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The adsorption of g g en frac

a8 on goliq
) i surf;
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OR ADSORPTION OF

Angmuir adsorption

overage and preasure of gaa,
may be nop g i

»and dissociative. The
rption ig described here.

'm for Non p; inti :
The udsorptipn Procegg during DlSSOcmtlve Adsorption

; T . whi .

any dissogiation ig called nop dissociativhl(:h gas n?olecules adsorbed as such without

hydrogen on a solid surface cap b Writtes s Orption. Non dissociative adsorption of
as

Hz(gm) © }Iz(m)

RAd. P, (6.4)

Ry, (1—8) (6.5)
On combining €quation (6.4) anq (65)

Ris =k, (1-6)P, (6.6)

Kads, i8 the rate constant for adsorption.

According to Arrhenius equation kads is the function of
E

be written ask,, = be ® _ Then equation (6.6) will become

Ejs
Ry, =be ¥ (1-0)p,

(6.7)
Rate of desorption is directly proportional to fractional surface coverage i.e.
RDu o
Ry, =kp 0
Epu
kp,, =be BT B (6.8)

At dynamic equilibrium, rate of adsorption becomes equal to the rate of
desorption, So,

Ry, = Rp.,
By comparing equation (8.7) and (6.8) we get,
E B
bye ® (1-B)P, = b,e ¥ .0

L Lae =
be ¥ P, ~be ¥ 6P, = bye .0
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And, "\HL& = h.\.h - l‘,l\“ (6. 10)

The quantity Eag-En is the heat of adsorption as shown in energy profile in

Rig. 6.6.
Putting value of (Eass— Epe) from equation (6.10) into equation (6.9), we get

NRES
1+ (-E:)e'%“g‘

y |
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penda upon the nature of adsorbate
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| Constant

EFnerpy

05 fena--

______

Unadsotbed

Linear relation (0 « Pa)
(reactants)

-Al IA(l-

Adsorbed (products)

. ) S
Process coordinate —_— k8

Iig. 6.6 Energy'pmﬁ]e of adsorption and Fig. 6.7 0 as.a function of pressure of gas A
desorption processes

Equation (6.11) is a relation between fractional surface coverage and

pressure of gas. According to equation (6.11) 0 is a function of pressure of gas. Fig.
6.7 gives dependence of 0 on pressure. The value of 0 increases with the increase of
pressure of gas for small range of pressure and it becomes independent of pressure at
very high value of pressure. At this stage, all sites are occupied by gas molecules,
that is why further increase of pressure has no effect on extent of adsorption.

Special Cases

(1) When Pa is low, then 1 + bPa~ 1. So, equation (6.11) will become
0 =bP,

D« P,
So, 0 is a linear function of Pa.

(i1) When Pais high, then 1 + bPax bPa. Then, equation (6.11) becomes
8=1

So, fractional surface coverage is independent of available pressure. At this
stage, adsorption or value only depends upon value of b. If weak adsorption
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Fig. 6.8 Plot of 1/0 versus 1/Pa

1/3 1s directly proportional to 1/Pa. From the slope of this

af b zan be determined.

Zrapd. valoe of b car
£5.2 Langmuir Adsorption Isotherm for Dissociative Adsorption of a gas

T2 sdsarpmon process during which dissociation of gas molecules takes place
wmamve adsorption and for dissociative adsorption rate of adsorption is
nordomsl ©o pressure and square of fraction of vacant sites of adsorbent

=
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On combining above both equations we get

RAdn — k:\d. (1 - 0)2 PA

(6.12)
According to Arrhenjug equation: k,, =b el;ﬁ.'
) 1
So, equation (6.12) becomes
Eaw
Ry, =be *r P, (1- 9)2 (6.13)

Ral:e of desorption is di_rectly proportional to square of fractional surface
coverzzlg? ecaclilse two vacant sites are formed when a molecule of desorbed gas
formed from adsorbed gas. It means it is second order reaction. Thus

Ry, B
R, = k.6 (6.14)
. ED«
According to Arrhenius equation: kp,, =b,e KT
So, equation (6.14) will become
El)o-
RD“ = bze'ﬁez (615)

Eads is the energy of activation for adsorption while, Epes is the energy of
activation for desorption process.

