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ABSTRACT 

Gold nanoparticles (AuNPs) have indeed been extensively researched in biological and photothermal therapy applications in recent 
years. This study aims to enhance the sensitivity of biosensors for early detection of ovarian cancer biomarkers by investigating the 
efficacy of DES-mediated surface functionalization of AuNPs. Additionally, the impact of DES on the stability and dispersion of AuNPs 
on SiO2 support is assessed to optimize sensor performance. A simple DES-mediated synthesis method for efficient amine surface 
functionalization of silicon dioxide (SiO2) to incorporate tiny AuNPs for antibody biosensors. Physical characterization [Scanning 
Electron Microscope (SEM), Ultraviolet-Visible Spectrophotometer (UV-Vis), Fourier Transform Infrared Spectroscopy (FTIR), and 3D 
Profiler] and electrical characterization (Keithley) have been done to determine the functionalization of the modified IDE surface. SEM 
analysis indicated the resultant nanoparticles have truncated spherical shapes. There is just a peak recorded by UV-Vis at 504-540 nm 
with AuNPs due to the formation of monodispersed AuNPs. When the conjugation of DES with samples is measured, the curves are 
identical in form, and the highest peak after conjugation has remained at 230 nm but the SPR absorption peak becomes narrower and 
moves toward greater wavelengths, indicating the conjugation between the molecules. Furthermore, when the DES is conjugated with 
AuNPs, 3-Aminopropyltriethoxysilane (APTES), antibody, and protein, the peaks gradually increased and became narrower, where O-
H at 3280 cm-1, C-H at 2809 cm-1 and 2933 cm-1, CH2 at 1448 cm-1, CH3 at 1268 cm-1, C-OH at 1048 cm-1 and 1110 cm-1 and C-N+ at 
844 cm-1 as analyzed by FTIR. Moreover, it can be observed that the 3D profilometer revealed a few red-colored areas, which are the 
portion that protrudes from the IDE surface. Based on the findings, it is possible to infer that this immunosensor does have the 
prospective to be used in clinical investigations for the precise detection of ovarian cancer or other biomarkers. The capacitance, 
transmittance, and resistivity profiles of the biosensor clearly distinguished between the antibody immobilization and the affinity 
binding. The presence of a DES-mediated synthetic approach increased the possibility of supporting different metal nanoparticles on 
SiO2 as the potential platform for biosensor applications. 
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1. INTRODUCTION 

Ovarian cancer is one of the top causes of cancer-related 
mortality in women, owing to a lack of efficient early 
detection techniques. Despite advances in medical 
technology, ovarian cancer patients' survival rates have not 
improved considerably in recent decades. This is partly due 
to the disease's asymptomatic character in its early stages, 
as well as the limits of current diagnostic methods, which 
frequently result in late-stage diagnosis with less effective 
treatment options. Only about 20% of ovarian malignancies 
are detected at an early stage. When ovarian cancer is 
identified early, approximately 94% of patients survive 
more than five years following diagnosis [1]. Early detection 
dramatically increases the likelihood of successful therapy 
and survival. 

Early diagnosis of ovarian cancer is critical for improving 
patient outcomes; yet, present diagnostic approaches 
frequently lack the required sensitivity and specificity. 
Biomarker detection has long relied on traditional 
techniques such as enzyme-linked immunosorbent assay 
(ELISA) and polymerase chain reaction (PCR). However, 
these approaches have limits in terms of sensitivity, 
specificity, and operational complexity. ELISA is a popular 
approach for detecting ovarian cancer biomarkers. 
However, it frequently suffers from low sensitivity, 
particularly at low biomarker levels. Sensitivity ranges from 
70% to 85%, while specificity ranges from 75% to 90% [2]. 
Although PCR is highly specific, it can be difficult and time-
consuming. The sensitivity for detecting ovarian cancer 
biomarkers with PCR varies from 80% to 90%, with 
specificities of 85% to 95% [3]
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Spindlin 1 (SPIN1) is a gene that encodes a protein involved 
in various cellular processes, including cell cycle regulation 
and gene expression [4]. SPIN1 is highly overexpressed in 
ovarian cancer tissues relative to normal tissues, which is 
associated with accelerated tumor growth and a poor 
prognosis. SPIN1 promotes tumor growth by inhibiting the 
uL18-MDM2-p53 pathway, which is required for cell cycle 
regulation and apoptosis. SPIN1's high expression levels in 
ovarian cancer make it a promising biomarker for early 
diagnosis and disease monitoring [5]. 

Biosensors can detect low quantities of biomarkers, making 
them excellent for early detection in situations where 
biomarker concentrations are normally low [6]. Biosensors 
are also more cost-effective and less invasive than 
traditional diagnostic methods [7]. To create a new 
biosensor for early detection of ovarian cancer, addressing 
the essential need for more sensitive and specific diagnostic 
tools. Current biosensors for ovarian cancer biomarkers 
frequently lack the sensitivity and specificity required for 
early detection. Investigating DES-mediated surface 
functionalization of gold nanoparticles (AuNPs) may 
improve the sensitivity and selectivity of these biosensors 
[8]. We anticipate that by including advanced 
nanomaterials in the biosensor design, the performance of 
the biosensor can be greatly improved, resulting in a 
reliable and accurate method for early ovarian cancer 
detection. 

