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ABSTRACT: Optical biosensors are sensitive devices used in bioanalytics detection.
Analysis of blood constituents is very important for the detection of major diseases and
also performs a significant role in the diagnosis of diabetes, various cancers, and
cardiovascular disorders. In this work, a three-dimensional photonic crystal-based
biosensor composed of zeolitic imidazolate framework-8 (ZIF-8) nanoarrays are placed
on polydopamine (PDA) coated on a silicon substrate. This sensor is designed,
simulated, and evaluated for various blood components in the wavelength range of 1.1
to 1.5 μm by the finite-difference time-domain (FDTD) method. The proposed
biosensor was used for 10 types of blood components such as biotin−streptavidin,
bovine serum albumin (BSA), cytop, glucose (40 mg/100 mL), hemoglobin, blood
plasma, Sylgard184, white blood compounds, urethane dimethacrylate, and poly-
acrylamide. The FDTD technique was used for the performance analysis of the
biosensor. The design parameters of the radius, the lattice constant, the thickness of the
ZIF-8 arrays, and the PDA layer thickness are chosen to optimize the photonic crystal
structure. This study indicates that the thickness of the PDA is the most important parameter for peak wavelength value in
comparison to the other physical parameters. The factors for optimizing the photonic crystal-based biosensors such as the peak
wavelength value (PWV), sensitivity, full width at half-maximum (FWHM), and figure of merit (FOM) are significant in comparison
with pertinent works in this field, which evaluated 171 nm/RIU, 7.62 nm, and 22.5 RIU−1, respectively. A change of 0.01 nm in the
refractive index of the constituents of the blood leads to a shift of 80 nm in the maximum peak wavelength, therefore acting as a
functional biosensor with a high detection limit of 0.004 RIU.
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1. INTRODUCTION

Blood is a vital liquid made up of various components used for
different signs. Knowledge of the optical properties of the
blood is not only crucial for any specific diagnostic and
therapeutic applications but also essential for common medical
diagnoses such as cardiovascular diseases, cancers, and
diabetes.1

Biosensors are a progress in analytical science, in which their
design is based on selective identification of the analysis
depending on the physiological components and interactions
with physical and chemical detectors.2−4 There are many kinds
of biosensors for the recognition of biochemical interactions,
such as electrical, optical, calorimetric, etc.5 Conventional
diagnostic methods in medicine require the use of expensive
devices that need costly maintenance to ensure an accurate
operation.6 Among the many types of biosensors, the optical-
based biosensors have a reliable detection and an extensive
range of applications in various fields such as medical,
healthcare, pharmaceuticals, and environmental monitoring.
There are two detection methods in photonic biosensors:
fluorescence-based identification and label-free recognition. In

the primary method, target molecules are marked with
fluorescent labels.7 This method is not appropriate for blood
analysis as it is an opaque medium with many interfering
compounds. On the other hand, in label-free diagnosis, the
target molecules are not marked. The method in blood analysis
uses the refractive index of the target sample.8 Several ways
have been reported in optical labeled-free biosensors, as
follows: surface plasmon resonance (SPR),9 interferometer,10

waveguide,11 ring resonator,12 optical fiber,13 and photonic
crystal (PC).14

Among photonic biosensors, the photonic crystal-based
biosensor is one of the promising platforms for optical data
preparation since it allows the effective photonic integration
and wide domain incorporation on a chip. These structures
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with regular dielectric are dependent on the light wavelength.15

Photonic crystal-based biosensors are a new generation of
biosensors that operate as optical transducers,16 with improved
repeatability and reliability of the results.
Many methods have been employed to detect the different

components of blood. A 2D PC-based biosensor was proposed
for the recognition of blood constituents with finite difference
time domain (FDTD), MIT Electromagnetic Equation
Propagation (MEEP), and MIT Photonic Bands (MBP), all
computer simulation platforms. They are used for spectrum
transmission, which alters frequency, as shown in ref 17. A ring
resonator has been used for the diagnosis of glucose
concentration for urine analysis by using the FDTD and
MEEP simulation, in which the Q factor and output power are
measured.18 Another biosensor has been proposed as photonic
crystal fiber (PCF) for the diagnosis of glucose concentration
using a finite element method (FEM), by which only
sensitivity can be calculated and the quality factor and other
sensor factors are not investigated.19 Another work has
designed the sensing of solid-core photonic crystal fiber
(PCF) to detect blood components through the FEM
technique to measure the sensitivity and dominate the losses.20

