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ABSTRACT 
 

Kinetic and mechanistic investigation of oxidation of Niacin  [Vitamin-B3 ]  using chloramine-T as an oxidant in hydrochloric acid medium has been studied at 
303K. Reaction shows a first order dependence of the rate on oxidant [CAT] and  Niacin concentration,  and inverse fractional order in concentration of 
hydrochloric acid. Addition of reduction product of chloramine-T toluenesulphonamide , chloride ion, variation of ionic strength and dielectric constant of the 
medium do not have any significant effect on the rate of the reaction.  The activation parameters of the reaction have been computed from the Arrhenius plot. A 
derived rate law and mechanisms are consistent with obtained experimental results. 
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INTRODUCTION 
 

Niacin. also known as pellagra preventive factor (P - P factor) or 
vitamin B3 or nicotinic acid . Niacin is one of the most important 
vitamin which is the physiologically active compound.  It plays a vital 
role in cell respiration, release carbohydrates, fat, and proteins.  
Deficiency of niacin in human leads to the condition pellagra followed 
by malfunction of digestive and nervous systems.  The literature 
survey provide information regarding determination  of nicotinic acid 1-

2, metabolic effect of niacin 3-4.  But  reports  on kinetic study of 
reaction of niacin  are scanty 5-7.  There is no information available on 
the reaction with haloamines.  As a part of our kinetic and 
mechanistic studies on the oxidation of substrates by aromatic-N-
haloamines 8-10, the present studies were undertaken to investigate 
the kinetic aspects of reaction of niacin with chloramine-T at 303K in 
presence of hydrochloric acid. 
 

Experimental: 
 

An aqueous solution of Chloramine-T (E.Merck) was prepared, 
standardized periodically by iodometric method and preserved in an 
amber coloured bottle until further use.  Analar grade niacin (E.Merck) 
was used and an aqueous solution of the substrate was prepared.  All 
other chemicals used were of accepted grades purity.  The ionic 
strength of reaction mixture was kept at a high value with 
concentrated solution of NaClO4 (E Merck). 
 

Kinetic Measurement: 
 

Kinetic  runs were performed under pseudo- first order conditions of 
[Niacin] >> [CAT].  A mixture containing requisite amounts of niacin, 
NaClO4 and HCl was equilibrated at 303K.  To this solution, was  
added a measured amount of pre-equilibrated (303K) aqueous 
solution of CAT of known concentration.  The progress of the reaction  
was monitored iodometrically for two half- lives by withdrawing 
aliquots of the reaction mixture at regular time intervals.  The pseudo-
first order rate constants calculated were reproducible.  
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Stoichiometry: 
 
Reaction mixture containing different compositions of Niacin and 
Chloramine -T in reaction conditions were equilibrated at 303K for 48 
hours. The iodometric determination of unreacted CAT in the reaction 
mixture showed that one   mole of Niacin consumed one mole of 
Chloramine -T. 
 
C5H4NCOOH  +  ArSO2NClNa+ HCl   ⟶    C5H4NCOOCl +  
ArSO2NH2 + NaCl                   1 
 

RESULTS: 
 
Kinetics of reaction of Niacin with Chloramine-T (CAT) were 
investigated at several initial concentrations of the reactants in acid 
medium.  In the presence of excess [Niacin] and fixed [HCl], plots of 
log [CAT] versus time are linear indicating a first order dependence of 
rate on [CAT]0.  The pseudo-first order rate constants k’ are given in 
(Table-1).  The rate increased with increase in [Niacin], (Table-1) 
plots of log k’ versus log [Niacin] were linear with slope   0.62.  Thus 
indicating a fractional order dependence on [Niacin]. 
 
Table-1: Effect of varying the reactants concentration on the 
reaction rate.    
   

 [HCl]=2.0x10-4 mol dm-3 , Temp=303K, µ=0.2 mol dm-3 

 

[CAT]x104 
mol dm-3 

[Niacin]X102 
mol dm-3 

kIX106 
Sec-1 

1.0 4 13.10 
1.5 4 13.20 
2.0 4 13.30 
2.5 4 13.10 
3.0 4 13.20 
2.0 1 05.66 
2.0 2 08.80 
2.0 3 11.10 
2.0 5 15.18 
2.0 6 17.30 

 



At fixed [CAT]0 , [Niacin] and temperature, the rate of the reaction 
decreased with increase in [HCl] 0  (Table-2). The plots of log k’ 
versus log [HCl] were linear with negative fractional slope indicating 
an inverse fractional order of approximately  - 0.49  in  [HCl]. 
 
Table-2  Effect of [H+] concentration on the rate of reaction.  
 
 [CAT]0=2.0X10-4 mol dm-3, [Niacin]=4.0X10-2 mol dm-3 ,Temp=303K , 
µ=0.2 mol dm-3 

 

[HCl]X105 

mol dm-3 
k’106 

sec-1 

10 18.42 
15 15.20 
20 13.30 
25 11.75 
30 10.85 
35 10.20 

 
The addition of Cl – ion in the form of NaCl, and ionic strength did not 
affect the rate.  Hence the dependence of the rate on [HCl] reflected 
the effect of [H+] only on the reaction.  The addition of reaction 
product of CAT, toluenesulphonamide had no effect on the rate 
indicating that it is not involved in a pre equilibrium to the rate 
determining step.  Addition of reaction mixture to aqueous acrylamide 
did not initiate the polymerization showing the absence of free radical 
species. The reaction was studied at varying temperature 298 K to 
313 K from the linear plots. The thermodynamic parameters were 
computed (Table-3) 
 

DISCUSSION AND MECHANISM: 
 
Chloramine-T  (ArSO2NClNa) behaves as a strong electrolyte 11-13 in 
aqueous solutions and several equilibria exist in acidic conditions. 
 

