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Optimum Enhanced EM Fields in Plasmonic Configurations
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Jablonski Diagram

S, A

Fluorescence

“fluorescence”: named by George Gabriel Stokes (1852) after
the mineral fluorite which lights up when illuminated with UV

12 Intersystem Crossing: -
(107%) _ Intersystom Crossing Characteristic Times
s, __A_'ﬁ
y = ; Absorption: 10> s
—_ @ T
o = ¥ ] Vibrational Relaxation: 1012-1010s
— . [T
hvﬁjb b &
=~ e - Lifetime of S,: 101°0-107 s
S, Yy x ':} Inter-system Crossing: 1010-102 s
Y Internal Conversion: 1011-107s
absorption  Fluorescencé phosphorescence

(ne change in spin)

(not allowed (AS=0)) "\, Lifetime of T,:10°%-15s




Some Common Fluorophores BOZ7
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Intrinsic Fluorescence of Natural Proteins and Peptides

~ Absorplion Fluorescence Sensitivily
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Fluorescence Based Sensing

pH Sensor
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Fluorescence Biosensor

Fluorescent biosensor design | |
photon counfing
detector

consists of a receptor binding site and a fluorophore
connected by a linker.
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Genetically engineered bacteria that glow when interacting with target.

Bissel et al. Topics in Current Chemistry, Vol. 168, Springer Verlag (1993), pp. 223-261




Surface Enhanced Fluorescence (SEF)
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Sugawa et al., ACS Nano 11, 9997 (2013)

Enhanced Intrinsic Fluorescence
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Surface Enhanced IR Absorption (SEIRA)

Principle: Exploitation of near — field enhancement in the vicinity of plasmonic nanoantenna

IR spectra
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SEIRA Based Sensing

Gold nanowires on CaF,, Electrochimistry on membrane, Diameter = 100 nm
Monolayer of OctaDecaThiol (ODT, C18H37SH)

wavelength [um]
4.00 3.33 2.86 2.50 2.22

ABESORFTION IFERCENTI

[
Q
S
E=]
£
[42]
c
£
o
=
—
o
o

1%] |
1000 nm ’

2500 3000 3500 1 4000 4500 . . . . ;
wave number [cm ] 3800 2850 2000 2050 3000 3OS0 3100

WAVENUMEER fem )
= Enhancement factor around 300 000

F. Neubrech, et al., Phys. Rev. Lett. 101, 157403, 2008 Tsang et al. Phys. Rev. Lett. 1980, 45, 201




ESP-LSP Coupling Based Ultra-high Enha
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Colorimetric Sensors

——Aptamr+Salt

e Change of color when interaction occurs. 18 :SO.Sng
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Mondal et al., Front. Microbiol. 9 179 (2018)




Cavity Ring Down Absorption Spectroscopy Sensors

Incident laser pulse Analyte inside cavity
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T T Transmitted train of pulses
Mirror Mirror

For uniform absorbers the peaks decay exponentially:

r=1Ho(-R+Y +al)} I =1,exp(-t/7)

Mirror loss

For a cavity length of 1 m, the 100-ppm/roundtrip precision translates to a minimum

detectable absorbance of ~10-°cm™? | 1 1 decay time when the cavity
A=-log,, T A= 2.303¢C _ is without the analyte.
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Summary

Optimum nanoplasmonic structures for highest enhanced EM Fields were
discussed

Basics of fluorescence and its use in sensing was presented

SEF, SEIRA, ESP-LSP coupling, colorimetric and CARS based sensing were
discussed.
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