In another study, a photonic crystal ring resonator has been
used to indicate transmission intensity, and the Q factor for
various types of blood components with different refractive
index (RI) and sensitivity has not been calculated.21 A 2D
nanocavity-coupled photonic crystal sensor has been simulated
to show the detection of 10 blood components with high
quality and sensitivity by the FDTD and plane wave expansion
(PWE) methods; however, fabrication is difficult for this
design.22

Among nanostructured materials with various applica-
tions,23−25 metal−organic frameworks (MOFs) are a new
class of nanoporous materials with a large size of cavities, high
specific surface area, and selective absorption by small
molecules and ions.26 Their optical and magnetic responses

in the presence of guest molecules have various applications in
catalysis,27 storages,28 and filtration and separation.29,30 ZIF-8
is a type of MOF composed of zinc ions and 2-
methylimidazolate groups. ZIF-8s are porous materials with
chemical and thermal stability and adjustable pore size.31−33 It
also has a small pore size (∼3.4 Å) and large cavities (∼11.6 Å
in diameter).34 ZIF-8 is used in various applications such as
separation,35 catalysis,36 sensing,37 and drug delivery.38

Polydopamine (PDA) is a significant polymer used for
different coating surfaces.39,40 It is organized by the oxidation
of dopamine but also has gained increased consideration amid
the catechol-containing coats.41 The PDA coating is a
considerable regenerative polymer. It has been used in
biomedical applications such as drug delivery,42 biosensing,43

and biomolecule immobilization.44 Recently, a study on PDA
has shown that this polymer is very stable and has the ability to
regenerate and absorb organic and inorganic molecules.45

We previously managed to make photonic crystals based on
ZIF-8/PDA patterning,46 and here we studied the potential of
our platform theoretically to be used as a biosensor for the
detection of various biomolecules. In this study, a label-free
photonic crystal biosensor is proposed consisting of ZIF-8
arrays and PDA coating on a silicon substrate. This procedure
is innovative as polydopamine coatings can aid in the growth
and formation of thin-film MOFs. This ZIF-8/PDA photonic
crystal will be able to lead to serving as a suitable platform for
the production of a wide range of biosensors. The proposed
biosensor works based on the refractive index change by using
various kinds of analytic samples, such as different blood
components, leading to a shift in peak wavelength. In this
work, 10 variant components of the blood have been
examined. The biosensor, consisting of the ZIF-8 arrays and
PDA layer, was able to detect these substances. Noticeable
factors are a high sensitivity of 171 nm/RIU, low FWHM, and
desirable FOM.

Figure 1. The overall photonic crystal structure in a three-dimensional transect: (A) there are ZIF-8 arrays upon the PDA layer on the Si substrate.
In the unit cell (B), there are some parameters such as the lattice constant “a” that is 1.5 μm, radius “r” of the ZIF-8 array is 600 nm, thickness “t1”
of the ZIF-8 is 200 nm, and the thickness of PDA layer “t2” and Si substrate “t3” is 10 nm and 260 nm, respectively. In the FDTD region, there are
a plane-wave light under construction (−600 nm), a reflection monitor below the light source (−1.2 μm), and a transmission monitor above the
structure (1.2 μm) in the z-direction.
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2. MATERIALS AND METHODS
Sigma-Aldrich provided all solvents and chemicals, including the
dopamine hydrochloride, polyethyleneimine, zinc nitrates, and 2-
methylimidazole. The AZ 1518 positive photoresist from Micro
Chemicals was used in the photolithography procedure. The
experiment was done, and a photonic crystal was made as described
in our previous work.46