Initially rate of adsorption is greater than rate of desorption according to
Langmuir, but rate of adsorption decreases with the passage of time because number

of vacant sites decreases. Rate of desorption increases with time because number of
occupied sites increases.

At dynamic equilibrium, rate of adsorption become equal to the rate of
desorption as given below

Rus =Rq,,
By \ e
be ®T (1-6) P, =b,e ** 6°
Eps _Ep.,
bie 2K (1-0)P/% = bjze %1 @
E st Ensl _El’"_
bl}ée-mPié —bfée_TﬁOP‘% = bgée ¢

Eo. Eu oy B
ble T 0 4 blie TRTOP] = bite TP

B _Eps
B[bzée_%ﬁ + b,%e'?ﬁp,{?] = b/2e TRTPJ:
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0= W
B e
e O dveetly proportional o l‘f‘ (Mg, 6.10).

W AW hen e hghy then L b l',z"/‘ - l‘-z": fo, equation (6,20) becnmes

0=

Lweans @ s independent of pressure when s is high (Fig. 6.10).
|

My kg wverse o equation (6.20)

Loy
0 l\'l':é
Lo

(UNS l‘:"‘

. . . . I3 l

Acverding o above equation 10 is a linear function of U F{‘ whose alope
Uh . and intercept equal to 1 as shown in fig. 6.11.
On comparison of equations (6.11) and (6.20) of non-disseciative and
Sasectative adsorption respectively, it i concluded that 0 is more dependent oo
pressure for non dissociative adsorption but 0 18 less dependent on pressurs foor

Desociative adsorption as shown in Mg, 6.12,

equal to
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kn“!r,]

M = M_l_l_: “Hr, 1%

. 14 KTHBe

(Br,)

The above equation showg (e 8i

he reactant concentrati

t

milar relation betwe :
10n a8 wag foung €Xperimentally H*:::;n o ks et
k 1
k=2k2( l) ﬂnd kl_.k‘
5

—

k)
When t =0, then [HBr] =

d[HBr)

5.14 UNIMOLECULAR GAS PHASE REACTIONS

In such type of reactions, the reactants
aseous state. As the name indicates, in these reac

as well as the products exist in
involved in the rate determining step and the
reactions can be exemplified with g number of

tions only one reactant molecule is
order of reaction is also 1. Such
: ; ; rearrangement and decomposition
reactions, a few of which are given below : P
Decomposition of ethane and algg that
gas phase reaction.

of ethyl iodide involves unimolecular
CH, —CHm) —>2CH,'(Q)
CH,CH, - I(B) __>C2H4(g) +Hl(g)

Another such example is the isomerization of cyclopropane shown as below
/\ = HC—
Nes,

5.14.1 Kinetics of Unimolecular Gas Phase Reactions

To study the kinetics of such reactions, let us consider a reaction in which a

reactant A transforms into the product B after passing through a series of
elementary reactions. Single line reaction for the transformation of A into B can be
written as

A->B

(5.167)
-
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| Midmang, heare 1 Sapposed 1o invelve the following mechaniam neearding 4,

LI

L

\ \

L

A ¢ A Y Nt .
. s ey A+ A l
k It (. 168)
\
Ay, A (
\
e his mechaniagm revenla that the reactant A tranaforma into the product
. O Naae . . ! " - 2
e Passiny ”\lu\u;h anointermediate form ie. AY The first atep shows g rOvergih),
e 10 i . . ®
{ o volving th activation of A to form an nctivated complex A and th,
doenge N . .
t . on of thin complex to give back the reactant ngain. In the second Step, the
activated o b o y "t
e \ed compley (lpmm',“,:m to form the product I} which then nctivateg the
olee v o '
t Poules of the reactant to form the activated complex in the third step. The secon
Stop s , . . S,
P s the slowegt ofall and is, therefore, the rate detormining step.

