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The kinetics of uneatalysed and Cu(II) eatalysed oxidation of arginine 
monohydrochloride was investigated. Both reactions follow a singular order 
dependence each in oxidant and substrate. An inverse order dependence is 
reported with the alkali concentration. A plot of observed rate constant versus 
Cu(II) concentrations C u ( I I ) < 2 . 0  x 10 -5 M is linear; from the intercept the 
rate constant for the uneatalysed pathway was calculated. However, at  high 
copper ion concentrations i.e. Cu(II) > 2.0 x 10 -SM a fixed value of rate 
constant was found for all catalyst  concentrations. Added neutral salts show an 
insignificant effect on the reaction rate. Mechanisms were proposed for both 
cases and rate expressions were derived by applying steady state assumptions. 
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Die Kineti]c der al]calischen CMoramin=T-Oxidation yon Arginin-monohydro- 
chlorid mit and ohne Cu(II) als Katalysator 

Die Oxidation erfolgt sowohl mit als auch ohne Cu(II)-Katalysator  in erster 
Ordnung bez/iglieh des OxidationsmitteIs und des Substrats;  inverse Ordnung 
wird bezfiglieh der Alkalikonzentration beobaehtet.  Bis zu einer Cu(II)-Kon- 
zentration yon < 2  x l0 5 M i s t  die Gesehwindigkeitskonstante der Katalysa-  
torkonzentration proportional;  darfiber wird eine konstantbleibende Ge- 
sehwindigkeit beobaehtet, die nun yon der Cu(II)-Konzentration unabhgngig 
ist. Neutralsalze haben keinen Effekt auf die Gesehwindigkeitskonstante. Es 
wird fiir den katalysierten und unkatalysierten Reaktionsablauf ein Mechanis- 
mus vorgesehlagen und ein mathematiseher Ansatz prgsentiert. 

Introduction 
Mechan i sm for the  o x i d a t i o n  of  a m i n o a c i d s  b y  a lka l ine  ch lo ramine-  

T have  been p r o p o s e d  b y  D a k i n  1, and  M u s h r a n  eta l .2 ,  3. R e c e n t l y  
Yadav et  al. e m p l o y e d  Cu( I I )  ion as cat.alyst4 for  such reac t ions .  The i r  
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f indings  led us to  i nves t iga t e  the  o x i d a t i o n  mechan i sms  of  a rg in ine  
m o n o h y d r o e h l o r i d e  b y  a lka l ine  e h l o r a m i n c - T  in the  absence  and  
presence  of  Cu(I I )  ion as ca t a ly s t .  

E x p e r i m e n t a l  

Chloramine-T (E.Merek, G.I~.) solution was prepared freshly for each 
kinetic run by dissolving the weighted amount of it in the desired volume of 
doubly distilled water and the strength checked by iodometric method 5. Exact  
weight of arginine-monohydrochloride (AR, BDH) was dissolved in bidistilled 
water and the strength checked by Sorensen formal method. Other standard 
solutions viz., copper sulphate, sodium hydroxide, sodium nitrate etc. were prepared 
from A.R. BDH samples. Reaction stills were blackened from outside in order 
to exclude photo chemical effects 6. 

Reactants were brought to thermostatic temperature (+  0.1 ~ and the 
reaction initiated by adding the appropriate amount of chloramine-T. The 
progress of the reaction was followed by estimating unconsumed chloramine T. 

Resul t s  

(i)  Chloramine- T Dependence 

The o rde r  of r eac t i on  wi th  r e spec t  to  ch lo ramine  T was d e t e r m i n e d  
b y  c a r r y i n g  ou t  the  o x i d a t i o n  a t  e igh t  d i f fe ren t  in i t ia l  concen t r a t i ons  of 
ox idan t .  I t  follows a pseudo  f i rs t  o rder  d i s a p p e a r a n c e  a t  all the  
concen t r a t i ons  of  ch lo ramine- l r .  F i r s t  o rder  r a t e  cons t an t s  are  dep i c t ed  
in Tab .  1 a. 