2.1. Theory. The refractive index “n” is one of the optical
properties of materials, defined as:47

=n
C
v (1)

where “c” and “v” show the speeds of light in a vacuum and the
environment, respectively. The speed of light in the environment
related to the frequency and the wavelength of light, as shown below:

λ = v
f (2)

When light passes through materials, its frequency does not change.
So the speed of light and the wavelength are depending on each other,
while frequency is constant.
This result is obtained for two different conditions:

λ
λ

=n
n

2
1

1
2 (3)

Accordingly, we conclude that the refractive index variations are
due to the wavelength peak shifts. By placing the sample on the
system and following the change in the refractive index, the peak
wavelength was shifted. In this field, the refractive index of blood
components was used to test the biosensor.17

2.2. Sensor Model Design. Photonic crystals are analyzed by
solving Maxwell’s equations in complex geometries. The finite
difference time domain (FDTD) is an advanced, numerical, time-
domain method used for electrodynamic modeling.48−50 In the main,
FDTD is used to calculate electromagnetic fields as a function of
wavelength/frequency by applying Fourier transforms during

simulation. Therefore, beneficial values such as complex polynomial
vectors and light transmission/reflection wavelength are calculated.
Figure 1 shows a ZIF-8/PDA photonic crystal with the FDTD region
for computing the transmission spectrum in perspective view. Figure
1A displays the overview geometry of the suggested PC biosensor.
The structure is made up of three layers, including a ZIF-8 array on a
thin layer of PDA coated on the silicon substrate. Figure 1B indicates
the details in the unit cell; as can be seen, “a” is the lattice constant,
“t1” is the thickness of the ZIF-8 arrays, “t2” is the thickness of the
PDA layer, “t3” is the thickness of the silicon substrate, and “r” is the
ZIF-8 arrays’ radius. In this modeling, the periodicity of the composite
is 1500 nm, and the thickness of the ZIF-8 arrays, PDA layer, and
silicon substrate is 200,10, and 260 nm, respectively. And also, the
radius of ZIF-8 is 600 nm.

Each material has physical properties that are defined in the
software. The silicon refractive index was chosen from the real and
imaginary part of the silicon Palik refractive index,51 the real and
imaginary part of the PDA refractive index obtained from ref 52, and
also the refractive index of ZIF-8 from ref 53, over the wavelength
region of 1.1 to 1.5 μm. In photonic crystal structures, an effective
method for reducing the time is simulated in half of the unit cell. The
symmetric and asymmetric periodicity boundary conditions applied
on the crystal plane (in the x- and y-directions), and perfectly
matched layer (PML) boundary conditions are exerted in the z-
direction. PML is an absorption boundary condition that waves
propagation without interfering with the field inside the simulation
area. For decreasing computational time, a mesh clarity was used with
11 nm in the x- and y-direction and 22 nm in the z-direction. There
exists a plane wave source for an electromagnetic wave with a range of
1.1 to 1.5 μm in wavelength. The electric field propagates by 1 vol/
meter amplitude in the z-direction. In the following, reflection and
transmission monitors were used to know how light passes through
the structure. Monitors have located in −1.2 and 1.2 μm in the z-
direction, respectively. Figure 2 shows the operation of the desired
biosensor. After drawing blood, the blood components are separated
by a centrifuge in Figure 2A. As can be seen in Figure 2B, white light
is passed through the structure, then blood is placed on the

Figure 2. Proposed ZIF-8/PDA photonic crystal-based biosensor for performance: white light passed through the structure and indicated a peak
wavelength. Then, blood was dropped on the system for testing the biosensor, which can be seen as the peak wavelength shifted; so detection has
occurred.
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component in Figure 2C, and the light passing through the structure
is examined again. Figure 2D indicates the transmission wavelength
for the photonic crystal without an analyte, while in Figure 2E, it can
be seen that the peak wavelength value was shifted by a different
analyte.