" .
l!“‘ rate of the reaction written in equation (6.167) in terms of the rate of
of the Loncentration of the product with respect to time can be written Using

t > I'¢ . . 3 . .
) ]; rate determining step of the mechanism shown in equation (5.168) ag showp
elow

change

!
-‘-'.l‘lll KA (5.169)
(

’ . . < N
_ Where the concentration of A*, the reaction intermediate, can be dctermmed
b“f using steady state approximation, The rate of change of the concentration of A*
with respect to time can be written from the mechanism as follows

d:%;szAF‘kﬁAWUﬂ-kJAW+kJAHBP«JDVHBJ

Applying steady state approximation, we get
k,[A] - K [AT][A]-Kk,[A"]+ k,[A][B]-k_,[A'][B]=0
[A" KK, [A]+k; +k ,[B]} =k, [AT +k,[A][B]

_ Kk [A) +k,[A][B]
" k_[A]+k, +k_[B]

[A°]

Putting the value of [A*] in equation (5.169), we get

d(B] _ k: {K[AT +k,[A][B])
dt k. [A]+k, +k,[B]

(5.170)

Let the concentrations of A and B be ‘a’ and ‘0" initially and after a certain
time’t’ the concentrations change into a — x and X respectively. Hence putting the
values of the available concentrations of A and B in equation (56.170), we get

dx k, {k, (a-x)" +k, (a'—x)(x)}
dt k,(a-x)+k, +k (x)
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Since the forward reactions of hoth the first and the third step ir.wolve the
ctivation of A while the backward reactions involve the deactivation of A*, hence ks
a

an be assumed to be equal to ki and k.3 be equal to k.1 , therefore replacing ks by ki
:Ild k.3 by ka1 in the above equation, we get,

dx k, {k| (a-x)’ +K, (:\—x)(x)}

dt k_,(a~x)+k2+k_l(x)

dx _ky(ka?+kx? —2kjax +k,xa—k,x?)
dt

koja-k_ x+k, +k_,x

dx _ k;(ka? —k,ax)
—=2 )

dt k_a+k,
dx _kk,a(a-x)
& Kark, el
kk,a
L t 172 = I’
© . ka+k, (&AL

Hence equation (6.171) will become

dx
e K
dt (&)

Hence unimolecular gas phase reactions

are first order reactions and the first
order rate constant k' depends upon the initial p

ressure of the gas.

For small value of a i.e. when the pressure is low, then k_a+k,~k

.» applying
this condition to equation (5.17 2), we get,

K- kk,a
kZ
k'=k,a

The above equation shows that at low pressure, k'

a, hence increasing the concentration of A increases the ra
versa.

is directly proportional to
te of the reaction and vice

For large values of a i.e. when the pressure is high, thenk

qa+k, =k a, hence
equation (5.172) will become

K= kk,a
k_a

kl = klkl
k

As we know that (ki/k-1)=Ki, where K is the equilibrium constant for first
Step, the above equation will become |

N
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S

| \ e k: 4

kA VA —
LT # e
K" KK, Kka Fig, 5.19 Varintion of the rate constant foy

, alar 1a8e reactio i
This 1= the equation of straight a unimoleculan ;inu pl el n with
o - , initial pressure of gas
ne i antercept form, wherel/a 18 the the 1
s ireingiine vy el ilu‘{ by taking the reciprocal of the slope of the
. 1 3 . \ 3 ) 'y nK1 3 g : .
dependent variable, ki can be caleulated b, : y value of Hinsh
} g the value of Hinshelw
plot Ta versua Uk’ Dividing the intercept by the slope give ) (?Od
) : 3 lLe.
aonstant
k X :\ N
Y > ynce of an Inert
5.14.2 Unimolecular Gas Phase Reactions In the Presenc Gas

Lindmann proposed the following mechanism for reaction (5.167) in the

presence of an inert gas M,

A+A ;—’:L—-‘ AT +A

A'—23B

(5.173)

l

A"+ B

Ko

A+Bg

A+ rm——*——*: A +M

This mechanism involves four steps, the first three of which are similar to
those in the mechanism (5.168). The fourth step involves a reversible reaction in
which activation and deactivation of A takes place in the presence of an inert gas M.

