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Abstract. Widayanti, K Abraha, A.B Utomo. 2017. Simulation of Surface Plasmon Resonance Biosensor based on Nanoparticle 

Coreshell in 633 nm. Proc Internat Conf Sci Engin 1: 81-83. In this research, we developed the modeling and simulated the biosensor 

based on Surface Plasmon Resonance (SPR) phenomenon which detected the analyte i.e DNA. This SPR biosensor consists four layers 

where one of thus layers is the composite material. This nanocomposite spherical nanoparticle consisting of a spherical Fe3O4@Au core 

covered by Au shell, were applied as active material for DNA detection in 633 nm. Here, we present the simulation of detection 

amplification technique through Attenuated Total Reflection (ATR) spectrum. Here, SPR system using the Kretschmann configuration, 

whereas the dielectric function determination of composite coreshell nanoparticle using Effective Medium Theory approximation. Finally, 

the reflectivity calculation was investigated by varied the size of the core and the shell of the coreshell. The refractive index of the prism 

is 1,723; the refractive index of 40 nm Ag thin film is 0.13455+3,98651i and the refractive index of the composites were variated 

dependent the size of nanoparticle coreshell. Our results show that by varying the radius of core and shell thickness, the peak of the 

reflectivity (ATR spectrum) was shifted to the different angle of incident light. From its result, we can conclude that the addition of 

coreshell in SPR biosensor leads to enhancement the biosensor sensitivity in DNA detection. 
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INTRODUCTION 
 

Currently, there is great interest in the development of 

magnetic and plasmonic nanoparticle as an active 

material for biomolecules detection. The new 

nanoparticle combine multiple functions not obtainable 

in individual material have attracted considerable 

attention because of its development technology 

increase performance of surface plasmon resonance 

(SPR) biosensor (Wang et.al, 2010). The coating of Au 

metal for magnetic core material, prevents the oxidation 

and aggregation hence enhance the stabilisation of 

coreshell obviously. Whereas, the advantages brought 

about by current SPR biosensor is high sensitivity, 

spectrum large turnability from visible to infra-red, label 

free and real time detection. SPR is a kind of 

electromagnetic resonances that exist when there is an 

interface between metal and dielectric (Stuart et al, 

2005; Jain et al, 2007), very sensitive for size, shape and 

the refractive index of material that contact with the 

metal. In the conventional SPR biosensor, when the 

biomolecules (DNA/ Deoxyribonucleic acid) keep 

contact to the metal surface, it get adsorbed on its 

surface and the refractive index is increased. The 

detection of DNA was shown at the ATR spectrum 

where the reflectivity of biosensor was decreased. If we 

added this biosensor with the composites consisting 

coreshell nanoparticle Fe3O4@Au, the reflectivity will 

be shifted to the right. It is happens because the effective 

refractive index of material on the metal surface was 

changed. The involvement of coreshell nanoparticles 

caused enhancement the biosensor sensitivity. The 

different size of Fe3O4@Au+DNA composites leads to 

change the resonance angle in SPR. In this paper, we 

investigated the ATR spectrum of three and four 

multilayers biosensor based on SPR with coreshell 

addition and DNA as sensing analyte. 

 

 

MATERIALS AND METHODS 
 

In this research we use the analytical, simulation and 

computational approximation to modeling the biosensor 

configuration which contains four layers. And then 

calculate reflectivity in Attenuated Total Reflection 

(ATR) and determinate the effective dielectric constant 

of composite (mixing of Fe3O4@Au and DNA were 

embedded in PEG/Polyethylene Glycol). Here, we used 

the Kretschmann configuration (Kretschmann and 

Raether, 1968) with 4 layers, prism/ Ag/ composite/ 

DNA+air, is shown in figure 1.  and are the 

incident and the reflection angle ,  is the wave vector 

component at z axis, and d is the thickness of the each 

layer 

The composite layer is shown in figure 1 where 

contain the inclusion material (Fe3O4@Au+DNA) and 

the host material (PEG). Composite model contain the 

complex particles (inclusion) and host material. In this 

SPR configuration, we have been carried out for 

refractive index of the SF10 glass prism used was 

1,7230, wavelength of electromagnetic wave was 633 

nm, the complex refractive index of silver was 
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n=0,13455+3,98651 I (Johnson and Christy, 1972), 

dielectric constant of DNA is =1,7769 and the air was 

n=1,0 ( Whu et.al, 2010). The thickness of Ag film was 

d=40 nm, for composite d=20 nm. And then, the 

reflectivity R is given by by Fresnel equation (Rather, 

1986). 

 

 (1) 

 

 

 
Figure1. Biosensor base on SPR with Fe3O4@Au coreshell. 

