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Abstract: In the present work the kinetic and mechanistic aspects of oxidation of Red 2G (food color additive) have been 

studied with the help of mild oxidizing agent chloramine-T (CAT) and chloramine-B (CAB) in acid medium at 301k. The 

reaction exhibited first-order dependence of rate with [CAT] and [R2G], inverse fractional order dependence of rate with 

[H+]. Solvent composition shows a 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 had no effect on the reaction rate. 

Addition of p-toluene sulphonamide (PTS), the reduction product retards the rate of reaction. The oxidation products were 

characterized by LC-MS. Activation parameters have been evaluated from Arrhenius- Eyring plots. The observed results 

have been explained by plausible mechanism and related rate law have been deduced. 

Index Terms: Red 2G, Chloramine-T, kinetics, Reaction mechanism, Oxidative decolorization 

1. Introduction  

Even though azo compounds are the most widely used synthetic dyes used for coloring food, drug and cosmetic products 

as well as in many other sectors [1, 2] their adverse effects have been less investigated than that of textile dyes. Azo 

compounds have greater stability towards any bio or photodegradation and physicochemical attack due to their complex 

structure [1]. Red 2G is an aryl azo naphthol compound that is used to color food products. Due to its intense red color 
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R2G was the most preferred dye for coloring baby food products. After 2007, the use of R2G in food products was asked 

to reevaluate by the “Scientific Panel of the European Food Safety Authority (EFSA)” on food additives, flavorings, 

processing aids and materials due to food safety concerns related to its carcinogenic effects and high toxicity. Hence the 

EU based on the report given by EFSA has agreed to suspend R2G as food coloring as published in the Official Journal. 

Along with Europe, the use of R2G is also banned in other countries outside Europe like Canada, Australia, Malaysia, 

Norway and Japan.  R2G has been found to be metabolized to aniline, which in turn interferes with the blood hemoglobin 

and is found to be a carcinogen and may cause cancer. It is therefore one of the dyes that the hyperactive children’s support 

group recommends to be eliminated from the diet of children. In contrast, R2G has become one of the most used dyes in 

Chile and over the world for dyeing cellulose- polyester-, nylon-, and acrylic-based fibers.  

Chloramine-T is one the most important member of this class of compounds and behaves as oxidizing/analytical agent in 

both acidic and basic media [3-10]. It is commercially available, inexpensive, water tolerant, relatively nontoxic and easy 

to handle. Very limited information is available in the literature about the oxidative behavior of CAT towards food dyes. 

Even though the oxidation, degradation of Red 2G has been carried out by various methods [11-18] oxidation of Red 2G 

by CAT and CAB has not been reported. In view of the above, we systematically studied the kinetics of oxidation of Red 

2G by CAT and CAB in presence of an acid medium in order to understand the mechanistic aspects of these redox systems. 

2. Experimental  

The oxidant chloramine-T was prepared and purified using the method of Nair and Indrasenan [10]. The purity of CAT 

was analysed with the help of iodometric and spectroscopic data [10,11]. Further, an aqueous solution of CAT was 

standardized iodometrically and preserved in amber-coloured bottles until use to prevent its photochemical deterioration. 

Piperazine also purchased from Sigma Aldrich was used as received without any further purification. Stock solutions of 

pH 4.0 buffer solution of acetic acid and sodium acetate was prepared [12] and its pH value was checked with a pH meter. 

All other chemicals like TSA, NaCl, NaClO4, methanol used were of analytical grade and all solutions were prepared using 

triple distilled water. 

2.1 Kinetic Measurement  

The kinetics of oxidation R2G using CAT and CAB in HCl medium was performed under pseudo-order conditions, where 

the concentration of oxidant is nearly 10 times greater compared to that of the substrate. The kinetics measurements were 

carried out spectrophotometrically using Shimadzu-1800 UV-Vis spectrophotometer at 301 K. The reaction was carried 

out in a glass stoppered Pyrex boiling tubes whose outer surface was coated in order to prevent any photochemical effects. 

The oxidant and a suitable amount of R2G, HCl and water (in order to maintain constant volume) were thermostated at the 

desired temperature separately. After attaining constant temperature requisite amount of the oxidant was pipetted out into 

the mixture containing substrate to initiate oxidation of the substrate. After rapid mixing around 3ml of the reaction mixture 

was taken in a cuvette, made up of quartz and whose path length is 1cm. The absorbance was measured at λ= 532nm 

(Fig.1) which corresponds to the maximum absorbance of R2G dye. The kinetics of oxidation was followed up to one half-
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life. Plot of log (abs) vs time was used to calculate the pseudo first-order rate constant (kʹ). The regression coefficient (R2) 

was calculated with the help of fx-991ms.  

