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ABSTRACT 
 

Nanotechnology brought allow great possibilities for organic material to be studied combined with 
inorganic material and possibilities brought the idea of inorganic sensor interaction with organic materials 
surface to form a complete Lab on chip or total micro analysis. Organic Material is one of material that comes 
from once-living organism. The modeling of organic material like protein, DNA and other can design using 
COMSOL Software is one of the most economical approach in engineering, computer modeling simulation of 
organic material and its interaction in an aqueous solution is a highly effective tool for helping to quantitatively 
understand and predicts the molecular mechanism of metal-organic matter complexity. The greatest single 
challenge is to effectively understand the molecule simulation with ability to present reliably information is 
quiet important hence, this review present current development in simulation of interaction between atoms 
within the two materials. 
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Introduction  
 

Today simulation is ubiquitous. Simulation of organic and inorganic material is one of technique that used 
to simulating something first requires that a model be developed. Computer simulation will use to gain the 
insight into the structure and Dynamic of the organic and inorganic material at the molecular level, also can 
interpret experimental data and test the theory of analytical (Arthi Jayaraman et al, 2006). The computer 
simulation will survey the techniques use to simulate the biomoleculezation process and in particular the 
problems of the interface between the organic and inorganic material. Understanding such structures clearly 
requires a range of computational techniques including quantum mechanics and atomistic simulation at the 
nanoscale to theories and finite element methods at the microscale (Quigley and James A. Elliott, 2008) DNA is 
one of organic material and gold is one of inorganic material. From the two materials, the interaction between 
both materials will finding by simulation using COMSOL software (U. Hashim et al, 2012). 

 
DNA Simulation for surface interaction: 

 
The molecule of DNA can easily be labeled with dyes to intercalate between base pairs. For the first group, 

DNA molecule will exert use force on one or both end using optical and magnetic traps. DNA requires that need 
be end- modified with beads that are either magnetic or optically refractive so that DNA can be immobilized. 
DNA immobilization and stretching method also includes “electrostretching” by high frequency AC field used 
to stretch DNA via a process that depends on the molecule polarizability (M. Washizu, O. Kurosawa,1990). For 
the electrostrecthing, the electrode and anchored typically stretched by DNA molecules at one or both ends to 
the electrode (Ji Hoon Kim et al, 2007) Strong chemical binding need to attach bimolecular, DNA into solid 
support. To preparing a DNA biosensor is more hard when probe on the surface such as gold electrode for 
sensing device. The selectivity, sensitivity, accuracy and life of a DNA biosesnsor directly influence by the 
amount of immobilized DNA probe. To increase the amount of immobilized DNA greatly, Nano-materials can 
enlarge the sensing surface area because of excellent biological compatibility and high surface-to-volume ratio. 
Also the biological activity keeps well when the DNA mixed with Nano-materials. A gold (Au) used for 
research and play a key role in DNA biosensor. To binding of the Au nano-particle, usually used thiol-AU 
lingkages to covalent with solid electrode or DNA because covelant bonds between sulphur atom and gold 
atoms strong affinity. an assembly process do to Immobilized the DNA on the surface of Au Nano-particles 
which were co-immobilized at a gold electrode through 4,4'-bis(methanethiol)biphenyl (MTP) molecules. The 
Au nanoparticles modified gold electrode can enlarge the electrode surface area and enhance the amount of 



1044 
J. Appl. Sci. Res., 9(2): 1043-1046, 2013 
 

 

immobilized single stranded DNA (ssDNA). The surface coverage value of DNA molecules decreased as the 
size of the gold Nano-particles increased. 

In the simulation, the geometry of biomolecules like DNA are often very complex, and also more complex 
for their description interaction, requiring simultaneous solution of many couple nonlinear equation. Need to 
capture details at fine geometries and small scale, as well as the complex of the equation and the model. It will 
yields a problem that is impervious to analytical and simplified treatments (Tijjani Adam et al, 2012).  The 
physical phenomenon in different domains requires a complete treatment to capture the entire in one single 
framework on physical.  The molecule of DNA size is very small in comparison with the size of the biosensor. 
The both large and small levels of detail are required for complete simulation. Numerical calculations is the best 
option to capture the operation of the entire biosensor with accuracy at high degree and using the most detailed 
physic on the most detailed geometries. In itself of DNA molecule is by far the hardest part to model. 

