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Abstract - The kinetics of oxidation of dimethylsulphoxide (DNSO) by 
sodicn N-bromobenzenesulphonamide or bromamine-B (BAB) has been studied in 
HClO4, HCl and NaUW media, at 35'C, with 0804 aa a catalyst in the latter 
mtdium. In acid odium, the rateshows a first order dependence on [BAB] 
and second order in [li+], but is independent of substrate concentration. 
Alkali retards the reaction (inverse first order) and the rate is 
independent of oxidant concentration, 
and depends on [Oe04]*. 

but shows fractional order In [DNSO] 
The solvent isotope effect was studied by using 

D2C. Activation parameters have also been determined. I4chanisue 
proposed and the derived rate laws are consistent vith the observed 
kinetics. 

INTRODUCTION 

Althou& the N-haloamines haw been employed aa analytical reagents in the estimation of a 

variety of reductants. there ia meagre information about their kinetic behaviour in solution. 

Report6 on the kinetics of oxidation of substrates by sodium N-chloro-4-methyl benzenesulphonamide 

or chloramine-T (CAT) are found in literature and the topic has been reviewed by Campbell and 

Johneon'. Recently sodium N-broaobenzenesulphonamide (C6H5S02NBrNa.l.5 H20. bromamine-B or BAB) 

wan Introduced ae an analytical reagent* in aqueous medium. This compound behaves as an 

oxidizing agent in both acidic and alkaline media. Surprisingly, no information is available 

about the oxidatlve behaviour of any aromatic bromamine. except for the work of Hardy and 

Jehnaton3, who have reported on the composition of alkaline BAB solution, using p-nitrophenol as a 

kinetic probe. Recently, Ruff and Ku-man4 have studied the mechanism of oxidation of dialkyl 

sulphides vith bromamine-T in alkaline medium. 

Mnmthylsulphoxide (DNSO) ir, an unusually versatile solvent and a chemical reactant. For 

example, en a reactant, it can be reduced to dimethylsulfide with zinc and acetic acid', and also 
6 

oxidized to dimethylaulfone vith potassium permarqanate , chromic acid', 
8 

studies9'10 

and li202 . Kinetic 

of the oxidation of IWSO by Cr (VI), Ce (IV) and peroxydiphosphate have been reported. 

Nahadevappa etg." have investigated the kinetics and mechanism of oxidation of DNSO by CAT in 

aqueous solution, both in acid and alkaline media. 

An a part of our mechanistic studies of oxidation of substrates by the N-bromamines, we have 

studied the kinetics of oxidation of DNSO with BAB in acid and alkaline media. A &finite 

Stoichiometry for the oxidation of the substrate could be obtained in the presence of HC104, HCl 

and NaOH with Os04 an a catalyst in the latter medium. Rate studies were carried out in these 

media at 35'C. 
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Bromamine-B was prepared by the reported procedure‘. The purity of BAB was checked 
iodoxetrically through its active bromine content and the compound vas further characterized by 
its 13C-Ft-NNR spectrllm (obtained on a Bruker NH 270 EMz Nuclear Magnetic Resonance apectreter) 
vith D20 as solvent, TNS as the internal standard (ppm relative to 'MS) at 143.38 (C-l, carbon 
attached to S atom): 134.38 (C-4, para to the hetro atom) 131.26 (C-2,6) and 129.31 (C-3, 5). 

An aqueous solution of BAB vas standardized iodomatrfcally and preserved in brown bottlaa to 
prevent its photochemical deterioration. Mmsthyl sulphoxide (BM) vas purified by distill tion 
under reduced pressure, and a solution of the compound was standardized by permanganometry 13 . A 
0.04% solution of 0804 (Johnson-Nathey, London) in 0.02N NaOH vas used as catalyst in alkaline 
medium. Allowance was made for the amount of alkali present in the catalyst solution while 
preparing solutions for kinetic runs in the alkaline medium. Analar reagent grade chemicals vere 
employed. Triple distilled water was used throughout the course of these inveatigationa. 

