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are, visual detection of RBD of
SARS-CoV-2 spike protein using an acrylamide-free
photonic crystal aptasensor

Meghana Mary Thomas,ac Parvathy R. Chandran,a Lekshmi Lekshmanan,bc A. Peer
Mohameda and Saju Pillai *ac

As COVID-19 continues to reemerge with new variants, it has become a persistent challenge to public

health, causing disruptions in society and the economy. We report a facile photonic crystal-based

aptasensor for the rapid visual detection of the receptor-binding domain (RBD) of the severe acute

respiratory syndrome (SARS-CoV-2) spike (S) protein. Monodispersed polystyrene@poly(2-hydroxyethyl

methacrylate–acrylic acid) [PS@poly(HEMA–AA)] core–shell microspheres were synthesized to fabricate

a stimuli-responsive photonic crystal (RPC). The integration of the RBD target-specific aptamer into the

poly(HEMA–AA) hydrogel network facilitated the development of a biosensor that enabled RPCs to

selectively bind to the SARS-CoV-2 spike protein using coupling chemistry. The interaction between the

RBD and a single-stranded DNA aptamer causes the hydrogel to expand, leading to a color change and

a shift in the photonic bandgap (PBG). This phenomenon can be used to detect the RBD of the SARS-

CoV-2 spike protein. The addition of the RBD of SARS-CoV-2-S-protein to the Apt-RPC aptasensor

resulted in a rapid visual color shift from violet to green. The detection range of the developed

aptasensor was estimated to be 100–1000 ng with excellent selectivity. Thus, the developed aptasensor

offers distinct advantages over conventional detection methods. Our study also facilitates the

development of a straightforward point-of-care self-testing kit that does not rely on toxic acrylamide-

based chemicals. Furthermore, the sensor eliminates the need for complex sample preparation or signal

amplification steps, making it a promising platform for point-of-care diagnosis.
Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) pandemic that broke out in 2019 (COVID-19) has had
a devastating impact on people's livelihoods, economy, and
social life at large.1–6 According to the World Health Organiza-
tion (WHO), COVID-19 has affected 778 million people world-
wide and has led to 7 million deaths worldwide.7 SARS-CoV-2
has mutated into multiple variants and sub-variants,
including, but not limited to, alpha, beta, gamma, delta,
epsilon, omicron, and the latest XEC variant, and continues to
spread among individuals with enhanced transmissibility and
virulence.8–10 Currently, reverse transcription polymerase chain
reaction (RT-PCR) using gold as the standard is the predomi-
nant method for the detection of SARS-CoV-2, although it is
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time-consuming. However, rapid on-site diagnosis of SARS-CoV-
2 is impeded by intricate sample handling protocols, the need
for skilled personnel, and prolonged detection time.11,12 Alter-
natively, colloidal gold immunochromatography and antigen-
based enzyme-linked immunosorbent assays (ELISA) are qual-
itative detection methods for SARS-CoV-2.13,14 According to
several studies, the receptor-binding domain (RBD) of the SARS-
CoV-2 spike glycoprotein (S-protein) mediates viral cell entry
and disease progression. The RBD of the SARS-CoV-2 S-protein
inltrates human respiratory and digestive epithelial cells via
angiotensin-converting enzyme II (ACE2), which plays a key role
in the diagnosis and treatment of SARS-CoV-2.15,16 However, the
bio-recognition components of most S-protein detection
methods use antibodies or ACE-2 enzymes, and their synthesis
protocols are time-consuming and involve the exploitation of
animal models. Moreover, these methods are expensive, and
proteins may be denatured when exposed to elevated tempera-
tures or pH uctuations.17,18 Therefore, the development of
a facile RBD-based approach could serve as a viable option for
the rapid, cost-effective PoC diagnosis of SARS-CoV-2 infection.

Aptamers are an alternative to antibodies for the detection of
the SARS-CoV-2 S protein. They are small, single-strandedDNA or
RNA molecules that selectively bind to specic targets, including
RSC Adv., 2026, 16, 23391–23398 | 23391
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Scheme 1 Schematic illustration of the aptasensor RPC for the rapid detection of RBD of the SARS-CoV-2 spike protein.

RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

5 
M

ay
 2

02
6.

