CHAPTER

CHEMICAL KINETICS

he branch of physical chemistry which deals with $tudy of the rate or speed or
velocity of the chemical reactions proceeding undgven conditions of the
temperature, pressure and concentration is calle€hemical kinetics
The different chemical reactions take differentetilo complete, out of them some
reactions are very fast and some are slow. Fanpbathe reaction between Agh& NaCl
in agueous solution is fast, reaction between Né#aln& water is vigorous, most of the
organic reactions are slow & take measurable tor@mplete. While reaction between &
O, to form water in absence of a catalyst or an gtedtscharge is so slow that it takes years
together to complete. Wenzel C. F. was the firss@e to introduce the word chemical
velocity or velocity of reaction & is defined as l& ratio of amount of the substance
expressed in gram molecules, transformed in thegs® to the time within which it is
transformed.” Or “it is the rate of change of camication of the reactant”. Study of rate of
chemical reaction gives us the knowledge of theabieh of different matters. We are able to
control the reactions by knowing the influence dfedent factors on the rate of reactions.
Thus chemical kinetics is explained in terms oldfeing aspects.
i) Rate of reactions & Rate law
i) Mechanism of the reaction.
iii) Effect of concentration, temperature, pressure &l@st on the rate of reaction
The knowledge of reaction kinetics is great importance & utility in selecting
optimum conditions for all industrial processes.

Rate or Velocity or Speed of Chemical Reaction
Let us consider a simple reaction of the type
A - B
reactant product
Here reactant ‘A’ is consumed and product ‘B’ isnfied. As the reaction proceed
concentration of reactants decreases while theerration of product increases.
The rate or speed or velocity of a chemical readsadefined as-
‘The change in concentration of any one of the tee#cor product per unit time’ is
called as rate of reaction.
OR
"The rate of change of concentration of either taat or product per unit time' is
called as rate of reaction.
Example: Consider dissociation o§®} to give HO & O,
2H,0, —> 2HO+ O,
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Thus rate of reaction = Decrease in concentratidt,®,

ime taken

= Increase in conc. ofH& O,
Time taken
Since, the concentration is usually expressed ite b & the time taken in sec or

min., then the unit of rate of reaction is therefaole /lit/sec.Thus rate of reaction does not
remain constant throughout the reaction hence we comsider rate of a reaction at a
particular instant which is defined as follows &trate of a reaction at any time is defined as
the change in the concentration of any one of &aetant or product per unit time at that
particular instant of time.”
It is denoted as

dx _ dc dc
Thus, Rate =r = = —d—tA = +d_tB
Where, dx is the change in concentration of eitkactant or product, dt is the time
interval.
According to law of mass action rate of any chelmeaction directly varies with the

active mass of the reactants i.e. @@ [A]

_dx_ dCy _  dCy
=@ T G
OR
_ dCa _
r= ot kCA
OR
- YAl
r=-—r= KAl 2
Where,
* dGC, or d[A] is infinitesimally decrease in the conaatibn of ‘A’ in an infinitesimal
interval of time'dt’. Negative sign indicates dease in concentration of ‘A’.

» dG or d[B] is infinitesimally increase in the concextion of ‘B’ in an infinitesimal
interval of time‘dt’. Positive sign in equation iedtes the concentration of product is
increasing, with time.

* kis known as the rate constant of a reaction.

Velocity Constant or Rate Constant
Consider a simple reaction of the type

A - P
Reactant product
Rate of this reaction is given by
Rate a [A]
=kI[A]
Or for a reaction
A+B —>» P or A+A—» P

Rate o [A][B] or Rate = k [A] [B]
Rate o [A][A]lor Rate = k [Af
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Here, k is called as velocity constant or speaifiaction rate. If concentration of
each reactant is unity, then rate of reaction thids at fixed temperature, specific reaction
rate or velocity constant is equal to the rate hd teaction when concentration of each
reactant is unity.

Factors Influencing the Rate of Reaction
The following factors influence (affect) the ratecbemical reactions.
1) Concentration of reactants : As a reaction proceeds the reactants are consumed
therefore the concentration of the reactant deeseasdth the passage of time. It is observed
experimentally that the rate of reaction also deses as the time passes. This clearly
indicates that the rate of reaction is directlygangional to the concentration of the reactants.
Thus, A— Product
The rate of above reaction get doubled, when theamtration of the reactant A is doubled.
Similarly, A+ B—  Product
The rate of this reaction becomes four times thial rate if concentration of A & B is
doubled. Thus the increase in concentration ofréfaetants increases the effective collision
rate of the molecules.
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Fig.6.1 Concentration versus time plot

ii) Effect of temperature : The increase in temperature leads to increa#ieeimate of the
reaction. It is observed that for all those reaxtiwhich are exothermic (heat evolving) rate
decreases, while rate of endothermic reactiongaser with increase in temperature.

i) Solvent : Solvent also plays the important role in deterngniate of reactions. Rate of
reaction increases or decreases with change ofreplwhich depends upon the nature of the
reaction.

iv) Catalyst : The rate of certain reactions increase due tegmee of certain substances in
the reacting system, known as catalyst. So, catalgseases the rate of reaction.
e.g. MnQ speeds up decomposition of potassium chlorate.

v) Pressure: Rate of the gas phase reactions are also affdntedressure. Higher the
pressure more is the rate of reaction. Thus coretét and pressure affect the rate of
reaction in the same manner.
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Order of Reaction
Determination of rate of reaction reve#ilgt all the molecules of the reactants
represented by the chemical equations do not deterthe rate of reaction but only those
molecules whose concentration changes measurabilygdhe reaction determine the rate of
reaction. Hence “The number of reacting moleculglsose concentration changes
appreciably as a result of chemical reaction isadkmas order of the reaction.” Or the order
of reaction is also defined as “The power to whind concentration of the reactant is to be
raised to get the rate of reaction”
Thus
Raten. [Reactant]
Where, n is the number of moles of reactant) thebecomes order of reaction.
For a reaction,
mA +nB — Products
Rate =k [A]'[B]"
Hence the order of reaction = (m+n)
So the order of reaction may also be defined “dbe sum of the powers of the
concentration terms of the rate determining equegio

Molecularity of a Reaction : Definition-“The number of reacting species (atoms, molecules
or ions) taking part in a chemical reaction is krmoas molecularity of a reaction.”
* Molecularity of a reaction is always a whole number
« When the reaction involved single species atomgemagé or ion to carry out a chemical
reaction then such reaction is called as unimoteaelaction.
In general it is represented as
A — product
For example
i)Br, —» 2Br
II) HgOg 0} —> HO 0] + % 02
e The reaction in which two molecules are involvedaithemical reaction is said to be
bimolecular reaction.
In general it is represented as
A+A — product
OR A+B — product
For example
|) 2HI —» H2 +|2
i) Hydrolysis of methyl acetate in presence of enal acid
CH,COOCH +H,0 O~ CHCOOH + CHOH
* A reaction in which three molecules of reactants iavolved to form the product is

known as trimolecular reaction.
In general it is represented as
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3A — product

OR 2A+B ——» product

OR A+B+C —» product

For example
) 2NOg+ Oyp —>  2NQy)
i) 2NO) + Chg —> 2 NOC}y

Difference between Order and Molecularity

Molecularity Order of reaction
1.1t is a total number of molecules taking. It is the sum of powers of
part in chemical reactions concentration terms in rate equation
2.1t is theoretical concept 2. It can be determiexgerimentally.
3. It is always a whole number 3. It can be whalenher as well as
fraction.
4. It can never be zero. 4. It can be zero.

