
The Belousov-Zhabotinskii (BZ) reaction describes an 
oscillatory chemical system where ferroin continuously 
shifts to and from its oxidized form, ferriin. These changes 
are regulated by intermediate species, bromous acid and 
bromide ion, that exhibit limit cycle behavior. Such 
oscillatory systems are relevant and significant in biological 
contexts e.g. lipid cycling where cyclic behavior is regularly 
observed in dynamic equilibrium. 

To model such an oscillatory chemical system, Field, 
Körös and Noyes proposed the Oregonator – a coupled 
system of 5 reactions with 2 substrates, 2 products and 3 
intermediate species. The kinetic behavior of this model is 
further described by a nonlinear system of differential 
equations to track the behavior of the intermediate species. 
However, the numerical solution to this problem is not 
easily determined due to stiffness and sensitivity of the 
system to initial conditions. 

Thus the objectives of this investigation are two-fold: (1) to 
quantitatively characterize such oscillatory systems, in 
terms of reproducible and experimentally observable rate 
constants, starting with the BZ reaction and (2) to 
determine the optimal numerical solver for the Oregonator 
model to predict limit cycle behavior. Numerical solvers are 
compared based on criteria including accuracy, sensitivity 
to initial conditions, analytical and empirical convergence 
rates as well as computational cost. Insights derived are 
naturally extended to study related systems and models.
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Reasons for choice of Belousov-Zhabotinskii (BZ) reaction:

(1) Under suitable conditions, the BZ reaction exhibits limit 
cycle behavior i.e. sustained temporal oscillations 
observed as a continuous progression of concentric 
waves.  Similar temporal oscillations of metabolites are 
observed in cellular systems as a consequence of 
consistent metabolite recycling.  Clinical disease conditions 
are often the consequence of cellular metabolite 
accumulations or deficiencies that arise from faulty cellular 
metabolite recycling mechanisms.   

(2) Sustained temporal oscillations in a biochemical system 
are possible only if the system is maintained far from 
equilibrium i.e. an open system.  For the BZ reaction 
model, this indicates that the concentrations of the 
reactants may be considered as constants.  The cellular 
cytoplasm may be considered an open system to a limited 
extent where metabolic reactions occur in localized regions 
within the cytoplasm.  

(3) The BZ reaction is readily reproduced with materials 
found easily in classroom laboratories.  As such, analytical 
predictions regarding the amplitude and frequency of 
oscillations may be easily verified.  Furthermore, because 
the BZ reaction may be replicated in multiple flavors using 
different reactants with slight differences between each 
flavor, there exists ample variability within the BZ family of 
reactions to validate numerical results.  

(4) The BZ reaction is well-studied.  Field and Noyes 
proposed the classic Oregonator to model the BZ reaction.  
While the Oregonator may not be perfect, the model 
parameters and initial conditions are sufficiently well-
characterized, making the Oregonator an ideal case study.  
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From this comparison, our results suggest ode45 and ode 
23t are better numerical solvers when dealing with coupled 
'stiff' systems of nonlinear ODEs.  ode45 is an explicit RK 
method of order 4 while ode23t is based on the trapezoidal 
rule, of order 2 i.e. O(h2) where h is the step size.  The 
tradeoff for obtaining a high order of accuracy is increasing 
computational cost and potential over-fitting of the 
interpolated polynomial to the solution points, resulting in 
large oscillations between solution points to achieve a 
smooth fit of the solution curve. 

Adaptive schemes allow for savings in computational cost 
without compromising accuracy significantly by taking 
smaller steps where the solution may change rapidly and 
larger steps where the solution is smoother.  

Low- to medium-order single-step methods appear to provide 
more accurate solutions compared to high-order multi-step 
methods. 

Apart from examining the mechanism of numerical solvers, 
the strengths and weaknesses of the Oregonator in modeling 
complex oscillatory behavior such as the BZ reaction should 
be further studied.  The mapping of features of the physical 
system to the analytical model is of specific interest.  Such 
an investigation will represent the first steps towards the 
discovery of robust algorithms to abstract features of 
physical phenomenon and express them analytically.  

Ideally this abstraction process for biochemical systems will 
emulate the modeling process for more conventional 
systems such as mechanical, electrical and fluid flow 
systems, leading to the realization of true systems biology 
with concrete translational applications in clinical treatment 
and therapeutic engineering. 