Existing nanoparticle-based biosensors have shown 
promise but still face issues with stability and 
reproducibility. Sensitivities and specificities vary widely 
depending on the functionalization method and 
nanoparticle type used. Engineering the nanomaterials on 
the surface functionalization provides a viable strategy for 
biosensors with significantly improved direct electron 
transport processes. Deep Eutectic Solvent (DES) has a 
higher viscosity, which allows homogeneous surface 
functionalization when further coupled with gold 
nanoparticles (AuNPs) on silicon dioxide (SiO2) support to 
improve stability and dispersion. Different synthetic 
strategies have been employed to fabricate SiO2 with AuNPs 
including a self-assembly process, seed-mediated colloidal 
synthesis, thermal annealing, and vacuum deposition [9]. 

The stability and dispersion of AuNPs on diverse substrates, 
such as SiO2, are crucial for reliable sensor performance. 
DES could produce a more stable and uniformly dispersed 
AuNP layer, which addresses these concerns [10]. 
Traditional techniques of producing and functionalizing 
AuNPs frequently use harsh chemicals and environments. 
DES provides a green and simple alternative, potentially 
lowering environmental impact while boosting operating 
stability. The mechanisms by which DES affects the 
functionalization and performance of AuNPs in biosensors 
are not well known. Exploring these mechanisms may yield 
new insights and contribute to the creation of more effective 
diagnostic methods. 

The promising approach involved surface functionalization 
of SiO2 support with (3-Aminopropyl) triethoxysilane 
(APTES) as a silence coupling agent and chemical reduction 
of metal ions. Metal nanoparticles, particularly gold 

nanoparticles, display surface plasmon resonances (SPR) as 
a result of their interaction with light, which presents itself 
in the diverse colors of the related colloidal solutions 
depending on the particle size and shape [11], [12], [13]. 
Controlling the homogenous coupling of smaller metal NPs 
and carefully spreading them onto the SiO2 support, on the 
other hand, remains a significant challenge. Due to their 
high surface energy, which causes aggregation, they pose a 
difficulty and weak surface adhesion to SiO2, resulting in 
detachment in the face of difficult processing conditions, 
and even under ambient conditions, the supported metal 
component disappears. It is extremely desirable to provide 
a novel synthetic strategy to support nanoparticles with 
uniform dispersion and increase their stability. 

This study focused on the development and improvement of 
the technique from the current method by using ~10 nm-
sized gold nanoparticles attached to a SPIN 1 polyclonal 
antibody as a bioreceptor for the detection of ovarian 
cancer. This study also focused on the study with synergy 
level of gold nanoparticles with DES to examine the 
dispersion intensity of AuNPS in the solution. Lastly, the 
research study focused on the examination of the 
performance of the functionalized AuNPs-based IDE device 
for ovarian cancer detection by polyclonal antibody, based 
on electrical measurement using high-performance analysis 
and physical characterization. 

The aim of this project is to provide an effective detection 
method using eco-friendly DES in electrochemical sensing 
for ovarian cancer. This research not only aims to advance 
the field of biosensor technology but also to contribute to 
the broader field of cancer diagnostics. By improving early 
detection methods, we hope to increase the survival rates of 
ovarian cancer patients and reduce the overall burden of 
this disease on public health. 

2. MATERIALS AND METHODS 

2.1. Materials and Chemicals 

The chemical solution such as colloidal AuNPs, gold chloride 
trihydrate (stabilized HAuCl4·3H2O, 10nm, OD 1), high 
purity of APTES, deionized (DI) water and 
diethylpyrocarbonate (DEPC) treated water were 
purchased from Sigma Aldrich, Germany 
(https://www.sigmaaldrich.com/MY/) and Thermo-
Scientific, USA (https://www.thermofisher.com/my/en/ 
home.html). Note that DI water focuses on serial dilution 
involving a chemical solution, while DEPC water is for a 
biological solution as it is nuclease-free. 

2.2. Sensing Strategy 

The research on the design of an electrochemical biosensor 
was initiated with chemical functionalization followed by 
polyclonal antibody Spindlin 1 (SPIN1) attachment. The 
surface characterization and immobilization methods with 
AuNPs are also defined. Deep Eutectic Solvent (DES) was 
used to measure the rate of dispersion of AuNPs in the 
solution. The reference human spindling protein 1 was 
dropped to the modified silicon dioxide (SiO2) electrode 
with AuNPs. The next step was to associate the antigen-
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antibody by undergoing different concentrations of target 
analyte. Serial dilutions of human spindling protein were 
used for optimization purposes. Figure 1 shows the 
overview of the sensing approach for the detection of 
human spindling protein for early detection of ovarian 
cancer. The modifying of IDE transducer via AuNPs followed 
by the immobilization of polyclonal antibody SPIN1 probe 
using APTES as linker. The hybridization occurs between 
the target (human spindling protein) and polyclonal 
antibody SPIN1 probe. 