This is due to the complex nature of the geometry and for molecule’s flexibility and its versatile chemistry. 
DNA molecule is a polyelectrolyte that comprised with two helically-wound sugar-phosphate bacbones and 
joined in the middle by nucleobases that include Adenine, Thymine, Cytosine and Guanine. 

 

 
Fig. 1: simulation of DNA (Alexandra V et al, 2010) 

 
The chemistry and electrostatic of the DNA molecule are very important in dictating the interaction of the 

DNA with its surroundings, especially to Gold electrode surface interaction. There a several problem that are 
associated with the description of the DNA molecule. That is the conformation and dynamic and the 
electrostatic/chemistry. In generally, the motion of longer DNA molecule is by simplified continuous model, 
such as worm-like chain model or the free-jointed chain model (Bustamante et al, 2000; Baumgärtner, 1980). 

The simulation model of DNA, the interaction properties can be calculating base on the analytical level. In 
this step approach based on dielectric properties that were used to estimate the van der Waals interaction of 
DNA near to solid. The Van der Waals interaction energy between the DNA and the metal surface can minimize 
by adding hybrocarbond layer on top of the metal surface. Using Monte Carlo simulation can view more 
detailed structural information at the peptide-surface. The most simplified model is a ho-monoplymer, of which 
folding phase diagram can be constructed. The model that using Monte Carlo steps based on a known global 
minimum is often used in DNA folding simulation to folding path. This simulation level also apply explicit 
solvent mixtures to gain orientation and hydration information of small peptides near surface. 

Using molecular dynamic simulation, the interaction that containing peptide and solvent molecule in 
organic and nonconducting inorganic surface can be describe by classical force field.  Surface interaction energy 
for total solute can be calculated by integrating the solute-surface atom pair potential over all separate surface 
atoms. In this simulation, the application that can use for interaction also is DNA with Self-assembled 
monolayer (SAM). The electron conducting o metal surface make it most versatile base for DNA-surface 
composite, but with the molecular modeling is most difficult to study. This happen because one cannot construct 
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a generalized force field to peptide surface interaction. The electron density perturbations caused by a nearby 
molecule lead to optimal interacting configurations and interaction strengths that can only be determined via 
quantum mechanical (QM) calculations and its parameterization into atomistic potential energy functions for 
classical simulations should be verified on a case-by-case basis. when single atom-metal surface interaction 
parameters are not readily transferable between different molecule types, it can still model the QM-determined 
adsorption energies and configurations of chemically active groups that have relatively isolated electronic 
properties and combine any number of those groups in a macromolecule, as long as this combination does not 
have a heavily altered electronic structure, and the surface-adsorbed groups will be separated far enough to not 
disturb the electron distribution of the neighboring solute-metal interactions (Juewen Liu, 2012) 

 
Surface interaction between organic and inorganic material: 

 

 
 

Fig. 2: Interaction between DNA and gold Surface (Alexandra V et al, 2010) 
 
Surface-immobilized DNA is an important aspect of biosensor technology. The interaction between DNA 

and inorganic surfaces has attracted intense research interest, as a detailed understanding of adsorption and 
desorption is required for DNA microarray optimization, biosensor development, and nanoparticle 
functionalization. One of the most commonly studied surfaces is gold due to its unique optical and electric 
properties. Through various surface science tools, it was found that thiolated DNA can interact with gold not 
only via the thiol group but also through the DNA bases [7]. Different methods have been used to immobilize 
the DNA onto electrode surface such as, controlled potential adsorption, entrapment in a polymer matrix, biotin-
avidin interaction, and covalent binding. Alkanethiol compounds are commonly used to form strong covalent 
bond on gold surfaces producing a well-ordered structure 
 
Conclusion: 

 
As conclusion, simulation is very important part to view the interaction between organic and inorganic 

material. In simulation, the modeling can be used to guide experiments by showing the kinds of behavior that 
are possible and how these behaviors depending on the rules that are chosen in simulation. The interaction DNA 
to the surface of Gold can physically view by using COMSOL software. This can help people to understand 
between the binding both material before fabricate the real biosensor device to interact the biomolecule.   
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