
INT J CURR SCI 2016, 19(4): E 110-119 

RESEARCH ARTICLE                                                                             ISSN 2250-1770  

Kinetic and mechanistic investigation of oxidation  

of 10-[5'-(N-diethylamio)pentyl]-2-chlorophenoxazine by chloramine-T 

in HCl medium: A spectrophotometric approach 

Sridhar BTa, KN. Thimmaiahb, KS. Rangappac, T Padmab, M. Harshad and MN Kumarad 

aDepartment of Chemistry, Maharani’s Science College for Women, Bangalore University, Bangaluru-560 001, India 

bDepartment of Chemistry, University of Mississippi/Northwest Mississippi Community College, DeSoto Center, 

Southaven, Mississippi 38671, USA 

cDOS in Chemistry, Manasagangotri, University of Mysore, Mysuru-570 005, Karnataka, India 

dChemistry Department, Yuvaraja’s College, University of Mysore, Mysuru-570 005, Karnataka, India 

Corresponding author: kumaramanikya@yahoo.com; harsham.gowda4@gmail.com; Phone: +91-9480381056 

Abstract 

The kinetics of oxidation of 10-[5ʹ-(N-diethylamino) pentyl]-2-chlorophenoxazine (ClPhZ) with chloramine-T in 

HCl medium has been studied spectrophotometrically at 297 K. The reaction exhibited first order dependence of rate 

on [ClPhZ], second order on [CAT], and inverse first order dependence of rate on [HCl]. Solvent composition shows 

negative effect indicating the involvement of negative ion-dipolar molecule in the rate determining step. Variation of 

ionic strength of the medium and addition of halide ions has negligible effect. Addition of p-toluenesulphonamide, 

the reduction product retards the rate. The effect of temperature is studied at different temperatures and activation 

parameters have been evaluated. Plausible mechanism and related rate law have been deduced for the observed 

kinetics. 
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Introduction 

Heterocyclic compounds continue to attract 

considerable interest due to their diverse biological 

activities. Phenoxazines comprise a large group of 

nitrogen-containing heterocylic compounds. 

Phenoxazines and its derivatives exhibit diverse 

biological functions such as  antibacterial (Sridhar et 

al., 2015; Sridhar et al., 2015) anti-inflammatory (Tilak 

et al., 1998), antimalarial (Dominguez et al., 1997), 

antipsychotropic (Lin et al., 1991), antiviral (Iwata et 

al., 2003), antitubercular (Amaral and Kristiansen, 

2000; Viveros and Amaral, 2001), antitumour 

(Motohasho et al., 2000; Hara et al., 2005), 

tranquilizers (El-Said, 1981), stimulation of the 

penetration of anticancer agents via the blood-brain 

barrier (Kurihara et al., 1996)  and multidrug resistance 

reversal activity (Wesolowska, 2006). They have also 

been found to prevent human amyloid disorders 

(Klabunde, 2000) and to protect neuronal cells from 

death by oxidative stress (Moosmann et al., 2001).  
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A slight variation in the substitution pattern on the 

phenoxazine nucleus often causes a marked difference 

in activities and therefore phenoxazines with various 

substituents are being synthesized and tested for 

activities in search of better medicinal agents. 

Thimmaiah et al. (1998, 1999, 2000, 2000, 2005) have 

reported the chemistry and biology of a number of N10-

substituted phenoxazines. Of note was, within the 

series, compounds having propyl bridges were less 

potent than compounds with 4 carbon chain length, and 

those with acetyl bridge instead of alkyl group 

exhibited no inhibition of Akt at all. In view of these 

interesting results, the author of this manuscript 

speculated that by increasing the alkyl chain length to (-

CH2)5 and (-CH2)6 at N10-position, the potency will be 

increased to a considerable extent. Towards this goal, a 

series of 21 N10-pentyl and N10-hexyl substituted 

phenoxazines have been synthesized, characterized, 

separated and purified by column chromatography or 

recrystallization and dried under high vacuum.  

