Chapter 5

y
i

__CHEMICAL KINETICS

—

(NTRODUCTION

[n thie chapter, we introduce fundamental as . _
{ the chapter cover the'c damental aspects of chemical kinetics.
(ontents 01 5 er cover the concept of the rate of reaction, factors affecting the
e of peaction, m(.,l: Jaw cxpression and order of reaction, kinetics of simple 7270

and third order reactions, kinetics of opposing, parallel and consecutive'

firsl, H(f(!()ll(l
rc:wt.ium, various techniques ueed in determination of the order of reaction

mechanism of chemical reactions and various theories of reaction rates

Chemical kinetics is the branch of chemistry which deals with the study of
of reaction, the factors affecting the rate of reaction such as concentration,

the rate
rature, surface area, catalyst etc and the mechanism of reaction.

pressure, tempe

| reactions do not proceed at the same rate. For example,
st, involving the mixing of a strong acid with 2
.d resulting 1n the formation of salt and water rapidly. Rusting of iron,
action and may take place over the years.
neither too fast nor too clow, rather the
wo. Inversion of cané sugar in

All the chemica

neutrulizutinn reaction 18 very fa

strong base al
on the other hand,
variety of reactions occur in n
rates of such reactions are interme
the presence of hydrochloric acid 18 one
ant to have the knowledge of rate of a chemical reaction in
a reaction as well as to select the optimum

at it may proceed at a rate to give maximum

is a very slow re
ature which are
diate between the t
of such reactions.

It is very import
rstand the mechanism of

order to unde
ial purposes, €0 th

conditions for industr

yield.
Chemical kinetics can be divided into twO classes: homogeneous and
heterogeneous kinetics. The branch of chemical kinetics which deals with the kinetics
se is called homogeneous kinetics. The branch of chemical

¢ more phases 18 called

of reactions in single pha
of reactions 1 two O
eneous kinetics while

kinetics which deals with the kinetics
heterogeneous kinetics. This chapter 18 associated with homog
chapter 6 of this book covers heterogeneous kinetics.

52 RATE OF REACTION
ncentration of any of

defined-as the change in molar co

Rate of a reaction 18
_(Consider the following reaction

reactant or product with respect t0 time
A—P

N1
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202 Modern Physical Chemistry

in which a reactant A changes into the product P in time t. Rate of the above p, .

in terms of the change in concentration of A with respect to time t is gjve, by Ctiop
n terms of the : | i
Rate of reaction = Rate of disappearance of A = _d\t
Where, the negative sign indicates the decrease in concentration of A w;
e, "
the passage of time. h
Rate of the reaction in terms of the change in concentration of p With respe
] ' ct
to time 18 given below
: d[P]
Rate of reaction = Rate of appearance of P = =
There is no negative sign as the concentration of the product increageg with
the passage of time.

Now we consider a some what more complex reaction
A+B->C+D
For such reaction, rate can be written in the following ways

B dlA]l _ d[B] _d[c] d[D]
late = - =- = =
dt dt  dt  dt

Where,
_M = _@ = Rate of consumption of reactant
dt dt
d(c] _d[D]

— Rate of formation of product
dt dt

[f in a reaction, the number of moles of the reactants or those of the products
I& not unity, e.g. |

aA +bB -5 cC+dD

The rate of the reaction is written as

r o | = 4 |

Rate of reaction = _ 1 9[A] s _1d[B] - 1d[C] _ 14d[D]

a dt b dt ¢ dt d dt
Where, ' '

Rate of consumption of A = —%‘;\]

Rate of consumption of B = _%It}]

Rate of formation of C = M

dt
Rate of formation of D = —dC[]D]
: bt . !
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5.8 FACTORS AVFECTING 1 AT O 1AL

Heanotion vate hoo been foagnd

THoN

: IErenues with the
‘,““‘-uuh'alllnn ob veactante iy ciao til |l0|nln|n whitle i rsnag
penctants are I gasaoie slite, Hame 16 e o with st Hren, e, grenter the
surface avea, gher will be (ho vite of PeRelion, ne more sites are available for the
peaction o take place. B pes it v revenled the fuel thit {he rate of n renction
inerenses With the invrease |y, temparantures, We shinll digeuse the faetors affecting the

pate ol reaction i detail i Jiley sothione, Heres, we inbroduees concentration
dependence ol the vate of veaotiog.