Kinetic Measurements 

The reaction was carried out in glass-stoppered Pyrex boiling tubes vhose outer surface vaa 
coated black to eliminate photochemical effects. Requisite mounts of DHSO, acid, sodilnn 
perchlorate and vater in acid medium and DNSO, N&i, 0s04 catalyst and vater in alkaline medium 
(to keep the total volume constant for all runs) were taken in the tube and thermostated at 35'C 
for thermal equilibrium. A measured amount of BAB solution was also thermostated at the some 
temperature and rapidly added to the mixture in the boiling tube. The progress of the reaction 
vaa monitored by iodometric determination of unreacted BAB in a measured aliquot of the reaction 
mixture at different intervals of time. 'Me course of the reaction was studied for tvo half- 
lives. The rate constants calculated were reproducible to + 3%. 

stoichiometry 

Reaction mixtures containing varying proportions of BAB and DNSO vere kept at room temperature 
(27 + 2'C) in the presence of 0.20N acid for 24 hours. Estimation of the unreacted BAB shoved 
that one mole of DNSO consumed one mole of BAB: 

- + 
(CH3)2S0 + RNBr Na + Ii 0 + RNB 

2 2 
+ (CH3)2S02 + NaBr ..,................ (1) 

Product Analysis 

'Ihe sulfonamide vas identified by paper chromatography [Benzyl alcohol saturated with water 
was used as the solvent vith 0.5X vanillin in 1% HCl solution in ether as the spray reagent (RF = 
0.905)]. Presence of dimethylsulfone amon the reaction products vas confinazd by thin-layer 
chromatography. 

RESULTS 

The kinetics of oxidation of dimethylsulfoxide by BAB was investigated at several initial 
concentrations of the reactants, in acid and alkaline media. 

(1) Acid Medium 

Effect of varying reactant concentrations: At constant [H+]. with the substrate in excess, 
plots of log titre vs. time were linear (Figure 1). indicating a first order dependence of rate 
on [BAB]. Values of the pseudo-first order rate constants k' are given in Table 1. Values of 
k' vere unaffected with increase in [DNSO]o. indicating that the rate was independent of [IBISOIo 
(Table 2). 

Effect of varyinR [acidl: The rate increased with increase in [acid] (Table 3) and a plot of 
log k' vs. log [acid] was linear (r - 0.9994 in HC104 and r - 0.9986 for HCl) vith slopes of 2 in 
HClO4 and 2.6 in HCl media. 

Effect of varying [H+l: The rate is directly proportional to [H+] (Table 4) and a plot of 
log k' vs. log [H+] was linear (r - 0.9994 vith HC104 and r - 0.9990 for HCl) in acid media vith 
slopes equal to 2. Runs in HCl medium were made in presence of Cl' ion kept at 0.15M. 

Effect of anions on the rate: The rate increased vith addition of [Cl-] and [Br-I (Table 5). 
Plots of log k' vs. log [halide] are straight lines with slopes of 0.45 and 0.60 for Cl- ions 
and 0.30 and 0.40 for Br- ion in HC104 and HCl respectively. 

Effect of varying ionic strength and addition of benzene sulphonamide: Variation of the ionic 
strength of the medium by adding sodiwperchlorate or addition of the reaction product, 
bensenesulphonamide had no significant effect on the rate (Table 6). 

Effect of changing the solvent composition: The reaction was also studied in aqueous 
methanol of varying composition. It was observed that an increase in methanol content 
accelerated the rate of reaction. A plot of log k' vs. L, where D is the dielectric constant of 
the medium, gave a straight line with a positive slope (Kgure 2). Blank experiments performed, 
shoved that methanol is not oxidized by BAB under the experimental conditions. 

Solvent isotope effect: Rate studies were carried out in D20 containing perchloric acid and 
k'D2C was found to be 6.1 x 10-4 Set2 -1 while the corresponding k'H20 was 13.1 x 10e4 set-l, 
leading to the normal solvent isotope effect, k'H2C/k'D2C - 2.15. 

Effect of temperature on the rate: The reaction vas studied at different temperatures (u)- 
45°C). From the straight line plot of 1oR k' vs. ) (r - 0.9958 for HC104 and 0.9987 for HCl), 
activation parameters were computed (Table 7). 
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Teat for free radicals: Addition of reaction mixture to aqueous acrylamide solution did not 
initiate polymerization shoving the absence of free radical species. 