Table In. [Arginine'HC1] = 1.0 • 10-2M; [NaOH] = 5.0 • 10-eM; Temp. 
37 ~ 

[Chloramine-T] • 1OSM 0.6 0.8 1.0 1.2 1.4 1.6 1.8 1.9 
]c • l0 s rain-1 2.4 2.7 2.5 2.6 2.6 2.7 2.4 2.6 

The  runs  were r e p e a t e d  in Cu(I I )  and  the  f indings  enl i s ted  in 
Tab .  1 b. 

Table i b .  [Arginine'HC1] = 1.0 x 10 2M; [NaOH] = 5.0 x 10 2M; 
[Cu(II)] = 1.0 • 10-SM; Temp. = 37~ 

[Chloramine-TJ x 1OSM 0.6 0.8 1.0 1.2 1.6 
k' • 1osMmin 1 4.3 4.2 4.1 3.9 3.8 

A compar i s ion  of r a t e  c o n s t a n t s - - T a b ,  l a  and  1 b - - i n d i c a t e s  t h a t  
the  r a t e  is enhanced  in presence  of  copper  ion. 
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( ii ) A rginine- Monohydrochloride Dependence 

Tab.  2 enlists  the  resul ts  ob ta ined  wi th  v a r y i n g  concen t ra t ions  of 

subs t r a t e  in the  absence and presence  of  Cu(II)  ion as ca ta lys t .  F r o m  

columns  3 and 5 it is obvious  t h a t  the  ox ida t ion  follows a first  order  

dependence  in subs t r a t e  concen t r a t i on  for bo th  the  cases. 

Table 2. [Chloramine-T] = 1.0 x 10-3M; [NaOH l = 5 x 10 2M;Temp. 37 ~ 

[Arginine. HCl] • 10 2M k x 10 a /c ]c' x 10 a 
min 1 [Arginine. HC1] rain [Arginine. HCI] 

0.8 2.3 0.28 3.1 0.39 
1.0 2.5 0.25 4.2 0.42 
1.2 2.9 0.24 4.7 0.39 
1 . 4  3 . 2  0 . 2 3  - -  - -  

1.6 3.9 0.25 5.8 0.36 
1.8 4.4 0.24 - -  - -  
2.0 5.0 0.25 6.6 0.33 
2.2 5.6 0.25 7.9 0.36 

k' = First order rate constants in presence of 1,0 x 10 5M [Cu(II)] 

(?;ii) N a O H  Dependence 

N a O H  dependence  was s tud ied  by  t ak ing  f ixed concen t ra t ions  of 

ox idan t  and subs t r a t e  and va ry ing  the  concen t r a t ion  of alkali  over  the  

range  2.8-6.0 x 10-2M. F ind ings  are l is ted in Tab.  3. 

Table 3. [Chloramine TJ = 1.0 x 10-3M, [Arginine'HClJ = 1 x 10-2M; 
Temp. 37 ~ 

[NaOH] x 10~M 2.8 3.2 3.6 4.0 5.0 5.4 6.0 
/c x 103min 1 4.1 3.8 2.9 2.7 2.5 2.3 2.1 
/c[NaOH] x 106molmin 1 1.2 1.2 1.1 1.1 1.2 1.2 1.3 

The  p roduc t  of  N a O H  concen t r a t ions  and first  order  specific 

reac t ion  ra te  is cons t an t  for all the  concen t r a t ions  of  N a O H ,  which 

suggests  an inverse  ( 1) order  in sod ium hydrox ide .  

(iv) Copper Sulphate Dependence 

Fi r s t  order  ra te  cons tan t s  ob ta ined  over  a wide range  of Cu(II)  

concen t r a t i on  (0.2-4.0 • 10 ~M) were p lo t t ed  aga ins t  copper  sul- 

pha t e  concen t r a t ions  (Fig. 1) A t  lower " concen t r a t ions  i.e. 



652 P~. S. Parihar et al. : 

Cu(II)  < 2.0 x 10-SM the observed rate  cons tan ts  increase in a linear 
manner  wi th  the  increase in ca ta lys t  concentra t ions .  However ,  at  all 
concent ra t ions  higher t han  2.0 x 10-53/ no fur ther  increase in ra te  
cons tan t  value was seen. Fur ther ,  ex t rapo la t ion  of  the curve to zero 
copper  concent ra t ion  cuts an in tercept  on the ra te  cons tan t  axis, which 
corresponds to the value of  unca ta lysed  oxidation.  Thus  it is concluded 

% 4 

B �9 

ZO / d 
7o ~ ~ J  M 

Fig. 1. Plot showing the effect of Cu(II) on observed rate constant. 
[Chloramine-T] = 1.0 x 10 aM; [Arginine-HC1] = 1.0 x 10~2M; [NaOH] = 

5.0 x 10-2M; Temperature = 37 ~ 

t h a t  the  observed ra te  cons tan t  is made  up of two terms and can be 
given by  the  expression. 

