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Abstract 

 

A significant number of identification concepts have been reported over the last decades in the 

sector of bio- and chemosensors. These concepts of detection are focused either on the 

observation of fluorescence-labelled structures or on the heterogeneous process of direct 

optical detection. Direct optical detection may be determined by remission, by micro-

refractivity measurement or interference measurement. Either Mach-Zehnder interferometers 

or calculation of changes in the layer's physical thickness caused, for example, by swelling 

effects in polymers or in bioassays, often play a significant role in the last instance. An 

summary of the methods of microrefractometric and microreflectometric concepts is presented 

here, and the advantages and disadvantages of the different techniques are seen using samples 

from the field of chemo and biosensors. Sensor efficiency depends not only on the concepts of 

transduction, but on the complete sensor device identified by this transduction, the responsive 

substrate, the electronics for data acquisition, and the software for assessment. Therefore, the 

aim of this article is to illustrate the essential of the relationship of these components within 

the device, and the focus is on optical sensing using planar transducers. The shortage of 

chemosensor selectivity could either be balanced through the use of sensing devices or by 

analysing time-resolved analyte/sensitive layer interaction measurements. Chemometrics 

requires the quantification of mixtures of analytes in all situations. Even using cross-reactive 

antibodies, these data-processing approaches have also been applied successfully to 

antibody/antigen interactions. Due to the fact that miniaturisation and parallelisation have 

become important approaches in recent times, certain issues and current developments will be 

addressed, particularly for bio-applications.  
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I. INTRODUCTION 

This review contains the concepts and applications of planar-type optical sensors and addresses 

the fundamentals of optical sensing in recent research and innovation, since fibre optical 

sensors have recently been reviewed in this journal. A few academic focus has been on 
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biochemical and chemical sensors, in tandem with recent primary advances in traditional 

analytical techniques. Selectivity has been applied to these devices through the integration of 

tactile sensors (transducers) with more or less analyte-selective layers of biochemical or 

chemical substrates. For this purpose, such frameworks must be treated as complete sensor 

systems comprising the concepts of transduction, the critical layer, the transmission of signals, 

and the techniques of assessment. This paper focuses on optical techniques that provide several 

opportunities of applying optical principles, either by directly monitoring the interaction 

between an analyte and this sensitive substrate, or by using an indicator dye or a so-called 

labelling device, particularly for the identification of fluorescence, from a broad range of 

transduction principles[1]. 

 

Since this review is a lecture-based analysis, a wide range of optical concepts will be classified, 

a survey will be presented on sensitive layers that vary in precision, selectivity, stability, and 

reversibility, and the applicability of multivariate data assessment will be addressed. While this 

description of optical concepts seeks to cover much of the optical methods used and the analysis 

of the sensitive layers aims to include a survey of possible materials, the application must 

concentrate on the work of the community of authors, for else the paper would have extended 

the required scope. Recent review publications were included to cover part of the broad field. 

This article, however, focuses on the work of the author because of the various 

publications[2][3]. 

 

II. DISCUSSION 

 

A. Applications of Optical Sensors: - 

The simplest sensing techniques are remission measurements (changes in the absorption of 

reflected light) and fluorescence effects. They make very basic arrangements that can cause 

artefacts often. The benefits of optics, including spectral detection, are not used by them. For 

this effect, a continuum of at least two wavelengths have been reported to bypass objects 

periodically, e.g. for measuring urea, in which the ammonia produced induces a spectral shift 

of the indicator dye due to differences in pH. Fluorophores strength quenching, anisotropy 

measurement, or even fluorescence correlation spectroscopy for single-molecule detection 

result in a broad range of applications that cannot be discussed in depth here, but which are the 

subjects of a variety of review papers. The use of quantum dots is a modern approach. 

For single-molecule detection, fluorophores intensity quenching, anisotropy calculation, or 

even fluorescence correlation spectroscopy result in a wide range of applications which cannot 

be addressed in detail here, but which are the topics of a number of review articles. A new 

approach is the use of quantum dots. 

This ingestion of analytes from the mobile phase into a transducer-coated or chemically linked 

polymer film resulted in polymer film swelling that can be observed using interference 

spectroscopy. Normally, at low doses, Henry's law is true, and the detection limit is down to a 

few ppm. Better particular interaction results in calibration curves of the Langmuir-type 
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provided at higher concentrations by saturation effects. Using spectro ellipsometry, these 

results can be identified by different measures of the refractive index and adjustments in 

physical thickness[4]. 

 

These tests reveal that most impacts in non-selective polymer films are caused by swelling-

induced changes in the physical density, while the influence of refractive index changes is 

marginal. There is a study of the polymer films used. Different polymer forms have been used 

for a number of uses, such as functionalized polysiloxanes, esters, hyperbranched polyesters, 

or dendrimers. Mach- Zehnder chips have also been used at relatively low levels to test volatile 

organic compounds (VOC). Polysiloxane layer-based chemical sensors have been compared to 

quartz microbalance, calorimetric, and capacitance sensors. For the identification of analytes 

in liquids using RIfS, the same films may be used; for this, though, the polymer must be 

covalently connected to the transducer by silanisation and peptide-like binding approaches. 

This ensures that the stability of the films is extended from a few days to 3 months, so the 

silicone coating of the transducer will no longer be dissolved by spray[5]. 