(2) Alkaline Medium 

In the presence of excess substrate and at constant [NaCH] and (0~1041, the disappearance of 
BAB follows zero order kinetics. The zero order rate constants. k, are fairly constant 
indicating complete oxidation of the substrate to the aulphoue stage under the experimental 
conditions (Figure 1, Table 8). 
k, vs. log [DnSOl, 

Values of k, increased with increasing [DMSO], and a plot of log 
was linear (r - 0.9905) with a slope less than unity (0.68), indicating a 

fractional order dependence of rate on [substrate]. The rate decreased with increase in [NaOH] 
(Table 9) and a plot of log k, vs. log [OH-] was found to be linear with a slope of -1. (r = 
0.9893) indicating an inverse first order dependence of rate on hydroxyl ion concentration. lhe 
rate increased vith increase in [OS041 (Table 10) and a plot of log k, vs. log [Os04]. Addition 
of Cl- or Bf ions had no effect on the rate. The reaction rate remained unaffected on varying 
ionic strength of the reaction mixture by adding sodium perchlorate (0.1 - l.OH). Addition of 
the reaction product, viz., benzenesulphonamide (-O.lM) had no influence on the rate. Addition 
of methanol to the reaction mixture had a positive effect on the rate constant (Figure 2). 
Activation parameters in the temperature range of 30-45'C were calculated from a plot of log k, 
vs. 1 (r = 0.9931) and these are shcwn in Table 7. 
solu ion was found to be negatiw. T 

Test for free radicals with aqueous acrylamide 
Kinetic studies in ~20 showed a decrease in the reaction rate. 

With [OH- 
1 

- O.OOlH, the k, values in H20 and D20 were 1.79 x 10-2 mole lit-'se,-1 and 1.58 x 10e2 
mole lit- set-1, respectively, gave kq120/koD20 as 1.15. 

DISCUSSION 

(1) Acid medium 

Bromamine-B (RNBrNa, where R - C6H5S02-) is analogous 
13 

to CAT and behaves like a strong 

electrolyte in aqueous solutions, dissociating as3: 

RNBrNa ' RNBr- + Na+ . . . . . . . (2) \ 
The anion picks up a proton in acid solutions to give the free acid monobromamine-B, RNHBr 

(N-brom, benzenesulfonamide). 

P.NBr- + H+ \ RNHBR . . . . . . . (3) 

Ka 
- 1.5 x lo-' at 25'C 

'Ihe free acid has not been isolated, but in analogy with the chlorocompound. experimental 

evidence for its formation in acid solutions can be visualized. It undergoes disproportionation 

giving rise to benzenesulfonamide (RNH2) and dibromamine-B (FNBr2). 

2 RNHBr 
Kd 

' RNH2 + RNBr2 . . . . . . . (4) 

Kd 
- 5.8 x 10m2 at 25°C 

'the dibromamine-B and the free acid hydrolyse to Rive hypobromous acid (HOBr). 

RNBr2 + H20 * RNHBr + HOBr . . . . . . . (5) . 

K!: 
RNHBr + H20 ' RNH2 + HOBr . . . . . . . (6) \ 

G - 4.21 x 1O-3 

Finally, HOBr ionizes as 
K 
a 

HOBr ' H++OBr- . . . . . . . . 
Ka 

- 2.0 x 10m9 at 25'C 

The possible oxidizing species in acidified BAH solutions are therefore RNHBr, RNBr2. HOBr 

and Br2. If RNBr2 were to be the reactive species, then the rate l= predicts a second-order 

dependence of rate on [BAB], which is contrary to experimental observations. Further, equation 

(6) indicates that the hydrolysis is slight and, if HOBr is primarily involved, a first-order 

retardation of rate by the added benzenesulfonamide is expected. However. no such effect was 

noticed. Hardy and Johnston3 have ma& detailed calculations on the concentration dependence of 

conjugate acid, HOBr and BtO- ion on pH, in aqueous BAB (6 x 10m3M) in the pH range 7-13. It is 

seen from the results that [RNHBr] is high at pH 7 and is of the order of 4.1 x 10-5M, while 

IHOB~] : 6.0 x 10% and [BtO-] = 10-7M. A comparison with the concentration of species present 

in acidified CAT solution 13 would indicate that RNHBr is the likely oxidizing species in acid 

vedium for reacting with the substrates. Further, variations of ionic strength of the medium or 
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addition of the reaction product, benzeneeulphonamide have virtually no effect on the rate. 

Formation of species of the type Ihi 2X have been reported 
14 

with CAT and the protonation constant 

for the reaction: 

BNclH -II 
+ 

,\ dClB2 
. . . . . . . (8) 

has been found to be 1.02 x lo2 at 25'C. 

