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The concept of molecwular activation is universally
accepted and forms the basis 6¥ all the theories of chemical
reactions. Folanyit®e, EBvans and Eveing®®? put forward the

absolute reaction rate theory. According to this theory, the
rate of the reaction is given by the rate at which the

.

activated complex dis Fformed from  the reactants by  the
reversible process,. which decomposse irreversibly to give the
products., Thus according to Pelzer?®8,  Dering?*®® and Wynne
~ Jones cthe potsntial snergy of the interacting molecules is
considered at the time of collision. Thaers will be a
configuration of nuclei of minimum potential BNergy , relatesy
to  the activation snergy through which the system would be
sxpected to pass in going from the reactants to  prodocts.
This region of configuration space is cal 1«ﬁ‘the tramnsitional
mtate The system in the transition state is called an
activéted comples.

The rate of reaction is given by the rate of
passage through which the transition state or passage  over
the potential barrier.

On this basis, Evans and Folanyi*®® and Evring?*®?
independently  deduced the rate expressi mﬁlfmr a Dimolecuwlar

reaction.
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The specific rate kv is given by the expression

KT a» . =Ee/Rt
kr = e — e e e ot e e e s s . e eens (13

ny

Where a* ,0a and e are the partition functions

ot  the reactants A and B and the activated complex. K i

#

the Boltemann constant Eo i the ensrgy of activalbion
referred  to the zero point snergy.  The equilibrium constant

K for the formation of activated complex is given by @

Y

L a = (Ea/RT)
KV A T v o e v - " ® ven (8D

Ba O

Henoe the eqguation (1) reduces to

kr = (KF/h) x K* S
Egquation (3! can also be ewpressed involving the entropy of

activation and enthalpy changes.

ASF/R AH%/RT
(LT/7h) ¥ e K e ven{d)

it

kr

OR

Where AS®  and AH¥F are the entropy and enthalpy
changes  involved in the formation of am  activabted comples.

Thus a plot of log [kr /7 (ET/M1 versus /T ¢ 10% snables ons

to calculate ASH and AHF

Eoguations (4 and (3) also indicates

that, when
the entropy changs Aéy# is positive then the reaction will

e normal or fast from the point of wiew of colliszion



theory, but when ASF  is negative then

the reaction will be very slow.

Frosi=oa and Fearason, while

significance of entropy of activation,

entropy of activation of & himolecular reaction is

the fraguency factor & by the eguation @

KT ( ASYF/R

A = ———— R
h
and when the radius of the activated oo

transiticn state i1 considersd to 2y

CAN

e shown that,
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Wheare = is the entropy changse in

of  an activated complex. Lovn e are the

2

contribution of  the reacting species A and B

It must be remembered that, in ionic reactions,

contribution is  the major factor to

changes. The equation (7)Y Can
3 |

be smployed

of

Mowever,

rrature the reacting ions in the rate

this in poor accordance with the

highly . 201202 charged ions. For reactions

nature of the solvent also plavs an important role which

been discussed in detaill by Amis=0=,

From  the point of view of solvent

reasction may be classified into the five maior

discussing
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13 Iorn ~  Ton reactions.
23 ITon - Dipolar molecule reactions

Dipolar moleculs -~ Dipolar molecule reactions.

]

4y Electron exchangs reactions,
Charge transtfer reactions.

In the present study, the nature of the reacition
leading to  the formation of an activated complex may be

e@ither of the firzst two types and hence only these two

it}
by
-

erts will be discussed here.
For +the solvent effect on Lon—ion reantion

correlating the specific rate kr with dieleciric constant, D

W

of the medium. Scatohard derived the following expression s
1 S
inkqé = in Kﬂ - ST ST T R S R 0 R S0 505 S0t e o o o - e ew (B)

Where Kg is  the specific rate in  the solvent of the
dielectric constant I betwsen two ions of valency e and Zg
r“- is  the radius of the activated conshant. Ko i the

specifio rate in  the solvent of infinite dilution.

Laidler®09 and Evring, on the basis of a different model for

an activated complex obtained a different sypression @
oR i r Za Im (Zp + ZWﬂ
in Ko = inke + ———-
2kT
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Erouations (8) and (9) enable wus to gain information
about the nature of the reacting ions, from the plot of Inks

versus 1/D . The slope of this plot will be positive  when

4
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the ions A and B are of opposite sign and

£

are of the samse sign

4

g

dccording to Laidler®e®4 and Evring a

linsarity of 1In K, versus 17D in low dislec

regions  in many casss is dus to the adsorption
the ions.

