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Oscillating Clock: Briggs-Rauscher Reaction 
Performer’s Version 

Safety Hazards 

●​ Personal Protective Equipment 
○​ Safety glasses/goggles 
○​ Nitrile gloves 
○​ Chemical & flame retardant lab 

coat 
●​ Physical Hazards 

○​ Hydrogen peroxide may 
intensify or cause fire. 

○​ Potassium iodate may intensify 
or cause fire. 

○​ Sulfuric acid is corrosive to 
metal. 

○​ Cornstarch is a very finely 
ground powder, may form 
combustible dust 
concentrations in air. 

●​ Chemical Hazards 
○​ Hydrogen peroxide may cause 

severe skin burns and eye 
damage; harmful if swallowed 
or inhaled. 

○​ Potassium iodate may cause 
severe eye damage; harmful if 
swallowed. 

○​ Sulfuric acid may cause severe 
skin and eye damage. 

○​ Cornstarch may cause serious 
respiratory irritation or 
compromise if inhaled. 

○​ Malonic acid causes serious skin 
and respiratory irritation; may 
cause severe eye damage. 

○​ Manganese sulfate may cause 
severe eye damage; may cause 
damage to central nervous 
system through prolonged or 
repeated exposure. 

○​ Iodine causes skin, eye, and 
respiratory irritation; causes 
damage to respiratory system 
and central nervous system 
after single exposure; causes 
damage to kidney, liver, thyroid, 
and blood after repeated 
exposure; harmful if swallowed. 

 
Materials 

●​ Solution A:  4M H2O2 
●​ Solution B: 0.20M KIO3/0.077M H2SO4 
●​ Solution C: starch/0.020M malonic 

acid/0.026M MnSO4 
●​ Erlenmeyer flask 
●​ Parafilm 
●​ Optional: Stir plate & magnetic stir bar 

 
Safety Data Sheet(s) 

●​ Hydrogen peroxide 
●​ Potassium iodate 
●​ Sulfuric acid 
●​ Cornstarch 
●​ Malonic acid 
●​ Manganese sulfate 
●​ Iodine 

 

 
Procedure 
 

1.​ Pour equal amounts of solutions A, B and C in the flask in that order. 
2.​ The solution will repeatedly turn from clear, to amber, to blue, and back to clear. 
3.​ I2 is generated at the endpoint of this reaction so make sure to cover the flask with Parafilm to 

prevent any release of I2 vapors as soon as the solution stops changing colors.  

 
 

https://beta-static.fishersci.com/content/dam/fishersci/en_US/documents/programs/education/regulatory-documents/sds/chemicals/chemicals-h/S25359.pdf
https://www.sigmaaldrich.com/US/en/sds/ALDRICH/438464
https://www.sigmaaldrich.com/US/en/sds/aldrich/339741
https://www.fishersci.com/store/msds?partNumber=S25580&productDescription=corn-starch&vendorId=VN00115888&keyword=true&countryCode=US&language=en
https://beta-static.fishersci.com/content/dam/fishersci/en_US/documents/programs/education/regulatory-documents/sds/chemicals/chemicals-m/S25416.pdf
https://beta-static.fishersci.com/content/dam/fishersci/en_US/documents/programs/education/regulatory-documents/sds/chemicals/chemicals-m/S25422.pdf
https://www.fishersci.com/store/msds?partNumber=AC196561000&productDescription=IODINE%2C+RESUBLIMED+P.A.+100GR&vendorId=VN00033901&countryCode=US&language=en
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Pedagogy & Supplemental Information 

Oscillating reactions represent a fascinating class of chemical phenomena characterized by periodic 
changes in reactant concentrations and observable properties such as color, pH, or gas evolution. These 
reactions defy conventional expectations of chemical equilibrium, displaying dynamic behavior where 
the system alternates between multiple states over time. The study of oscillating reactions has garnered 
significant attention in the field of chemical kinetics due to their intricate dynamics, which challenge 
traditional rate laws and underscore the complexity of reaction mechanisms. 
 
The Briggs-Rauscher oscillating reaction stands as a prominent exemplar within this domain, capturing 
the imagination of chemists since its discovery. This reaction involves a set of reagents including 
hydrogen peroxide, potassium iodate, sulfuric acid, starch, malonic acid, and manganese(II) sulfate, and 
showcases striking color changes from blue to colorless and back again over successive cycles. The 
Briggs-Rauscher oscillating reaction proceeds through a series of complex steps, each contributing to the 
dynamic behavior observed: 
 

1. Initial Iodine Formation: The reaction begins with the oxidation of iodide ions (I–) by hydrogen 
peroxide (H2O2) in an acidic environment provided by sulfuric acid (H2SO4). This step generates 
molecular iodine (I2) and water. The reaction is catalyzed by manganese(II) ions (Mn2+), which are 
derived from the dissolution of manganese(II) sulfate (MnSO4). 
 
