AV ARV AN VoV U VAV eV VAV eV e AT e VeV a Ve o A Ve Ve VeV AV eV aV S 00 A A A A VAN VeV Ve W AV A IS R ava VeV a Vel VeV oV VeV A A A YA VA e Vel e Ve VeV el

CHAPTER -1V

DISCUSSION

SN NN NN AN AN L TN N DT T A SISV AAANAANAAANAANNA



CHAPTER -1V

DISCUSSION

It has already been mentioned that the aim of the present study is not
only to formulate the mechanism of the reaction under investigation but also
to explain the relative reactivities of benzoic acid and 2-chloro benzoic acid
hydrazides. Hence it is necessary to review the various mechanistic criteria
usually cmployed in the determination of rcaction mechanism and to suggest
possible mechanism on the basis of experimental facts.

A ‘mechanism of reaction’ is a concept which explains the
transformation' of reactant (s) into product (s). Chemical reactions often
occur in a number of relatively simple steps in which there is always a
slowest of all other steps. The overall rate of reaction is governed by slowest
step which is called the rate determining step. The species which occur in
steps preceding the rate determining step appear in the rate law but those
which react afier the slowest step do not appear in the rate expression.

The most rational approach of Arrhenius' for explaining the chemical
rcaction is a placing thc concept of molccular activation as a pre-requisite
for chemical reaction. This concept of activation is now universally
accepted and forms the basis of all subsequent theories of chemical reaction.
Evans, Polanyl’ and Eyring’ have postulated that molecular collisions

between energized molecules result in the formation of activated complex.

Oxidation of organic compounds by thallium(Iil) may involve either
one-electron or two-electron transfer reactions. Generation of aromatic
radical cations occur in one-clectron transfer reactions which have been

utilized for dehydrodimerization® and intramolecular’ cyclizaions. While,
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two-electron transfer reactions generally involve either oxythallation or
electrophilic substitution or formation of complex and their subsequent
decomposition without free radical intervention. In the present study since
there was no effect of added acrylonitrile, a free radical scavenger, rules out
the possibility of such free radical formation, therefore, the reaction
proceeds with two electron transfer . The order in thallium (III) was found to
be unity as evidenced by the linearity of the pseudo-first-order plots of
log[TI(ID)] versus time for all the runs studied whereas, the order in the
hydrazide were found to be fractional. Such fractional order in substrate
concentration is due to the prior complex formation equilibrium between the
reactants. The linearity of Michealis-Menten plot of 1/kgs versus
1/[Hydrazide]. with an intercept is also in support of the complex formation.
Therefore, in agreement with the results obtained, the mechanism of the

reaction can be represented as in Scheme 1.

The rate according to Scheme 1 is given by equation 1. Since, total
ITI™| exists in the form of free |TI™| and the complex (Equation 2) the
[T1")gee is given by equation 4. The overall rate law is now expressed by

equation 5 and the pseudo-first-order rate constant, ks, by equation 6.

T + Hydrazide = (Complex K,
Complex —x TI' + Intermediate k;
™ + Intermediate ---> TI' + Products fast

Scheme - 1
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Rate = k, [Complex] = k;K, [Hydrazide]gee [TI" gree (D
[Tt = [T + [Complex] | @
[TI™] total = [TI"™ges + K¢ [Hydrazide] [T1™)gee (3)
[T1™)gee = [TI")iow /(1 + K, [Hydrazide]) )
Rate =k;K, [Hydrazide] [T"]gee (5)
keps = k1K, [Hydrazide] /( 1 + K, [Hydrazide] ) (6)

Rate law 6 1s verified by plotting 1/ky,s against 1/ [Hydrazide] at four
ditferent temperatures (Figures 1 & 2) and from the slopes and intercepts of
these plots the values of k; and K, were calculated and are given in Table-II.
The effect of hydrogen and chloride ion concentrations on the reaction
is due to the protonation of hydrazide® and different chloro-complexes’ of
thallium(IIl) present in the solution. Hydrazides are known to be protonated
in acid medium according to equation 7.
RCONHNH, + H" & RCONHNH;" Ky )
Therefore, total [Hydrazide] can be expressed by equation 8 and the free
|Hydrazide} by equation 10.

