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Abstract 

The Villermaux-Dushman reaction has become the reference in terms of chemical method of micromixing 
characterization. It enables  the estimation of the micromixing time thanks to an appropriate model when  the reaction 
kinetics of the Dushman reaction is well known. Most works use the reaction kinetics proposed by Guichardon and Falk 
(2000), although they have overestimated the proton concentration by considering a full dissociation of the sulfuric acid. 
The present work revisits their data by considering the acid dissociation constant of the hydrogenosulfate anion. Results 
show obviously that acid dissociation is not complete and a deep effect is observed with a relative error on the proton 
concentration up to 90% in the particular case of high concentrations of the added potassium sulfate (0.1 mol/L).The new 
kinetic constant k related to a fifth order law show higher values than the data previously published and the reaction rate is 
increased when ionic strength is higher whereas Guichardon and Falk (2000) predicted a decreasement. 
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Micromixing (i. e. mixing at the molecular scale) plays a 
main role in the case of fast reactions (specially fast 
competitive and competitive-consecutive reactions, 
polymerization reactions and reactive crystallizations). It 
is usually characterized by the means of chemical 
methods, such as the Villermaux-Dushman method 
developed in the 1990s in the French team of Nancy 
(Fournier et al, 1996a; Guichardon and Falk, 2000), which 
has become the most commonly used. This method is 
based on the competition between an instantaneous 
reaction (the neutralisation of dihydrogenoborate anions) 
and a fast redox reaction (the comproportionation of iodate 
and iodide ions to form iodine, called Dushman reaction). 
In poor micromixing conditions, dihydrogenoborate ions 
will be locally consumed without completely consumming 
the protons, and the comproportionation reaction can take 
place; on the other side, only the instantaneous 

neutralisation reaction takes place in perfect micromixing 
conditions. Hence, iodide generation can be used to 
calculate the micromixing time, if a micromixing model is 
available (Fournier et al, 1996b). However, micromixing 
models need a good description of the Dushman reaction 
kinetics. 

As pointed out by Bourne (2008), the Dushman 
reaction kinetics is quite controversial, with different 
reaction orders depending on the reactant (and particularly 
iodide) concentrations, which can be explained  by a 
reaction mechanism in several steps (Schmitz, 1999). 
Nowadays, the reaction kinetics obtained by Guichardon 
et al. (2000) is commonly used in the calculation of the 
micromixing times (Guichardon and Falk, 2000; Assirelli 
et al., 2008; Falk and Commenge, 2010). However, 
Guichardon et al. (2000) had considered a complete 
dissociation of the sulfuric acid during their experiments, 



  
 
which is not the case when dealing with high proton acid 
concentrations.  

The present communication evaluates the acid 
dissociation during Guichardon and Falk (2000) 
experiments and proposes a new kinetics for the Dushman 
reaction. 

Results 

Sulfuric acid H2SO4 is a strong acid which dissociates 
in aqueous solution leading to hydrogenosulfate HSO4

- 
and proton ions according to a high acid dissociation 
(Ka1=103 mol/L). Hydrogenosulfate acid has a relatively 
high acid dissociation constant (Ka2=1.02·10-2 mol/L), thus 
leading to a second dissociation into sulfate and proton 
ions if the pH is not too low (pH>2). However, 
Guichardon and Falk (2000) experiments were carried out 
with an original sulfuric acid concentration ranging from  
0.005 mol/L  to 0.04 mol/L, and the second dissociation of 
the sulfuric acid is not complete. Moreover, they have 
tunned the ionic strength by adding potassium sulfate; but, 
as pointed out by Kölbl et al. (2013), sulfate ions can act 
as a weak base, thus further reducing the proton 
concentrations. Hence, a precise calculation based on the 
different acid-base equilibria involved has been 
investigated. The real proton concentrations in their 
experiments were actually lower than expected as 
illustrated in Table 1. Adding potassium sulfate has a great 
influence on acid sulfuric dissociation involving a relative 
error on the proton concentration up to 90% at the higher 
salt concentration.  

Table 1:  The proton concentration 
corresponding to the sulfuric acid dissociation as 

a function of potassium sulfate concentration. 
[H2SO4]0=0.005 mol/L 

[K2SO4]0 mol/L [H+] mol/L 
0 0.00781 
0.00250 0.00693 
0.0125 0.00454 
0.05 0.00176 
0.1 0.00095 

 
The new kinetic constant k has been calculated by 

keeping a fifth order law and considering the acid 
dissociation constant of the hydrogenosulfate anion, for a 
constant temperature of 20°C and several values of the 
ionic strength. Results are shown in Table 2. It can be seen 
that the kinetic constant increases when increasing the 
ionic strength whereas Guichardon and Falk (2000) 
predicted a decreasing. 

 
 
 

Table 2: The new kinetic constant k against 
potasium sulfate concentration. 

[H2SO4]0=0.0052 mol/L, [I-]0=8×10-4 mol/L, 
[IO3

-]0=5×10-5 mol/L 

[K2SO4]0 mol/L k ×10-8 L4.mol-4.s-1 
0 8.91 
0.0025 9.12 
0.0125 11.2 
0.05 18.2 
0.1 40.7 

Conclusion 

Results show obviously that the sulfuric acid 
dissociation is not complete and it involves a deep effect 
on the reaction rate. The new kinetic constant k obtained is 
increased when the ionic strength is higher. It has been 
observed that k is doubled when potassium sulfate 
concentration is raised from 0.05 mol/L to 0.1 mol/L. 
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