Ihe rate dependence on [H+] indicates a protonation step involving the olddaut. ainca the 

rate is independent of [DMSO] and also a second-order dependence on [II+] indicatea the addition 

of two protons in a single step. Bearing these facts in mind, the following mechanism (Scheme 1) 

is proposed). 

Scheme 1 

kl 
fiBr + 2 Ii+‘ &12Br . . . . . . . (0 

k-l 

fast 

I&12Br + II2 0 
k2 

' BNH2 + H20Br++ . . . . . . . (ia \ 
k-2 

fonrard reaction is rate limiting 

H,OBr+ + MS0 
k3 
fast > products . . . . . . . (iii) 

In presence of halide ion, the tight ion pair 
15 forw.d in step (I) of Schema 2 produces the inter- 

halogen compound ClBr or Br2 which would oxidize the substrate In a fast step: 

Scheme 2 

GBr + 2 H' + X- 
K4 

'I& 
' fast 

2Br...% 

I&H2Br . . . . . . . X- .l? > B&H2 + BrX 

(1) 

(ii) 

4 
BrX + (CH3)2S0 + H2Q 

+ - - 
(Qi3j2S02 + 2H + 3r + X . . (iii) 

Scheme 1, leads to rate lau (91, in the form 

- F - k [BAB] [H+12 . . . . . . . 

where k = klk2LH201 

L_1y"2W] 

(9) 

In the present investigation, the protonation step (I) in Scheme 1 la followed by the rate 

limiting hydrolysis step (ii), where the normal kinetic laotopic effect ki/ki > 1,whil.e the 

solvent isotopic effect k'H20 /k' 
D2o 

is predicted to be < 1 for pre-equilibrium proton transfer 

followed by the aloe step. Thus, the observed Isotope effect is co~osite of solvent iaotopa 

effect and the primary isotope effect of step (ii). 

Scheme 2 leads to rate law (lo), in the form 

Rate - 
k5K4[B~l~H+l[X-l 

1 + Kl[H+][X-] 

which at constant [H+] reduces to 

. . . . . . . (IO), 

Bate - 
k5K4[BABl[X-1 

1+ Kl[X-1 
. . . . . . . (11) 

Equation (10) can be transformed into (12) for a double reciprocal plot of k' va. [Cl-] in the 

form: 

l- 1 + 1 . . . . . . . (12) 
i? k4K4[Hfl[C1 1 5 

A straight line plot is obtained (r - 0.9810 for HCl) from which k5 - 45.4 x 10m4 -' Bet and Kq - 

282.0 l3 mole 
-3 . A detailed mechanism of oxidation of DMSO by BAB in acid medium is &urn In 

Scheme 3. 
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Schems 3 -- 
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C"3 

IJZ" 

0 ES' - "Br 

I\Br - 

013 

0 = 7' - Br + II20 

C"3 

("3 

o=s=O 

A3 

An electrophilic attack by the positive bromine in IWHBr at the sulphur site in the substrate 

is envisaged since the d-orbit&s of sulphur atom sre involved in the pn -dn overlap of the S - 0 

bond, leading to a fairly considerable electron density at the sulphur site. Ihe reaction 

intermediate formed, hydrolyses through a fast step. Addition of methanol increases the rate and 

supports the ion-dipole reaction steps involved in the reaction sequence. The low energy of 

activation and the negative A s 
+ 

obtained, support the proposed scheme. 

(2) Alkaline lledium 

The exuerimentsl rate law aonears to be 

k[OS0/,]2[DMS0]0'68 
1m-J 

. . . . . . . (13) 

The zero or&r dependsncs on [BAB] shcus that the oxidizing agent takes part in a fast step of 

the reaction. lhe oxidation potential of CAT-sulphonamide system is pH dependent and decreases 

with increasing pll. 11 In alkaline solutions of CAT, ""Cl2 and HOC1 do not exist . It is likely 

that OCl- ion is the predominant species. Similarly in alkaline BA8 solutions the oxidation 

procea can be assumed to be mainly through the BrO- ion. 

The 

Ihe experimental results indicate a complex formation between Os(VII1) and the substrate. 

osmate ion in solution exists in the following equilibrium: 

10s04(w212- + Hz0 \ 
"7 - _ 

' [Os04("20)(O")1 + 0" . . . . . (14) 

A detailed scheme of oxidation of DICSO by BAB in alkaline medium is given below (Scheme 4): 

",C 

Scheme 4 

HO OH HO OH 

‘\ \/ \/ 
SE0 + "8 . "3C\ 

"C' 

o,Os=o 

/1 
(i) 

. Fast 
s = 0 ---- OS = 0 . . . 