ineronss in the
with pressure if the

B4 RATE LAW AND ORDEIC O 1t KACTION

Rate law for u venction givea the concontention dependence of the rate of

penction. Rute law  exprossion for nn elomentnry  renclion (single step) can be
predicted from bulanced chomjen) copntion hut it cannot be predicted for secondary
renctions (Ivolving more thin one slap). Bineo, chomienl equation of reaction does
not tell us whether the venction is eipler slomontinry or secondnry. Therefore the rate

law for u reaction cannat be weilton without sxperimentanl verification. Consider the
following renction

AP

i which o oreactant A s going to the product 1P, The rate law expression for
such a reaction enn be wWritben ny

Rite o [ A |

Rate |c| A ]"

Above mathematical expression in n relntion between the rate of reaction and
the available concentration of A at any time t, where, proportionality constant k is
the rate constant of the renction which dependis upon temperature and some other
factors. Actually ks the rate of renction when the nvailable concentration of reactant
wunity. The units of k depend upon the value of n, The exponent of concentration
term an the rate law expression s called the order of renction. Order of a reaction
specifies the concentration dependence on the rate of that reaction. For example,
when nois zero then the rate of renction is independent of the concentration of
reactant and when nois one then the rate of reaction is directly proportional to the
avilable concentration of reactant and the reaction in called 14 order reaction, The
concentration dependence of the rate of o reaction increases with the increase in the
value of n, The experimental rate law for o general reaction A+ B+ C - P can be
Written an

Rate k[/\_]“{llll‘[(f]'

Where, « o 344 in enlled overall order of reaction. a, B and y represent the

order of reaction with respect to A, B and C respectively. It means that the
concentration dependence of the rate of a reaction may be different for one reactant
from that of another.
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18 Mdorn Physical Chamisiry

5 5.8 When the Initial Coneentration of all the Reactants i Sarme

——— _—--—~-——o-—-—v4—~~.-._ﬁ_...___\\-

\‘.
p 24 ) . i
(it ths Sehlerming raaction it which A, B and ( reactants 4,
13 4 y o ' ec
Wt predweta o an slemeantary  reaction. Al reactants hiave e tiz
cmhitratiom 4, At time b, the concenteation of each reactans !’mmma; e 'ﬂm'l
43 N AT v A "(l‘}‘ ,'4
4 rats ta, o e
A v B 4+ C ey Products
Whent =0 i s 8 0
Hreer b= ¢ T ¢ a4z a-x x

’

Fate Law for such a reaction can be written as

7 7 S
= KANENC)
0
dr
- kla-2fa- 2z~ %)
e
o
"4-’5: II‘
l:’_

This 12 the differential rate equation for

. a third order reaction ip whiich
IRt ity ’u‘ i) the reactants 1s sarme.

4 Py - 1 zh P P 1
integrating the atrme equation after separating variable

f e K (41
“ K Lt
(4 ll‘ J

B, we get

i’h 2) (- 1)dx = kj'"t
’

(4 , ¢ Raad
4 R
4+
l t
, -
Ua-zf Kisc (5.20)

0, putting these values in equation (5,20), the value of ¢

Za’

Hernier, equation (5,20) takes the form

J |
o kot
_/th I}{ !’ Z.’j'
] - J
7 LK 4 (5,21)
a-z) a’

This s the equs |
5 0a the equntion of

Yy L on ! ’ l( "1)1 veﬂm
; straight line in intercept form. Plotting V(a
Lives 5 straight it

the slope of which is equal w0 the 2k,
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Uplving equistion (5 ¢ . -
,/I] ¥ e i (.r,/,l)’ Wes Lot ~—

’ J '%’mc. 3
U ny 94’ kt, )
n' - u’ x? b Lay

2 (.. gy >kt

'’ s Zax
2t (n.yy? kt,
7.(2”‘ Z)

G 20"kt

Following results cun bes de (5.22)

e from o

y YUzt
equntion of straight it 1ustion (5.2,

) This is the e
"’“ﬂng thmu .
%h Origin,

(Z) The plr;t, of z(Z::*%)/(:r
J Yivey

'. %)% v
given by e SN
e the slope of which is

Blope = 2 421,

Henees, the value )
value of k can b determined fropm, the 4]
’ £ slope a4

- Slope

€, 2

() Units of k can be determined by rearranging equation (5,22
. on (5, )

- oy 28 - %)
2ot (9 x)?
oo (mul dm"")(mo] dm*)
(mo dm-z)"“ (mol dm"”)z

k=mol?dm® 4!

