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ABSTRACT 
 

Nanotechnology is one of important studies in scientific research which can categories in Nanostructure and 
nanomarterials. Computer simulation has become an essential one of part of nanotechnology and engineering 
and science. The Digital analysis of components, in particular, is important when developing new products or 
optimizing designs. Recently is a broad spectrum of options for simulation is available; researchers use 
everything from basic programming languages to various high-level packages implementing advanced methods. 
Though each of these techniques has its own unique attributes, they all share a common concern. Hence, in this 
paper present a COMSOL simulation on nano structures,  the past and  recent development nanostructures 
design and simulation for carbon Nanotube, nanogap, nonporous, and nanowires.  
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Introduction 
 

Currently, Computer simulation has become an essential part of nanotechnology and engineering and 
science. Recently, one important of nanotechnology and engineering and science are simulation of Computer. 
Digital analysis of components, in particular, is important when developing new products or optimizing designs 
when apply new method in Digital analysis of components it is very significant when new yields or optimizing 
designs. 

Today a broad spectrum of options for simulation is available; researchers use everything from basic 
programming languages to various high-level packages implementing advanced methods. ((Nowadays, there are 
wide range options for simulation is available: scientific researchers use everything from essential programming 
languages to several high-level packages applying advanced methods.)). Though each of these techniques has its 
own unique attributes, they all share a common concern. For each techniques has its own inimitable 
characteristics, they all share a common concern.)) In this software significant things is using of nanosturcture 
flexible platform that allows all model parameters that are relevant physical aspects of their designs. Advanced 
users can go deeper and use their knowledge to develop customized solutions, applicable to their unique 
circumstances. Professional users use their knowledge to progress customized solutions, appropriate to their 
unique situations. With this kind of all-inclusive modelling environment. In comosl have good noticeable trait of 
the COMSOL platform is adaptability Also has several problem-solving benefits. When starting a new project, 
using COMSOL helps you understand your problem.  

many problem can be solve by using COMSOL  in any beginning  new project  You are able to test out 
various geometrical and physical characteristics of your model, Researchers able to check out several 
geometrical and physical characteristics of your model so you can really hone in on the important design 
challenges. So you can really improve in on the vital design challenges.)The flexible nature of the COMSOL 
environment facilitates further analysis by making “what-if” cases easy to set up and run. With use of COMSOL 
there are many assists further analysis by making “what-if” cases easy to set up and run. You can take your 
simulation to the production level by optimizing any aspect of your model. Ability to apply simulation to the 
production level by optimizing any aspect for the model)) Parameter sweeps and target functions can be 
executed right in the user interface. Two Parameter sweeps and target functions can be implemented right in the 
user interface.)) From start to finish, COMSOL is a complete problem-solving from beginning to end; 
COMSOL is a complete problem-solving tool A. 

Nano textured surfaces have one dimension on the nanoscale, i.e., only the thickness of the surface of an 
object is between 0.1 and 100 nm. Spherical nanoparticles have three dimensions on the nanoscale, i.e., the 
particle is between 0.1 and 100 nm in each spatial dimension. The terms nanoparticles and ultrafine particles 
(UFP) often are used synonymously although UFP can reach into the micrometre range. The term 'nanostructure' 
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is often used when referring to magnetic technology, and Nanotubes have two dimensions on the nanoscale, i.e., 
diameter of the tube is between 0.1 and 100 nm; its length could be much greater. 
 