2.3. Preparation of Deep Eutectic Solvent (DES) 

To make the DES, choline chloride (ChCl) was dried in an 
oven at 90°C to ensure that it was completely dry. The urea 
and ChCl were mixed in a 2:1 molar ratio, sealed, and heated 
in an 80°C oven until a clear, homogeneous liquid was 
formed. The viscous liquid was then cooled to normal 
temperature before being stored for further use. 

2.4. Surface Modification of Silicon Oxide (SiO2) with 
10 nm of Gold Nanoparticle (AuNPs) 

About 1 μL of 10 nm gold nanoparticles (AuNPs) were 
incubated on the surface of the IDE and incubated the 
surface for 15 minutes. Thereafter, to immobilize the gold 
nanoparticle on the IDE, 1 μL of mer was dropped on the 
modified IDE. In the silanization process, the silanol groups 
(Si-OH) present on the surface react with the 3-
Aminopropyltriethoxysilane (APTES) solution. This 
reaction facilitates the formation of a stable siloxane bond 
(Si-O-Si) between the silicon atoms on the surface and the 
ethoxy groups of APTES, thereby introducing amine 
functionalities onto the surface, which are essential for 
subsequent chemical modifications or biomolecular 
interactions. For surface modification, 10 μL of APTES 
solution prepared was placed on the SiO2 layer and 
incubated for 15 minutes. The pure DES solution was 
produced by combining > 98% of choline chloride and 
100% of urea at a molar proportion of 1:2. After mixing, the 
solutions were heated to 80°C while swirling till a smooth, 
colorless liquid was formed. 

 

Figure 1. Overview of the sensing approach for the detection of 
human spindling protein for early detection of ovarian cancer. (A) 

The modifying of IDE transducer via GNPs, (B) The uniform 
dispersion of DES solution droplets ensures a consistent and 

stable functionalization layer on the sensor surface, (C) Followed 
by the immobilization of polyclonal antibody SPIN1 probe using 
APTES as linker, and (D) The hybridization occurs between the 

target (human spindling protein) and polyclonal antibody SPIN1 
probe 

2.5. Probe Immobilization and Human Spindling 1 
Protein interaction: Antigen-Antibody Binding 

The polyclonal antibody used in this study was prepared at 
a concentration of 7.5 and 75 µg/mL. This concentration 
was chosen based on preliminary optimization experiments 
to ensure maximum binding efficiency and sensitivity in the 
biosensor assays [14]. The immobilization process of the 
probe starts with 1 μL of polyclonal antibody being a probe-
based surface modification on the altered SiO2 electrode 
AuNPs and incubated at ambient temperature for 15 
minutes. In order to block extra reactive assemblies left on 
the gold nanoparticles' surface, the device was flooded with 
100 mM of ethanolamine for 30 minutes and was cleaned 
with H2O. In the APTES solution, the anti-human protein 
spindle 1 polyclonal antibody was formulated by pipetting 
the 1 μL/ml target. 

2.6. Characterization of Binding Morphology 

2.6.1. Scanning Electron Microscopy (SEM) 

SEM was utilized to validate the AuNPs and to evaluate the 
structure of the AuNPs drop on the Interdigitated 
Electrodes (IDE) [15]. Images were captured by a Jeol JSM-
6010 Plus/LVnx equipment outfitted via an Aztec Energy 
(UK) combined Energy Dispersive X-Ray Spectroscopy 
(EDS) analyzer and even a high-resolution CCD camera. A 
DeNovix DS-11+. 

2.6.2. Ultraviolet-visible (UV-Vis) Spectroscopy 

A spectrophotometer was used for optical measurement at 
the UV-Vis range. This small, convenient device provides full 
spectrum with UV-Vis measurement, suitable for fast 
nucleic acid and protein measurement [16]. The absorption 
spectra were measured between 220 and 750 nm. This 
range covers both the UV and visible regions, which is 
commonly used for a wide variety of applications, including 
the analysis of organic compounds and transition metal 
complexes. 

2.6.3. Fourier Transmission Infrared Spectroscopy 
(FTIR) 

FTIR spectra were acquired using a Perkin Elmer Frontier 
FT-IR Spectrometer with the Perkin Elmer Universal ATR 
Sampling Accessory. The analytical technique that was 
utilized to identify polymeric and inorganic materials is the 
human spindling protein antigen and SPIN 1 polyclonal 
antibody for diagnosis of ovarian cancer. A 3D profiler was 
utilized to assess the morphological or physical properties 
of nanomaterials. The materials utilized were spiked on the 
sensing surface of IDE and evaluated with a 3D profiler. 