5. It has no significance for a comple®. It is always the same for over all
reaction & can be expressed for eadkaction whether the reaction |is
elementary step in case of a compleomplex or simple.

reaction.
EX.- (CHs)3C-Br + KOH—» (CH);C-OH | (CHj3)sC-Br + KOH (CH);C-OH
Molecularity =2 Order of Reaction =1

Zero Order Reactions :

The reactions of first, second & third order depengon the concentration terms of the
reactants but there are certain reactions whosecityelor rate do not depend on the
concentration of any one of the reactant. The vglanr rate is constant throughout the
reaction; such reactions are called as zero oedations.

“A reaction is said to be zero order when its ratendependent of the initial
concentration of all the reactants.”
Consider-

A - Product
Attime,t=0 a 0
t=t, (a-x) x

Suppose 'a' mol drhis initial concentration and (a - x) mol dnbe the concentration of
reactant after time 't". The rate of above readsagiven as -

dx
Rate:r:-E:ko(a—xf ............ (3)
Where, 'k’ is a rate constant or velocity constant
. dx _— .o -_—
sk [ (a-xf=1]
ie.dx=kdt . (4)

Integrating equation (4) within the limits,
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[ ax= Tk, dt

X=0 t=o0
x=kt (5)
This is zero order rate law equation.

Characteristics of Zero Order Reaction
1) Unit of ko
We know that for zero order reaction, the rate éguation is
X = kot
_X _moldm™3 _ 3
ko =T ET mol dm® se¢*
2) Half life : Half life of reaction is the time required to coete half of the reaction. It is
represented by 4.
The zero order rate law equation is
X = kot
Thus, when t = , X :g
Substitute these values in above equation
We get? = kot 112
“hpoa
Hence half life of zero order reaction is diregtipportional to initial concentration
of reactant.

3) The graphical representation
The zero order rate law equation is Xt k
This is in the form of y=mx
i.e. when the graph is plotted between ‘X’ valuasyeaxis and ‘t’ values on X-axis.
Straight line is obtained with slopg &s shown in Figure 2.

)
/’“

.
f"'@;&;‘pﬁ =k,

e .
JE— "

Fig.6.2 plot of ‘X’ versus ‘t’

Examples of Zero Order Reaction
i) Reaction between acetone and Bromine
CH;COCH; + Br, » CH;COCH,Br + HBr
This reaction proceeds with the same rate irresgeot concentration of Brand so
reaction is said to be zero order with respectrio B
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i) Reaction of acetone and iodine

CH;COCH; + I, » CH;COCH,I+ HI

The reaction is zero order with respect to iodiorcentration since reaction rate is
independent of concentration of iodine.

iii) Decomposition of HI at the surface of gold
2HIl  gold surface B+l
Gold metal acts as a catalyst. At sufficiently highessure catalyst surface is
completely covered by HI molecule.
Even though pressure is increased or the conciemiriatincreased, then there is no
change in the rate of reaction & thus it is zemeoreaction.

iv) Photochemical combination of H & ClI, to form HCI
H +CL Sunllgh.t 2HCI
U.V. light
Reaction can be studied by taking & Cl, over water in a glass tube & then mixture is
exposed to sunlight or U.V. light. The water risas the same rate as the rate of
disappearance of A& Cl,. The concentrations of gases in the gaseous mltaset change
with time & hence it is zero order reaction.

First Order Reaction :

When only one molecule is taking part in the react& whose concentration
changes appreciably as a result of chemical reattidorm a product is known as first order
reaction. It can be represented as,

A - Product
Attime,t=0 a 0

t=t, (ax) x

Suppose ‘a’ mole dihbe the initial concentration of reactant ‘A’ and mol dm* be
the concentration of product after time ‘t’. Théeraf the reaction is given as-

dx ( )
r=—oa(@a-x
dt

e =k@-x (6)
Where, k is first order rate constant (or velocity consfamquation (6) can be
written as-

dx
@ =kd (7)
Integrating the equation (7), we get
dx
f(a_x) = [k dt
-In (a-x) =k;t+C (8)

Where ‘C’ is integration constant which can be eatéd from initial condition of reaction as
att=0, x =0, putting in (8) we get,
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&-lna=C 9
Putting the value of C in eq. (9) we get,
-in(@a-x)=kt—Ina
Ina—In(a-x)=kt
a

Ky :% In (—) (since, lpg= 2.303 logo X)

a—x

klzﬁlogm( e (10)

t a—x
This equation is known as the integrated rateftaviirst order reaction.
Characteristics of First Order reaction:
1) Unitof k;
We know that the first order reaction
A —» Product
Ratea [A]
Rate = k [A]
K: = Rate / [A]
But rate is expressed in number of moles/lit/secnumber of moles/dffsec.
And concentration of reactant is expressed in mibler mole/dni.
K, = molesllit/'sec or _moles/difsec
Moles/lit molde?
= 1/sec K= sed
Thus the unit of rate constant of first order rigacts ‘s*

2) Graphical representation
We know that,

k1 — 2.303 |0g10 (L)

t a—x

kit = 2.303 logo (==
logio (ﬁ) = (2;3) xt
This is in the form of y=mx

Hence, when a graph is plotted betweenlolégf—x) and 't we get a straight line
passing through origin and having slezpz%g shown in figure 6.3.

log (L) slop&
O\a—x 2.303

»
»

t—»
Fig. 6.3 The plot of log a/4g versus time (t)
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Now, kit = 2.303 log, (-2
OR kit = 2.303 logp a - 2.303 logy (a - x)
OR 2.303 logy( a - x) = -kt + 2.303 logy a

OR  logp(a-x)= -(2.§23)t +logoa (11)

Thisisin the formof y=mx+C
Thus, when a graph is plotted betweend@g- x) and ‘t’ we get a straight line with slope

ky i o
(2.303) and intercept log a as shown in figure 6.4

log

SIOpe = (ZI;)B)
log(a - x)

»

t—»
Fig.6.4. The plot of lgga-x) versus time

3) Half life
It is the time required to compldte half of reaction. It is represented by. fThe
first order rate law equation is

ki = 2308 logio (L)

t a—Xx
Thus, when =1 ,, X :%
Substitute these values in above equation, we get

_ 2303 a
ky = 0G0 | —=
/ a-=3

1/
2.303 2a
= lo (_
K t/2 Gio )
Ky :Tﬁ l0gso 2 Since lgg2 = 0.3010
1/2
typ = 2'i03 x 0.3010 2693 Constant
1 1

Thus, the time taken for completion of half of fivet order reaction is independent
of the initial concentration of the reactant.
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Examples of First Order Reactions:
Example 1Conversion of Ethene to Ethane

CZH4 + H2—> CzHe
Example 2 Decomposition of HO,

In presence of finely divided Pt, HO; in solution decomposes as:
This reaction is supposed to take place in twosséep

i) HyO,— H,O + O (slow)

i) O+0- 0, (fast)

In this first step is slow step & is called ratedeateining step & thus rate depends
upon the concentration ¢4,0, & hence it is first order reaction. The progress of the
reaction can be followed by two ways-

a) By collecting O2 gas evolved
b) By titrating remaining KO, against standard KMnO4 solution using acid

In the first method volume of oxygen collected (dt)any time will be proportional
to H,O, decomposed (x) while the final volume at time YVtY will be proportional to
concentration of KD, present at that time.

