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Sp--ctr,ph7tf1m~tric D:ttermination of Metal ions 
with Modifi:d reag:nts : 

Gmeral Procedure : 

Adjust the pH of the metal ion solution contain­
ing 6 to 70 ,,g (s1e Table 1 and 2 for effective range) 
to the required pH (Tables 1 and 2). Add 2 ml of 
1 x I0- 8 M modified reagent solution of the same pH 
(The mo:lified reagents are prepared by adding 
about four foU excess ofCTAB solution to reagent 
solutions and keeping them for atleast 15-20 minutes 
for complete micelle formation). Make up the 
volume to 25 ml with distilleJ water. Measure the 
absorbance at suitable wave length { Tables 1 and 2) 
against mo:lified reagent as blank. The results 
obtained should be compared with a calibration 
curve prepared according to the same procedure. 

The repro:luzibility of the reaction was found to 
be excellent with ECAB, PCV and SOR.. 
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IN a previous communication the authors1 have 
reported on the kinetics and mechanism of oxida· 
tion of methyl phenyl sulphox.ide in the presence 

of hydrochloric acid (0.04-0.08 M) and sodium 
chloride (0.40 to 0.70 M) at 10'. The rate of dis­
appearance of chloramine-T showed first order 
dependence on [chloramine-T], [R•] and [CI-] and 
it was indep!ndent of the subnrate concentration. 
In the pr~sent communication we have examined the 
kinetic b:haviour of oxidation with [H+] less than 
0.035 M. 
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Experimental 

Chloramine-Tused wasof AnalaR grade {M&B). 
Methyl phenyl su1phoxide was prepared by a known 
method. All solutions were prepared in doubly 
distilled water. The kinetics of the reaction was 
followed by iodometric estimation of chloramine·! 
in a measured aliquot of the reaction mixture at 
various time intervals. Methyl phenyl sulphone 
was found to be the oxidation product of substrate1 

even under these conditions. 

Results and Discussion 

The kinetics of the oxidation of methyl phenyl 
sulphollide by chloramine-T has been studied at 
several initial concentrations of the reactants 
(Table 1 ). When methyl phenyl sulphoxide is in excess 
plots of log (titre) versus time are found to be linear. 
The first order constants in chloramine-T calculated 
at di1'erent initial concentrations of the reactants 
are found to be independent of the substrate 
concentration. 

TABI.E 1-EFFEC'l' OF RltAC1'ANT CONCENTRATIONS 

Temp.=20° [H+]=2.0x w-•M [Cl-]=0.42 M 1==0.42 

104 tChlorAmine-T) 101 (C8 H 1 SOOH1 ] kobsl< 104 

M M "~ 
8.0 20.0 8.46 

14.0 20.0 8.84 

20.0 20.0 8.79 

20.0 8.0 8.17 

20.0 14.0 8.81 

Effect of Variation of Acid Concentration : 

The kinetic runs were carried out at 20• keeping 
the concentrations of methyl phenyl sulphoxide and 
chloramine-T constant at varied concentrations of 
hydrochloric acid (Table 2). A plot of log k against 
log [H+] gave a straight line with slope slightly 
higher than 0.5. · 

TABI.S: 2-DS:PS::llDS:NCS: OF RATE ON (H+J 

Temp.=20° (c.H.SOCH1]=2.0xlo-1M 
(Chloramine-T}=2.0x 1o-•M, [Cl-j=0.42M, 1=0.4~ 

101 (H+] kobs><104 

M sec-• 
1.4 7.78 
2.0 8.72 
2.4 10.04 
a.o 11.19 
8.5 12.49 

Effzct of Variation of Chloride Ion Concentration : 

The kinetic runs were carried out at 20" with 
varying concentrations of chloride ions {Table 3). 
A plot of log k ver~us log (CI-] ga,vQ ~ straight line 
with slope nearly l. -



TABI,S 8-DXPENDSNCS OF RATS ON (01-) 
Temp.=20° [C8 H 6 SOCH1 l=2.0x1o-•M 

[Ohlora.mlne-T]=2.0x 10-1 M, [H•]=2.0x 1o-1 .M 

w~H k~xw 
M sec-• 
4.2 
5.2 
6.2 
7.2 

E.ff.:ct of Neutral Salt : 

8.72 
10.12 
12.09 
18.00 

The reaction has been studied with varying con­
centrations of NaClO ~· The results indicate that 
the ionic &trength has no effect on the rate constant. 

