
International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 8 (2018) pp. 6332-6339 

© Research India Publications.  http://www.ripublication.com 

6332 

Design and Simulation of  the High Sensitivity Detection of Hemoglobin (Hb) 

Concentration in Human Blood by The Core-shell Enhanced Surface 

Plasmon Resonance (SPR)-Based Biosensor 
 

Widayanti1,2, Kamsul Abraha2, Agung Bambang Setio Utomo2 

1Departement of Physics, Faculty of Science and Technology,  Sunan Kalijaga Islamic State University,  
Jl. Marsda Adi Sucipto No.1 Yogyakarta, Indonesia. 

 
 

2Departement of Physics, Faculty of Mathematics and Natural Sciences, Gadjah Mada University, 
Jl. Sekip Utara BLS.21  Yogyakarta, Indonesia. 

 

Abstract 

 

In this paper, we present the design and simulation of the 

detection amplification technique through Attenuated Total 
Reflection (ATR) spectrum based on the core-shell enhanced 

Surface Plasmon Resonance (SPR) in the Kretschmann 

configuration. The system consists five-layer materials, i.e 

prism/Ag/core-shell/PEG/Hemoglobin (Hb). The biosensor 

performance can be seen from the reflectivity spectra for the 

configuration of SPR-based biosensor presented and depends 

on the dielectric function and thickness of each layer material. 

Core-shell is the nanocomposite spherical nanoparticle 

consisting of a spherical Fe3O4 as the core covered by Au 

shell (Fe3O4@Au core-shell) used as an active material for Hb 

concentration detection in the wavelength 632.8 nm.  

Effective permittivity determination of the core-shell 

nanoparticle (Fe3O4@Au) is done by applying the Effective 
Medium Theory (EMT) approximation and the calculation of 

the reflectivity is carried out by varying the size (r) and 

volume fraction (F) of the core-shell. In this simulation, two 

prisms, i.e BK7 and chalcogenide (2S2G) are used and the 

reflectivity spectra for both prisms are investigated, in which 

the Ag thin film is used as the metal layer mounted on top of 

the prism. The refractive index of the core-shell is varied 

depending on the r and F of the core-shell. The performance 

of this presented model of SPR system is shown at reflectivity 

spectrum, and calibration curve. Our results show that by 

varying the radius of the core (r), the shell thickness, and the 

F of the core-shell,  the dip of the reflectivity (ATR) spectrum 

is shifted to the larger angle of incident light and the 

involvement of the core-shell in the SPR-based biosensor 

leads to enhancement of the SPR biosensor performance for 

Hb concentration detection. For BK7/Ag/core-shell/PEG/Hb,  

at r = 2.5 nm, F = 0.27 and the Hb concentration 20 g/L, the 

simulation results that the sensitivity value for core-shell 

involvement configuration (0.0210/gL-1) is greater than that 

with no core-shell involvement (0.0180/gL-1). The resolution 

of Hb concentration detection is 0.0476 g/L, and the 

sensitivity increas by 16.6 % compared to the sensitivity of 

the conventional SPR-based biosensor without core-shell 

addition.  
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INTRODUCTION 

Surface plasmon resonance (SPR) spectroscopy is an optical 

spectroscopy for quantitive analysis of the interaction 

between the metal film surface and the dielectric material 

mounted on top of the metal. SPR sensor is very sensitive to a 

slight change in the refractive index of the dielectric or 

material in the near vicinity of the thin metal surface. Hence, 

the SPR sensing techniques have been widely used in many 

different areas and are applied extensively as sensors for 

monitoring specific interaction between antigen-antibody, 

reseptor-ligand, etc based on the affinity activity (chemical 

reaction). These molecular interactions can be monitored in 

real-time, label free and rapid sensing capability [1]. The first 

application of the SPR sensing is the gas sensing [2] and after 

that, several research works have been carried out in the topic 

of SPR sensors by experimental and theoretical 

approximations. Biomolecular interaction sensing was 

initially reported by Nylander and Liedberg in 1982 [3]. They 

used a system with organic layer that reversibly absorbs the 

anaesthetic gas halothane. More potential applications and 

new devices have been used and reported. Among of them are 

the detection of DNA hybridization [4], acetylcholinesterase 

[5], membrane protein [6], and human blood-group [7].  