Therefore, VYa a & Vta(ax)
Y=ka & Vt =k(ax)
Putting these values in first order rate equation

K =222 logyo = (12)

t a—x
_ 2.303 Vo
k=">logo(y) .. (13)
Eqgn 13) is a first order equation from whichdan be calculated.

Pseudo-Order Reactions :

When one of the reactants of the bimolecular read8 taken in large excess, then
the reaction confirms to a unimolecular reactidduch bimolecular reactions are called as
pseudo-unimolecular reaction or pseudo-order reasti

The reaction which appears to be bimolecular bufaat it is first order is called
pseudo unimolecular reaction.

OR

‘A reaction in which one of the reactants if prdsara large excess shows a different
order is known as Pseudo-order reaction'.

The reaction is in fact bimolecular but behaves disst order reaction is known as
Pseudo first order reaction. Pseudo-first orderxctiea may also be called Pseudo uni-
molecular reaction.

For example
i) Hydrolysis of methyl acetate in presence of minacadl.

CH,COOCH, + MO (gxeesg L) 1] = CHiCOOH + CHOH
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In above reaction water is taken in a large exsesthat its concentration does not
change appreciably during the reaction and rateasftion depends only on the concentration
of methyl acetate so that it is Pseudo-unimoleaaction.

i) Inversion of cane sugar in the presence ofarahacid.

C12H2011 + HoOexcess) U M CeH1206 + GH1206

Cane sugar glucose fructose

Actually above reaction is bimolecular as it invedvtwo molecules of reactants but
follows first order rate equation as water is pneése large excess. Hence this is an example
of Pseudo-unimolecular reaction.

Problem (1) The decomposition of 0, was studied by titrating it at different intervalt
time with potassium permanganate (KMjpOCalculate the velocity constant from the
following data, if the reaction is of the first e

t (min) 0 10 22 40
Vol. of KMnO, (dnT) | 25.0 | 20.0 | 155| 9.6

Solution : Given that
Vo=a=25
We know that for decomposition of ,8, by titrating with potassium permanganate
(KMnQy,), rate law equation is-
_ 2.303 Vo
kl B t |OglO ( Vi )
i) When, t =10 min, Y= 20.0 ml
, _ 2303 25
* K11 = =5~ l0gu (20)
=0.0223 mirt
i) When, t =22 min, Y= 15.5 m|

2.303 25
~ Ky =——lo (—)
22 090\ 55

=0.0217 mift
iii) When, t = 40 min, Y= 9.6 ml|
- Kéll = @ IOglO (E)

40 9.6
= 0.0239 mift

. _ K{+Ky +K3" _ 0.0223+0.0217+0.0239
w K= 3 - 3

= 0.0226 mift

The K; values are found to be nearly same by using dirdér equation & hence it is first
order reaction.

Problem (2) The decomposition of #, reaction was determined by titrating equal volumes
of the decomposing mixture against standard KiyrgDlution at regular intervals, the
following data were obtained.
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t (min) 0 10 20 30
Vol. of KMnO;, (cc) 250 | 16.1.| 104 74
Show that the reaction is first order reaction.

Solution : For decomposition of 4D, reaction following first order equation is used

2303 Vo
k= : logio ( Vr) ...... Q)
i) When t=10, Vt=\,=16.1 & Vo =25
2.303 25~
k= 10 l0g1o (16.1)

k=0.2303 logyo (1.55)
k1 =0.2303 x 0.190
k1 = 0.0438 mih
ii) When t=20, Vt= VY, =10.4& Vo = 25

22303 | ( 25 )
=20 '0%0(7o,

k=0.1151 log,, (2.40)
k1 =0.1151 x 0.3802
k1 =0.0437 min
iii) When t=30, Vt=\;=7.1 & Vo = 25

 =2393 | (25)
=30 0%\

K=0.07676 log;o(3.521)
K =0.07676 x 0.5466
K = 0.0419 mift
The K values are found to be nearly same by using dirdér equation & hence it is first
order reaction.

Example : Hydrolysis of Methyl Acetate :
The reaction is catalyzed by mineral acid as;

CH,cO0CH, + H,0 1 T — CH,COOH + CHOH.

This reaction involves two molecules, but the comiadion of HO does not change
appreciably. Hence the reaction is Pseudo unimt@eaeaction or Pseudo first order
reaction. Acetic acid produced during the reacimuitrated with standard alkali solution.
The mineral acid is used as catalyst also readts the alkali solution. Equals volumes of
reaction mixture are withdrawn at different timéeivals & titrated with standard solution of
NaOH. If V, is the volume of alkali required at time, t = ©,will correspond to the
concentration of mineral acid &Wolume correspond to the acetic acid formed & mahe
acid. Hence,

X =(VrVo) = (T-To) ml & a= (Vo-Vo) = (T, -To) mi

(@Xx) = (Ve - Vo) - (Vi— Vo) = (Voo - V) ml

Or (a-x) = ((T. -To)- (Te-To)
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Thus, the equation (13) becomes :

. _ 2303 Vw—Vo) - 2.303 (TOO—TO)

ko= t l0g10 (Voo—Vt t l0g10 Too—T;

Where To, Tt & 7o be the titre value at time zero & at time ‘t" & iafinite time
respectively.

Problem (3) Following data was obtained in the hydrolysis diye acetate at 25°C in
presence of 0.35 N hydrochloric acid which was wsed catalyst.

Time (seconds) 0 1200 | 4500| 7140 oo

ml. of alkali useeb | 24.36| 25.85 | 29.32 31.42| 47.15
From this data, show that hydrolysis of methyl ateets a first order reaction.

Solution : Given that
Vo=a=24.36 and ¥=47.15
We know that for acid hydrolysis of methyl acetatte law equation is-
ki = 2303 logio (Vw_vo)
t VooVt

. 2.303 47.15-2436
) At, t=1200s, k= 1200 l0g10 (47.15—25.85)

=5.64x 10° st

N 2.303 47.15-24.36
Ii) At, t=4500s, k= 4500 l0gio (47.15—29.32)

=5.46x% 10°s?

