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A surface plasmon is a plasmon that propagates through a surface; i.e., it is an electro-
magnetic wave from the interaction of an electromagnetic wave with the oscillations of free
electrons on the surface of a metal, which propagates at the separation interface of a metal
(Drude model) [1].

There are two types of plasmons, the polariton surface plasmon that has the form
of an electromagnetic wave, which propagates through the interface of a metal-dielectric
surface [2], and the localized polariton surface plasmon, which is comprised of localized
electron oscillations in metallic nanoparticles that are found inside a dielectric [3].

From the Lycurgus Cup in 272-337 AD [4], through the wonderful stained glass of
Romanesque and Gothic churches and cathedrals [5] to the most modern sensors, plas-
mons have always been present in the life of human beings, although we did not know
about them.

The first to obtain the mathematical expression of a plasmon was Gustav Mie in
1908 [6]. Humanity had to wait almost 70 years until work with particles began in the
1980s, resulting in one of the first articles on plasmonic sensors to be published in the
world [7]. It has been a hard task; physicists and engineers have had to work together, first
to formalize the equations of plasmons and evanescent waves at dielectric-metal interfaces
and second to build structures that would make it possible to obtain these plasmons. Later,
these scientists, working together with biologists, medical doctors, chemists, etc. paved
the way for the creation of plasmonic sensors gradually designed to measure all kinds of
variables, not just physical ones. The last step has been the design and manufacture of new
materials, metal alloys, or the doping of materials to replace metals and dielectrics and
achieve better resolutions and sensitivities [8].

Considering the structure of the sensor, the only configurations are Otto (prism-metal-
dielectric) [9] and Kretschmann (prism-dielectric-metal) [10]. In terms of sensor design,
there are intensity, wavelength, and angle interrogation sensors. Although they may all
have the same sensitivity and resolution, sensors based on intensity interrogation have the
advantage of not having moving parts, so there is no mechanical wear and tear, and they
will have a long useful life [11].

Do plasmonic sensors really measure the amount of substance in a certain medium,
for example, do they measure salinity, sucrose concentration, the presence of CO, etc.? The
answer is no. These sensors measure differences in the refractive index of the medium,
and from here, we can relate, for example, the concentration of sucrose in a medium to
the refractive index. Measuring the refractive index (or changes in refractive indices) is
what makes them better, more general and universal, since they do not analyze a specific
substance but rather a property.

They are nanophotonic sensors, so their tiny size allows them to be integrated with
more sensors to build an array and be able to detect different substances, materials, etc.
without more than multiplexing in time or space the input and output optical power [12] or
integrating them into more complex sensors capable of measuring more than one parameter
at the same time [13]. The applications of these sensors are not only in the field of physics;
they are also being used very successfully in chemistry, biology, medicine, etc. In the latter
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case, as they are made of biocompatible materials, they can be introduced into the patient’s
body (if necessary) without putting humans (or animals) at risk.

This Special Issue aims to collect and present cutting-edge research on all plasmonic
sensor technologies to contribute to the research, design, development, and applications
with articles that demonstrate the most recent advances in plasmonic sensors with new
scientific knowledge, designs, and their practical applications.

A total of seven papers in various fields of SPR sensors are presented in this Special Issue.

In the article by Cardoso M.P. et al. [14] a Tunable plasmonic resonance sensor using a
metamaterial film on a D-shaped photonic crystal fiber for refractive index measurements
is proposed. These meta-materials are sub-wavelength cells of metallic nanorods arranged
in a dielectric background, and exhibit bulk properties that are useful for controlling and
manipulating surface plasmon resonances.

Pérez-Ocon et al. [11] present the design of two sensors, one for the continuous
measurement of sucrose concentration with sensitivities of 11.9-5.7 RIU~! and resolutions
of the order of 10~* RIU; this sensor is capable of measuring sucrose concentrations of
up to 78 BRIX, that no plasmonic sensor has so far been capable of measuring. The other
sensor [15] measures CO, concentrations with a resolution of 10~° RIU. This new sensor,
due to its sensitivity and resolution, along with its diminutive size, could be integrated
into an electronic nose and used on spacecraft, the International Space Station, or even
commercial flights. Both sensors have some of the highest sensitivities and resolutions to
date in this type of plasmonic sensor.

