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Mechanism of Redox Reactions in Partially Aqueous Medium:
Kinetics of Oxidation of Amino Acids by Dichloramine-T
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The kinetics of oxidation of amino acids, namely, glycine, alanine, valine, leucine and serine by dichloramine-T (DCT)
has been investigated in 50% (vIv) aqueous acetic acid and 50% (vIv) aqueous methanol media. In both the media the reac­
tion shows second order dependence in [DCT]. In the presence of acetate ions, in aqueous acetic acid, the reaction is zero
order in [amino acid] and negligible inverse fractional order in added [HCi04]. The rate increases with increase in ionic
strength ofthe medium and with increase in [acetate] at constant ionic strength with a fractional order dependence in [acet­
ate], indicating the participation of acetate ions in the reaction. In aqueous methanol or acetic acid medium, in the absence
of acetate ions, the rate shows fractional order dependence in [amino acid] and inverse fractional order in [H +]. Effects of
changes in solvent composition and the reaction product on the rate have also been investigated in all cases. Activation par­
ameters have been computed from the Arrhenius plots in both the media. Suitable mechanistic schemes in conformity with
the observed kinetics have been suggested.

Extensive works have been reported from our la­
boratories 1 - 9 on the kinetics and mechanism of oxi­

dation of a variety of organic substrates by N-halo-N~
metallo sulphonamides like chloramine-T,
bromamine-B and bromamine-T. However, similar
studies on the kinetics of oxidation of organic sub­
strates by dihalosulphonamides like dichloramine-T
or dibromamine-T do not appear to have been carried
out so far and hence the need for the title investiga­
tion.

Materials and Methods
Dichloramine-T (DCT) was prepared in the labor­

atory and its purity was checked by elemental ana­
lyses, iodometric estimation of the active halogen
present in it, IR and NMR spectral data. A stock solu­
tion of the compound ( - 0.05 mol dm - 3) in water­
free acetic acid or methanol was prepared, standar­
dised by the iodometric method and preserved in
dark coloured bottles. Chromatographically pure
amino acids, namely, L-glycine (Gly), L-alanine (Ala),
L-valine (Val), L-leucine (Leu) and L-serine (Ser) were
used. All other reagents used were of AR grade. The
ionic strength of the medium was kept at a high value
by adding sodium acetate (0.2 mol dm - 3)and sodium
perchlorate (0.4 mol dm-3) in aqueous acetic acid
and sodium perchlorate (0.4 mol dm-3) in aqueous
methanol.

Kinetic Measurements
The reactions were carried out in 50% (v/v) aque­

ous acetic acid or 50% (vIv) aqueous methanol under
pseudo-second order conditions, ([amino ac-
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id] P [DCT]) in pyrex tubes coated black outside. The
reactions were initiated by the quick addition of a
measured quantity of DCT solution (in acetic acid or
methanol), thermally equilibrated at a desired tem­
perature, to a mixture containing appropriate
amounts of amino acid solution, HClO 4, sodium acet­
ate (or sodium perchlorate), acetic acid (or methanol)
and water [to maintain 50% (v/v) solvent composi­
tion], equilibrated at the same temperature. The prog­
ress of the reaction was monitored for nearly two half­
lives by estimating the unreacted DCT iodometrically
at regular time intervals. Clean kinetics were ob­
served up to 70% completion of the reaction. The
pseudo-second order rate constants computed by the
method of least squares were reproducible within
±6%.

Stoichiometry
The stoichiometry of DCT-amino acid reaction

was determined under varying experimental condi­
tions and the products was identified as the corre­
sponding aldehyde by conventional tests. Jr
Toluenesulphonamide (PTS), the reduced product of
DCT, was detected by paper chromatography.

The observed stoichiometry may be represented
byEq. (1).

2R'CH(NH2)COOH + RNCl2 + 2H20

-- 2R'CHO+C02 +2NHt + 2Cl- +RNH2 ... (1)

where R=CH3C6H4S02, R'=H (Gly), CH3 (Ala),
(CH3)2CH (Val), (CH3)2CHCH2 (Leu) and HOCH2
(Ser).
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Table I-Pseudo-second Order Rate Constants (kobs)

for Oxidation of Amino Acids by DCT.

[Solvent:Aq. acetic acid (50% v/v); temp = 308 K; ,u =0.2
moldm-3(NaOAc).)

lOkobs(dm3mol-ls-l)

Results
The kinetics of oxidations were investigated at

several initial concentrations of neT, amino acids
and H+ in 50% (v/v) aqueous acetic acid, both in the
presence and absence of added acetate ions and in
50% (v/v) aqueous methanol and the results are
shown in Tables 1-5.