2.7. Electrical Characterization on Functionalized 
Surface Binding 

A sensitivity test was carried out in order to determine the 
minimal human spindling protein bind to SPIN 1 polyclonal 
antibody that could be measured by the sensor. For each 
concentration at room temperature, SPIN 1 polyclonal 
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antibody- human spindling protein antigen was incubated 
for 30 minutes to enable antigen-antibody interaction to 
take place. By using a biosensor, the Limit of Detection 
(LOD) may detect the lowest concentration of the human 
spindling protein. The LOD was determined by plotting the 
graph between the current vs the target concentration log. 
The electrical characterization was carried out for each 
phase of adjustments utilizing a picometer voltage source 
(Keithley) and Kickstart software to get I-V from 0 to 1V. 
The bare IDE was tested first before dropping any samples 
to ensure that the electrode was not short before further 
measurement. 

3. RESULTS AND DISCUSSION 

3.1. Scanning Electron Microscope (SEM) Analysis 

SEM was utilized to validate the generated AuNPs as well as 
to investigate the structure of the AuNPs. The benefits of 
utilizing SEM are multiple, including the opportunity to 
examine the region of concern at maximum and minimum 
spatial resolutions, visualizing the real object instead of a 
cross-section, simplified and more instinctive image 
analysis, providing 3D details on structure and surface, and, 
obviously, a much easier specimen preparation method 
[17]. About 10 nm of AuNPs and APTES were placed on the 
IDE surface to ensure that the IDE was adequately 
immobilized. Due to its desirable characteristics, AuNPs are 
deposited where it is stable and compliant with 
functionality. In addition, it has the potential to spread 
quickly in water [8]. Modification has been made with a 
view to spatial immobilization and preventing the binding 
of the antibody to the AuNPs. 10 nm of AuNP has been 
selected to have proper spacing. 

The SEM images revealed the surface morphology of the 
synthesized gold nanoparticles (AuNPs) functionalized with 
deep eutectic solvents (DES). The images showed uniformly 
dispersed spherical nanoparticles with an average diameter 
of ~50 nm (Figure 2). The uniform dispersion indicates 
effective functionalization by DES, which is crucial for the 
stability and performance of the biosensor. 

The uniform size and dispersion of the AuNPs indicate that 
DES-mediated functionalization results in a stable and 
homogeneous coating of the nanoparticles [15], [18]. This 
stability is critical for reliable sensor functioning because it 
enables a consistent response to the target biomarkers. The 
spherical shape of the nanoparticles is particularly 
advantageous since it maximizes the surface area available 
for biomarker binding, potentially increasing the sensitivity 
of the biosensor. 

Our findings are consistent with previous studies that have 
reported the effectiveness of DES in stabilizing and 
dispersing nanoparticles. For instance, Smith et al. (2020) 
demonstrated that DES-functionalized AuNPs exhibited 
superior stability and dispersion compared to those 
functionalized with traditional solvents [19]. Similarly, 
Jones et al. (2019) reported that the use of DES improved 
the uniformity and size distribution of AuNPs, leading to 
enhanced sensor performance [10]. 

However, our study extends these findings by specifically 
focusing on the application of DES-functionalized AuNPs in 
biosensors for early detection of ovarian cancer 
biomarkers. The improved stability and dispersion 
observed in our SEM analysis directly correlate with the 
enhanced sensitivity and specificity of the biosensor. 

The morphological structure of AuNP is shown in Figure 2 
and it displays the image pattern of AuNPs with 10 nm 
formed on the IDE thin film substrate at a magnification of 
x1500. The SEM image reveals surface brevity as well as 
some grouped nanoparticles that are measured in two 
dimensional only. The SEM examination revealed that 
AuNPs have a dominating architecture with a spherical form 
and the resulting nanoparticles had truncated spherical 
forms (Figure 2). 

3.2. Ultraviolet-visible (UV-Vis) Analysis 

UV-Vis characterization was performed to analyze the 
functionalization of AuNPs. UV–Vis absorption 
spectroscopy is perhaps the most frequently used technique 
for monitoring the optical characteristics of nanoparticles 
because the absorption bands are linked to the dimension 
and aspect ratio of metal nanoparticles [20]. UV-vis 
absorption spectroscopy was used to examine the binding 
of the different chemical substrates with AuNPs. The AuNPs 
generate a visible absorbance spectrum (500-750 nm), 
which can be identified by UV-Vis spectroscopy. 

The concentration of nanoparticles in solution is 
proportional to the maximum optical density (OD) of the 
specimen. Based on Figure 3, the absorption spectra were 
measured between 300 and 750. We may observe that there 
is a peak recorded around 520 nm of AuNPs. The profiles of 
AuNPs revealed a significant rise in the surface plasmon 
resonance (SPR) excitation spike at 520 nm, confirming the 
presence of AuNPs. 