(4) When #l2 = 0.5a, then t = ti, putting these values in equation 5.22 and
rearranging, half life period can be determined as
1 (2a-x)
20’k (n-x)*

1 0.5a(2a-0.5n)
T on*k (a-0.5a)"
2ka’  ka®
It is evident, from the above equation that the half life
renction is inversely proportional to the square of the
the reactant,

period for a third order
initial concentration of

K ' - RN AT
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Example 6.13 ~—

A third order reaction
M of A. The rate constan
e reaction.

of the type A —» P was started Wity
211

concentration 0.5 t for the reaction is 2101 ,.¢ ity
m """ 2 ‘
g

Calculate half life period of th

Solution
From the given data, we have

I[nitial concentration of the reactant =a = 0.5 moldm-*#

Rate constant =k = 2.1%10-4 dm®%mol-2s!
Half life = tiz = ?
We know that for a third order reaction half life period is

1.5 '

t,.,=—F
172 kaz
By putting values in above equation, we get
_ 3 4
tia= =2.856x10"8

2(2.1x107)(0.5)°

5.8.2 When the Initial Concentration of T i
. wo React
the Third One is Different ctants is Same and that of

Consider the followin ion i i

o g reaction in which the reactants A

s and

initial concentrations equal to a but reactant C has different concent = S8 i
as given below. ntration equal to ¢

A + B + C — Products
Whent=0 a a c 0
Whent=t a-x a-—x c—x X

Rate law for such a reaction is given by

dx ,
e k[Al[B][C]

d>

.f = k(a-x)(a-x)(c-x)

d |
d: = k(a-x)*(c-x)

This is t i i i
is the differential rate equation for a third order reaction in which the

concentrati
rations of two reactants are same and that of the third one is different.
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Pogiing e value of O T equation (n2d), we gt
‘ N
Aw \ (h,24)
\:\ \\\

Qomparing the coeflicienta of X equation (027, we have

Q=-Aa=Ac=B-2h
Q=-A@+ = R=2

‘ V) )
Qe )
\\ = \ S \ \‘ = i
@@= @)
\.= \'\ * \\ \d\\"
@ - oM
Ba.- 8 . (h.29)
- \‘\*
‘:\{‘P\‘,\ ' . R 3 Y
M S B0 values of A B and O fram equation (0.24), (0.20) and (6,26)
N Auaton 3.4, llawing equation ia abtained as \
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232 Modern Physical Chemistry \
(C a) 1 .

1 1
(h-0c-x) (a-c)fl@-x) (a-c)la-x)? m‘—\x;
1 (c- a) 1

1 1 N ]
(a-x)V(c-x) (a-c?| (a-x) (a-x)? (c—x)

Integrating the above equation, we get
(c a)dx

I(a x)’(c x) (a- C)ZI:J- (a—x) I(a x)2 (e~ x)}
(-Ddx .\ (-1)dx ~Ddx ]
J‘(n 45 (c x) (a—c)2 [I(a— x) e )I(a— x)? J'((c: x) |

Hence, equation (5.23) can be written as

1 (-1)dx (-Ddx  ((-Ddx] _
I(a—c)z[“- —(C—a)'f(a—x)z—I(c—x)J—det

(a—x)
: In(a-x)-(c-a) (a— X)-ZOI]—ln(c—x) =kt+e¢
(a-c)f -2+1
1 (a-x) (c-a)]|_ o~
(a-c) []n c-x (o x):,— iR (530)

When t = 0, x = 0, putting these values in the above equation, the valy- =
can be determined as : “c

1 [ a (c—a)J 3
In—+ =c 1

(a-¢)’| ¢ a

Putting the value of ¢ in equation (5. 30), it will take the form }

1 !— (a x) (c a) | 1 a (c-a)
(a-cf| (- (a-x) _kt+(a—c)2[ = B ]
1 !— (a-x) (c a)] 1 a (c-a)
s (e s (a—c)g[ln—+ » ]zkt
1 F (a x) (c c-a)  a (c-a)
(a-c)* (c X (a-x) ln;- a ]=kt

1 f' cla-x) a-a+x
(a-c) _lna(c—x)+(c—a)(( J =kt

: (lnC(a_x)+(c—a)( x H=kt

(a-c)*| alc-x)

lnM+M =(a-c)kt
alc-x) ala-x)
This is the equation of straight line passing through the origin. %
slope of which k can be determined if initial concentrations are known.