W[DCT)
(mol dm-3)

W[AAJ
(moldm-3)

Ala Val Leu

(a) Reaction in 50% (v/v) aqueous acetic acid: (i) In
the presence of added acetate ions

The rate was unaffected by the change in [amino
acid]. Variation in [H+] by adding HCIO 4 had little ef­
fect on the rate of oxidation (Table 3).Plots of log kobs

versus log [HCI04] showed negligible fractional in­
verse order in [H +] ( - 0.2). The behaviour of perch­
loric acid was quite unusual. Twenty-fold variation in
[HCI04] resulted in little change in pH ( - 0.5 units
only) (Table 3). Plots of log kobs versus pH were also
linear with varying fractional slopes (Table 5). In­
crease in ionic strength of the medium by adding sodi­
um acetate increased the rate in all the cases (Table 3)
and the plots of log kobs versus f#, were linear. This
was also verified by investigating the effect of varying
[acetate] at a fixed ionic strength (Table 3). pH of the
reaction mixtures were measured with change in
[acetate]. The plots oflog kobs versus pH (orlog [H +])
were linear, with varying fractional slopes (Table 5).
The plots of kobs versus [NaOAc) were also linear with
intercepts on the ordinate indicating the participation
of acetate ions in the reaction, i.e. the effect of acetate
on the rate is not only due to secondary salt effect but
also due to its participation.

(ii) In the absence of added acetate ions
In the absence of added acetate ions, the rate was

slow and dependent on [amino acid] (Table 2). The
rate showed second order dependence in [nCT], frac­
tional order in [amino acid] and inverse fractional or­
der in [H+).

(b) Reactions in 50 % (v/v) aqueous methanol
The reaction was second order in [DCT] in this sol­

vent also. The rates increased with increase in [amino
acid] and the plots oflog kobs versus log [amino acid]
were linear with fractional slopes, showing fractional
order dependence in [amino acid]. The rates de­
creased with increase in [H +] for all the amino acids
(Table 4) and the plots oflog kobs versus pH were line­
ar with fractional slopes, showing inverse fractional
order dependence in [H +].Variation of ionic strength
of the medium using concentrated solution of
NaCI04 had negligible effects on the rates.

Addition of the reaction product, p-toluenesul­
phonamide had no effect on the reaction rates in both
the media for all the amino acids. The rate decreased

0.50 1.0 - 1.9 1.9
Q~ In 23
1.0 1.0 2.2 1.9 1.8
2.0 1.0 2.1 1.9 1.8
5.0 1.0 1.9 1.8 1.7
1.0 0.5 2.2 2.0 1.7
1.0 1.0 2.2 1.8 1.9
1.0 2.0 2.2 1.7 1.8
1.0 5.0 2.7 1.6 1.8
1.0.1 1.0 2.1 1.9 1.7
1.0.2 1.0 2.0 1.8 1.6
l.Obl 1.0 0.9 1.0 0.7
l.Ob2 1.0 1.2 1.4 1.1
1.0b3 1.0 2.9 2.4 2.3
LOci 1.0 17.6 9.4 13.3
1.0c2 1.0 9.1 5.4 6.2
l.Od 1.0 0.7 0.8 0.6

• In presence ofPTS, 103[PTS)(moldm-3)=(I) 2.0, (2) 5.0.
bWith ionic strength, [NaOAc)(moldm -3)= (I) 0.05, (2)0.1,

(3)0.3.
cWithsolventcomposition;HOAc (%v/v) =(I) 20, (2)30,(3) 70.

wIth decrease in dielectric constant of the medium in
both the media (Tables 1 and 2). The reaction rates
were measured at different temperatures (293-318
K) and the activation parameters were computed
from the Arrhenius plots.

Discussion

(1) Mechanism of oxidation in aqueous acetic acid
in the presence of added acetate ions

The observed kinetics for oxidation of amino acids

by nCT, in aqueous acetic acid medium, can be ex­
plained by the mechanism shown in Scheme 1. For­
mation of acyl hypochlorite (step-iii) is supported by
the observation recorded in literature 10.

k,

2RNCl2 + 2H20 -+ 2HOCI + 2RNHCI (slow)(i)
k.

RNHCl + H20 -+ HOCI +RNH2 (fast)(ii)

f;IOCI +R'CH(NH2)COOH(S)
k.

~ R'CH(NH2)COOCI + H20 (fast)(iii)

(S')

k,

S' + HOCI + H20 -+ Products (fast)(iv)

Schemel
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Table 2- Pseudo-second Order Rate Constants (kobs) for the Oxidation of Amino Acids by DCT.