The structures were established by UV, IR, 1H- 

and 13C-NMR, EIMS, the liquid secondary ionization 

mass spectrometry (LSIMS) and elemental analyses 

and evaluated for their antibacterial activity (Sridhar 

etal., 2015; Sridhar et al., 2015) and their ability to 

block the activation of Akt/mTOR/p70S6/S6 kinase 

pathway and induce apoptosis in rhabdomyosarcoma 

cells. The pharmacological activity of phenoxazines 

could be due to their metabolites. For example, a 

phenothiazine cation radical, an oxidized species is 

generally assumed to be a metabolic intermediate in the 

formation of sulfoxide and hydroxylated products in 

vivo and it has been demonstrated that these 

metabolites can be formed from a cationic radical 

reaction in aqueous buffer. It is also speculated that 

analogous to phenothiazines, phenoxazines could also 

undergoes metabolism in vivo to form the intermediates 

via oxidized species such as radical cations and 

dications as intermediates.  

Phenoxazines are good electron donors and in 

view of the formation of the radical cations and 

dications during oxidation and also in vivo as metabolic 

intermediates, the understanding of their mechanism of 

oxidation is of importance. Therefore, the authors have 

selected 10-[5'-(N-diethylamio) pentyl]-2-

chlorophenoxazine and studied the mechanism of 

oxidation and kinetics of this compound. N-metallo-N-

haloarylsulphonamides, generally known as, N-

haloamines, contain halogen in the +1 oxidation state 

and exhibit diverse behavior. Chloramine-T (p-

CH3C6H4SO2NClNa.3H2O) is the most important 

member of this class of compounds and behaves as 

oxidizing/analytical agent in both acidic and basic 

media. It is commercially available, inexpensive, water 

tolerant, relatively nontoxic and easy to handle. In view 

of the above, the present communication reports for the 

first time on the kinetic and mechanistic aspects of 

oxidation of ClPhz with CAT in acid medium. 
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CH2CH2CH2CH2CH2 N

CH2CH3

CH2CH3
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 10-[5ʹ-(N-Diethylamino)pentyl]-2-chlorophenoxazine 

HCl salt 

Materials and Methods 

CAT (Sigma Aldrich) was purified by the method 

of Morris et al. (1948). An aqueous solution of CAT 
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was prepared, standardized iodometrically and stored in 

amber colored stoppered bottles until further use to 

prevent its photochemical deterioration. The 

concentrations of stock solutions were periodically 

determined. An aqueous solution of ClPhZ was freshly 

prepared whenever required. All other chemicals used 

were of analytical grade. Triple distilled water was used 

for preparing solutions. 

Kinetic measurement 

The kinetic runs were performed under pseudo-

first-order conditions by ensuring an excess of CAT 

over ClPhZ in hydrochloric acid at 297 K using UV-

Vis spectrophotometry (Shimadzu-1800). A constant 

temperature was maintained with an accuracy of 

±0.1oC. Reactions were carried out in glass stoppered 

Pyrex boiling tubes whose outer surface were coated 

black to eliminate any photochemical effects. The 

oxidant as well as requisite amounts of ClPhZ, HCl 

solutions and water (to keep the total volume constant 

for all runs) were taken in separate tubes. The reaction 

solutions were thermo stated for nearly 30 mins at 297 

K. The reaction was initiated by the rapid addition of a 

measured amount of oxidant to the stirred reaction 

mixture. A 3 mL aliquot of the solution was pipetted 

into a cuvette placed in the spectrophotometer. 

Absorbance measurements were made at λmax = 543 nm 

(ClPhZ) for more than 75% of completion of the 

reaction. Plots log (abs) Vs time were made to evaluate 

the pseudo-first-order rate constants kʹ (s-l). Regression 

analysis of the experimental data was carried out on fx-

991MS scientific calculator to evaluate the regression 

coefficient. 

Reaction stoichiometry: Reaction mixtures containing 

different ratios of CAT and ClPhZ in 4×10-3 mol dm-3 

HCl were allowed to react for 24 hrs at 297 K. The 

determination of unreacted CAT in the reaction mixture 

showed that one mole of the substrate consumed one 

mole of CAT.  
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Results and Discussion 

Effect of reactant concentration on the rate of reaction 

With the oxidant in excess and keeping [CAT]o, 

[HCl] and temperature constant, plot of log(abs) Vs 

time was found to be linear (R2=0.9988) indicating  a 

first order dependence on [ClPhZ]o. The values of 

Pseudo-First order rate constants (kʹ s-l) are listed in 

table 1. Also under the same experimental conditions 

an increase in [CAT]o increased the value of  kʹ (Table 

1). Plot of log kʹ Vs log [CAT] were linear (R2=0.99) 

with a slope of 1.98 which indicated a second order 

dependence on [CAT] (Fig. 1). 

