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e KEY CONCEPTS S
L T L
The 2.3 Moderate reactions
\\'i;]': Emnch of physical chemistry which deals (i) These are the reactions which takes place at
i he rate, mechanisin of a chemical reaction moderate  and measurable rates E}l room
COncc;:m.hl-cm:c of various factors such as temperature and only thes¢ reactions aré
the rqh:rgtllmll' temperature, pressure, catalyst on studied in chemical kinetics.
Kinetics, chemical reaction is called Cuemical (ii) Most of these reactions are molecular in
r nature.
| Types of Reactions j eg. (@) 2H;0; — 2H:0 +O2 ]
0 ; ; 2 —2N;04 +O '
{ halléhe basis of their rates, the chemical reactions () A & ?
| been classified into the following three () CHsCOOCHs +NaOH —» CH;COONa
/ types. + C,HsOH
I" 2.'1 Very fast or Instantaneous reaction : (d) Ci2H20n+ H,0 —CeH1206 CeH 1206
(i) These reaction are so fast, they occur as soon (e) NO; +CO = RO+ C0
‘ as the reactants are brought together. f) 2FeCly (aq) + SnCl, —» 2FeClh (ad)
(ii) These are mostly ionic reaction and do not + SnCls (aq) .
! involve any type of bond fission and (g) decolorization of acidified potassiuii
formation between atoms. permanganate with sodium oxalate.
i Reason : -
G) The ioni . [Rate of reaction
he ionic reactants are already present in
ionic state in their agueous solution and thus Rate of the reaction defined as the ratio of change
this type of reactions occur very fast or in concentration of reactant or product to the time
instantaneously due 10 columbic forces required to produce that change i.e.
among ions. ; .
% & N Rate of reaction
(i) The rate of such type of reactions are very nadh  ation of readtant \
fast. So, it is very difficult to determine the changein concents 3 \
rate of these reactions. EFnc orproduct(in molL ™) '
At time (insecond)

eg. (a) Ag+<aq)+N03_(an+H+(an)+Cr(aq)—>

AgCly+ Hea ™ NO3 o) Consider following reaction

A —— Products

(b) Na‘ay + OH g + Heo ¥ Clea =
H00) * ol =0 amol L™
- -1 Xt
2.2 Very Slow reaction : t=tsec(@a-x)molL" % mol L
i i emely g %
(i) These reactions are axtremely slow and take average rate of reaction = -
months together to show any measurable t
change at room temperature. Note :

(i) Normally, the rate of reaction changes with

(ii) The rate of such type of reactions are Very
time and hence it should be expressed as

slow. So, it is also Very difficult to determine

the rate of these reactions. ix
instantaneous rate as, = =

eg.

(a) 2H; + Oz __ Roamiemperati 5 2Hy0 (i) Graphically rate of reaction can be

) C +0 __ Roomtempenature o (O, determined by curve between concentration
] and time

(C) CO + 2H2 Room temperature N CH3OH

CHEMICAL KINETICS ‘
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jon Ne-=mTT S
i : [M
sl
of reac '

time ;
jves rate O
The slope of the above curve 8ive
reaction.

AX f reaction
. =50 = rate O
j.e. tanf At

;o oy ¥l
(iii) Unit for rate of reaction 1S mlole L fszji o
iv) The change is conc-enn'anon of e
(WJreaction components, in the same m}if;mical
differ accardinlg to t}:;e biz:gcig cn ok
acti ce ;
;f:;:gsasifl:d ;:;ihaﬁ;e in concentration per unit
time per mol of that subsiance.

Consider a general reaction.

mA +m;B - mP +mQ
1 dA] __ 1 d[B]

ction =— —
rate of rea m, dt m, dt

_ 1 dIP]_ 1 d[Q]

n; dt n, dt

e.g. N; + 3H, — 2NH;

dt 3 dt A
Note : Here, —ve sign represen: the decrease
in concetration with time a1d +ve sign,
increase in concetration with iime.

rate =

3.1 Classification of rate of reaction !

Rate of reaction can be classified into twg
categories

(i) Average rate of reaction :

Rate measured for a definite timic interyaj is
called average rate of reaction,

Cy ~C,
rare(av = —2__!_
2) T Where ¢, & C; are
) concentration at time bhé&t respectively
(ii) Instantaneoyg rate of reactiop -