 

Though its form of surface binding of silanes has been addressed, NMR studies have also 

shown that even tripoid immobilisation is usually possible. The characteristics of the polymers 

depend on the cross-links, so it is not feasible to use all polymers. Nevertheless, there are also 

very strong, sensitive layer properties in so-called microporous systems. In this case, the 

feasibility of detecting molecules, which depends on their volume, is predetermined by the 

microsieve results. However, the ingestion of gases or liquids increases the thickness of the 

pore, also creating swelling symptoms. However, the small number of sites of activity indicates 

the saturation effects and observed effects on changes in the refractive index. 

 

These films are especially helpful in the fields of environmental chemistry and process control; 

common uses include monitoring of chlorinated compounds in waste water processing systems 

of chemical industries, assessment of air-conditioning refrigerant concentrations in, for 

example, vehicles, or calculation of other chlorinated and non-chlorinated hydrocarbons. These 

microporous systems also allow the separation of two separate refrigerants, R22 and R134a, 

down to relatively low detection limits, and also in mixtures with high reproducibility. 

Surface-bound cyclohexapeptides have been used as components for amino acid molecular 

identification in other methods. It is possible to use the chiral cyclopeptide libraries as chiral 

receptors. The cyclohexapeptide was immobilised by way of three lysines on the transducer; 

the remaining three locations differed. 

 

For label-free, product-specific control of biotechnological processes used in the production of 

the glycopeptide antibiotic vancomycin, biomimetic architectures are sometimes used. The pH 

or oxygen concentration and temperatures are typically controlled during the fermentation 

process; furthermore, only glycose is determined, while process control is usually done using 

HPLC. The transducer was immobilised by a lysine-D-alanine-D-alanine sequence. The use of 

RIfS helps vancomycin identification even during the fermentation process. This method 
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contributed to the concept of integrating a parallel RIfS method with MALDI-TOF, since the 

RIfS biomolecular interaction calculation also involves degradation products that associate 

with the surface immobilised peptide sequence[6]. 

 

The use of a parallel affinity assay for thrombin inhibitors in label-free HTS screening 

identification is another method that proves the advantages of screening. The screening of 384 

compounds for thrombin involvement can be achieved within less than 15 minutes by using a 

binding inhibition assay. The optical reproducibility is strong enough to sustain a data 

consistency that allows the IC50 values (half of the receptor sites are blocked) of the library 

substances to be quantified in parallel. With 5 per cent DMSO applied to the samples, screening 

may also be conducted; this is important in practise in high throughput screening (HTS) 

applications in which pure water could not be used as a solvent[7]. 

 

The use of FRET in environmental research using micro-or nanotitre plates is another option. 

Both methods were referenced to classical GC-MS findings for actual water samples. They 

contrasted TIRF and FRET. To solve the issue with non-specific antibodies, chemometrics was 

used. Recovery thresholds for endocrine-disrupting compounds should be increased and 

identification limits lowered[8]. 

 

DNA sequences have been immobilised on the TIRF transducer in order to facilitate the 

modification of analyte derivatives inside the flow-injection system (FIA) without transducer 

removal (auxiliary system). The analyte derivative is borne by matching strands. DNA, 

however, is not stable enough and, by charge repulsion, decreases the number of contact sites. 

The PNA (peptide backbone) was then used instead of DNAstrands to strengthen the device[9]. 

 

III. CONCLUSION 

 

In the past, optical sensors have proved to be either rather simple and cost-effective devices or 

to allow very advanced applications for multisensors. In theory, all of these techniques can be 

extended to a large range of applications because of the presence of the different optical 

concepts that can be divided into the use of direct optical identification or the use of named 

compounds. It becomes clear that none of the various sensor principles-electronic, 

electrochemical, mass-sensitive, or optical devices-are typically superior, but the viability 

depends on the application. For the various concepts of optical sensors, the same remains true. 

In the same biomolecular interaction analysis using antibodies and antigens, this became 

apparent when different refractometric and reflectometric methods were compared and the 

surface chemistry was defined by the same person. The detection limits for all the investigated 

methods varied within one order of magnitude in both cases of two tests. Discrimination was 

only accomplished by the rate of apparatus expense and the sophistication of the fluidics used. 

For either chemosensors or biosensors, accurate results can be obtained. For biosensors, the 

selectivity and limits of detection are generally higher. Chemosensors, on the other hand, have 

the critical layer's reversibility and greater flexibility. The consistency of the set-up turns out 
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to rely on not only the optical method but also, in particular, on this sensitive layer. Much of 

the changes that can be anticipated in optical detection systems are in the field of sensitive 

layers, for this reason. From looking at advances in biometics or functionalized polymers, it 

becomes apparent. 

 

The basic consequence of these considerations is, of course, that sensing research involves an 

interdisciplinary understanding of the concepts of detection, the responsive substrate, the 

kinetics and thermodynamics of contact systems, and fluidics. To define these layers and the 

interaction mechanisms, fundamental research must also be carried out to strengthen the 

understanding that is the requirement of any optimization strategy. Whereas experimental 

systems often yield very positive results and allow for the independent assessment of 

concentrations in multi-analytic mixtures, the consistency of the total sensor system is 

generally evident when these systems are introduced either to real samples of the atmosphere, 

e.g. to waste water, to saline solutions, or to blood or sera, on the other side. A traditional 

contemporary example of interdisciplinary analysis, regarding multivariate parameter arrays, 

turns out to be sensors. 
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