Fig. 1. Plot of log kʹ Vs log [CAT] 

 

 

 

 

 

 

 

 

Effect of HCl concentration on the rate of reaction: The 

effect of HCl on the rate of the reaction was studied by 

varying in the concentration range between 0.5×10-3 to 

8.0×10-3moldm-3 (Table 1). Plot of log kʹ versus log 
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[HCl] were linear (R2=0.99) with a slope of -1.05 

which indicated an inverse first order dependence on 

[HCl] (Fig 2). 

Effect of halide ions and ionic strength on the rate: 

Addition of halide ions i.e Cl- and Br- ions in form of 

sodium salts (1.0×10-3 to 10 × 10-3 mol dm-3)

Table 1. Effect of varying concentrations of oxidant, substrate and medium on the rate at 297K 

104 [CAT]  

mol dm-3 

105 [ClPhZ]  

mol dm-3 

103[HCl] mol 

dm-3 

104 kʹ(s-1) 

3.0 

4.0 

5.0 

6.0 

7.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

2.0 

2.0 

2.0 

2.0 

2.0 

1.0 

2.0 

3.0 

4.0 

5.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

 

  

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

0.5 

1.0 

2.0 

4.0 

6.0 

8.0 

 

 

 

 

1.08 

1.63 

2.73 

4.17 

5.44 

2.54 

2.73 

2.87 

2.62 

2.76 

17.78 

10.23 

5.27 

2.73 

1.28 

0.96 

 

 

had negligible effect on the reaction rate. This suggests 

that no interhalogen or free halogen is formed in the 

reaction sequence. Ionic strength (μ) of the medium 

was varied by varying the concentration of Sodium 

perchlorate (NaClO4) (0.1 to 0.4 mol dm-3). No 

significant effect was noticed. It indicates the 

involvement of non-ionic species in the rate 

determining step. Hence no attempt was made to keep 

ionic strength of the medium constant during kinetic 

runs.  

Fig. 2. Plot of log kʹ Vs log [HCl] 

Effect of p-toluenesulphonamide and dielectric constant 

(D) on the rate 

Addition of the reaction product (PTS) retards the 

rate of the reaction (Table 2). Plot of log kʹ Vs log 

[PTS] were linear (R2=0.99) with a slope of -0.58 

which indicated an inverse fractional order dependence 

on [PTS] (Fig. 3). The effect of solvent on the reaction 

kinetics has been discussed in detail in the well-known 

monographs of Moelwyn-Hughes (1961) Benson 

(1960) Frost and Pearson (1960) Laidler (1963) Amis 

(1966) and Entelis and Tiger (1976). The solvent 

composition was varied by adding methanol (0-30% 

v/v). Rate of the reaction decreased with the increase in 

methanol content of reaction medium (Table 3) and 

plot of log kʹ Vs 1/D was linear (Fig. 4, R2= 0.9847) 

with negative slope. Blank experiments with methanol 

indicated that the oxidation of methanol was negligible. 
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Values of D for various MeOH-H2O mixtures reported 

in literature (Akerloff, 1932) were employed. 

 

Table 2. Effect of varying PTS on reaction rate with [ClPhZ] = 2.0x10-5 mol dm-3 [CAT] = 5.0x10-4 mol dm-3 [HCl] = 

4.0x10-3mol dm-3 

 

 

 

 

Table 3. Effect of varying Dielectric constant (D) of the medium on reaction rate with [ClPhZ] = 2.0x10-5 mol dm-3 

[CAT] = 5.0x10-4mol dm-3 [HCl] = 4.0x10-3 mol dm-3 

MeOH (%V/V) D 1/D 105 kʹ(s-1) 

0 

10 

20 

30 

76.73 

72.37 

67.38 

62.71 

0.0130 

0.0138 

0.0148 

0.0159 

27.30 

20.31 

15.83 

10.02 

 

 

Fig. 3. Plot of log kʹ Vs log [PTS] 

Fig. 4. Plot of log kʹ Vs 1/D 

Fig. 5. Plot of log kʹ Vs 1/T 

Effect of temperature on the rate and elucidation of 

activation parameters 

The reaction was studied at different temperatures 

in the range 297-313 K keeping other experimental 

conditions constant. Arrhenius plot of log kʹ Vs 1/T 

were plotted (Fig. 5) and with the help of the graph 

activation parameters were evaluated and average 

values for each parameter is reported along with errors 

(Tables 4 and 5). 