[Hydrazide] o = [Hydrazide] g + [Hydrazide] protonated ®)
[Hydrazxde] total — [Hydfallde] free + Kg [Hydraz1de] free (9)
[Hydrazide] e = [Hydrazide],m/ (1 + Ky [H']) (10)

Since the rate of the reaction decreases as the [H'] increases (Table III), free
hydrazide is the active species which is also supported by the fact that there
was no effect of ionic strength on the reaction indicating one of the reactant

is neutral. Thallium(Il) forms strong complexes with chloride ions of the
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formula TICL’™ where n is the number of chlorides complexed with
thallium(III) as represented in equlibria 11 to 14. The values of respective
stability constants’ are K; = 1.38 x 10%, K, + 3.98 x 10> K5=6.02 x 10" and

K,=10x10%¥M ' In presence of 0.03 M chloride ion concentration all the
thallium(III) will

™ + o < TIc* Ki (11)
TICH* + CI T TICL' K, (12)
TICLY + CI' ¥ TICS K; (13)
TICL+ CI' = TICl' K4 (14)

exists as TICL," and its concentration can be expressed by equation 15. The
[TICL,"] can now be given by equation 17 where B; = K3/K; = 151 and

[TL @} iotat = [TICL Jiotat = [TIC Jgeee + [TICL] + [TICLT  (15)

[TICL ot = [TICL e (1 + B[CI] + B2[CIT) (16)

[TICL Jeee = [TICL Tiotat / (1 + B1[CIT + Bo[CIT) (a7

B, = K4/K3 = 166. Further, using equations 16 and 17 the concentrations of
ITICL Jge, TICl; and TICly were calculated at different chloride ion
concentrations (Table IV) and compared with the change in the rate constant
as the chloride ion concentration varies. The concentrations of both
[TICl, Jsee and TICl; paraliel the values of rate constants as the chloride ion
concentration changes but the order in chloride ion concentration is -1.5
which makes [TICl; g as the only active species. The data of Table-IV are
also used to plot [TICl ]ge and the values of rate constants as a function of

chloride ion concentration (Fig. 3) which clearly indicate [TICl," ]gec as the

reactive species of the oxidant.
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The mechanism considering TICL" of oxidant and free hydrazide of

the substrate as the active species can now be represented by Scheme 2 with

respective

TICl,” + Hydrazidle == Complex K.

Complex —» RCO%HI\]H +TICl, +H' ki
RCOI:ILHNH + H,0 + TICL," — RCOOH + N,+ 3H" + TICl,” fast
where R = C¢H; for benzoic acid hydrazide and
CIC¢H, for o-chlorobenzoic acid hydrazide
Scheme 2

kK, [Hydrazide}ow [TICL T
Rate = (18)

(1 + K, [Hydrazide]) (1 + Kyx[H']) (1 + B,[CI'T + B, [CIP)

kK. [Hydrazide]oa
kobs = (19)
(1 + K, [ Hydrazide]) (1 + Ku[H']) (1 + B1[CI] + B [CIT%)

rate law and the expression for the pseudo-first-order rate constant by
equations 18 and 19. The rate law 19 was verified by plotting 1/k.,s against
1/[Hydrazide] ( Fig. 1 & 2) and 1/kqs against [H'] (Fig. 4) which were found
to be linear. From the slopes and intercepts of these plots the values of K,
and Ky were determined. The values of K, are given in Table-II and those of
Ky were found to be 13 and 16 M for benzoic and o-chlorobenzoic acid
hydrazides respectively. the electrophilic character of thallium(III)-cholro

complex increases as TICl, >TICI;>TICl, thus making the
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OH H OH H OH
mt 7 | I 0ol
R-C-N—N\+ TICL, &= R-C-N—I!\I\ —» R-C-N-N-H +H'
|
H / TI\ H /TI\
_ Cl Cl ) Cl
vL-TICIZ‘
OH
TICI{ -RCOOI1 “ ‘
TICl, + 2H" +N, «—H-N=N-H ¢—H,0 + R-C-N=N-H
HY -+
Intermediate

where R = C¢H; for benzoic acid hydrazide and
CICgH, for o-chlorobenzoic acid hydrazide