It' = k unea, t + / c  ca t  Cu(II )  

E v i d e n t l y  the  ra te  of  d i sappearance  of  ehloramine-T follows 

d /cuneat [Chloramine-T]  [Arginine]  
- - - -  [Chloramine-T]  = + 

d t [ N a O H ]  
k c a t  [Chloramine-T]  [Arginine]  [Cu(I I ) ]  

+ 
[ N a O H ]  

Actua l ly  the ca ta ly t ic  act ion of  copper  ion is due to the fo rmat ion  of  
copper  complexes of  amino acids 7, which is a slow and  reversible 
process. 

Cu(II)  + Arginine ~--~Cu Arigine complex 

(v) Temperature Dependence 

The react ion was carried ou t  at  four  different  t empera tu res  viz., 32, 
37, 43 and 47 ~ with va ry ing  concent ra t ions  of  Cu(II)  ion, and the 
results are shown in Tab.  4. 
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[Chloramine-T] = 1 x 10-3M; [ArginineHCt] = 1.0 x 10 2M; 
[NaOH] = 5.0 x 10-2.M 

Temp. ~ k x 10 3 min -1 
Cu(II) x 10 5M 0.2 0.6 l.O 2.0 

32 1.8 2.0 2.4 2.8 
37 3.1 3.4 4.2 5.1 
43 5.1 5.7 6.7 7.9 
4:7 7.1 8.1 9.1 11.7 

Linear  plots of  ra te  cons tan t  versus Cu(II)  concent ra t ions  are 
obtained.  The ex t rapo la t ion  of these curves do no t  pass t h rough  origin 
and cut  the  in tercepts  on the ra te  cons tan t  axis. This indicates t h a t  
ea ta lysed and  unca ta lysed  oxidat ions  are t ak ing  place side by  side. I n  
Tab.  5 the ra te  cons tan t  values for unea ta lysed  p a t h w a y s  calculated 
f rom the intercepts  are enlisted. Expe r imen ta l  values for unea ta lysed  
react ion a rea l so  given which are in good agreement  with the calcula ted 
va]ues. 

Table 5. [Chloramine-T] = 1.0 x 10-3M; [Arginine. HC1] = 1.0 x 10-2M; 
[N~OH] = 5 x 10-2M 

Temp./~ /c x 10 a rain 1 kunca t x 10 a min 1 
(Experimental) (Calculated) 

32 1.7 1.7 
37 2.6 2.9 
43 4.6 4.8 
47 6.6 6.6 

Energies of ac t iva t ion  for unea ta lysed  and ca ta lysed p a t h w a y s  are 
18.5 and 17.0 keal /mol  respectively.  This suggests t h a t  the rate  of Cu(II)  
ca ta lysed react ion pa th  is a bit  faster  t h a n  the unca ta lysed  pa thways .  

(vi) Salt Effect 

Unea ta lysed  and Cu(II)  ca ta lysed oxidat ions  were carried ou t  in 
presence of  different neutra l  salts, viz., KNOa, Na2SOa and Ba(N03)2 
for concent ra t ions  of  2.0-6.0 x 103M. The ra te  was complete ly  inde- 
penden t  of the ionic s t rength  of  the react ion mixture_ 

(vii) Stoichiometry 

React ion  mixtures  conta in ing vary ing  ratios of ch loramine-T to 
arginine monohydroeh lo r ide  were al lowed to equil ibrate  at  32 ~ for 48 
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hours in presence of 5.0 x 10 2M-NaOH. From the results given in 
Tab. 6, it is evident that  one mole of arginine-monohydrochloride 
consumes two moles of chloramine-T. 