£

4

In the case of ion-dipolar reactions,

ty %

@ 5 omuch g™

a

dipolar molecules iz zero,

eguation (%) reduces
aﬂ

2KT

S

plot of Inkg versus  1/7D
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which will

suchy bh rate of reaction bhetwesn ion

i

AN

molecules should decrsase  with  increase o

constant of medinm.

Ancther prominent effect of reaction

at

the intlaence of ionic strenghh. Bronsted®

is

ard Christiansen®07 have applied the Deb

theory to the intlusnce of neutral salt

veloocity of the reactions in seolution. In

the activities of the resactants, whether i
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molecules, may be altered by the added electrolytes. This
the primary salt effect.

In the second case, the effective concentration of
the reactant or a catalytic ion coming Ffrom a weak

electrolyite may be decreased dus to a decrease  in the

ionisaticon  of the electrolyis because of the added salt.

Frimary sallt effect may be subdivided into ths
following heads

17 Frimary exponential salt effect

-

2} Primary linear salt effect.

For  the former, in dilute solutions, the equation

Q
b

Bronsted. Bierrum is,

2 Z z \/ A
ink = in ke + -~ n I» X

, i"'B&\z\/:lI—

Where oy and B are the Debye - Huckel constants.

.- 8 8 % (11)

For very dilute solutions, where Jh 1is  small, the
above equation reduces to
Ink = Inke + 2 Za Zm XV &

During the last twenty years, a larger number of
kimnetic studies in soluition have been interpretsd on  the
basis of reaction schemes involving atoms +ree  radicals  or
radical ions.In many cases, their bond strengths and

thermodynamic properties have been further reviewed by

Lip =0
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The present work is concerned with the redox
reactions involving Sz0e*" , it is necegaary to séate thes
present views on mechanism of redox reactions in general.
For the oxidatidn - reduction reactions, many
different mechanisms have been suggested. Ac;cording T
Haber®®% and Weiss, the simple process 1is the stepwiss

.

treansfer of an electron from the reductant to the owxidant.

s

s g

Redox reactions may take place via simple glectron  tr

[

it

M

i
i

or throwugh an agency of the atom or ion transfer.

Many of the kinetic results on the redox reactions

have recuired the postulation of unstable valency.statw Thw
the Ag+ catalysed reactions of Sx0e® always involve -an
eglectron transter in each step of oxidation.
Yost!® assumed the rate deterbining Process as.,
Ag* + Salae=*— ;~~—> AgET + 2 8042~

While investigating the oxidation of ammonia,

ammonium ion, chromium ion and vanadyl ion in which Ag™* was

considered the oxidation species.

fn the other hand, Srivastava*™>* and Ghosh
suggested that the rate determining steps involve e
formation of Ag®* and 864 according t the following

relation
Ag* + Sz0a®— -———> Ag2* + S042~ + S04
The above mechanism was also suggested by Bacon®19,

Brime and Munro and by Bawn®% and Margerisbn. On the other

hand, Gupta and Ghosh on considedrations of entropy of
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activation, proposed that the mechanism involves eguilibriuom

7

hbetween 5.0 and 5047 radical ion which is followed by a

termolecular rate determining step éﬁ follows
Sale>" STz 2 80:54 ( rapid
3.56; +  Ag*  ——=> 28042+ AgI* (Blow )
The above mechanism accounts for the negative value
of the entropy of activation observed ( of the ordsr of  -20

2.l. OF Torel) in Agt o

talysed redox reactions of S0 ion
bt the following serious objections have besn ralsed against

the mechanism

,—..
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tracer exchangs studies ( that no sxchange of

Slla and Seaalig® hag heen
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the possibility of the

rapid equilibrium of 520 with 54

0
it
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2y It invalves a termoclar  step  in e r

determining stage which does not seem  to

-
L)
¥
135

possible.

¥} The general opinion now is that much significance
cannot bse given  to the entropy of activation
values in  order to slucidate the nature of  the
reacting ions.