104 [PTS] (mol 

dm-3) 

104 kʹ (s-1) 

1.0 

2.0 

3.0 
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5.0 
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1.91 
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Table 4. Temperature dependence on reaction rate and with [ClPhZ] =2.0x10-5 mol dm-3 [CAT] =5.0x10-4mol dm-

3[HCl] =4.0x10-3mol dm-3 

Temperature(K) 104 kʹ(s-1) 

297 

301 

305 

309 

313 

2.73 

3.83 

5.43 

6.94 

8.07 

Table 5. Values of composite activation parameters 

Ea(KJ mol-l) H#(KJ mol-l)  G#(KJ  mol-l) S#(JK-l mol-l) log A 

51.31 48.85 ±(0.05) 92.97 ±(0.8) -148.67±(0.5) 5.46(±0.01) 

Test for free radicals 

Addition of reaction mixture to aqueous 

acrylamide monomer solutions did initiate 

polymerization, indicating the presence of in situ 

formation of free radical species in the reaction 

sequence.  

Discussion 

Chloramine-T behaves as a strong oxidizing 

species in aqueous solutions (E. A. Moelwyn-Hughes, 

1961). Depending on the pH of the medium; CAT 

furnishes (Soper, 1924; Bishop, 1958; Hardy and 

Johnton, 1972) following types of reactive species in 

solutions: 

TsNClNa TsNCl + Na

TsNCl H TsNHCl+

2TsNHCl TsNH2
+ TsNCl 2

TsNHCl + TsNH2 + HOCl

TsNCl
2

HO
2

+

HO
2

TsNHCl + HOCl

HOCl H + OCl

HOCl + H HOCl
2

(2)

(3)

(4)

(5)

(6)

(7)

(8)

 Therefore, the possible oxidizing species in 

acidified CAT solutions are TsNHCl, TsNCl2, HOCl,  

 

and possibly H2OCl+. Further, formation of species of 

the type TsNH2Cl+ has been reported (Narayana and 

Rao, 1983; Subhashini and Rao, 1985) with CAT and 

the protonation constant for the reaction is found to be 

1.02 × 102 at 250C 

TsNH2ClTsNHCl + H (9)

 If TsNHCl were to be reactive species, then 

rate law predicts a first order dependence of rate on 

[CAT]0, which is contrary to experimental 

observations. Also if HOCl is the reactive species then 

rate law would be a first order dependence on [CAT] 

and inverse fractional order on [PTS] once again which 

is contrary to experimental observations. From above 

observations we can clearly exclude TsNHCl and HOCl 

as reactive species. Since, rate of reaction shows a 

second order dependence of rate on [CAT]0 and is 

retarded by addition of TsNH2, TsNCl2 is most 

probable oxidizing reactive species for the oxidation of 

ClPhZ in present system. Reaction rate shows inverse 

fractional order on [H+] and fractional order 

dependence on [ClPhZ]. Above discussion and 

experimental facts, scheme-1 is proposed to explain 

reaction mechanism for oxidation of ClPhZ by CAT in 

HCl medium. 
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TsNH2Cl TsNHCl + H
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k1

k2
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Scheme 2. A detailed mechanism for the oxidation of ClPhZ by CAT in HCl medium 

TSNH2Cl TsNHCl   +   H

X    +    TsNCl2 Products

K1

K3

K4

i)        fast

   iii)      slow and rds

iv)    fast

K2

X

2 TsNHCl TsNCl2   +   TsNH2

TsNCl2   +  ClPhZ

ii) fast

+  TsNCl2

Scheme 1: A general scheme for the oxidation of ClPhZ 

by CAT in HCl medium 

In the first step CAT undergoes deprotonation to 

give free acid of CAT. In the next step TsNHCl 

undergoes hydrolysis to form p-tolouenesulphonamide 

and dichoramine-T and the latter is found to be the 

probable active species for the oxidation of ClPhZ. In 

the 3rd step which is also the slow step TsNCl2 interacts 

with ClPhZ to give a complex which undergoes 

oxidation to give oxidized products of ClPhZ. Above 

mentioned scheme a suitable rate is deduced as follows: 

