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. . 
m of Ru(llf) atalyd ohddon of n-propanol and II-butanol by acidic solutioos of 
bomrmiab’t ha= bcea iod~tal. Tbc rcdu llhow th8t oxidation ofboth dcohob follom first-order 
k&tics in bmaumidb’f, both aIdok, hydrogen ion anrantmtion and Ru(III). N d%ct of 
[cMori&ian]vUiationon ractioo rate was omened. No clTa% of p-tohwaenrlpbonamidc and ionic 
strcn& of the p”um was op”pd. Activation puam+ra have been c&ulatcd and rccordrd. A 

mechuurm In mnformlty with the above obServatlon8 ha8 been propod. 

Earlier, no attempt had been made to invcsG@te the 
kinetic studies of oxidation of substrates by 
bromaminc-T (BAT) although it has been used, 
recently, for the direct and indirect determination of 
a variety of substance.’ It has been observed for the 
first time that the reaction between bromaminef and 
these akohole proceeds with measurable velocity in 
the presence of catalytic amount of Ru(II1) chloride 
in acidic maiia. The prcaent communication report3 
the kinetics and mechanism of Ru(II1) catalyscd 
oxidation of n-propanol and n-butanol in pcrchloric 
acid sdutions. 

BromamiaaT soln was prepand by the method of Nair 
cr a/.’ and wan mkd iodornctrially. E. Marl: p.a. 
sample of chlo ram&-T, Koch-Light (E&ad) sampk of 
p-tolucncsulphoaamick ad Ru(TII) chloride (Johnson, 
MathcyCbanialUd.)sunpkwercueai.Allthcdumicah 
uscdwcreofaMlytialru#m4grde.DouMydistiIk!dwatcr 
wan wed throughout IJn? course of invutigrtions. caku- 
latai amount of bmnuminc_T soln ww added to the already 
cquilibratai mixture containing substrate. pcrchloric acid, 
Ru(III) chloride and KCI uA.m to inithtc tbc reaction. The 
kinctia of the nwztions were followed by examining aliquot 
portions of the mixture a1 different interval.9 of time for 
bromamineT iodometrically. 

The values of first-order rate constants raxmkd in 
Table I at several initial concentrations of 
bromaminc-T and both the substrates indicate 
tint-order dependence of the reactions on 
bromamineT as well as on n-propanol and n- 
butanol. The avcmgc values of second-order rate con- 
stants (k2 = k&Wstrate]) have been calculated as 
5.28 f 0.03 and 5.85 f 0.07 X 10-l I mol-’ min-’ 
for tbe oxidation of n-propanol and n-butanol. cc- 
spaztively under the conditions of Tabk I. 

The effect of hydrogen ion concentration on the 

rate of oxidation of the subatrates.waa studied under 
the conditions of Fig. 1. The plot8 of log k, against 
ldg [H+] prcMiuced straight linen with sloped 1.04 and 
1.07 for n-propanol and n-butanol, r#pactively, es- 
tablishing first-order kin&a with r#pect to hydro- 
gen ion concentration. First-order dependence of the 
reactions on Ru(II1) was obvious from the slopes 
(I .02 for n-propaool and 1.00 for n-butand) of the 
straight lines (Fig_ 2) obtained from the plots of log 
k, vs log (Ru(III)]. 

Insignilkant e&t of p-tolucnesulphonamid (one 
of the rtaction products). negligible cfkct of ionic 
strength of the medium (affected by addition of 
various amounts of NaClO,) and marked effect due 
to chloride ions variation were obacrval (Tabk 2). 
The kinetic data obtained at 30.35.40 and 45” were 
given in Table 2. The valrrs of energy of activation 
(AE) and entropy of activation (aS) were calculated 
and were found as 12.81 K cal/mok and - 19.48 C.U. 
respectively (n-propanol) and 11.76 K Cal/mole and 
- 22.74 C.U. rcspcctivcIy (n-butanol). 

Stoichiometry andprodet analysis. Various sets of 
experiment.3 were carried out with varying 
bromamineT alcohol ratios. The excess of 
bromamine-T kft in each set was estimated. Thtse 
stud& showad that one mole of alcohol consumed 
two moles of bromamineT and accordingly, the 
following stoichiometric equation could be formu- 
lated, where R represents CH,C,H$Q- and R 
represents +H, (in n-propanol) or -C,H, (in n- 
butanol). 