 

The SPR phenomenon emerges from the existence of a 

plasmon wave, an induced effect of the coupling between 

electromagnetic field (p-polarized) with the plasma oscillation 

[8,9]. Coupling occurs when the wave vector of the 

evanescent wave (EW) matches the wave vector of the 

surface plasmon (SP) under the total internal reflection 

condition expressed as equation (1) 

𝑘0𝑛𝑝 sin 𝜃𝑆𝑃𝑅 = 𝑘0 (
휀𝑚𝑛𝑑

2
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2 )
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          ;  𝑘0 =
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(1) 

where 𝑘0 is the propagation constant of an incident light beam 

(of wavelength 𝜆) in the vacuum. The term on left hand side 

is the wave vector of evanescent wave (𝐾𝐸𝑊)  incident at a 

resonance angle 𝜃𝑆𝑃𝑅 through the light coupling device (prism) 

of refractive index 𝑛𝑝. The right hand side term is  the wave 

vector (𝐾𝑆𝑃) of surface plasmon (SP) with  휀𝑚 is the real part 
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of the metal permittivity and 𝑛𝑑  as the refractive index of 

dielectric material or sensing medium.  

 

The wave vector of the SP wave is a function of refractive 

indices of the dielectric, metal and analyte i.e the sensing 

medium. If there is a local change in the refractive index of 

the sensing medium near the metal surface, it will in turn lead 

to a change in the propagation constant of SP as well as in the 

angle of incidence light in order to satisfy the resonance. A 

sharp dip of reflected output shows this resonance due to 

strong absorbtion by SP wave. 

 

Generally, the SPR biosensor is set up in the Kretschmann’s 

configuration in which a thin metallic film is  deposited on a 

prism and the dielectric medium or biology element to be 

sensed is mounted on top [10]. In this configuration a light 

wave is totally reflected at the interface between a prism 

coupler and a thin metal layer and excites an SP at the outer 

boundary of the metal by evanescently tunneling through the 

thin metal layer. Whereas, the metallic layer that is used in 

SPR biosensor measurement consists of either gold or silver.  

 

Although SPR biosensor has the advantage of rapid and direct 

sensing and surface plasmon used in SPR spectroscopy is 

highly sensitive to changes in the surrounding refractive index, 

but for detecting low molecular weight e.g low concentration 

of analyte (proteins) [11], DNA, or bacteria [12], the change 

in SPR response is very limited and constrained by the poor 

attachment of biomolecule on the metal surface [13]. This is 

due to the very small changes of the refractive index [14] 

under a metal layer. Consequently, several methods had been 

applied to increase the SPR sensitivity and performance for 

detecting  low molecular weight of biomolecules. Among 

them, metal nanoparticles were introduced due to their 

properties which support localized SPR (LSPR) on particle 

surface and on the coupling between nanoparticle SP and bulk 

SP on the Au thin film. Nanotechnology offers a broad range 

of potential applications to biology system, optical 

communication and new material detection [15].  

 

Currently, the development of the new material that combines 

multiple functions or properties had attracted considerable 

attention because of its revolutionary technology for 

sensitivity enhancement of surface plasmon resonance (SPR)-

based biosensor. Those materials are the magnetic and 

plasmonic nanoparticles as the active materials for 

biomolecule detection [11,16]. One of the magnetic and 

plasmonic materials is the nanoparticle core-shell. Some 

studies have observed that the optical response or resonance 

spectrum of the core-shell  depends on the thickness of the 

shell, the size of the core and the volume fraction (F). One of 

the core-shell is Fe3O4@Au. The presence of Fe3O4@Au is 

capable to enhance the immobilization of biomolecules e.g 

the DNA of chum salmon [17], antibody IgG [18], 

Haemoglobin [19],] thrombin [20], and protein concentration 

of interleukin IL17 [21]. Corresponding with the core-shell 

properties, the coating of Au shell for the magnetic core 

protected it from oxidation and aggregation. Therefore the 

stabilization of the core-shell (Fe3O4@Au) was enhanced 

obviously. Corresponding with the biomolecules have been 

detected with SPR-based biosensor, the detection of the Hb 

concentration have been explored by SPR-based biosensor for 

three wavelengths (401.5 nm, 589.3 nm and 706.5 nm) with 

haemoglobin concentration varying between 0 and 140 g/l 

[7].  