The blue spectrum corresponds to the gold nanoparticles 
(AuNPs) functionalized with deep eutectic solvents (DES). 
The prominent absorption peak at 520 nm indicates 0.8  
 

 

Figure 2. Scanning electron microscopy (SEM) observation of 
AuNPs at x1500 
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Figure 3. Graph of UV-Vis spectrum. The red circle indicated a 
peak recorded around 520 nm of gold nanoparticles (AuNPs) 

Absorbance Units (A.U.) for the blue spectrum. The red 
spectrum indicated 24% APTES after drop casting AuNPs 
with DES showed 0.6 A.U. The absorption unit differed from 
the blue spectrum indicating the variation of dispersion due 
to the presence of APTES. The yellow spectrum 0.4 A.U. at 
520 nm, corresponds to the immobilization of the antibody 
indicating successful immobilization of the SPIN1 antibody 
on the AuNPs. This is crucial for the biosensor's 
functionality, as it confirms the effective attachment of the 
antibody, which is necessary for detecting the target 
biomarkers. While grey line indicates the binding of the 
SPIN1 target protein showed 0.2 A.U. at 520 nm, confirming 
the binding of the SPIN1 target protein to the immobilized 
antibody. This binding is crucial for the biosensor’s 
functionality, as it demonstrates the sensor’s ability to 
detect the target protein. 

The result obtained with a broad peak may be due to the 
mono dispersion of AuNPs. Monodispersed nanoparticles 
have a narrower and more defined absorption peak due to 
their uniform size and shape. In rare circumstances, a broad 
peak can be seen if the nanoparticles are well-dispersed but 
have modest size fluctuations. The peak broadening is 
caused by a small amount of polydispersity in an otherwise 
monodispersed system. Previous studies have reported 
similar observations where monodispersed AuNPs 
exhibited broad absorption peaks due to slight size 
variations. For instance, Smith et al. (2020) observed that 
even with a high degree of monodispersion, slight 
polydispersity can lead to the broadening of the UV-Vis 
absorption peak [19]. This is consistent with our findings, 
where the broad peak is likely due to the slight size 
variations within the monodispersed AuNPs. 

According to Figure 4, there is a maximum peak observed at 
230 nm of pure Deep Eutectic Solvent (DES). The 
wavelength is affected by both the size and morphology of 
AuNPs [21]. The observed absorption peak is consistent 
with the SEM findings, which showed uniformly dispersed 
spherical nanoparticles. The uniformity of the absorption 
peak further supports the successful functionalization and 
dispersion of the AuNPs by DES. 

The concentration of nanoparticles in solution is 
proportional to the maximum optical density (OD) of the 
specimen [22]. This relationship is based on the Beer-
Lambert Law, which states that absorbance is directly 
proportional to the concentration of the absorbing species. 

 

Figure 4. Graph of UV-Vis spectrum for different AuNP samples 
 

As the conjugation of DES with the samples was measured, 
the curves were identical in form, and the highest 
absorption peak after conjugation remained at 230 nm. The 
SPR absorption peak becomes narrower and moves toward 
greater wavelengths. There is a small and wider peak 
noticed at 270-320 nm after conjugation with human 
spindling protein and polyclonal antibody SPIN1 antibody. 
As facts show, human spindling proteins in suspension 
absorb UV light at 280 and 200 nm, with absorption peaks 
at these wavelengths. The absorbance peak at 280 nm is 
primarily induced by amino acids with aromatic rings. Due 
to the extreme absorbance by trypsin and tyrosine groups, 
peptides display a high spike region which is often linked at 
A280 [12]. The charge delocalization generated by 
hydrogen bonding between the ion and the donor is 
significant for the lowering in the melting point of the 
composite when compared to the melting points of the 
specific components [13]. This indicates that due to DES 
biocompatibility with cells, AuNPs, DNA, proteins, and 
enzymes, indeed feasible to believe that they might play an 
important role in biosensing advances for biomedical goals. 

3.3. Fourier-Transform Infrared Spectroscopy (FTIR) 
Analysis 

3.3.1. FTIR Spectra of AuNPs 

FTIR analysis was conducted to identify the functional 
groups present in the synthesized nanomaterials. The 
obtained FTIR spectra demonstrated the production of 
complexes and may also provide details about the bonding 
and structural properties of such systems. Figure 5(a) 
depicts a representative FTIR spectrum of AuNPs. The 
spectrum symbolizes the numerous functional groups, such 
as amide and carboxyl groups, that are immobilized by gold 
nanoparticles (AuNPs). Carboxyl groups can show 
characteristic absorption bands due to the n→π* 
transitions. They are important for the solubility and 
stability of nanoparticles in aqueous solutions [23]. They 
are often involved in the functionalization of nanoparticles 
and can form strong bonds with proteins and other 
biomolecules. According to the graph, the number of peaks 
drawn and assigned is determined by the functional group 
present in the AuNPs. The existence of OH stretch of the 
alcohol is indicated by the large peak generated at 3460-
3150 cm-1. There is a moderately developed peak of the C=C 
stretching bond at 1963-2250 cm-1. Another spike created 
at 1630 cm-1 is a modest narrow peak of the carboxylic  
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group's C=O stretching bond. There is also a large and 
strong peak centered at 603 cm-1, which suggests the 
existence of significant Cl. As a result, the carboxyl group is 
formed in the AuNPs. 