An important fact about SPR sensors is how temperature affects the measurements.
Temperature changes the wavelength at which surface plasmon resonance occurs. On the
other hand, it is evident that an increase or decrease in temperature affects the propagation
of radiation in optical fibers. The study by Su. N et al. [16] shows a novel dual wavelength
method to evaluate the effect of temperature on fiber optic SPR sensors in real time.

As an example of a sensor used in medicine, we have the sensor by Sankiewicz,
A. etal. [17]. These researchers have applied plasmon biosensors based on surface plasmon
resonance imaging (SPRi) to detect the 20S proteasome protein and ubiquitin carboxy-
terminal hydrolase L1 (UCH-L1) in the blood serum and urine of patients with TCC (narrow
cell carcinoma) of transition and to be able to make an early diagnosis of bladder cancer.

The contamination of phenolic compounds in the natural environment is a toxic re-
sponse that induces severe impact on plants, animals, and human health. Ly, N.H. et al. [18]
have made an updated review of the recent developments and trends of new plasmon reso-
nance nanomaterials, which are assisted by various optical sensors, including colorimetry,
fluorescence, localized surface plasmon resonance (LSPR), and plasmon-enhanced Raman
spectroscopy. These advanced and powerful analytical tools exhibit potential application
for ultra-high sensitivity, selectivity, and rapid detection of phenol and its derivatives.

The article by Rodrigues et al. [19] presents an exhaustive review of gas sensors based
on the localized surface plasmon resonance (LSPR) phenomenon, including LSPR theory,
the synthesis of nanoparticle-embedded oxide thin films, and strategies to improve the
sensitivity of these optical sensors, supported by simulations of electromagnetic properties.

The submission for this Special Issue is now closed, but the SPR sensors are still current,
research does not stop and technology takes advantage of all the scientific advances on new
materials and plasmons to face the new challenges that science, technology and society,
demand. We are continuing to work on this.

Funding: This research received no external funding.

Acknowledgments: Thanks to all the authors and peer reviewers for their valuable contributions to
this Special Issue ‘Optical sensors and gauges based on plasmonic resonance’. I would also like to
express my gratitude to all the staff and people involved in this Special Issue.

Conflicts of Interest: The author declares no conflict of interest.



Appl. Sci. 2022,12, 7564 30f3

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Altuzar, V.; Mendoza-Barrera, C.; Mufioz, M.L.; Mendoza-Alvarez, ].G.; Sanchez-Sinencio, F. Analisis cuantitativo de interacciones
moleculares proteina-proteina mediante la combinacién de microarreglos y un lector dptico basado en el fenémeno de resonancia
de plasmones superficiales. Rev. Mex. Fisica 2010, 56, 147-154.

Brongersma, M.L.; Kik, P.G. Surface Plasmon Nanophotonics; Springer: Dordrecht, The Netherlands, 2007.

Sherry, L.J.; Chang, S.H.; Schatz, G.C.; Van Duyne, R.P.; Wiley, B.].; Xia, Y. Localized surface plasmon resonance spectroscopy of
single silver nanocubes. Nano Lett. 2005, 5, 2034-2038. [CrossRef] [PubMed]

Ueda, J.; Samusawa, M.; Kumagai, K.; Ishida, A.; Tanabe, S. Recreating the Lycurgus effect from silver nanoparticles in solutions
and in silica gel. . Mater. Sci. 2014, 49, 3299-3304. [CrossRef]

Molina, G.; Murcia, S.; Molera, J.; Roldan, C.; Crespo, D.; Pradell, T.J. Color and dichroism of silver-stained glasses. . Nanopart.
Res. 2013, 15, 1932. [CrossRef]

Mie, G. Beitrage zur Optik triiber Medien, speziell kolloidaler Metallosungen. Ann. Phys. 1908, 330, 377-445. [CrossRef]
Matsubara, K.; Kawata, S.; Minami, S. Optical chemical sensor based on surface-plasmon measurement. Appl. Opt. 1988, 27,
1160-1163. [CrossRef] [PubMed]

