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(I) and dielectric constant of the medium (D) had no 'significant effect on ¢
Activation parameters of the reactions were determme?d by studying the
at different temperatures (298-313K). A plausible reaction scheme of the
of EDA by CAT in presence of Ir(IIl) chloride was proposed, which wag
be in agreement with the rate law and the reaction stoichiometry. The de
stoichiometry ratio was 1:2 and oxidation product was glycine.
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1. Introduction

The chemistry of aromatic sulfonyl haloamines (N-haloamines) is of intereg
due to their diverse behaviour and versatile nature and their abilities to exist 5
halonium cations and nitrogen anions, which act both as base and nucleophile
[1-5]. As a result, these compounds react with wide range of functional groups
and affect variety of molecular changes. The prominent members of this class of
compounds are Sodium-N-chloro-4-methyl benzensulfonamide, p.
CH3C6H4502NCINa'3H20, generally known as chloramine-T (CAT), which has
long been used as an analytical reagent. It contains active chlorine so it is used
as a source of electrophile in organic synthesis. Ozerassi, Filler, Mukherji, Campbell
and Johnson wrote excellent reviews where clearly explain its oxidizing action [6-
7]. There are number of publications on the mechanistic aspects of the redox
reactions of CAT in acidic/alkaline media reported [8-11].

Ethylenediamine (EDA) has NH, functional group, so it forms derivative with
carboxylic acid, nitriles, alcohol, aldehyde and ketone and widely used for
production of many industrial chemicals. EDA release toxic and irritant vapour
to surroundings especially on heating, the vapor react with moisture present in
humid air to form characteristic white mist, which is extremely irritating to skin,
eyes, lungs and mucus membrane and inhalation of its vapour cause seriously

damage health and may even result in death. So, study of EDA oxidation is
necessary [12-13].

The mechanism of catalysis is quite complicated due to the formation of
different intermediate complexes, free radical and different oxidizing state of
Ir(IID). Ir(III) chloride is the most important platinum group metal ionand has been
widely used as homogenous catalyst in various redox reaction [14-19]. Few
reports are available for the oxidation of EDA by CAT in the presence of different
metal ions [20], but to the best of our knowledge there is no report available for
the oxidation of EDA by CAT in the presence of Ir(Ill). This has encouraged 1
to investigate mechanistic aspect of EDA by CAT. Preliminary result indicate that
in the absence of the Ir(Ill) chloride catalyst in acidic medium was very sluggish
but reaction become facile in the presence of small amount of iridium. Objectivés
of the present study are : (i) to ascertain the reactive species of Ir(Ill) chloride 8
catalyst and CAT as an oxidant in acidic medium, (ii) to identify the oxidation

prod;lCtS; (iif) to elucidate a plausible mechanism, (iv) to deduce an appropriaté
rate law.
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2.2 Kinetic Procedure

All the kinetic measurement were carrj ;
constant temperature (308 K) and performegl(i:lng:rt pn;e Edbk;iCk-coated vessel at
with [EDA] >>.[CAT]. The reaction was initiated by the r O,drst-o'rc.ler condition
amounts of oxedan? to the reaction mixture containin t}?PI ad-dmon of known
£DA, perchloric acid, Ir(Ill) chloride and water in lasgs te required amounts of
rubes; thermosttated at the same temperatur §1ass stoppered pyrex boiling

. il = o e. Progress of i .
by iodometric determination of unconsu & reaction was monitored

. i ) med [CAT] in kn :
reaction mixtures at different time intervals. Each kin]etic runovv::s 2&%11:;5 fgi ﬂ;;

per cept reaction. Runs were repeated twice and had < 4 per cent
deviation. The rate of reaction (-d[CAT]/dt) in each kinetic ruIrjx wacserc}letsc::icilr?;g
by the slope of tangent drawn at fixed [CAT].

2.3. Stoichiometry and Product Analysis

Varying different ratio of CAT to EDA were equilibrated at 308 K in presence
of requisite amount of all reactant under the condition of [CAT]>> [EDA], for 48
h. Determination of unconsumed CAT revealed that for the oxidation of each mole
of EDA, more than two mole of CAT was required. Accordingly, the following
stoichiometric equation could be formulated:

NH,-CH,-CH,-NH, + 2RNCINa + 2 H,0 — NH,-CH,-COOH + 2 RNH, + NH, + 2NaCl
Glycine

Stoichiometric investigations revealed that 1 mole of EDA utilized 2 moles of

CAT to convert it into amino acid (glycine).