AGJ ¢
g L] et |
r{'ns:.); 1{%(& I
de
e defined as the
.o tiME * tisd roceed :lhm
Reaction ntflce reaction t© P Mogy
3.2 by ™
ak .
; etely- e deﬂﬂed as the tlmt:: takey
jife ime * 4 to 50% completion ¢
3.3 Hall 70 "o proc t decreases to half o¢

reactlo P f- r
concentra (;ne It is denoted bY iz OF tso.
(s initia . In biological processeg

iop ti . yirus or bacteria
ration in Vi : 9
3.4 Gen¢ b certan or colony is calleq

time * .fs popll]atlﬂ

f a reaction at
the rate O
mperatur® . o1 to the product of

. ort .
nt is p;_l‘lei:e reactants raised to the
ined powers.Consider a

At a given t€
particular inst? -
the active masses

exerimentally determ
o eaction
ceneral 1

bB —> pl‘OdUCtS 2
aA+ rate = k [A] [B}y

AT B])" ;
rate o. [A]" [ ty constant or rate constant or

Here k is veloci :
specific rate of reaction & x and y are

experimently determined values.
If [A]=[B]=1 or rate =k
So rate constant is defined as rate of reaction
when concentration of all reactants is taken unity.
4.1 Factors affectin= rate constant :

Value of rate constant depends on following

factors

(i) Temperature

(i) Catalyst

Not.e-:— Above factors will be discussed after
collision theory,

4.2 Units of rate constant :
Unit of rate constant

[ 1 n-1
= .._._-,______‘_-_‘_ . __1
unit of cong, X time

| litre T*!
m_—_hole X second™!

Where n is the order of reaction

\ |
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4.3 Difference

T
Rate of reaction =
0

Rate of reaction is called as the change in
the concentration of the renctant or
product per unit time.

3

s

Rate of reaction varies with concentration of
the reactant

3. The units of rate of reaction is mole Iilrc‘l

. = 3 g
time ! irrespective to the order of reaction.
IE, Molecularity of Reaction I

(i) For elementary or single step reactions the
molccularity is defined as the number of
molecules of reactants involved in the
balanced stoichiometric equation.

Eg. PCls —> pCl; +Ch (Unimolecular)
2HI > H+ 1 (Bimolecular)
280,;+ 0, — 2503 (Trimolecular)

(ii) But for multi step reactions the molecularity is

defined as the minimum number of reacting
_particles (molecules, atoms or ions) taking
part in slowest step or rate determining step
(RDS) of chemical reaction.

(a) eg.
H,0;, — H,0+0 (Slow)
0+0—>02 (Fast)
2H,0; = 2H,0 + 0 (Unimolecular)
(b) eg.

NO; +F2— NO,F +F (Slow)

NO, +F = NO,F (Fast)

INO; +F2 = 2NO,F (Bimolecular)

Nofe ¢

0] Molecularity is theoretical concept.

(ii) Molecularity can not be zero, negative or
fractional.

(iii) Molecularity can not be more than 3.

m}rder of Reaction

Consider a general reaction
aA + bB + cC — Product

between rate of reaction and rate consta nt :

i w".." AiFLle b i ,. i PR LA
« Reaction rate constimb iR
P s e o LSO et i &

Rate constant is the prnpurlionulit)’ constant i

rate law cquation. When molar concentration ©

reactants is taken as unity, its value 18 cquul t
rate of reaction.

Since it is pru;mrlinuulily constant for a pnrlicuhu‘
reaction, it is independent of the concentration 0
the reactant.

The units of reaction rate constant depends upon
the order of reaction 1.6 its unit differs
according to order of reaction.

Let rate of reaction depends on the product of
concentrations of A, Band C raised to the power
a, pandy respectively. So we can wrile rate law
for above reaction.

rate = k[A]” [B]“ [CY (k is rate constant)
Here sum of power of concentration terms

involved in rate law expression is called order of
reaction or overall order of reaction.

a:l-B+7=ordcr(n)

o, P&y are order of reaction wrt. A, B & C
respectively. \
Note ©

i fa=2a p=b&y=c then order of reaction '.
= molecularity of reaction. Such reaction will
be definitely single step reaction.

(ii) Order is an experimently determined quantity.

(iii) It may be zero, positive, negative, fractional
and greater than three.

(iv) Infinite and imaginary values are not
possible.