3. RESULT AND DISCUSSION
The designed biosensor can detect various blood components.
Different blood members, including biotin−streptavidin,
bovine serum albumin, cytop (polymer), white blood cells,
glucose solution (40 mg/100 mL), hemoglobin, blood plasma,
polyacrylamide, Sylgard 184, urethane dimethacrylate, and
water, were listed with their refractive index in Table 1. The

blood sample is dropped on the structure, and the light enters
from one side of the photonic crystal and disorients into the
structure and blood parts; on the other hand, it becomes
apparent from the other side. Related to the refractive index of
blood analyte, the duplication of the ray of light will change in
the photonic crystal.
Actual blood samples are ready for accurate recognition

irrespective of the sensing method. For the photonic crystal-
based technique, the processing creates the blood sample
homologous with the goal that any sample can be detected
accurately even though it is applied in the small space of a
nanoarray. The measured refractive index should be higher in
contrast to the air situation when substituting air with the
analyte. Therefore, dependent changes are expected in the
peak wavelength. This method is a fundamental notion for
photonic biosensors. The speed of light decreases when
passing through the analyte, which has a higher refractive
index.54 This procedure is a well-known method for photonic
crystal-based biosensors to obtain resonance wavelength in the
presence of air at the sensing site to be used as a reference for
the subsequent measurement steps. Following this, the blood
samples are exerted for testing an optimized plan and sensing.
In the end, this work was compared with the previous designs.
3.1. Optimal Structure. There are many factors for

optimizing the proposed structure. The lattice constant “a”,
radius arrays of ZIF-8 “r”, thickness of the PDA layer “t2”, and
also thickness of the ZIF-8 layer “t1” were used for design
structure parameters that influenced the performance of the
ZIF-8/PDA photonic crystal biosensor. Two modes are
considered: mode A and mode B in wavelength axis. Mode
A is 1.2 μm, and mode B is 1.45 μm.
3.1.1. The Effects of the Various Lattice Constants on the

Transmission Output. The essential parameter in PC

structures is the lattice constant, also called the periodicity,
which represents the minimum distance between the center of
the arrays in the lattice structure that is repeated. The
transmission spectrum is based on the different lattice
constants, as shown in Figure 3A. The illustration indicates
that by increasing the lattice constant from the range of 1.35 to
1.55 μm, concerning mode A, both the transmission intensity
and peak wavelength rose from 0.775 to 1.09 and 1.15 to 1.21
μm, respectively. In contrast, in mode B, as indicated, there are
fluctuating trends. In the low periodicity, the transmission
intensity is very low and not even in Figure 3A.

3.1.2. The Effects of the Various Radii of the ZIF-8 Arrays
on the Transmission Output. Figure 3B shows the trans-
mission output wavelength of the structure based on the
different values of the radius of the ZIF-8 arrays. As indicated,
between the range of 450 and 650 nm in radius value, by
increasing the radius of the ZIF-8, the transmission intensity
and peak wavelength value rose in mode A from 0.82 to 1.1 μm
and 1.16 to 1.21 μm, respectively. That is different from mode
B, and transmission intensity declined with the slump of the
radius from 0.48 to 0.26 μm; otherwise, the peak wavelength
value went up from 1.43 to 1.45 μm.

3.1.3. The Effects of the Various Thicknesses of the ZIF-8
Arrays on the Transmission Output. The different thicknesses
of the ZIF-8 in the range of 150 to 350 nm have insignificant
effects on the transmission wavelength shift as shown in Figure
3C; likewise, they affect the transmittance intensity more than
the transmission wavelength. In mode A, the transmission
intensity has gone down with a rise of the thickness of the ZIF-
8 from 1.73 to 1.47. The peak wavelength value improved from
1.17 to 1.23 μm. On the contrary, in mode B, the transmission
intensity upsurged from 0.23 to 0.7. Similarly, the peak
wavelength value increased from 1.45 to 1.46 μm. Based on the
Lu and Hupp equation,37 the refractive index and thickness
followed from the below relation:

λ=n
m
L2 (4)

where “m” is an integer number, the refractive index of the
layer is “n”, and the thickness of the coating layer is “L”; so the
high thickness leads to a low refractive index of the plate.