 D
ow

nl
oa

de
d 

on
 5

/8
/2

02
6 

3:
48

:4
1 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
peptides, proteins, carbohydrates, small toxins, and live cells.19–23

Compared to antibodies, the smaller size of aptamers causes less
hindrance to the surface of the virus. In addition, they are stable,
cost-effective, possess negligible batch-to-batch variation, and are
convenient for transportation.24 Aptamers with affinity for
a specic target can be generated via the SELEX approach, which
implies the successive evolution of ligands by exponential
enrichment using a vast oligonucleotide library.25 Thus, aptamer-
based sensors represent an effective therapeutic and prophylactic
approach for controlling SARS-CoV-2 infection and potential
future pandemics.

Integrating aptamers into responsive photonic crystals
(RPCs) is an efficient method for analyte detection.26–31 They can
shi the photonic bandgap (PBG) through a volume phase
transition (swelling/deswelling) under external stimuli. Based
on the variation in lattice spacing, RPCs display a blue or red
shi in the PBG position, and the resultant structural color
changes enable label-free visual detection of analyte
molecules.32–36 Ye et al. reported aptamer-functionalized RPCs
for the visual detection of heavy metal ions.37 Xuan et al.
demonstrated aptasensor functionalized with P(NIPAM–AA)
hydrogel, which is a one-dimensional CPCs, for the colorimetric
detection of heavy metal ions.38 The hydrogel network
embedded in CPCs shrinks owing to the specic binding of
heavy metal ions to the functionalized single-stranded aptamer,
which alters the lattice spacing and causes a blue shi in the
PBG. Similarly, Murtaza et al. reported a photonic crystal-based
aptasensor that requires a complex fabrication procedure,
limiting its scalability for the detection of SARS-CoV-2.39

Nevertheless, a simple approach using smart core–shell poly-
mer microspheres of 3D CPCs with the desired functionalities
to modulate the PBG within the visible-light region has not been
explored for SARS-CoV-2 S-protein detection.
23392 | RSC Adv., 2026, 16, 23391–23398
In the present work, we demonstrate RPCs that are more
specic to an analyte by attaching the aptamer sequence to the
hydrogels through 1-ethyl-3-(3-dimethyl aminopropyl)carbodii-
mide (EDC)/N-hydroxysuccinimide (NHS) coupling. The designed
biosensor integrates the benets of RPCs and aptamers,
providing an efficient and scalable approach for SARS-CoV-2
RBDs detection. We synthesized PS@poly(HEMA–AA) core–shell
microspheres via emulsier-free emulsion polymerization and
employed them to fabricate 3D CPCs using a vertical deposition
method.40 The rigid PS core imparts structural stability, whereas
the so hydrogel shell contributes to stimuli-responsive charac-
teristics. An aptamer targeting the SARS-CoV-2 RBD was func-
tionalized onto the carboxylic functional group of the hydrogel
shell via EDC/NHS chemistry. The specic binding of RBD to
a single-stranded DNA aptamer causes swelling of the hydrogel,
and the corresponding red shi in the PBG was used to detect the
SARS-CoV-2 S-protein (Scheme 1).
Results and discussion
Synthesis and characterization of PS@poly(HEMA–AA)
microspheres

Monodispersed PS@poly(HEMA–AA) core–shell microspheres
were synthesized via emulsier-free emulsion polymerization.
Based on the differences in polarity and hydrophilicity of the co-
monomers, the polymerization reaction resulted in the forma-
tion of core–shell microspheres with less polar, hydrophobic PS
as the core and hydrophilic poly(HEMA–AA) as the shell. Acrylic
acid imparts carboxylic functionality to the surface of CS micro-
spheres. Fig. 1A shows the dynamic light scattering (DLS) results
of the synthesized particles with an average hydrodynamic
diameter of 195 nm and a polydispersity index (PDI) of 0.014,
indicating the formation of monodispersed microspheres. The
© 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig. 1 (A) DLS plot and (B) TEM image of PS@poly(HEMA–AA) microspheres.
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zeta potential value of the solution was −42.7, suggesting the
formation of stable colloid. Fig. 1B presents the TEM image of the
PS@poly(HEMA–AA) microspheres, where the darker core corre-
sponds to the PS and the lighter area represents the poly(HEMA–
AA) shell. The average diameter of the microspheres was 168 ±

