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Abstract

Silver iodide (Agl) nanostructures have been considered as promising candidates for optical biosensors
owing to their optical characteristics of optical properties, including tunable surface plasmon resonance
(SPR) and fluorescence enhancement. Such properties let one analyze biomolecules with high sensitivity,
which makes them ultra-useful in diagnostics. The formed Agl nanostructures can be synthesized using
chemical precipitation and template methods that enable fine-tuning of the morphology and crystallinity of
the final nanostructure. The presence of SPR enhances optical signals potentially, and fluorescence
enhancement helps visualize biomolecule interactions easier as the analyte concentration is usually low.
Such uses of biosensors include applications in proteins, nucleic acids, and other biomolecules for progress
in disease diagnosis and pharmacogenomics. Moreover, the good biocompatibility level of the created Agl
nanostructures makes it possible to integrate them into biological systems safely, increasing their usage in
medicine. This integration of their appealing optics, biosensing operating principles, and biocompatibility
establishes their centrality in the creation of future photonic biosensors for faster, intuitive, and painless
detection.
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Introduction

Due to the high selectivity and sensitivity of optical biosensors for the analysis of biological molecules, the
amount of research related to these devices has increased significantly in the past several years. It has been
clearly demonstrated that the method of speciation analysis and its application as an instrument for
evaluating the threat to human health or for establishing the quality of food products are of great
importance [1]. Optical biosensors have several qualities that are especially desirable in contrast with other
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normal analytical methods. These advantages include the capability to target a large number of biological
and chemical species with direct and immediate analyses without the necessity of tags. These devices offer
additional advantages due to their high specificity and sensitivity, compact design, and relatively low cost.
Microelectronics, microelectromechanical systems (MEMS), micro/nanotechnologies, molecular biology,
biotechnology, and molecular chemistry are among the numerous technologically sophisticated ideas used
in the process of creating new optical biosensors [2]. The presented review forms a constructively ordered
scientific database of research and technological development concerning optical biosensors over the past
decade. A particular increase is observed in the use of biosensors, specifically in healthcare applications,
environmental monitoring, and the field of biotechnology [3].

From the point of view of the mode of signal transduction (optical, electrochemical, thermometric,
piezoelectric, and magnetic), it is possible to divide biosensors into a large number of subtypes. The
biosensors that are widely recognized in the media and are regarded as optical biosensors are the type of
biosensors that get the highest attention. The optical detection process is achieved by harnessing the
interaction between the light field and a biorecognition component [4]. It is possible to employ two basic
categories for distinguishing optical biosensing technologies. In this system, these categories are label-free
modes and label-based systems. When the mode is label-free, the detected signal has been produced purely
from the interaction of the substance being studied with the transducer. In layman’s terms, what this state
is that the signal was generated directly. On the other hand, label-based sensing was characterized by the
presence of a label when the optical signal is reconstructed through the colorimetric, fluorescent, or
luminescent method. About label-based sensing, the level of distinguishing a label was characterized
according to the type of label [5]. As an example, the comparatively simple sugar, glucose, may be detected
by employing enzymatic oxidation in combination with label-assisted sensing for identification. Glucose
analysis in blood has been the most commercially successful application of a biosensor, up to this point. The
handheld glucose meter, widely utilized by individuals with diabetes for continuous monitoring, represents
a notable economic success among biosensors. Its widespread adoption and practicality underscore its
commercial viability and effectiveness in the biosensor market. Labeling, in contrast, may change the
binding properties, thus leading to the introduction of systematic inaccuracy into the biosensor analysis.
Specifically, when one of the bioactive chemicals has an attached label, such as the interaction between an
antibody and an antigen, this is the case [6].

Imposing a biorecognition sensing element, one of the components of an optical biosensor is a
miniature analytical instrument (Figure 1) attached to an optical transducer system. A key goal for the
design of an optical biosensor is to create a signal that is proportional to the concentration of a substance
(analyte) that is measured. This signal is produced by the optical biosensor we are discussing. The optical
biosensor and the receptor alone are used to create this signal. Depending on the nature of the target
analyte, it is possible to use various types of biological molecules with the optical biosensor. Such molecules
include enzymes, antibodies, antigens, receptors, nucleic acids, whole cells, and tissues. In such cases, it is
the biorecognition element that is primarily responsible [7]. Three methods take advantage of the
evanescent field, which is formed just above the surface of the biosensor. Among them, there are three
types: surface plasmon resonance (SPR), evanescent wave fluorescence, and optical waveguide
interferometry. Other methods include optical waveguide interferometry. Such methods are used in a
systematic manner to discover the event that happens between the biorecognition component and the
analyte. Even though the construction of optical biosensors can be described by a large number of
variations, the purpose of this review is to focus on several of them. The choice of these variants was due to
their versatility and their propensity to identify compounds critical in biological processes. It has therefore
been achieved to incorporate nanomaterials, especially nanostructures of silver iodide (Agl), into optical
biosensors [8].