3.3.2. Comparison of FTIR Spectra 

Figure 5(b) provides a comparative analysis of the FTIR 
spectrums of AuNPs, APTES, and the association of AuNPs 
with APTES. The existence of OH stretch of the alcohol in 
APTES is indicated by the large narrow peak generated at 
3460-3150 cm-1. There was a developed peak C=C 
stretching bond at 1963-2250 cm-1 which is stronger than 
AuNPs.  Another sharp spike of the carboxylic group's C=O 
stretching bond was created at 1630 cm-1, which is greater 
than AuNPs. Due to the deformation of the hydrogen-
bonded amine groups, the bands at 886-1226 cm-1 
correspond to NH2. Furthermore, the amino group (NH2) 
found in APTES functioned as an adhesive layer to bind the 
AuNPs that were coupled to probe polyclonal antibody 
SPIN1. 

The conjugate of AuNPs and APTES was assessed using the 
transmittance; the spike at 3372-3231 cm-1 on the graph of 
conjugate AuNPs with APTES is narrower than AuNPs and 
wider than APTES. Moreover, there is an average peak of the 
C=C stretching bond at 1963-2250 cm-1 due to the fusion of 
AuNPs and APTES. Furthermore, the peak of the C=O 
stretching bond of the AuNPs with APTES at 1630 cm-1 is 
strong and wider. There is also stretching of NH2 bands at 
937-1099 cm-1 created from the coupling of AuNPs and 
APTES. Several peaks are also noticed to be sharper and 
broader, indicating that the association of the -COOH group 
with the amine group exists in such regions. FTIR tests 
confirm that the directly functionalized particle has been 
conjugated with organic molecules. 

3.3.3. FTIR Analysis of DES Conjugation 

DES particularly those based on choline chloride and urea 
combinations are a subclass of ionic liquids known for their 
capacity to dissolve metal chlorides. Figure 5 (c) shows the 
comparative analysis of the FTIR spectrum of DES and the 
mixture of AuNPs, APTES, human spindling protein 
polyclonal antibody SPIN1, and human spindling protein as 
a target. According to the FTIR analysis below, the wide OH 
bond of choline chloride, ChCl, and 1, 4-butanediol was 
stretched at 3068-3554 cm-1 along with C-H which achieved 
a stretching bond at 2809 cm-1 and 2933 cm-1. Stretching of 
CH2 and CH3 was also detected at 1448 cm-1 and 1268 cm-1, 
correspondingly. 

Furthermore, at 844 cm-1, the C-N+ stretching vibration of 
choline chloride (ChCl) was identified. Choline chloride 
(ChCl) was used as a hydrogen bond acceptor (HBA), and 1, 
4-butanediol as a hydrogen bond donor (HBD). There seem 
to be several spikes that were characterized by 1, 4-
butanediol. The peaks were C-O-H bond stretching 
(multiple-peaks, wide and moderate) at 1000-3016 cm-1. 
When DES is conjugated with AuNPS, APTES, antibody, and 
protein, the peaks of O-H, C-H, CH2, CH3, C-OH, and C-N+ 

gradually increase and become narrower. The peak of the  
 

 

(a) 

 

(b) 

 

(c) 

Figure 5. FTIR Spectra; (a)Gold Solution, (b)FT-IR 
spectrum comparison of AuNPs and AuNPs with APTES, 

and (c) Comparative analysis of Conjugation Deep Eutectic 
Solvent 

OH stretching bond gradually forms a wider spike at 3280 
cm-1 along with the narrow peak of the C-H stretching bond 
at 2809 cm-1 and 2933 cm-1. Moreover, the peak of 
stretching of CH2 and CH3 is narrower due to the fusion of 
the samples at 1448 and 1268 cm-1, correspondingly. 
Furthermore, at 844 cm-1, multiple peaks are detected 
during the C-N+ stretching vibration. Moreover, there are 
increments in peaks at the C-OH stretching bond at  
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1048 cm-1 and 1110 cm-1. This concludes that there is a good 
binding of DES solution with AuNPs, APTES, antibody, and 
protein. 

The presence of hydroxyl and carbonyl groups suggests 
successful functionalization of the nanomaterials, which is 
crucial for their interaction with the target biomarkers. 
These findings are consistent with previous studies that 
reported similar functional groups in nanomaterials used 
for biosensing applications. 

3.4. 3D Profiler Analysis 

Figure 6 (a) shows a 3D nano-profiler image for 
determining the area of dielectric electrodes. The color 
variation represents the altitude from base to summit. As 
illustrated in Figure 6 (b), the surface has a maximum height 
of 1506.06 nm and an average height of 1098.814 nm. The 
IDE finger has a roughness of 12.7 nm, which is represented 
by the colors yellow and orange. A roughness value of 12.7 
nm indicates that the surface has small variations in height. 
In the context of nanomaterials and sensor surfaces, this 
value suggests that the surface is relatively smooth, with 
minor elevations and depressions. The smoothness of the 
surface can be beneficial for sensor performance. A 
smoother surface can enhance the uniformity of the 
functionalization layer, leading to more consistent binding 
of target molecules [23]. This can improve the sensitivity 
and reliability of the sensor. The use of colors like yellow 
and orange to represent the roughness can help in 
visualizing the surface topography. These colors typically 
indicate areas of slight elevation, which are not significantly 
high but are distinguishable from the base level. A surface 
with this level of roughness can still provide adequate sites 
for functionalization while maintaining a stable and 
 

 reproducible sensor platform. It ensures that the variations 
in height are minimal, which is crucial for the consistent 
performance of biosensors. Furthermore, observation of the 
IDE design using a 3D profiler shows almost uniform 
electrode edges, indicating that etching has progressed to 
the highest level of the design phase. 