3.1.4. The Effects of the Various Thicknesses of PDA on
the Transmission Output. The changing thickness of the
polydopamine has a powerful influence on the transmission
wavelength, as shown in Figure 3D. So here it is the impression
that the presence of polydopamine and its thickness are more
effective than any other factor.40 The FWHM has negligibly
changed to 1 nm, which we exclude. The various thicknesses of
the PDA layer have more influence on the sensitivity; thus, the
presence of polydopamine in the designed biosensor is a
significant factor. The thickness of PDA causes high peak
wavelength shifts and can also affect sensitivity. Therefore, for
optimizing the structure factors, the thickness of PDA was
selected to be 10 nm, and the sensitivity was recalculated again.
If the thickness of the PDA chooses high, the peak wavelength
shifts will be lower than the initial value, so whatever the
thickness of polydopamine selected, the peak wavelength shift
is going to be higher, and eventually, the sensitivity will be
high. Thus, the chosen thickness of the PDA should be low.
The increased thickness of the polydopamine leads to a
blueshift in the wavelength. In mode A, the transmission
intensity declined from 0.95 to 0.69 similar to reduction in the
peak wavelength value from 1.19 to 1.17 μm. However, in

Table 1. .The Refractive Index of Different Blood
Components17

analyte refractive index (nm)

water 1.33
cytop 1.34
plasma blood 1.35
white blood component 1.36
hemoglobin 1.38
glucose 1.4
Sylgard184 1.43
biotin−streptavidin 1.45
polyacrylamide 1.452
bovine serum albumin 1.47
urethane dimethacrylate 1.481
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mode B, the transmission intensity dipped slowly from 0.25 to
0.2, and the peak wavelength value was reduced from 1.45 to
1.32 μm.
3.2. Transmission Intensity. Figure 4A illustrated the

recorded transmission intensity with the optimum structural
parameters at various refractive indexes in the range of 1.33 to
1.481 nm. After the refractive index of different blood
components has been tested on the biosensor, the results
were obtained on the transmission spectrum. Since each
sample had a specific refractive index, we could detect them by
measuring the resonance wavelength change of the system.
The chart of the transmission monitor is shown in Figure 4A.
Notwithstanding, there are two modes. Mode A has been
selected for analysis, which is why it has a high transmission
intensity, low FWHM, and better FOM in this structure. The
peak wavelength shifts (Δλ) have risen with the growth of the
refractive index, and the transmission intensity change (ΔI)
has decreased with the escalation of the refractive index, as
shown in Figure 4A. Figure 4B shows a zoomed-in image of
mode A for a better view.
3.3. Testing the Biosensor. Some factors are essential to

illustrate the performance of the photonic crystal-based
biosensor, such as the sensitivity (S), full width at half-
maximum (FWHM), figure of merit (FOM), and peak
wavelength value (PWV). The peak wavelength shift is a
significant design factor for the photonic crystal-based
biosensors without label because the PWV target range can
depend on the readout tools. Also, some biomolecules can be

damaged by the light’s effect at specific wavelengths of light.
The sensitivity is obtained based on eq 5:55

i
k
jjj

y
{
zzz

λ= Δ
Δ

S
n

nm
RIU (5)

where “S” is the sensitivity, “Δλ” is the wavelength change, and
“Δn” is the refractive index change. FOM and FWHM are two
significant factors for indicating the characteristics of the
photonic crystal label-free biosensors. Figure of merit (FOM)
was used to compare the general action of the optical
biosensor. It can be estimated using eq 6:56

= S
FOM

FWHM (6)

Based on the above results, the detection limit for the
intended biosensor is 0.004 RIU. Researchers are looking to
make photonic crystal-based biosensors that are of low cost,
user-friendly, and accessible to all people at any level of literacy
for achieving their therapeutic targets. The sensitivity is defined
in photonic crystals as the rate of the wavelength changes by
the refractive index variations. So the sensitivity depends on
the wavelength changes; when peak transmission wavelength
shift is high, the sensitivity will be great. The next case is the
value of the peak wavelength shift. If the peak wavelength shift
is high for the smallest change in the refractive index, it
indicates a desirable biosensor. This desirable biosensor has a
low FWHM and high FOM. The results of the simulation are
shown in Table 2.

