CHAPTERSVTI

DISCUSSION AND MECHAN ISM

The concept of molecular activation is now

universally accepted and forms the basis of all subsequent

theories of chemical reaction. EVan319°

Eyringlg1 put forward the absolute reaction rate theory

, Polanyi and

according to which the raia"of the reaétion is given by

the rate at which fhe activated complex is formed from the
reactants by a reversible process, which decompose
irreversibly to give the products., Thus according to
Eyringlgl Pelserlgz, WYnne12§ Jonés, the potential energy

of the interacting molecules is considered at the time ‘of
collision. There will be a configuration of nuclei of

minimum potential enérgy. relaied to the activation energy,
through witich the system would be expected to pass in

going from reactants to products. This region of configuration

space 1s called the transition state. A system in the

transition state is called an activated complex.

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

On this basis, EVanslgo, Polanyi and Eyringlgl

independently deduced the rate expression for a bi-molecular

reaction.

A+B ———= X =2 Products.
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The specific rate kr is given by

Q e-Ea/RT

- kT
e

where Q* and QA P QB are the partition functions of the

.oe (1)

reactants A and B and the activated complex. XK 1s the
Boltzmann constant and Eop ls the energy of activation
referred to the zero point energy. Since the equilibrium
constant K’é for the formation of the activated complex
is given by :

¥ . —Q Eo/RT
QA Op

Hence the ecuation (1) reduces to

Ceee  (2)

kr I"%’LI(* ‘ [ X N} (3)

Equation (3) can also be expressed involving the entropy
of activation and enthalpy changes.

kT AR -a /mT e (@)

kr = T
or

In. k& e AR#
*kT/h T R T RT

oo (5)
whereAS’é and AH" are the entropy and enthalpy changes
involved in the formation of the activated complex
respectively.

Thus a plot of 1log &T%] ver sus % enables one
to calculate as¥ and AH".
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Equation (4) and (5) also show that if entropy
changeABS# is positive the reaction will be normal or
fast from the stand point of simple collison theory,
but if As® is negative then the reaction will be slow

one,

Frost and Pearson195

discuséing the gignificance of
the entropy of activation of a bimolecular reaction is

related to the frequency factor, A by the equation

kT AS%/R

A = h sses (6)

and if the radius of the activated complex in the transition

state 1s taken to 2A° in water then it can be shown that

ASF —N__ . 102, Z; ewu. ... (7)

where zss* is the entropy change in the formation of
activated complex. Z»(ZB are the electrostatic contributipn
of the reacting specles A and B respectively. It may be noted
that in ionic reactions, electrostatic contribution is the
major factor to determine the entropy changes. The
equation (7) has been used to predict the nature of the
reacting ions in the rate determining step. However, this is
in poor accordance with kinetic data of highly charge6196'197

ions.

For reactions in solution, the nature of the solvent

also plays an important role, which has also been very well

discussed by Amis}gs
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From the point of view of sclvent effects, the

reaction may be classified into the following five
categories :

1. Ion-Ion reactions,

2. Ion=Dipolar molecule reactions,

3, Dipolar molecule-Pipolar molecule reaction,

4, Electron exchange reactions,

5. Charge transfer reactions.

In the present study the nature of the reaction
leading to the formation of activated complex may be either
of the first two types, hence only these two effects will be

discussed here.

For the solvent effect on lon-ion reaction correlating

the specific rate kr with the dielectric constant, D , of the

medium Scatchardlgg derived an expression :
| 2
VA e
lnkg - 1nk° - —‘A--z_g-—'— sese (8)
kT-¥x D

vhere kg is the specific rate in the solvent of
dielectric constant D, between two.ions of valency zA and ZB:
rx is the radius of the activated complex and k, is the specific .
rate in a solvent of infinite dilution. .. Somewhat different
expression has been obtained by Laidlerzeo and Eyring on the
baslis of a different model for the activated complex. The

expression 1s :

2 2 2\
2 Z (2, + 2.)
Ink® =Inky + 32z ( 4 -1) bW Sk ‘gl S

‘Lra Ip rx
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Equation (8) and (9) enable us to gain information
about the nature of the reacting ions, from the plot of
lnk: versus 1/D. The slope of the line will be positive
when both the ions A and B are of opposite sign and negative
when they are of the same sign.

