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ABSTRACT 

 

Last time an interest arose to the problem of ion current passing through the system of closely spaced 

nanotubes. The problem is linked to creation of nanoelectronic devices, solving numerous tasks of 

biology and medicine. In this work we investigated nanotubes as ion tracks in polymer films.  

The passage of ions in the tracks has interesting features. In particular, in polymeric membranes 

embedded in electrolytes, the etched pore walls usually become charged up due to the breaking of 

polymeric bonds. This effect, in combination with the longitudinal asymmetric shape of conical tracks 

leads the result that currents running through electrolyte-filled conical etched tracks are rectified by such 

structures (“etched track diodes”). Under certain conditions it has been possible to tailor the track 

structures so that they transmit discontinuous, spike-like currents.  
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1 GENERAL 

 

The current through nanotracks is described by different methods (stationary Poisson Nernst Planck 

equations, Molecular Dynamics (MD) simulation [1, 2] and others). We used MD simulation method to 

study the mechanism of current pulsations in tracks. A schematic representation of such structure is 

shown in Figure 1.  
 

 

FIGURE 1 PRINCIPLE ARRANGEMENT OF EXPERIMENTAL SETUP TO STUDY CURRENT EMISSION FROM ION TRACK-CONTAINING FOILS 

EMBEDDED IN ELECTROLYTES VIA CURRENT/VOLTAGE MEASUREMENTS 

 

In the equilibrium state (in the absence of the applied voltage) the tracks are filled with almost 

motionless electrolyte. As a result of fluctuations the number of ions in tracks slightly varies. This 

corresponds to very small oscillations of current. Upon application of an alternating voltage the ions are 

ejected from the tracks, which after some time are filled with ions again. As a result we observed small 

current oscillations. From time to time we observe in experiment that significant current spikes occur. In 
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the model the mentioned track structure is presented as a two-dimensional system of currents. To simulate 

this system of currents we have chosen a two-dimensional lattice, which consists of model particles (MP). 

The application of an alternative voltage is modelled by the action of external forces (EF), which at 

certain time intervals "nudge" the particles in the nodes of model lattice. The values of EF were chosen so 

that MP did not leave their nodes. The directions of EF were determined by the random function and 

change within the upper hemisphere. The value and the frequency of the EF can be varied thus simulating 

the change of the applied voltage. The MD computer program for the model is based on the Verlet 

algorithm. The interaction of model particles located in the nodes was described by the Lenard-Jones 

potential.  

  

FIGURE 2 CURRENT SPIKES IN CONDITIONS OF REAL EXPERIMENT [3]. REGION I CORRESPONDS TO REGULAR OSCILLATIONS; REGION II 

CORRESPONDS TO CURRENT SPIKES 

 
FIGURE 3 ILLUSTRATION OF MODEL SPIKES IN THE MODEL EXPERIMENT. AT THE HORISONTAL AXIS IS THE EVARAGE AMPLITUDE OF 

MP OSCILLATIONS 
 

It is found that the taking into account only one factor (the interaction of currents in the system of 

tracks) causes the emergence of current spikes. The mechanism of current spikes formation essentially 

depends on the potential of MP interaction. Current pulsations observed in the real (Figure 2) and the 

model (Figure 3) experiments are identical.  
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