10 nm, with a shell thickness of 40 ± 10 nm.
The chemical functionality of the synthesized microspheres

was analyzed using FT-IR. The IR spectrum of the PS@poly(-
HEMA–AA) microspheres (Fig. 2A) shows characteristic peaks of
Fig. 2 (A) FT-IR spectrum of PS@poly(HEMA–AA) microspheres, (B) elem
C 1s narrow scan, and (D) XPS O 1s narrow scan of PS@poly(HEMA–AA)

© 2026 The Author(s). Published by the Royal Society of Chemistry
polystyrene (PS) at 3065 cm−1, 3023 cm−1 indicating the
aromatic C–H stretching vibrations, peaks at 1600 cm−1,
1489 cm−1, and 1449 cm−1 representing aromatic C]C
stretching vibrations, aromatic out-of-plane C–H bending at
758 cm−1, and the band at 699 cm−1 corresponding to aromatic
ring bending. Furthermore, the peak at 1719 cm−1 indicates the
carbonyl stretching frequency of the poly(HEMA–AA) shell,
whereas a larger peak near 3435 cm−1 represents the O–H
stretching vibration of pHEMA. The peaks at 1165 cm−1 and
ental composition of PS@poly(HEMA–AA) and PSmicrospheres, (C) XPS
microspheres.

RSC Adv., 2026, 16, 23391–23398 | 23393
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1071 cm−1 indicate C–O–C antisymmetric and stretching
vibrations, respectively, from pHEMA and pAA. These peaks
indicate the formation of a poly(HEMA–AA) shell. XPS was used
to investigate the surface chemistry of the PS@poly(HEMA–AA)
microspheres. The elemental compositions of the PS and
PS@poly(HEMA–AA) microspheres obtained from the XPS
survey spectra are summarized in Fig. 2B. Compared to the PS
microspheres, the CS microspheres exhibited increased oxygen
elemental content, which could indicate the formation of
a poly(HEMA–AA) hydrogel in the shell. The deconvoluted XPS C
1s narrow scan of the PS@poly(HEMA–AA) microsphere
(Fig. 2C) revealed three components with binding energies of
284.8, 286.2, and 288.8 eV, corresponding to C–C/C–H, C–O, and
O–C]O, respectively. Peaks at binding energy values of 531.3,
532.7, and 534 eV, corresponding to C]O, O–H, and CO–O–C,
respectively, were apparent in the deconvoluted spectrum of the
XPS O 1s narrow scan (Fig. 2D). Therefore, the existence of the
poly(HEMA–AA) shell was conrmed by the XPS results.
Fabrication of PS@poly(HEMA–AA)-based stimuli-RPCs

In contrast to conventional PS microsphere-based CPC
synthesis, the integration of a hydrophilic shell into PS micro-
spheres facilitates volume phase transitions via hydrogel
swelling or deswelling, making it an efficient approach for the
development of stimuli-responsive photonic crystals (RPCs).41,42

Here, the rigid PS core imparts structural stability, whereas the
so poly(HEMA–AA) hydrogel shell contributes to the stimuli-
responsive characteristics. PS@poly(HEMA–AA) microspheres
were used to fabricate RPC on a pre-cleaned hydrophilic glass
substrate via evaporation-induced vertical deposition. The UV-
vis reectance spectrum (Fig. 3A) shows the PBG position
centered at 449 nm, and the inset of Fig. 3A depicts its char-
acteristic structural color, bright violet. In Fig. 3B, the corre-
sponding CIE plot is presented. The SEM micrograph of RPC
revealed a well-ordered, closely packed arrangement of
PS@poly(HEMA–AA) microspheres, as illustrated in Fig. 3C.
Fabrication of aptasensor-based on RPC (Apt-RPC) for sensing
RBD of SARS CoV-S-protein

In RPCs, stimuli-responsive hydrogels can either swell or de-
swell in response to the analyte molecule, thus altering the
Fig. 3 (A) Reflectance spectra and digital photograph (inset), (B) CIE plo