 

This paper focuses on the simulation of the core-shell 

effective permittivity calculation that depends on the volume 

fraction and the size of the core-shell. Furthermore, SPR-

based biosensor reflectivity for Hb concentration in human 

blood detection with the core-shell involvement is 

investigated. Finally, the performance improvement of the 

SPR-based biosensor for Hb concentration detection i.e the 

sensitivity, resolution of measurement, and the sensitivity 

enhancement is estimated. 

 

MATERIALS AND METHOD 

 

In this section, we discuss elements of the proposed SPR-

based biosensor design and setup.  

A. Multilayer SPR-based biosensor configuration  
 

In this study, we apply the design consideration for SPR-

based Hb concentration detection. We use the Kretschmann 

configuration[10] with five layers i.e prism/Ag/core-

shell/PEG/Hb as shown in Fig.1 And then, we determine the 

effective permittivity of the core-shell and calculate 

reflectivity in the Attenuated Total Reflection (ATR) method 

by analytical and computational approximation. The angle 𝜙𝑖 

and  𝜙𝑟 are the incident and the reflection angle respectively, 

d1 is the thickness of metal layer, d2 is the thickness of core-

shell and 𝑘𝑥 is the wave vector component along x-axis.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1:  Kretschmann geometry of ATR methods in SPR-

based  biosensor with the involvement of   

Fe3O4@Au core-shell 

 

When the resonance happens, any change in refractive index 

near the metal-dielectric interface (change of the Hb 

concentration) causes a shift in the resonance (SPR curve). 

The Fe3O4@Au core-shell is performed using the model as 

shown in Fig 2. The magnetic nanoparticle core-shell consists 

of a Fe3O4 core of radii b coated by a metallic Au of thickness 

(𝑎 − 𝑏). The dielectric constants of the magnetic nanoparticle 

and the metallic Au are 휀𝑐 and 휀𝑠 , respectively 
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Figure 2:  The core-shell geometry model contains Fe3O4 

(core) and Au (shell). Fe3O4 has radius b and permittivity 휀𝑐, 

the total nanoparticle radii is a and permittivity is  휀𝑠. 

 

The present work in this SPR configuration reports the design 

by making use of the experimental data of Hb concentration 

from Zhernovaya et.al [22]. The dielectric constant of Hb is 

varied from 1.338 to 1.340. Through reflectivity measurement 

and Kramers-Kronig analysis, the value of complex 휀𝑐  is 

obtained (Schlegel, et al) [23] and 휀𝑠  can be quoted from 

Johnson and Christy  work [24] and then from the internal 

homogenization for plasmonic and dielectric constituent 

materials, the effective permittivity (휀eff) of Fe3O4@Au core-

shell is derived [25] , which gives the result 

 

휀eff = 휀𝑠

𝑎3(휀𝑐 + 2휀𝑠) + 2𝑏3(휀𝑐 − 휀𝑠)

𝑎3(휀𝑐 + 2휀𝑠) − 𝑏3(휀𝑐 − 휀𝑠)
 (2) 

 

The refractive index of the BK7 glass prism is 1.510, and the 

2S2G prism is 2,327 in the wavelength of the electromagnetic 

wave 632.8 nm, and the complex refractive index of silver is 

0.13455+3.98651i [24]. The thickness of Ag film is d1=40 

nm. In this simulation, the size or radius of the core-shell (r) 

is varied from 2,5 to 7.5 nm and volume fraction (F) is varied 

from 0.27 to 0.85. The ATR reflectivity R is given by the 

Fresnel equation [26]. 