//I\ 
3 HO 0 C"' - 3 OO"O 
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“$ \ *O\/OH + r 2- 
J = 0 ---$Os; 0 ps04(W2 1 k9 

) , s lov 

“3c\ *O\PH 

“3C,Y = O --27,: O k10 
) 

IX- Fast . 

““,; / 
5 

O zOS< O - 

oso3 + RNBrNa + Hz0 
k 

11 
) 

Fast 

The rate law is 

. . . . . . . (ii) 

y\ p O 

/ \o + oao4 + oso3 + 

H3C 

3 OH- + Hz0 . . . . . . . (iii) 

RNH2 
+ Na+ + Br- + OS04 . ..(iv) 

K,K&d~SOl[OsOc& . . . . . . (15). 
[OH-] + K, 1 l+Kg[DMSO]] 

in agreement with experimental observations. The two likely sites of coordination are at the S 

and 0 atoms, in the substrate and assuming the latter site to be nucleophilic, the probable 

structure for the complex and the subsequent reaction is as shovn in Scheme 4. 

Spectrophotometric measurements shoved that DHSO solution has a sharp absorption hand at 

207 nm. while a broad band around 246 nm was noticed for 0s04. A broad band 

appears for a mixture of DMSO and OsO 4 solutions in presence of O.OOlM NaOH. 

probably attributed to complexation between the substrate and the catalyst. 

the mixture shifts the band to about 278 nm. 

from 294-290 nm 

This can be 

Addition of BAB to 

‘Ihe solvent isotope effect, that is, k. fk > 1 is noted under 

(H20) ‘(D20) 

alkaline condi tf ons. 

This is generally correlated with the greater basicity of OD- compared to OH- ion. which supports 

the initial equilibrium and the rate determining steps in Scheme 4. It is also seen that the 

rate increases with the decrease in dielectric constant of the medium. This fact indicates the 

ion-dipole nature of the rate-limiting steps in the reaction sequence. Fu rthe r , the mechanism 

is supported by the low enthalpy of activation. The value of A s*, though negative, is small 

and shows that there is very little rearrangement in the transition state, indicating the loose 

nature of the intermediate. 
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Table 1. Effect of reactant concentrations on the rate of oxidation 
of DMSO by BAB In acid media at 35'C 

lHC1041 - [HCl] - O.lM; [DMSO] = 0.m; Ll - 0.5M 

103[BAB]o lo4 k' set 
-1 

00 HC104 HCl 

5.0 6.25 20.1 
6.0 6.51 20.3 
7.0 6.61 21.8 
8.0 6.80 22.0 
9.0 6.88 22.9 

Table 2. Effect of varying [DMSO], on the rate of reaction at 35°C 

[HClD41 - [HCl] = O.lH; LB~I, - 7.0 x 10%; u - 0.5H 

102[DMSO], lo4 k' set 
-1 

(M) HC104 HCl 

5.0 5.87 20.2 
8.0 5.60 21.8 
10.0 6.13 21.8 
15.0 6.30 20.3 
20.0 5.95 21.7 
25.0 6.20 21.3 
30.0 6.05 19.9 
40.0 6.26 21.6 

Table 3. Effect of [acid] on the rate of reaction at 35°C 

IBAB], - 7.0 x 10-3M; [DMSO], = O.lM; IJ 0.5M. 

102[acid] lo4 k' set 
-1 

(M) HC104 HCl 

5.0 
6.0 
7.0 
8.0 
10.0 
12.0 
14.0 
15.0 
18.0 
20.0 

2.20 

4.12 
6.13 
8.54 

14.31 
19.32 
24.20 

3.74 

7.79 
11.53 
21.84 
32.41 
53.88 
62.18 

40. No. 10-D 
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Table 4. Effect of [Hi] on the rate of reactian at 35-C 

WI0 - 7.0 x 10%; [DM8010 - O.lM; " - 0.5H. 

102[$1 10' IL' 8ec 
-1 

(MI HC104 10 k'/[H+12 HCl 10 k'/[H+12 

5.0 
6.0 
8.0 
10.0 
12.0 
15.0 
18.0 
20.0 

2.20 
4.12 
6.13 
8.54 
14.31 
19.32 
24.20 

6.56 2.62 
6.11 9.24 2.57 
6.44 18.04 2.82 
6.13 26.50 2.65 
5.93 41.20 2.86 
6.36 
5.96 
6.05 

*Runs were carried out in presence of 0.15M Cl' ion. 