Beckiere?® and  Fijowski proposed an alternative

initial  steap to exwplain the catalytic effzct of Ag+ bR wlgl:

which has  besen  later on  supported by Chaltvbkyan®*™® and

Beilervan. The various steps sugoested may be represented

i

+ollows
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Agt + Bule®~ —==-: AgYslg— b (8tow)
tallowed by either
AQSale™ ————1 AQI* 4+ 280, .6 Ufast)

or AYBale~  ~—===> AgA* + 850,72 + 804 - (fast)

4

antd the rapid oxidising steps,
Ag>" + M+ o i e AgR+ + M=
o Ag2+ + M+ ——— QT b MR
The above mechanism avoids the postulation  of a
termolar step, but fails to account for the sbhserved negative
entropy of activation of large magnitude.
Thus  the {formation of bivalent silver ion  and a

sulphates ragical  don, glither directly or through  the

formation of the intermedible Ag5.0e™ ssems rather equally
possible Howesver ,over whelming opinion is in favour of the

Former .,

Thus  in order to o

mechanism  for silver catalysed oxidation of amides by Bala”
iorn , it is necessary Lo summariss the reasults obtained  in
this study. Thess resulits are summarissd as followss-

12 The reachtion is first order with respect o S520e" i1on.

Inocrease  irn the concentration of o

20e®™ at constant K
LONS concentration  brings aboult a decrease  1in the
speclific rate in all the cases. The relationship followed
can be g&meraliﬁeﬂ A%

ke o a - b LQQ [ Sale*~ 30

are recorded  in the

o

where the values of a and
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fopllowing table

Amide & ] b

Fumaramide 2.44% 550
Brelaic ~ amide =480 &y wSh

2x 0 Thess reactions ars zero order with respect to  organic
substrate. Increase  in the concentration of the substrate
coes  not affect on the specific rate The gpecific rate

remains practically constant indicating the zero ordes

’

behaviowr of the reaction The following relationship
has been followsed -

k= a - b Log [ amide lo
where the values of a and b are given in the following

table 1@

Amide ) b

Fumaramide 0.00272 3L ORATH

Mrzelalc — amide 0L O00ED 0.031035

o ‘Thw specific rate incresases  lingarly  with gy
concentration in all the ftwo ocases. The fdllcwing
relationship is followsd -

k = a+ b [ Ag*l
Whare the values of a and b are recorded in the following

oy o g e
tafsle &
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Amide k2 b

Fumaramide 1.56 w 10—= 0.9E75

4 The energy of activation, freguency
all energy parameters  are recorded in the followinog

table.

Arrehnius Parameters

Amide Temp. £ Fregquency AGE AGYE AHT
Cosff. Kirals Factor K.cals Baila K.cals.
mole—t  Auliie mole—? mole—?
litre.mol

- :1'4 M ?: 1 j n 74;. -

Fumaramice 1.901 i2.116

Rrelaic— 18.74% 1.78%9 22323 —22.78  11.842

amide

Thus the two resc

tions are characterised by a

large value of negative entropy of activation. This

sugoests that there is a decrease in the degrese of
freedom  in the formation of an  activated complex, and
therefore 1t 1= a rigid one as is  evident from the

abnormally low value of freqguency factor.

A abnormally large negative value of  enbropy

of activation and rather low valus of frequency
suggests  that the formation of the activated complex  in

tribution of

these reactions. should involve  the redis

snergy  along  various  degree  of freedom  in reacting
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MECHANISM : 106

We discuss the mechanism for the oxidation of
fumaramide. The same mechanism can be operative for the
oxidation of azelaic-amide.This mechanism was suggested by

Srivastavar®® and Hambir Singh for the oxidation of amides Dy
peraoxydisulphate.
The steps involved in the proposed mechanism are

prezented in the following scheme :

Ky —
Ag™* + Szl E======é AQSQD. senanwanan (1)
k—-; :
ks
K= -———
K-1
k= -
Agszoﬂ- ———————— } an* + SD‘ + SD‘2~ ¢ LR B R IR B B ) (2)
H=N.OC.CH "ok HOOC.CH
" + 2 Ha  g===2 " + 2NHz .. (3)
HC .CONH= Kex HC.COOH
Ka .
NH3 + Agz-ﬁ """'_—}. NH: + Ag* + H* seeanald)
= Ks . -
NH3 + 504 ———— NH: + H804 ses s e ane (5)
- k‘ ’ - [ i
NH2 + 82032“ ————— } HSD4- + SO‘ + NH B EEEEEREEE) (6)
. - K? .
NH"'SG‘ ______ } N + HSQQ.— onnnnc::n(?)
o K
N * N ’P-g-') “z ....-..-..(8)