 

𝑅 = |𝑟𝑖𝑗𝑘|
2

= |
𝑟𝑖𝑗 + 𝑟𝑗𝑘𝑒2𝑖𝑘𝑗𝑧𝑑𝑗

1 + 𝑟𝑖𝑗𝑟𝑗𝑘𝑒2𝑖𝑘𝑗𝑧𝑑𝑗
|

2

 
(3) 

 

with 

𝑟𝑖𝑗 =
𝑘𝑖휀𝑗 − 𝑘𝑗휀𝑖

𝑘𝑖휀𝑗 + 𝑘𝑗휀𝑖

 (4) 

where 𝑟𝑖𝑗  is the surface reflectivity coefficient between 

medium i and medium j.  𝑘𝑖𝑗 is the wave vector component 

perpendicular to the surface, 𝑘𝑥 is the wave vector component 

parallel to the surface as shown in Fig.1,  whereas 𝑑𝑗 and 휀𝑖 

are respectively the j-th layer thickness and the i-th medium 

dielectric constant.  

B. Light Coupling Prism 

The light coupling prism BK7 and calchogenide (2S2G) have 

wavelength dependent refractive indices that are  represented 

by the expression as follows [7] 

𝑛𝑐(𝜆) = √1 +
𝐴1𝜆2

𝜆2 − 𝐵1
2 +

𝐴2𝜆2

𝜆2 − 𝐵2
2 +

𝐴3𝜆2

𝜆2 − 𝐵3
2 (5) 

where 𝜆  denotes the wavelength in 𝜇𝑚  and the coefficients 

𝐴1, 𝐴2, 𝐴3, 𝐵1, 𝐵  and 𝐵3  are known as Sellmier coefficients 

and have numeric values for BK7 prism [27] and for 2S2G 

prism [28]. These numeric values are determined 

experimentally by measuring spectral variation in a material.  

C. Metal Layer 

 

The prism has been coated with a thin metal film (Ag of 

thickness 40 nm). Ag is chosen as SPR active metal due to its 

narrow absorbance resonance spectrum among the other 

metals. From the free-electron Drude model, the wavelength-

dependent complex permittivity of Ag metal can be written as 

[7] 

휀𝑚 = 휀𝑚𝑟 + 𝑖휀𝑚𝑖 = 1 −
𝜆2𝜆𝐶

𝜆𝑝
2 (𝜆𝐶 + 𝑖𝜆)

 (6) 

where 𝜆𝑝  is the plasma wavelength and 𝜆𝑐  is the collision 

wavelength for Ag. 

D. Fe3O4@Au core-shell 

 

Magnetic nanoparticle Fe3O4 (magnetite) for the core and gold 

for shell in the coreshell are beneficial for nanoscale sensing. 

Fe3O4 has  a large surface to volume rasio and possesses high 

surface energies, therefore they tend to aggregate for 

minimize the surface energies. Based on these properties, it is 

important to keep the stability of nanoparticle magnetite with  

the protection strategies comprising coating with metal 

material. In many cases the protecting shell (Au metal) 

stabilizes the magnetite nanoparticle and it is used for further 

functionalization [29].  

 

E. Buffer Layer 

 

The Ag layer in SPR-based biosensor must be followed by a 

buffer layer  in the vicinity of 1-15 nm in order to achieve 

highly sensitive sensor [30]. This buffer  is the biochemical 

layer because it must prevent the analyte (Hb) from being in 

direct contact with Au layer (shell of Fe3O4@Au) and its 

structural compatibility with analyte (Hb) Poly ethylene 
glycol (PEG) is chosen as the buffer material thst can satisfy 

the above conditions. PEG for this study is assumed to be 

in10 nm.  