Nanowire structure: 

 
Nanowires are quasi dimensional semiconductor nano-crystals; have a diameter 90 nm, also nanowire is 

whereas the axis is very considerably longer, typically in the μm range. ,those structures are of particular is very  
interest for devices applications, due as they exhibit unique and fascinating physical properties  such as 
mechanic toughness, higher carrier mobility, luminescence efficiency, lowered lasing threshold). In the last 
decade, these systems have been one main topics of research of the scientific community, applications stretching 
from photonics to nano-electronics, to the point of considering as fundamental ‘building blocks’ for the 
realization of entirely new classes of nano-scale devices and circuits, and sensors to photovoltaic. Alternatively, 
nanowires can be defined as structures that have a thickness or diameter constrained to tens of nanometers or 
less and an unconstrained length. We can use in the future the nanowires could be used, to link tiny components 
into extremely small circuits. Using nanotechnology, such components could be created out of chemical (U. 
Hashim et al, 2010 and U. Hashim et al, 2009), in Fig 1 shows surface nanowires using COMSOL multiphysics 
and simulate of nanowires.At these case, quantum mechanical effects are important. This coined the term 
“quantum wires”. Many different types of nanowires exist, including metallic for example, and insulating (e.g., 
SiO2, Pt, Au), semiconducting such As., Si, GaN, etc.).  Molecular nanowires are composed of repeating 
molecular units either organic. Fig .1 a mesh of multi nanowire, b simulates 2D of silicon nanowire using 
COMSOL multiphyiscs. 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
Fig. 1: a mesh of multi nanowire, b simulate 2D of silicon nanowire using COMSOL multiphyiscs 

 
Carbon Nano tube of structure: 

 
Carbon nanotubes (CNTs) are allotropes of carbon with a cylindrical nanostructure. Nanotubes have been 

constructed with length-to-diameter ratio of up to 132,000,000:1, significantly larger than for any other material. 
These cylindrical carbon molecules have unusual properties, which are valuable for nanotechnology, electronics, 
optics and other fields of materials science and technology. In particular, owing to their extraordinary thermal 
conductivity and mechanical and electrical properties, carbon nanotubes find applications as additives to various 
structural materials. For instance, nanotubes form a tiny portion of the material(s) in some (primarily carbon 
fiber) baseball bats, golf clubs, or car parts.(Wang, X.et al,2009). 

Nanotubes are members of the fullerene structural family. Their name is derived from their long, hollow 
structure with the walls formed by one-atom-thick sheets of carbon, called graphene. These sheets are rolled at 
specific and discrete ("chiral") angles and the combination of the rolling angle and radius decides the nanotube 
properties; for example, whether the individual nanotube shell is a metal or semiconductor. Nanotubes are 
categorized as single-walled nanotubes (SWNTs) and multi-walled nanotubes (MWNTs). Individual nanotubes 
naturally align themselves into "ropes" held together by van der Waals forces, more specifically, pi-stacking. 
Applied quantum chemistry, specifically, orbital hybridization best describes chemical bonding in nanotubes. 
The chemical bonding of nanotubes is composed entirely of sp2 bonds, similar to those of graphite. These 
bonds, which are stronger than the sp3 bonds found in alkanes and diamond, provide nanotubes with their 
unique strength (Gullapalli.et al, 2011). 
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Nanogap structure: 
 
Today there is lot of research in A Nano gap and using simulation, is nowadays gaining a high level of 

interest in research. Today there are a lot of techniques for obtaining nanogaps, but a process to totally control 
the gap size has not been found yet. In other hand there are many models, In Electromigration effect is one of 
the simplest technique useful for obtaining the break of the two terminals structures where the nano gap is built. 
Electro-induced break junction (EIBJ) can generate an instantaneous and random break, but to obtain 
reproducible and stable devices it is very important to control the width of the nano gap. For this reason, the 
quantity of current used to stimulate the electro migration effect must be controlled with a custom feedback 
circuit that manages all the fabrication steps. The authors defined a method for producing nano gaps inside gold 
structures, and the controlled use of the electro migration enabled to build gaps less than ten nanometres [M. C. 
Hoffmann, 2009], in Fig 2 shown simulate sample of nanogap. 