Table 6 

10 3 [Chloramine-T] 103 [Arginine - HClJ 103 [Chloramine-T] Stoichio- 
metric ratio 

[Chloramine-T] : 
[Substrate] 

1.0 0.5 0 .0  2 : 1 
2.0 0.5 1.0 2 : 1 
2.5 0.5 1.5 2 : 1 
3.0 0.5 2.0 2 : 1 
3.5 0.5 2.5 2 : 1 
0.5 - -  0.5 

D i s c u s s i o n  

Uncatalysed oxidation of arginine monohydrochloride followed a 
first order dependence each in chloramine-T and reducing substrate. A 
negative single order dependence was reported in alkali. 

A mechanism is proposed in which the initial step is the hydrolysis of 
ehloramine-TS. 

CHaC6H4SO2N" NaC1 + H20 ~ CHaC6H4SO2N" HC1 + NaOH 

The essential reaction sequences thus involved are: 

k l  
C A T  + H20 --~ C A T '  + NaOH (1) 

k t 
k2 

C A T '  + A R G  ~ Intermediate § T S A  ~ (2) 
s low 

k 3 

Intermediate + C A T '  --* Products + T S A  (3) 

Thus the rate of disappearance of chloramine-T 

- - d  
- - [ C A T 3  = k 2 [CAT ' ]  [ A R G - ]  + k 3 [Intermediate]  [CAT']  (A) 
dt  

Applying steady state assumptions followed by the approximation 
k_l NaOH >> 2k~ [ A R G - ]  the rate law obtained as 

- -  d 2k lk 2 [CA T] [A RG-J 
- -  [Chloramine-T] = (B) 
d t k_ 1 [NaOH] 
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This expression is consistent with the experimental data. 
Stoichiometric studies also support  the mechanism as it explains the 
consumption of two moles of chloramine-T by one mole of arginine- 
monohydrochloride. 

In presence of Cu(II) a liner dependence in catalyst concentration was 
observed at  concentrations C u ( I I ) < 2 . 0  • l0 aM. To explain this 
aspect the complex formation and its reaction with chloramine-T is 
suggested. 

Arginine anion reacts with copper ion reversibly and slowly generate 
copper complex arginine (CuARG) as follows: 

~4 
Cu(II) + A R G -  ~ C u A R G  (4) 

Now along with reaction sequences (2) and (3) following steps also 
occur simultaneously: 

C u A R G  + C A T '  -~ Intermediate  + T S A  (5) 

k6 
Intermediate  + C A T '  ~ Products  + Cu(II) + T S A  (6) 

Applying steady state t rea tment  to the steps (1), (2), (3), (5), and (6) the 
rate expression obtained is 

- -d  2]ci ]c2 [~A~l  [ A ~ - l  2]Cl ]g5 [CA ~l [CuA/~e l 
- -  [Chlommine-T] = + (C) 
dt  /c_ 1 [NaOH] k 1 [NaOH] 

From equation (4) the concentration of copper complex can be given 
as 

[CuAR~] = ~4 [Cu(Ii)] [ ~ R a  ] (D) 
/c_ 4 

The value is fed into expression C to get the equation 

- -  d [Chloramine_T] 2/Cl [Cfll T] [A RG-] { ~4 ~5 [Cl1(~)] } 
d t = k-1 [NaOH] k2 + k.4 

2kl k2 2k 1 k 4 k 5 [Cu(II)] (E) 
k ' -  + 

It_ 1 ]c_ 1 k_ 4 

This explains a linear dependence of observed specific reaction rate k' 
on Cu(II) concentration. 

At high copper concentration i.e. Cu(II) > 2.0 x 10-~M, the whole of 
the arginine is oxidised by reaction sequences (5) and (6) and (2) and (3) 

43* 



656 g . S .  Parihar et al. : Alkaline Chloramine-T Oxidation 

are  c o m p l e t e l y  abol i shed .  The  r a t e  of  r eac t ion  can be g iven  b y  the  

express ion  

- - d  k 1 k 5 [ C A T ]  [CuA R G ]  
- -  [ C h l o r a m i n e - T ]  - 
d t  k 1 [Ne.OH] 

Here  [CuARG]  = [ARG]  and  thus  an o p t i m u m  va lue  of r a t e  c o n s t a n t  

was obse rved  a t  h igh  c a t a l y s t  concen t r a t ion .  
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