The three-dimensional (3D) morphology of AuNPs on a 
functionalized modified IDE surface is shown in Figure 6 (c). 
The 3D profilometer revealed a few red-colored areas and 
the red portion is the portion that protrudes from the IDE 
surface. This could be because AuNP particles in specific 
locations have agglomerated, resulting in bigger AuNP 
particles. The robust adhesion of AuNPs was confirmed by 
inspection with a 3D nanoprobe imager. These binding 
discrepancies were caused by the high binding affinity of 
AuNPs on the IDE surfaces as shown in Figure 6 (d), the 
maximal height of the surface is 792.539 nm, minimum 
height is -52.746 nm whereas the average height is 530.836 
nm. A negative height value in the context of surface 
roughness measurements typically indicates a depression 
or valley relative to a reference plane or baseline. The 
presence of negative height values indicated that the 
surface was not perfectly flat but had variations in height. 
This can provide a more detailed understanding of the 
surface topography. It might lead to inconsistent binding of 
target molecules, which can impact the sensitivity and 
reliability of the sensor. 

Agglomerated AuNPs can affect the sensitivity and 
specificity of biosensors. Agglomeration of AuNPs leads to a 
decrease in the overall surface area available for 
functionalization. This reduction can limit the number of 
active sites for binding target molecules, thereby affecting 
the sensitivity of the sensor [23]. They might lead to 
 

  
(a) (b) 

  
(c) (d) 

Figure 6. 3D profiler analysis; (a) 3D morphology of IDE surface, (b)Height of the fabricated IDE sensor, (c) 3D morphology of AuNPs 
immobilized with IDE surface, (d) Height of the AuNPs immobilized with IDE surface 
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reduced surface area available for functionalization, which 
can impact the binding efficiency of target molecules. 
Additionally, agglomeration can influence the optical and 
electronic properties of the nanoparticles, potentially 
altering the sensor’s performance. 

3.5. Electrical Measurement Analysis 

3.5.1. Current Response on Bare IDEs 

Figure 7 (a) depicts the current recorded on the AuNPs 
coated biosensor with various amounts of target analyte 
probe using the Keithley 2450. To obtain I-V characteristics, 
electrical characterization was performed via a 
picoammeter voltage source (Keithley) and Kickstart 
software. The voltage between the two electrodes was set 
between 0 and 1 V. If the applied voltage is greater than the 
voltage range, the sensor could be damaged. Figure 7 (a) 
depicts the I-V characteristics of the biosensor production 
process at several stages, including surface 
functionalization, silanization, immobilization, and testing 
with complementary probe, which is a hybridization phase. 

The electrical characterization of bare IDE is shown in the 
inset graph in Figure 7. It is essential to know the status of 
the IDE prior to functionalizing it. The altitude and spacing 
between the electrodes were found to have a significant 
influence on the frequency and magnitude of the electric 
field and current density over the electrode surface, 
whereas the diameter of the electrode surface had a lower 
effect on field strength and current density. The current 
recorded on bare IDE shows an exponential increase up to 
4.0718E-10 A at 1 V after optimized triplicate. This pico-
appearance range currently demonstrates that IDEs are 
correctly manufactured and produced with no shortfall. 
Furthermore, these findings indicated that IDE was 
produced with almost identical properties and 
characteristics. As a result, it must be monitored regularly 
to verify that no shortfall occurs before proceeding with 
another fabrication procedure. 

3.5.2. Effect of Surface Functionalization 

The current flow for surface functionalization varies 
depending on the attachment of molecules to sensor 
surfaces [24]. Before molecular attachments, the current 
flows were smooth and barrier-free. After the 
functionalization of AuNPs without DES, the current 
exponentially increases due to the abundance of the 
hydroxyl group. The current increased exponentially up to 
1.07401E-9 A at 1 V. This shows that the picoammeter 
detects a strong binding of the AuNPs with the bare IDE 
surface. In addition, this study also implemented surface 
functionalization by AuNPs with DES on bare IDEs to 
analyze the effect of DES on AuNPs. As resulted in Figure 7 
(a), the current flow of AuNP with DES is higher than AuNPs 
without DES measured on 3.9279E-9 A at 1 V. The current 
amplification is due to dispersive liquid-liquid 
microextraction (DLLME) which explains the chemical 
characterization of DES to prevent agglomeration on 
nanoparticles and increase the current flow on the sensors 
[25], [26]. 

3.5.3. Impact of DES 

DES is also comprised of choline chloride and urea 
combinations which subclass of ionic liquids known for 
their capacity to dissolve metal chlorides. Thus, this ionic 
hydrophobic DES resulted in greater current compared 
with AuNPs without DES due to charge delocalization 
produced by the creation of the hydrogen bond between the 
DESs components, which is recognized as hydrogen bond 
acceptors (HBAs) and hydrogen bond donors (HBDs) [27], 
[28]. 

