alf-life period.

a

— ’X:—
bt X =5

1.

0

for zero order reaction is proportional to a.




eaction at any time t is given by the following first — order kinetics.

dx
— X) y d(x) .
A a @) or  dt

I =0 - ahas a given value for a given expt.)

IS the rate constant of the reaction.
X
X = kdt

erential rate equation and can be solved by integration.

= kjdt or —In(a-x)=kt+C (1)
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ration constant.

C can be evaluated by applying the initial condition of the reaction i.e.
these in equationl, we get

e value of C in equation 1, we get

1 a 2.303 a
n — r = = = |
(a X) kt — Inaor k t'” =Y " Oga—x (2)

nd [A] be the concentrations of reactant at zero time and time t, respectively then
put as

1 1A]
t [A]

e integrated rate expression for first order reaction. Unit of the rate constant is
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cesses

rthe process in which methyl |
o acetonitrile.

& CH,NC - CH,CN

Methyl isonitrile

™N

o
)

e ek et
N B O
e & 9
/_

N

| —~

B> QN
2 &

Pressure, CH3NC (torr)
0¢)
o

N
)

f 0
. | 0 10,000 20,000 30,000
‘ A Time (s)

Acetonitrile Thj s collected for this reaction at 198,




|n [A]t = -kt + In [A]o

OO 10,000 20,000 30,000 0 10,000 20,000 30,000
Time (s) Time (s)

(@) (b)

Copyright © 2006 Pearson Prentice Hall, Inc.

is plotted as a function of time, a straight line

' »_,i‘rst—order.
> slope: 5.1 x 10° 572,



alf-life period of a first order reaction

e of a reaction is defined as the time required to reduce the concentration c
half of its initial value. It is denoted by the symbol ti2. Thus,

= aE’ =1t
hese in equation 2 mentioned above, we get

2.303 a  2.303 2.303

by Ot 9T, “O%91%(w log2 =0.30103)
2

- 0.693

b Kk ...(3)
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ords, if during 20 minute 50% of the reaction completes, then in 40 minute 75%,
37.5% of the reaction and on will complete as shown with following plot.

1 n
left after n half-lives = | 2 )

N 1 i
n left after n half lives a,, = (EJ "



the knowledge of k or ty/,.
on for ty» 1s as follows

ler of reaction.




tionSince for nth order reaction

or - =k.c"
dt
dx
dt K =tan0

@a-x)—

og (a—x) + logk

= =k

\2.303)t +loga

N’

k
lot of log (a — x) vs. t will be straight line with slope equal to = 5 353 and inter

the reaction is of first order.



1
205> N;O,+ 2—Ozobeys the rate law: rate = kK[N.Os]*, in which the

.00840 s at a certain temperature. If 2.50 moles of N,Os were plac
t that temperature, how many moles of N,Oswould remain after 1.00 min*

ction is of first order as its specific rate constant has unit s™
k = 0.00840 s, t= 60.0s,
a= [NzOs]o =2.5mol
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y Is a first order process. Radioactive carbon in wood sam
year. What is the rate constant (in year) for the decay? Wh

11540 years?
0.6932

disintegration constant, A = t,,

(or rate constant)

0.6932
K = — 0.00012yr*

5770
Again, for the radioactive disintegration process says,
2.303 log a
t (a —x)

_0.6013 (@

We have, k=

log—2— 0.00012 x11540
- X) 2.303

Taking antilog,

=3.993

mained = @=-x)_
a 3.993

Q

M|

o1



Product

a 0
after time t (a-x)




er Processes

position of NO, at 300°C is described by t

NO, ) * NO@+1/20,

elds data comparable to this:

Time (s) [NO,], M

0.0 0.01000
50.0 0.00/87
100.0 0.00649
200.0 0.00481
300.0 0.00380




INng In [NO,] vs. t yields:

olot is not a straight line,
he process is not first-
ar in [A].

Time (s) [NO,],M In[NO,]
| 0.01000
0.00787

=4.845
=5.038
.93/
(3

100

200 300
Time (s)




A and B have the same initial concentration

A + B —
centration a a
ation after time, t (a-x) (a-x)

tial Rate Law:

BER o (2 x) —k.(a— X)?
= g k,(a—x)(a—x)=k,(a-x)

Rate Law:

(Same as for A— products)

Products
0
X



A and B have different initial concentrations.