23394 | RSC Adv., 2026, 16, 23391–23398
center-to-center spacing between adjacent colloidal particles,
which causes a shi in the structural color.43 This shi in the
color of RPCs in response to external stimuli can be employed
for the visual detection of analytes in biosensing applications.
A photonic crystal-based aptasensor (Apt-RPC) was fabricated
by functionalizing PS@poly(HEMA–AA) microspheres with
RBD-selective single-stranded DNA aptamer via EDC-NHS
coupling chemistry. The designed aptamer was directly func-
tionalized by the carboxylic acid group present in the poly(-
HEMA–AA) shell. Scheme 1 depicts the covalent coupling of
aptamers with the carboxyl group of poly(HEMA–AA) micro-
spheres. The specic binding of Apt-RPC to RBD alters the
periodicity of RPC. This study utilized the aptamer sequence
reported by Song et al., identied through an ACE2
competition-based selection strategy and a machine learning
screening algorithm that selectively binds the RBD of SARS-
CoV-2 S-protein with a Kd value of 5.8 nM.44 The selected
aptamer sequence was 50-CAG CAC CGA CCT TGT GCT TTG
GGA GTG CTG GTC CAA GGG CGT TAA TGG ACA-3, with 51
bases and a hairpin structure. To prepare Apt-RPC, the
PS@poly(HEMA–AA) core–shell was activated with an EDC-NHS
solution for 1 h at room temperature. The aptamer solution was
added, incubated at room temperature for 30 min, and then
refrigerated overnight at 4 °C. The functionalization of
aptamers to poly(HEMA–AA) hydrogel shells via amide bonds (–
CO–NH–) was conrmed using XPS analysis. The XPS survey
spectrum of the Apt-RPC sample revealed that C, O, and N were
the major constituents. Compared to RPC, the presence of an
additional element, nitrogen, arises from the aptamer bonded
to the poly(HEMA–AA) hydrogel shell. The deconvoluted XPS
narrow scan of C 1s (Fig. 4A) revealed the presence of C]C, C–
C, C–N, C–O, and O–C]O bonds with binding energies of
283.5, 284.8, 285.1, 286.5, and 288.5 eV, respectively. The
presence of a C–N bond can be attributed to the formation of
an amide bond. The deconvoluted XPS narrow scan N 1s
(Fig. 4B) indicates the existence of C–N, N–C]O, and N–H with
binding energies of 397.5, 398.6, and 401.8 eV, respectively.
Fig. 4C presents an SEM micrograph of an ordered and close-
packed arrangement of Apt-RPCs, suggesting the structural
stability of the RPC sample even aer aptamer functionaliza-
tion. The PBG of CPC follows modied Bragg's law, where,
t, and (C) SEM image of the fabricated PS@poly(HEMA–AA) RPC.

© 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig. 4 (A) XPS C 1s and (B) N 1s narrow scans of Apt-RPC, (C) SEM micrograph of Apt-RPC, (D) reflectance spectra of RPC, RPC in PBS solution
(pH 7.4), and Apt-RPC, (E) reflectance spectra of Apt-RPC upon adding different concentrations of RBD solutions, (F) CIE plot of Apt-RPC towards
1000 ng of RBD solution (inset: the corresponding digital photograph).
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lmax ¼ 1:63D
�
neff

2 � sin2
q
�1
2

neff
2 = fnp

2 + (1 − f)nair
2

where, neff is the effective refractive index of the material, D is
diameter of microsphere, f is the volume fraction, nair and np are
refractive indices of air and RPC, respectively. According to the
modied Bragg's law, lmax is a function of microsphere diam-
eter and effective refractive index of the PCs.45 The UV-vis
© 2026 The Author(s). Published by the Royal Society of Chemistry
reectance spectra of RPC and Apt-RPC are shown in Fig. 4D.
The observed red-shi in the PBG position from 449 to 489 nm
indicates the functionalization of the aptamer in RPC. The
experiments were carried out in PBS buffer, and the reectance
spectrum of RPC in PBS (pH 7.4) was recorded to evaluate its
interference in our studies, revealing a PBG shi to 475 nm,
which is relatively lower than the spectral shi observed for Apt-
RPC. This spectral shi observed in the RPC in PBS buffer was
due to the swelling of the hydrogel shell.