2.303 47.15-24.36
i) At, t=7140 s, k = 7140 logio (47.15—31.42)

=4.46x 10°s*
Since, K is nearly constant, this reaction follows firstler kinetics.

Example 3 : Inversion of Cane - SugafThe inversion or hydrolysis of cane sugar takes
place in presence of mineral acid as follows

CHzOn+ HO 0Tl GHO:  +  GHuOs
Cane sugar glucose fructose
(dextro-ratatory) (dextro-ratatoiy) (laevo-ratafor

The given reaction is bimolecular as it involvesotmolecules of reactants but
follows first order rate equation as water is pnése large excess. Hence this is an example
of Pseudo-unimolecular reaction.

The initial solution of sucrose is dextro-ratatdayt on hydrolysis in presence of
hydrochloric acid, it gives glucose (dextro-ratgjoand fructose (laevo- ratatory) in equal
amounts the laevo-rotation of fructose is -92° wlhiktro-rotation of glucose is +52.5°. The
mixture, therefore on whole, is laevo-ratatory. Fois reason the reaction is known as
inversion of cane sugar. The progress of the m@aaten be followed by measuring the
change in angle of rotation by means of polarime@érange in angle of rotation is directly
proportional to the change of concentration of sifgpto glucose and fructose. The angle of
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rotation of plane polarized light decreases witheti The total change in angle of rotation
produced at the end of reaction gives the initisoentration ‘a’
Let ry be the initial rotation
I, be the final rotation
rt be the rotation at time t
Then,
aa (o - I») = Initial concentration of cane sugar
X a (rp - ) = The concentration of sugar at time t
~(@-x)a(ro-re) - (fo- 1)
OR (a-X)a (I - o)
Substituting these values in equation,

ki = 232 logio (L)

t a—x

we get, k = 2.3to3 0G0 (To—Too)

Tt—Too

Problem (4) A 20% solution of cane sugar is inverted by 0.5@Q1 at 25°C. The angle of
rotation of cane sugar at various time intervaésgven below

Time (second) 0 72 368 | 460 680|
Rotation (degrees) | +24.1| +21.4| +12.4| +10| +5.5 | -10.7

From this data, show that inversion of cane sugarfirst order reaction.

Solution : Given that
ro=24.1 andg =-10.7
We know that for inversion of cane sugar rate lgwagion is-

_2.303 T0—Too
ki = logio ( )

t Tt—Too

AISO, fo- o = 24.1 - (-10.7) = 24.1 +10.7 = 34.8
) At t=72s, k=222 |og10( 348 )

7 21.4—(-10.7)

=1.12x 10%s?!

. 2.303 34.8

i) At, t = 368s, k =Z 7 10gio (12.4—(—10.7))
=1.11x 10%s*

_ _ 2.303 34.8

iii) At, t = 460s, k iy logi0 (—10_(_10'7))
=1.13x 10°%s?

. 2.303 34.8

iv) At, t = 680s, k = a0 l0g10 (—5'5_(_10.7))
=1.12x 10°s!

Since, Kis nearly constant, this reaction follows first erdinetics.
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Problem (5) : Optical rotation of sucrose in 0.9N HCI at variotime as given in the
following table:

Time (min.}» 0 10 20 30 40 | o
Rotation (degrees) | +32.4| +28.8| +25.5| +22.4| +19.6| -14.1

Show that hydrolysis of cane sugar is first oreaction .
Solution: If the reaction is to be of first order the k1 weducan be calculated by using
equation
_ 2303 To—Too
kl B t |OglO (rt—roo)
Also, fh- o =32.4 - (-14.1) = 46.5

. . 2.303 46.5
i) At, t = 10min, k =0 10010 (—28.8_(_14_1))

k= 222 logio (ﬂ)

10 42.9)
k =222 logyo (1.083)
k= 2303 4 0.0349
10
= 0.00805 min-1
) _ ) _ 2303 46.5
il) At, t=20min, k ==—=10g (39.6))
=.0.00802 min-1
L _ 2303 203
iii) At, t = 30, ks =—_=l0go (36.5)
= 0.00807 min-1
) B . _ 2.303 46.5
iv) At, t = 40min, k = T logio (ﬁ)
= 0.00805 min-1

The k values are found to be nearly same by using memtiffrst order equation & hence it is
first order reaction.

Second Order Reactions :
When two molecules react together and whose cadiemt change appreciably as
a result of chemical reaction to give product aadled as second order reactions.
or
The reaction whose rate depends upon the concemirat two reactants is called as
second order reaction.
In general, second order reactions areesgmted as follows

2A - Product
OR A+B - Product
Case I: Two reactants with equal initial concentration. €ider any one of above reaction

2A - Product
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Attime,t=0 a 0

t=t, (a-x) X
Suppose ‘a’ mole dihbe the initial concentration of reactant A and mbl dm?® be the
concentration of product after time ‘t’. The rafetwe reaction is given as-

_dx
r=— « (a-xy
ie. Z=k@-xf L. (14)

Where, k is second order rate constant (or velocity coristdrsecond order reaction.
Equation (14) can be written as-

d_x:kzdt

(a—x)2

Integrating above equation, we get
[ =[ Kk, dt

(a—x)?
U(ax)=kt+c, (15)
Where, c= integration constant
When x=0,t=0
Putting in equation (15) we get,

§:C ............... (16)
From equations (15) and (16) we get,
1 1
= kzt +—
(a—x) a
__1 1
kot = (a—x) “a
_ X
ot = a(a—x)
1 x
kz—;a(a_x) e (A7)

This equation (17) is known as second order kinsjigation or integrated rate law of second
order reaction.

Case Il Two reactants with different initial concentration

ie. A + B - Product
Attime,t=0 a b 0
t=t, (a-x) (b-x) X

Suppose ‘@ & ‘b’ are the initial concentrations imol/dnT of A & B respectively.
Let x mol/dn? of A & B have reacted in time t. Then concentnatid A & B after time t will
be (a-x) & (b-x) mol/dmrespectively. The rate law equation is

dx

r= P (a-x) (b-x)
. dx
i.e. Fr k(@x)box (18)

Where, k is second order rate constant (or velocity coristah second order
reaction.
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Equation (18) can be written as-

dx _
(a—x) (b-x) _ kodlt

L.H.S of eq (19) resolving into partial fraction as

dx Cc D
(a=x) (b—x) = ((a—x) + (b—x))
Where C & D are constants,
Taking L.C.M. of R.H.S. of eq(20) we get,
dx _ (C(b—x)+ D(a—x))
(a—x) (b—x) (a=x) (b—x)
dx=C(b-x) +D (@-X) ........... (21)
when x = b putting in R.H.S. of eq(22),
dx = D(a-b), hence D =dx/ (a-b) ..... (23)
when x= a , we get
dx = C(b-a) = -C (a-b)....... (24)
putting (22) & (23) in eq (24)

we get,
dx _ _ dx  dx
oo /@=b) ((b—x) (a—x))
From eq (20) & (25), we get

dx dx \_
1/(a—b) ( o (a_x))_ kedlt .....(26)