 

Figure 1-UV-Vis Spectrum of R2G at different intervals of time 

2.2 Reaction stoichiometry 

The reaction mixture containing R2G, HCl and oxidant under standard concentrations were equilibrated at 301 K for 24 h. 

The unreacted oxidant was determined by iodometric method and it was observed that 1 mol of the substrate consumed 3 

moles of CAT and CAB. The observed stoichiometry is represented in Scheme-1. 

 

Scheme-1: Stoichiometry for the oxidation of Red 2G by CAT/CAB 

2.3 Product analysis  

The reaction products were separated by column chromatography. After initial separation, the reaction products were 

further purified by recrystallization and were characterized by LC-MS. The mass spectra showed a peak at 286 amu (Figure 

2) indicating the structure of 5-Amino-4-hydroxy-3,4-dihydronapthalene-2-sulphonic acid (2). The structure was further 

confirmed by IR spectrum. An absorption peak at 1300 cm-1 for NO2 (asymmetric stretch) and 3356 and 3260 cm-1 for 

NH2 (symmetric stretch) was observed (Figure 3).                                                                   
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Figure 2-LC-MS of 5-Amino-4-hydroxy-3-nitro-3, 4-dihydro-naphthalene-2-sulphonic acid 

 

Figure 3- IR Spectra of 5-Amino-4-hydroxy-3-nitro-3, 4-dihydro-naphthalene-2-sulphonic acid 

3. Results 

The kinetics of oxidation of R2G by CAT and CAB was investigated at different concentrations of the reactants in acid 

medium at 301 K. The rate constants for the oxidation were found to be higher with CAB compared to CAT.  Both the 

oxidant followed similar kinetics and the same has been discussed and compared below. 

3.1 Effect of reactant concentrations on the rate 

Under pseudo first-order conditions i.e. [Oxidant] >> [Substrate], the values of rate constants were obtained by varying 

the concentration of R2G. The plot of log (abs) Vs time was found to be linear indicating a first-order dependence on R2G. 

The values of the rate constant did not vary much with the variation in the concentration of R2G confirming the first-order 

dependence on [R2G]. An increase in [oxidant] (both CAT as well as CAB) resulted in an increase in the value of kʹ. Also, 
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the order w.r.t oxidant was obtained by the plot of log [Oxidant] Vs log kʹ. The nature of the graph was linear and the order 

w.r.t to CAT and CAB was found to be 1.16 and 1.19 respectively (Table 1, Figure 4 R2 = 0.996 and 0.977). This clearly 

indicated the first-order dependence of rate on the concentration of both the oxidants. 

Table 1- Effect of varying [CAT]o on the rate 

[R2G]o = 4.0 X 10-5 mol dm-3, [HCl]o = 1.0 X 10-4 mol dm-3, T= 301 K 

104 [oxi] 

mol dm-3 

5+log [oxi] CAT CAB 

104 kʹ (s-1) 5+logk' 104 kʹ (s-1) 5+logk' 

1.0 1.000 0.16 0.204 0.27 0.431 

2.0 1.301 0.32 0.505 0.62 0.792 

3.0 1.477 0.51 0.707 0.91 0.960 

4.0 1.602 0.67 0.826 1.35 1.130 

5.0 1.699 0.89 0.949 1.81 1.258 

6.0 1.778 1.47 1.167 2.41 1.382 

 

Figure 4-Plot of log kʹ Vs. log [Oxidant] 

3.2 Effect of varying acid concentration on the rate 

The rate of the reaction was studied at different concentrations of HCl, by keeping other conditions constant. It was found 

that the rate of oxidation decreased with the increase in the concentration of HCl (Table 2). The plot of log (abs) vs time 

was linear indicating a first-order dependence on HCl. Further, the plot of log kʹ vs log [HCl] (Figure 5) was linear (R2 = 

0.962 and 0.989) with a negative slope of -0.50 and -0.45 for CAT and CAB respectively. Hence in both case the rate 

shows an inverse fractional order dependence in the acid medium.   
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Table 2- Effect of varying [HCl]o 