 

 

 (2) 

 

 

A spherical coreshell Fe3O4@Au simulation 

 

 (3) 

 

 

Effective Permittivity of composite (Fe3O4@Au 

+DNA+PEG) 

The effective permittivity of composite  calculated 

with neglecting the correlation between the inclution 

material (complex material / Fe3O4@Au+DNA) and host 

material (PEG), can be employ using the Maxwell 

Garnett formula (Chen et.al, 1998). 
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With   (5) 

 

 

were ,  is the radius of Fe3O4@Au,  is 

the radius complex particle (Fe3O4@Au +DNA), F is 

the fraction volume of inclusion material to the host 

material,   is the  dielectric constant of complex 

particle and  is the dielectric constant of host 

material. 

 

 

Biosensor Sensitivity 

The calculation of the sensitivity of biosensor base on 

the SPR is written (Verma et.al, 2011). 

 

 (6) 

 

Where  is the difference of the angle of SPR 

and  is the change in refractive index. While, the 

enhancement sensitivity value of SPR biosensor with 

coreshell compare with the conventional SPR is written 

(Adhib and Abraha, 2011). 
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RESULTS AND DISCUSSION 
 

The changes of the radius of core and the thickness of 

shell, leads to the change the effective permittivity of 

coreshell. Whereas the change of radius inclusion 

material leads to change of the effective permittivity of 

composite. Therefore if that complex particles applied to 

SPR biosensor system, this change leads to the 

enhancement of the sensitivity of this biosensor. We can 

show from the reflectivity spectrum that the resonant 

angle shift to the right. Table 1 shows the effective 

permittivity of coreshell (equation 3) and the effective 

permittivity of composite can obtained from equation 4 

 

Table 1. The Effective Permittivity of Fe3O4@Au coreshell for the variation and the effective permittivity of composite with fraction volume (F) 

variation 
 

   
  F = 0.1 F=0.8 

4.5/5  1.1078+3.05177 i 2.56269+0.003145 i  3.635097+0.01432 i 

4.0/5  -2.32358+2.9429 i   

9.0/10  1.1078+3.05177 i 2.64925+0.248526 i 3.67777+0.110574 i 

8.0/10  -2.32358+2.9429 i   

18/20  1.1078+3.05177 i 2.89414+1.791472 i 3.816389+0.33528 i 

16/20  -2.32358+2.9429 i   

 



 Widayanti, et.al. – Simulation of Surface Plasmon Resonance Biosensor Based on … 83 

Table 1 shows that for  = 0.9 resulting the 

effective permittivity 1.1078+3.05177i. Then for 

=0.8 resulting the effective permittivity -

2.32358+2.9429i. The reflectivity from SPR biosensor 

based on nanoparticles coreshell are shown in figure 2 

and figure 3. If the layer consist only thePrism and thin 

film of metal 40 nm Ag (konvensional SPR), the peak of 

reflectivity at the angle 43.37 deg (blue line). After the 

composite added on the surface of the Ag thin film, the 

peak of reflectivity shifted to the large angle. From 

figure 3. For the fraction volume of the composite is 0.1 

and the thicknesses of the radius of Fe3O4@Au is 

variated from 5 nm to 20 nm, the resonance angle of 

SPR shift to the large angle. Increasing radius of 

Fe3O4@Au leads to increase of the angle degree of 

resonance. The figure shows that at 5 nm (magenta line) 

dan 10 nm (black line) the minimum reflectivity is the 

best performance at 46.01 deg and 46.23 deg, whereas 

from figure 5, for the fraction volume of the composite 

is 0.8 and the thicknesses of the radius of Fe3O4@Au is 

variated from 5 nm to 20 nm, the resonance angle of 

SPR shift to the large angle too. The figure shows that at 

10 nm the minimum reflectivity is the best performance 

at 48.37 deg. Therefore from equation (7), calculation of 

the sensitivity resulting the sensitivity increase 6.08%, 

6.59% for F=0.1 and 11.52% for F =0.8.  Compare with 

sensitivity of SPR biosensor without coreshell addition. 

 
Figure 2. The reflectivity of ATR spectrum for the volume fraction of the 

composite F=0.1. The radius of inclusion material at R=20 nm and. The 
radius of coreshell variated from 5 nm to the 20 nm with variated. 

 

 
Figure 3. The reflectivity of ATR spectrum for the volume fraction of the 

composite F=0.8. The radius of inclusion material at R=20 nm and. The 

radius of coreshell variated from 5 nm to the 20 nm with variated. 

CONCLUSIONS 
 

The combination of properties of magnetic material and 

plasmonic material lead to the enhancement of 

sensitivity of SPR biosensor that apply to detect 

existence of DNA. By vary the radius of core (Fe3O4) 

and shell (Au), the refractive index of coreshell changes 

and leads to change the permittivity of composite. The 

change of effective permittivity of composite 

(coreshell+DNA+PEG) lead to change position of the 

peak of reflectivity spectrum to the large angle. The SPR 

dips were shifted when coreshell were added on the 

composite as the active material that detects. This large 

shift in the dip angle suggest the potential for application 

in highly sensitive biosensor, in this case sensing 

biomolecules as analyte. 
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