
The Equivalent Circuits of Molecular Tunnel Junctions 
 

Christian A. Nijhuis– Asst Prof. at the Chemistry Depart of the National University of Singapore. 
Department of Chemistry, 3 Science Drive 3, Singapore 117543. email: chmca@nus.edu.sg 

 
 

Molecular junctions of the form of electrode–SAM–electrode (SAM = self-assembled monolayer) 
are appealing because of their potential of inducing, and controlling, electronic function at the nanometer 
length scales.[1,2] Understanding the nature of the molecule-electrode contacts in these two-terminal 
junctions is crucial but it is mostly poorly understood.[3] The reason is the electrical properties of 
electrode–SAM–electrode junctions are usually studied by two-terminal DC measurements which only 
determine the total current (impeded by all components of the junction) as a function of applied bias. 
Hence, these methods do not distinguish the contributions of each component (the SAM, the electrodes, 
and the two SAM–electrode interfaces) to the measured current and are not suitable to measure the 
dielectric response.  

Recently we showed that impedance spectroscopy makes it possible to isolate the contribution of 
each component in the junctions to the total impedance of EGaIn based junctions (Figure 1).[4,5] Here I 
will present that temperature dependent and potentiodynamic impedance spectroscopy make it possible 
to elucidate the bias and temperature dependency of each circuit component (contact resistance, SAM 
resistance, and the capacitance of the SAM) of two-terminal SAM-based junctions, unlike DC 
measurements, independently from each other. We found that the metal–electrode contact resistance is 
independent of the temperature or applied bias and more 
than 4 orders of magnitude smaller than the thinnest SAM 
measured, the thin conductive oxide layer plays an 
insignificant role. We also find that by introducing large 
polarizable atoms the dielectric response can be 
engineered at the molecular level.  

We believe that impedance spectroscopy as a 
function of temperature and applied bias is a useful and 
complementary tool to DC measurements to elucidate 
how each component of two-terminal SAM-based 
junctions impedes charge transfer and it opens the door to 
investigate dielectric response in 2-terminal junctions at 
the molecular scale. 
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