(v) a, p and y are not stoichiometric coefficients
as used in law of mass action. Actually, law
of mass action applicable only on elementary
chemical reactions, for which order and
molecularity are same.

e.g
(8) N;Os—> NoOs + 120,
rate = k [N,Os] (from experiment)
order is unity or first
(b) 2NO, +F,— 2NO,F
rate = k [NO,] [F2] (from experiment)
order is two or second

CarEeER POINT, CP Tower, Road No.l, IPIA, Kota (Raj.), Ph: 0744-3040000
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6.1 Pseudo unimolecular reactions :

rder reac :
It:e::rf? ?: l:rge excess, the second order reaction
Eonﬁrms to the first orde_r and is known as (itis known as wilhelmy eq.)
Pseudo unimolecular reaction. From above equation We conclude

e.g.

tion, when one reactant is

CH;COOC;Hs+H0 _H' , CH,COOH+C,HsOH

molecularity =2 ; order=1 (HOin excess)

mtegrated Rate Laws

Differential equation (rate laws) obtained from
experimental data or mechanism of reaction can
be integrated for certain time period to get the

concentrations of reaction components.

7.1 Kinetics of n™ order :

Consider the reaction A — product ;
which is n" order reaction so

- or ~(4)

2303, [Al
k==""F[a]

1
(a) t & cn-—l
2

(t) graph between 5

and

versus t is lineg;

7.2 Zero order reactions :

Reactions whose rafe is not affected by
concentration of reactants or rate of reaction
is proportional to the zeroth power of
concentration of the reactants.

Consider a reaction

A —> Product

dx = —-x)! dx _ 0—
T e ?lt—_k[A] =k
LI 7.2.1 Some  photochemical reactions,
" (a-x)" hetrogeneous reactions and enzyme
St ating both &kl ::;z‘aslt}ir::;l reactions are zero order
a9 ;
f(a_x},. = [t (1) e.g. (i) Hy+Cl, —~—2HCI [photo chemical]
Casel: - (ii) 2HI —aiﬁ'&) Hy+ 1,
ace

whenn#1,  on integration of equation (1)

1 I
——— =k t+C

(n=1)" (n-n™!
at t=0 x=0

el . 1
(n-1) (a)*!

or Lz ! [- 1. -] i
trn-—l)L[A]:'-l [A]c'a'_]J

[hetrogeneous adsorption]
(iii) 2NH; —Me_, N, + 3H,
[hetrogeneous adsorption]
(iv) N;O ——‘;‘-» N, + %0,
(V) Enzyme catalyzed reactions
€g. substrate —n@me Product
rate =k [enzyme]' [substrate]°
722 Integrated rate law :

@) Puttin
g the valuen=03; N
Case2: we get N =0 in equation (2),
[AL =[A) -kt

whenn=1, on integration of equation (1)

—log. (a-x)=kt+C

7.2.3 Half life (t,;) ;

2

at t=0; x50=c=~log¢# é

or log.a-log, (ax) =kt

5 2.303]0 s ﬁom eq (1)

t H) ~(3) W ey
another form of above ion i
equation is s0 half life is d;
~ 12lt life is directely proporti
CAREER POINT, CP Tower, Road Noy, IPIA, Kota (Raj.), Ph: 07443040000 — comenmmg ot ﬂfg;tl:;:m
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0.693 i
7.2.4 Graphical representation & wait of W ——t:'_: L
rate constant it l
@) ie. t, does not depend ©on initial ;
Y concent_ration_of rBaCtam: i of 1
7.3.4 Graphical representation & U1 "—
i rate constant II
y et
(rate) a Zero order (a) \
|
s : log of conc.
(a—x)
concentration 1
(b) Unit of rate constant Time —* |
L n-1 A
i S = 2.303
unit of k (moie) x time”,n=0 slope = tand = -
<o unit of k = mol L™'sec™ i.e. unit of 2303
rate of reaction. t= ——log —
k a—X
7.3 First order reactions : y=mx+C
A reaction is called first order if its rate is 2303
determined by the change of one concentration here slope =M = ———
term only i.e. rate is proportional to unity k
power of concentration term. ' T )“’1 .
7.3.1 Example of first order reactions : (B Uit of ol i (mol
(l) H202 —> HO+ Z.0)) n=1
(ii) NHy;NO,—> N2+ 2H,0 so unit of k = sec”
(iiif) CeHsNoCl+H0—> CeHsOH +N; +HCI 2.4 Second order reaction (Omly for REE
(iv) (CH;);OOOC(CH3)3—->2CH30CU‘13+QH& aspirants.) :
di~tertbutyl peroxide : A reaction is called second order reaction if it
(v) N2Os—> 2NO, + %0 ' is depend on two concentration terms.
(vi) (CH3),CHN,CH(CH3), —> N, + CeHis 7.4.1 Example :
Azoiso propane . (i CH;COO C,Hs +NaOH —> CH;COONa
(vii) SO,Ch—> S0, + Cl, I + C,HsOH
(viii) Radio active decay, virus or bacteria (Saponification)
generation of inactivation. g ' (i) 2NO,—>2NO+0,
7.3.2 Integrated rate law : : ' (i) 20— 30,
from equation (3) and (4) i o (iv) 2CLO—2CL + 0,
e &303 log [Al, L iy (¥) 2CH;,CHO—> 2CH,+2CO
‘ [i]‘ L (D) 808 +2A-—> 2807+
or [A]:=[Alee 5 Wale, O : (Persulphate ion)
7.3.3 Half life (ty) : : R ~ 7.4.2 Second order kinetics can be applied on
% : - i two types of reactions viz.
att=ty X= — . : _ )
L T P (@) 2A° ——  product
from eq (1) k= 2303, 2% i sl -
iy R ) t=t  axor [AL
22ER POINT, CP Tower, Road No.1, IPIA, Kota (Raj), Ph: 0744-3040000 T CHEMICAL KINETICS B
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1 X