Figure 3. Various factors have been used for the optimized structure. (A) The influence of a variety of periodicities with 1.35, 1.4, 1.45, 1.5, and
1.55 μm as lattice constant “a”; (B) result of the change in the radius in the order of 450, 500, 550, 600, and 650 nm as “r”; (C) the impact of
changing the thickness of ZIF-8 “t1”, as follows: 150 nm, 200 nm, 250 nm, 300 nm, and 350 nm; (D) the effect of varying the thickness of PDA
“t2”, as follows: 10, 20, 30, 40, and 50 nm.
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According to Table 2, at first sight, when the refractive index
increased from 1.33 to 1.481 nm, the peak wavelength value
increased from 1.25277 to 1.27416 μm; however, the
transmission intensity decreased from 0.743045 to 0.344471.
It appears that the sensitivity of the nanostructure declined
from 171.51 to 162.14 (nm/RIU) by increasing the refractive
indexes. In the case of the FWHM, it is increased from 7.62 to
7.91 nm. The FOM is reduced from 22.50 to 20.49 RIU−1 by
escalating the FWHM.

For selectivity of the proposed biosensor, two cancer cells
are used as the model system. The refractive index of MDA-
MB-231 and MCF-7 is 1.399 and 1.401 nm, respectively.
Water is selected as a reference in this step, with a refractive
index of 1.33 nm. Their results are compared with glucose by a
refractive index of 1.4 nm. As it is clear, these analytes have a
0.001 nm difference in their refractive index from each other.
Therefore, the peak wavelength values are expected to have
moderate shifts. Water, MDA-MB-231, glucose, and MCF-7
are placed on the surface of the suggested platform as analytes.
As shown in Figure 5A, the resonance shift cannot be seen as

predicted by MDA-MB-231 and MCF-7. The peak wavelength
for water, MDA-MB-231, and MCF-7 is the same at 1.25277
μm, while glucose has a 10 nm peak wavelength shift in 1.2624

Figure 4. (A) Transmission wavelength shift calculated for air, water,
biotin−streptavidin, bovine serum albumin, cytop (polymer), white
blood cells, glucose solution (40 mg/100 mL), hemoglobin, blood
plasma, polyacrylamide, Sylgard 184, and urethane dimethacrylate by
their refractive index: 1, 1.33, 1.34, 1.35, 1.36, 1.38, 1.40, 1.43, 1.45,
1.452, 1.47, and 1.481 nm, respectively. (B) Zoomed-in image of “A”
for better visibility. It has a wavelength shift when the refractive index
of samples was changed.

Table 2. Measurement of the Transmission Wavelength Intensity for the First and Second Peaks and Their Sensitivity Based
on the Refractive Index for the Different Blood Components

analyte PWV (μm) T (μm) S (nm/RIU) FWHM (nm) FOM

water 1.25277 0.743045 171.51 7.62 22.50
cytop 1.25468 0.71514 172.08 7.65 22.49
blood plasma 1.25468 0.706588 167.17 7.67 21.79
white blood component 1.2566 0.688982 167.86 7.69 21.82
hemoglobin 1.26046 0.632053 169.18 7.72 21.91
glucose red blood component 1.2624 0.58335 165.57 7.76 21.33
Sylgard184 1.26825 0.479976 167.62 7.81 21.46
biotin−streptavidin 1.27021 0.431277 164.53 7.87 20.90
polyacrylamide 1.27021 0.422516 163.8 7.87 20.81
bovine serum albumin 1.27416 0.375997 165.93 7.89 21.03
urethane dimethacrylate 1.27416 0.344471 162.14 7.91 20.49

Figure 5. Selectivity of the suggested biosensor. (A) MDA-MB-231
and MCF-7 are placed on the proposed biosensor with the same
previous structure for the selectivity test with no peak wavelength
shift. (B) With increased thickness of the surface layer, peak
wavelength shifted negligibly for MDA-MB-231 and MCF-7.

