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Abstract 
 

This article is devoted to the simulation COMSOL Multiphysics of ultra-sensitive nano-sensor based on chiral Metamaterials, which 

allows us to follow hemolysis with good accuracy. Where we will study the reflected wave in human hemoglobin oxygenated and deox-

ygenated to determine its concentration. In this paper we also present the numerical results and the equations of variations obtained by 

Matlab. 
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1. Introduction 

The development of nanotechnology in the last 20 years has al-

lowed the emergence of new materials (Chiral Metamaterials) [1-

6], for the electronic field, optics, and other fields. In addition, the 

artificial composite structures is open a new perspective in the 

effects of reflection and transmission of an electromagnetic wave. 

Today, there are several theoretical studies modeling, simulation 

and experimental work on the Chiral Metamaterials (Figure 1,2). 

One of the important applications in clinical and bio-photonics is 

that monitoring hemolysis when hemoglobin leaking out of red 

blood cells, and therefore, the local concentration of hemoglobin 

changed quickly [7-11]. 

The representation of the hemoglobin of refractive index as a 

complex value [7]:  
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Where k is the absorption coefficient, 
0

n is the refractive index of 

which is varied in proportion to the hemoglobin concentration, by 

the relation [7]:  
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: distilled water of refractive index and α is the specific re-

fraction increment. 

In our work we will simulate in the COMSOL Multiphysics and 

study an ultra-sensitive nano-sensor based on Chiral Metamateri-

als, designed to measure the concentration of deoxygenated and 

oxygenated hemoglobin human. The simulation results were used 

as data in a Matlab program we developed to determine the sensi-

tivity maxima (peaks, illustrating the effect of resonance) of the 

S11 parameter (the input port voltage reflection coefficient) charac-

teristic parameter of the nano-sensor, relating to changes refractive 

indices of the oxygenated and deoxygenated hemoglobin. This 

will allow us to retrieve the equations of the variation in refractive 

index depending on the resonant frequency. 

 

 
Fig. 1: 3D Representation of the Chiral Metamaterials Structure. 

 

 
Fig. 2: Chiral Metamaterials Structure. 

2. Ultra-sensitive nano-sensor 

Our work we will study the reflection of electromagnetic wave to 

a Chiral Metamaterials detector of oxygenated hemoglobin and 

deoxygenated human, calculating the S11 parameter (the input port 

voltage reflection coefficient) for left-handed circularly polarized 

LCP). The cell shown Chiral Metamaterials presented below is 
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considered in a perfect conductor, dimensions: 

3420 420 1500nm  and excited by a source of polychromatic ray-

onement, according to a circularly polarized wave left LCP. The 

field E 1000   V/m , P 100   mW  , and a range of frequency 

w [720,780THz] . While the polarization state, the initial wave 

(power) is assumed to left circularly propagated along the axis Z. 

The simulation ultra-sensitive nano-sensor (figure 3,4) of human 

oxygenated and deoxygenated hemoglobin are done using the 

variation of refractive index according to their concentrations in 

blood, made from the linear relationship of variation index based 

on the concentration [7]: 
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Where: 
2

0.170(ml / g)HbO   and 0.146(ml / g)Hb   

2

n 1.343(37 C)H O   . For specifies wavelength λ = 401.5 nm. The 

values of the refractive indices of deoxygenated hemoglobin (Hb) 

and hydrogen (HbO2) for a wavelength λ = 401.5 nm, are quoted 

in the following table [7]:  

 
Table 1: Change in Hb Refractive Indices and Hbo2en Function of Con-

centration 

Concentration 
(g/l) 

Refractive indices of 
Hb 

Refractive indices of 
HbO2 

0 1.345 1.345 

20 1.349 1.349 
50 1.353 1.354 

80 1.357 1.359 

110 1.362 1.364 
140 1.365 1.369 

 

 
Fig. 3: Representation of the Structure MMC Nano-Sensor without the 

Hemoglobin. 

 

 
 

 
Fig. 4: (A)-Representation of the Analyzed Layer (B) - Representation Of 
The Cell MMC And Analyzed Layer Transparent 

3. Results and discussion 

The results obtained by simulation under the environment COM-

SOL the change in resonance frequency according to the variation 

of the concentration of Hb and HbO2 are represented in the fol-

lowing figures: 

 

 
 

 
Fig. 5: (A) - The Variation of the Resonance Peaks Depending on the 
Refractive Indices of Hbo2, (B) - Variation of the Resonance Peaks Based 

on Hb Refractive Indices. 

 

 
Fig. 6: The Variation of Refractive Indices Depending on Hbo2 Resonance 
Peaks. 
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Fig. 7: The Variation of the Concentration Depending on Hbo2 Resonance 
Peaks. 

 

 
Fig. 8: The Variation of Refractive Indices Depending on Hb Resonance 

Peaks. 

 

 
Fig. 9: The Variation of the Concentration Depending on Hb Resonance 

Peaks. 