[R2G]o = 4.0 X 10-5 mol dm-3, [CAT]o = 6.0 X 10-4 mol dm-3, T= 301 K 

104 [HCl] 

mol dm-3 

5+ log [HCl] 

 

CAT CAB 

104 kʹ (s-1) 5+logk' 104 kʹ (s-1) 5+logk' 

0.5 0.699 2.79 1.445 3.46 1.539 

1.0 1.176 1.47 1.167 2.41 1.382 

2.0 1.301 1.17 1.068 1.76 1.245 

4.0 1.602 0.84 0.924 1.24 1.093 

8.0 1.903 0.63 0.799 1.04 1.017 

 

 

Figure 5-Plot of log kʹ Vs. log [HCl] 

3.3 Effect of varying ionic strength on the rate  

The ionic strength of the medium was varied by the addition of NaClO4 in the range of 0.1-0.4 mol. dm-3. It was observed 

that there was no significant effect on the rate of the reaction in both the oxidants even with the increase in the concentration 

of NaClO4 (Table 3). 

3.4 Solvent isotopic effects 

Solvent isotope studies were performed in D2O medium for both the oxidant under standard conditions of [R2G] = 4.0 x 

10-5 mol dm-3, [Oxidant] = 6.0 x 10-4 mol dm-3, [HCl] = 0.5 x 10-4 mol dm-3. The values of rate constant are found be 1.023 

× 10-4 and 1.812 × 10-4 s-1 and the corresponding ratios in the rate k (H2O) / k (D2O) were 2.1 and 1.9 respectively. This 

indicates the fast pre-equilibrium proton transfer. 
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Table 3- Effect of ionic strength on the rate of the reaction 

[R2G]o = 4.0 X 10-5 mol dm-3, [CAT]o = 6.0 X 10-4 mol dm-3, [HCl] = 0.5 X 10-4 mol dm-3 

[NaClO4] Mol dm-3 104 kʹ (s-1) 

CAT CAB 

0.1 2.78 3.40 

0.2 2.77 3.33 

0.3 2.70 3.27 

0.4 2.72 3.31 

 

3.5 Effect of concentration of halide ions (Cl-, Br-) on the rate 

The concentration of halide ions was varied in the form of NaCl and NaBr (Table 4). It was seen that the halide ions had 

a negligible effect on the rate of oxidation. This implies the dependence of the rate on [HCl] reflected the effect of [H+] 

only.  

Table 4-Effect of chloride ions on the rate of the reaction 

[R2G]o = 4.0 X 10-5 mol dm-3, [CAT]o = 6.0 X 10-4 mol dm-3, [HCl] = 0.5 X 10-4 mol dm-3 

104 [NaCl] 

Mol dm-3 

104 kʹ (s-1) 

CAT CAB 

1.0 2.77 3.44 

2.0 2.71 3.76 

4.0 2.75 3.57 

10.0 2.80 3.40 

3.6 Effect of reduction product, (PTS) on the rate of the reaction 

The addition of p-toluene sulfonamide (PTS-reduction product of CAT) and benzenesulfonamide (BSA-reduction product 

of CAB) decreased with the increase in the concentration of PTS and benzenesulfonamide. The plot of log of [RP] vs log 

kʹ was linear (Table 5, Figure 6, R2 = 0.998 and 0.999) with a negative slope of -0.40 and -0.39 for CAT and CAB 

respectively, which indicates an inverse fractional order dependence of rate on the reduction product. 

Table 5-Effect of reduction product (PTS) on the rate 

[R2G]o = 4.0 X 10-5 mol dm-3, [CAT]o = 6.0 X 10-4 mol dm-3, [HCl] = 0.5 X 10-4 mol dm-3 

104 [PTS] 

mol dm-3 

5+log [PTS] CAT                                      CAB 

 105 kʹ (s-1) 5+logk' 105 kʹ (s-1) 5+logk' 

0.5 

1.0 

2.0 

4.0 

6.0 

0.698 

1.000 

1.301 

1.602 

1.778 

11.74 

8.91 

6.54 

5.00 

4.26 

1.069 

0.949 

0.816 

0.698 

0.629 

18.17 

14.10 

10.60 

7.82 

7.12 

1.259 

1.149 

1.025 

0.893 

0.852 
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Figure 6-Plot of log kʹ Vs. log [PTS] 

3.7 Effect of varying dielectric constant of the medium on the rate 

The rate decreased with the increase in the methanol content for both the oxidants. Further, the plot of log kʹ vs 1/D was 

linear (Table 6, Figure 7, R2 = 0.981 and 0.996) with a negative slope. Meanwhile, the blank experiments were performed 

and was observed that MeOH was not oxidized significantly by CAT and CAB under the standard conditions (without 

substrate).  

