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Computer model of track biosensor
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Abstract. Being based on the known model of a cylindrical nanopore created using the
classical method of molecular dynamics, we have studied the patterns of electrolyte flow
passing through a nanocylinder, which is used to simulate an ion-induced track in a thin
film. In this study, the nanotrack model takes into account the defect structure of the
nanotracks inner surface. A model of a structural defect, which is an adsorption center for
model particles passing through a nanocylinder, has been described. It was revealed the
sensitivity of the electrolyte flux density to its composition, which is explained by
interaction of particles passing through the nanocylinder with structural defects of its inner
surface. This effect enables to create a biosensor system for detecting the low concentration

of impurities of various types in liquid.
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1. Introduction

Porous materials have numerous applications.
Concerning the pore peculiarities, it is possible to
distinguish, on the one hand, between open and closed
pores, and on the other hand, between macroscopic and
nanoscopic pores. Open pores can be obtained by using
non-diffusive processes (as for example, by ion
implantation) [1]. Closed pores can be obtained only by
using the diffusion processes [2, 3]. The transition from
macroscopic to nanoscopic pores takes place, when the
pore radius is of a similar magnitude to the Debye length.

Artificial porous materials, for example the so-
called track structures, are widely used to create
biosensors. Track biosensors have broad prospects for the
use. Therefore, the mechanisms of their functioning are
being comprehensively studied [4-6]. The work [7]
describes a computer model of such a biosensor. It is
shown in this work that the passage of an ionic liquid
through a nanotrack has its specifics. For example, a
significant dependence of the current density on the
diameter of the nanocylinder is observed. This effect of
ion current pulsation in a cylindrical nanopore is
explained in [8]. A comparison with experimental results
is also given there. It was found that the current ripple
depends significantly on the track density and arises as a

result of interaction between currents in different tracks.
Some anomalies in the current pulsations that can be seen
in Fig. 1 are caused by fluctuations in the density of ion
flow. These fluctuations in the flux density are revealed
in a model in which there are adsorption centers on the
inner surface of the track. At large capture cross sections,
several nanoparticles are accumulated by adsorption
centers simultaneously, which then detach, causing
current fluctuations.

2. Adsorption center model

In the work [7], the mechanism of the effect associated
with adsorption centers (AC) on the ion flux passing
through the nanocylinder is described. But detailed
characteristics of adsorption centers, which can
significantly affect the passage of liquids and gases
through a nanopore, were not considered. The features of
the influence of adsorption centers on the passage of
nanoparticles  through  nanotracks are especially
important in the case of using track structures as the basis
for creating biosensors. When considering AC, it is
necessary to take into account not only the depth of the
potential well, on which the “delay time” of a migrating
particle depends, but also the probability of the particle
being “captured” by the adsorption center.
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Fig. 1. Behavior of the current density of model nanoparticles
through a nanocylinder in the model with adsorption centers.
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Fig. 2. Dependence of the current density inherent to
nanoparticles through a nanocylinder on the charge of
adsorption centers.

When modeling the AC, the probability of particle
capture was varied by changing the charge of the AC. It
turned out that the current density of model particles
through the nanocylinder depends on the AC charge, and
this dependence is different, when the applied voltage
changes. It was revealed that, in the case of not too high
voltages, it turns out that this dependence is non-
monotonic (Fig. 2).
flows

3. Passage of

a nanocylinder

inhomogeneous through

We found that the current density of nanoparticles
through a nanotrack depends on the composition of the
flow. This fact is used to create a biosensor detecting
certain harmful impurities. The passage of an ion flow
through a cylindrical nanopore was studied using the
computer model described in [7]. But in that work the
effect of AC at the surface of nanotrack on the current
density was not accounted. Now it was done.

The average density of model particles in the
volume of the nanocylinder is kept constant. At a
stationary flow, there were 10000 model particles in the
nanocylinder. All particles in the flow had a charge +1.

But several ions have another charge (+2), which were
considered as foreign impurities. It turned out that, when
including these foreign particles (impurities), the change
of the current density occurs (Fig. 3), which enables to
reveal the presence of harmful impurities in a liquid
medium.