 

F. Hb in human Blood as analyte layer 

 

Blood sample in which Hb is included with certain 

concentration is chosen as sample or analyte layer, the 

topmost layer in the SPR biosensor.  From the data of 

Zhernovaya et.al [22] and Prahl [31], the complex refractive 

index of Hb concentration that is wavelength dependent can 

be described as 

 

𝑛𝑠 = 𝑛 + 𝑖𝑘 (7) 

Here n is the real part and k is the imaginary part of the 

complex refractive index of Hb concentration. n is found to 

be much greater than k.  The thickness of Hb is limitless 

𝜺𝒔 

𝜺𝒄 

 
𝒃 

a 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 8 (2018) pp. 6332-6339 

© Research India Publications.  http://www.ripublication.com 

6335 

because there is no change from the calculation that is carried 

out, namely from 1nm to 1 𝜇𝑚  [7]. The normal Hb 

concentration is defined for different age-group. Its range is 

100-135 g/L for children, 130-170 g/L for adult male and 

120-155 g/L for adult female. The real part of Hb refractive 

index has been measured for different concentration and 

visible wavelength [22] in the form of Barer’s expression 

(Barer) given as 

𝑛 = 𝑛0 + 𝛼𝐶𝐻 (8) 

where 𝑛0 is the effective refractive index of blood sample at 

zero Hb concentration, 𝛼 is the specific refraction increment 

and 𝐶𝐻 is the Hb concentration. The data using in this study is 

based on the above  experimental result.  

 

G. SPR Biosensor performance from ATR spectrum 
 

The indicator of sensor’s performance in this simulation can 

be obtained from reflectivity spectrum (sensitivity and 

sensitivity enhancement), calibration curve ( 𝜙𝑆𝑃𝑅 vs 𝐶𝐻) and 

the resolution. 

 

The sensitivity of SPR-based biosensor is written as [32] 

 

𝑆 =
Δ𝜃SPR

Δ𝑛
=

𝜃SPR(휀𝑑 + Δ휀𝑑) − 𝜃SPR(휀𝑑)

Δ𝑛
 (9) 

 

where Δ𝜃𝑆𝑃𝑅  is the difference of the SPR angle and Δ𝑛 =
∆𝐶𝐻 is the change in refractive index.  

 

RESULT AND DISCUSSION 

 

Acoording to the equation (5), in the 632.8 nm wavelength, 

2S2G prism have greater refractive index (2.37) than BK7 

prism (1.5151). Therefore from the equation (1), we get 

greater  𝜃𝑆𝑃𝑅 for BK7 (43.350 ) than for 2S2G prism (26.520 ) 
as shown in Fig 3 for prism/Ag/air configuration. 

 

 

Figure 3: The ATR spectrum for Prism/Ag/air configuration 

Three layer system above is the conventional SPR before 

analyte sensing.  𝜃𝑆𝑃𝑅   will change if we add the other 

material on top metal thin film (Ag). Here, for detection of 

Hb concentration in blood human, we use the formation of the 

four layers (Prism/Ag/PEG/Hb) without the core-shell and of 

the five layers (Prism/Ag/ Fe3O4@Au/PEG/Hb). We then 

determine the ATR spectrum (reflectivity) and calculate the 

parameters of performance. The change of  𝜃𝑆𝑃𝑅 depends on 

the refractive index or permittivity and thickness of each layer 

material. From the results, we investigate the SPR 

phenomenon for four layer and five layer configurations. 

 

For the layer in which the core-shell is involved, its effective 

permittivity varies depending on the size of the core, the 

thickness of the shell and the volume fraction of the core-shell 

as shown at Table 1. Therefore, if the core-shell is applied to 

SPR-based biosensor system, its effective permittivities 

change leads to the shift of SPR angle to the right or to the 

larger angle of incidence. It is shown that there is sensitivity 

enhancement of biosensor.  
 