Product Analysis Method :
y, ducts were neutralized with NaOH and extracted with ether.
The reaction pro subjected to spot test and chromatographic analysis

The organic products were

which revealed the formation of glycine [21].
& Results

3. Kinetic measurements

3.1 Kinetics Study

.

. . . - f all
i ied at several initial concentrations 0
‘i itions were studie , S ated
chloride in acidic C011<1d;:or the variation of [CAT], the reaction rz;teo\gzcl::; :tion g
the reactants at:30% ;1t drawn at fixed time. In the variation % *c) g
by the slop€ of tangeents were drawn at constant [CAT] ([CATT) (Fig: 2)-
ts, tang

other reactants, [139]
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Fig. 1: Plot of Rate versus [CAT] at T = 308K.
3 [HCIO,] = 0.50 mol dm™ and [Ir(IID]= 3.34

[EDA] = 2.00 x 107 mol dm’
x 10 mol dm™.
The pseudo-first-order rate constant k, was calculated as

- (dc/dt)

[CAT]*

The order of reaction in each reactan
(-dc/dt) versus concentration of reactant. Considering CAT, EDA, perchloric acid
and Ir(ITI) chloride as the main reactants, the general form of the rate equation for
the oxidation of EDA by CAT can be written as

rate = k; [CAT]" [EDAJ® [Ir(IID)]” [H'°

Uniform pseudo-first-order rate constant (k,) values for the variation of [CAT]
clearly indicate that the order with respect to [CAT] is unity. This is also obvious
from the plot of (-dc /dt) versus [CAT] (Fig. 1; Table 1). The reactions have been
studied for EDA from 0.5 x 102 to 3.5 x 102 mol dm™ at constant concentration
of all reactants at constant temperature. The rate of reaction calculated at different

[EDA], this was showing fractional order kinetics with respect to [EDA] (Fig. 2

Table 1). £ -

k;=

t was determined using log-log plot of -

~derdex 107 mad dio 57

v
o 5

0 1

[EDA] X 10* mol dr?

Fig. 2: Plot of Rate versus [EDA] at T = 308K.

[CAT] = 1.00 x 10 mol dm?, [HCIO,] = 0.50 mol dm™ and [1r(1ID]=
106 mol dm?.

3.34X
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Fig. 3 Plot of rate versus [Ir(Il)] at T = 308K
[CAT] = 1.00 x 10° mol dm?, [EDA] = 2,09 2
mol dm™. X 107 mol dm?, [HCl10,] = 0.50
Table 1: Effect of [CAT], [EDA], [Ir(Il1)] and [+
' H ?
of EDA at 308 K[ T'on the Rate of Oxidation

TCAT] x 10° EDA] x 102 6
05 2.00 : " (exp)
050 2.00 ?e),ii B 28 :

: : 0.50 5.78 ]
0.75 2.00 3.34 0.50 5.20 i
1.00 : 2.00 3.34 0.50 5.00 ]
2.00 2.00 3.34 0.50 5.47 }
1.00 0.50 3.34 0.50 2.50 2.60
1.00 1.00 3.34 0.50 3.90 3.68
1.00 1.50 3.34 0.50 4.87 446
1.00 2.00 3.34 0.50 5.75 5.12
1.00 3.00 3.34 0.50 6.37 6.21
1.00 3.50 3.34 0.50 6.40 6.68
1.00 2.00 ‘ 0.33 0.50 0.50 0.54
1.00 2.00 1.60 0.50 210 234
1.00 2.00 2.60 L 201 e
1.00 2.00 3.34 0.50 5.57 5.12
1 6o 5,00 6.68 0.50 7.06 10.01

3.34 0.10 1331 16.18
o 20 3.34 0.20 12,02 9.86
1.00 2'08 334 0.30 9.01 7.38
1.00 i.go 3.34 0.50 5.75 5.11
1.00 2'.00 3.34 0.70 3.75 4.02
1.00 | 200 3.34 0.90 3.30 335

100 —— [141]
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Fig. 4: Plot of Rate versus [H*] at T = 308K.