4. Discussion

The scheme of the track biosensor at first glance seems to
be simple. However, to create a biosensor with high
sensitivity and high reliability, it is necessary to solve a
set of problems to ensure the optimal parameters of the
device. The quality of the track biosensor depends
mainly on the correct interpretation of the change in the
current density of the ionic liquid flow within the track.

Track structures are usually obtained by ion
bombardment of thin dielectric films and subsequent
annealing-etching procedures [4, 9].

It has long been ascertained that diffusion processes
in porous materials have distinctive features in
comparison with the laws of ordinary diffusion [10].

In Ref. [7], the dependence of ionic liquid current in
a nanocylinder on the track diameter was discussed. In
this work, it has been ascertained that the passage of
charged nanoparticles through a  nanocylinder
significantly depends on the presence of AC on the inner
surface of the track. A specific model of AC has been
considered. But it should be taken into account that under
real conditions, adsorption centers appear as certain
defective formations in the process of ion bombardment.
Therefore, their structure and properties are defined by
the mechanisms of radiation defect formation and
features of the film material. In addition, in the process of
ion bombardment, other structural defects appear at the
inner surfaces of tracks, such as various scattering
centers. As a result, biosensor characteristics can be
masked by other effects. Nevertheless, track biosensors
with acceptable characteristics have already been created
[11, 12].

The challenge is to significantly improve their
parameters by further studying all the factors that
determine their optimal performance.
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Fig. 3. Behavior of the current density in the case of the
introduction 0.1% of foreign model particles.
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5. Conclusion

A computer experiment has shown the promise of
creating highly sensitive biosensors based on the passage
of ionic liquids through cylindrical nanopores.
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Komn’rorepna moaesib TpekoBoro diocencopa

LI {onues, T.C. KaBeuskuii, O.P. Mymuncbka, O.B. 3yopunska, I.B. Bproxosenska, A.M. Ilpuiima,
I'.A. Kopaabuyk, H.K. I'oiiBanoBu4, JI.M. KponuBuuusbka, 51.51. llapaumaxk, T.b. Ckpobdauy, I'.M. Kocak,
B.I. Craxis, C.C. Monactupcbka, A.1O. Kis

Anortanisg. Ha ocHOBiI BimoMOi MOJETI HMUIIHIAPUYHOT HAHOIOPH, CTBOPCHOI 3a IOMOMOIOK KJIACHYHOTO METOIY
MOJIEKYJISIPHOI JAMHAMIKH, JOCIHIYKEHO 3aKOHOMIPHOCTI POXOJIKEHHS MOTOKY €JIEKTPOJITY Kpi3h HAHOLMIIHID, SKHNA
BUKOPHCTOBYETBCS JUISI MOZEIIOBaHHS 10HHO-IHIYKOBAHOI'O TPEKYy B TOHKIHM IUIBII. Y LBOMY JOCIIJPKEHHI MOZENb
HAHOTPEKIB BPaxXOBYe CTPYKTypy Ae(eKTiB BHYTPILIHbOT MOBepXHi HaHOTpeKiB. ONHCaHO MOJENb CTPYKTYPHOTO
nedekTy, KU € HEHTPOM aacopOLil MOAEIBHIX YaCTUHOK, 110 MPOXOJSITh KPi3b HAHOLWIIHADP. BusiBieHo 4yTnuBicTh
TYCTUHHM TIOTOKY €JIEKTPOJITY J0 HOro CKiIajy, IO IIOSICHIOETHCS B3a€EMOJIEI0 YAaCTHUHOK, SIKI MPOXOJATH Kpi3b
HAHOINWIIHAP, 31 CTPYKTYpHUMH JedeKTaMu Horo BHYTpinTHbo1 moBepxHi. Lleit edekt no3Bosste cTBOpUTH 0i0CEHCOPHY
CHUCTEMY JUTS AeTEKTYBaHHS HU3BKUX KOHICHTPAIIIH Pi3HOTO THITY JOMIIIIOK y PiTUHI.

Kiro4oBi cjioBa: HaHOMOPa, I0HHO-1HIYKOBAaHUHM HAHOTPEK, TPEKOBHI O10CEHCOP.
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