[Solvents: Aq. acetic acid, aq. methanol (50% v/v); fl = 0.4 mol dm-3 (NaCI04).

W[OCT]
(mol dm-3)

W[AAj
(moldm-3)

10 kObH (dm3mol- IS- I)

in 50% aq. AcOH at 313 K
103[DCT]

(mol dm-J)
W[AAj

(mol dm-3)
1Okobs (dm3mol- IS - I)

in 50% aq. MeOH at 308K

1.0 5.0 1.0 1.0 0.57

2.0 5.0 1.0 1.0 0.51 0.73
4.0 5.0 0.9 0.9 0.54 0.76
5.0 5.0 0.9 0.8 0.54 0.76

10.0 5.0 - 0.8 0.77
2.0 1.0 0.3 0.4 0.36 0.35
2.0 2.0 0.5 0.5 0.51 0.44
2.0 3.0 - - 0.70
2.0 4.0 - - 0.83
2.0 6.0 - 1.10
2.0 7.5 1.5 1.4 - 1.00
2.0 10.0 1.8 - - 1.20
2.0al 5".0 0.9 1.0 0.50 0.76
2.0a2 5.0 0.9 0.9 0.48 0.73
2.0a3 5.0 0.9 0.9 0.46 0.73
2.0bl 5.0 1.0 1.1 0.53 0.75
2.0b2 5.0 1.0 1.1 0.49 0.74
2.0e1 5.0 6.8 4.2 3.20 4.30
2.0e2 5.0 3.7 2.6 1.70 2.40
2.0e4 5.0 0.4 0.3 0.26 0.30

a In the presence ofPTS, 103[PTS](mol dm - 3) = (1) 2.0, (2) 5.0, (3) 10.0.
bWith ionic strength, fl(mol dm -3) = (1) 0.2, (2) 0.5.
e With solvent composition; HOAc (%, v/v) =(1) 20, (2) 30, (3) 60, (4) 70.
d [Leu] = 0.02 mol dm - 3except while varying [Leu].
e [OCT] = 0.004 mol dm - 3except while varying [OCT].

Ala Val Leud Sere GlyVal

4.0

5.01.71.1
5.0

5.01.51.0
8.0

5.01.51.2
5.0

1.00.40.3
5.0

2.00.70.5
5.0

7.52.01.5
5.0

10.02.8
5.0al

5.01.51.1
5.0a2

5.01.51.1
5.0a3

5.01.41.2
5.0bl

5.01.21.0
5.0b2

5.01.61.0
5.0el

5.01.93.7
5.0e2

5.01.62.7
5.0e3

5.01.20.8

Table 3-Effect of [HCl04] and [NaOAc] on Rate of
Oxidation of Amino Acids by DCT in Aqueous Acetic

Acid (50% v/v)

Scheme 1 leads to rate law (2)

- _d[_D_CT_]= k[ [DCT]~ [HzO]z

0.5 2.56 2.55 2.46 2.2 1.9 1.6
1.0 2.49 2.50 2.43 2.0 1.7 1.5
5.0 2.31 2.33 2.29 1.7 1.5 1.3

10.0 2.06 2.14 2.09 1.3 1.2 1.0

lO[NaOAc]b Ala Val Ser Ala Val Ser

0.5 2.00 2.00 1.85 2.0 1.4 1.2
1.0 2.22 2.17 2.10 2.7 1.8 1.9
2.0 2.52 2.47 2.40 4.0 2.6 3.5
3.0 3.00 2.77 2.55 5.4 3.5 5.1

a[DCT]o (moldm-J)=O.OOl, IAA] (moldm-J)=O.Ol, fl=0.2
m91 dm-3 with added NaOAc, temp = 308K.
b[DCTlo (mol dm-3)=0.002, [AA] (mol dm-3)=0.05, fl=O.4
mol dm -J with added NaCI04, temp = 313 K.

10 kObS(dmJmol-ls -I)

(fast)

(fast)

(slow)

(slow)
K,

k.,

RNHCl + H;P ....•RNH2 + HOCl
k](j

HOCl+S"'" S'+H20

- d[DCT] = k[ [DCT]~ where k[ = k[[H20]z
dt

2RNClz + HzO ~ X

X+CH3COO-
k"

....•HOCl + CH3COOCl + RNHCl + RNCl-

(slowest)
k,

CH3COOCl + H20"'" CH3COOH + HOCl (fast)
kH

RNCl- + H+ - RNHCl (fast)

or

K"

CH3COOH ~ CH3COO - + H+

... (2)

The dependence of rate on [HClO 4] (or [H +])may
be due to a fraction of reaction going through an alt­
ernate path (Scheme 2).