200 200

According to Laidler and Eyring ~, a deviation
from linearity of lnkg versus<% in low dielectric constant
regions in many cases 1s due to peeferential adsorption of

water on the ions.

In case ion-dipolar molecular reactions, the charge on
dipolar molecule is zero, as such Z; = O and the equation (9)

reduces to

2 72
2 pA
s v e A A
lnkg = lnk, + 7% ( ‘% - 1) E;— - = e (10)

" and a plot of 1n kg versus % gives a straight line with

a slope
ezz2
A(-].'--sa-)
2kT T rx

which will always be positive, since rx is greater than Ipe
As such thé rate of reaction between an ion and dipolar
molecule should decrease with increase of dielectric constant
of the medium.

Unfortunately, in the present study, the effect of
dielectric constant could not be investigated due to the
reactivity of the solvents, methanol, ethanol, dioxane,
formamide, dimethyl-formamide, acetone with szog‘ ion and the
failure of the analytical method employed in presence of

acetic acid,
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Another prominent effect of reactions in solution

is the influence of ionic strength. Bronst36201, Bjerrumzo2

203 have applied the Debye-Huckel theory to

and Christeanean
the influence of neutral salt on the veloclity of the
reactions in solution. In the first case, the activities of
the reactants, whether ions or polar molecules may be
altered by the added electrolytes. This is the primary salt
effect.

In the second case, the effective concentration of a
reactant or a catalytic ion coming from a weak electrolyte
may be decreased due to a decrease in the ionisation of the
electrolyte because of the added salt. This 1s the secondary
salt effect. Primary salt effect can be subdivided into the
following heads.

A) Primary exponential salt effect.
B) Primary linear salt effect.
For the former in dilute solutions, the equation of

Bronsted, Bjerrum is

Ink = lnk, + 2% 23 A/ /a cee. (11
1 4-/3a1/7a—

where d and B are Debye-Huckel constants.

For every dilute solutions, where AI is small, the

above equation reduces to
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During the last decade, a larger number of kinetic
studies in solution have been interpreted on the basis of
reaction schemes involving atoms, free radicals or radical
ions. In many cases, their bond strengths and thermodynamic
properties have been experimentally verified as reviewed by

Ur:i.%ml

Since the present work 1s concerned with the redox
reactions involving 8203', it is necessary to state the

present views on mechanism of redox reactions in general.

For the oxidation reduction reactions, a number of

mechanism have been proposed. The simple process according

to Haberzos

and Weiss 1s the stepwise transfer of an electron
from reductant to oxidant. Redox reactions may take place
via simple electron transfer or through the agency of the

atom or ion ,transfer,

Many of the kinetic results on the redox reactions
have required the postulation of unstable valency state,
Thus the Ag+ catalysed reactions of Szog' always involve

an electron transfer in each step of oxidation.

Yost.g'8 assumed the rate determining process as,

2= 2=

Ag+ + 85,0 — Ag3+ +2.SO4
while investigating the oxidation of ammonia, ammonium ion,

3+

Chromium ion and Vanadyl ion in which Ag™  was considered

the oxidising species.
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On the other hand, Srivastava and Ghosh proposed

that the rate determining steps involve the formation of Agz+

and S0, according to the following relation

agt + 8,087 s agity soi' + SO,

The above reaction mechanism has also been suggested

by Bacon,z06 Grime and Munio and Bawn17 and Margerison.

On the other hand, Guptas2 and Ghosh on considerations

of entropy of activation, proposed that the mechanism involves

first, equilibrium between 5202- and SOZ ion which is

followed by a termolecular rate determining step as follows :

2« - .
S,0g — 2 so4 g rapid )

2 so: + Ag+'____,> 2 soi' + A93+ ( slow )

The above mechanism no doubt accounts for the negative

value of the entropy of activation observed ( of the order
2=
of =20 e.u., or more) in Ag+ catalysed redox reactions of Szu8

ion but the following serious objections have been raised
against the above mechaniém.
35

1. The tracer exchange studies ( that no exchange of S

)207,208

between SOZ and Szﬂg- has been observed rule out the

possibility of the rapid equilibrium of Szog' with SOZ.
2. It involves a termolecular step in the rate determining
stage which does not seem possible,

3. The deneral opinion now is that much significance cannot

be given to the entropy of activation values in order'to"

elucidate the nature of the reacting ions.
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Beckiers4 and Kijowski proposed an alternative

initial step to explain the catalytic effect of Ag¥ ions

has been 209
whicﬁklater on supported by Chaltykyan and Beilleryan.

