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Adaptado de: https://medium.com/@hannah.lgbhan/an-introduction-to-nanophotonics-dff86b045565
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O Espectro Eletromagnético
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Luz € uma forma de radiacao eletromagnética
cuja frequéncia ¢ visivel ao olho humano.

Adaptado de: https://medium.com/@hannah.lgbhan/an-introduction-to-nanophotonics-dff86b045565
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Nanociéncias e Nanotecnologias

< WHAT IS NANO?

10Z2m = 10mm
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Nanociéncias e Nanotecnologias

‘2 | \WHAT IS NANO?
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Nanociéncias e Nanotecnologias
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Nanociéncias e Nanotecnologias

[APPLICATIONS OF NANOPARTICLES ]
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FotOnica

Nanofotonica

Nanotecnologia

Biofotonica

Biomedicina,

Biociéncias... € a area de convergéncia da
pesquisa e aplicagoes
da FOTONICA com as areas BIO......
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E o estudo do
comportamento da luz
em escala nhanometrica,
e de sua interagcao com
objetos em escala
nanomeétrica.
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Restante do tempo........

» Como focalizar a luz em dimensbes nanomeétricas

» Como ver objetos em nanoescala

» Algumas aplicagcbes da nanofoténica e nanobiofotbnica
» Na natureza

» Lasers, LEDs, Imagem, Sensores, Nanotermdmetros, etc

» A palavra com vocés............




Principles

< Normal optical components, like lenses and microscopes
cannot focus light to nanometer scale.

d=A/(2n sin6
( )
NA

FRNSI ABRE
L
nm\«%‘ ";lr'\lik

d = 500nm/(2x1) = 250nm

+ But, it is possible to squeeze light into a nanometer
scale using other techniques like

» Surface plasmons
» Metal optics
» Near field optics

» Metamaterials

FisicAa Ao Vivo, SBF -
AGOSTO 2020 LABORATORY OF PHOTONICS AND BIOPHOTONICS DF UFPE
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Far-Field Vs Near-Field Microscopy

Far-Field Microscopy ‘

Screen

Incident Light

Diffraction |
Spot

Sample Surface

*» Both the light source and the antenna are
placed at several wavelengths from the
sample.

*The Lateral resolution is determined by
the Abbe diffraction limit.

Ax ~ 0.61 /1
2 NA

~ 250 nm

https://www.slideserve.com/lonna/sub-diffraction-
raman-imaging-by-near-field-optical-microscopy

Near-Field Microscopy S N O M

Far-field
Objective

‘= Diffraction
limited
\_ resolution

L Far-field lens /j

*The sample is illuminated by a
nanoscopic light source located close to
the surface (10 nm).

* The resolution is limited by the source
diameter

Ax~a<100nm

"Google: Breaking the diffraction limit”




Metamateriais

Metamateriais sao
materiais artificiais

YT -

1440

JoLA PP e o

1600

projetados para terem
propriedades que nao , L e iy
sdo encontradas na © e : -

natureza e

Negative refraction from
6 A=1Tumtor=1.9pum

Metasuperficie optica

Normalmente composta por uma ou algumas subcamadas
de elementos plasmoénicos de dimensodes <A , precisamente
orientados ou posicionados em uma grande superficie.




ADVANCED Adv. Optical Mater. 2013, 1, 100-106 .
ATRALs ’ Mk
ad! at.

www.MaterialsViews.com

Macroscopic Self-Assembly and Optical Characterization
of Nanoparticle-Ligand Metamaterials

Jake Fontana,* Jawad Naciri, Ronald Rendell, and Banahalli R. Ratna

* thiol-ligands suspended

* Au nanospheres
in water-miscible organic liquid

suspended in water

Au HS

Courtesy of Jake Fontana, NRL
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Como ver objetos em nanoescala

flectron Hecton Gun
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Compound Microscope 200 nanometers

Scanning Electron 10 nanometers
Microscope
Transmission Electron 0.2 nanometers

Microscope




Restante do tempo........

