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KEYWORDS ABSTRACT

Manipulation process, Nanoparticle manipulation is a process in which particles are moved on a micro/ nanoscale scale
Atomic force microscope, using an atomic force microscope and has a wide range of applications from component
DNA particle, production to the medical world. In this study, using the theories of contact mechanics of Hertz,
Finite element method, JKR, DMT and BSP, as well as using the structure of the DNA biological cell using the Elman
Contact mechanics theories. method using ABAQUS software to study the amount of displacement, acceleration, force, stress

and velocity in time The DNA molecule is discussed on a base sheet and the factors that affect
them. The results show that in the deformation between the target particles and the spherical tip
of the needle, the Hertz model showed the least and the JKR model showed the highest
deformation and penetration depth. By increasing the angle of the needle tip with the z-axis, the
amount of penetration depth and deformation created between the particle and the base plate is
reduced. Also, the graph of changes in each of the studied parameters of the effective factors per
20 pm of displacement and 20 milliseconds of time for the DNA manipulation process has been
calculated.

Extended Abstract

1. Introduction

as atoms, molecules, and even cells, bacteria, and viruses. Micro/nano robotics or manipulation of nanoparticles by

atomic force microscopy is one of the important strategies for controlled displacement of atoms and molecules and
their assembly to make micro/nanometer tools [1, 2]. The various stages of nanomanipulation are as follows: first, the base
plate and the particles on it are imaged, then the tip is contacted with the target nanoparticle for nanomanipulation. In the
displacement phase, the nanoparticle is stopped by the tip on the base plate and the base plate moves at a constant speed [3-6].
Atomic force microscope is a powerful nanotechnology imaging tool. The properties of nanomaterials such as topography,
traction, adhesion, friction, electrical and magnetic properties are among the capabilities of atomic force microscopy in the
field of nanotechnology [7]. Atomic force microscope is used to make nanostructured samples consisting of colloidal
nanoparticles. In the process of precise manipulation, the atomic force microscope is used only as a tool for moving
nanoparticles [8]. Viruses are nanoscale infectious agents. Genomic materials using atomic force microscopy in recent years
have gained unprecedented knowledge of tensile properties and structural stability [9]. Techniques that make it possible to
manipulate biological specimens and minimize damage to them. The use of microscopes is an atomic force. In general, the

M anipulation and related technology can be used to observe, evaluate, and move different materials in nanoscale, such
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manipulation of biological particles using an external force has advantages and disadvantages [10]. Adhesion between micro
or nanoparticles is a major concern in nanoscale control. Ideally, this adhesion force should be reduced or eliminated. The
adhesion force deals directly with the chemical structure of the body surface [11]. Young's modulus is one of the important
mechanical properties that plays an important role in the deformation of particles under pressure or tension. The modulus of
elasticity of DNA is also considered as a particle whose deformation in laboratory displacements can have an important effect
on the results of experiments [12, 13]. Arai et al. Performed experiments in electron microscopy, including electron transfer
microscopy, scanning electron microscopy, and bio-scanning electron microscope, for three-dimensional, real-time
nanomanipulation, nanostructure, and nanomontage [14].

2. modeling

In the modeling section, first the theories of contact mechanics are described, then the structure and mechanical properties
of the sample used in this research are investigated. The finite element method used by Abaqus software is also described. In
general, modeling is done in three parts.

Contact theories

Kinematic and dynamic modeling

% Finite Element Method
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3. Results

Figure 9 shows the displacement of the worlds in terms of time. The force exerted by the atomic force microscope tip is
called the critical force. When the critical force has reached its required level, the cell starts moving on the base plate. In this
diagram, the horizontal axis is the time in seconds and the vertical axis is the displacement in micrometers. At the initial
moment, there are no displacement coordinates at the point of origin, but after less than 0.005 seconds, the critical force is
reached and the cell begins to move on the base plane. Gradually, the amount of movement has increased. The changes in the
acceleration of the DNA cell are shown on the base screen in Figure 10. The acceleration of the DNA particle has fluctuated a
lot, due to the unevenness of the adhesion on the base plate. Critical time is the length of time that a diurnal particle changes
from static to dynamic. Before the critical force overcame the adhesion and friction forces, the acceleration value was zero, but
after the critical force was overcome, the particle started to move at a very high acceleration. The forces of force and critical
time, which are the main factors of manipulation in the dimensions of micro and nanoparticles, can be understood in Figure 11.
Critical force is the amount of force that causes a particle to move on a base plane. This force must overcome the sum of the
forces of friction and adhesion without damaging the particle and cause the particle to move on the base plate. Figure 12 is a
diagram of the stress applied to the DNA particle on the base plane. The stress applied to the particle, which is directly related
to the amount of force, is ascending and increasing throughout the displacement. It was also the criterion used for Phonemes
stress calculations. Figure 13 shows the changes in the velocity of the DNA cell on the base screen. The maximum speed value
is obtained at 0.008 seconds with a value of 1.4 mm/s. After that, the speed has decreased to a time of 0.01 seconds and has
reached 0.9 mm/s. At the final moment of the graph equal to 0.02 seconds, the magnitude of the speed has reached 0.8 mm /s.
The force changes in displacement for a DNA cell are shown on the base plate in Figure 14. Unlike time-based graphs, in this
figure, values of force are applied to the particle from the initial moment of particle displacement on the base plane. The
displacement of the target particle on the base plane is highly dependent on the time factor and the displacement, and this factor
strongly influences the rate of change of environmental factors. The amount of stress change of a DNA cell on the base plane
in terms of displacement is shown in Figure 15.
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Figure 9. Moving data on the base screen over time Figure 10. Acceleration of the data on the base plane over time
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Figure 15. DNA stress on the base plane in terms of displacement

4. Conclusion

In this paper, the process of manipulating a DNA cell was examined using an atomic force microscope. Atomic force
microscopy, in addition to analyzing the surface of particles at very small nanoscale/micro scales, also analyzes force and
mechanical properties. Two modelings for this process; Contact mechanics and kinematics are used. In the section on contact
theory, the forces of adhesion and the radius and depth of penetration of the two main factors of this process, namely the tip
beam of the atomic force microscope and the DNA cell, have been studied. Then the position of the particle on the base plane
in the y and z directions is obtained and its velocity and acceleration equations are extracted, and assuming the atomic force
microscope beam as a spring, the forces in both directions are also obtained. Then, using the finite element method, which is
one of the most accurate computational sciences, along with programming the modelings in Fortran language and inserting
them into the subroutine of Abaqus software, the mechanical properties of this cell on a base plate are obtained.
Also, the main result for a particle with a spherical geometry and according to its material, which is one of the main structures
of the human body, that is, the DNA, has two general characteristics.

< Very low resistance to force applied by the tip of a microscope atomic force

% Very high penetration depth and contact radius under loading conditions
To further optimize and streamline this process, further research suggests the development of a new contact model based on
the mechanics of the continuous environment, the thermodynamic properties of the cell, the biological environment, and the
complex shapes of the biological cells. The molecular dynamics method can also be very effective in simulating the moment
of contact between a biological cell and a needle of an atomic force microscope.
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