Long et al. [9], in their study in 2013, have shown that this has led to performance enhancement of
these devices for applications in disease diagnosis, air and water quality analysis, and food quality. A great
number of fields have adopted applications for the use of optical biosensors. Reduced Agl nanostructures
are ideal for increasing the sensitivity and selectivity of biosensors because of their extraordinary optical
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Figure 1. Schematic representation of the optical biosensor. SPR: surface plasmon resonance

properties, namely bright luminescence, tunable light absorption, and pronounced SPR effects [10]. These
properties make Agl nanostructures potential candidates for this purpose, as they exhibit these features in
their behaviors. Consequently, while all these properties have been taken into consideration, Agl
nanostructures are simply wonderful options. As a result of these characteristics, it is possible to translate
biological signals into detectable optical outputs in a sufficiently efficient manner to enable the
identification of target analytes in relatively short times once the conversion has occurred. Of the various
elements that comprise these analytes, there are pathogens, proteins, enzymes, and varieties of nucleic
acids [11].

Agl nanostructures are biocompatible and have accessible surface chemistry that allows the accretion
of certain proteins, thereby increasing the selectivity of the optical biosensors. In addition, some proteins
can adsorb onto Agl nanostructures. One strength is that this is true to a large extent. Innovative
architectures of Agl nanostructures have been developed with a high level of control over the features of
the engineered material, such as size, shape, and distribution of nanopatterns on fabric. This was not
possible before. This has made it possible to have a more refined management over a number of aspects of
the problem. Innovations have made it possible for the creation of resonant systems that can be used for
biosensing and preferably be designed to respond based on user features [12]. Thus, the techniques that
have improved the detection limits and reaction times have made the optical biosensors more useful for
practical applications. This has been due to their enhanced means of measurement. Moving from medical
diagnosis only, the applications of Agl-based biosensors are expanding. Moreover, those biosensors are
used to check environmental pollutants and toxins and food safety by detecting contaminants present in the
food chain. These applications ensure food safety, meeting the objectives of the project. They are especially
useful tactical tools because they may be used across a range of industries [13].

Agl nanostructures: synthesis and properties

Agl is understood to be a material with excellent optical characteristics, including high refractive indexes
and ratios between light and matter energy and other materials, according to [14]. Agl is a chemical
compound that is well known for having great optical properties. With a great superionic conductivity
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higher than 1 Q! cm?, Agl is widely known as an effective ionic conductor. This conductivity was realized in
the a-phase of this chemical compound when it was subjected to high temperatures. Highly disordered
phase structure is the cause of the ionic conductivity that is observed inside this material [15]. From the
observation, it has been demonstrated that as the temperature gets below 146°C, it causes a phase
transition of Agl to a-Agl, which is known as a super ionic conductor [16]. At room temperature, it has a
blatant band gap of 2.9 eV, which is the reference point at which the temperature of the material is
normally measured. Concerning the particle size dependence of the substance, the ionic conductivity and
the phase transition temperature appeared to be sharply affected. Agl is widely used in a number of
industrial segments such as photography, medical, antibacterial, electrical, magnetic, and optical [17]. With
regard to the synthesis of Agl nanoparticles (NPs), there are a number of methods and techniques that have
been employed. These techniques include ultrasonic, mechanochemical, hydrothermal, and laser ablation of
silver in a solution containing sodium dodecylsulfate surfactant and iodine, reverse micelles methods,
electrochemical, and ultrasonic spray pyrolysis [18].

Different nanostructures of Agl and their uses are depicted in the following Figure 2. Agl
nanostructures, including NPs, nanorods, and nanospheres, possess different optical, catalytic, and
antibacterial characters. Having these features makes them very effective in several applications, including
medicinal uses, wound dressing, anti-microbial activities, environmental applications, and as catalysts in
chemical reactions. Besides, the tunability of Agl nanostructures is even more beneficial in different
industrial and biomedical applications.

Silver Iodide
Nanoparticles
20%
Environmental
Sensing
25%
Food Safety

40%
“ Medical Diagnostics

Figure 2. Represent the Agl nanostructures and their uses

Meaningfully, nanostructures made out of Agl possess many plasmonic properties, allowing for more
effective control of these properties at the nanoscale. This is due to the small size of the nanoscale. In light
of this, it is also possible to perform further refinements to these characteristics. These nanostructures can
be described as attractive prospects for the photonics sphere, which essentially means that they can be
scrutinized. Because this is the case, they have the capacity for recognition on this basis [19].

Synthesis methods

Chemical vapor deposition (CVD) techniques, sol-gel techniques, and electrochemical techniques have been
established for synthesizing nanostructures of Agl [20]. These systems have been applied in the synthesis
of nanostructures. This represents a brief description of the techniques that can be used to synthesize Agl
nanostructures [21]. The below Figure 3, represents different approaches to synthesizing of Agl
nanostructures.
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Figure 3. Represent the methods of synthesis of Agl nanostructures

CvD

Nanostructures or thin films of Agl can be formed by a chemical deposition technique called CVD, where
gaseous precursors undergo a reaction with a preheated substrate. By applying this technique, it is possible
to gain improved control over the size and size distribution of the nanostructures, resulting in the synthesis
of highly pure and uniform Agl nanostructures [22].

The CVD method for preparation of Agl is further depicted in the schematic diagram in Figure 4. Here,
the metallic silver precursor vapor is deposited on iodine gas and transformed into Agl nanostructures in a
reaction chamber at high temperature. The method enables manipulation of the shape and size of the
synthesized NPs, hence suitable for forming high-quality Agl for numerous purposes, including catalysis
and as antimicrobial agents. The CVD technique is well preferred for yielding high-purity, uniform, and
easily scalable Agl nanomaterials.