The rate of reaction in terms of the rate of formation of the product B is given
by
dB .
Fi el (5.174)
Where A°® 1s the reaction intermediate and 1ts concentration cannot be

determined experimentally. Hence, steady state approximation is used for this
purpose. '
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The rate of formation of A*, ueing the mechanium ( 1745) b4 ghvan by

llll\‘l ' .
2 LAY IA KAATL AL b (AT 1) s
KJAATIM] KA (M)

K[AY

Appl.\'i““ nh-mly nintao npproximation N

» ’ .

KA =k ([AT][A] kAT kLA B) - & A1)
FAANMY =k LAY M)~ 0

KALATIAL 4K, (A )4

KA K (AT M)~ b (AT
4 A 4
K[ATB KA )M ' )

A" ){k ATk, 1k B4k 4|M|}

KJIAL 4
k,l/\][n]-!-k‘l/\"M]

[A*] = EM!L\_HPJLE«L", IIM]
KAAT+ K, +k By k(M)

Putting the value of A* in ¢quation (5.174), we geot

dt kALK, k(B kL (M] (5.175)

Let the concentrations of A and B be
time't’ the concentrations change into g — X
values of the available concentrations of A

2" and ‘0’ initially and after a certain
and x respectively, Henes putting the
and B in equation (5.175), we get,

dx_Ka{l(a-xy ks (3 -x)(x)  k, (a )M}

dt k| (a—X)+k2+k_3(x)+k4[M]

dx _ ks (a-x){k, (a-x)+ k, (x) + k,[M)}

dt k,(a-x)+k, +k () + k_[M]
Replacing ki by ks and k.1 by k.3

in the above equation, we get
dx _k, (a-x){k, (a-x)+k,(x) +k,[M]}

dt k, 4(a-x)+k2 +k, (x)+k_[M]

dx _k, (a-x)(ka-kx+kx+ k,[M])

dt  k,a-k x+k x+k,+k_[M]

dx _ k. (kla+k4[M]) )
dt k_a+k,+ k_(,[M](a ~x) (5.176)

k, (k,a+k,[M])

Let
k a+k, +k_[M]

=k* (5.177)
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| fial cond

W g ual
Yy of . woall as the 1t

i squation (5.173), prove that
H in equatit

ST e L a¥n "‘.«’."Cﬁ.“-'-- ¥
k, & K
k., k. K,
S\‘-E"d{':\\.n | - - |
hown in equation (5.173) 1s

T 3 Qtﬁ‘ -
- " 3 .
The first step of the reaction mechanisi

‘\"-\;’_l“_);\' + A

k, _(AJAL 1A ) )
‘,t_‘ = S = < 3
. ~'\ -L"\-' L'\.J

The third step of the mechanism 5.173 involves the following reaction

& TA' T'B‘v ;7'-_\. ] .
L—_: == 4 > - L_ _; (ll)
k, [al[B] [A]
Similarly from the last step of the mechanism 5.173, we have

(] [x)
< [A]M] (4] - (i)

5.15 BASIC EXPERIMENTAL METHODS OF KINETICS

| To-make an experimental study of the kinetics of a reaction, certain
iﬁeu;; :1 ibeh!aken under c;onsideration. Temperature, for example, must
:‘;mpem"m- Simillgh?ui} ie ?Xfex}ment as the rate constant is dependent upon
place, the mixin sho'u']d be 0 solutions are ml‘xed together for the reaction to take
: 4 homogeneous. Stmchiometry of the reaction should be
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Taking natural 1o i

above equation, we get
lnA = ln(MJ AS*

B5 2{1“(1‘537"10")—ln (LM -1 (8 3143
6.626x10 ™ -3143)
AS =(39.573—29.457-1)(

8.8148) =75.79) mol 1 !
We know that, AH"

=E, -RT

Putting the values in the above €quation, we get,

8.3143 x 298)
5.18 REACTIONS IN SOLUTIONS
Solution phage

AH" =12 o
85x10° —( =1.26x10°J mol"!

reé.lctmns may be classified into diffusion controlled and
actions d : .

step serves as the rate limitin step. Another basis of ¢]

reaction ie. whether the reaction invg]
reactions or exchange of

. s phase reaction the probability of collision of the
molecules of reactants is legg ag com

/

5.18.1 Diffusion Controlled and Activation Controlled Reactions
Consider a bimolecular reaction of the type

A+B—& ,p (5.238)

in which reactants A and B approach each other by diffusion and form an encounter
pair AB in the presence of a solvent.