A + B — products
a b 0

T (a-Xx) (b-x) X

tial Rate Law:

X) __do=x) __ X_} 2 _yyb—x
d Rate Law:

2.303 , b(a—x)
|
k2= t(a - b) N a(b —x)

2303 | a(b-x)
b-a) b(a —x)
onstant, k» is concentration * time™.
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Pseudo-first-order reaction

Measuring a second-order reaction rate with reactants A and B can be problematic: The
concentrations of the two reactants must be followed simultaneously, which is more difficult then
to measure one of them and calculate the other as a difference, which is less precise. A common
solution for that problem is the pseudo-first-order approximation

= KA][B]= K[A]

’ —
Where = k[B]O (k' or kops With units s™") and an expression is obtained identical to the first
order expression above.

One way to obtain a pseudo-first-order reaction is to use a large excess of one of the reactants
([B]>>[A]) so that, as the reaction progresses, only a small amount of the reactant is consumed,
and its concentration can be considered to stay constant.
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A and B react to form C and D in a reaction that was found to be s
second-order in A. The rate constant at 30°C is 0.622L mol* mint. What
en

M of A is mixed with excess B?

n:
ce B is taken in excess, only the concentration of A affect the rate. The reaction is
er in A and second —order overall, hence,

KL A[BF =k[AF | a = initial concentration of Athen, att= T s, concentration
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 0.622x4.10x102




Examplell:
Consider the following acid- catalyzed reactions:

(1) Hydrolysis of ethyl acetate
CH,CO0C,H, ——— CHCOOH+CH OH

Ethyl acetate Aceticacid Ethylalcohol

(iNInversion of cane-sugar
r
C12H22Oll+ HZO C6H12O 6 i CGHlp 6

Sucrose Glucose Fructose

Both the above reactions are bimolecular but are found to be the first order, as experimentally it

IS observed that

For the first reaction, Rate of reaction « [CH3COOC;,Hs] only

and for the second reaction, Rate of reaction « [C12H22011] only.

The reason for such a behavior is obvious form the fact that water is present in such a large
excess that is concentration remains almost constant during the reaction.

Such reactions which are not truly of the first order but under certain conditions become reactions
of the first order are called pseudo-unimolecular reactions.
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-Order Reaction:

1
1:1/2 R a

for a second-order reaction is inversely proportional to _a
eactions with more than one reactant, t,,0f the reaction is calculated from



4.4n"Order reaction

‘A — Product

rder reaction

dx N "
vis g =KAl=k(@—x)

dx
Jration, j (a —x)"

=k, [ dt




rder Reaction

n to find out the t,, for a n" order reaction where n =1.

[A")/ tip
NG d[A] _prdal g
[ ] kdt — [_[] AT J; t

~ [T

e 1 . A 1-n
- kt1/2 :{lfi} =kty, — ﬁ [[A:E B [%} J = Kty

1-n
y 1 n-
j ]— Kty = AT [1—2 1]= kt,

)

d that for a zero order reaction ty» = oK -
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the concentration of the reactant C varies with time t as shown by tt

ou conclude about the order of their reaction?

he change in concentration of the reactant form 20M to 10M takes 15 n
es from 10M to 5M, it takes 30 minutes. So, for the given reaction, ty:
the initial concentration of the reactant suggesting that the reactior



5.METHOD TO FIND ORDER OF REACTION

5.1nitial rate method

Example 13:
For the reaction, 2NO + Cl, — 2 NOCI

at 300K following data are obtained

Expt. No. Initial Concentration Initial rate
[NO] [Cly

1. 0.010 0.010 1.2x10™

2. 0.010 0.020 2.4x107

3. 0.020 0.020 9.6x10™

Write rate law for the reaction. What is the order of the reaction? Also calculate the specific
rate constant.
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aw for the reaction be

O[[CLL)

t. (1), 1.2 x10* =Kk[0.010]*[0.010)”
Xpt. (2), 2.4 x 10 =k [0.010]*[0.020}
xpt. (3), 9.6 x 10 =k [0.020]*[0.020]

of reaction=x+y=2+1=3
aw for the reaction is, Rate = K [NO]?[Cl.]
ering Eq. (i) 1.2 x10“=k[0.010]%[0.010]

2x10*

3

—1.2 x10%mol 2litre?sec




has the rate law rate = k [H,0,]*
min )

to a straight line only for 2" order reaction in integrated rate law.