Table 6-Effect of dielectric constant on the rate of the reaction 

[R2G]o = 4.0 X 10-5 mol dm-3, [CAT]o = 6.0 X 10-4 mol dm-3, [HCl] = 0.5 X 10-4 mol dm-3 

% MeOH 

(v/v) 

D 1/D                CAT                                CAB 
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Figure 7. Plot of log kʹ Vs 1/D 

3.8 Effect of temperature and calculation of activation parameters  

The effect of temperature on the rate was studied by performing the kinetic measurements at five different temperatures 

(301-317 K) while keeping all other experimental conditions constant. The Arrhenius plot of log kʹ vs 1/T was found to be 

linear (Table 7, Figure 8 R2 = 0.995 and 0.998). The activation parameter (Ea), Enthalpy of activation (ΔH#), entropy of 

activation (ΔS#), the free energy of activation (ΔG#), and frequency factor (A) were obtained with the help of Arrhenius 

plot. The activation parameters are tabulated in Table 8. 

Table 7-Effect of temperature on the rate 

[R2G]o = 4.0 X 10-5 mol dm-3 [CAT]o = 6.0 X 10-4 mol dm-3[HCl] = 0.5 X 10-4 mol dm-3 

Temperature 

(K) 

103(1/T) 

(K-1) 

CAT CAB 

104 kʹ (s-1) 4+logk' 104 kʹ (s-1) 4+logk' 

301 3.322 2.79 0.445 3.46 0.539 

305 3.278 3.52 0.546 4.19 0.622 

309 3.236 4.08 0.610 4.81 0.682 

313 3.195 4.80 0.681 5.55 0.744 

317 3.154 5.71 0.756 6.44 0.808 
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Table 8-Activation parameters for the oxidation of R2G by CAT and CAB in acid medium 

oxidant Ea 

(kJ mol-1) 

∆H≠ 

(kJ mol-1) 

∆G≠ 

(kJ mol-1) 

∆S≠ 

(JK-1 mol-1) 

log A 

CAT 35.47 32.91±(0.03) 95.87±(0.05) -203.8±(0.04) 2.60±(0.02) 

CAB 30.39 27.82±(0.03) 95.45±(0.05) -218.5±(0.04) 1.81±(0.02) 

 

 

Figure 8 Plot of log kʹ vs 1/T 

3.9 Test for free radicals 

The addition of reaction mixture to aqueous acrylamide monomer solutions did not initiate polymerization, indicating the 

absence of in situ formation of free radical species in the reaction sequence. 

4 Discussion  

Chloramine-T and Chloramine-B are known to behave as oxidizing agents in both acidic and basic mediums. These two 

oxidants generally undergo two electrons change in their reactions. Both the oxidants are expected to have identical 

equilibria in their respective solutions. The solutions of CAT and CAB act as strong electrolytes and they generate different 

types of reactive species, based on the pH of the solution. The investigations of Morris et al [19], Bishop and Jennings 

[20], and Hardy and Johnston [21], on organic N-haloamines have shown that similar equilibria exist in both acidic as well 

as in basic solutions of these two oxidants. The possible equilibria that exist in aqueous solutions of CAT is as shown 

below.  
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The above equilibria will be the same for CAB. Therefore, the possible oxidizing species in acidified CAT solutions are 

TsNHCl, TsNCl2, HOCl, and possibly H2O
+Cl. Similarly, the possible oxidizing species in acidified CAB solutions are 

PhSO2NHCl, PhSO2NCl2, HOCl, and possibly H2O
+Cl. Among these one of the above oxidizing species is involved in the 

reaction mechanism supported by experimentally obtained results. Further, the formation of species of the type TsNH2Cl+ 

has been reported with CAT and the protonation constant for the reaction, 

 

is found to be 1.02 × 102 at 25 0C 

If TsNCl2 were to be the reactive species, then the rate law predicts a second-order dependence of rate on [CAT]o, which 

is contrary to the experimental observations. Similarly, if TsNHCl is the reactive species then the rate law predicts a first-

order dependence of rate on [CAT]o, and the rate unaffected with the addition of PTS, which is not observed. Since the 

rate of the reaction is retarded by the addition of TsNH2, HOCl is the most probable oxidizing reactive species for the 

oxidation of R2G for both CAT and CAB. From the above discussion and experimental facts, scheme-1 is proposed to 

explain the reaction mechanism for the oxidation of R2G by CAT and CAB in HCl medium. In the first step, the protonated 

oxidant (TsNH2Cl+) generates the free conjugate acid (TsNHCl) which undergoes hydrolysis to give HOCl and the 

reduction product (PTS). The active species formed reacts with the substrate to form the complex (X). Later the complex 