Integrate equation (26), we get
1 dx dx | _
(a-b) [f b-x E] = [kt
[- In(b -x)- (-In (a - x)] = kt +C

1

(a-b)
1 —

D) [In (a-x)-In(b - x)] =kt +C
1 (a-x)] _

(a—b) [ln (b—x)] =kt+c

Where, C is integration constant & evaluated as-

At t=0,x=0

1 —
ah) [- Inb-(-In(@)]=C

1 —
OR@ [Ina-Inb]=C
OR——In%=C
(a-b) b
Hence equation (20) becomes-

1 (a—x) _ 1 a
@b "o e s

1 (a—x) 1 In a_ k2t

(a=b) ' (b-x) (a=b) b
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1 @-x) y a] _
(a-b) [ln oo D b] = ket

1 b(a—-x)\ _
(a=b) In (a(b—x)) = ket
- 1 n b(a—x)
t(a-b) a(b—-x)
2.303 b(a—x
kz:t(a—b) Ogloa((b—x; (29)
Equation (29) is second order kinetic equatiomtegrated rate law for second order
reaction with different initial concentration.

ko

Characteristics of second order reaction:
i) Unit of second order reaction:
We know that rate law for the second order readSon

1 x
kg ==
t a(a-x)
1 moldm™3
"~ sec moldm—3.moldm=3
1 1
kz =—

sec moldm™3

k, = dnPmol™* seé

i) Half life Half life of reaction is the time required to colete half of the reaction. It is
represented by .

The second order rate law equation
1 x

2= ? a(a—x)

a
Thus, when =, X :5

Substitute these values in above equation, we get
a

1

kp = — —2—
t1/2 a(a—E)
a
1 3
OR kz:t_ a
1/2 axX5
1 1
OR lk=—-
t]_/za
1 11
OR —=—=
t1/2 kza
1
OR tl/z(l ;

Thus the time required for completion of definitadtion of the second order
reaction is inversely proportional to initial conteation of reactant.
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iii) Graphical representation:

We h =2 %
& have, " ta(a-x)
OR ot = ! 1
B (a—x) Tt
- 1
OR o) kot + -

Thisis in the formof y=mx+C

1
Thus when the graph is plotted betwe(%ﬁ_,T) and time't' we get a straight line, not passing

through origin slope,kand intercep% as shown in Figure 5.

—— B
Fig. 6.5. Plot of 1/a-x versus time ‘t’
iv) The second order rate constant (Y depends on initial concentration of the reactants
Let the reaction is started with new initial conication m times the original
concentration. Then initial concentration will be nthe concentration after time t will be ‘m
(a-x)’ & that of the product will be mx.

We have, k= % a(aa_x)

The new equation with new concentration will be,
1 mx

I —
27 ma.m(a—x)

:% (% a(aa—x) )

L1
.'.kZ: ; k2

Hence the new value of velocity constan%iﬁmes the original value.

v) When one of the reactants is present in large e&ss, a second order reaction behaves
as first order.

For the reaction of type, A + B P, we have the rate equation as-
k, = 2.303 b(a—x)
27 (a-b)t z(b—x)

l0gio
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Let ‘A’ is in the large excess compared to B. Theem,b. Sothata-x aanda- b a

"k, = 2.303 | b.a

2T e OG0 a(b—x)
;o _2.303

k2 = kga __t |Oglo b-%)

ké = k1

{Since, ki = @loglo (ﬁ)}

Examples of Second Order Reaction :
Example 1 Saponification of ethyl acetate (hydrolysis of y¢thcetate by an alkali) with
equal initial concentration of ester and alkalieTkeaction can be written as-

CH;COOGHs + NaOH— CH;COONa + GHsOH

Ethyl Acetate Sodium Acetate Ethyl Alcohol

As the rate of reaction depends on concentratidodf the reactants, the reaction is
of second order. The progress of reaction is stubjetitrating same volume of the reaction
mixture against standard acid solution at regutae tintervals. The volume of acid required
for titration corresponds to un-reacted alkali stee (a - x) and volume required initially will
give initial concentration of reactant as 'a’. Thus

a= Vo
a-x=V,;
OR a-(a-xE VoV
OR X= VO - Vt
Hence the rate equation second order reaction,
1 a
ks, = Pl becomes
_1 Vo— Wt
27 Velvo-(Vo-12)]
1Vo— Wt
OR kz = ? m

Problem (6) In the hydrolysis of ethyl acetate using equalcemtration of ester and NaOH,
the following results were obtained.
Show that the reaction follows second order kirgetic

Time (min’ 0 5 15 25
Vol. of HC1 (ml) 16.0 10.24 6.13 4.32
Show that the reaction follows second order kirsetic

Solution : Given that
Vo=16 ml
We know that for basic hydrolysis of ethyl acetasde law equation is-
_1Vo— V¢
27 Voxv;

~ At t=5min, k :§ X (12%2'21) = 0.0070 mif min™
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At, t = 15 min, K:% X (12;—:'12) = 0.0067 mt min*

At, t = 25 min, k :% x % = 0.0067 mit min

Since values of kare nearly the same, the reaction follows secodérokinetics.

Example 2: Thermal decomposition of acetaldehyde

The reaction is represented as-

CH3;CHOg) = CHyg) + CQy)

Thus the kinetics of the reaction can be studiedheyincrease in pressure of the
gaseous reaction mixture. Let initial pressurecaftadehyde is;R& suppose after time ‘t’ its
pressure decreases by ‘X', which gives,@GHCO. Thus at time ‘t’, pressure of Gk CO
will be *X’. Thus total pressure P of reaction noire will be-

P=(R-x)+x+X
OR P=P+x
OR x=P-Pi
Now,a=Randa-x=Px
Hence, the rate equation of second order reaction,

1
Tt a(a—x)
_ 1 —x
"t Pi(Pi—x)

2 becomes

ko

Problem (7) The thermal decomposition of acetaldehyde wasieduét 518°C with
following result.

Time (sec) 42 73 105 170
x=(P-R) mm 34 54 74 114
If initial pressure is 363 mm, show that the reacfiollows second order kinetics.

Solution :
Given that, P= 363 mm
We know that for thermal decomposition of acetajdieh

1 X
Kz = t Pi(Pi—x)

Thus, att =42 sec., ,k———o  =6.80 x 1§ mm of Hg's®
42 363(363—34)

att=73 sec., Je——>% =66 x 10 mm of Hg's®
73 363(363—54)

at t= 105 sec., Je——"5 =670 x 16 mm of Hg's*
105 363(363—74)

att= 170 sec., Je—— 3% —740x 18 mm of Hg's®

170 363(363—114)
As the values of are nearly same, the reactionvi@lsecond order kinetics.