00 (a—x)

Slope =tang =n




121s independent of a

a i 1
r reaction , 11X 20D

he following plots for reactions of various orders :

Zero order First order

Second order Third order

1/a?




equations of various reactions of different orde

Zero order

Zero order

Second order

t

First order

Third order

t

S reactions, concentration may be replaced by pressure.




on, a graph was plotted between reaction concentration C and tim
ntify the order of reaction?

centration of the reactant be theoretically zero after infinite time?

the graph we see that the concentration reduces form 40 to 20 in 5 minutes,
20 to 10 in 5 minutes, and reduces from 10 to 5 in again 5 minutes, which show

eriod is independent of concentration which is the characteristic of a
n a first order reaction the concentration of the reactant can never be th
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know that
a)n_ where n is the order

may have the following relation

(t2)
n-1 log
= {%} N =1+ ('[1/2 )2

: [tl) and (tl) are the half-life periods, or time for a definite fractional ch

2 2/

when the respective initial concentrations of the reactants are a; and a..
we have,
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6. CONCENTRATION TERMS REPLACED BY OTHER TERMS IN 1°7
ORDER KINETICS

6.1 Concentration ferms replaced by fiter reading

lllustration 1: H,0, (aq) ——H,0 + %OZT
a 0 0 ...t=0
a—X X X Lot=t

Since H;0O; acts as a reducing agent towards KMnQO,4, so concentrations of H2O; at
various time intervals may be determined by the titration of the reaction mixture against standard
KMnO4 solution. The titre value will go on decreasing with time.

If Vo and V;be the titre values at zero time and any timet

then Voo a and Viec a — X

The above reaction being first-order, its rate constant may be expressed as
_ 2.303 o gV_O
t V,

K
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Example 15: The progress of this reaction given below can be followed by measuring the

concentration of
acid (HCI acid used as catalyst plus acetic acid formed during the reaction) by means of

alkali titration.
Solution: CHs;COOCsHs + H,O —+ ,CH;COOH + C,HsOH

a excess 0 0 ...1t=0
a—X constant X X .t=t
0 a a .. =G

If Vo, Viand V., are the volumes of NaOH solution needed for the end point of titration of
the reaction mixture at zero time, time t and at infinity i.e. after completion of the
reaction
Vooc [acid catalyst]
Vioc [acid catalyst] + x
V., o [acid catalyst] + a " Vo— Ve a — X Vo— Voo a
(since concentration of HCI acid acting as catalyst will remain constant).

The above reaction which is of first order (actually pseudo unimolecular) will, therefore,
: : = == log
obey following equation. t V, -V,
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lllustration 2 Now let us assume that A,B and C are substances present in a solution. From a
solution a certain amount of the solution (small amount) is taken and titrated with a
suitable reagent that reacts with A. The volume of the reagent used is V;att = 0 and V; at

t=1.
A —>B+C
Time 0 T
Volume of reagent V1 V>

The reagent reacts only with A. Find k.

It can be understood that the volume of the reagent consumed is directly proportional to

the concentration of A. Therefore the ratio of volume of the reagent consumed against A
att=0 and t =t is equal to [A]o /[A]:

1, A} ~Lip
-.k=t [A] t V,
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e reagent reacts with A,B and C. Find k.

; A —> B + C
At t=0 V1 0 0
At t=t Vi— X X X
At t =0 0 V1 V1

where X is the volume of the reagent for those moles of A which have been co
into B and C
Vit X =Vo=Xx = Vo—-Vi=Vi—x =2V -V,
1 [_L 1 Vi

"l T @ V)

sult looks perfectly OK. The problem is that this is true only if
lon in the beginning of this problem (which you may have thou
is that the _n'factor of A,B and C with the reagent is same.