Sol-gel process

The sol-gel method involves the transition of a liquid-phase sol into a solid-gel phase. This transition is
fundamental to the development of the technique. To synthesize Agl metal nanostructures, silver sources
are mixed with iodine precursors before the fabrication of the nanostructures. Once the gelation process is
complete, the material undergoes further drying and annealing steps [23]. In summary, this process results
in densely packed nanostructures with control over particle size. Additionally, Agl nanostructures can be
created at low temperatures, which is a notable advantage [24].

Figure 5 describes a schematic of the sol-gel method for synthesizing Agl. In this process, silver salts
are kept in a solvent and converted into sol, and then the sol is mixed with an iodine precursor. Sol converts
into a gel, and the gel further solidifies into a three-dimensional network, and finally, on heating, Agl
nanostructures are formed. This permits the synthesis of highly surface area and property uniform Agl
under controlled conditions.

Electrochemical methods

Electrochemical synthesis is performed by passing an electric current through a solution containing silver
and iodide ions to initiate various processes. This technique is employed to produce the desired chemical
compound and results in the formation of Agl nanostructures on the electrode surface [25]. This procedure
allows for precise control over the composition and shape of the nanostructures by adjusting the voltage
and other reaction conditions. Both composition and shape depend on these controlled properties to
achieve the desired specific structure [26].
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Figure 5. Representation of schematical view of sol-gel method for the preparation of Agl

The electrochemical method for the preparation of Agl is given in Figure 6. During this process, two
silver electrodes are mounted in an iodide ion solution, which is an electrolyte solution of some sort. An
electric current is passed through the solution where, at the cathode, the silver ions are reduced on the
surface of the electrode and then react with iodide ions to produce Agl nanostructures. This method can
provide excellent control of aspects such as particle size and shape, which is beneficial in sensor, catalytic,
and antimicrobial applications.

These techniques permit precise regulation of the dimensions, morphology, and crystalline
configuration of Agl nanostructures, which in turn affects their optical and sensing characteristics [27].
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Figure 6. Representation of schematical view of electrochemical method for the preparation of Agl

Optical properties

The efficiency of biosensors based on Agl nanostructures relies primarily on features such as SPR and
enhanced scattering. SPR is defined by the oscillation of free electrons, a process that occurs in Agl
nanostructures when they are illuminated. This increases the intensity of the surrounding electromagnetic
field manifold, especially with environmental changes like refractive index, as shown in Figure 7. Specific
proteins and DNA can bind to these nanostructures, altering their refractive index. Such changes result in
variations in the SPR signal, allowing real-time analysis of biomolecular interactions without the need for
labels. These nanostructured materials, such as Agl, have potential applications in disease diagnostics,
environmental monitoring, and quality control, including testing for food safety regulations [28].

Figure 7. Representation of schematical view of optical properties

Explor BioMat-X. 2024;1:366-79 | https://doi.org/10.37349/ebmx.2024.00025 Page 372



Some of the optical features of Agl nanostructures are shown in Figure 7. These properties comprise
the absorption, reflection, and scattering effects, and all these are highly dependent on the size, shape, or
crystallinity of the nanomaterial involved. This property also affords Agl unique light adsorption in the UV-
visible region and light scattering that is essential in optoelectronics, sensors, and photocatalytic
applications. Due to tunable optical characteristics, Agl can be used in many unconventional applications of
modern technologies.

Increase in scattering is another important optical property of Agl nanostructures; increasing this can
lead to an enhancement in the observed signal. This characteristic is highly desirable in the biosensor’s
domain, as biosensors often require detection of low concentrations of an analyte. It holds significant value
in this field [29]. The enhanced ability of Agl nanostructures to induce light scattering makes the sensor
more sensitive and lowers its limit of detection. This structure is achieved by using Agl nanostructures to
improve light dispersion. By controlling the size, shape, and structural properties of Agl nanostructures,
researchers can modify the optical properties and tailor them for biosensing applications [30]. As a result,
Agl nanostructures have evolved into versatile and valuable components in the development of next-
generation diagnostic devices [31].

Mechanisms of optical biosensing

As a result of the target analyte, most optical biosensors must undergo several functional steps, often
including absorption, emission, scattering, and similar processes. The interactions observed between the
sensor surface and biomolecules cannot be explained without the signals produced from these inputs. Ong
and co-authors [32] demonstrated in their 2021 study that optical detection can be made more sensitive
and accurate by using Agl nanostructures as photonic amplifiers. The optimization of SPR and sensitivity to
the refractive index allows the Agl nanostructures to enhance the interaction of the analyte with light. The
authors noted that signal generation and detection capabilities remain enhanced, even in low analyte
concentration situations. Several advantages of integrating Agl nanostructures as photonic amplifiers in
biosensors include improved efficiency, enhanced scattering, and absorption processes [33].

The schematic mechanism of an optical biosensor is illustrated in Figure 8. In this process, there is an
attempt to attach a biological recognition element, which includes enzymes/antibodies, to a substrate and
interact with the target analyte. The interaction between the optical sensor and the material under test
alters one or more properties of light, for instance, reflection, absorption, or fluorescence. They are then
quantified, and the data are compared to check for the existence of the analyte and the intensity of the
same, making it very efficient in diagnostics and in real-time monitoring.