T
from equation @ k ta@— X).

4 __LH’-J
k=1[al [Ab

or

+ 1ar gnother reaction
(b) Consider T e product
(= DanntlR b
.i"i=k(a—x) (b—-X)
i dt ,
on integrating

2.303 b(a—X)
o AR e S
L [(ﬂ.—'b) oglﬂa a'-X)

Note :

(i) In above equation (a>b)
(i)  Type (b)  reactions ie.
be converted

A + B — product, can

into first order reaction if one reactant

[ is in excess.
ie ifa>>>b
then (a—x)~aand (a—b)a
2.303 ba

k= ——log;;———
o gwa(’b—x)

or ka=k'=@;og( b
t b-x/

(First order kinetics)

7.4.3 Graphical representation & unit of

rate constant

‘Second order

—

time

e
U 1 = L i
nit of k (_(_}I_) x time-!

n=2 g -
So unit Ofk =l mol—l Sec_]

x.-——

NP

=t
at
L
ST ka o,
€ init;
is i verselyp .
. li:;uation of the rea.?tam
B
For ;f:lc jife of reaction iS given as th,
ltlhan life of Jimiting reagent.
reactions :

st order ] )
o actant 15 present 1n large
der reaction confirms tg
known as pseudo

arl -
th?mo;:,’ular reaction- [see 8.1 article] e.g.
1
o H*_, CH;COOH +CHsOH

@ CH;COOC?H#HZO (Bimolecular)

(excess) ;
rate =k [CH3C00C2HS] (1% order)
(ii) CigHz:On +H20 __H'_, CeHOs + CeH120
1 (excess) (Bimolecular)
(1* order)

rate=k [CIZHZZOH]
7.6 First order growth reaction :
For bacteria multiplication or
use following concept

consider a growth reaction
Population (or colony)

virus growth

Time

0 , a
dt (a+x)
dx _ ds

= kdt

— =k(at
dt X) or e

on integration
loge (a+x)=kt+C
at t=0;x=0:> c=10gea

kt=—log, 2

; ; gl=a+x o_r_ k-
_ 2303 '

= 230, [ g

; t 10 F or

2ot 2.3.03 L
k= =— log,, (E—ti)
: '\ a

7.4.4 Half life () :
e . 7.6.1 Generation time ;
e ordler reactions of 5 ot o
o o o generation time, x = 5
. 0.693
I St
Caree :
R Poinr, cp Tower, Road No,| IPIA,
) Kola (Rﬂj.),

N
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.www.ﬂﬁmfgm\m


https://gradesetter.com/

WWW.GRADESETTER.COM

7.7 First order anti&§”ih"*ﬁrﬂf§mﬁﬂjomﬁa’
ol e And rotation”: ool
(a) If volume of reagent OF pro
then use following relation.
consider A—> product
at t=0 vg (used)

at t=t v, (used)
at t=c Ve (used) (e reactien is almost

quotl
NOEHE

duct is given

complete)
Lo 2303, (Vo—Vo
t V., - Vi

Note :

(i) If vo is not given then left vo term in
formula.

(ii) If V. is not given then left Voo term in
formula.

(iii) If vo, V¢ OF Ve is not given directly use
stoichiometric equation to get then.

(b) If pressure is given in gaseous reactions
then use following formula.

2.303 P
k= —lo ——
" gw[PO ¥ x]

p, = Initial pressure of reagent
Po—X = pressure of reactant at time 't'.

Note : ’
(i) If Po and (Po—X) is not given directly use
stoichiometric realtion to set them.