LeuVal

pH

Ala Val Leu Ala

102 [HCI04]a
(mol dm-3)
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Table 4-Effect of [HCIQ4J on Rate of Oxidation of Amino Acids by DCT in 50% (v/v) Aqueous Acetic Acid and
Aqueous Methanol.

(Jl =0.4 mol dm-1 with NaCI04)

IOkoh, (dm3mol-1s-l)W[HCI04]

(mol dm-3)
Ala Val

pH

Leu Ser Ala Val Leu Ser Gly

pH

Val

IOkoh,(dm3mol-1s -I)

Gly. Val

Solvent: 50% ag. AcOH; temp = 313 K' Solvent: 50% ag. MeOH; temp = 308 Kh

0.5 1.54 1.63 1.35 1.56 0.9 0.9 0.5 0.7 3.35 3.05 1.8 1.2
1.0 1.42 1.54 1.25 1.50 0.8 0.8 0.4 0.6 3.24 2.83 1.5 1.0
2.0 1.30 1.33 1.03 1.40 0.6 0.6 0.3 0.5
3.0 - - 0.86 1.26 - - 0.2 0.4 - 2.50 - 0.8
5.0 0.90 1.11 - - 0.4 0.5 - - 2.09 1.56 0.3 0.6

10.0 - - - - - - - 1.31 - 0.2

'[DCT]o (mol dm-1)= 0.002 (Ala, Val, Leu) and 0.004 (Ser), [AA]o(mol dm-3)=O.05 (Ala, Val, Ser) and 0.02 (Leu).
h [DCT]o (mol dm-1)=0.005; [AAJo(mol dm-1)=0.05.

50% (v/v) ag. MeOH
Ordered

observed in

Table 5- Kinetic Data and Activation Parameters for the Oxidation of Amino Acids by DCT in Aqueous Acetic
Acid and Aqueous Methanol.

[Values represent order of reaction in respect of variable in column 1]

50% (v/v) ag. AcOH 50%(v/v)aq.AcOH
with added NaOAc with added NaCI04

AlaValLeuAlaVal

[DCT]o

2.02.02.02.02.0
[AAJo

0000.80.7
[H+~ff

-0.5-0.8-0.7-0.5-0.6
[CH1COO-]

0.60.70.40.60.4
[W]~ff

-0.5-0.5-0.5-0.5-0.3
Parameter Log A

10.19.89.39.39.0
Ea, kJ mol-I

62.361.958.Y61.660.0
liHr, kJ mol- I

60.859.456.459.057.4
liSf,JK-1

-59.5-65.8-74.8-75.7- 81.0
liG't,kJmol-'

79.179.679.482.782.8

a Calculated from the measured pH values as [HCl041 varied. h Calculated from the measured pH values as [NaOAc] varied.
Leu

2.0
0.6

-0.4

8.2
56.7
54.2

-97.3
84.6

Ser

2.0
0.6

-0.7
0.8

-0.4

9.0
60.5
58.0

-81.9
83.6

Gly
2.0
0.9

-0.6

9.5
60.9
58.3

-72.3
80.6

Val

2.0
0.6

-0.8

10.3
66.4
63.9

-56.2
81.2

kll

S' +H20 - Products (fast) as [CH3COO-]
K.[CH3COOH]

[H+]
Scheme 2

Scheme 2 leads to rate law (3).

d[~~T] = Kskn[DCT]~[CH3COO-) [H~O)

. 2 -

= Ksk6 [DCT]o [CH3COO ) ... (3)

where k~= k6[H20).

or

or

d[DCT] -K k" [DCT]~
dt - 5 6 [H+]

where k'~=K.k'6 [CH3COOH] ... (4)

The observed results (Table 5) can be explained by
the combined rate law (5).

- d[pCT) = k'. [DCT]2+ K k [DCT)~
dt 1 0 5 6 [H+]

or

a1:DCT]= KKk [DCT]2 [CH3COOH)
dt • 5 6 0 [H+)

" 1

k = kr + Ksk6 'H+]obs . l . " (5)
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Table 6-Comparison of Calculated and Observed Rate
Constants

(Solvent: Aq. acetic acid (50%, v/v); temp = 308 K.)