Example 3 :Reaction between 6,05 and Kl having equal initial concentration.
The reaction is represented as -
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K28203+2K| :2K2804 + |2

This is an example of second order reaction asateeof this reaction is depend on
the concentration of potassium per sulphate andspitm iodide. The rate of this reaction
can be studied by measuring the rate of liberationdine by titrating it against the standard
hypo solution at different interval of time. Theetivalues ‘Y are proportional to the amount
of iodine formed and hence the gives the amountattant per sulphate consumed (x) at
different time intervals of time i.e. x =V

The initial concentration ‘a’ of per sulphate c@pends to titer value at infinite time
ie.a=\.

Hence, the rate equation of second order reaction,

1 X
k, = Pl becomes
1 Vt

t Voo (Voo _Vt)

ko

Problem (8) The reaction between,&0; & K| was studied at Z& with following result.
Show that the reaction follows second order kisetic

Time (min) 10 20 30 o

Vol. of hypo (ml) 2.3 3.7 4.7 10

Solution
Given that, \b, =10 m|
_1 Ve

We know k= TR

Thus, att=10 min., J=—+—2>2 =298 x 16 mI* min®
10 10(10-2.3)

att =20 miu., k=~ —37 =294 x 16 mI* min®
20 10(10-3.7)

att =30 min, k=~ —*7 =296 x 16 mI* min®

T30 10(10-4.7)
As the values of kare nearly same, the reaction follows second dadetics.

Methods for Determination of Order of Reaction:

The order of reaction cannot calculate from cheh@gaation. The mechanism of the
reaction can only be determined after determining brder of reaction. Therefore to
determine the order of reaction, following methads conveniently used.

1. Integration Method
Van't Hoffs Differential Method
Equifractional Change Method or Half Life Method
Graphical Method
Ostwald's Isolation Method

abrwbn

1. Integration Method :
In this method the reaction is carried out actuadiyh known initial concentration ‘a’
of the reactants. The amount of reactants consuriefter different time intervals‘t’ are



Chemical Kinematics 23

determined. Then these values of a, x and t arstifutied in first, second & third order rate
equations. The equation which gives the satisfgatonstant values of velocity constant or
rate constant (k) gives the order of the reactibinis method is referred as trial & error
method and used for the simple reactions.

2.Van't Hoffs Differential Method:
Vant Hoff in 1884 suggested that the rate of ipeagion of ' order is proportional
to the ' power of concentration.

-— o C"
dt

dc _
OrR-Z=kC (30)

Where ‘C’ is the concentration of reacting substanc
Taking logo to both side of equation (30) and simplifying wet,g

d
Logio (— d—i)= logik +nlogeC Ll (31)
Suppose, we start with two experiments havingah@oncentration C& C,. Then
Ioglo(— %) =logk +nlogeC: e (32)
Ioglo(— %) =logik +nlogeC: e (33)

Taking equation (32) - (33), we get
d d
Ioglo(— ﬁ) - Ioglo(— ﬁ) =n (logoCs - 10016Cy)
_10g10 (— %) —log10 (— dstz)

n= QogloCL—Toglocn e (34)

Using equation (34), the order i.e. value of ‘nhdae known from%) & (%) values. These
values can be measured by plotting ‘C’ againsThe slope of the curve gives the value of
dc

E.

3. Equifractional Change Method or Half Life Method :

It has been proved that half life of zero orderctiea is proportional to initial concentration
of reactant. Half life of first order reaction isdependent of initial concentration of the
reactant & inversely proportional to initial conteion for second order & so on. If ‘t’ is the
time required for completion of half of the reaatioe. half life of n* order reaction, then in

general we can write,
1
an-1

tx

Let, t & t, are the times of half life or equifractional changhen initial concentrations are
& & a, respectively. Then equation (35) becomes,

& t, x

a1
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From equation (36) &(37) we get,

(n-1)
t, _ag
=== e 38
t1 agn—l) ( )
(ﬂ)(n—l)
az
Taking logarithum to both sides of equation (38&) amplifying, we get,
t
l0gio (%) = (n-1) logo ()
log t,
10( =
OR (n-1) :—log ((tl))
10(3L
az
OR (n-1 :log10t2—10g10t1
logipas—logioaz
OR n=1Bwlrloge (39)

) ) logioai—logioaz ) _ _
From this equation (39) we can determine the oofleeaction ‘n’ by knowing the;aa, t;

and .

4. Graphical Method :
If amount of reactant decomposed (x) is plottediregaime ‘t' then slope of the

graph gives value %. We can easily determi% at any time from the graph shown in
figure 6.6(A) by drawing tangent at the point i.e.

d . . .
Number of sucljd—’; values are determined at different points.
We know, if ‘a’ is the initial concentration & ‘xis the amount of reactant decomposed in

time ‘t’ then,
% = k (a-x) for first order reaction
% = k (a-xJ for second order reaction
dx

i k (a-x} for third order reaction
Thus, if the plot of% against (a-x) is straight line, then the react®first order. If

the plot of% against (a-X)is a straight line then the reaction is of secortkr. If the plofé—’;

against (a-X)is a straight line, then the reaction if of thomtler reaction as shown in figure
6.6(B).
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# & 8
o on (s i
\__ﬁ,

Fig. 6.6(A) Fig. 6.6(B)
5.0stwald's Isolation Method :

In this method all the reactants except one dentan large excess, so that their
concentration remains constant throughout this ghaifhus the order of the reaction is
determined with respect to that isolated reactalichvis not taken in large excess. The
experiment is repeated by isolating each reactaturn. The total order of the reaction will
be given by the sum of the order of reaction wdifterent reactants.

Let the reaction as4® + np, B + s C = product
rate :% =KC,*. Cg2. Cp?

In the first experiment, the reactants B and Ctaken in large excess and the order
of reaction is determined w.r.t. A, which gives@rd n. Then, take A and C in large excess
and the order of reaction is determined w.r.t. Biclv gives order =f1Now, take A and B in
large excess and the order of reaction is detedninet. C, which gives order n
Total order of reaction ()= n, + re.

Problems (7)In Hambly’s experiment following results were olbidl.
Time (sec) 0 72 157 312

(a-x) mol/dni | 0.0916 | 0.0656 | 0.0512 | 0.0348

Find the order of reaction

Solution : Given that att = 0, (a - > a = 0.0916, As the concentration at various time
intervals (a - x) are given we use integration roeth
Thus, for first order reaction, the values of redestant kare given by using equation

k]_ — 2.303 I L
t a—x
At, t = 72 min, k =222 10gy 2218 = 0.00462 mit
72 0.0656
At, t = 157 min, k=232 Iogmw = 0.00370 mift
157 0.0512
At, t = 312 min, k=222 10g,02222° = 0.00308 mift
312 0.0348

As k; values are not constant the reaction is notdirdér.
Now, for second order reaction, the values of catestant khi are given by using equation,
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k, == —2— dn mol*

t ax(a—x)
At, t = 72 min, k=—x —22 __ —.0601drfmol™* min'
72 0.0916%x0.0656
At, t = 157 min, k=— x — 208 _ (4 0548drimol* min't
157 0.0916%x0.0512
At, t = 312 min, k=— x —22% __ _ g 0571drfmol™ min™

312 0.0916x0.0348
As k; values are nearly constant, the reaction is afrstorder.