Varasteanu, P.; Kusko, M. A Multi-Objective optimization of 2D materials modified surface plasmon resonance (SPR) based
sensors: An NSGA II approach. Appl. Sci. 2021, 11, 4353. [CrossRef]

Otto, A. Excitation of nonradiative surface plasma waves in silver by the method of frustrated total reflection. Z. Phys. 1968, 216,
398-410. [CrossRef]

Kretschmann, E.; Raether, H. Notizen: Radiative decay of non radiative surface plasmons excited by light. Z. Nat. A 1968, 23,
2135-2136. [CrossRef]

Pérez-Ocon, F.; Pozo, A.M.; Serrano, ].M.; Rabaza, O. Sensors for continuous measuring of sucrose solutions using surface
plasmon resonance. Appl. Sci. 2022, 12, 1350. [CrossRef]

Pozo, AM.; Pérez-Ocon, F.; Rabaza, O. A continuous liquid-level sensor for fuel tanks based on surface plasmon resonance.
Sensors 2016, 16, 724. [CrossRef] [PubMed]

Akbari, L.; Abedi, K. A multi-purpose sensor based on plasmon-induced transparency in the terahertz range. Phys. E Low-Dimens.
Syst. Nanostruct. 2020, 122, 114215. [CrossRef]

Cardoso, M.P; Silva, A.O.; Romeiro, A.F; Giraldi, M.T.R.; Costa, ].C.W.A.; Santos, ].L.; Baptista, ].M.; Guerreiro, A. Tunable
plasmonic resonance sensor using a metamaterial film in a D-shaped photonic crystal fiber for refractive index measurements.
Appl. Sci. 2022, 12, 2153. [CrossRef]

Pérez-Ocodn, F.; Pozo, A.M.; Cortina, J.; Rabaza, O. Surface plasmon resonance sensor of CO, for Indoors and Outdoors. Appl. Sci.
2021, 11, 6869. [CrossRef]

Su, N.; Luo, W.; Wang, L.; Zhang, Z.; Wang, R. A novel dual-wavelength method for evaluating temperature effect in fiber-optic
SPR sensors. Appl. Sci. 2021, 11, 9011. [CrossRef]

Sankiewicz, A.; Guszcz, T.; Gorodkiewicz, E. Application of SPRi Biosensors for Determination of 20S Proteasome and UCH-L1
Levels in the serum and urine of transitional bladder cancer patients. Appl. Sci. 2021, 11, 7835. [CrossRef]

Ly, N.H,; Son, S.J.; Kim, H.H.; Joo, S.W. Recent developments in plasmonic sensors of phenol and its derivatives. Appl. Sci. 2021,
11, 10519. [CrossRef]

Rodrigues, M.S.; Borges, J.; Lopes, C.; Pereira, RM.S.; Vasilevskiy, M.I.; Vaz, F. Gas sensors based on localized surface plasmon
resonances: Synthesis of oxide films with embedded metal nanoparticles, theory and simulation, and sensitivity enhancement
strategies. Appl. Sci. 2021, 11, 5388. [CrossRef]


http://doi.org/10.1021/nl0515753
http://www.ncbi.nlm.nih.gov/pubmed/16218733
http://doi.org/10.1007/s10853-014-8047-0
http://doi.org/10.1007/s11051-013-1932-7
http://doi.org/10.1002/andp.19083300302
http://doi.org/10.1364/AO.27.001160
http://www.ncbi.nlm.nih.gov/pubmed/20531530
http://doi.org/10.3390/app11104353
http://doi.org/10.1007/BF01391532
http://doi.org/10.1515/zna-1968-1247
http://doi.org/10.3390/app12031350
http://doi.org/10.3390/s16050724
http://www.ncbi.nlm.nih.gov/pubmed/27213388
http://doi.org/10.1016/j.physe.2020.114215
http://doi.org/10.3390/app12042153
http://doi.org/10.3390/app11156869
http://doi.org/10.3390/app11199011
http://doi.org/10.3390/app11177835
http://doi.org/10.3390/app112210519
http://doi.org/10.3390/app11125388

	References