Furthermore, we investigated the stimuli-responsive char-
acteristics of Apt-RPC in relation to the receptor-binding
RSC Adv., 2026, 16, 23391–23398 | 23395
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Fig. 5 (A) Reflectance spectra showing the response of Apt-RPC and RPC to 1000 ng of RBD, and (B) reflectance spectra of Apt-RPC in response
to interferences such as amylase, lysozyme, and HSA.
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domain (RBD) of the SARS-CoV-2 spike protein. Before con-
ducting the sensing experiments, the Apt-RPC was rinsed with
PBS to eliminate any unreacted aptamers. Different concentra-
tions of RBD solution were prepared using 10 mM PBS buffer
(pH 7.4). Approximately 30 mL of RBD solution at concentrations
of 100, 500, 1000, and 1500 ng was applied to Apt-RPC, and
reectance spectra were recorded aer 10 min. The corre-
sponding reectance spectra shown in Fig. 4E indicate
a concentration-dependent spectral shi in response to the
RBD. The initial Bragg diffraction wavelength of the RPC at
449 nm was red-shied to 496, 501, and 507 nm when the
concentration of RBD increased to 100, 500, 1000, and 1500 ng,
respectively, resulting in an apparent color shi from violet to
green. The detection range of the aptasensor was estimated to
be, 100–1000 ng and no spectral difference was observed aer
1000 ng. Fig. 4F illustrates the CIE plot subsequent to the
addition of 1000 ng of RBD in Apt-RPC along with the corre-
sponding visual color shi shown in the inset of Fig. 4F.

The fabricated aptasensor exhibited a rapid response to
RBD, and the structure of the Apt-RPC lm remained stable in
the presence of RBD solution. A control experiment was con-
ducted using non-functionalized RPC to validate the role of the
aptamer in RPC binding to RBD. Fig. 5A shows the reectance
spectra of the aptamer-functionalized RPC (Apt-RPC) and non-
functionalized RPC in a 1000 ng solution of RBD. The reec-
tion spectra exhibited distinct peaks, indicating the specic
interaction between RBD and the aptamer, which resulted in
a noticeable red-shi of Apt-RPC in the RBD solution. Based on
the above experimental results, the red-shi in the PBG of the
Apt-RPC towards the RBD of the SARS-CoV-2 S-protein resulted
from a network of hydrogen bonds between T42, T43, and T43
of the aptamer with Thr500, Gln506, and Asn437 from the RBD.
Additionally, the conformational changes of the aptamer upon
binding with the RBD lead to swelling of the Apt-RPC, resulting
in increased interparticle spacing within RPCs and a red-shi.44

To detect SARS-CoV-2, swabs were collected from the nasal
mucus and saliva. Therefore, selectivity studies were performed
23396 | RSC Adv., 2026, 16, 23391–23398
using a few model proteins present in nasal mucus and saliva
for the practical application of the Apt-RPC sensor. Fig. 5B
shows the reection spectra of HSA, lysozyme and amylase. The
HSA, lysozyme, and amylase concentrations were comparable to
the range of human physiological conditions (1 mg mL−1). The
PBG of Apt-RPC towards HSA at 480 nm, lysozyme at 478 nm,
and amylase at 475 nm was observed in the reection spectra.
This indicates that only RBD can selectively bind to Apt-RPC
and induce signicant red-shi diffraction, indicating the
selectivity of the sensor. The reection spectra revealed that the
PBG of the Apt-RPC for HSA at 480 nm, lysozyme at 478 nm, and
amylase at 475 nm clearly demonstrate that only the RBD can
selectively bind to Apt-RPC, resulting in a noticeable red-shi in
diffraction, demonstrating the selectivity of the sensor.
Conclusions

In summary, we adopted a straightforward method for the
synthesis and fabrication of PS@poly(HEMA–AA) core–shell
microsphere-based stimuli-responsive photonic crystals as an
aptasensor platform for the specic detection of the RBD of the
SARS-CoV-2 S protein. The specic binding of RBD to the
aptamer resulted in hydrogel swelling, accompanied by a rapid
color change (1 min) and a corresponding shi in the PBG,
which enabled the detection of the RBD of the SARS-CoV-2 S-
protein. The CIE plot showed a rapid visual color shi from
violet to green upon the addition of RBD of SARS-CoV-2-S-
protein to the Apt-RPC aptasensor, with a detection range of,
100–1000 ng. Compared to other COVID-19 detection methods,
the developed biosensor uses a simple and facile approach for
the visual detection of SARS-CoV-2 S-protein. We demonstrate
this method as a qualitative approach for pathogen detection
through the integration of a polymer-based aptasensor.
Furthermore, the ability to modulate the PBG across the visible
spectrum enhances the potential applications of this stimuli-
responsive photonic crystal-based aptasensor in future bi-
osensing technologies.
© 2026 The Author(s). Published by the Royal Society of Chemistry
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Experimental section
Materials and reagents