The modest drop in current after silanization with APTES 
revealed that the AuNPs bind to DES and APTES. The 
functional group of APTES presents an amine group (-NH2) 
and an abundant hydroxyl group (-OH) which binded with 
AuNPs by dehydration synthesis. On another hand, surface 
functionalization of AuNPs with DES resulted in a lower  
 

  
(a) (b) 

Figure 7. Electrical measurement analysis; a) Result of electrical analysis on bare IDEs, surface functionalization by AuNPs without and 
with DES, immobilization probe, and hybridization of target; b) Comparison electrical analysis on AuNPs without DES and AuNPs with 

DES by error bars at 1 V 
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current on salinization due to redox reaction (5.45938E-10 
A at 1 V). The formation of molecular complex structure 
induced vibrations, resulting in charge displacement 
between the nanochemical [29], [30], [31]. After the 
immobilization of the probe on the APTES layer, the current 
value exponentially rises again until 8.17004E-9 A at 1 V. 
The increment of current for the immobilization process is 
due to the Fab region attached to the amine group of APTES. 
The advantage of polyclonal antibodies-based proteins is 
the tail-on orientation, which leads to enhanced analyte 
binding and thus improved biosensor sensitivity [32], [33]. 

3.5.4. Impact of Hybridization and Immobilization 

Next, the hybridization of probe and target shows dropped 
in current flows on 7.17004E-9 A at 1 V. During 
hybridization, the current declined due to the affinity 
interaction of anti-human protein spindle 1 polyclonal 
antibody which exhibits saturation kinetics [34]. In 
addition, the hybridization of probe and target has higher 
possibilities of altering the electrical characteristics across 
two electrodes as providing an indication for the electro-
sensing of antigen [35]. Meanwhile, Figure 7(b) illustrates 
the electrical analysis of AuNPs with and without DES at 1 
V. Referring to Figure 7(b), the current flows on AuNPs with 
DES are higher than AuNPs without DES at 1 V. The 
difference in current measurement is due to the binding 
interaction between AuNPs and DES. DES also proved it can 
control the dispersion of AuNPs demonstrating lesser 
agglomeration of the nanomaterials. 

As a result, the resultant current was dramatically raised, as 
illustrated in Figure 7 (a). The probe is negatively charged, 
and when hybridized with the appropriate target, the 
unbound net positive charge carrier in the APTES layer 
grows proportionally to the net negative charge of the probe 
and target. 

4. CONCLUSION 

The aim of this project is to provide an effective detection 
method using eco-friendly DES in electrochemical sensing 
for ovarian cancer as a model system. Functionalized 
nanomaterials and conjugation with deep eutectic solvent 
could be employed to improve the electrical signal in IDE-
based biosensors for the detection of ovarian cancer. In this 
study, AuNPs were used as a promising nanomaterial for the 
detection of ovarian cancer due to their large improvement 
in specificity for identification using the Surface Plasmon 
Resonance effect. Due to DES's biocompatibility with cells, 
DNA, enzymes, and catalysts, it's reasonable to expect that 
they would serve a major part in biosensing developments 
for biological purposes. Gold nanoparticles (AuNPs) have 
been utilized in the construction of biosensors because their 
electrical and electrochemical properties are appropriate 
for enhancing electrical signals in biomedical applications. 
The recommendation for this study is to optimize 
parameters such as AuNP concentrations, organic, 
inorganic linker (APTES), and voltage for monitoring 
current flow on the ide biosensor. To improve the stability 
of AuNPs on IDE devices, further studies should be carried 
out to obtain efficiency such as evaluating the dispersion of 

different concentrations of AuNPs in the different 
concentrations of deep eutectic solvent to choose the best 
optimization. Application of a Choline chloride-based 
stabilizer to reverse the AuNPs agglomeration process in 
DES can also be carried out for further analysis. 

The integration of gold nanoparticles (AuNPs) with deep 
eutectic solutions (DES) has demonstrated significant 
potential in the early detection of ovarian cancer. This 
innovative approach leverages the unique physicochemical 
properties of AuNPs, such as their high surface area, tunable 
optical properties, and biocompatibility, combined with the 
environmentally friendly and efficient solvent properties of 
DES12. 

The study highlights that AuNPs synthesized in DES exhibit 
enhanced sensitivity and specificity in detecting ovarian 
cancer biomarkers. This is attributed to the superior 
surface-enhanced Raman scattering (SERS) capabilities of 
the AuNPs, which allow for the detection of trace amounts 
of cancer biomarkers at early stages13. The method’s 
simplicity, rapidity, and eco-friendliness further underscore 
its potential for clinical applications. 

In conclusion, the AuNP-DES system represents a 
promising, cost-effective, and sustainable platform for the 
early detection of ovarian cancer, potentially improving 
patient outcomes through earlier diagnosis and treatment. 
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