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Complexity… 

“The	whole	is	greater	than	the	sum	of	its	parts.”		
Aristotle	

Simple “rules” (interactions) lead to a 
complex behavior if many parts are 

involved



Chaos… 

Greek	χάος	means	"emp,ness,	vast	void,	
chasm,	abyss"	

Something	is	chao1c	if	we	cannot	find	an	order	

Determinis1c	
Chaos:	sensi1vity	
to	ini1al	condi1ons	



The Belousov Zhabotinsky Reaction 

[Bjela’usov-Shabatinski]	

Foto 5: A. M. Schabotinski (1983) (Quelle: [K])

Foto 6: A. M. Schabotinski
(90er Jahre)
(Quelle: [brandeis.uni])

Foto 6: A. M. Schabotinski
 (~2008) (Quelle: [I])

Foto 1: B. P.  Beloussow  um 1939 
(Quelle: [wiki])

Foto 2: B. P.  Beloussow vor seiner 
Entdeckung (1930-35) (Quelle: [K])

Foto 3: B. P.  Beloussow an seinem
Schreibtisch (1956-58) (Quelle: [K])

Foto 4: B. P.  Beloussow Ende 30
(Quelle: [C])

Anatol	M.	Zhabo,nsky	

Boris	P.	Belousov	

“Cyclic	(periodic)	brominaAon	of	an	organic	species	in	acidic	environment	with	the	help	of	a	catalyst”		
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…more	than	100	reacAon	involved!			

80-stage	reac1on	mechanism	of	the	
Belousov-Zhabo1nsky	reac1on	from		
	
Gyorgyi	L.,	Turanyi	T.,	Field	R.J.	
Mechanis)c	Details	of	the	Oscillatory	
Belousov-Zhabo)nskii	Reac)on	
J.Phys.Chem.	-	1990.	-	V.94.	-	№.18.	-	P.
7162-7170.		



Oscilla1on	Mechanism	

oscilla1ons	originate	from	the	alterna1on	of	
inhibitory	and	excitatory	steps.		
Ac1vators:	HBrO2,	BrO2-R…	
Inhibitors:	Br-,	Br2	…	

The Belousov Zhabotinsky Reaction 



Photospectrometric	recording	of	the	transmiAance	at λ	=	600	nm	
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Long	Time	Behavior	under	non-s1rring	Condi1ons	
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Determinis1c	Chaos	in	a	Chemical	System	

The	Devia1on	of	the	transmi_ance	signals	of	two	“iden1c”	solu1ons	
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Charactarisa1on	of	the	Transient	
“Dynamic”	Fourier	Spectra		

Periodic	Phase	I			

Chao1c	Transient	

Periodic	Phase	II			



Dynamic	Fourier	Spectra		
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Charactarisa1on	of	the	Transient	
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The	Chao1c	Transient	

Inverse	Ruelle-Takens-Newhouse	Scenario	

chaos	(QT)	->	quasiperiodicity	(QP2)	->	period-1	(P2)	=	inverse	Ruelle-Takens-Newhouse	scen.	
period-1	(P1)->	quasiperiodicity	(QP1)	->	chaos	(QT)	=	Ruelle-Takens-Newhouse	scenario	
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Hydrodynamic	Control	of	the	Chao1c	Transient	

Florian	Wodlei,	Mihnea	R.	Hristea		
Effect	of	Limited	SArring	on	the	Belousov	ZhaboAnsky	ReacAon	

Proceedings	of	the	European	Conference	on	Complex	Systems	2012	(September	2013)	|	ISBN:	978-3-319-00394-8	
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Reac1on	Consump1on	and	the	Chao1c	Transient	

Chemical	Kine)cs	vs.	Diffusion	vs.	Convec)on	
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Reac1on	Consump1on	and	the	Chao1c	Transient	

Chemical	Kine)cs	vs.	Diffusion	vs.	Convec)on	

c2	is	the	concentra1on	of	the	oxidized	form	of	the	catalyst	(e.g.	Ferroin)	

c3	is	the	concentra1on	of	bromate	(BrO3
-)	
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Social	Insects	
Chemical	Self-Organiza1on	

Self-Organiza1on	of	a	Dichloromethane	Droplet	
Belousov-Zhabo1nsky	Reac1on	

Carinthian	Honey	Bees	
Ants	

F.	Wodlei,	J.	Sebilleau,	J.	Magnaudet	and	V.	Pimienta:	Marangoni-driven	flower-like	pa_erning	of	an	evapora1ng	
drop	spreading	on	a	liquid	substrate.	Nature	CommunicaAons	volume	9,	820	(2018)	
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