Styrene, 2-hydroxyethyl methacrylate (HEMA), acrylic acid (AA),
ethylene glycol dimethacrylate (EGDMA), potassium persulfate
(KPS), human serum albumin, lysozyme, amylase, 1-ethyl-3-(3-
dimethyl aminopropyl)carbodiimide (EDC), and N-hydrox-
ysuccinimide (NHS) were purchased from Sigma-Aldrich. All
reagents were of analytical grade and used as received, without
further purication. Single-stranded-DNA aptamer for the
selective binding of RBD of SARS-CoV-2 (50-CAG CAC CGA CCT
TGT GCT TTG GGA GTG CTGGTC CAA GGG CGT TAA TGG ACA-
30) was purchased from Integrated DNA Technologies (IDT,
India). All experiments were performed using ultrapure water
(18.2 MU cm, Merck) from a Milli-Q ultraltration system.
Synthesis of core–shell microspheres and fabrication of CPCs

Monodispersed core–shell (CS) microspheres of poly-
styrene@poly(hydroxyethyl methacrylate–acrylic acid) [PS@po-
ly(HEMA–AA)] were synthesized via emulsier-free emulsion
polymerization. Briey, 5.07 mmol of HEMA, 4.5 mmol of AA,
57.5 mmol of styrene, and 0.53 mmol of EGDMA, which acted as
a cross-linker, were mixed with 100 mL deionized water, placed
in a round-bottomed ask, and placed in an oil bath at 70 °C.
Aer 30 min, 0.07 mmol of potassium persulfate (KPS) (initi-
ator) was introduced into the reaction mixture. Polymerization
was carried out under a N2 gas atmosphere with gentle
magnetic stirring at 75 °C for 10 h. The resultant colloidal
suspension was puried via centrifugation at 10 000 rpm for
30 min, and the puried CSmicrospheres were used to fabricate
CPCs using the vertical deposition approach on glass
substrates. Prior to deposition, the glass substrates were
cleaned with ethanol, followed by N2 plasma treatment to
generate hydrophilic surfaces.
Fabrication of aptasensor based on RPC (Apt-RPC)

The functionalization of the aptamer on RPC was carried out
using EDC/NHS coupling chemistry. The carboxyl functional
groups on the CS microspheres of RPC were activated with EDC/
NHS using 1 mL of phosphate-buffered saline (PBS, pH 7.4)
containing 0.5 mM EDC and 0.5 mM NHS for an hour at
ambient temperature. To the activated RPC, 30 mL of 500 nM
aptamer in 2 mM PBS buffer solution was added, incubated at
room temperature for 30 min, and stored overnight at 4 °C. The
synthesized Apt-RPC sensor was subsequently rinsed with PBS
to remove unreacted aptamers and used for subsequent inves-
tigations. Various quantities of RBD solutions in 10 mM PBS
(pH 7.4) were introduced into the Apt-RPC sensor, and the
reectance spectra were recorded.
Characterizations

The morphology and dimensions of the CS microspheres were
analyzed using transmission electron microscopy (TEM; JEOL
JEM F 200). The hydrodynamic diameter was obtained using
dynamic light scattering (DLS, Zetasizer Nano ZS, Malvern
© 2026 The Author(s). Published by the Royal Society of Chemistry
Instruments). Chemical functionalization studies were con-
ducted using an FT-IR spectrometer (PerkinElmer) and X-ray
photoelectron spectroscopy (XPS, PHI 5000 Versa Probe II
ULVAC-PHI Inc., USA). Scanning electronmicroscopy (SEM) was
performed using a Zeiss EVO 18 SEM (Germany). The reec-
tance spectra of the CPCs were obtained using a modular ber-
optic spectrophotometer (Ocean Optics DH-2000-BAL). We
adopted the CIE (International Commission on Illumination)
color space chromaticity diagram to validate the visual colors of
the CPCs.
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M. M. Chehimi and C. Mangeney, Langmuir, 2012, 28,
1005–1012.

34 M. M. Thomas, P. R. Chandran, V. V. Vipin, A. P. Mohamed,
P. Kingshott and S. Pillai, React. Funct. Polym., 2021, 158,
104779.