Enhanced signal resolution and clarity due to increased scattering have also been achieved, enabling
the observation of minute optical response changes in the analyte solution. The intensification of dispersion
makes this possible. Based on these optical properties, the size, shape, and crystallinity of Agl
nanostructures can be designed to achieve specific aspects of biosensing functionality [34]. For this reason,
they can be tailored to better fulfill these requirements, making them suitable for environmental
monitoring and other sensitive medical applications. There is potential for real-time enhancement of
detection and monitoring of biological and chemical agents using optical biosensors constructed with Agl
nanostructures [35].

SPR

Among the applications of Agl nanostructures, the biosensing technique called SPR is probably the most
commonly used. Nevertheless, this application is among the most profitable of all of them. Lopes et al. [36]
stated that localized surface plasmons in Agl nanostructures are activated through incident light. This
activation yields strong optical signals that can be possibly followed for biosensing purposes. These
transformations occur in these processes whenever biomolecules, including proteins or DNA, interact with
the surface of the sensor [37].
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Figure 8. Representation of schematical mechanism of optical biosensor. SPR: surface plasmon resonance

Fluorescence enhancement

Additionally, Agl nanostructures possess the potential to enhance fluorescence signals through a method
known as metal-enhanced fluorescence (MEF). Another technique mentioned is the amplification of
fluorescence signals, which increases the emission intensity when fluorophores are located near Agl
nanostructures [38]. This effect greatly assists in the development of fluorescence-based biosensors,
enabling the detection of analytes at trace levels, as described by [39]. These authors further noted that this
effect is particularly beneficial in this process.

Applications of photonic Agl nanostructures in biosensors

Agl nanostructures are used for opto-electrical biosensing applications due to their high sensitivity. Agl
nanostructures are employed in diagnostic procedures by identifying DNA, biomarkers, and disease-
associated proteins at very low concentrations. Early detection of diseases such as cancer and infections, for
instance, increases the patient’s chances of survival. Biosensors made from Agl enable quick diagnosis
because of the high sensitivity and selectivity of the compound [40]. Pollutants remain a major concern to
human life because they impact the quality of soil, water, and air. One significant advantage of these
biosensors is their ability to identify organic contaminants and trace heavy metal pollution that contributes
to environmental degradation. The Agl nanostructures enhanced optical properties facilitate a strong
environmental response, allowing the detection of even minute pollutants in the environment [41].

As highlighted in Figure 9, a number of applications of Agl-NPs have been pointed out in
environmental, food safety, and medical aspects. Within the environmental area, a vast application of Agl-
NPs is seen in water treatment and in the degradation of pollutants. In food safety, they act as preservative
agents to curb microbial load in foods to be preserved. In medical applications, Agl-NPs are used in wound
dressing and drug delivery systems because Agl-NPs have bactericidal properties and biocompatibility. It is
due to their versatile applications that make Agl-NPs more applicable in various sectors of the economy.

They help to filter out toxins, bacteria, and viruses in foods so that people can consume safer food
products. Such nanostructures have the potential to prevent foodborne contaminants from harming people
by identifying them in foods before reaching the market. Real-time and accurate detection of pollutants

across industries to safeguard public health is made possible by biosensors based on Agl nanostructures
[42].
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Medical diagnostics

Newly developed accurate diagnostic instruments can identify bio-signatures linked to diseases such as
cancer and other illnesses, including those generated in the medical industry with nanostructures of Agl
[43]. These devices enable the detection of biomarkers related to diseases. This development in medical
devices has led to significant improvements in early disease identification. Due to this progress, there have
been large successes in completing these diagnostic advancements [44].

Environmental sensing

Other types of optical biosensors detect pollutants in air and water by using Agl nanostructures. These
biosensors enhance the process of monitoring environmental pollutants to an unparalleled degree. Li et al.
[45] highlighted such sensors’ effectiveness in differentiating toxins. Additionally, these contaminants
include microbes that cause illness if ingested, as well as heavy metals and pesticides [46].

Food safety monitoring

Foodborne communicable diseases and pollutants pose major threats to public health. Biosensors
incorporating Agl can detect potentially harmful microbes, toxins, and chemical contaminants in food due
to advancements in optical biosensors [47]. This capability greatly enhances food safety standards, which
was once thought nearly impossible [48]. This breakthrough, achieved by Zhang and colleagues [49]
through rigorous investigation, helps ensure and verify food industry quality and safety.

Challenges and limitations

Despite the opportunities offered by Agl nanostructures in optical biosensing, some challenges are
associated with their usage. These challenges include issues of toxicity, long-term stability, and cost, as
discussed. Addressing these challenges is essential for the successful commercialization of Agl-based
biosensors, as they present potential obstacles to widespread adoption [50].

Toxicity concerns

One well-known issue is the potential toxicity of silver-based NPs, especially in food and medical
applications. Developing new biocompatible coatings or formulations that reduce toxicity while preserving
optical properties is a priority [16]. These coatings must be compatible with various organisms.
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Stability and scalability

Agl nanostructures are prone to degradation under harsh environmental conditions, particularly at high
temperatures. This degradation is more significant in nanostructures due to their small size. Researchers
are exploring protective coatings and surface treatments to increase stability and facilitate large-scale
manufacturing [51]. Large-scale production is essential for making these nanostructures cost-effective [52].

Future directions

Advancements in photo-catalytic Agl nanostructures and photonic Agl nanostructures hold promise for
developing biosensors that can detect multiple analytes with high sensitivity. These developments
represent the future of biosensing research, with new NPs, nanofabrication techniques, and material
sciences contributing to the next generation of optical biosensors [53].