The rate of such a reaction is given by

d[P]

Sk [AllB] (5.239)
dt ‘

The reaction (5.238) is supposed to invole the following mechanism
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A + Byt AR
AR YA
\ o P l

Notivateem

(5.240)

n n ncounter l) '
l { ( 'l“ meu h nam ”\\()l\l‘ﬂ ‘l\(‘ “(H ”H\"()ll ‘)’ H o Y, t
\ \ 'l‘*, 1'( (“"l‘)(’ (81 ") ‘JV‘ '}“ rentd '"[\t” n

AR which then. following two different pat he third step.

, \ . et int
n the second step and transforms into the produ o ke s
o rate determinig atep as 1t 1a the

N\ E s 18 ':‘ t}‘ .
The third step of the mechanism 1 formation of the product,

it ,rms of the
JJowest of all. Hence the rate of the reaction 1n tern
P 18 given by

d(p]

(5.241)
— = k,'[AB]
dt

; an be written using the
The expression for the rate of formation of AB ¢ % the
mechanism (5.240) as

d[AB]
dt

- k,[A)(B]-k_,[AB] ~k,'[AB]

Applying steady state approximation we get
k, [AllB]- k_,[AB]- kl'[AB] =0
[AB](k , + k) =k, [A]LB]

k,[A][B]
k, +k,

[AB] =

Putting this value of [AB] in equation (5.241), we get

d[P] _ k,'k,[Al[B]
dt k, +k/

(5.242)

Comparing equation (5.239) end equation (5.242), the value of k2 comes out to be
s k k !

kg = e (5.243) :
k, + kl"

If ki is very much greater than k., then the denominator of the above
equation will reduce to ki, applying this condition to equation (5.243), we get

k, =k, -/

) The above equation shows that k2 depends on the M step of mechanism
(5.240) therefore, diffusion is the rate controlling step under this condition. Such

eactions are called diffusion controlled reactions. Detailed discussion of diffusion
controlled reaction is beyond the scope of this book.

, hf k; is very much smaller than k., then the denominator in the equation
5.243) will reduce to k.1, applying this condition to equation (5.243), we get
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decreases. The entropy decreases duétf}}ff e ~uion and hence the rate of reaction
the activated complex is gy eater Lhah L}: © fact that the magnitude of the charge on
number of polar molecules of the colve tm on the reactants due to which a greater
scovated complex. Hence the ciegm: :{01 arr;nged. surrounding the molecules of
SRITORY O acavanon and lowering the macti;:r;ai’:m@» decreases, decreasing the

’
e

In case of the rea . .
e At complexdimtfs with ODposxte charges, the magnitude of the charge
L - S0 formed, will be less, offering less home for the polar

oolecules of the solw - :
solvent and Promoung disorderness due to which the entrory of

TN ITD

acmvalion increases and hence the rate of reaction increases.

B

) The entropy of & reaction between two neutral species in aqueous medium
dzpends upon the difference in the polarity of the activated complex and that of the
~sarsanis. If the sctivated complex has more polarity than the reactants, then the
sztropy of sctivation will decrease, decreasing the rate of the reaction, whereas the
sspctions with the resctants and the activated complex of same polarity proceed
wsthout any change in the entropy of activation. Y-

4 )

Efect of Hydrostatic Pressure -
Consider the following reaction

K -
A+B—=AB —4 4P
] sactants, then the
t 1V mplex is less than that of the reac .t
g by ctivated complex minus the