Applying the steady state treatment to the radicals
ARg2>t, SO,., NHa and NH the following equations are
aobtained

d/dt C80«1= Ka [ AgSa0e~ 1 -Kg CNH3J csé. ]
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+’k‘C&Ha]CBaoe‘” I = Ky !ﬁH] CSO;LI = 0 ;..}.ti)
d/dt E Ag=+ 1 = K2lAgSa20w~ 1 - Ke [NHsILAG2*] = O ....(ID)
d/dt € ﬁnz,j = kg [NHs1 L[Ag2*] + Kes cNH33c53; 1
..kﬁc&Hz 1 [ Sa0e=~ 1 =0 ces (ITDD
d7dt ENWI = Kg [ NHal c§?0.=—: - k&[&HJ[SS;J =0 ..(IV)
d/dt £820e%-1 = K3 [Ag*] [S20e> 1 ~ Kz [AgSz0e~1
+ k.c&H,JV£s=D.=~J = 0 ceeeea (V)

[ AgSz0e—1

it

i

. (VDD
£Ag*1 [S20e2~1

d/dt [S20e®"]1 = Kz K [Ag*] (S20a®"1
* Ké C[NHz] [Sa0a=-1 e (VID)
From equation(lil} we have |
Kz CAgSz20e~1 = Kae [NHx 1 L Aéé* j| seen (VIIID)
and from squation (IV) we get
Ke L &Hz 1 [Sx20e3*"1 = K> E&HJ f8843 ess (IX)

subtracting eduation (IV) from egquation (1) we get

Kz C AgSz0e~ 1 = Ke [CNHs 1 [ S04 1 = O
- ) K=z [ AgSz0e™ 1
ORrR 58043 = m—— eew (X))
Ks [ NHs 1

Adding equation (1) and (IIl) ,we get

Kz [ AgS=z0e~ 1 + Ka [ NHs 1 [ Ag®* 1 ~ K» [ NH 1 L SB; ]

OR 2Kz [ AgSa0e~ 1 = K» [ NH 1 [ SOs 3 fe s (XI)
substituting value of S0. from equation (X}

. K‘} L NH ] Kz [ AgS20e™ }
2 Ka [AgSz0e~] = - e
Kes [ NHx 13
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DR ——-—--—-—- ————— X [ NH:’ ] = l: NH ] -----..(XII)
K7 ‘

:substituting the value of Kr £ NH T € 86¢ J in equation (IX?
we get

Ke [ NHa 1 [ Sale® 1 = 2 Kg [ AgBale~ 1

OR . 2 Ka [ AQS20e~ 1
ENM2] = e e e
‘ Ke [ Salg? 1]
2 ka L Ag* 1 [ Sx0e=~ 1
= : L o e 420 et s s B O s O i
ke L Sale®— 1
2K K §
T o T s 1 et o o v o EM+ 3 -.-’-.-.-(XIII)

Ke

d/dt [ 520a=- 1 = Ka.K [Ag*] [SaDa=- 1

ka-k : '
+ 2Kg + —m————— x [Ag*] [Sa20e®*~ 1 ...(XIV)
/‘ "‘.‘

The above rate expression (XV) accounts the salisnt
kinetic features of the silver catalysed oxidation of
fumaramide by peroxydisulphate ion, namely, first order in
S20e— and first order in Ag™. The zero order behaviour in
amide is also accounted ' for. However, the above rate
expression does not account for the dependence of first ordsr
rate constant on the concentration of 5z0e%" ion and that or
amide taken. Az explained earlier, this seems to be. & Lrace
TTimpurity effect and naturally cannot be incorporated in the
rate expression. The existance of radical mechanism has been

proved, experimentally by investigating the effect of allvyl



acetate and this supports the postulation of trace

sffect, suggested by Srivastava®® and Coworkers.

impurity

The first two steps have been proposed earlier by Beckiere?

and Kijowski and Chaltvkvan®*®  and Bellsrian.

Siep

gives a small concentration of

{5y 1

i

ammonias

which actually undergoss oxidation in subseguent steps.
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