78



lllustration 3: Now, we will consider a reaction A —P-, B+C which is catalysed by D. We will
assume in this problem that the concentration of the catalyst remains constant

throughout. The data given to us is

Time o) t 00
Volume of reagent V1 V> V3

The reagent reacts with all (A,B,C and D). Assume that _n'factor of A,B and C are in the

ratio of 1:1:1 and that of D is not known. Find k.
Let Va be the volume of the reagent required by A initially and Vp be the volume

required

by D. ~.V1=Va+Vp
V2= (Va—X) + X + X +Vp (X is the volume of the reagent required for those moles of A
that have reacted to give B and C).
V3= 2v,+V,
We can see that, V>—V1 =Va And V3z—V;=Va—X
k= _| [ah 1 -V Vi)

Al " v
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6.2Concentration terms replaced by Pressure change

lllustration 4: We are given a first order reaction
A — B+C where we assume that A,B and C are gases. The data given to us Is

Time 0 t
Partial pressure of P P>
A

And we have to find the rate constant of the reaction.

Since A is a gas and assuming it to be ideal, we can state that P, = [A]RT

[From PV = nRT]. .. att =0, P.=[A],RT and att =t, P, = [A];RT. Thus the ratio of the
concentration of A at two different time intervals is equal to the ratio of its partial
pressure at those same time intervals.

AL _ P k=lin P
Al P, t P,
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NoOs—— 4NO, + O,

0 0 ..t=0
Po—2X 4x X L. t=
0 2Po 15 Py t=w

The progress of the reaction can be followed by measuring the pressure of the
mixture in a closed vessel i.e. at constant volume. The expression for the rate
In terms of pressure data will be as given below.

2.303 IogP_O
k = t P, when P; = Pg- 2X

Total pressure after any time t and at «o was given then it is possible to find Pg an
hence k may be calculated.
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lllustration 5: Now we consider the same reaction with different set of data A —B +C

Time 0 t
Total pressure of A P P>
+B+C

In this we are given total pressure of the system at these time intervals. The total
pressure obviously includes the pressure of A, B and C. At t = 0, the system would only
have A. Therefore the total pressure at t = 0 would be the initial pressure of A .. P1iIs the
Initial pressure of A. At time t let us assume that some moles of A decomposed to give B
and C because of which its pressure is reduced by an amount x while that of B and C is
Increased by x each. That is

A — B + C

Initial P. O 0
At time t P1—x X X
.. total pressure attimet=P; + x=P; = X =P—P;

Now the pressure of A at time t would be P1— x = P;— (P2—P1) = 2P1—P>

A} P,

k=i A] " Gp, )
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w let us move on to the next case. In this case we h

Time t 0
| pressure of P, Ps
A+B+C
nd k.
ere .o means that the reaction is complete. Now we have
A — B + C
At t=0 P1 0 0
At t=t (P1—X) X X
At t =0 0 Pl Pl

2P1:P3 — |:)1:PS7

P
At time t, P,+x=P; :>73+X:P2:>X:p2_P_23

P]_—X:%—(Pz—l%)ng—Pz
—1p|Ab —1p P2 _ 1, P
t 2(P3 _Pz)

C Bl OGP
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Time
tal pressure of P>
(B+C)

Find k.
: A ——B + C
At t=0 P 0 0
At t=t P1— X X




6.3Concentration terms replaced by optical rotation terms

Now we shall see how to find the rate constant of a reaction using a very different set of
data. There are some organic compounds which have a property of rotating a plane
polarized light in a particular direction by a particular value. The compounds are called
optically active compounds. One reaction in which an optically active substance
converts to some other optically active substance is,

Sucrose —_H*, Glucose + Fructose
Sucrose, Glucose and Fructose are all optically active and while the first two

compounds are dextro rotatory (rotating the plane polarized light in the right hand
direction and the last is laevo rotatory (rotating the plane polarized light in the left hand
direction). All the three compounds rotate the plane polarized light by different angles
and their rotation is directly proportional to concentration.
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: Now the problemis S—— G + F and the data is

Time 0 t

Rotation of ro Ie
sucrose

- Find k.
Let the rotation of Sucrose be r;° per mole and the initial moles of Sucrose be a.

. ar?.