-:u - - - N \i \ 1 \'Olume Of a . Y
change in the volume of activation 1e. the a high pressure will shift

will be negative indicating that

wlume of reactants 1l increase

#quilibrium towards right and the rate of reaction W
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10 M\‘i“‘e " “5‘ wioa)l (‘,’\puy.’.ﬂ):
yvo reactanta, then

" “‘1 \""\H‘ll 1\' nehivnte (l o ,n\'\); e ogYe atoy fh‘l\ f'\\' "f”
sAse in vrn aanres ‘L‘H 1'\!('

h\. AR '\\n\. vl LARTIER wall e P mwhive and in thie caees, An INCY

the equilibrium towards left decreas ing the rate of reaction
\\'\““-‘-“-‘.\k‘ o transition state theory, we know that

. k!,‘l‘“
’ h

\ . ot
Paking natural logarithm on both sides of the above equation, we &

Ink, = 1o XeT _ AF"
h  RT
k. T 1.
Ink, =In~2" _ ' (F-F.)
tT T TRT

Differentiating the above equation with respect to pressure at constant

temperature, we get

'Flnk,) o] (?F_J ((F)
L 5) RT|\ éP ). (6P

Since the rate of change of free en¢rgy with respect to pressure at constant

temperature 1s equal to volume, so

[Cl:lk._.] =_— V V ]
éP ),

(“{"kr) -l av,

P )

Separating the variables in the above equation and integrating it, we get

[eInk, =-—= jaP

AV.P (5.244)

Ink, = -———— + constant
RT

Applying initial conditions, i.e. when P = 0, then ke = k;, to the above

equation, we get
Ink,® = constant
Putting this value of the constant of integration in equation (5.244), we get

Ink, =- Av.P +In
k AV, P
In—2%=-—= :
ke BT (5.245)
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oy L ————— _ Chemical Kinetics 411
s 1= the o )
: the depend ” i e of “‘rﬂ!:ht line e
1= the dependent vanable and p ne passing through origin, where In q(zﬂ({’)
12 the independent variahle A plot of In (ki/ky) ‘

VETSUS I EIvVes a & traight line h e
i ¥ ) 2 ine, t} e s Y b
in the volume of activaty It g “‘P(‘ of which can be used to calculate th 'Zhr"lﬂE‘.'- \

- nEe 18 - - ey . -
change 1 r::c;ame. then 1 %jdcm from equation (5.245) that if the volume 1
the rate of reaction incregges w}] ' pressure increases the value of k2, as a result \
constant to decrease with the ‘nc,.:mas 8 positive volume change causes the rate

- : 8 s
the reaction. AS¢ In pressure and hence decreases the rate of

Example 5.32

Prove that TEE‘ -\
EJ

dQ=dE+PdVv
So dF =dQ+VdP -TdS -S4T

We know %=ds, dQ=TdS , =0

dF =TdS+VdP -TdS-SdT
dF = VdP -SdT
Hence proved, at constant temperature

[?f_] i
ZP|.

Example 5.33

Calculate the volume of activ
using the following data.

ation for a chemical reaction A+B—2P
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12 Modemn Physical Chemistry

IR

P (Pa) ks (dm? mol? &1) at 25 °C

5
&

| R

2x10° 1%10°
1| 3x10° 2%x10°6
Solution
We know that
k. =3P ke
. 2T :

For the rate constant (ke)1 at pressure Py,

)
L]

AV_P.

In(k,) =-—=2+Ink’
s RT
Similarly for the rate constant (ko)2 at pressure P2, we have
AV.P,
In(k,), =——==+Ink’
(), =2

Subtracting equation (ii) from equation (i), we get

(k,), AV
lna22 _—_=(P,-P,
&, m

Putting the given values in the above equation, we get

the above equation can be written

@)

(1)

0° :
. (8-3143)(298) m(i’fl__)=_5.72x1o-' m® mol™?

