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Abstract: The development of novel sensing materials and analytical systems remains challenging
nowadays. Among various transduction principles employed in chemical sensors, the optical
transduction is often preferred, due to the fast response time, simplicity of preparation, and easy signal
acquisition of optodes. In this contribution, the main aspects of novel optical sensor development and
their application in both single and array configurations for liquid sample analysis will be discussed.
The applications of fluorimetric and colorimetric all-solid-state optical sensors and sensory arrays
recently developed or under investigation for ecological monitoring, quality assessment, and medical
and health care will be illustrated.
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1. Introduction

Modern optical chemical sensors are characterized by their high sensitivity and low
detection limits and have been developed for many analytes [1,2]. Moreover, the con-
struction of the most modern optical sensors requires neither a wired connection with the
detector, nor sophisticated or energy-consuming hardware, thus enabling wearable and
wireless sensor development. The analytical signal of an optical sensor can be registered
with consumer optoelectronic devices such as digital scanners, digital cameras (standalone
or embedded in commonly used PCs), tablets and smartphones [3–6]. Even without any
power supply in a so-called ‘naked-eye’ mode, i.e., when the sensor luminescence intensity
changes upon interaction with the analyte, the analytical signal may be registered visually
and may be especially useful in situations of rapid qualitative analysis and time-sensitive
situations [7–9].

Optical chemical sensors, or optodes, transform changes of optical phenomena, as a
result of the interaction between the analyte and the receptor and detect the intensity of
photon radiation that arrives at a sensor [10]. The main three components of an optical sen-
sor are the optically sensing element, the appropriate transducer, and the signal acquisition
method, as seen in Figure 1.

Proceedings 2024, 97, 221. https://doi.org/10.3390/proceedings2024097221 https://www.mdpi.com/journal/proceedings

https://doi.org/10.3390/proceedings2024097221
https://doi.org/10.3390/proceedings2024097221
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/proceedings
https://www.mdpi.com
https://orcid.org/0000-0002-1137-6973
https://orcid.org/0000-0003-1571-3591
https://orcid.org/0000-0003-2140-0110
https://orcid.org/0000-0001-8563-8043
https://orcid.org/0000-0002-2380-1404
https://orcid.org/0000-0002-0543-4348
https://doi.org/10.3390/proceedings2024097221
https://www.mdpi.com/journal/proceedings
https://www.mdpi.com/article/10.3390/proceedings2024097221?type=check_update&version=1


Proceedings 2024, 97, 221 2 of 3
Proceedings 2024, 97, 221 2 of 3 
 

 

 

Figure 1. The schematics of optical sensor operating principles. 

2. Discussion 
The possibility of developing the new optical chemical sensors and improving their 

functionality and analytical properties to a very high degree depends on the availability 
of the appropriate optically active units as a main component of optode-sensing materials 
(often macromolecular compounds able to interact with analyte species through one or 
several selective or concurrent interaction mechanisms) and on the selection of the appro-
priate transducing/supporting material, especially for the construction of all-solid-state 
sensors. Nowadays, there is an unmet need to develop easy-to-handle and inexpensive op-
tical sensors for fast and effective ecological monitoring, quality screening of foodstuff 
and potable water, heavy metal-pollutant assessment, and medical and health care tasks, 
among others. The present work will consider several important aspects of analytical sys-
tems based on chemical sensors with optical transduction, as previously developed in our 
research group, such as the choice and the composition of the sensing material, the selection 
of the solid substrate support, the overall design of the sensing device, the elaboration of 
the appropriate calibration procedure (including the necessity of incorporating internal 
standards), as well as the data evaluation methods. The suitability of qualifying paper, or 
cellulose-based, optodes as chemical sensors will be discussed. Finally, the practical ap-
plications of developing sensing devices for the assessment of several inorganic and or-
ganic pollutants for ecological monitoring purposes and health care applications will be 
illustrated. 
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Figure 1. The schematics of optical sensor operating principles.

2. Discussion

The possibility of developing the new optical chemical sensors and improving their
functionality and analytical properties to a very high degree depends on the availability of
the appropriate optically active units as a main component of optode-sensing materials
(often macromolecular compounds able to interact with analyte species through one or
several selective or concurrent interaction mechanisms) and on the selection of the appro-
priate transducing/supporting material, especially for the construction of all-solid-state
sensors. Nowadays, there is an unmet need to develop easy-to-handle and inexpensive
optical sensors for fast and effective ecological monitoring, quality screening of foodstuff
and potable water, heavy metal-pollutant assessment, and medical and health care tasks,
among others. The present work will consider several important aspects of analytical sys-
tems based on chemical sensors with optical transduction, as previously developed in our
research group, such as the choice and the composition of the sensing material, the selection
of the solid substrate support, the overall design of the sensing device, the elaboration of
the appropriate calibration procedure (including the necessity of incorporating internal
standards), as well as the data evaluation methods. The suitability of qualifying paper,
or cellulose-based, optodes as chemical sensors will be discussed. Finally, the practical
applications of developing sensing devices for the assessment of several inorganic and
organic pollutants for ecological monitoring purposes and health care applications will
be illustrated.
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