(5.31) i
the |
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Hlopt - () % M
Hlops
k= (i )

| . dmoldu
| ol in nhove aguntion nre !l'm molZu!, Honeo, the nhove equation is for
4 U N 1 g
(Il on. ihe hnlf lile pe iod enn't b dotermined for such type of reaction,

14

I"""“ ine the anits of ) using equation (6.41).
l’ li
et

golt* ol hand wide of the oquation (h.31) in n dimensionless quantity. Hence,
‘l J

| = {(nml«lm 4 )“ n} k

I /
—— < dm®mol *u!
mol“dm "¢

. ‘ 0 ) o
{{onco the anite of k are dm® mol~%a°1,

n L] X »
o When only Two Reactants are Involved
o

gometime the rate of a renction has more dependence on the concentration of
gant than that of the other. For example, 3 order reactions, rate of reaction
m directly prupurtimml to the square of concentration of one reactant and

Y ation of the other reactants. Consider a third order reaction of the type in
m}nf(('.(}‘:l 'Lwo moles of reactant A are reacting with one mole of reactant B to give
::,:,l(ill"“"' The initial concentration of reactant A is a and that of B is b a8 given

b(‘l()w.

rent

90 + B — Products
Whent =0 a b 0

Whent =1t a-2x b-xX %

dx 2
e 3
i k[A] (B

9_’5 = k(a-2x) *(b- x)
dt

By separating variables in the above equation and integrating, we get

dx
) 5.32
I(u- 2x) *(b-x) . '[dt G
1 A B, C (5.39)

(a-2x)* (b-x) “(a-2x) (a-2x) (b-x)

l= A(ﬂ—ZX)(b-—X)‘P B(b—x)-{-C(R-ZX)z (534)

,
| W ot
B
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\

= Iy, putting theve values in the nbove 0quatioy . e
v W
D po

Whoen b - x =0, x
L= A(0) 4+ B(0)+C(n~2b)

. I
Co——F (ﬁ,.’{r,)

(n-2b)
L—
Solving equation (b.34), wo got

= A(nh-—nx - 2bx + 2x° ) FB(b-x (J(n C ~'|nx)
I = Aab - Aax = 2Abx + 2Ax* + Bb = Bx + Ca* 4(Cx ~4Cax (5, 30

Comparing the cooefficients of x* in equation (5.36) (,()(
0=2A+4C

2A = -4C
2
Ameeo—o— .
(a- 21))1 (6.37)

Comparing the coefficients of x in equation (6.36)
0=<An-2Ab-B-4Ca
B =-A(a+2b)-4Ca

2(a + 2b) 4a

(n-2b)" (a-2b)

20 +4b-4a

(a - 2b)*

4b-2a

(a - 2b)?

2(2b - a)

Be—— -
(a - 2b)* (5.38)

_l’utting the values of A, B and C from equation (5.37), (5.38) and (5.35)
respectively in equation (5.33), we get
t -2 b 22b-a) 2 1
(a-2x) (b-x) (a-2bF (a-2x) " (a_ -2b)*(a-2x)  (a-2b)*(b-x)

B =

B =

B=

L _ 1 2 22b-a) 1
(a-2x) (b-x) (a-2b)* (a-2x) (a_gx)2+(b-x)
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,I” VARt 1) A 24} Y, J
£ (. 4 y
Az / LB (s

7 " g l"_‘ y { " >

o (5 ) WSk BTG S,
g AN (5,97) Wi BTV SQEA

YL ,
!)',".3'7” f | /,‘s /// (‘% // ok (4
| "0 "yt ol
(4 4 wer) ‘'a w) :
{ (a4 (s - 2 )
L ins I it 24 kise (5.9%

m :
(5 -7 L -n) f(a=21)