2RN.NaBr + R’CH,OH + Hz0 

+ZRNH, + 2NaBr + R’COOH. (1) 

Propionic acid and butyric acid were idcntiiied as 
end products in oxidation of n-propanol and n- 
butanol, rap&My by spcctrophotomeic and 
chromatographic techniques. 
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Table 1. E&t of amcentration of IWC&WS at 35”. [HClOJ= 2.00 x IO-*M, 
[Ru(Ili) chloride] = 0.88 x IOd M, [Cl-] - 5.00 x lo-’ M 

1OjBrOmamillbTy loqAlcoh0~ lO%,/min-’ 
M M II-Propanol II-Butanol 

1.67 

E 
s.00 
2.00 

::: 

t: 
2.00 

10.80 
10.79 
10.77 
10.80 
10.80 
10.80 
5.41 
6.88 
9.19 

10.80 
13.43 
26.80 

11.80 
11.82 
11.77 
11.79 
11.80 
11.78 

E 
9:82 

11.79 
14.85 
29.49 

-ON 

Ru(II1) chloride in hydrochloric acid forms 
[RuCl$- which is in equilibrium with 
~uq(H,O)~- as given below.- 

[RuCl$- + H,c)yRuClAH,O)~- + Cl-. (2) 

In acidic medium equihbrium (2) in right direction 
would be highly favoured, suggesting [RuClj(H,O)]‘- 
as the real reactive species” of Ru(III) chloride in our 
present studies. In acidic medium bromamine-T 
would give’ p-toluenesulphobromamide (BAT’) in 
eQn (3). 

CH,C&,SO$JBr- + H+=CH,CJI.&NHBr (3) 
(RAT) (BAT’) 

BAT would also produce dibromo p-toluenesul- 
pbonamide (DBT) and free sulphonamide according 
to eqn (4)’ 

2CH,~H,SOzNBr- + 2H+ 

=CH&I-I$O~NBr~ + CH,C6H,SOJVHr. (4) 
@BT) 

Thus we. have three oxidising species of 
bromamine-T, viz. BAT, BAT and DBT. When either 

(50.0) 0.2 a.4 0.6 0.8 
Z+log([H+j/M)- 

Fii I. Plot of lug k, againat log(H+]. A - [n-Ropanol], B - 
[n-Butanol]. [BromamineT] - 2.00 X lo-’ M. [Ru(III) chle 
ride] = 0.88 X IO4 M, [a-Propanol] = [n-Butanol] 

= 2.00 X IO-’ M, [Cl-] = 5.00 x IO-’ M. 

BAT or DBT is assumed as actual oxidising species, 
the rate law deduced does not explain our observed 
kinetics and hence either of than cannot be assumed 
as real oxidising species. Hence, BAT’ is the only 
choice which can be assumed as actual oxidising 
species in our w. Similar species of chloramine_T 
have also been reported in acidic medium where H+ 
ions have been observed to show an accelerating 
effect on the rate of oxidation of hexa- 
cyanoferrate(II),’ p-cmso19 and methyl aryl sul- 
phides.‘O 

Considering the reactive species of bromamine-T 
and RI@) chloride as described above and all other 
kinetic observations, the reaction mechanism for the 
oxidation of n-propanol and n-butanol showing iden- 
tical kinetics may be described as given below where 
S stands for the alcohols. 

CH,C,H,SO,NBr- + H +&H,C6H,SOJVHBr (i) 

BAT BAT 

[Ru”‘C.&f- + H&$Ru1uC15(H,011’- + Cl- (ii) 

(C,) (Cl) 

C, + CH,C6H,S0,NHBr$omplex(X) (iii) 

Fig. 2. Plot of log k, against log (Ru(Il1) chloridej. [HClQ] 
= 2.00 X IO-’ M. [BromaminaT] = 2.00 X IO- M. A - 
[n-Ropanol] = B d [n-Butanol] = 2.00 X IO-’ M, 

