
IndiJn Journal of Chemistry 
Vol. 45A. April 2006. pp~7-900 

pe V inhibition on the rate of chloramine-T 
oxidation of a -ami no ac ids in 

alkaline medium 

Rashlll i Tripalhi & ~~ Upad hyay* 

Departmcnl of Chcmi stry. H B Technological Institu te. 
Kanpur 20 002. India 

Eillai I: upadhyay _s_k@redi ffmail .eom 

Received 17 Novell/vel' 2()05; revised 14 FeiJrtlllIY 20015 

An inhibil ion effeci or platinum(IV) on the rale or oxidation of 
Cl-Jillino acids (alanine. ph enylalanine and valine) by alkaline 
chloramine-T (CAT) has been observed. The kineti c resuits Illay 
be reprcsented by Ihe folluwing rale law. 

d[CATl 2k1 CATh IAAJ 

dl K ' [AAI +K " I Pt,vJ 

\\'here "" represenls u-amino acid and k. K' and K" represcnt 
con stants . 

IPC Cude: In l. Cl.s C07 B33/00 

Among the platinum group metal s. the catalys is by 
pall adium(U) and platinull1(IV) (the chemi stry of 
whi ch have some common features) in vari ous redox
reac tions is we ll reported l

-
7 in literature. In some 

cases palladium(II) inhibition has also been 
observed8

. In preliminary studi es, pl atinum(l V) 
showed an inhibition efrect like that of palladium(ll) 
on the rate of ox idation of some a-amino ac ids by 
sodium sa lt of N-ch lorotoul ene-p-sulphonamide 
(chloramine-T. abbreviated as CAT) which acts9

-
11 as 

a versatile oxid izing agent in acidic. alkaline or in a 
neutral medi a. The title reacti on. therefore. has been 
studied in detail in order to observe the role of 
platinum(lV) in the reac ti on. 

ExpeI"imcntaJ. 
The reagents empl oyed were (DL)- alanine. 

(L)- phenylalanine (Thomas Baker) (DL)- va line 
(Loba. AR). chl oram ine-T (Loba. AR) and 
chl oroplatinic ac id (Thomas Baker). Other reage nts. 
viz .. NaOH. NaCIO.j. NaCi etc . used were of AR 
grade. All solutions were prepared in doubl y di st illed 
water. Freshl y prepared solu tion of the substrate was 

used in the experiments. Stock so lution of 
chl oramine-T was standardi zed iodometri ca lly and 
stored in dark coloured bottle. 

The stock solution of chl oroplatinic acid (9 .34 x 10-' 
mol dm-' ) was prepared by di ssolving the sample in 
ve ry di lute HCI ( l.0 x 10.3 mol dm-3

) and was stored in 
black coated bottle to prevent photoc hemical 
decompositi on. The reac ti on vessels were also coated 
with black varni sh to avoid photochemi cal effect. 

Appropri ate quantities of solutions of chloramine-T. 
NaO H and H2PtCI6 were taken in a 100 cm' Jena 
glass vessel. The requi site amount of doubl y di sti ll ed 
water was added so the total volume of the reacti on 
mi xture was 50 cm' after adding the substrate. The 
reacti on mi xture was then placed in a thermostati c 
bath maintained at the desired temperature ± 0. 1 DC 
and was allowed to altai n the bath temperature. The 
reacti on was then initi ated by adding the requi site 
amount of amino ac id solution. placed separate ly in 
the sa me bath. The progress of the reaction was 
fo ll owed by determining CAT iodomerricall y 111 

aliquots withdrawn after regul ar time intervals . 

Stoichiull1ct,·y and reaction pl"Oducts 

Di ffe rent rati os of I Ami no ac id] to [CAT J were 
mi xed in the presence of [H2PtCI6] and [NaOHJ . The 
estimation of the unreacted CAT after 24h showed 
that one mole of amino acid consumed two moles of 
CAT. in accordance with Eq. (a). 

R'CH(NH2)COOH+2C H3C6H.jS02N.NaCl---> 

R'C=N + 2C H 3C(,H.jS02NH2+C02+ 2N aC1 

... (a) 

where R' represents CH3, C(,I-15.CH2 and (C H1)2 CH 
for alanine. phenylalanine and valine. respec ti ve ly. 