ACS Applied Bio Materials www.acsabm.org Article

https://dx.doi.org/10.1021/acsabm.0c01586
ACS Appl. Bio Mater. 2021, 4, 1958−1968

1963

https://pubs.acs.org/doi/10.1021/acsabm.0c01586?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsabm.0c01586?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsabm.0c01586?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsabm.0c01586?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsabm.0c01586?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsabm.0c01586?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsabm.0c01586?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsabm.0c01586?fig=fig5&ref=pdf
www.acsabm.org?ref=pdf
https://dx.doi.org/10.1021/acsabm.0c01586?ref=pdf


μm. However, all of the procedures were the same for each
analyte. Thus, it can be concluded that this biosensor is not
suitable for the intended cancer cells and cannot detect them.
After that, the thickness of the surface layer was increased by 5
nm. As shown in Figure 5B, with the enhancement of the
thickness, the peak wavelength shifted negligibly, with a 1 nm
peak shift for MDA-MB-231 and MCF-7. So with this
condition, this biosensor can detect MDA-MB-231 and
MCF-7. Although it was expected to be near the peak
wavelength of the glucose peak wavelength, this did not
happen. So, the thickness of the surface layer and also the
analyte size affect the results of the selectivity in biosensors.
Therefore, the intended biosensor is only compatible and
unique for detecting variant blood components.
In Figure 6A, it is clear that by growing the structure

periodicity, the resonance wavelength is redshifted and
increased over the variant refractive index from 1.33 to 1.481
nm. Furthermore, it can be deduced that a larger radius of ZIF-
8 resulted in longer wavelengths, as shown in Figure 6B. In
Figure 6C, by raising the frequency of the nanostructure, the
sensitivity versus refractive index is increased from 127 to 180
(nm/RIU). As can be observed in Figure 6D, when the radius
of the structure improved, the sensitivity of the proposed
component declined.
This design is proper as a wonderful optical biosensor with a

high functionality. Changing the refractive index of samples
leads to a shifted peak wavelength. The proposed biosensor has
an excellent action for detecting samples. The peak wavelength
shift indicates that the refractive index increases by the variant
refractive index, thus leading to a higher peak wavelength shift,

which means that the materials with a higher refractive index
are easily detectable. As is known, the materials with a close
refractive index have nearby peak wavelength shifts, so it is
more challenging to identify materials that have a limited
refractive index and require more precision for making a
biosensor with extensive changes in the peak wavelength. This
suggested that the biosensor does well, so it can be used to
diagnose other diseases and even cancer.
Some factors play a significant role in the optical properties

of blood components in many medical diagnoses and
therapeutic applications, for example, the absorption coef-
ficient ″μa″ in mm−1, the scattering coefficient ″μs″ in mm−1,
and the anisotropy factor ″g″;1 and also, the refractive index is
required for the computation of the optical properties related
to the wavelength for physiological concentrations of blood
components. In this paper, blood plasma was selected for
analysis. Based on the topics discussed, it is not necessary to
know the viscosity and other physical properties of the various
blood components.
The outcomes of Table 3 have presented a nanoarray

biosensor with changing refractive index of various blood
members, and it used the FDTD numerical method; so the
wavelength resonance, sensitivity, and peak wavelength shift
were obtained. In this work, the FDTD package has been used,
while previous studies on photonic crystal design have used
other software such as MEEP and MBP. So depending on how
the photonic crystal structure is modeled and also how they are
used to analyze it, the method and software are different. Some
biosensors are based on the constant dielectric change, but this
study is calculated based on the refractive index change. One of