The combination with other nanomaterials

Incorporating Agl nanostructures with other materials, such as graphene or quantum dots, could lead to
advanced hybrid biosensors with higher sensitivity, selectivity, and multiplexing capacity [54]. A study by
Nawito [55] demonstrated that hybrid systems outperformed conventional analysis systems by at least an
order of magnitude in these aspects.

Smart biosensors

Current research is focused on developing smart biosensors that integrate artificial intelligence (Al) and
machine learning (ML) for real-time data processing and analysis. Bhaskar et al. [37] suggest that these
systems, with their rapid and accurate diagnostic capabilities, have the potential to transform medical and
environmental surveillance by providing quick and reliable diagnoses. This capability enhances biosensing

applications across various sectors, allowing these devices to deliver precise diagnostic outcomes efficiently
[39].

Conclusions

Nanostructures are fairly new in the field of optical biosensing, and those made of Agl have been rated as
very efficient instruments. These nanostructures have proved to be strong tools because of the tremendous
improvement in sensitivity and selectivity due to their use. Thus, there is a great deal of potential for using
biosensors based on Agl, even though there are issues, such as toxicity and stability, on the horizon. It might
be that this promise will be realized in the future through further research and development. They are
considered more important today in sensing technologies due to the increasing role they play in diverse
fields, including disease detection, environmental assessment, quality of foods, and others.
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Declarations
Author contributions

HA: Writing—review & editing. NN, A Ullah, and MWA: Visualization. MM, M]S, and MA: Formal analysis. A
Umar: Data curation. SH: Resources, Investigation. MUK: Conceptualization, Investigation, Methodology,
Project administration, Resources, Software, Supervision, Validation.

Conflicts of interest

Not applicable.

Explor BioMat-X. 2024;1:366-79 | https://doi.org/10.37349/ebmx.2024.00025 Page 376



Ethical approval

Not applicable.

Consent to participate

Not applicable.

Consent to publication

Not applicable.

Availability of data and materials

Not applicable.

Funding

Not applicable.

Copyright
© The Author(s) 2024.

References

1.

10.

11.

12.

13.

14.

Damborsky P, Svitel ], Katrlik ]. Optical biosensors. Essays Biochem. 2016;60:91-100. [DOI] [PubMed]
[PMC]

Borisov SM, Wolfbeis 0OS. Optical biosensors. Chem Rev. 2008;108:423-61. [DOI] [PubMed]

Lechuga LM. Optical biosensors. In: Biosensors and Modern Biospecific Analytical Techniques.
Elsevier; 2005. pp. 209-50. [DOI]

Cunningham BT. Label-free optical biosensors: An introduction. In: Cooper MA, editor. Label-Free
Biosensors: Techniques and Applications. Cambridge University Press; 2009. pp. 1-28. [DOI]

Turner APF, Newman ]JD. An Introduction to Biosensors. In: Biosensors for Food Analysis. Woodhead
Publishing; 2005. pp. 13-27. [DOI]

Duque Martins T, Chaves Ribeiro AC, de Camargo HS, da Costa Filho PA, Mesquita Cavalcante HP,
Lopes Dias D. New Insights on Optical Biosensors: Techniques, Construction and Application. In: State
of the Art in Biosensors - General Aspects. London: IntechOpen; 2013. pp. 112-39. [DOI]

Chen C, Wang |. Optical biosensors: an exhaustive and comprehensive review. Analyst. 2020;145:
1605-28. [DOI] [PubMed]

Chen Y, Liu ], Yang Z, Wilkinson ]S, Zhou X. Optical biosensors based on refractometric sensing
schemes: A review. Biosens Bioelectron. 2019;144:111693. [DOI] [PubMed]

Long F, Zhu A, Shi H. Recent advances in optical biosensors for environmental monitoring and early
warning. Sensors (Basel). 2013;13:13928-48. [DOI] [PubMed] [PMC]

Fan X, White IM, Shopova SI, Zhu H, Suter JD, Sun Y. Sensitive optical biosensors for unlabeled targets:
areview. Anal Chim Acta. 2008;620:8-26. [DOI] [PubMed] [PMC]

Singh, AK, Mittal S, Das M, Saharia A, Tiwari M. Optical biosensors: a decade in review. Alexandria Eng
J. 2023;67:673-91. [DOI]

Zanchetta G, Lanfranco R, Giavazzi F, Bellini T, Buscaglia M. Emerging applications of label-free optical
biosensors. Nanophotonics. 2017;6:627-45. [DOI]

El-Kouedi M, Foss CA. Optical Properties of Gold-Silver Iodide Nanoparticle Pair Structures. ] Phys
Chem B. 2000;104:4031-7. [DOI]

Ahmad N, Alshehri AM, Khan ZR, Ahmad I, Hasan PMZ, Melaibari AA, et al. Tailoring of band gap,
dielectric and antimicrobial properties of silver iodide nanoparticles through Cu doping. Mater Sci
Semicond Process. 2022;137:106239. [DOI]