The ni trile as a major product has been reported9 

by various workers in chloramine-T oxidation of 
amino ac ids. The presence of nitrile as the main 
producl. in absence as we ll as presence of 
platinum(lV) has also been confirmed by the colour 
reacti on with hydroxylamine in polyethylene glycol 
and iron(Ill ) chloride. The presence of aldehyde has 
al so been confirmed by Schiffs reagent. 
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Results and discussion 
The rate of the reaction has been determined at 

several initi al concentrati ons of the reactants. In 
alkaline medium. the log ICATI versus time plots 
were al ways found to be linear up to 80(k, of the 
reacti ons and. the seudo-first order rate constants in 
CAT (kn",) have been evaluated from the slopes of 
these plots. The identi cal value of k"", Cfabl e I ) at 
vari ous initial concentrations of CAT further 
confirmed a first order dependence of rate w ith 
respect to CAT. A pl ot of k"", versw IAmino acidl 
dev iates from the linearity at higher IAmino acidl . 
while the plot of IIk"{,, ve rsus 1/ IA mino acid] (Fi g. I ) 
is linear with a positi ve intercept. Thu s. it appears that 
the order of reaction in amino acid decreases from 
unity to zero at higher lAmino acidl . 

The effec t of increasing IPlatinum(l V )1 leads to a 
decrease in the observed rate con stant. A plot of k,,/)s 
versus IPlatinum(lV ) 1 is linear with a negati ve slope 
(Fig. 2), which cl earl y indicates an inhibiti on effec t of 
platinum(JV) on the rate of the reaction. The effec t of 
[OH- I on the rate of ox idation was studied at a fi xed 
ionic strength ( ~t=4 .0x I 0-' mol dm-") maintained by 
odium perchl orate. The amount of NaOH already 

present in the catal yst was taken into account. A 
neg li gible effec t of rOH-1 on the rate of ox idation has 
been observed. A ddition of sodium ch loride (up to 
6.0x I0--I mol dn'-' ) and NaCIO-l (up to 4.0x I0-' mol 

dnf') al so showed a neg ligible effect on kll", . 

The rates were also measure at vari ous 
temperatures. viz .. 30. 35. 40. 45°C and the acti vati on 
parameters ha ve been evaluated (T able 2) . 

The vari ous ox idi zing species in an al ka line 
so lution are CAT itse lf. RNHCI and hypochlorite ion 
(OCr). 

The kineti cs of ox idation of a seri es of aminoacids 
by chloramine-T in alkaline medium have been 
in ves ti gated~ and the mechani sm of the re,)cti on has 
been proposed to proceed via formation of an 
intermediate between the :1minoacid and RNHCI. i .e .. 
the reacti ve spec ies of chloramine-T in a fast step. 
The intermediate show form. subsequentl y interac ts 
with another molecule ofRNHCI to give the products. 
On the basis of the above facts and experimental 
results in presence of platinum(IV). a general 
mechani sm for the oxidation of a-amino acid by CAT 
in alkaline Iw~dium (Scheme 1) is proposed as 
follows. 

T~l b le I - Erfect or I Reac lanlsl on the r~lIc conslanl S ~li 35°C I OH-I= 2.0 x 10" mol dn '.l 

10' ICAT I I O! I Subslralel 10" 1 Pt lVj 10' /';""., (5. 1
) 

(illol dm" ) (mol dlll -') (mol dm-') Al aninc(A) Phcny lalanine(B ) Valinc(C) 

1.0 2.0 0.93 0.95 1.26 0.80 

1.5 2.0 0.93 0.95 1.22 0.76 

2.0 2.0 0.93 0.95 1.26 0.76 

3.0 2.0 0.93 0.95 1.26 0.76 

4.0 2.0 0.93 0.95 1.26 0.76 

2.0 0.2 0.93 0 . .10 0.38 0. 19 

2.0 0.5 0.9.1 0.6 1 0.65 0.38 

2.0 1.0 0.93 0.80 0.99 0.53 

2.0 1.5 0.93 0.92 1.1 8 0.69 

2.0 .1.0 0.93 1.03 1.42 0.80 

2.0 4.0 0.93 1.07 1.45 0.84 

2.0 2.0 N i l 1.15 1.42 0.92 

2.0 2.0 0.46 1.07 1.34 0.84 

2.0 2.0 1.40 0.88 18 0.69 

2.0 2.0 1.86 0.80 1.1 3 0.6 1 

2.0 2.0 2.80 0.65 0.99 0.46 

2.0 2.0 3.73 0.49 0.92 026 
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Fig. I - Pl ot or Il k"b., versus II I SubstrJtel ~ t J5°C. 
I I CA TI = 2.0 x 10-" mol dm-' ; I I-I l PtCI61 = 0.93 x I O · ~ mol dm-" ; 

