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The kinetics of acid-catalyzed decomposition of decanepersulfonic acid 
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The kinetics of thermal decomposition of decanepersulfonic acid (RSO2OOH , R = 
Ct0H21) in CCI 4 in the presence of cyclohexanesuifonic and trifluoroacetic acids at 323-- 
343 K was studied. The reaction has an autocatalytic character. The kinetics of  consumption 
of the persulfonic acid is described by the equation -d[RSO2OOH]/dt = kI[RSO2OOH ] + 
~[RSO2OOH] �9 [HXI. 
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it has been established previously I that in the de- 
composi t ion  of  decanepersulfonic  acid (RSO2OOH , R = 
Cl0H2t) in decane,  the reaction o f  RSO2OOH with the 
hydrocarbon solvent is the main channel  o f  its con-  
sumption,  in this work, we studied the thermolysis of  
decanepersulfonic  acid in a solution o f  CCI 4 and the 
influence of  acid additives on the reaction kinetics. 

Experimental 

Decanepersulfonic acid was synthesized according to the 
procedure described previously. I A solution of Ct0H2ISO2OO|-I 
was thoroughly washed out from admixtures of H2SO 4 and 
decanesulfonic acid. The content of the latter in the starting 
solutions of persuifonic acid did not exceed 1%. The solvent 
(CCI4) was purified according to the standard procedure./. 
Cyclohexanesulfonic acid was obtained by the photochemical 
sulfooxidation of cyclohexane. CFsCOOH (reagent grade) was 
t,sed. The reaction kinetics was monitored by the consumption 
of RSO2OOH, whose concentration was determined iodo- 
metrically. 3 Concentrations of decanesulfonic, cyctohexane- 
sulfonic, and trifluoroaeetic acids were determined by poten- 
tiometric titration. Bu4NOH was used as the titrant. 

The addition ofcyc lohexanesu l fon ic  or trifluoroacetic 
acids to the starting react ion mixture  accelerates the 
reaction and decreases (down to the comple te  disap- 
pearance at a sufficiently high acid concentra t ion)  the 
autoaccelerat ion effect. In this case, the kinetics of  
consumption o f  R S O 2 O O H  is well described by the 
first-order equat ion to the a lmost  comple te  decomposi -  
tion o f  the peracid. The  kex p values increase proport ion-  
ally to the content  o f  the acid in the s ta~ing reaction 
mixture (see Table 1). The  catalyt ic effect of  t r if luoro- 
sul fonic  acid is subs tan t ia l ly  h ighe r  t han  tha t  o f  
cyciohexanesulfonic acid, which is most likely related to 
the different strengths o f  these acids. It can be assumed 
that  the autocatalysis  dur ing the  decompos i t i on  of  

Table 1. Dependence of the rate constant (kcxp) of decomposi- 
tion of decanepersulfonic acid on the temperature and acid 
content [HX] in the starting reaction medium 

T/K [RSO2OOH]o �9 102 [HXI- l0 s k~,o- l0 s 

mot L -I /s -I 

323 
323 

Results and Discussion 
323 
333 

The thermolysis  of  decanepersulfonic  acid in CCI 4 333 
was studied at 323--343 K. The  kinetic curves o f  con-  

333 
sumpt ion of  RSO2OOH have an autocatalyt ic character. 333 
Therefore,  the reaction was character ized by the experi- 343 
mental  rate constant  o f  consumpt ion  o f  the persulfonic 343 
acid (kexp, Table I), which was determined from the 343 
semilogar i thmic  anamorphoses  o f  the regions of  the 343 
kinetic curves where the contr ibution of  autocatalysis is 343 
not noticeable (conversion o f  RSO2OOH <5--6  mol.%). 343 

The temperature  dependence  of  kex p is described by 343 
the Arrhenius equat ion  (the activation energy is ex- 343 
pressed in kJ tool -1) 343 

logke• v = (8.48+__0.56) - (85.3_+3.6)/(2.3R7), r = 0.998. 

0.5 0 0.46 
1.3 0 0.47 
1.3 0 0.44 
0.2 0 1.28 
0.5 0 1.27 
1.0 0 1.28 
2.5 0 1.30 
0.25 0 2.88 
1.0 0 2.95 
1.0 1.3 3.07 a 
0.3 2.95 3.72 a 
0.4 10.0 7.1 a 
0.2 19.3 11.0 ~ 
0.2 0.5 3.7 b 
0.2 3.0 8.3 b 
2.4 0 2.95 

'~ HX = CbHIISO2OH. a HX = CF3COOH. 
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persulfonic acid is due to the accumulation of the 
corresponding sulfonic acid, whose yield (calculated per 
decomposed peracid) is ~85% (343 K, [RSO2OOH] 0 = 
2.1-10 -2 tool L-l).  When hydrocarbons are added to 
the reaction mixture, the yield of sulfonic acid reaches 
the quantitative value, t The kinetic regularities of the 
reaction can be explained in terms of the following 
formal scheme: 

RSO2OOH - RSO2OH + 1 /202,  (1) 

RSO2OOH + RSO2OH = 2 RSO2OH + 1/2 02 . (2) 

According to this scheme, the consumption of the 
persulfonic acid can be described by the equation 

d[RSO2OOH1/dt = 
= -kI{RSO2OOH l - k2[RSO2OOH l �9 [RSO2OH1, 

where k I and k 7 are the rate constants of the corre- 
sponding stages. 

Under the experimental conditions, when [HX]~} >> 
[RSO2OOH]o, the accumulation of sulfonic acid at the 
initial stages of the reaction can be neglected. After 
integration, we obtain the expression 

In(IRSO2OOHIo/[RSO2OOH]) = (k t + k2[HXl)t 

([HX] is the concentration of sulfonic or other acid). 
Taking into account that k x + ~[HX1 is, in fact, the 

experimental rate constant of consumption of persulfonic 
acid, Le., 

/c~p = / q  +/c2[HX l, 

we can expect a linear dependence of k~x p on the 
content of acids in the system, which is observed experi- 
mentally (see Table 1). According to this equation, we 
found from the dependences of  kex p on [HX]:/~(70 ~ 
= (4.3+0.5)-10 -3 L (mol s )  - t ,  r = 0.998 for cyclo- 
hexanesulfonic acid and ~ (70  ~ = (1.8-t-0.6). 10 -2 
L (mol s) -I ,  r = 0.999 for trifluoroacetic acid. It is found 
from the intercepts on the Y axis: /ct(70 ~ = 
(2.7+0.5)-10 -5 s - t  and (2.9_+1.1)-10 -5 s - l  at HX = 
C6HItSO2OH and CF3COOH , respectively. These k l 
values agree well with the kex p values determined from 
the initial regions of the kinetic curve of consumption of 
RSO2OOH (see Table 1) in the absence of acids in the 
starting mixture when reaction (2) can be neglected. 
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The electrochemical behavior of citrai at Hg, Au, Pt, Cu, and glassy carbon electrodes 
was studied by cyclic voltammetry in DMF solutions containing acetic acid. Eleetrocatalytic 
hydrogenation of citral is the predominant reaction route at Pt and Cu electrodes. 
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Despite the substantial interest in the preparative 
electrochemical reduction of citral (Cit) both in aqueous 

* For Part 5, see Ref. 1. 

alcohols z and aqueous DMF, 3,4 the mechanism of its 
electroreduction, unlike those of other c~,13-unsaturated 
carboxyl compounds, 5 has not been studied. The pur- 
pose of this work is to study this aspect and to verify the 
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