4 jmolies
=0, 7 “‘)f l"’”“/j‘

”be')t { y: (’i P 3
‘“ , x,, ,"- p [IVI 4/ —_p

71 y _
(/” Zb/' ;I % ’

yalue of ¢ 30 €4 uation (5.49), we 4,

ing he ;
?uwﬂé { 1 1 P (% P
b K "’/ (Db=8) | g 4 I J P2
(a-2h7 | Y lo-x) (a2, a-2) . ¥ a J
r ‘y £ P (.4 - ""' .
[ _fw, )] 1 1,2 BB
(a - 2bf N -x) (=22 Ga-f | ¥ 2
J "’ (3-2%) 4,7 Ah~5) _(Do-2)| 4
JRESR—— {‘ G A f} S My A= P —y 5 E  #
(4 - Ab) | (h-%) b (a2-22) 4oL
( (3-2%) B o 1 Lleu
] e ,3 _f-”_ﬂ_,,‘...-.-’fi.—a- blﬁ/nz}‘ 7’—-——-'—”" 4-':— ‘ | = B
(4 - Abf; (h~2%) Y 2 ~2%) 4:/1
' r / (a-u+2x
l — ,{.’.’.—_izw/. - ]n — A ,[b ~2), m = Xs
(3 ~ Zb/ (h~z) 7 4~ )
1 | l,’,-, 2x) | 24(2-4) =kt
(a -2/ | nh-x) (3-2%)3 ]
Wz - Az) Ax(l b—— 4) ! (4 - TPkt (5.40)

n” A(b»r) (A Zl)d;

e 4 orizin. The value ok
This is the equation of # straight line passing through orig)

4
"he determined from slope.

Slope = (3 = 2bj 7 k&
~ Blope

T e A oot e

(3 -2b)
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Example 6.156

According to equation (5.40), data was plotted for the reactiop
plot was found to be 4 1. Calculate the value of the , 21\”}\*
ively. ¢ conat’i:z

and slope of the :
when the initial concentrations of A and B are 0.2 and 0.3 M respect,
Solution

I'rom the given data, we have

Slope = 4 8!
Initial concentrationof A=a=0.2M

Initial concetrtation of B=b=0.3 M

As we know that

_ Slope
(a —2b)?

By putting values in above equation, we get
= ) — =25 dm® mol” s
[0.2-2(0.3)]

When the Initial Concentration of all the Reactants is Differen
h the initial concentration of reactans,

k

5.8.4

Consider the following reaction in whic

A, B and C are a, b and c respectively.

A + B + C ——> Products
0

a b c
X

Whent =0
b-x c—X

Whent=t
Rate law for the above reaction can be written as

4 _ [A][B][C]

dt
dx o kla-x) (b=

a-—x

dt
This is the differential rate equation for a third order reaction when the

concentrations of all the reactants involved are different.

Separating the variables and integrating the resulting equation, we get
(5.41)

dx
ey e b

Using partial fraction, we have
C (5.42)

1 __A B
(a-x)(b-x)(c-x) (a-x) (b-x) (c-x)

Multiplying both sides by (a — x)(b - x)(c — x), we get

\ i emom— con ” -
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\-\'

. o

Examplo 6,18

According to equation (6,40), dotn wan plotted for the ronctioy, . A
. )
and ulope of the plot wan found to be 4wl Caleulnte the value of the p, PRy

» ,.
Ak . : 0 0.2 n0d 0.5 M roupoctiver. " o
whon the initinl concontrations of A and I3 are 0.2 nn M rospective)y, ”"ﬁ..,,”‘

Solution
I'rom the given datn, we have

Slopo = 4 !
Initial concontration of A = n = 0,2 M
Initinl coneetrtation of B=b = 0.0 M

An we know that,

Slope

(n - 2h)*

By putting values in above equation, we get

- ‘,‘:_____ﬂki!,,_,. = 26 dm” mol? 5!
[0.2-2(0.3)]"

6.8.4  When the Initial Concentration of all the Reactants ig Different

Consider the following renction in which the initial concentration of Teactany,
A, B and C are a, band ¢ respectively,

A + B + C —— Products
Whent =0 a b ¢ 0

Whent =t n-x b - x Cc—-X X

Rate law for the above reaction can be written as

dx

b _fa)[n][c]
dx = k(a-x)(b-x)(c-x)
dt

This is the differential rate equation for a third order reaction when the
concentrations of all the reactants involved are different.