Explor BioMat-X. 2024;1:366-79 | https://doi.org/10.37349/ebmx.2024.00025 Page 377


https://dx.doi.org/10.1042/EBC20150010
http://www.ncbi.nlm.nih.gov/pubmed/27365039
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4986466
https://dx.doi.org/10.1021/cr068105t
http://www.ncbi.nlm.nih.gov/pubmed/18229952
https://dx.doi.org/10.1016/S0166-526X(05)44005-2
https://dx.doi.org/10.1017/CBO9780511626531.003
https://dx.doi.org/10.1533/9781845698157.1.13
https://dx.doi.org/10.5772/52330
https://dx.doi.org/10.1039/c9an01998g
http://www.ncbi.nlm.nih.gov/pubmed/31970360
https://dx.doi.org/10.1016/j.bios.2019.111693
http://www.ncbi.nlm.nih.gov/pubmed/31539719
https://dx.doi.org/10.3390/s131013928
http://www.ncbi.nlm.nih.gov/pubmed/24132229
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3859100
https://dx.doi.org/10.1016/j.aca.2008.05.022
http://www.ncbi.nlm.nih.gov/pubmed/18558119
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10069299
https://dx.doi.org/10.1016/j.aej.2022.12.040
https://dx.doi.org/10.1515/nanoph-2016-0158
https://dx.doi.org/10.1021/jp992632h
https://dx.doi.org/10.1016/j.mssp.2021.106239

15.

16.

17.

18.

19.
20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Tomaev VV, Tveryanovich YS, Balmakov MD. Control of the phase composition of nanostructured
silver iodide. Nanotechnol Russia. 2015;10:242-6. [DOI]

Xu S, Zhou H, Xu J, Li Y. Synthesis of Size-Tunable Silver lodide Nanowires in Reverse Micelles.
Langmuir. 2002;18:10503-4. [DOI]

Kaliammal P, Rosemary M], Abdul Khadar M. Synthesis, characterization and application of polymer
protected silver and silver iodide nanoparticles. Indian ] Nanotechnol Appl. 2013;1:49-60.

Lei B, Zhu M, Chen P, Chen C, Ma W, Li T, et al. Silver iodide microstructures of a uniform towerlike
shape: morphology purification via a chemical dissolution, simultaneously boosted catalytic

durability, and enhanced catalytic performances. ACS Appl Mater Interfaces. 2014;6:4160-9. [DOI]
[PubMed]

Creighton JR, Ho P. Introduction to chemical vapor deposition (CVD). ASM International; 2001.
Manawi YM, lhsanullah, Samara A, Al-Ansari T, Atieh MA. A Review of Carbon Nanomaterials’
Synthesis via the Chemical Vapor Deposition (CVD) Method. Materials (Basel). 2018;11:822. [DOI]
[PubMed] [PMC]

Hench LL, West JK. The sol-gel process. Chem Rev. 1990;90:33-72.

Livage J. Sol-gel processes. Curr Opin Solid State Mater Sci. 1997;2:132-8. [DOI]

Bard A], Faulkner LR, White HS. Electrochemical Methods: Fundamentals and Applications, 3rd ed.
John Wiley & Sons; 2022.

Michael AC, Borland LM, editors. Electrochemical Methods for Neuroscience. Boca Raton (FL): CRC
Press/Taylor & Francis; 2007. [PubMed]

Bard AJ, Faulkner LR. Electrochemical methods: fundamentals and applications. Surf Technol. 1983;
20:91-2.

Apsana G, George PP, Devanna N, Yuvasravana R. One-Step Green Synthesis, Characterization, Optical,
and Photocatalytic Properties of Metal lodide (MI, M = Ag and Cu) Nanoparticles. ] Bionanosci. 2018;
12:191-9. [DOI]

Contino A, Maccarrone G, Zimbone M, Seggio M, Musumeci P, Giuffrida A, et al. Synthesis and
characterization of new tyrosine capped anisotropic silver nanoparticles and their exploitation for the
selective determination of iodide ions. Colloids Surf A. 2017;29:128-36. [DOI]

Kim ], Hong S, Jang H, Choi Y, Park S. Influence of iodide ions on morphology of silver growth on gold
hexagonal nanoplates. ] Colloid Interface Sci. 2013;389:71-6. [DOI] [PubMed]

Gnanavel M, Sunandana CS. Self-Assembled Ag@Agl Core-Shell Nanoparticles in lodized Ag/PVA Thin
Films: Transmission Electron Microscopy, Optical Absorption and Photoluminescence Studies. Adv Sci
Eng Med. 2013;5:206-16.

Seitz WR. Transducer mechanisms for optical biosensors. Part 1: The chemistry of transduction.
Comput Methods Programs Biomed. 1989;30:9-19. [DOI] [PubMed]

Kabashin AV, Kravets VG, Grigorenko AN. Label-free optical biosensing: going beyond the limits. Chem
Soc Rev. 2023;52:6554-85. [DOI] [PubMed]

Ong J], Pollard TD, Goyanes A, Gaisford S, Elbadawi M, Basit AW. Optical biosensors - [lluminating the
path to personalized drug dosing. Biosens Bioelectron. 2021;188:113331. [DOI] [PubMed]
Herrera-Dominguez M, Morales-Luna G, Mahlknecht ], Cheng Q, Aguilar-Hernandez I, Ornelas-Soto N.
Optical Biosensors and Their Applications for the Detection of Water Pollutants. Biosensors (Basel).
2023;13:370. [DOI] [PubMed] [PMC(]