 
 
 
 
 

 
 
 
 
 
 
 
 
Fig. 2: (a)  Finite element model of temperature profile in a Pt bowtie 1030 nm long and 180 nm, (b) Calculated 

light emission intensity from modeled bowtie based upon integrated emission from 650 nm to 950 nm, 
(c) Experimentally measured light emission intensity from bowtie (Daniel R. Ward. et al, 2008) 

 
 
5. Nanoporous structure: 

 
A nanopore is a very small hole. It may, for example, be created by a pore-forming protein or as a hole in 

synthetic materials such as silicon or grapheme. When a nanopore is present in an electrically insulating 
membrane, it can be used as a single-molecule detector. It can be a biological protein channel in a high electrical 
resistance lipid bilayer, a pore in a solid-state membrane or a hybrid of these - a protein channel set in a 
synthetic membrane (S. Wang). The detection principle is based on monitoring the ionic current passing through 
the nanopore as a voltage is applied across the membrane. When the nanopore is of molecular dimensions, 
passage of molecules (e.g., DNA) cause interruptions of the "open" current level, leading to a "translocation 
event" signal. The passage of RNA or single-stranded DNA molecules through the membrane-embedded alpha-
haemolysin channels 1.5 nm diameters (Saied and Dongqing, 2012). They present numerical study was 
conducted by using COMSOL Multiphysics 3.5a; they employed a mesh independent structure to make sure that 
the results are unique  and will not  change if any other grid distribution is applied. In order to discredit the 
solution domain, the structured (mapped) meshes were applied. The meshes must fully cover the solution 
domain without overlapping. Also in this study of order to achieve reliable results, which are grid independent, 
they examined the effect of varying number of grids and find the appropriate number of grids that the numerical 
results will not change if they further increase the number of grids.  The transient periods of the electroosmotic 
flow and ionic mass transfer in a nanoscale channel are extremely small (on the order of ps (R. Qiao, N. Aluru, 
2002) and negligible in comparison with electroporation time span (usually on the order of ms). Furthermore, 
the interior of the cell can be considered as a big reservoir for the nanopores. The electroporation time span is 
not sufficiently long to change the ionic concentration inside the cell and far from the exit of the 
nanopores.Thus, in the computational domain, the parameter h is assumed to be sufficiently long and the 
boundary KB is located far from the exit of the nanochannel. Therefore, assuming constant bulk ionic 
concentrations for this boundary is reasonable, and the steady state Navier–Stokes and Poisson–Nernst–Planck 
equations are solved for the system in this study.In order to verify the accuracy and correctness of the proposed 
numerical approach, the governing equations were solved in the cross section of a slit nanochannel, and the 
results were compared with the published result of Cheng (L. Cheng, 2008). As an example, Fig. 3 depicts the 
electric potential obtained by the two different studies; the excellent agreement verifies our numerical method. 
This figure also shows the electric potential distribution predicted by Poisson– Boltzmann equation. It is clear 
that there is a considerable difference between the results of Poisson–Boltzmann model and Poisson–Nernst–
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Planck and Navier–Stokes equations. This is because in the small nanochannel, there is significant EDL 
overlapping and hence the Poisson–Boltzmann equation is not valid. 

  
 
 
    
 
 
 
 
 
                     
 
 
 
 
 

(A)                                                                   (B) 
Fig. 3: (a) the Ionic concentration of the Na+ ions at the cross section in the center of the nonporous, (b). The  
             side view of the velocity field and the electric field in the computation domain (Saeid and Dongqing,  
            2012). 
 
Conclusion: 

 
In study presented a review simulation of Nanowire, Nanoporous, Carbon Nanotubes, and  nanogap using 

COMSOL multiphysics from the various literature review we can said found that the COMSOL is the most 
suitable software for   study Nanostructures and we discovered the model can be also develop for in  biomedical 
applications such shown the interaction between organic material such as DNA and protein with inorganic 
materials such as nanowire, nanogap, Nanoporous, and Carbon Nanotubes etc which we expect to other 
structures in the next publication. 
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