
  

Oscillations in electrochemical systems - use of electrochemical impedance 
spectroscopy 
 
Electrochemical impedance spectroscopy (EIS) 
can in a simple way be used to detect instabilities 
in an electrochemical system, like the oxidation 
of formic acid on platinum electrodes. 
 
Since the pioneering work by Onsager it has been well 
known that oscillations in chemical systems can not 
occur in linear or linearized systems close to its 
equilibrium. However, when chemical reacting systems 
are maintained far from thermodynamical equilibrium 
their self-organization is often manifested through the 
occurrence of spontaneous reaction-rate oscillations. 
Electrochemistry has been exceptionally rewarding with 
interesting dynamic objects ranging from reduction 
reactions at mercury and electrodissolution of metals to 
electrocatalytic reactions (e.g. fuel cell reactions) and 
semiconductor (photo-) electrochemical processes. 
 
Electrochemical impedance spectroscopy can be used to 
study the stability of an electrochemical system by 
evaluating the local time evolution by solving the 
linearized system equations about the stationary 
reference state. By visual inspection of the experimental 
impedance spectra it is possible to deduce incipient 
oscillations without fitting or modeling of the data. 

Instability occurs if the experimental impedance tends to 
zero at zero frequency, or if it goes through zero at a 
finite frequency. The latter is called a Hopf bifurcation 
and the system will oscillate at the frequency at which 
the impedance crosses through zero (singing frequency). 
 
Formic acid oxidation is known to exhibit exotic 
dynamic behaviour and we employed the impedance 
method to look for potential regions where oscillations 
may occur. Basically, we expect that oscillations can be 
initiated if we have an impedance spectrum that crosses 
the negative part of the real axis (from second quadrant 
to third quadrant). Adding an external resistor to the 
working electrode circuit simply translates the Nyquist 
plot (Fig. 1) along the real axis to more positive values. 
Zero resistance will be obtained if an external resistor is 
added that moves the crossing point to origin and the 
system will oscillate at that specific frequency. 
According to our work (e.g. Fig. 1) an external resistor 
of about 200-600 Ω cm2 should be sufficient to initiate 
oscillations at around 0.80-82 V. Fig. 2 shows the 
oscillations in the formic acid oxidation process at a 
platinum electrode when a 500 Ω cm2 external resistor is 
added to the working electrode circuit. 
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Fig. 1 
Nyquist plot of the impedance data at 0.814 V. 
6Hz indicates the oscillation frequency and 
the corresponding resistor value that needs to 
be added in series to the working electrode 
circuit in order to initiate oscillation. 

Fig. 2 
Oscillations observed during cyclic voltammetry of 
platinum in sulphuric acid containing formic acid when 
a 500 Ω cm2 external resistor is added to the working 
electrode circuit. The frequency changes due to the slow 
potential ramp applied affecting the appearance of the 
impedance spectra (hence, alteration of the electrode 
kinetics). 

 

 