2·5

o~
o
0"~
n.
3
'1w

"-,

2-0 ln~

7

102 (cn',:!n;ol-')

~+J

5

4

"T'" 3,0
"T

-0
E

'"
E
~

U1

.{5 2·0
"'"

~

1.6( 1.5)

1.5(1.5)
1.3(1.2)
1.0(0.9)

1.9(2.1)
1.7 (1.9)
1.5( 1.5)
1.2( 1.2)

101<',:,(dm3mol-1s-l)

Ala Val Leu

2.3( 1.8)

2.0(1.6)
1.8( 1.3)

1.3(1.0)

W[HCI04]

(moldm-3)

0.5
1.0
5.0

10.0

IO[NaOAc]
(mol dm-3)

0.5 0.9(1.1) 1.0(1.1) 0.7(0.8)
1.0 1.2(1.5) 1.4(1.4) 1.1(1.1)

2.0 2.2(2.8) 1.9~.1) 1.8(1.7)
3.0 2.9(3.6) 2.5(2.5) 2.2(2.3)

a 103[DCT]o= 1.0 moldm-3, IO'[AA]= 1.0 mol dm-3, ,u=0.2
mol dm-3 with added [NaOAc] while varying [HCI04].

b Calculated values in parentheses.

Fig.1-{a) k"bs versus l/[H + ]atdifferent[NaOAcj[O Ala, 0 Val, D.

Leu](b) kobs versus l/[H +] at different [HCIO 4](,u = 0.2 mol dm - 3)

[0 Ala, 0 Val, D. Leu] 103 [DCT] = 102[A A]= 1.0 mol dm - 3;

temp = 308K;medium50%(v/v)aq.HOAc.

03 01 01

[CH3COO-](mol dm-3 )

"'~

5,0

6il

a.
3

<.oJ

3
30 2.

40

0,)020·,

-2 3 .,
..1.9-.- tdm mol )
[H+]

1-0 a"
o
<:T

'"

[CH3COO-] (mol dm-3)

'" )0'- 0E'"
H

E "'"
.J:>0.>t.~

For the variation of [CH3COO-], rate law (6) is ap­
plicable.

kobs = k; + K5~ [CH3COO-] ... (6)

The linear plots of kobs versus 1![H +](Fig. 1) in the
presence of different concentrations of acetate or
HCIO 4 and of kobs versus [acetate]( Fig. 2) supportthe
combined rate laws (5) and (6) and confirm the parti­
cipation of acetate directly in the reaction, in addition
to its secondary salt effect. This has been verified by
investigating the effect of acetate ions at a fixed ionic
strength (Table 3).

The constants computed from the plots of kobs ver­
sus l/[H +Jefffor the variation of acetate were used to
predict the rate constants, from rate law (5) for the
variationof[H+]eff' while [HCI04] was varied and vice
versa. The predicted values compared favour ably
with the experimental values (Table 6) thereby sup­
porting the validity of the reaction schemes.

Mechanisms of oxidation in (i) aqueous acetic acid in
the absence of added acetate and (ii) aqueous
methanol

The second order in [DCT], fractional order in [am­
ino acid] and inverse fractional order in [H +] under
above experimental conditions may be explained by
mechanisms shown in Schemes 1 and 3.

K"

SH+ ~ S +H+ (fast)
ku

2RNCl2 + S -+ Y
k14

y + H20 -+ Products

Scheme 3

(slow)

(fast)

Fig. 2-(a) kobs versus [acetate] at different iOlpcstrength. [0 Ala, 0
Val, D. Leu; 103[DCT] = 102[A A]= 1.0 mol dm - '; temp = 308 K;
medium 50% (v/v) aqueous acetic acid], (b) koh, versus [acetate] at
,u=0.4 moldm-3 with NaCIO.; [0 Ala, 0 Val, D. Ser;
101[DCT]= 2.0 mol dm-3, 102[A A]= 5.0 mol dm-3; temp = 313

K, medium 50%(v/v )aqueous HOAc.]
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or

Schemes 1 and 3 lead to combined rate law (7)

a1DCT] = k,[DCT]2[H20]2 + kI3[DCT]2[S) .. , (7)
dt

The plots of kobs versus [amino acid] and kobs versus
l/[H+] were linear with finite intercepts in accord­
ance with rate law (8).The constant k13 was computed
from the slope of the former plot. The values are: k13

(dm6mol-2s-')= 1.8 (Ala), 1.5 (Val), 1.5 (Leu) and
0.9 (Ser)in aqueous HOAc and 2.5 (Gly)and 1.8 (Val)
in aqueous methanol.

Decrease in rate with decrease in dielectric con­
stant ofthemedium, observed in all cases, is in confor­
mity with Amis 11 and other theories.
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