Scheme 3

former species as the reactive ones. The detailed mechanism involves
electrophilic substitution on the nitrogen of the hydrazide with the formation
of N-TI bond as shown in Scheme 3 which decomposes in the subsequent
step with direct two electron transfer from hydrazide to thallium to give an
intermediate followed by fast steps. The activation parameters with respect
to slow step, k;, were determined for benzoic acid and o-chlorobenzoic acid

hydrazides and the values are given in the Table-V. Considerable decrease



ar
in the entropy of activation is due to formation more ordered transition state
as shown in Scheme 3. Chlorosubstitution in the ortho position retards the
rate of oxidation of the hydrazide. Although, chloro group can withdraw
electron density from saturated carbon chains by induction it is also capable
of supplying m-electrons which retards the oxidation of o-chlorobenzoic acid
hydrazide. The mechanism involves neutral hydrazide as the active substrate
thus the reaction is unaffected by the change in the ionic strength. The
increase in ethanol content in the reaction medium decreases the rate. Such.
an effect of the solvent is due to the stabilization of the complex formed

between® reactants in a low relative permittivity.



Table 1 -

Effect of [hydrazide] on the oxidation of
hydrazides in 50% v/v ethanol.

10* X Keps s"
10[Hydrazide}/M BAH 0-CIBAH

25°C 35°C 45°C 55°C | 25°C 35°C 45°C 55°C
0.16 038 077 1.5 3.1 | 008 0.17 034 0.69
0.30 061 13 23 48 |015 031 061 1.2
0.64 092 19 38 7.7 {031 063 13 24
1.28 1.5 31 61 1231044 082 1.6 3.2
1.60 19 38 71 154|064 13 26 5.1
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Table II - Values of K, and k; (conditions as in Table I)

Temp. BAH CIBAH BAH CIBAH
25°C 10.3 3.2 2.6 1.7
35°C 10.7 4.5 5.3 2.5
45°C 11.1 5.0 10 5.0
55°C 11.6 6.8 20 6.7




Table III - Effect of [H'] on the oxidation of hydrazides

in 50% v/v ethanol.
[HCI] = 0.3 M; M =3.0x10"M;
[Hydrazide] =3.0x 10°M; [=03M.
105 X kobs S-1
10[H'] /M BAH® o-CIBAHP
0.2 6.4 5.1
0.7 3.8 3.1
1.7 2.4 1.7
2.7 1.7 1.1
*at 25°C

® at 35°C



Table IV - Effect of [CI'] on the oxidation of hydrazides

in 50% v/v ethanol.

[y
o
N2

[H7=03M; [T =3.0x10°M;
[Hydrazide] =3.0x 10°M; [=03M.
10° X Kgp s
10[CIYM | 10°x[TICL,"] | 10*X[TICis] | 10°){TICis] | BAH* | o-CIBAH®
0.3 10.7 4.87 2.40 25.6 15.4
0.5 4.22 3.18 2.65 6.9 3.83
1.0 1.13 1.70 2.85 2.8 1.70
2.0 0.29 0.87 2.93 0.73 0.67
3.0 0.13 0.59 2.93 0.73 0.67
* at 25°C

® at 35°C




Table V - Activation parameters with respect to

k, of Scheme 2 (Conditions as in Table I).

BAH o-CIBAH
A H* kJ mole™ 57.8 52.9
A G* kJ mole™ 116.8 111.7
- A S* JK mole™ 190.6 190.1

()
e |
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Figure 1. Plot of 1/ ks versus 1/[ BAH ] ( Conditions as in Table T)
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Figure 2. Plot of 1/ ko, versus 1/[ 0-CIBAH ] ( Conditions as in Table 1)
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Figure 3. Plot of [ TICI," ] (@ ) and ks ( 0- BAH and e-0-CIBAH ) as a function of

[ CI'] ( Conditions as in Table V).
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Figure 4. Plot of 1/ Kebs Versus [ H* }( o-BAH and 0-0-CIBAH ) ( Conditions as in
Tablelll )
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From above results and discussion, it is observed that mesomeric, like
inductive, effects are permanent polarizations in the ground state of a
molecule, and are therefore, manifested in the physical properties of the
compounds in which they occur. It appears that the —Cl substituent, although
capablc of withdrawing clectron density from saturatcd carbon chains by
induction, is capable also of supplying n-electron density to conjugated
system. When such substituent is put on a conjugated system, resonance
forms may be drawn for the resulting compound. Substituent Cl, present at
ortho- position of hydrazide group, supplies n-electron density, deactivating
carbonyl group of the hydrazide, which retards the rate of oxidation of 2-
chlorobenzoic acid hydrazide as compared to benzoic acid hydrazide. The

results embodied in Table - I are in agreement with the above justification.

ch Q0

C - NH-NH, C— NH—NH,)
>, I )
La $
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