Separating the variables and integrating the resulting equation, we get

J-(u —x)(hd_xx)(c_x) - k."dt‘ (5.41)

Using partial fraction, we have
1 A B C

(n—x)(b—x)(c—x) (a-x)+(b—x)+(c-x)

Multiplying both sides by (a = x)(b = x)(c - x), we get

(5.42)
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./ I,A(b_x)(cq)% Bla-ajle-njs s 2jlh 7] 9 4%)
hen - % = 0, then x = a, puthitig this valie i eimbion) 9 44), e yw
1= A(b-a)(c-a)+ B(0)+ C(0)

i= ."\(b‘ﬂ,(C—H)
1
o)

nd dividing the right hsnd side of the shers st by th %),

v'\:’
i’

Multiplying 2
.es'bwe of A will
e (44
(a-b)(b-c)lc-a) o
@Whenb-x=0, thenz = b, putking this value i) spption 4.4
determined as
1= A(0)+Bla-b)(c~1)+ cly)
1=-B(a-b)(c-b)
1
(2-v)lc-b)
\ultiplying and dividing the right hand side of the shye syushion by (¢~ #8),

e value of B will be

4), the yabue o

gan’e

B=-

= .49)
(2-b)(b-c)lc-2)

Whene-x=0,2=¢ putting this value of % 10 29

ugthon (9.43), the yalue of C

_—r B2
\.Cu...u“.':ud"

l=A(O)*B(O)*Cla-c)(_b—c)
1=-Cle-2)(b-¢)
1

C=——"2\
(c-2){b-¢)

Multiplying and dividing the right hand side
the equation will take the form

. (5.46)
(a-b)(b-¢
y, (545) and (5 48, equation (5.42)

b-¢ 4
- ma)('x z) (a-b)(b L)(L a)(b-x)

of the shove equation by (2 - h),

ey -‘1"_".3:?."?. (5'44 can })” written 48

1
S S
{z-z)(o-2)c-%)
2-b

“Ta-b)(b-c)le- a)(c-x)

S b e oL
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‘ When =0, then x = O, ptbing these v
of constant eun b determined (4 e

Kt 4=k
/)1
’

Jiseess 1y e ihit e ”"’“’W/h‘,

'},h /”;"

. ~l_ (h-e)Inly ()¢ (p w)inlh 0) 4 (4 N (UJ
(i 'I)(h /-:)(/7 n)
i l_ ey )b (4 'l)lln:J
¢ . _
(u '))(‘) I:)(u “)

) { .
Putting the vilug ol constant, in the ahove equntion, we get
/ 4 ry

bt o ,~ (el (o w)lnhy (s h)lmtJ =
(“ h)(ll lj)(/; “)
L h—e)nlux) 4 (g u)int, 14 (o )hnle, z/J
(11 lr)(h r:)(u i)

l,."_4 - l : '
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In(e = x) = {~{h - ¢)Inn4 (¢ u)Inhy (4 b))

|
((n “b)(h e)(e n)Jl A Vit Tdbemy
In(e~x) 4 (h-c)Inn-- (¢ m)nb- (s h)lne)

Jt,

Jet, = S , e ln-x) (h-x) ‘
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Chemical Kinetics

(1 b)(b-e)e-a)kt = (b “C)ln(u IZX) 'r(c-n)ln(b—bx) +

339

(i |.>|.|(":';i-’9

e (5.47)

['hia 18 Ii.w integrated rate equation for a third order reaction rin which the
(et ratione of all the reactants are different.

(iia 10 the equation of straight line passing through origin, where the left

pind gido of the Nm'nt»i('.ll l'L‘W'eae‘an the dependent variable and t is the independent
ariable. e plot will give a straight line whose slope is given as

H‘“p[l = (I\ - \)) (h - C) (C - “) k
e Slope

(0 D))o

(ence, the value of k can be determined if the initial concentrations of all the
(jyroe renctante are known.

Unite of k can be determined by rearranging equation (5.47) as follows

(h-x) (b-x) (c-x)

(h-c)n——"+(c~a)ln
kK = ——

+(a-b)ln

‘ (u—-b)(b—c)(c—u)t : | ;

mol dm™
k= —— :

e s i

‘ K]
(mul (lm'“) 8

- 6 41
le = mol ? dm"™ 8

hl (H'l'()HlN(%REAC’I‘IONS

In opposing ronctions, the
products, nfter heing formed, react to
give Lack  the reactants. In the
boginning  of  the renction,  the  products
ronctants combine to give products, a8
0 rosult of which the concentration of
the renctants decrenses undlthut of
the products  increnses with tlhc
passpnge  of time. As the reaction
procesds  further, the pl‘()(ll!Cl»B ‘[\lSO
renct to give baek the reactants 1.¢a
backward reaction also tnkes place
forward renction. After ‘

of forward -
itvat of the Flg.

conc.

Reactants

along with the

sime time., the rate 5.8 Variation in the concentrations of

ot e eaducte with the passage of
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