where C = constant of integration  ...(i)

At t=0, [R] = [Ro

Substituting this in equation (1)



Substituting the value of C in equation (1)

R = - ke+ [Rly (i)
ke= [Rlo - [R
= o= B

On completion of reactions, 'R] =10

0 (2N 000 COr DO DO MOMO000mmo00
U I S OO DO Coe OO
20 (3> [T

the rate of appearance of C at time ‘t’ is 1.3 x 10~ [ L1

0 OO0 OO IO e O

o R O
O 0 (OO OO0 OO0 O

I
o1 d o
a. Rate = i T
= % x13x10*molL 's'=2043 x10* mol L' 7!
d [A] 2 d [Cf
b.R.'r.'ltEZT = 3 = T

- % x13x10 " molL 's'=086x10*mol L™ 5!
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Lo

[Rlo=025M,t=2min=2x60s=120s,k=50x10"s"

For a first order reaction,

[Bly

_ 2.303
k= [Rf

log

- 4 _ 2303 0.25 025 _ o
5.0 x 107 = =2 log T Of log TR = 0.026

log 2L —— 0.026 or 1L - Antilog (1.974)

(1]

TE = 0.9419 or [R] =0.235m

ty; = 0693 0693  _ 1386 s
e k 5 x 104!
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0O

i. First order (v)
ii. time ™ (s "
0,693

ii. kb = -

iv. slope = - k (rate constant)

—

R

>
Time (s)

o 0 O

O I r DO OO D I A O E o Ooe e OO OOmEn OO OO OO o
000 MOOMD IO 00 DD DIOMOOm ORI OO O OO0 0000 M0d OO0 OmHAmOmo 0

JJIncreasing the temperature of a reaction mixture increased the fraction of molecules
which colloide with energies greater than Ea. It is clear from the graph below that with
10°C rise in temperature the area showing the fraction of molecules having energy equal
to or greater than activation energy gets almost double leading to almost to doubling the
rate constant. Quantitatively the effect of temperature on rate constant (k) is given by
Arrhenius equation.

E=—AeB/RT oo p_ g4 1

olta) KT

where A is the frequency factor, R is the gas constant and Es is the activation energy.

Energy of This area shows
activation  fraction of additional
molecules which

react at (f + 10)
This area shows
fraction of molecules

reacting at ¢ —\\——

Kinetic energy ——

Fraction of molecules —»




Thus, from Arrhenius equation we find that increasing the temperature or decreasing the
activation energy will result in an exponential increase in rate constant.

O IMOOd 0000 0O00mmmOmammCdr OO0 DO0MDINO 0OmOMmo00amo

L — {/45 w 101 s l)]“3 28000 K/T

O OO D

OO

. . . i . E,/ RT
Comparing with Arrhenius equation k= Ae ™/ ™" | we get

—fh — BOOK o £, = 28000 K x R

E,=28000K x 8314 JK " mol ' = 232792 ] mol ™

E, =232.79 k] mol!

o 0 N O
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JOConsider the first order reaction,
R—-P

For this reaction, rate law which relates the rate of reaction to the concentration of
reactants can be given as

d[R/

Rﬂti‘: = T — ker‘llrﬂ

For a first order reaction,

III R .ll::l

[R7]*

2.303 " . . . ) .
t= Tlc-g where R]“ = initial concentration, [R = concentration at time f.

]
At tiz, [R] =[R]o /12

So, the above equation becomes
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[ILCITAccording to Arrhenius equation,

logk =log A - Htg—“RT
For uncatalysed reaction, For catalysed reaction,
loghk; =log A — % (1) log ks =log A — ﬁui;"’m...(ﬁ}
A is equal for both reactions.
Subtracting equation (1) from equation (i),
E., E, (75.2 — 50.14) kJ mol” 439

k
l'[l 2 — —
5 ky 2.303 RT 2.303x8.314 JK' mol =208 K

ky . _ 1
k—?_antllng (4.39) = 2.45x 10

Rate of reaction increases by 2.45 x 10* times.

U
U I DO Cr DO IO o ooomm oo
I A
) 0 (- M Od 0
OO0 OO0 0000 OO0 OO [mD IOIDOmD OMHO0000 e MO0 O0000DOIDOR [

OOOmOOOO00 ODOMIR MO 00 MDD OmOmo00 CO0OD O Cr OO0 mmo00d 00




Concentration of R —>

(=]

Time —»

0 o O . O T O M RTIN AWIN[
I o o 1 o O (R

OOFor reactant Q, togy = 2 X toow

Therefore, order of reaction w.r.t. reactant Q = 1.

From the graph, order of reaction w.r.t. reactant, R = 0.
So, overall order of reaction=1+0=1

Unit of rate constant, k = time™!

Rate = k[Q][R]°

Rate = k[Q]

0 D 0O 00O M r [0 OOed Cr  OOCOD OO0 OO0MDO0d MO0 O =0 0
0 OO0 MO0 OO0 O D000

000D

.~ ] r (R},
[R] = [Rlo~3[Rjo = "

Substituting [R] = "'RT"'", k=254 x 103 s in the expression t = &kmlﬂg m—;', we get
! [
2.303 (Rl 2.303%10°
~ 251 w109 "B TR/ 254 log 4

t— 23810 5 0.6021 —545.92 s



Alternative Method:

For a first order reaction, t;4 = 2 x 12

tgj.l';; =2 x _[I'.l;:}:i

2 x 0.693 _
tays — 22000 545,67 s
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