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NANO-SENSORS FOR MODELING OF RADIATION PROCESSES
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Abstract. Dosimetry, which is based on registration of the products created as a result of the

influence of radiation, has essential value in investigation of radiation processes. Application

of sensitive methods and increase of the concentration by use of adsorbents allows to use the

sensors based on registration of electro-conductivity. It is suggested to use given sensors for

determination of some substances existent in biological liquids (with radioactive substances)

and for determination of radioactive detrimental impurities in water ecosystems. Analytical

expressions of kinetic parameters for charge transfer and electron excitation energy transfer

processes between particles are obtained.

Keywords and phrases: Nano-sensors, quantum approach, charge transfer, Hamiltonian.

AMS subject classification: 85A30, 81A08, 35Q40.

Different processes occur in substances under the influence of high energy radia-
tion (heavy charged particles, neutrons, electrons, X-ray beams, etc.). As a result of
such influence different short-lived formations occur in the substance, such as excited
molecules, free radicals, solvated electrons, etc.

Subject to environmental contamination by radionuclides a problem of fixing of
radiation sources occurs. Because of very low concentrations of radionuclides their
detection is connected with some difficulties. At the same time, long-term exposure
of radiation sources, even at their low concentration, brings to essential changes in
biological processes. Possibilities of modern technical registration facilities may be
used during investigation of radiation sources, when their concentration is low. At the
same time, one can increase concentration of radionuclides in liquid media with the
help of synthetic or natural (zeolites) adsorbents.

We will consider the sensors based on registration of electro-conductivity [1]. Prin-
ciple of operation of nano-sensors may be the following. Adsorption of molecule on
the electrode coating takes place under the influence of radionuclide, electron or heavy
particle. As a result, the magnitude of current transmitted between electrodes of the
sensor changes. Among the components, used for creation of sensors’ electrodes, there
are no substances harmful for the environment (materials with repeated processing and
regeneration possibilities will be used). The analytical signal of these sensors may be
transmitted to large distances without any previous processing. That allows placement
of these devices in such zones, which are inaccessible or dangerous for the maintenance
personnel [2-6]. We suggested to use given sensors for determination of some substances
existent in biological liquids (with radioactive substances).

The processes passing in the investigated system may be divided into several groups.
(First group) - charge transfer processes between particles and between electrode and
particle in condensed medium. (Second group) - electron excitation processes of some
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particles and processes of electron excitation energy transfer between particles in con-
densed medium. Consequently,the process may be divided into two types. (First type
processes) - charge transfer form electrode on particle takes place i.e. current, which
passes between the electrodes of the sensor changes. (Second type processes) - molecule
excitation occurs in the film on the surface of the electrode under the influence of ra-
diation and transfer of excitation energy takes place.

Charge transfer processes from electrode on impurity particle may be described
analytically, at selection of particular system, for which system’s Hamiltonian will be
written correctly. The principal complicity of research of electron transfer processes
is connected with necessity of quantum approach. In frames of this approach there
are no accepted models for charge transfer and energy transfer processes in nonregular
condensed medium. Usage of mathematical physics apparatus of temperature Green
function permits description of complex condensed systems and charge transfer pro-
cesses in such systems. This method permits to unify theoretical approaches and to
use different models for description of spatial and frequency effects of dispersion [7-
14]. Hence, we have derived quantum expression for density of cathode current of the
heterogeneous process for semiconductor electrode with Fermi distribution
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where ∆F is free energy of the process, including particle’s electron excitation energy
in final state, Em is reorganization energy of n-th intramolecular degree of freedom of
the particle,ωi

n and ωf
n are frequencies of intramolecular oscillation at the beginning and

at the end of the process correspondingly. The functions Gk(R⃗
∗,Ψ∗) and Ḡk(R⃗

∗,Ψ∗)
are connected with interaction of intramolecular oscillations of impurity particle with
fluctuations of molecule polarization of electrolyte and are given by the formulas
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∆E is change of electric field intensity of impurity particle and electrode during charge
transfer process. In the formulas (1), (2) star signifies the value of this coordinate
in point of maximum by taking of corresponding integral by method of saddle point.
Saddle point θ∗ may be found from the equation
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In this formula Lfi is resonance integral of interaction of particle with the surface of
semiconductor electrode.

In the formulas (1)-(3) the function U(R⃗∗,Ψ∗) is calculated for concrete processes

with consideration of geometry of particles and electrodes. Ψm(R⃗∗,Ψ∗) is function of
medium reorganization given by
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As conducted estimations show, realization of analytical calculations is not possible
completely. So, it is necessary to carry out numerical integration.

Activation energy of the process can be determined by formula
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If interaction of intramolecular oscillations of particle with fluctuations of medium
polarization will be neglected, then expression (4) will be simplified
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According to (5) equation (3) for determination of θ∗ becomes
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If intramolecular reorganization of particle of neglected or if particle is monoatomic,
we obtain

Ea = − ln(sinπθ∗) + θ∗(1− θ∗)Em
r − eη −∆Fθ∗.
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