[CAT] = 1.00 x 10 mol dm?, [EDA] = 2.00 X 102 mol dm™ and [Ir(ID)}= 334
x 10 mol dm™.

The reaction rate decreased with increasing [HCIO,] (Fig. 4). The variation of
[CI7], solvent and ionic strength of medium did not affect the reaction velocity,
Effect of temperature on the reaction rate was determined by keeping constant
concentration of other constituents of the reaction mixture (Table 2). The values
of different activation parameters such as activation energy (E,), enthalpy of
activation (AH") and entropy of activation (“S") were determined from the
temperature effect on rates.

Table 2: Effect of Temperature and Corresponding Activation Parameter on
the Rate of Oxidation of EDA.

Temperature (K) k,x 10*s™(Cal)
298 2.90
303 4.64
308 5.64
313 6.25
Ea ( kJ mol ! 23.6
AH( kJ mol ) 21.03
AS (JK! mol ) -40.47
AG( k] mol ) 8.57
log A 4.13

k. x 102 (s 0.3749

3.2 Test for Free Radicals

To test the presence of free radicals in the reaction, the reaction mixture
containing CAT, EDA, Ir(Ill) chloride and perchloric acid with acryl amide was
placed in an inert atmosphere for 24 h. When the reaction mixture was d%lute
with methanol, it was found that there was no precipitate in the reaction mixtWr

[9,10,15]. This clearly showed free radicals were not formed in the redox reaction
under investigation.

(142]
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LS species of CAT

enc amild oxidant in both acidic and alkaline media. In general, CAT
electron change in its reactions forming the reduction prO(,iucts
CH1C6H4SOZNH2 or RN_Hz) a.nd sodium chlori'de. The oxidation potentiai
75 (P RNHz redox couple varies with pH of the medium (E 015 1.14 Vat pH 0.65
OfCA{; at pH 7.0, 0.614V at pH 9.7 and 0.50 V at pH 12) and decrease with
0778 in pH of the medium. The existence of similar equilibria in acid and
incre_asz colution of CAT has been reported by Morris et al. [22], Ruff and Kucsman
! nop and Jennings (24], Hardy and Johnston [25], and Higuchi et al. [26].
olution of chloram.me-T (.RNClNa) behaves as a strong electrolyte [23]
o depeﬂdi“g on the .th it fx.lrl'n.shes different types of reactive species. The
‘m:cible oxidizing species in acidified CAT solution are the conjugate free acid
F&ﬁ—{d), dichloramine-T (RNCL)), hypochlorous acid (HOCI) and possibly H,OCI*
;n 4 in alkaline solutions RNHCI1, HOC], RNCI" and OCI..

e Species of Iridium

a .
23] B1s
neous S

42 Reactit

It is known that IrCl, in hydrochloric acid gives [IrClG]} species [27]. It has
also been reported that iridium (IlI) and iridium (I) ions are the stable species of
ridium [28]. Further, the aquation of [IrCL,]* gives [IrCL.H,0]*, [IrCl,(H,0),] and
[IrClg(H:O)S] species [29-30]. This equilibrium may be shown by general equation.

Wl - HO  ——ICl O + CT
1

In case of negligible effect of chloride ions on the reaction rate in the present
study indicate that [IrClg(HZO)]Z' can be considered as the reactive species.
Therefore, considering ou r experimental results, [IrClS(HzO)]Z' has been considered
to be the reactive species of iridium (III) chloride in the present study.

Considering the reactive species of catalyst, oxidant and with the help of
above experimental findings, the probable reaction mechanism is proposed (Scheme

)

Reaction scheme I:
K, ®

RNH,CI RNHCI + H

Where, R= CH 3C6H4Sozl

K, 3
RNHCI + NH,CH,CHNH, == RNHCI-—NH,CHCHNH, - ()

G

RNHCI-—NH,CH>CH:NH; + [ucmn:o)]3<_l‘i—» RNH; + H,0 +[}[.y?'.(‘H;-CH;-NH:-*UCB]" (i)
slow

Cl C2
[H-y\‘x.CHZ-CHz-NHg—--erI5]2' MO i N-CHpCHNH + (Cl(H,0) +HCL (i)
(Ele cs
AY
[143]
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H,0 RNH,CI - g
H,N.CHy-CH=NH —— 22— H;NCH,CHO —prp=> NH;CH,COOH ")