2. Malonic Acid Oxidation: Molecular iodine (I2) formed in the previous step oxidizes malonic 
acid (C3H4O4), a dicarboxylic acid, to produce carbon dioxide (CO2), water (H2O), and iodide ions 
(I–). This reaction involves the reduction of iodine back to iodide ions, which can then participate 
in further reactions. 
 
3. Iodine-Starch Complex Formation: Concurrently, molecular iodine reacts with starch present 
in the reaction mixture to form a blue-colored starch-iodine complex. This complexation reaction 
is responsible for the distinctive blue color observed during the initial phase of the reaction. 
 
4. Iodine Depletion and Color Transition: As the reaction progresses, iodine is gradually 
consumed in subsequent reaction steps, leading to a decrease in the concentration of the 
starch-iodine complex. This depletion of iodine results in a transition from the blue phase to an 
amber or yellowish color as the intensity of the starch-iodine complex diminishes. 
 
5. Regeneration of Iodine: Following the depletion of iodine, the reaction enters a phase where 
iodide ions are oxidized back to molecular iodine. This regeneration of iodine is facilitated by 
manganese(II) ions, which act as catalysts in the reaction. The regeneration of iodine initiates the 
next oscillation cycle, completing the reaction sequence.  

 
The oscillatory behavior of this system arises from the interplay of autocatalytic processes involving the 
redox couples iodine/iodide and manganese(II)/manganese(III), coupled with inhibitory effects stemming 
from the buildup of certain reaction intermediates. Ultimately, the entire mechanism is extremely 
complex – but visually, there are three major ‘stages’ of the reaction: 
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●​ Blue: The blue color typically appears during the initial phase of the reaction and indicates the 

presence of the starch-iodine complex. This complex forms when iodine interacts with starch 
molecules, resulting in the absorption of light in the visible spectrum and the manifestation of a 
blue color. The blue phase corresponds to a relatively high concentration of iodine in the reaction 
mixture. 

●​ Amber: The transition to an amber or yellowish color signifies a decrease in the concentration of 
iodine and the subsequent depletion of the starch-iodine complex. As iodine is consumed in 
subsequent reaction steps, the intensity of the blue color fades, giving way to a lighter hue, often 
described as amber or yellowish. This phase marks the beginning of the decline in iodine 
concentration and precedes the colorless phase. 

●​ Colorless: The colorless phase represents a state where the concentration of iodine drops to a 
minimal level, resulting in the absence of the starch-iodine complex and a clear or colorless 
appearance of the reaction mixture. This phase marks the completion of one oscillation cycle, 
after which the reaction reinitiates with the regeneration of iodine through subsequent reaction 
steps. The colorless phase typically transitions back to the blue phase as iodine is regenerated 
and the starch-iodine complex reforms, thus completing the oscillation cycle. 

 
The Briggs-Rauscher oscillating reaction serves as a valuable model system for studying chemical kinetics 
due to its intricate dynamics and non-linear kinetics. Traditional kinetic analyses, based on rate laws 
derived from elementary reaction steps, often struggle to capture the complex behavior exhibited by 
oscillating reactions. As such, researchers employ advanced mathematical techniques such as numerical 
simulations, bifurcation analysis, and computational algorithms to unravel the underlying mechanisms 
governing oscillatory behavior. Insights gleaned from studying the Briggs-Rauscher reaction contribute 
not only to a deeper understanding of reaction kinetics but also to broader inquiries into the dynamics of 
nonlinear chemical systems and self-organization phenomena. 
 
Real-world applications of oscillating reactions extend across diverse fields, showcasing their relevance 
beyond academic curiosity. In materials science, oscillating reactions inspire the design of self-regulating 
systems where periodic changes in properties can be harnessed for controlled release mechanisms or 
autonomous functionalities. In chemical sensing, the oscillatory behavior of certain reactions serves as 
the basis for detecting and quantifying analytes, offering sensitive and selective detection methods. 
Additionally, oscillating reactions find utility in educational settings, providing engaging demonstrations 
of complex chemical phenomena and fostering a deeper appreciation for the dynamic nature of chemical 
systems. Thus, the Briggs-Rauscher oscillating reaction and similar systems continue to captivate 
researchers and practitioners alike, offering both theoretical insights and practical applications across a 
spectrum of disciplines. 
 
 

 
 


