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ABSTRACT

In this general lecture we deal with the
theoretical framework for the single-walled
carbon nanotube, serving as the virus or
bacterium sensor, with complicating
influences of non-locality and surface
effects taken into account. In many cases a
virus can be identified quite accurately by its
mass and details of its shape, and the
particular scheme that we address in this
paper is the determination of its mass by
noting the change in vibrational frequency
of a cantilevered carbon nanotube when the
virus is attached to its tip. It is demonstrated
that the complicating effects are not
negligible as is often done in literature; they
may influence greatly both the vibration
behavior as well as the identification process
of the virus or bacterium.

As Tibbals [1] writes, “nanomedicine and
medical nanotechnology are taking an
interesting and promising direction. The
terms ‘nanomedicine” and ‘medical
nanotechnology” have been formally
established since their adoption into major
program initiatives by the National Institutes
of health and other leading medical bodies
worldwide” (see also a book by Koprowski
[2]). In this respect the contribution of
nanotechnology to mitigation of serious
virus outbreaks that may develop into
pandemics lies, in part, in development of
nanosensors, that may detect the presence of
a virus. The interested readers may consult
the books by Jha [3], Khanna [4] and Lim

[5], for example. Current advent of
nanotechnology offers several new
possibilities of development of sensing
possibilities with a view of detecting a virus
or bacterium. Several authors utilized
refined theory to describe vibrations of short
carbon nanotubes, including the effects of
shear deformation and rotary inertia leading
to application of the refined Bresse-
Timoshenko theory rather than the classical
Bernoulli-Euler theory. However, at the
small scale there are additional effects that
ought to be taken into account. In this
respect one has to mention the non-local
continuum mechanics that allows one to
account for the small length scale effects
that become quite important when dealing
with nanostructures. Considerable interest
has been demonstrated recently in the
application of non-local continuum
mechanics for proper modeling of
microbeams and nanobeams. This work
gives a comprehensive review of recent
developments [6-15], exposed in the
monograph [16].

References

[1] Tibbals H.F. 2010 Medical
Nanotechnology and Nanomedicine, CRC
Press, Boca Raton.

[2] Koprowski G. 2011 Nanotechnology in
Medicine: Emerging Applications, McGraw-
Hill, new York.

11" Latin American and Caribbean Conference for Engineering and Technology

Cancun, Mexico

August 14-16, 2013



[3] Jha A.R. 2008 MEMS and
Nanotechnology-Based Sensors and devices
for Communications, Medical, and
Aerospace Applications, CRC Press, Boca
Raton.

[4] Khanna V.K. 2011 Nanosensors:
Physical, Chemical, and Biological, CRC
Press, Boca Raton.

[5] Lim T-C., 2010 Nanosensors--Theory
and Applications in Industry, Healthcare
and Defence, CRC Press, Boca Raton.

[6]Elishakoff I. and Pentaras D.,
Fundamental natural frequencies of the
double-walled carbon nanotubes, Journal of
Sound and Vibration, Vol. 321, 652-644,
2009.

[7]Elishakoff I. and Pentaras D., Buckling
of double-walled carbon nanotubes, Applied
Science Letters, Vol. 2, 372-376, 2009.

[8]Elishakoff I. and Pentaras D., Natural
frequencies of carbon nanotubes based on
simplified Bresse-Timoshenko theory,” Journal
of Computational and Theoretical Nanoscience,
Vol. 6(7), 1527-1531, 20009.

[9] Storch J. and Elishakoff 1., On closing
the gap on carbon nanotubes, Applied
Science Letters, Vol. 4(2), 549-553, 2011.

[10]Versaci C., Muscolino G. and Elishakoff
I., “Identification of fixed-free double-
walled carbon nanotube-based sensor,”
Proceedings of the Tenth International
Conference on Computational Structures
Technologies (B.H.V. Topping et al, cds.),
Paper 249, Civil-Comp Press, Stirlingshire,
Scotland,2010.

[11]Elishakoff I., Pentaras D., Dujat K. and
Lemaire M., Exact Solution for natural
frequencies of clamped-clamped double
walled carbon nanotubes, Philosophical
Magazine Letters, Vol.91 (1), 1-17, 2011.

[12]Pentaras D. and Elishakoff I., Free

vibration of triple-walled carbon nanotubes,
Acta Mechanica, Vol.221, 239-249, 2011.

[13]Challamel N. and Elishakoff I., Surface
elasticity effects can apparently be explained
by their non-conservativeness,” Journal of
Nanotechnology in Engineering and
Medicine, VVol.2 (3), paper 031008, 2011.

[14] Elishakoff I., Ghyselinck G. and Bucas
S., Virus sensor based on single-walled
carbon nanotube treated as Bresse-
Timoshenko beam, Journal of Applied
Mechanics, Vol. 79, paper 064502, 2012.

[15]Elishakoff I., Dujat K. and Lemaire M.,
Buckling of a double-walled carbon
nanotubes, Vietnam Journal of mechanics,
Vol. 34(4), 217-224, 2012.

[14]Pentaras D. and Elishakoff I., Effective
approximations for natural frequencies of
double-walled carbon nanotubes based on
Donnell shell theory, Journal of
Nanotechnology in Engineering and
Medicine, Vol.2 (2), paper 021013, 2011.

[15] Pentaras D. and Elishakoff I., Dynamic
deflection of a single-walled carbon
nanotube under ballistic impact loading,”
Journal of Nanotechnology in Engineering
and Medicine, Vol. 2(4), 041002.1-
041002.4, 2012.

[16]Elishakoff I., Pentaras D., Dujat K.,
Versaci C., Muscolino G., Storch J., Bucas
S., Challamel N., Natsuki T., Zhang Y.Y .,
Wang C.M., Ghyselinck G. 2012 Carbon
Nanotubes and Nanosensors: Vibrations,
Buckling and Ballistic Impact, Wiley —
ISTE,London,2012.

Authorization and Disclaimer

Authors authorize LACCEI to publish the paper in
the conference proceedings. Neither LACCEI nor
the editors are responsible either for the content or
for the implications of what is expressed in the
paper.

11" Latin American and Caribbean Conference for Engineering and Technology

Cancun, Mexico

August 14-16, 2013



11" Latin American and Caribbean Conference for Engineering and Technology
Cancun, Mexico August 14-16, 2013
3