Figure 6. (A) The peak resonance wavelength against the refractive index (nm) changes with the different periodicities. (B) The peak resonance
wavelength against the variant refractive index (nm) at a different radius. (C) The sensitivity of the structure in various periodicities over the
refractive index variations. (D) The sensitivity of the component over the refractive index change from 1.33 to 1.481 nm for the different radii of
ZIF-8.
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Table 3. Comparison between the Previous Literature and This Study about Photonic Biosensors for Blood Component
Detection

kinds of the blood components structure of biosensor sensitivity (nm/RIU) transmission peak year ref

cytop photonic crystal-based ring resonator not available available 2015 57
blood plasma
ethanol
hemoglobin
glucose solution (40 g/100 mL)
Sylgard184
biotin−streptavidin
polyacrylamide
bovine serum albumin
water photonic crystal waveguide available 2016 56
blood plasma 5.3265
WBCs 5.28886
hemoglobin 5.304
RBCs 5.699
biotin−streptavidin 5.95
water PC fiber based on ring resonator 55.09021 Not available 2017 20
blood plasma 54.04791
WBCs 53.72134
hemoglobin 66.46978
RBCs 56.05429
5 g/dL of hemoglobin dual-core PC fiber 8.013 available 2018 58
10 g/dL of hemoglobin 7.68
15 g/dL of hemoglobin 8.713
20 g/dL pf hemoglobin 8.2
water photonic crystal-based elliptical ring resonator not available available 2019 21
cytop
blood plasma
white blood component
hemoglobin
red blood component
Sylgard184
biotin−streptavidin
polyacrylamide
bovine serum albumin
urethane dimethacrylate
water nanocavity with double hole defects 473.38 available 2019 22
cytop 460.03
blood plasma 449.62
white blood component 439.85
hemoglobin 419.48
red blood component 403.38
Sylgard184 379.99
biotin−streptavidin 365.44
polyacrylamide 364.00
bovine serum albumin 354.00
urethane dimethacrylate 347.99
water ZIF-8/PDA photonic crystal-based nanoarray biosensors 171.51 available 2020 this work
cytop 172.08
blood plasma 167.17
white blood component 167.86
hemoglobin 169.18
red blood component 165.57
Sylgard184 167.62
biotin−streptavidin 164.53
polyacrylamide 163.8
bovine serum albumin 165.93
urethane dimethacrylate 162.14
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the benefits of the designed biosensor is its significant
sensitivity of about 171 (nm/RIU), with the rest being less
sensitive. The proposed biosensor also has the capability of
being a lab-on-a-chip and used in any location. Other
biosensors require people with specialized skills and cannot
be used in just any location. This biosensor is unlabeled, which
can save time and money. It is possible to detect multiple
analysts simultaneously, which is a useful feature of this
biosensor. Also, it has a low FWHM and high FOM. To sum
up, the designed biosensor is in many procedures affordable.

4. CONCLUSION

This paper enables a step for the identification of blood
compounds based on a photonic crystal biosensor. The
suggested biosensor can precisely and concurrently recognize
10 types of optimally designed blood members. The ZIF-8
arrays placed on the PDA layer coated on the silicon substrate
created a photonic crystal-based biosensor that can detect
different blood components according to their refractive index
with detection limit 0.004 RIU. The physical structure of this
biosensor is optimized by varying parameters like the lattice
constant, radius, thickness of the ZIF-8, and PDA layer. The
performance of the designed biosensor was enhanced by the
optimization of the composite, which resulted in a high
sensitivity (171 nm/RIU). Following these factors, a significant
shift in peak wavelength (80 nm) has appeared for the least
refractive index changes (0.01 nm change); furthermore, these
results show a low FWHM and a desirable FOM. The
transmission wavelength ranges from 1.1 to 1.5 μm, which can
be a marker for the detection of biotin−streptavidin, bovine
serum albumin, cytop (polymer), red blood cells, glucose (100
mL/40 mg), hemoglobin, blood plasma, polyacrylamide,
Sylgard 184, and urethane dimethacrylate. This biosensor
can be used as a lab-on-a-chip and unlabeled biosensor with
high precision. It is an easy way to detect various blood
components and to detect multiple hematological abnormal-
ities. So it is possible to design a biosensor made of MOFs and
PDA using the FDTD numerical method to identify
compounds in the blood, and a bright future holds out for
the use of this structure for the detection of cancer and other
diseases.
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