10 1-1 -1 = 2.0 x 10-3 mol dm-3 ; A. ~13nin e; B. pileny lJl3ni ne; 
C. va line]. 
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Fig. 2 - Plots or k"/,, versus I I-I l PtCI61 at J5°C. 
I rCA 1'1 = 2.0x I 0-3 mol dm-3; I Substratc] = ~.O x 10-2 mol dm-"'; 

I 0 1-rl =2.0x I 0-3 mol dm·3; A. 3 1 ~ninc; B. phe n y lal~lnin c; 
C. valinc]. 

TJblc 2 - Activati on parJmctcrs ror the ox id;ll ion or aillino acids in prescnce or Pt lV I IS ubstratel = 2.0 x I 0.2 mol dm -'. 

Il-ilPtCIr,] = 0.9J x I O-~ mol dlll-'; 10 1-1 -1 = 2.0 x 10-3 
III 0 I dm''! ; I CA TI = 2.0 x 10-' mol dm" ] 

Suhstratc /1.// log II 

( kJ mor l) 

A lan inc (A) 84.~0 ± 0.05 11 .28 

Phenylalanine (8 ) 76.55 ± 0.05 10. 11 

YJl inc (Cl 91 .86 ± 0.05 12.44 

CAT +HoO ~ - ~ R HCl + OH- fast . .. ( i) 

R HCl + AA ~ X fast ... (i i) 

RNHCI + X ~ product (s low) ... (iii ) 

RNJ-ICl + Pt tv ~ Y fa st ... (i v) 
~ 

Scheme 1 

A complex of CAT with other platinum group 
meta l-ion Vtz. osmiulll(VIII ) is al so reported in the 
li terature. 

Accord ing to Scheme I . the rate of disappearance 
of [CAT llllay be obtaincd as. 

0 11# ~\S./l oc/ 
( Id murl ) OK·I moll ) (Id mur l) 

8 1.62 ± 0.25 -29. 17 ± 0.5 90.68 ± 1.0 

73.97 ± 0.25 -5 1.60 ± 0.5 8998 ± 1.0 

89.28 ± 0.25 -6.97 ± 0.5 9 1 .. 4 ± 1.0 

dlCATJ 
=k-:. IRNHCl I[AAI+k3[R NHCIIIXI· · ·(I ) 

dl 

= 2k-:. [R NH CII IAAI .. . (2 ) 

Consideri ng the total concentration of CAT as. 

ICATh = ICATI+lRNHCl I+IX I+[YI 

Again . taking 

I RNHCII = Kd CATl1 H20 I/ IOH- 1 

IXl = k2 IRNHCI IIAA J. and 

IY I = K .. IRN HClllPt lVI 

... (. ) 

. .. (4) 

.. (5) 

.(6 ) 

with thc help of Eqs (3) . (4). (5) and (6). the value of 
I RNHClI in terms of I CA Th Illay be gi ven as. 
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[R HCll = ... (7) 

IOH-I+KII H201 {k2f AA]+K4\pt
IV

,} 

And, therefore, the rate law (2) becomes. 

dI CAT] 
. . . (8) 

rtt 

Neg lecting fOH'] is the denominator in comparison 
to other terms, the rate law (8) is converted to, 

dlCATI 2tdCATh IAAJ 
= ------- .. . (9) 

dl 

The above rate' law (9) explains all the 
ex perimental results i.e. first order dependence of rate 
with respect to CAT, negligible effect of [OH-, on the 
rate, inhibition effect of \Pl lv

] and a dec rease in order 
of reaction in amino acid from unity to zero at higher 
IAminoacidj . 
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