 

The curve form illustrating the variation of the refractive indices 

and concentration according to the parameter S11, for a LCP waves, 

a curve (regressive) linearly. When the refractive indices or the 

concentration increase, we note moving resonance peak relative 

referential peak (lack of hemoglobin) which is seen a decrease in 

resonance frequencies when the concentration of hemoglobin 

(with or without oxygen) increases to study this variation, we use 

Matlab 'basic fit', we have provides the equations of variation of 

the refractive index and concentration according to the n reso-

nance frequency  
r

fn ,  
r

fC  below: 

• For the deoxygenated hemoglobin Hb: 
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• for the oxygenated hemoglobin HbO2: 
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These equations have obtained allows us to generalize the study to 

any concentration and possible clues refraction. And monitoring 

the variation with good accuracy. 

4. Conclusion 

The results obtained by simulation and development programs 

Matlab; led to an interesting characterization of an ultra-sensitive 

nano-sensor to study the variation in the refractive index of the 

concentration of oxygenated and deoxygenated hemoglobin hu-

man. However, the development of our theoretical calculations 

based on the 4th order equations allowed us to make our theoretical 

study generalizes. The studied structure is highly sensitive, and 

detects the change in the index of refraction 10-3 order. This al-

lowed us to interpret correctly identified and the variation of the 

concentration of hemoglobin in the blood with good accuracy. 

References 

[1] Akyurtlu, A., & Werner, D. H. (2004). A novel dispersive FDTD 

formulation for modeling transient propagation in chiral metamate-

rials. IEEE Transactions on Antennas and Propaga-tion, 52(9), 
2267-2276. https://doi.org/10.1109/TAP.2004.834153. 

[2] Wang, X., Werner, D. H., Li, L. W., & Gan, Y. B. (2007). Inte-

raction of electromagnetic waves with 3-D arbitrarily shaped ho-
mogeneous chiral targets in the presence of a lossy half space. IEEE 

Transactions on Antennas and Propagation, 55(12), 3647-3655. 
https://doi.org/10.1109/TAP.2007.910336. 

[3] Kwon, D. H., Werner, P. L., & Werner, D. H. (2008). Optical pla-

nar chiral metamaterial designs for strong circular dichroism and 
polarization rotation.Optics express, 16(16), 11802-11807. 

https://doi.org/10.1364/OE.16.011802. 

[4] Wang, B., Zhou, J., Koschny, T., Kafesaki, M., Soukoulis, C. M. 
(2009). Chiral Metamaterials: simulations and experiments. Journal 

of Optics A: Pure and Applied Optics, 11(11), 114003. 

https://doi.org/10.1088/1464-4258/11/11/114003. 
[5] Li, Z., Zhao, R., Koschny, T., Kafesaki, M., Alici, K. B., Colak, E., 

Soukoulis, C. M. (2010). Chiral metamaterials with negative refrac-

tive index based on four “U” split ring resonators. Applied Physics 
Letters, 97(8), 081901. https://doi.org/10.1063/1.3457448. 

[6] Soukoulis, C. M., Wegener, M. (2011). Past achievements and fu-

ture challenges in the development of three-dimensional photonic 
Metamaterials. Nature Photonics, 5(9), 523-530. 

https://doi.org/10.1038/nphoton.2011.154. 

[7] Zhernovaya, O., Sydoruk, O., Tuchin, V., & Douplik, A. (2011). 
The refractive index of human hemoglobin in the visible range. 

Physics in medicine and biology, 56(13), 4013. 

https://doi.org/10.1088/0031-9155/56/13/017. 
[8] Sydoruk, O., Zhernovaya, O., Tuchin, V., & Douplik, A. (2012). 

Refractive index of solutions of human hemoglobin from the near-

infrared to the ultraviolet range: Kramers-Kronig analysis. Journal 
of biomedical optics, 17(11), 115002-115002. 

https://doi.org/10.1117/1.JBO.17.11.115002. 

[9] Jang, Y., Jang, J., & Park, Y. (2012). Dynamic spectroscopic phase 

microscopy for quantifying hemoglobin concentration and dynamic 

membrane fluctuation in red blood cells. Optics express, 20(9), 

9673-9681. https://doi.org/10.1364/OE.20.009673. 
[10] Park, Y., Yamauchi, T., Choi, W., Dasari, R., & Feld, M. S. (2009). 

Spectroscopic phase microscopy for quantifying hemoglobin con-

centrations in intact red blood cells. Optics let-ters, 34(23), 3668-
3670. https://doi.org/10.1364/OL.34.003668. 

[11] Friebel, M., & Meinke, M. (2006). Model function to calculate the 

refractive index of native hemoglobin in the wavelength range of 
250-1100 nm dependent on concentration. Applied optics, 45(12), 

2838-2842. https://doi.org/10.1364/AO.45.002838. 

https://doi.org/10.1109/TAP.2004.834153
https://doi.org/10.1109/TAP.2007.910336
https://doi.org/10.1364/OE.16.011802
https://doi.org/10.1088/1464-4258/11/11/114003
https://doi.org/10.1063/1.3457448
https://doi.org/10.1038/nphoton.2011.154
https://doi.org/10.1088/0031-9155/56/13/017
https://doi.org/10.1117/1.JBO.17.11.115002
https://doi.org/10.1364/OE.20.009673
https://doi.org/10.1364/OL.34.003668
https://doi.org/10.1364/AO.45.002838