ArSO2NClNa       ⇌     ArSO2NCl- +  Na+                          2  
                                
ArSO2NCl-  +  H+  ⇌   ArSO2NHCl                                                      3  
 
ArSO2NHCl + H2O ⇌  ArSO2NH2 + HOCl               4 
  
2ArSO2NHCl   ⇌    ArSO2NCl2 + ArSO2NH2                     5 
 
HOCl+   H+     ⇌      H2+OCl                                        6 
 

In acid solutions the probable oxidizing species are the free acid 
ArSO2NHCl , ArSO2NCl2, HOCl and H+2OCl. The involvement of 
ArSO2NCl2  in the mechanism leads to a second order rate law 
according to Eq(5) ,which is contrary to the experimental 
observations.  As Eq (4) indicates a slow hydrolysis, if HOCl  were the 
primary oxidizing species of the first order, a retardation of rate by the 
added ArSO2NH2 would be expected.  However, no such effect was 
noticed in the study. Narayanan and Rao14 and Subhashini etal15 
have reported that monohaloamines  can be further protonated at 
pH< 2 as in Eq (7) for Chloramine-T 
 
p-CH3C6H4SO2NHCl + H+   ⇌   p-CH3C6H4SO2N+H2Cl                   7 
 
In the present case the inverse fractional order in [H+] suggested that 
the deprotonation of ArSO2N+H2Cl results in regeneration of 
ArSO2NHCl  which is likely to be the active species involved in the 
mechanism of niacin halogenations.  Based on the preceding 
discussion, a mechanism Scheme-1 is proposed for the reaction 
. 
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From   Scheme -1 
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Total effective concentration of CAT from scheme 1 given by eq (12) 
 
[CAT]t = [ArSO2N+H2Cl]   + [ArSO�NHCl] + [X]               12  
 
By substituting for the [ArSO2NHCl] from eq (9) and for 
[ArSO2N+H2Cl]  from eq (11)  into eq (12) and 
 

Solving for [X ] one gets [X]   = 
K1 K2[CAT ]t [ S ]

[H+]+K1+ K1 K2[ S ]
                      13 

 
Substituting for [ X] in eq (8) leads to the fallowing rate law eq(14)  
                                                                                        

                      ���� =
-d[CAT]t

dt
 =

K1 K2��[CAT ]t [ S ]

[H+]+K1+ K1 K2[ S ]
                        14 

 

The rate  law is consistent with the experimental data  including first 
order dependence of  the rate  on  [CAT ] , fractional  order 
dependence on  [Niacin] and  a negative  fractional order dependence 
on  [ HCl] since the  rate = k’ [ CAT]t , under psendo first –order 
condition of    [Niacin ]0 >> [CAT]0 , the  rate  eq (14) can be 
transformed into eq (15 ) –(18 ) 
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Based on eq (17) a plot  of  
�

� ′  versus  
�

 [�] 
  [fig-1]  at constant  [H], 

[CAT]0  and temperature was found to be linear (r > 0.9989). Similarly 

from eq (18) a plot  of  
�

� ′ versus [��] (fig-2) at constant  [S], [CAT]0  

and temperature  was linear. The  values of K1, K2  and k3 were 
calculated (K1=2.63× 10��   mol dm-3, K2=21.726 dm3 mol-1 , k3 = 
2.127× 10��   s-1 ). The protonation constant  in the reaction  
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condition  KP=
�

�� 
 (KP=3789.39 dm3 mol-1) of ArSO2NHCl can be 

evaluated.      
 

 
 

Fig-1.Plot of 1/k^' vs 1/( [S] ), [CAT]0=2.0X10-4 mol dm-3,    
[NA]=4.0X10-2 mol dm-3 , [HCl]=2.0x10-4  mol dm-3, Temp=303K,  
µ=0.2 mol dm-3                    
 

 
 

Fig-2. Plot  of  
�

�′
 vs [��],[CAT]0  = 2.0X10-4 mol dm-3   [NA]=4.0X10-2 

mol dm-3, [HCl]=2.0x10-4  mol dm-3,  Temp=303K, µ=0.2 mol dm-3        
 
The thermodynamic parameters Ea, ΔH#  Δs#, and ΔG# have been 
calculated, as shown in Table-3.  The moderate value of enthalpy of 
activation (ΔH#) is supportive of the proposed mechanism in Scheme-
1 The highly negative value entropy of activation (Δs#) indicates the 
formation of rigid transition state by an associative process. 
 
Table-3: Temperature dependence and activation parameters for 
the reaction of niacin with Chloramine-T,  
 
 [CAT]0=2.0X10-4 mol dm-3,[HCl]=2.0x10-4  mol dm-3, [Niacin]=4.0X10-2 
mol dm-3 µ=0.2 mol dm-3  
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Temp in K kIx106 sec-1 Activation parameters 

298 09.45 Ea  = 54.057 KJmol-I 

303 13.30 ΔH# = 51.516 KJ mol-I 

308 19.19 ΔS# = -168.530 JK-Imol-I 

313 26.61 ΔG# = 103.004 kJ mol-I 

********* 
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