Problem (8) The study of decomposition of phosphine gave dlievfing data-

Pressure (mm) 707 79 375
Half life period (sec) 84 84 84
What is the order of reaction?

Solution : We know that for first order reaction the halklifime is independent of initial

2.303 % 0.3010 :0.693
ki ki

Hence, this reaction is first order.

concentration (pressure),t= = Constant

Problem (9) As a certain temperature, the half life periodstifi@ catalytic decomposition of
ammonia were found to be -

Pressure (mm) 50 100 200
Half life period (sec) 3.52 1.82 1.00
Find out the order of reaction?

Solution : We know that using half life die order of reactitam be determine by equation
logiotz—logiots

logipas—logioaz

Thus, i) For, a=50,{=3.52 and 2= 100,4=1.82

ilog101.82—10g103.52

n=1+

~n=1+
log1950-1og19100

=1.88+2
ii) For, a =100, { =1.82 and 2= 200, t = 1.00
_log191.00—log;(1.82
" log10100—10g; 5200
=195 2
Thus the order is two

SN =

Problem (10) From the work of L.T. Reicher on action of bromioe fumaric acid, the
following data was obtained.
| I Expt.

1" Expt.
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t (min) Concentration t (min) concentration
0 8.87 0 3.81
95 7.87 132 3.51

Find out the order.

Solution : For F' Experiment

Let, mean concentration isew =8.37

—dc
& —=t=—
dat

For 11" Experiment

(7.87—8.87) - 0.0106
95-0

3.81+3.51

Let, mean concentration is € =3.66

—dc, _ (3.51—3.81

&
dat 132-0

) = 0.00227

lOgloﬂ—lo‘gmﬂ
We know, n = at de
log10C1—10g10C2
_109190.0106—10g150.00227
T 109108.37-10g103.66

Hence the reaction is second order.

=1.62= 2

Effect of Temperature on Reaction Rates

It is observed that as the temperature of chenmigattion increases, the rate or
velocity of chemical reaction increases. Reactiovisich are very slow at ordinary
temperature become fast or even explosive at higberperature with increase in
temperature, the rates of all reaction do not Emeeto same extent. In homogeneous
reactions, rate is doubled or tripled for each 108€ of temperature.

This increase in the reaction rate with tempeeatsr expressed in the form of
temperature co-efficient. Definitiofihe ratio of rate constants of a reaction at twifedent
temperatures separated by 10°C' is called as teaipes co-efficient.

Generally the two temperatures are taken as 25d@GafC.

~ Temperature Co-efficient i 2t03
250
. . k_(_t+10)06
OR  Temperature Co-efﬁmentT
t0

Where, k— Rate constantatt® C

k¢ +10)— Rate constant at (t + 10)°C

The Increase in rate of reaction with temperatueams that the reaction has a
positive temperature coefficient. For homogeneasegus reaction, the value of temperature
co-efficient is 2 to 3. Thus with 10°C rise of teengture, specific reaction rate becomes
double or triple.

Example :
i) The temperature coefficient for the dissociatiomlbfs 1.8
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2HE &= H+1,
ii) The temperature coefficient for the reaction of meiodide with sodium ethaoxide is
2.9.
CHsl + C;HsONa —» CHO GHs + Nal

Arrhenius Equation:
To explain the increase in the rate of reactiomwitrease in temperature, Arrhenius

(Nobel prize 1903) has put forward the followingpérital equation.
Ea

k=Ae®RT (40)
Where, A = Arrhenius constant (Frequency factqorerexponential factor)

R = Gas constant 8.314 J'&ol*

T = Temperature (K).

Es= Energy of activation.
Taking logarithm on both sides of equation (40)geé

logk = Ioge(A e_%)

Ea

OR logk = l0gA + l0ge™ zr

logk = logA — Ea/RT (log=1)

2.303logp k = 2.303logy A — Ea/RT (logx=2.303logx)

Divide 2.303 on both side, we get
OR logk=logoA -2 (41)
OR  logk = (— 2.5(?31?) % + log A

This in the formofy=m x+C
Thus plot of loggk versus% gives a straight line with slogeg% and intercept

logio A Thus we determined the energy of activation oéaction, from the slope of the line
shown in figure 6.7.

Fig.6.7 Plot of logok versus 1/T
Concept of Activation Energy :

According to collision theory, the rate of a reantiis proportional to the total
number of collisions taking place between the w@a@cmolecules. However, it is observed
that all collisions are not effective. The collisibetween only those molecules is effective or
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fruitful which possess certain minimum amount oérgy known ashreshold energyvhich
is equal to or greater than the activation enefgys, before the reaction occurs, molecules
must be activated i.e. they possess threshold gnerg

‘The activation energy is the minimum energy wktieghmolecules must absorb to go
into activated state, before the reaction can tplkee.’
Activated state and activation energy is showrmeednergy profile diagram in figure 6.8.

Reactant

A4

Product
Reaction Co-ordinate (path)
—

Fig.6.8 Plot of reaction rate versus energy

Thus activation energy exists an energy barriavéen reactants and products. If the
reactant molecules can cross this energy barhiey, will convert into products. The reactant
molecules can cross the energy barrier only when plossess the minimum energy which is
equals to or greater than activation energy E

Therefore, the activation energy can be definedt & the minimum energy possess
by reactant molecules which is equals to or gretar activation energy,Eequired to cross
the energy barrier and convert into products'.

Determination of energy of activation by using Arrfenius equation at two different

temperatures:
We have logarithmic form of Arrhenius equation as-
logi0k = logio A— 5 ;:RT from equation (1)
Consider T and T, are two temperatures at which constants aend k then
E
logiok: = 10guo A— 2.30‘3’” ................ (42)
E
logiokz = 10gio A— 2.30:”2 ................ (43)
Subtracting equation (42) from (43), we have
Ea Ea
logioks - l0Gioks = (10g10 A- 2.303RT2) N (log10 A- 2.303RT)
Ea Ea
OR  logok: - logiok, = (2.303RT1 N 2.303RT2)
kp __Ea (1 _1
OR logo ky  2.303R (T1 Tz)
ky _ _Ea T,—Ty
OR  logo® =530 (T1T2 ) (44)

Thus by knowing the values ofy,TT,, kjand k the activation energy calculated.



30 A Text Book of Chemistry

Problem (11) Trichloroacetic acid in aniline solvent decomposesgive chloroform &
carbon dioxide. The rate constant for this firstesrreaction is 4.0 x 10min® & at 25°C &
8.0 x 10* min™ at 45°C. Calculate the energy of activation fds tteaction. (R= 8.314 J.K
:mol™)
Solution Given that

k;=4.0x10, k,=8.0x 10

T:=25+273, T=45+273

=298 K =318 K

R = 8.314JKmor' E, = ?