The various steps proposed may be represented as

follows s
agt + 8202' — AgSzoé' eee (Slow)

followed by elther

- 3+ 2 -

or

2 -

g

and the rapid oxidising steps,

Ag3+ + M —_ Ag2+ + M2+

or
A92+ + Mt —_— Ag+ + M2+

The above mechanism avoids the postulation of a
termolecular step, but falls to account for the observed

negative entropy of activation of large magnitude.

Thus the formation of bivalent silver ion and a
sulphate radical ion, either directly or through the
formation of the intermediate AgSZOé' seems rather equally
possible. However, overwhelming opinion 1s in favour of the
former.

In order to discuss the probable mechanism for the
Ag+ catalysed oxidation of amides by peroxydisulphate ion,

it would be necessary to summarise the results obtained in
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this study and to point out the similarities or dis-
similarities with the kinetic results of other workers.
These results are a summarlsed as follows :

1. The reaction is first order with respect to Szog' ion.
Invrease in concentration of szog' at constant ionic
strength and at constant K* ion concentration brings about
a decrease in the specific rate in all the cases. The

relationship followed can be generalised as :

Qe
k=a~b log[SZOBJQ

where the values of a and b are given in the following table:

-—— - - - w—

Amide ‘ Amino=acetamide Acetylaminoacetamide
a 2.83 1.85
b 1.80 1.55

2. These reactions are zero order with respect to the organic
substrate. Increase in concentration of the reductants ,

decreases the specific rate. The relationship followed as :

k=a=-blog |Amide]

where the values of a and b are given in the following table:

Amide Amino=-acetamide Acetylaminoacetamide

T 0 Y S SU S G O P S S S g SR SU e Sy D MU R TR ARV S A WIS SN e G GEY GO SUD G GV S g VS U WD s A SRS AN e G AT A G Sy S OO S S S o) OV e S

a 0.,00833 0.009817
b 0.04375 0.01090

TR - S S T T g A B S S e WP S S e S S W T G SRS s WA S Gy S D G N S NS ST TG S N S OED T AN S S S np s - - -~



ey

apTWE3SDE
-outwert L3290V

epTwe3ade
—outwy

apTue
ey JOo suEey

SYLTT T2 9¢~ it le moﬂx ¥069°¢€ 068°ET 890°¢
oLt*zt LL*62-  LE*1C yOT% 956°L €19°7T 696°1
7-0°8
p2Tou [2TOW . _eTow BxmYT . _sTouW
- " - - m
*STeD*N  °*m*®  *sTED°y ¥, 103083 *sTEOy T oror33e®
#HY AV qu Aouvenbeiag g oxmezedusy,

§1ojouweieg sSnfueUIIY
I - 31avi




bon e
o,
=

3. The specific rate increases linearly with Ag+

concentration in all the two cases. The relationship

k=a+b [}g+]

where a and b for the two amides are

followed as :

S . Y g W WD W A Y SA S G Y S S WY SRP W S - - S . S G T s T S A U S Sy N BEN S s W S W S

Amides Amino-acetamide Acetylaminocacetamide
a 2.0 x 1073 3.9 x 1073
b 3.9 3.3

4, The temperature coefficient, energy of activation and

other thermodynamic parameters are given in Table- 1.

Thus all the two reactions are characterised by a large
negative entropy of activation. This suggests that,there is
a decrease in the degree of freedom in the formation of the
activated complex and therefore it is rigid one as is also

evident from the abnormally low value of frequency factor.

An absormally large negative value of entropy of
activation and rather low value of frequency factor suggests
that the formation of the activated complex in these
reactions should involve the redistribution of energy along
varioug degree of freedom in the reacting substrate which
must be naturally a complex molecule.