(ii) If the presence of mixture is given then
use following concept.

consider reaction

Ag— Bot2Co™ Dgia)
att=0 Po - - -
att=t Py—P’ B 2P’ -
att=o0 - p° 2p° -
so total press. of mixture after 't' time
Py =P'-P'+I'Q 2P
and Pyoa after long period ort =
Py =P+ 2P |

d is given then

(iii) If vapour pressure of liqui

it will remain constant throughout the
reaction.

(c) If rotation of optically active- species is
given then use following formula

P 2.303 < I, —To
t I, — T

r,, = angle of rotation att =
ro = angle of rotationatt =10
r, = angle of rotation att ="t

Methq(;l.!p.f D-e; )
of Reaction '

.1 Method of integr

8.2 Graphical meth

ation (Hit & Trial) ¢ n
: iven data in yarious \ -
In this method We put BV rate constant. It \

order's integrated 1aWs to o b
should be constant t ughout the given \
data.

i.e. '1,

. = 2.303. _2 _for 1% order |
® k== logio 1\

1 1 1 nd ]
B e [ U for 2™ order \
ao X t(_(a—x) a-} 'i

@ii) [AL= [Alo— kt for zero order {s
od:

for a reaction of n

time
8.3 Half life method * \
1
General expression for half life is s < 71 \\
a
where a = initial concentration and n = order
of reaction ‘\
n-1
(e — (&g_\
_ (ty)2 4
taking log both side 11
log;o () —logyo(tw)a \

n= —
logyo(@2) — logyo(@1)

8.4 Vant Hoff's differential method *

Consider two reaction having Ci & Gy s
initial concentration with n order.

21 s kC} and —%:kcg

it 3
_taking log both side
ac, -
log\ 5 —logk+nlogCi (1)
CHEMICAL KINETICS m
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dC’) ~logk*" log Cs =
109( Tt . from (1) & @

L |- .
!og(p "&T) P\ dt ) where
n= logcl.-logcz _

dCy gre rate of reaction W-I-t

4 g -
Tdt

reactants. :
0% Collision Theory

9.1 Assumptions - diie 16 the

i i tion
) A chemical reac s
@ collision among reactant molecules

i i con
number of collisions taking plfxce per xf:re :
per unit volume of the reaction mi

known as collision frequency ).

takes place

E = Threshold energy

Fraction of molecules ca;_Ja.ble
or bringing effective collision

Fraction of molecules

Energy

(i) Every collision does not bring a chemical
change. The collision that actually produce
the products are effective collision. For a
collision to be effective the following two

barriers are to be cleared.

9.2 Energy barrier
The minimum amount of energy which the
colliding molecules must posses as to make
the chemical reaction to occur is known as

threshold energy.

Threshold|

energy ivati

Bio E, Activation Energy
Avg, Energy Roadg

or reactant  |Reactant
Progress of reaction
from thelg.iven diagram we can conclude that
The minimum amount of energy required
by reactant molecules to participate in a
reaction is called activation energy (E,) ",

O collision. 11€ reacting
in proper direction tq
rive. Following diagrams
ect’”  of suitable direction

93 0ri¢™" jone e
o cthenessu:t collide

es
oleCu iy e
M e collisio? ~ o tance

No
reaction

Reactants

e that the colliding

'So one can conclud :
in the direction of

molecules must be
maximum overlapping.
Hence, rate of reaction may be given by

Rate = collision frequency x fraction of
effective collision R=Zxf

m Factor Affecting Rate of Reaction \ .

10.1 Nature of Reactants &

(@ Phy§ical state of reactants - This has
considerable effect over rate of reaction. We
have following relation between state of
reactant & rate of reaction.

Gaseous state > Liquid state > Solid state

Decreasing orderof rate of reaction

Because collisions i
n homogeneous system
are more effective than heterogenous syztem.

E : |
WEER POINT, CP Tower, Road No.1, IPIA, Kota (Raj.), Ph: 0744-3040000
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(b) Physical size of reactants — AS WE dccrca.sc
the particle size rate of reaction increases,

since surface ared it ]
(¢) Chemical nature of reactants — Number of
bonds to be broken and bond strength of

reacting molecules also affect the rate of

reaction.

(i) If more bonds are to be b
reaction will be slow.

(ii) Similarly bond strength is more,
reaction will be slow.

10.2 Concentration of Reactants &

1creases.

roken, the rate of

rate of

Conc.

time
We know from law of mass action that " Rate
is proportional t0 concentration of reactants.”
So rate of reaction decreases with passage of
time, since concentration of reactants
decreases. The curve show decrease in the
slope with time and slope is the measure of

rate.