Table 1: The varied effective permittivity  

of the core-shell 

 
Core 

radii 

b (nm) 

Core-

shell 

radii 

a (nm) 

 shell 

thickness 

(a-b) nm 

volume 

fraction 

(F) 

effective permittivity 

of core-shell   (𝜺𝒇𝒇) 

real part , imaginary part 

7.125 7.5 0.375 

0.85 1.9626  ,  5.0803 4.75 5 0.250 

2.375 2.5 0.125 

6.375 7.5 1.125 

0.61 -0.7091 ,  4.8433 4.25 5 0.750 

2.125 2.5 0.375 

5.25 7.5 2.250 

0.42 -3.2664  ,  4.3465 3.75 5 1.250 

1.75 2.5 0.750 

4.875 7.5 2.625 

0.27 -5.5378  ,  3.6706 3.25 5 1.750 

1.625 2.5 0.875 

 

SPR is very sensitive to the change of refractive index and 

thickness on the surface. The thicknes of Ag metal is one of 

the parameters that must be controlled in order to obtain an 

optimum performance of SPR biosensor. In this study by 

varying the Ag thickness from 20 to 60 nm, the most 

desirable resonance peak of Ag metal film thickness is 

obtained at 40 nm.  

 

 
Figure 4:  The ATR spectra for the Ag metal thickness 

varied from 20 nm to the 60 nm. 
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When Ag thin film is very thin (20-30 nm), there is more 

coupling into the SP mode but due to light scattering, the 

sensitivity is reduced, whereas at 50-60 nm, the depth of the 

resonance peak decreases indicating the reduced coupling 

efficiency of light with the SP mode on the film. This means 

that the metal begins acting as a reflectance plane when its 

thickness increases to a point where light cannot couple into 

the surface charge oscillations that make up the plasmon 

mode. Fig 4 shows the optimal thickness to support  SPR 

system determined to lie at 40 nm. 

 

Occurence of SPR based biosensor with the present 

haemoglobin (Hb) detection shceme can be seen from the 

reflectivity spectrum. The configuration consisting of  

nanoparticle core-shell is shown in Fig 5 (a) for BK7 Prism 

and Fig 5 (b) for 2S2G prism.  

 

 
(a) 

 
(b) 

Figure 5: The ATR spectra with the radii of the core-shell 

r=2.5 nm for the (a) BK7 prism and (b) 2S2G prism. 

The F of core-shell varies from 0.27 to the 0.85 with 

Hb concentration of 20 g/L. 

 

Here, for Hb concentration detection we chose the value of 

Ag thickness is 40 nm, the radii of the core-shell was varied 

at 2.5 nm, 5 nm, and 7.5, the volume fraction was varied at 

0.27, 0.42, 0.61, and 0.85. For BK7 prism, the dip of the ATR  

curve occurs at the incident angle 71.40o (black line) for SPR 

system configuration only consisting of three layers ( 

Prism/Ag/PEG/ Hb). And then, the dip of the reflectivity 

curve is shifted to the larger incident angle after the 

Fe3O4@Au core-shell has been deposited onto the surface of 

the Ag thin film. Referring to Fig 5 (a) for the radius of 2.5 

nm and the Fe3O4@Au volume fraction (F) varied at 0.27, 

0.42, 0.61 and 0.85, the SPR angle is shifted to the larger 

angle at 74.160;74.750; 74.800; and 74.820. By increasing the 

volume fraction (F), the angle of resonance increases as well. 

It can be seen in Fig 5 (a) that the minimum reflectivity is 

seen at 74.16o for F=0.27. Similar to that, Fig 5 (b) for the 

2S2G prism shows that the SPR angle is shifted to the larger 

angle as well. For the other core-shell radii, they are shown in 

Fig 6 (a) and Fig 7 (a) for the BK7 prism and in fig 6 (b) and 

Fig 7 (b) for the 2S2G prism.  

 

 
(a) 

 
(b) 

Figure 6: The ATR spectra with the size (radii) of the core-

shell r= 5nm for the (a) BK7 prism and (b) 2S2G 

prism. The F of the core-shell varies from 0.27 to the 

0.85 with Hb concentration of 20 g/L. 
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(a) 

 
(b) 

Figure 7: The ATR spectra with the size of the core-shell r= 

7.5nm for the (a) BK7 prism and (b) 2S2G prism. The 

F of the core-shell varies from 0.27 to the 0.85 with  

Hb concentration of  20 g/L 

 