Considering the fact that 1 mole of EDA is oxidized by 2 mgleg of CAT

Rate = 2 k [C|]

On the basis of steps (i) to (v), Eq. (2) can be obtained in the fOHOWing = (1)

respectively: s,
fe L 2KKIK THNCH,CHONH) [RNH,CI] [1e(1ID) o
[H*]
Applying steady state approximation
0 =51 -} RNHCI] NH,CH,CHNH,] - &5 [Ci] - & (Ci] (ir(UD) o

dt

+
kkJKI [RNH2CI] [NHchchzNﬂzl [Ir(HI)]
Rate = 4)

Y (k2 - & [rQ))

At any time of the reaction, the total concentration of CAT, i.e., [CAT]T can be
shown as

[CAT], = RNH,QIJ + [RNHCI] + [Cy] )
On substituting the value of [C,] in Eq. (5) we get Eq. (6)

+ +
K [RNH,CI] i Kk, [RNH,CI] [NH,CH,CH,NH,]

- RNH,Cl] - 6)
(H'] (17 (k2 - & (D))
RNLa - [HY] [CAT};(k, - & [x(1)]) )
k_2Ki+ sz [NH2CH2CH2NH2] + k [IF(HI)]
Rae = 2KkK 1 INHyCH,CHyNH) [Ir(IID) [CAT}y 9
kK + Kok [NH,CH,CH,NH,] + k [H'] [Ir(1ID) :
Rate 2 kK y [NH,CH,CH,NH,] [Ir(II1)] o)

= kgps =
[CAT} "™ kK, + K ky[NH,CH,CH,NH,] + k [H"] [Ir(II1))
The rate expression obtained in equation (8) can be re-written as

=L k2 ! ']
_ N »
kws 2 kky INH,CH,CHNH,) [itty) kL]~ Kk, [NH,CH,CH,NH,} (10)

Eq. (10), indicates that if a plot is made between [CAT],]/rate a“d_ll 11 be
or [H+] or _1/ [Ir(IlD)], a straight line with positive intercept on y-axis Wi
obtained (Fig. 6, 7), on one hand proves the validity of the rate law
the other hand t.he proposed reaction scheme, on the basis of whicht ;
[ (8) has been derived. The value of , kK, kK, and k, calculated fron; nd 2 9

and intercept of the plot were 0.331, 4.54 x 103, 1.00 x 107 mol dm
x 10 respectively. e

[144]
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Fig. 6: Plot of 1/[EDA] versus [CAT]/rate at T = 308K.
[HCIO,] = 0.50 mol dm?and [Ir(IIT)]= 3.34 x 10° mol dm?,
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4.3 Multiple Regression Analysis

Multiple regression analysis help us to find out the rela;
dependent (i.e., [EDA], [H*], and [Ir(Il)] with psuedo first orde
to sure or confirm that our proposed mechanism is well in
experimental data or not.

k, = k [EDA]®® [H*]07 [Ir(1I1)]*?

Since the P-value in the ANOVA table is less than 0.01, there is

relationship between the variables at the 99 per cent confidence lev(?] S,;E;:Etically

ionship, 1,
e

T rate ¢q ::f;n

accordgmCe W )

also supports validity of rate law (Eq. 8) and reaction scheme alsg, Study
4.4 Comparative Study

There are several literatures are available for kinetics and oxidation study of

Yo

EDA, i.e., removal of carbon dioxide by EDA [31] and super critical wate wat

treatment by oxidation process [13]. On doing comparison of present wor :;if}r\
above work, it is concluded that, EDA followed second order rate constant, 15779
m?3/(kmols) at 303 K and efficient for CO, removal or CO, capturing solvent anq
in present work it shows pseudo first order and generate non toxic product

glycine as poduct of the reaction.

5. Conclusion

Oxidation of EDA by CAT in perchloric acid medium was found to be very
sluggish, but became facile in the presence of a micro-quantity of Ir(IIl) chloride
catalyst. Among the various species of Ir(Ill) chloride in acidic medium,
[IrCls(HZO)]2’ was determined to be the catalytic species. As we already discussed
that EDA’s vapour is toxic and dangerous for human health, so we also got its
oxidation product which is non toxic (glycine).
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