Ejf.!ct of Temperature : 

The kinetic runs were made in the temperature 
range of h,-2s·. The energy of activation and the 
entropy of activation of the reaction have been 
computed as 64.5 KJ mo!e-1 and -92.87 JK-1 

respectively. 

Chloramine-T, being a strong electrolyte, disso­
ciates in aqueous 5olution to its anion 
(p-CH8C8H~S09NC1) which can be protonated by 
mineral acid. 

RNCl-Na+~RNCI-+Na+ 
k1 

RNCI-+H+~RNHCI 
k_1 

R= p-CH8 C8 H~S09 

(1) 

(2) 

The free acid has not been isolated. In the absence 
of added chloride the following mechanism has 
been proposed. 

kg 
RNHCl+ RNCI-~RNC11+ RNH- {3) 

k_ 9 slow 

ka 
RNCI9+H90~RNHCI+HOCI (4) 

k_ 8 slowest and R.D. 
fast 

C8 H 11 SOCH8 +HOC!--+-C8 H 11 S09 CH8 +H+ 
+Cl- ... (5) 

Pryde and Soper 9 • 8 have shown that the direct inter­
action of RN HCl with the substrate could be slow 
while HOCI formed by the hydrolysis of RNCI 9 

would attack at a faster rate. The direct interaction 
of RNCI 9 with the substrate is expected to be 
negligible because of the faster rate of interaction 
of HOCI, produced by the hydrolysis of this species, 
with the substrate. This is supported by the fact 
that in the oxidation of some primary alc"hols" and 
allyl alcohol 11 a mechanism involving HOCI as the 
oxidizing species has been proposed. The first order 
dependence on chloramine-T and fractional order 
on H+ concentration suggest that the slowest step 
could be the hydrolysis of RNC1 9 producing HOCJ. 
Since the rate is independent of sulphoxide con­
centration, the disappearance of sulphoxide probably 
takes place by the fast reaction (S) with HOCI. 

NOTES 

In the presence of added chloride, the oxidizing 
species will be either molecular chlorine or positive 
chlorine 8 • '· RNCI 11 reacts with chloride ions to form 
molecular chlorine which, in turn, reacts with water 
to produce hypochlorous acid. The rate of dis­
appearance of chloramine-T is independent of the 
ionic strength of the medium. This observation 
along with the first order dependence on chlora­
mine-T and po.>itive effects of hydrogen ion con­
centration and chloride ion concentration sugge:.ts 
that the slowest step could be the reaction bdween 
RNCI 9 and chloride producing molecular chlorine. 
In thts case abo, the di:.appearance of sulphoxide 
takes place by the fast reactiOn wtth HOCl which is 
produced by the reaction between molecular chlorine 
and water. 

k, 
RNC111 +Cl-~RNC1-+Cl9 (6) 

k_, slowest and R.D. 
CI 11 +H90~H0Cl+H++CI- (7) 
C 8 H 11SOCH 8 +H0Cl---+C8 H 5S0 9 CH8 +H++Cl-O 

Two mechanisms have been proposed by the 
authors1 for the oxidation of methyl phenyl 
sulphoxide by assuming (i) direct attack by HOCl 
and (ii) the attack by protonated HOCl in acid 
medium. 

The required rate laws can be derived by a con­
sidering steady states for RNHCl and RNCL9 and 
assuming 

k_1 ))k9 [CAT], k_g))k8 [~c~] and k_s))k, l~6ir 
The derived rate expressions are -d[CAT]!dt 

1 

=k[CAT] [H+F, in the absence of added chloride 
1 

and -rl[CAT]/dt=k[CAT][H+]1r[C1-], in the pre-
sence of added chloride. 
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