Based on the above results, we can choose the values of the 

core radius, the shell thickness and or the volume fraction F 

for yielding the desirable effective permittivity of the 

Fe3O4@Au core-shell giving optimum performance of SPR 

based biosensor for Hb concentration detection. From those 

results, we  choose the radius core-shell is 2.5 nm, the volume 

fraction is 0.27, and the prism is BK7. The Hb concentration 

is varied from 20 g/L, 60 g/L, 100 g/L, and 140 g/L. Fig 8 (a) 

shows the ATR spectra for varied Hb concentration detection 

for prism/Ag/PEG/Hb configuration. For four Hb 

concentration values, i.e. 20 g/L, 60 g/L, 100 g/L, and 140 

g/L, 𝜃𝑆𝑃𝑅 shifts to 70.920, 71.520, 72.30, and 73.080. Whereas, 

Fig 8 (b) is for  prism/Ag/Fe3O4@Au/PEG/Hb configuration,  

and 𝜃𝑆𝑃𝑅 shifts  to  74.220, 75.000, 75.840, and 76.860 .  

 

Following the reflectivity spectrum (ATR spectrum) and the 

𝜃𝑆𝑃𝑅  obtained from the simulation of the SPR-based 

biosensor with five layer configuration   

(BK7/Ag/Fe3O4@Au/PEG/Hb), we can then determine some 

parameters which characterize the biosensor performance, e.g 

calibration, sensitivity, resolution and sensitivity 

enhancement.  

 

 
(a) 

 
(b) 

Figure 8: ATR Spectra for Hb concentration 

variation: (a) Prisma/Ag/PEG/Hb configuration (b) 

Prisma/Ag/core-shell/PEG/Hb 

 

The calibration of measurement is obtained from the 

calculation of  the 𝜃𝑆𝑃𝑅 and Hb concentration 𝐶𝐻. Fig 9 shows 

a positive calibration curve, indicating that as the Hb 

concentration increases, the SPR curve should shift to a 

greater value of 𝜃𝑆𝑃𝑅.  

 

 

 
Figure 9: Calibration curve for (a) four layers and  

(b) five layers configuration 

(a) 

(b) 
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The above 𝜃𝑆𝑃𝑅  values are separated from one another in a 

linear fashion exhibiting an overall  angle shift of 4.160 (no 

core-shell) and 2.640 (with core-shell) for a corresponding 

variation 20 to 140 g/L in Hb concentration. The slope of 

calibration curve (
𝛿𝜃𝑆𝑃𝑅

𝛿𝐶𝐻
⁄ ) represents the sensitivity of Hb 

concentration detection (as mentioned in equation 9). The 

sensitivity value for core-shell involvement configuration 

(0.0210/gL-1) is greater than that with no core-shell 

involvement (0.0180/gL-1). Furthermore, if the angle 

resolution of 0.0010, is taking into account, the resolution of 

Hb concentration detection (∆𝐶𝐻) in this study is 0.0476 g/L. 

 

 
Figure 10: ATR spectra for (BK7/Ag/PEG/Hb) and 

(BK7/Ag/core-shell/PEG/Hb) 

 

Sensitivity enhancement for this presented research can be 

seen from the ATR curves in Fig 10. Therefore, it can be 

obtained that for the core-shell radius 2.5 nm, the sensitivity 

increased by 16.6 % for F=0.27, compared to the sensitivity 

of the conventional SPR-based biosensor without core-shell 

addition. 

 

CONCLUSIONS 

 

In summary, we have presented a simulation of a SPR-based 

biosensor for accurate detection of Hb concentration in 

human blood. The result indicates that the property of the 

magnetic plasmonic materials leads to the improvement of the 

SPR-based biosensor performance i.e the sensitivity, 

resolution and sensitivity enhancement. By varying the radii 

of the core (r) and the shell (Au), and the volume fraction (F), 

the refractive index or the effective permittivity of the core-

shell changes. The change in this effective permittivity results 

in the change of the dip position in that the SPR angle shifts 

to the right in the reflectivity spectrum. This large shift in the 

dip angle suggests the potential for its application in the 

highly sensitive biosensor, in this case, for sensing Hb 

concentration in human blood.  
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