[cl-] = 5.00 x 10-z hi. 
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Table 2 [B lcmumhel) = 200 x lo-’ M, WCIOJ = 2.00 x lo-’ M [Ru- 
(III) chhridc] = 0.88 x IO+ M, [a-i’topand] = (II-Butanol] = 2.00 X lo-’ M 

Ionic 
T~~P.PC rtreasth(Ic)P P-YM 

lO%,/mhr’ 

n-Propanol ll-BUtWlOl 
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30 
35 
40 
45 

:: 
35 
35 

:: 
35 
35 
35 
35 
35 

:: 
35 
35b 
35c 
35* 
350 

0.08 
0.08 

Ei o:c@ 
0.10 
0.12 
0.15 

LE 
0:30 
0.50 
0.58 
0.58 
0.58 
0.58 
0.58 
0.58 
0.08 
0.08 
0.08 
0.08 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05’ 
0.08’ 
0.10’ 
0.20’ 

8% 
0.05 
0.05 
0.05 
0.05 

7.11 8.63 
10.80 11.79 
14.10 16.11 
21.56 22.39 
10.82 11.80 
10.81 11.82 
10.80 11.78 
10.78 11.77 
10.79 11.79 
10.80 11.80 
10.81 11.80 
10.80 11.81 
32.41 39.36 
20.82 26.45 
17.05 22.26 
10.80 12.73 
8.57 9.80 
7.13 8.08 

10.78 11.82 
10.80 11.79 
10.81 11.80 
10.79 11.81 

a + [HCIO,] = 1.04 x IO-’ M and [Ru(IIl) chloride] = 5.28 X lo4 M 
b - [CHWNHJ = 1.00 X lo-’ M 
c - [CHNNHJ = 1.25 X 1O-3 M 
d 4 [CHmNH2] = 1.50 X lo-’ M 
e - [CH&H,SQNH2] = 2.00 X IO-’ M 

(x) + K’CHrOH 4 

‘CHO + H+ + Br- 

+ a3c6&w2m2 w 

K’CHOW~~~R’COOH + Other products. (v) 

(ha) 

Where R’ is +H, (in n-propanol) and <H, (in 
n-butanol). The total [Ru(III)] may be written as eqn 
(5). 

The value of [x] may be determined on solving eqn 
(5) in terms of M with the help of steps (II) and (III) 
and may be written as eqn (6) with reasonable 
assumption 1 P KJBAT’] 

M= UMWWWAT?[H2~1 
W-1 + K6H201 * 

(6) 

Considering stoichiometric data, the rate of the reac- 
tion as measured by the consumption of bromamine- 
T, is given by eqn (7). 

- yq = 2k2M[R’CH20H]. (7) 

The final rate law (8) may be written by considering 
step (i) and eqns (6) and (7). 

WATI WBATWAlcohoWWWhP+l (*I --= 
dt K2[H201+ D-1 

where k = k2K,K2K3[H20] 
The formation of corresponding aldehydes 

(R’CHO) in step (IV) was proved experimentally 
when in a separate experiment the corresponding 
aldehydes were observed to be rapidly oxidised under 
the same experimental conditions. The rate law (8) is 
in complete agreement with our kinetic observations 
and accords well with stoichiometry, negligible effect 
of ionic strength of the medium, insignifkant effect of 
p-toluenesulphonamide and vahres of lhe activation 
parameters. 

Structure of the complex formed in step (III) is not 
known but, in order to account for its hydride ion 
abstracting capacity, a cyclic structure (I) can be 
assigned: 

2- 
r 0 1 

It is clear from structure (I) that the electron 
density around the nitrogen atom in N- 
bromotoluene-p -suIphonamide is decry& and 
N-Br bond becomes weaker. Subsequently the eleo 
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trophilic character and, therefore, the hydride ion 
abstracting capacity of N-bromotolutnap- 
sulphonamide is increased after complexation re- 
sulting in an interaction with the alcohol. Freeman 
and Scott” have also suggested that the oxidation of 
mandelic acid by alkaline permanganate prwee& ei- 
ther by a hydride ion transfer or a hydrogen atom 
abstraction from the mandelate dianion by perman- 
ganate and thus support the above mechanism. 
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