» Algumas aplicacbes da nanofoténica e nanobiofotbnica
» Na natureza
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Nanophotonics in Mother Nature

Feathers Butterfly wings

o — el ]

Zn0 nanoparticles in

Zhang, Nanoctechnolagy 2008
peacock feathers

Photoreceptor
rhodopsin

Courtesy: Onera




Photonic Crystals in Nature

Peacoc k feather

| Morpho rhetenor butterfly

wing scale:

[ P. Vukosic et al.,
Proc. Roy. Soc: Bio.
Sci. 266, 1403

_ . _ L S~ |
(1999) | [J. Zi et al, Proc. Nat. Acad. Sci. USA,

100, 12576 (2003) |

[ also: B. Gralak et al., Opt. Express 9, 567 (2001) | [figs: Blau, Physics Today 57, 18 (2004)]
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LIGHT-EMITTING DIODE
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Polymer LEDs go nano (2018)

https://physicsworld.com/a/polymer-leds-go-nano/
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LASERS - Cavidades tipo: Fabry-Perot

Highly
reflective
mirrar

———————— Opt:iceal resonator —’

Proton Bombarded
Semi-Insulating Barrier

p+ GaAs

Nd: G solid-state laser Top Metallic (Q
d:YAC solid-state laser Cortact X, 6,)((\\

Partially

o , reflective

Flashlamp (pump source) mirror

(I )
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e s output
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T pAlGaAs

Active Region

n AlGaAs

\

n GaAs Substrate

Bottom Contact
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o

s

~1m
Room Temperature CW Operation of Metal-Semiconductor Plasmonic Nanolasers
with Subwavelength Cavity , Ding et al, CTuG2.pdf, OSA/CLEO, 2011
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Um outro tipo de "nanolaser”

Random Lasers — Lasers Aleatorios

et
< o.-. ° .'.. 1‘ °
“ y .o o .". 24 i
(a) Conventional laser *¥e
Scatterers Scatterers and Passive scatterers
- - (dielectric or metal NPs) active medium the same (dielectric or metallic)
*\‘ /' outside active medium (semiconductors, RED ions, etc)  and active NP combination
N (dyes, polymers, etc)
—N f‘“
- & v -

o e =

> (P . ; Flexible 2D
< ‘—ﬁ?\ Colloids Powders Membranes  (Thin films, “chips®)

(b)

Random laser

Lasing in nanocomposite random media
Luan... ASL GOMES....Prasad
NanoToday, 2015




Random Lasers Dyes + NP

Cigarral

—_—
W
—

Normalized Output Intensity (a.u.)
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e
S
.

o
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Wavelength (nm)

D. Zhang et al, Random lasing from dye doped polymer within
biological source scatters: the pomponia imperatorial cicada wing
andom nanostructures, Org.Electron. 13 (2012) 2342e2345.

abfoton



Nano-Micro Lett. (2017) 9:50

Materiais 2D

Page 3 0f 23 50

Table 1 2D materials family [1, 9, 20, 29, 42, 66-70]

Graphene Family ]

2D Chalcogenides

e )

Graphene
(Stable in Air at 300K)

S —
.
BCN
(Stable in Air at 300K)
~~—
.

|| Flourographene

(Stable in Air at 300K)
o )
)

| Grahene Oxide
(Stable in Air at 300K)

-

N

Semiconducting
dichalcogenide:
MoS,, WS,, MoSe,,
WSe,

(Stable in Air at 300K)

Semiconducting
dichalcogenide:
MoTe,(2H),
WTe,(2H), ZrS,,

\_

Metallic
dichalcogenide:
NbSe,, NbS,, TiS,,
NiSe, and so on
(Stable in Inent Cond)

-

Layered
Semiconductor
beyond
dichalcogenides:
GaSe, GaTe, InSe,
Bi,Se; and so on

(Stable in inert Cond)

2D Oxides

2

Micas, BSCCO

(Stable in Air at 300K)

MoO,, WOy
e [ayered Cu oxides
(Stable in Air)

1\ J
S N\
TIOZ,MD()z,VzOs,
TaO;,Ru0,
and so on

L (Stable in Air at 300K) )