5. In all the cases, the salt effect is negative and of
primary exponential type suggesting that the rgte determining
process in all the two cases is in between two oppositely

charged ions.
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6., The specific ionic effect of different cations follow

a similar order in all the reactions.
K> Na* Sy 1ty Tt Mgt

7. Allyl alcohol and allyl acetate inhibits the rate of
reaction. This may be due to the capture of sulphate

radical ions by allyl alcohol and allyl acetate.

8, The mole ratio in both the cases is :

2

One mole of 3208 : One mole of amide

9, In the two cases the final oxidation products were
formaldehyde and ammonia. These final products were

detected according to Feigl as mentioned previously.

From the kinetic results summarised above for the
oxidation of amides, it can be concluded that the
kinetic behaviour is nearly the same in the two cases
studied above. In all the cases the reaction is inhibited
by allyl acetate pointing to the existence of a radical

mechanism,.

Taking into account all the above considerations,

the following mechanism seems to be reasonable :
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REACTION MECHANISM

The first order with respect to Szog' and Ag’ ,

zexro order with respect to aminoacetamide and acetylamino-
acetamide, inhibitory action of metal ions and allyl acetate
together with the fact that the mole ratio is one, lead
that the following mechanism may be operative.

We discuss here the mechanism for the oxlidation of
aminoacetamide. The same mechanism can be operative for
acetylaminoacetamide. The steps involved in the proposed

mechanism are presented in the scheme :

+ 2= k =
Ag + 5208 1 . Ag 8208
W
k-1
x
-
K = k"l s o e (1)
k _
- gv R 24 s D .
AgS,0g —> Ag"" + 80, + 80, .... (2)
K4
-——-———; :
HZN.CHZ.COHI-IZ + H,0 H,N,CH,CO0H + NH3 ee (3)
Amide k-3 Amino-acetic acid
2+ k : + +
H,N.CH,COOH + Ag 4 H,NGI, + CO, + Ag" +H  (4)
. - k - -
Hzmmz + 5208 = 5 N HCHO + NHB 41-1804 + sc>‘l (5)
20
80, + H,0 *s | HSO, + OH cees (6)
H,NCH,CO0H + OH o H,NGH, + CO,+ H,0 vees T
+ - k 2+ 2-
Ag” + 80, 8, Ag + 80, cees (8)
F kg

H Néﬂz + SO

2 ey HCHO + NH_ + HSO,

4 H?_D 3 4 LK I 2 2 (9)
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It may be pointed out that the first two steps have
17

also been proposed by Bawn ’and Margerison and other steps

were suggested by 'RamgsReddy and their Co-workers, in the
Ag* catalysed reactions by 32028' ion.

Applying steady state treatments to the intermediates
namely, Agz+, SOZ , OH and amino acid radical ., the

following differential equations set up ¢

< [s0 ;l =k, Exgszogl - k6[SO:ﬂ - 8[Ag+] [s;o;k
- ko[ NG ] [50,] + i (mnam, ] [szog‘] -

ceess (1)

E'dé [A92+] = k, [Agszogj - ky @92+]E12NC‘*2°°°H]

+ ka[Ag*'][so:] =0 ceeees (2)

=2 (0,80, = %, [H,Na1,co0H] a0 - s [N ) [szog"]
+ kgﬂso;']\';{zméaz'l + X [Hnaa, coon] 17,0 (3)
58 [61] = xg [so;'] - &, [HNaicoon] [G] = o eees(a)
Solving all the above differential equations we get,
S0
- 2bel L p ] ] s

k. k k 1%
where k! = 248—J
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Thus the equation (5) shows that the reaction
is first order in Szog' and also in Agt and Zero
order in substrate as found experimentally. The above
rate expression does not account for the slight
dependence of the first order rate constant on the
concentration of peroxydisulphate or the organic substrate.
Since the reaction involves a free radical mechanism, it
is likely that this slight decrease in the rate constant
with increase in the concentration of either of the
reactants is due to the presence of trace impurity in
them,

Thus the mechanism furnishes a sound explanation

of the salient kinetic features of the data obtained in
the oxidation of all the above reactions studied.

* k Kk %