If [CAT]t is the total effective concentration of CAT, 

then  

[CAT]t =  [TsNH2Cl+] + [TsNHCl] + [TsNCl2] (10) 

From step (i) of scheme 1,   

K1=
[TsNH2Cl+]

or [TsNH2Cl+] =
K1

[TsNHCl] [H+]
   (11)

[TsNHCl]  [H+]

 

From step (ii) of scheme 1, 

K2
[TsNHCl] K2

[TsNCl2]  [TsNH2]
or         [TsNHCl] = (12)

2
=

[TsNH2]1/2[TsNCl2]1/2

1/2

 

By substituting for [TsNHCl] from equation (12) into 

equation (11) we get 

[TsNH2Cl+] =
{ [TsNH2] [TsNCl2] }1/2 [H+]

K1K2
1/2

(13)

By substituting for [TsNH2Cl+] [TsNHCl] and [HOCl] 

from equation (13) and (12) into equation (10), we get 

[CAT]t [TsNCl2]1/2 { [TsNH2][H+]  + K1[TsNH2]1/2  + K1K2
1/2[TsNCl2]

K1K2
1/2

} (14)=

Rearranging the above equation, we get 

[CAT]t
2

[TsNH2]2[H+]2  + K1
2[TsNH2]  + K1

2K2[TsNCl2]2

K1
2K2

[TsNCl2] = (15)

 

Since in acid medium, chloramine-T exists 

predominantly as TsNH2Cl+, [TsNHCl] ≈ [CAT]t 

Therefore equation (12) can be written as, 
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[TsNCl2]
[TsNH2]

=
K2[CAT]2

(16)

 

By substituting for [TsNCl2] from equation (16) into 

equation (15) we get 

[CAT]t
2

[TsNH2]4[H+]2  + K1
2[TsNH2]3  + K1

2K2
3[CAT]4

K1
2K2

[TsNCl2] = (17)
[TsNH2]2

 

Assuming third term in the denominator is very small 

and hence neglecting it, we get 

[CAT]t
2K1

2K2[TsNCl2] = (18)
[TsNH2] {[H+]2 [TsNH2]+ K1

2}
 

Also from scheme 1 

Rate = k3 [TsNCl2] [ClPhZ]       (19) 

By substituting for [TsNCl2] from equation (18) into 

equation (19) we get, 

[CAT]t
2K1

2K2K3Rate =
[TsNH2] {[H+]2 [TsNH2]+ K1

2}

[ClPhZ] (20)

 

The above rate law (equation 19) is in good agreement 

with the experimental results i.e. first order for 

[ClPhZ], second order w.r.t [CAT] and inverse first 

order for [H+] and [TsNH2]. 

Evidences in support of the formation of the radical 

cation and dication 

The author of this manuscript carried out the 

spectral and cyclic voltametric investigations of the 

oxidized products of 10-[5'-(N-diethylamino)pentyl]-2-

chlorophenoxazine and its application in redox 

titrimetry. This work will be published separately. The 

formation of radical cation and radical dication during 

oxidation was characterized by UV-Vis, IR and mass 

spectrometry. Cyclic volatmetric investigation also 

supports formation of the radical cations and dications. 

Earlier, B C Channu et al., (2000), H N Kalpana etal., 

(1999) carried out spectral and cyclic voltammmetric 

investigations of the oxidized products of 10-[4'-(N-

Diethylamino)butyl]-2-chlorophenoxazine and 10-[3'-

(N-benzylamino)propyl]-phenoxazine respectively and 

showed that the phenoxazines undergoes oxidation first 

to form radical cation and the radical cation formed 

undergoes further oxidation to form dications. 

Conclusion 

The kinetics of oxidation of ClPhZ by CAT in HCl 

medium has been studied. In acid medium, the 

experimental rate law is found to be -d[CAT]/dt= 

K[ClPhZ][CAT]2[H+]-y[PTS]-z where Y and Z is less 

than unity. Thermodynamic parameters were calculated 

and suitable mechanism was proposed. TsNCl2 is 

assumed to be reactive species. An appropriate rate law 

was derived which fits in to the proposed mechanism. 
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