Table 5. Effect of [Cl-] and [Br-] on the rate of reaction at 35°C 

W’lo - 7.0 x 10%; [HC10410 - [HCl] - O.lM; u - 0.5H; 

[DM80] - O.lM. 

[Cl-] x 102M 104 k' set 
-1 - 

([Br-[ x 103M) HC104 HCl 

0.0 ( 0.0) 6.61 ( 6.61) 21.8 (21.80) 
2.0 ( 5.0) 8.77 ( 7.42) 23.0 (27.30) 
5.0 ( 8.0) 11.97 ( 8.27) 28.0 - 
8.0 (10.0) 15.23 ( 9.30) 31.5 (32.40) 
10.0 (20.0) 16.79 (11.15) 34.3 (42.93) 
12.0 (30.0) 36.8 (52.96) 
15.0 40.1 

Values in brackets refer to Br- ion. 

Table 6. Effect of benzenesulfonamide and ionic strength on the rate 
of reaction at 35'C 

DABlo - 7 x 10%; [DHSO] - 0.l.M; u - 0.l.M; [HC104] - [HCl] - 0.l.H. 

[BSA] x 102M HClO, 

k' x 1O'sec 
-1 

HCl 

0.00 
0.50 
1.00 

Ionic strength 
PM 
0.05 
0.50 
0.75 
1.00 

6.61 21.80 
6.67 21.93 
6.81 22.06 

6.73 22.60 
6.61 21.80 
6.58 21.20 
6.41 20.80 
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Table 7. Kinetic and thermDdynamdc parameters for the oxidation of 
dim.thyleulphoxide by BAB in acids and alkaline media. 

HCl04 HCl NaOB 

Azk: ml-l 61.10 10.60 67.70 10.80 70.74 7.80 

Ae+ JK-1 
AC+ kJ.mol-' 

-108.40 -76.40 -49.50 
94.60 91.30 86.00 

Table 8. Effect of reactant concentrations on the rate of oxidation 
of dimzthylsulfoxide by Bromamine-B in alkaline medium at 
35OC. 

[NaOtI] - 1.0 x 10 -3M; [Q804] - 4.0 x lo-5M; p = 0.5M. 

103[BABlo wBOlo k. x lo2 mole lit-' 
-1 

eec 

00 04) 

3.0 0.10 1.80 
4.0 0.10 1.40 
5.0 0.10 1.80 
6.0 0.10 1.77 
6.5 0.10 1.56 
1.0 0.10 1.52 
5.0 0.05 1.19 
5.0 0.08 1.39 
5.0 0.10 1.80 
5.0 0.15 2.36 
5.0 0.20 3.00 
5.0 0.25 3.33 

Table 9. Effect of [OH-] on the rate of reaction at 35°C 

[BAB] - 5.0 x 10%; [DMSO] -0.l.M; [Oe041 - 4 x lo-5n; 

p - 0.5n 

lo3 k. mole lit-'eec 
-1 

1.5 16.20 
3.0 8.70 
4.0 7.40 
4.0 7.40 
5.0 4.40 
7.0 3.90 
9.0 2.70 
10.0 2.30 

Table 10. Effect of oamiumtetroxide concentration on the rate of 
reaction at 35'C. 

[B&lo = 5.0 x 10 'k; [DMso]o - 0.m; [Nacnl] - 1.0 x 10°-3M; 

" - 0.5% 

lo5 [oa041 

00 

lo2 k. mole lit-lee= 
-1 

2.00 0.25 
4.00 1.79 
5.00 2.30 
6.00 3.20 
7.00 5.10 
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Figure 1. First order plots (A, A' in HC104, B, 
B' in HCI) and zero order plots (C. C' in NaOH) 
for the reaction between DMSO and BAB in acid 
and alkaline media at 35°C. [DNSO] - O.lM for 
all runs. ]HClO41 - [HCl] - O.lM; [BAB] - O.OOM 
for A and B and [BAB] = 0.006M for A' and B'; 
INaOH] * O.OOlM; [OsO4] - 4 x lo-5M; [BAB] = 
0.005M for C and 0.006M for C'. 

Figure 2. Plot of log rate constant vs. 
dielectric constant of medium. Notations as in 
Figure 1. 