35 G. Hwang, G. Bak, Y. Kim, S. H. Jung, H. Na and Y. J. Jung,
ACS Omega, 2025, 10, 36582–36591.

36 G. Feng, K. Li, G. Li, Z. Zhang, J. Xiang, T. Chen, F. Jiao and
H. Zhao, ACS Appl. Polym. Mater., 2025, 7(7), 4270–4278.

37 B. F. Ye, Y. J. Zhao, Y. Cheng, T. T. Li, Z. Y. Xie, X. W. Zhao
and Z. Z. Gu, Nanoscale, 2012, 4, 5998–6003.

38 H. Xuan, J. Ren, Y. Zhu, B. Zhao and L. Ge, RSC Adv., 2016, 6,
36827–36833.

39 G. Murtaza, A. S. Rizvi, M. Xue, L. Qiu and Z. Meng, Anal.
Chem., 2023, 95(2), 917–923.

40 P. A. Lovell and F. J. Schork, Biomacromolecules, 2020, 21,
4396–4441.

41 W. Wang, Y. Zhou, L. Yang, X. Yang, Y. Yao, Y. Meng and
B. Tang, Adv. Funct. Mater., 2022, 32(40), 2204744.

42 L. Hu, Y. Wan, Q. Zhang and M. J. Serpe, Adv. Funct. Mater.,
2020, 30, 1903471.

43 X. Jia, T. Zhang, J. Wang, K. Wang, H. Tan, Y. Hu, L. Zhang
and J. Zhu, Langmuir, 2018, 34, 3987–3992.

44 Y. Song, J. Song, X. Wei, M. Huang, M. Sun, L. Zhu, B. Lin,
H. Shen, Z. Zhu and C. Yang, Anal. Chem., 2020, 92, 9895–
9900.

45 F. Wang, Z. Meng, F. Xue, M. Xue, W. Lu, W. Chen, Q. Wang
and Y. Wang, Trends Environ. Anal. Chem., 2014, 3–4, 1–6.
© 2026 The Author(s). Published by the Royal Society of Chemistry

https://doi.org/10.18103/MRA.V12I2.5039
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6ra01315e

	Rapid, point-of-care, visual detection of RBD of SARS-CoV-2 spike protein using an acrylamide-free photonic crystal aptasensor
	Rapid, point-of-care, visual detection of RBD of SARS-CoV-2 spike protein using an acrylamide-free photonic crystal aptasensor
	Rapid, point-of-care, visual detection of RBD of SARS-CoV-2 spike protein using an acrylamide-free photonic crystal aptasensor
	Rapid, point-of-care, visual detection of RBD of SARS-CoV-2 spike protein using an acrylamide-free photonic crystal aptasensor
	Rapid, point-of-care, visual detection of RBD of SARS-CoV-2 spike protein using an acrylamide-free photonic crystal aptasensor
	Rapid, point-of-care, visual detection of RBD of SARS-CoV-2 spike protein using an acrylamide-free photonic crystal aptasensor

	Rapid, point-of-care, visual detection of RBD of SARS-CoV-2 spike protein using an acrylamide-free photonic crystal aptasensor
	Rapid, point-of-care, visual detection of RBD of SARS-CoV-2 spike protein using an acrylamide-free photonic crystal aptasensor
	Rapid, point-of-care, visual detection of RBD of SARS-CoV-2 spike protein using an acrylamide-free photonic crystal aptasensor
	Rapid, point-of-care, visual detection of RBD of SARS-CoV-2 spike protein using an acrylamide-free photonic crystal aptasensor
	Rapid, point-of-care, visual detection of RBD of SARS-CoV-2 spike protein using an acrylamide-free photonic crystal aptasensor
	Rapid, point-of-care, visual detection of RBD of SARS-CoV-2 spike protein using an acrylamide-free photonic crystal aptasensor

	Rapid, point-of-care, visual detection of RBD of SARS-CoV-2 spike protein using an acrylamide-free photonic crystal aptasensor
	Rapid, point-of-care, visual detection of RBD of SARS-CoV-2 spike protein using an acrylamide-free photonic crystal aptasensor
	Rapid, point-of-care, visual detection of RBD of SARS-CoV-2 spike protein using an acrylamide-free photonic crystal aptasensor