10.3 Effect of temperature :

(i) Rate of reaction increases with increase in
temperature. In general for every 10°C rise in
temperature rate of reaction increases 2 t0 3
times.

(ii) The temperature coefficient (1) of a chemical
reaction is defined as the ratio of the specific
rates of a reaction at two temperature
differing by 10°C (25°Cto 35°C).

(Tz"TL)
=——-—-—-—k(t+10) =2t03 or bty

k(t) kg,

Arrhenious suggested an equation which
describes k as a function of temperature.

l T = AG B |

where
E, = activation energy
A =Frequency factor or pre exponential factor

Taking log  lo k) =log (A) - .
g () =log(A)~ Z50pT
Slope =tan 6 = AL
2.303R

Intercépt =log A

10.4 Presence of catal
(a) Presence of positive ©

(b) Presence

reaction.
WW Kinetics of Simultaneous Reactions

11.1 Parallel reactions :

]
12> T and corrcsPU"di"g e Gofemt AT
ky and Ki then

ki) Byl (]3_:.[‘-]

leg (T,] 2.303 T

yst -
atalyst |
e increases !

ower down the
ivati ¢ of
activation energy henc he rat

reaction.
of negative catalyst increases

activation energy hence decreases the rate O

order reaction

Consider following  first
lel paths one

proceeding through two paral
leading to product

product C.
k B
A
ky e

where k; and kp are respective rate
so overall rate constant

constants.

k=ki+k
fractional yield of B = 5
k, +K,
fractional yield of C= K
k, +ky

11.2 Successive reactions =

Consider A converted into B according to
first order kinetics and simultaneously B
converted into C following first order kinetics

A%y B—X25>C where[Alpisthe

ty, (A) ty, (B) initial conc. of A
[Alo

Let after time '' concentration of A & B are
[A]; and [B]; respectively.

[Al=[Al et

_ KIAY okt -
B]i= Saldb ookt _g-kat
A (k, —kl)[e e

frorr_l.thf: above equation following cases of
equilibrium may be considered.

CareER POINT, CP Tower, Road No.1, IPIA, Kota (Raj.), Ph:'0744-3040000
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(i) Transient equilibrium
when (ty)s > (tw)s or k; <k,
Bl K
(i) Secular equilibrium
if (ty)a >> (t)g or k; <<k,
[A)_k
Bl k

¥

(iii) Disequilibrium
if (t)a < (tw)s or ki > kp

then calculation is beyond our scope.

(iv) Maximum concentration of B cap b
achieved in time (t) which can

calculated as
— 2.303(logk, —logk,)
k; - k,

ot
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SOLVED EXAMPLES -
; it is given tha
hysical . ) 1t
Ex.l Chemical kinetic$: 8 branch of P 51_[(3__12912_1 _p4x107 mole L
chemistry, deals with- dt -
(A) Heat change In e d[Cr”] =2 x247% 104 mole L's
(B) Physical chang® in a reaction s0 S,
(C) Rates of reaction g x 104 mole o
(D) Structure of molecules ' i i
SoL[C] (definition of chemical kinetics) £ Azer order reaction iS© .
i has an n which reactants o 1! BOREY
el me' " s hich one of the reactants is in large
overall order of 0.5 for the reaction A+B+C = (B) In whic
Product - pacees hange with time
te does not chang
(A) R = k[A].[B].[C] (C) Whose rate ¢ S s
5 Whose rate increase wi
(B) R =K[A]* [B]* [CT (13
(C)R=KA]" [BI'ICT" sol. I .
; . tration O
)R =KA] BI[CT* £y For a given reaction ¢ wncj: a straight line
Sol.[C] reactant plotted against time g2 e
Order=15+ N+ 0=0.5 with negative slope. The order of the reaction
2
Ex.3 Inareaction, the rate = k [A] [B]?? the order (A)3 ((E:))) :
of reaction is ©1 - R
(A) 1 ®)2 SoL[D] Rate law 1S [Al - [A]
(C) 5/3 (D) zero of [A]=[Agl Kt £ .
i i h is straight line Wi negative
Sol.  Orderofreaction=1+ =7 ler:;e grap
slope.
B CHHORONETS B(E) Ex8 Which of the following curves represents 2 Ist
Ex.4 For the reaction, NO —> N; + O the order reaction -
d[NO
expression --;—-[—d-t-l represents—
; (A) tin ®B) ti
(A) The rate of formation of NO
(B) The average rate of the reactior‘l ' -
(C) The instantaneous rate of reaction
(D) All the above
Sol. [C] () tin D)t
Ex5 According tothe reaction
Cr2072‘ + 5H*+ 3HNO, — 2Ce3* +3NO5~ . a a .
+4H,0 Sol.[B] Half life is independent to the initial
concentration of the reactant.