- T Ex10-2x10°)  (2x107)

Effect of Dielectric Permitvity of the Solvent

Bates of the reactions in solution also depend on the dielectric constant of the
medium in which the charged species are being reacted. A mathematical relation
between the dielectric constant of the medium and the rate constant of the reaction

can be derived as given below:
Taking natural logarithm of equation (5.232), we get

k. T AF
Ink, =In~8— -2
£ h RT
lnk’__lnkBT 1 AFS z
i T‘ﬁ( (C)+AF(N.C))
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s — ______Chemlcal Kinetics 413

Where AR (7
re O and ARy e . :
. . & (N() repre M tev (! '
activation energieg respectively provent the Coulumbie and - non-Coulumbic

z\ccur(hnu to the Coulun

. )'D‘H |nw N o obi " .’ .
A and B in vacuum ja Riven by v the force of attrnction hetween two chargen

r ' 2
I = —{l’\é"(‘

4 5wl
17!!.”1

Where, 7 '
» LA and AT e
separation betwean, the {‘]“ 10])1went,. the charges on A and B reapectively, r is the
charged species and g, i8 the permitivity of free apace,

As the charg -

es : ‘ Lod

o el s medium ;hij)ulddr(lz nnmgrsed In a solvent, therefore the relative permittivity,
also be Introduced. Hence the above equation will become

Coulumbijc interactj
inlvi action énergy (measured in Joules) is  obtained b
¢ 8, ¢ y

multiplying the force of attraction With the separation r i.e. .

E=Fr=

Multlp-lym.g the above equation by Avogadro’s number gives the value of
Coulumbic activation energy i.e.

AF, , = EN, = ZAZBezNA

47t8°r8r

Putting this value of AF4() in equation (5.246), we get

kT 1 (2,Z.eN
Ink, =ln—B— _ [ABe A &-‘C)J

h  RT{ 4nere,
‘| Z,Ze'N, (1) .. k,T AF:
Ink,,=-ZA78B" ““Af - |y X" Afng 5.247
i 4ne rRT [e] "h RT G2

When e: approaches infinity, then ks is equal to 1nkf1T - ﬁ’fl“c’ and it is

called the rate constant for infinite dielectric constant and it is denoted by k,°, so

Z,Zye'N, ( 1 )

T Jak S 4ne rRT | &,

This is the equation of straight line in. intercept form that shows Ith‘e
dependence of the rate constant k2 on the diglectnc constant k: of the 391ve1}t.t t is
clear from the equation that an increase in &r increases thg value of ke which, lmul:::(i
increases the rate of the reaction. Non-Coulumbic activation enregy can be calc

from the intercept i.e.
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Effect of lonie Strength (Primery Salt Effect)

Lowry Brometed and Bjerrum, wemng Debye Huckle Theory. studied the effers

" . v es conetant
o s strength on the rate of 2 resction keeping 24 ther ﬁﬂa‘H

Activity 2 A 3 substancs ia Awrocthy .'?l!:ki to its concentration, c. &
©iven by the following expressyon

(5.248)
8 =yc
where . 18 the actrvity coeffiment of the substance 1
The equilibrium constant for the first part of the reaction

A+Br—=— AB" % ,P.in terms of activity is given by

Using equation (5.245), the shove equation can also be written as
. {“\‘B‘:*"Q
~ - [:‘}?‘{B}:’!
K [AliBh, 7,

v

.

(aB°]=

Putﬁng this value of [AB*] in equaaon (5.228), we get

Vo " dlp]_EE[AlBh,y, fA[,qfd(ﬁ(sus)

de Y

Comparing equation (5.230) and equancm (5.249), the va.lue of k2 comes out to

koKa 7‘ 7}
7.

k= (5.250)

Fora For a very d dilute solution, the activity coefficients of the species involved can

be taken zs unity, hence the 2bove equation will become

k=LK,
where kf represents the rate constant for 2 very dilute solution. Putting this
value of K, K, in équation (52.50) weget —
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L' ',.«'l‘,p

Y

(5 251)

\\'?wq-‘\ ]‘ ;
- P18 A function of a .
+ the actawvated complex, w) Of Both Ity conflicients of the reacts anta as wall as that
that value of rate consts t‘ wreas ket ia inde pendent of the activity coofficient an it s
| e ASLANDT At which a h\\?\ u,{“ tenta of al) the apecies ave unity