Let the moles of Sucrose that is converted to Glucose and Fructose be x.
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e reaction angle of rotation goes on decreasing and after
| of the direction of rotation i.e. from dextro to laevo and henc
“inversion of cane sugar”or inversion of sucrose.

Ci,H,,0.;,+ H,O i — CeH1,04+ C4H,,04

d-Sucrose d-Glucose |-Furctose
nitially a Excess 0 0
After time t a—Xx constant X X
At infinity 0 constant a a

If ro, rrand r.be the observed angle of rotations of the sample at zero time, ti
Infinity respectively, and ki, k, and ks be the proportionately in terms of sucrose,
and fructose, respecting.
Then,

o= k1a
1= ky(a — X) + kox + kax
= koa + kza
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a. ro_ roo

can be shown that a—X [r—r,

Xpression for the rate constant of this reaction in terms of tl

_ 2.303 Pt
ay be put as k= i Iogrt_r

0




: Now let us assume that the first order reaction is A—— B+C and
en in a tube. We radiate this solution with a monochromatic light of wave
will assume that this radiation is absorbed only by A. Let the intensity of in

e lp and that of the transmitted light be I.. log  is called transmittance
I

inversely proportional to the concentration of A.

That is Iog_lIt = transmittance oc[%]. The data givenis
(0}

Time 0 t
IOg l¢ /|0 X

<

ind k.

—+ |

=
Il
f—l-ll—\
-
X K
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/.SOME COMPLEX FIRST ORDER REACTIONS

7.1Paralle| Reactions
ke B In such reactions (mostly organic) a
/ single reactant gives two products B
A o and C with different rate constants. If
\;c we assume that both of them are first

order, we get.

=dIAl_y [k [A]- (c +k A

dt 1 ...(1)
dB] _
dt kl[A] (2)
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at in a time interval, dt, x moles / lit of B was produced and

X
de]_y  dt.  —
dgt ~9dCl=Y.
dt
S
also see that from (2) and (3), 4= o
dt

. This means that irrespective of how much time is elapsed, the

of B to that of C from the start (assuming no B and C in the beginning)
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_ y’B Let ki:ko=1:10. Calculate the ratlo,[f
A\kg) thelend of one hour assuming that k; =X
c hr-

NdA]

= (k + K )A] © Al = (ketk) dt
‘In ratlng with in the required limits, we get
[

} [A] + [B]:[c]
| N [A] = (kg + ko )t so0n [A] = (kitko) t

A+ S

1
s In -Al =11x
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n this A decomposes to B which in turn decomposes to (

(1)
(2)




ure and Rate

»Generally, as temperature Incre
so does the reaction rate.
s » This Is because k Is temperature
= dependent. Most reactions speed up
1 x 10-3 temperature increases (E.g. food sp
when not refrigerated.)
e s — 2 When two light sticks are placed in
i water: one at room temperature and
n ice, the one at room temperature |
orighter than the one in ice.

3 x 103

Higher temperature Lower temperature



e and Rate

ion Model
the collision model?

ries to explains why rates of reactions increase as
centration and temperature increases.

reater the number of collisions the faster the

re molecules present, the greater the pr
d the faster the rate.



n Model

tion, bonds are broken and new bonds are formed.

rthermore, molecules must collide with the
orientation and with enough energy to cause
reakage and formation.

o ¢ e W

Before collision Collision After collision




re and Rate

sion Model

igher the temperature, the more energy availak
‘molecules and the faster the rate. |

plication: not all collisions lead to products. In fa
y a small fraction of collisions lead to product.

rientation Factor

der for reaction to occur the reactant molecules
le in the correct orientation and with enough
roducts.




» and Rate

ientation Factor

sider:
Cl + NOCl - NO + Cl,

re are two possible ways that Cl atoms and NOCI '
ules can collide; one is effective and one is nc



re and Rate

tation Factor

o ¢of o W

Before collision Collision After collision

Before collision Collision After collision

(a) Effective collision

(b) Ineffective collision




ation energy?

1 ball cannot get over a hill if it does not roll up the hill
energy, a reaction cannot occur unless the molecules |
L energy to get over the activation energy barrier.

-
¢
v

_4
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