The rate of disappearance of CryO;>" is found
0 be 2.4 x 10~ mole L-'s1. Find the rate of
appearance of Cr* during given time

Ex.9

If 'a' is the initial concentration of a substance
which reacts according to zero order kinetic
and k is rate constant, the time for the

interval, :
Sol.  rate expression reaction to go to completion is
_d[C0,"]_1d[Cr] () () 2
i 2 dt ©ka (D) infinite
CHEMICAL KINETICS
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| Sol.
For zero order reaction
Al =[Al— K ‘ v
tIE rj::omplelion of reaction [A]= 0 and
0
= --'[A]o & Ag =a
k

Sol.

e i{_ Com!cf answer is (A)

0 The rate for the reactio 2CLO — 2Ch + 0O,

. at 200°C is found to be rate = k [CLOJ?
(a) How would the rate change is [CLO] is
. reduced to one third of its original value?
(b) How should the [CL,0] be changed in
order to double the rate? '
Sol.  (a)r=k[CLOJ?
"~ letnewrateisr’ G
" 50 r'=k[C120]2 mk
: 3 9
£ so new rate is 1/9 of initial rate
(b) In order to have rate = 2r
let [CLO]=x '
50 2r=k (x)?
.. from (1) & (2)
 x2=2[CLOJ?
- x=4+2 [CLO] .

so con_cenl:ratfon of CL,O must be increases to

Ex.1

)

Ex.12

el 2)

Sol.

1_/2_ times of its initial value.

Ex.11 For the chemical reaction between mercuric
chloride and potassium oxalate the mass of
. HgyCl, precipited from different situation in a

~ given time at 100°C js given in followi
% . owing

60 0.0032

from these data calculate order of reaction

CAREER Pot, Cp e

‘, \ (Gl B0
]et rate
o from €¥P- ™

a
o 0068 _ i [0. 0836]
&
from €XP- @
0.0031 _ [0.041 8J*
120

from €XP- (3)
9_9_9}_% =k [0.0 041 3]a

[0.404]° (1)

[0.404]b -2)

60

from (1) & @
4=2b or
—=b=2

from (1) & 3) -
2=2b or

so overall order
rate = k [HgCl]
The decomposition ~of Hz2O2
_solution is a reaction of first order. How can it
be Justrf ed from the following data.
10 20

@?=@°

a=1
=2+153
2 [K;C204]

in aqueous

30

15.7 12.5

20
Where x in the volume (mL) of KMnO,

' required to titrate a definite volume of H202?

: HzOz_) H20 + /2 02

t=0. B . ik

t=t. &£ a—x .

here (@ - x) corfésponds to the under
decomposed H,0
fort=10'min
2.303
1

25
ky = log—— =0.022 min-]

for t =20 min -

5 2.303

log— = £
8157 Q.O?.Bmml

CP Tower, Road No
: 1, IPIA, Kota (Ry;
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E i
X.13 The optical rotation of conc. sugar in 0.5N
lactic acid at 25°C at various time intervals

are given below.
| o | 1435 | 11360 ®
Totation(degree) 34.51 31.1° | 13.98° -10.77°

show that the reaction is of first order.

Sol. Applying formula
2.303 i
k = ___log[rno rﬂ)
t T — N
at t= 1435 min.
_ 2303 45,27
w 2O fool 202 = S 44 R 100
1435 g(41.s7) =1
at t= 11360 min.
2.303 45.27
= 2£2"° jog| —— | =5.311 % 103
11360 g(zms)
value of k is fairly constant hence reaction is
of 15t order.

Ex.14 If for any reaction, the rate constant is equal
to the rate of the reaction at all concentration,
the order is— ’

(A)0 (B)2
O1 (D)3
Sol.[A]

Ex.15 For a certain reaction involving a single
reactant, it is found that Coﬁ is constant
where C, is the initial concentration of the
reactant and T is the half-life. What is the
order of the reaction ?
(A)1
(©)2

Sol[D] .. T« (7 g
or T=const. X (Co*™

or T x (Coy+!=const.

or WJTX(CO)"'I = const.

n-1

or T x (Co)
n-1

But from question .