We know that from equ (3 8)

kz _ Ea TZ_TI
|OglO_ = (_
ki 2.303R

T,
8.0x107% _ Ea (318—298)
4.0x1075  2.303X8.314 \318X298

~ E,=118.03 k j mot

Problem (12) The value of rate constant for the decompositiomitoogen peroxide is 3.46 x
10° min™ & at 25°C & 4.87 x 16 mm* at 65°C. Calculate the energy of activation fas th
reaction. (R= 8.314 Jknol™)

Solution : Given that

k, = 3.46 x 10, k, = 4.87 X 10°
T,= 25 +273, T=65+273
=298 K =338 K

R=8.314 Jkmol™ E.=?
We know that from equation (38)

k2 _ Ea (T-T
|OglO_ (_

ky 2303R \ 4T,
4.87%x107% _ Ea (338—298)
3.46x1075 2.303x8.314 \338x298

~ E.=103.584 k J mdl

Problem (13) Benzene diazomium chloride decomposes in preseheater according to
first order Kinetics. If the velocity constant &°Z is 2.8 x 1§ min™ & the activation energy
is 49.74 k J ma\, find the velocity constant at 35°C. (R= 8.314hiol")

Solution :
Given that
k;=2.8x 10, k=72
T,=25+ 273, T=35+273

=298 K =308 K
R=8.314J Kmol* E.=49.74 k J mol
We know that from equ (38)
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kz _ Ea T,—T,
|0910k_ = (_
1

2.303R \ Ty T,
- 1o Ky _ 49.74x10° (308—298)
100 ex10—2 ~ 2303x8.314 \308x298

~ K,=5.37 x 16 min*

Problem (14) For a given reaction at 25°C, rate constant deulben temperature is
increased by 10°C. Calculate the energy of actwdir this reaction.
(R=8.314 J Emol™)

Solution :
Given that
When, T, =25+ 273 =298K, k=k
T,=35+ 273 =308K, k=2k
R =8.314JKmol* E,=?
We know that from equ (38)

kz _ Ea T,—T,
logio (

ky,  2303R \ TyT,
2k _ Ea 308-298
~log—=
k ~ 2.303x8314 \308x298

. Ea =53.2414 k J mol

Problem (15) : The activation energy of the change
NKCNQO 27°c . NH,CONH,
Ammonium cyanate urea is 23.2 Kcale Value of A is 4.27 x 1&litymol/sec.

Calculate rate constant k of the reaction.

Solution : According to Arrhenius equation,
Ea
logk = logio A = o027

Given: A =4.27 x 10lit/mol/sec,
R = ideal gas constant = 1.987 Cal

& Ea =23.2 Kcal = 23200 Cal.

& T =273+27 =300 K
Putting these values in the above equation,
We get,

Ea
2.303RT

logk =logoA —

23200
logik = logio (4.27x10°) — 2.303 X 1.987 X 300

=log(4.27) + 12 - (23200 7231)
= 0.6304 +12 - (16.89)
=12.6304- 16.89
logok =-5.7404
Taking antilog,
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1.

k = Anti.( -5.7404)
=5.500 X 10
FILL IN THE BLANKS
The rate of reaction on increase theerdration of reactants.
. The hydrolysis of methyl acetate catalyzed by limse order kinetics
The total number of molecules taking part in thecten is called as
. The ratio of rate constant of a reaction at twdedént temperature separated by 10°

2
3.
4

is called as
The minimum energy possesses by reactant molecedgsred to cross the energy
barrier and convert into products is called as

CHOOSE THE CORRECT ALTERNATIVES

1.

The rate of reactio%\’f: k [A]3B]?*for which the order of reaction is

a) atb b) a-b c)a d)b

Decomposition of KO, is a reaction of

a) First order b) Second order c) Third order d) Zero order
. The acid catalyzed hydrolysis of methyl acetate is

a) First order reaction b) Second order reaction

¢) Third order reaction d) Zero order reaction

The unit of rate constant for a second order reads

a) mol dn’s* b) dms mol* s*

c) dn? mor’s* d) s.

The reaction A+B- Product in which when concentration of A is dodbldne rate is
doubled, when concentration of B is doubled the aitthe reaction is unchanged.
The order of reaction is

a) Second order b) Third order

¢) Zero order d) First order

If ‘a’ is the initial concentration of reactant,eth time required for completion of
definite fraction () of the second order reaction is proportional to

1
a); b) a c¢) Constant 9})
The minimum energy possess by reactant moleculpsiregl to cross the energy
barrier and convert into products is called as

a) zero point energy b) threshold energy
¢) activation energy d) bothborc
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ANSWER THE FOLLOWING QUESTIONS IN ONE SENTENCE
1. What is the unit of rate constant for a first orceaction? (Ans. =9
2. What is the unit of rate constant for a zero ordaction? (Ans. = mol dis™)
3. Define velocity or speed of reaction?
4. What is meant half life of reaction?
5. Define molecularity of reaction?

ANSWER THE FOLLOWING QUESTIONS IN DETAIL.
1. Define

i)  Pseudo-unimolecular reaction

i)  Order of reaction.

iii) Energy of activation

iv) Half life of reaction

v) Rate of reaction.

vi) Zero order Reaction

vii) Temperature coefficient

viii) Molecularity of reaction

Discuses the effect of temperature on the rateaxtion.

Explain zero order Reaction with suitable example.

How order of reaction is determine by Ostwald’dason method?

Show that the time for half change of first ordeaation is constant.

Derive the rate of reaction for first order reantio

Show that the second order reaction half life gkris initially proportional to initial

concatenation of reactant.

Describe graphical method for the determinationrder of the reaction.

9. Explain van't Hoff differential method for the deteination of order of reaction.

10. Describe half change or equifractional change ntetbothe determination of order
of reaction.

11. What is zero order reaction? Derive the equatiorraté constant of zero order
reaction.

12. Describe the effect of temperature on the rateaétion

NookwWD
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Problems :

13. In the study of kinetics of saponification of etladetate using equal concentrations

of ester and alkali, following data was obtainettio\8 that this reaction follows
second order kinetics.

Time (min) 0 491 10.0| 237
Vol. of std acid (ml.) | 47.6 |38.9| 32.6| 22.8
14. From following data show that the decompositiongD; is first order reaction.

Time (sec) 0 100 200
Vol. of KMnO, (dn)xI0> | 22.8| 13.38] 8.28
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15. Methyl acetate was subjected to hydrolysis in 0.1HN1 at 30°C. 2 ml of the
reaction mixture was withdrawn and titrated agathst standard NaOH at definite
time intervals. The following data was obtainedoBhhat this reaction follows first
order kinetics.

Time (min) 0 75 119 183 o

Vol. of std alkali (ml.) | 19.24 |24.20, 26.60 | 29.32 | 42.03
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