Piliarik M, Vaisocherova H, Homola J. Surface plasmon resonance biosensing. Methods Mol Biol. 2009;
503:65-88. [DOI] [PubMed]

Jeong Y, Kook Y, Lee K, Koh W. Metal enhanced fluorescence (MEF) for biosensors: General

approaches and a review of recent developments. Biosens Bioelectron. 2018;111:102-16. [DOI]
[PubMed]

Explor BioMat-X. 2024;1:366-79 | https://doi.org/10.37349/ebmx.2024.00025 Page 378


https://dx.doi.org/10.1134/s1995078015020214
https://dx.doi.org/10.1021/la0264623
https://dx.doi.org/10.1021/am405816p
http://www.ncbi.nlm.nih.gov/pubmed/24564368
https://dx.doi.org/10.3390/ma11050822
http://www.ncbi.nlm.nih.gov/pubmed/29772760
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5978199
https://dx.doi.org/10.1016/s1359-0286(97)80057-5
http://www.ncbi.nlm.nih.gov/pubmed/21204376
https://dx.doi.org/10.1166/jbns.2018.1523
https://dx.doi.org/10.1016/j.colsurfa.2017.05.056
https://dx.doi.org/10.1016/j.jcis.2012.09.007
http://www.ncbi.nlm.nih.gov/pubmed/23058981
https://dx.doi.org/10.1016/0169-2607(89)90118-1
http://www.ncbi.nlm.nih.gov/pubmed/2684487
https://dx.doi.org/10.1039/d3cs00155e
http://www.ncbi.nlm.nih.gov/pubmed/37681251
https://dx.doi.org/10.1016/j.bios.2021.113331
http://www.ncbi.nlm.nih.gov/pubmed/34038838
https://dx.doi.org/10.3390/bios13030370
http://www.ncbi.nlm.nih.gov/pubmed/36979582
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10046542
https://dx.doi.org/10.1007/978-1-60327-567-5_5
http://www.ncbi.nlm.nih.gov/pubmed/19151937
https://dx.doi.org/10.1016/j.bios.2018.04.007
http://www.ncbi.nlm.nih.gov/pubmed/29660581

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47,

48.

49,

50.

51.

52.

53.

54,

55.

Lopes RN, Pinto PHS, Vargas JDL, Dante A, Macrae A, Allil RCB, et al. Development of an
Immunocapture-Based Polymeric Optical Fiber Sensor for Bacterial Detection in Water. Polymers
(Basel). 2024;16:861. [DOI] [PubMed] [PMC(]

Bhaskar S, Singh AK, Das P, Jana P, Kanvah S, Bhaktha BNS, et al. Superior Resonant Nanocavities
Engineering on the Photonic Crystal-Coupled Emission Platform for the Detection of Femtomolar
Iodide and Zeptomolar Cortisol. ACS Appl Mater Interfaces. 2020;12:34323-36. [DOI] [PubMed]

Gong L, Dai H, Zhang S, Lin Y. Silver lodide-Chitosan Nanotag Induced Biocatalytic Precipitation for

Self-Enhanced Ultrasensitive Photocathodic Immunosensor. Anal Chem. 2016;88:5775-82. [DOI]
[PubMed]

Singh KR, Natarajan A, Pandey SS. Bioinspired Multifunctional Silver Nanoparticles for Optical Sensing
Applications: A Sustainable Approach. ACS Appl Bio Mater. 2023;6:4549-71. [DOI] [PubMed]

Nieves LM, Mossburg K, Hsu JC, Maidment ADA, Cormode DP. Silver chalcogenide nanoparticles: a
review of their biomedical applications. Nanoscale. 2021;13:19306-23. [DOI] [PubMed] [PMC]
Paterno GM, Moscardi L, Donini S, Ariodanti D, Kriegel I, Zani M, et al. Hybrid One-Dimensional
Plasmonic-Photonic Crystals for Optical Detection of Bacterial Contaminants. ] Phys Chem Lett. 2019;
10:4980-6. [DOI] [PubMed]

Gokturk I, Denizli F, Ozgiir E, Yilmaz F. Ultrasensitive Sensors Based on Plasmonic Nanoparticles. In:
Denizli A, editor. Plasmonic Sensors and their Applications. John Wiley & Sons, Inc; 2021. [DOI]
Normani S, Carboni FF, Lanzani G, Scotognella F, Paternd GM. The impact of Tamm plasmons on
photonic crystals technology. Phys B Condens Matter. 2022;645:414253. [DOI]

Hua Z, Yu T, Liu D, Xianyu Y. Recent advances in gold nanoparticles-based biosensors for food safety
detection. Biosens Bioelectron. 2021;179:113076. [DOI] [PubMed]

Li T, Shang D, Gao S, Wang B, Kong H, Yang G, et al. Two-Dimensional Material-Based Electrochemical
Sensors/Biosensors for Food Safety and Biomolecular Detection. Biosensors (Basel). 2022;12:314.
[DOI] [PubMed] [PMC(]

Zhang L, Zhang H. Silver Halide-Based Nanomaterials in Biomedical Applications and Biosensing
Diagnostics. Nanoscale Res Lett. 2022;17:114. [DOI] [PubMed] [PMC]

Farka Z, Jutik T, Kovar D, Trnkova L, Skladal P. Nanoparticle-Based Immunochemical Biosensors and
Assays: Recent Advances and Challenges. Chem Rev. 2017;117:9973-10042. [DOI] [PubMed]