(B) zero
D3

= const

=1

n=3

irreversible unimt}lccular type
__%_y products in 2
="'1

Ex.16 For the
patch reactor,

reaction A : .
80% reactant A(Cao mole/lit.) 18

) second run an s
The order of this

converted in a 48( d conversion
is 90% after 18 minute.
reaction is -
(A1
(C) 172
Sol.[B] Let the reaction is
K = 2.303 logmﬂl
t [A)
2.303
480

2303
18x 60

Hence it is not of 15 order
Now try for 214 order.

i lF__l_.]
t|[A]l [Adl

from 15t data,

(B)2
(D) 3/2
of 15t order.

100

log———~

100 — 80

100
100 — 90

=335%107

from 15 data,K=

=2132% 1073

log

ond data K=

b ol - X
K='ISE 1x20 1 -_‘8.33"10_3
100

2nd data

1
T g
100

1
-7|=833%102

Since, data is following ond order kinetics

reaction is of 2nd order.

Ex.17 For the first order reaction ooy, = X X tgqo the

value of 'x' will be -
(A) 10
©3
SoL.[D] tgge, =X % too%
2.303

100
or log
K 100 -99

2303 100
=xx — log ——
K

100 -90

®)6
(D)2

or X=2

CAREER POINT, CP Tower, Road No.1, IPIA, Kot

Raj.), Ph: 0744-3040000
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) dcconmnsitiml Zl:fl S
The gas Pho° s the first order o
ollow: o inital presst

Ex.18 n fi . =

el i' 0 sec T £ decomposition
K=73 X atm. The time O . becomes
N20s is 01 (hat the total pressure

i N205 80

(;. 15 atm will be (B) 5.4 scc

(A) -‘j :::c (D) 34.55 sec

(€C) 3.4

SoLiA] 2 N,Os—>4NO; + Oz
0.1 atm 0 0

x) atm 2x atm x/2 atm

[nitial pressure
x)+2x+x2=01%

pressure at time, t (0.1—
Total pressure = (0.1 -
3x/2 = 0.15 (from Question)

L x=0.173 w4
Now, from Ist order kinetics ,

2303, R __ 2303 0.1 _s4cec,
Bk BP 75x10° 0.1-x

Ex.19 If in the fermentation of sugar In an
enzymatic solution that is 0.12M, the
concentration of the sugar is reduced fo
0.06M in 10h and to 0.03M in 20h, what is
the order of the reaction-

A1 (B)2
©3 (D)0

Sol.[A] Half life is independent to the initial
concentration of the reactant,

Ex.20 In a I* order reaction A —» products, the

concentration of the reactant decreases to

6.25% of its initial value in 80 minutes. What

is (i) the rate constant and (ii) the rate of the

reaction. 100 minutes after the starts, if the
initial concentration js 0.2 mole/litre ?

(4)217 x 107 min™, 347 x 10 mol.

litre™ min™!
(B)3.465 x 107 min™ 2166 x 10 mol,
h'tre"min"
(©3.465 x 107 mig™ 517 « 102 mol,
litre ™" min !
(D)g.fés X 107 min™, 2667 x 10 moj
litre™ min™ : .
SoL[B] (i) Given [Al=02M& [a]=g,x 625
= 0.0125 _
K= 2303 - [A]
t [A]

px.21

X

Ex.22

Sol.

Ex.23

Sol.

T - g
ne ™ -
A ¢ 25°C the 5€€0" __,IO':;"'CI is 0.0606 M-
saction on I initially 3.5 x 10-3
teng-). If 8 solu ach reﬂctant{i, what wi] be
ith respect to OfeaCh species present afyg,
ion

_ 0.0606 % 300=18.18

n acid solution into

se |
po decom‘f;se according to a first order
y ¢ -
half life of 3.33 hour at _,

ple of sucrose remains

Suc
glucose and fru
rate law, with a
what fraction of a sam

9.00 hour.
4 [A] =-—kt=——(-);§2'3'x9
2.303 log [-;'0—] 33

1Al _ 5814
log [A]

[Al _ 153

[Ao]

so fraction remaining = 0.153.

Mechanism for the reaction 2A —» C is given
as follows.

() A+A—Ky Axyp (Activation)

() A*+A K2 04 4 (Deactivation)

(i) A* ks (Reaction)

deduce genera] rate law for the reaction, using

steady state approximation,
According to steady

Since A* js an intermediate,

rate of production * =
of A* Of A* = rate of destruction

KIAPR = ky[a% [A]+k;[a%)

ki[A]?

[A¥]) =
%2[A]+ ks

e of reactiop ~ -g-:-:. =k3[A%) < klks[A]2
ks[A]+ k,

.
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