-

According she
‘ 4Ing to Debye-Huckle lmntnu law, we know that
(1AW, w ow that

logy, = -0.51 /'.'/y'_f!
1+ V1" (5.262)

For specie A, this law can be written as

logy, = —o.mifﬂ

1+ \/i (6.252a)
For specie B, we have
2
logy, = _0_51M -
1+ \/I (5.262H)

Similarly for transition state, we can write

logy, =-0.51(Z, +Z,)’ Vi v ——
1+ (2.253)

Taking natural logarithm of equation (5.251), we get
logk, =logk,°+logy, +logy, ~logy,

Putting the value of logCa, logUs and log(; from equation (5.252a), (5.2
and (2.253) respectlvely in the above equation, we get

Z,2V1 Z: V1 Nit

logk, =logk,” -0.51=A"_ Zy ~0.512 +0.51(Z, +Z,)

1+41 1+41 - 1+41

o VI
logk, =logk, -o.mm[zA2 +25' - (2, +Z,)' ]

logk, =logk,’ - o.slli[zf +2q' 2,0 -2, - 22,7, ]

+41

logk, =logk,” -0.51 1 f/i (-22,2,)

i
=logk,°+1.022Z,Z, (5.254)
logk, =logk,°+ o |

Equatlon (5.254) is known as Bronsted-Bejerrum equation which indicates

that logke; ence the raté of re € 1onic strength of the
solution. The effect of ionic strength op the rate of a reaction can be explamed more

,,‘I
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Loy & b b i ] ”//[,/.‘ /1 "!""l
,'I,-' ‘.:,l‘. 7] ,," ;‘)4’:‘“ I ‘},f "J""""’ 1
e ¥ 1
aight i in  intercept  form £
1984 4 2920 i ’ | s
J g ’,;.‘,.’ Ve P s s “’ vives ')"‘,. | / /
iyt & 7 ey by
“ . f Eraphs ”‘I""f',‘i!:if un the nature i //
N chnre A
) ' es on A snd I} as .-.].-:,'/..'J n }‘:;( loghs /(i
1.33. 1f the res B
L ¢ resction tabkes I,!;;t o betweern
!\'v’, ¢ e T oaa T —
: veaes having similar charges, then ~
" - . : v .\\\
e presence of the ions of some jonic \\\
"pecie between the two reactant jont NG
wereases  the electrosts tic forces of ~
eIt
oPUision  between them and  hence
—————

InCreases the rate of reaction, Therefore,

a wtraight line with positive glope is S —

Ottzained in this case. Whereas for the }‘lg 5.553 Variation in the value Of]()gkz
with 1V2 (1) when the reactants have

Feactants having opposite charges, the

presence of the jons of sBome jonic Bpecie gimilar charges, (2) when the reactantg

b’—"»"’"‘:‘:fl the ions of the reactants are neutral, (3) when the reactants have

"5‘:f:rf:a:-;_-:-; the forces of attraction opposite charges

wetween them, thus decregses the rate of

reaction. Hence, in this case, the slope of the plot will be negative. If one of the

Teactants 18 neutral, then jonjc strength has no effect on the rate constant of thyy

reaction azz there are no electrostatic forces between the reactants and hence, the
¢+h

elope of the plot will be Zero.

Ezample 5.34
Discuss the effect of ionic stren
reaction on the basis of equation (5.255).

(1) CH,ICOOH + CNS- ——CH, (CNS)COOH + I

gth on the rate constant of the following

(ii) CH,BrCOO" +8,0,"” —CH, (S,0,)CO0" +Br-

(i) [Co(NH,),Br]" +OH —[Co(NH,),0H]" +Br

Solution
(1) ZwZz = 0, hence the value of k2 is independent of ionic strength.

(i1) ZtZz = 2, hence the value of kz increases with the increase in ionic strength.

(1ii) ZxZz = -2, hence the value of ks decreases with the increase in ionic strength.
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