Yadav N, Yadav SS, Chhillar AK, Rana JS. An overview of nanomaterial based biosensors for detection
of Aflatoxin B1 toxicity in foods. Food Chem Toxicol. 2021;152:112201. [DOI] [PubMed]

Zhang S, Geryak R, Geldmeier ], Kim S, Tsukruk VV. Synthesis, Assembly, and Applications of Hybrid
Nanostructures for Biosensing. Chem Rev. 2017;117:12942-3038. [DOI] [PubMed]

Kassal P, Horak E, Sigurnjak M, Steinberg MDMP, Steinberg IM. Wireless and mobile optical chemical
sensors and biosensors. Rev Anal Chem. 2018;37:20170024. [DOI]

Zhong L, Li X, Liu R, Wei X, Li ]J. A visible-light-driven photoelectrochemical molecularly imprinted
sensor based on titanium dioxide nanotube arrays loaded with silver iodide nanoparticles for the
sensitive detection of benzoyl peroxide. Analyst. 2019;144:3405-13. [DOI] [PubMed]

Saraf M, Yaraki MT, Prateek, Tan YN, Gupta RK. Insights and Perspectives Regarding Nanostructured
Fluorescent Materials toward Tackling COVID-19 and Future Pandemics. ACS Appl Nano Mater. 2021;
4:911-48. [DOI] [PubMed]

Ha M, Kim ], You M, Li Q, Fan C, Nam J. Multicomponent Plasmonic Nanoparticles: From
Heterostructured Nanoparticles to Colloidal Composite Nanostructures. Chem Rev. 2019;119:
12208-78. [DOI] [PubMed]

Ali K, Nishtar Z, Sabir RM, Safdar M. Biosensors for Environmental Monitoring in the Smart
Agriculture Sector. In: Agriculture and Aquaculture Applications of Biosensors and Bioelectronics. IGI
Global Scientific Publishing; 2024. pp. 135-54. [DOI]

Nawito M. CMOS Readout Chips for Implantable Multimodal Smart Biosensors. Springer Vieweg
Wiesbaden; 2018. [DOI]

Explor BioMat-X. 2024;1:366-79 | https://doi.org/10.37349/ebmx.2024.00025 Page 379


https://dx.doi.org/10.3390/polym16060861
http://www.ncbi.nlm.nih.gov/pubmed/38543466
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10975820
https://dx.doi.org/10.1021/acsami.0c07515
http://www.ncbi.nlm.nih.gov/pubmed/32597162
https://dx.doi.org/10.1021/acs.analchem.6b00297
http://www.ncbi.nlm.nih.gov/pubmed/27180822
https://dx.doi.org/10.1021/acsabm.3c00669
http://www.ncbi.nlm.nih.gov/pubmed/37852204
https://dx.doi.org/10.1039/d0nr03872e
http://www.ncbi.nlm.nih.gov/pubmed/34783806
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8647685
https://dx.doi.org/10.1021/acs.jpclett.9b01612
http://www.ncbi.nlm.nih.gov/pubmed/31407906
https://dx.doi.org/10.1002/9783527830343.ch10
https://dx.doi.org/10.1016/j.physb.2022.414253
https://dx.doi.org/10.1016/j.bios.2021.113076
http://www.ncbi.nlm.nih.gov/pubmed/33601132
https://dx.doi.org/10.3390/bios12050314
http://www.ncbi.nlm.nih.gov/pubmed/35624615
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9138342
https://dx.doi.org/10.1186/s11671-022-03752-x
http://www.ncbi.nlm.nih.gov/pubmed/36437419
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9702141
https://dx.doi.org/10.1021/acs.chemrev.7b00037
http://www.ncbi.nlm.nih.gov/pubmed/28753280
https://dx.doi.org/10.1016/j.fct.2021.112201
http://www.ncbi.nlm.nih.gov/pubmed/33862122
https://dx.doi.org/10.1021/acs.chemrev.7b00088
http://www.ncbi.nlm.nih.gov/pubmed/28901750
https://dx.doi.org/10.1515/revac-2017-0024
https://dx.doi.org/10.1039/c9an00234k
http://www.ncbi.nlm.nih.gov/pubmed/30994646
https://dx.doi.org/10.1021/acsanm.0c02945
http://www.ncbi.nlm.nih.gov/pubmed/37556236
https://dx.doi.org/10.1021/acs.chemrev.9b00234
http://www.ncbi.nlm.nih.gov/pubmed/31794202
https://dx.doi.org/10.4018/979-8-3693-2069-3.ch007
https://dx.doi.org/10.1007/978-3-658-20347-4

	Abstract
	Keywords
	Introduction
	AgI nanostructures: synthesis and properties
	Synthesis methods
	CVD
	Sol-gel process
	Electrochemical methods

	Optical properties

	Mechanisms of optical biosensing
	SPR
	Fluorescence enhancement

	Applications of photonic AgI nanostructures in biosensors
	Medical diagnostics
	Environmental sensing
	Food safety monitoring

	Challenges and limitations
	Toxicity concerns
	Stability and scalability

	Future directions
	The combination with other nanomaterials
	Smart biosensors

	Conclusions
	Abbreviations
	Declarations
	Author contributions
	Conflicts of interest
	Ethical approval
	Consent to participate
	Consent to publication
	Availability of data and materials
	Funding
	Copyright

	References