(X) in the presence of water molecule undergoes series of changes to give the final oxidized products.  
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Scheme 1: A general reaction scheme for the oxidative decolorization of Red 2G by CAT in acid medium 

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

[CAT]t = [TsNH2Cl+] + [TsNHCl] + [HOCl]                    (14) 

From equation 10 and 11,   

 

 

By substituting for [TsNHCl] from equation (16) into equation (15) we get, 

 

By substituting for [TsNH2Cl+] [TsNHCl] from equation (17) and (16) into equation (14) and solving for [HOCl],  

 

From slow step of Scheme 1, 

Rate = k3 [HOCl] [S]                               (19) 

By substituting for [HOCl] from equation 18, the following rate law is obtained. 

 

Rate law (20) satisfactorily fit well to the observed kinetic data wherein a first order dependence of rate on [S] and [CAT] 

and inverse fractional order on each [TsNH2] and [H+] on the rate of the reaction. 

Table 1 and Table 7 clearly show that the rate constant with CAB is greater than that of CAT. This difference in rate 

constant values is due to the moderate differences in the electrophilicities of toluene derivatives (inductive effect of methyl 

group). In addition, the above results are also compared with the results of oxidation kinetics of several substrates using 

N-Chloramines. The ratio of kʹ (CAB)/ kʹ (CAT) in the case of sulfanilic acid and other substrates lies between 2-3. 
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The observed mechanism is also supported by the solvent effects. It gives an idea about the nature of the reactive species 

in the rate-determining step. According to Amis a plot of log kʹ vs 1/D should give a straight line with a negative slope for 

dipole-dipole or negative ion-dipolar interaction and a positive slope for positive ion-dipolar interaction. The former case 

which is observed in the present kinetics supports the dipole-dipole interaction at the rate-determining step. The rate of the 

ionic reactions is also influenced by the charges carried by the ions and the ionic strength of the medium. The ionic strength 

remains constant for dipole-dipole or ion-dipole interaction and increases for ion-ion interaction. In the present studies, the 

rate constant remained constant with the increase in the ionic strength of the medium which clearly signifies the 

involvement of a neutral molecule in the rate-determining step.  

The proposed mechanism is also supported by observed activation parameters for both the oxidants. The activation 

parameters like the energy of activation and other thermodynamic parameters are moderate. The energy of activation is 

less for the fast reaction and vice-versa, which indicates that the reaction is enthalpy controlled. The negative values of 

ΔS# indicate that the transition state is highly ordered compared to that of the initial ground state which is due to a greater 

degree of solvation during the formation of the activated complex. Finally, the values of ΔG# are almost the same in both 

the oxidants, suggesting that oxidation of R2G by CAT and CAB proceeds by a similar mechanism. The constancy of rate 

constant on the addition of PTS and BSA, Chloride ions also supports the proposed mechanism and derived rate law. 
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Scheme 2: A detailed mechanistic interpretation for the oxidative decolorization of R2G by CAT in acid medium. 

 

5. Conclusion  

The kinetics of oxidation of R2G was studied by CAT and CAB as oxidants in acid medium at 301 K. The reaction was 

found to be 2-fold faster in CAB than CAT, which is mainly due to the difference in the electrophilicities of toluene 

derivatives (inductive effect of methyl group). The experimental rate law were –d [CAT]/dt = k [R2G]1[CAT] 1.16 [H+]-0.50 

[PTS]-0.40 and –d [CAB]/dt = k [R2G]1[CAB] 1.19 [H+]-0.45[PTS]-0.39. The oxidation kinetics was studied by varying the ionic 
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strength, dielectric constant of the medium. Finally, the reaction was studied at different temperatures and the products 

were isolated. Based on the observations made an appropriate rate law was derived and a possible mechanism was 

suggested.    
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