M = Transition Metal

4 5 6 7 8 9 10
Fe | Co Ni
Ru JRh  Pd
Os r Pt

X = Chalcogen

f
:} Cc N o F

|
Al Si P s c

Uut Fl Uup Lv Uus

s

Perovskite-type:
LaNb,0,,(Ca,Sr),Nb,O
- 10, Big T30,
Ca,Ta,TiO,, and so on
\_ (Stable in Air at 300K)

Hydroxides:
|| Ni(OH),, Eu(OH),
and so on
 (Stable in Air at 300K)

— Others




Applications

Energy Storages

Materiais 2D

= Capacitance: -330F can?
= Volumetric power: 40 — 80 W em*
2 -~ = Energy density: 1.6~ 24 mW h cm®
b. - =

b s A \
« High sensitivity for NO: 1 ppen @/ apphcatlons @ « Hall mobility for movolayer
\
\

Bulk materials
Dangling bonds

= Fast electron transfer rate MoS; at low temperature: 1,020

Photonic Devices

usopeciesn

20D materials o Gaas -

No dangling bonds -, A

* MoS,/h-BN/GaAs solar cell
= Power canversion efficiency: 9.03%

*High sensitivity of 196 at 100fM
concentration for profein
= High seasitivity of 74 for pH.

* Power density: 2mWm?
= Energy conversion: 5.08%

Bectronic, opto-electronic and energy devices based on 20 transition metal dict ides (TMD3). with permission from Ref. (32). 2015, Nature
Publithing Group; Ret [33]. 2014, Nature Publishing Groupx Red. 1341 2015, Royal Society of Chemistry; Ref (151, 2012, John Wiley and Sons; Ref. [361 2015,
DNA Sensor
laser
graphene
\
MoS2

Gas molecules

i

r MK rr MK T MK Ir T MK T Gas Sensice Chemical Sensor

Glucose Sensor 34
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Monolayer 2D ZrTe; transition metal dichalcogenide as nanoscatter
for random laser action

Pablo I.R. Pincheira®”, Manoel L. da Silva® - Neto, Melissa Maldonado®, Cid B. de Aratjo®<, Ali M.
Jawaid®, Robert Busch?, Allyson J. Ritter?, Richard A. Vaia® and Anderson S. L. Gomes®’

1 14
<L>=118 £53nm c <h>=154+0.91nm - "

;0.8 (a) 0.33 mJ i
z ="
EoAs )
5 30_4 53mJ §6
E H 2"
S 0.2 2
0 0

520 540 560 580 600 620
Wavelength (nm)

ooy 1 10 45
gor 2ok (d) =
' . io,s 3 8 ,mE
lateral size (nm) height (nm) £ s
30.4 54 '?5§
FIG. 1 Morphology of exfoliated zrte, flakes. AFM (a) of monolayer selected Eo.z £, 2°
ZrTe, flakes. inset in (a) shows the FFT from sem. lateral size (b) and height ) 5 oga v o o SR
Wavelength (nm) Energy pump (mJ)

(c) distributions of ZrTe, flakes. note, the average height reported via AFM .
Fig. 3 RL characterization of the 3D ZrTe, and 2D ZrTe,. (3a,c) shows the

analysis is typically larger than the absolute particle size due to substrate- erission: spectia for low energy:and overthe threshold for the:3D-and 20

flake interactions. case respectively. (3a,d) shows FWHM and peak intensity of the emitted
spectra as a function of the excitation energy for the 3D and 2D case
respectively.




Journal of Biomedical Optics 17(6), 066003 (June 2012)

e In situ gold nanoparticles formation: contrast agent
9 for dental optical coherence tomography

Ana K. S. Braz,* Renato E. de Araujo,” Tymish Y. Ohulchanskyy,® Shoba Shukla,® Earl J. Bergey,*
Anderson S. L. Gomes.® and Paras N, Prasad®

Three Steps Etch&Rinse Adhesive System

e, 31,0 > @

Two Steps Self Etching Adhesive System

Addie.  _,

primer o *  In situ photothermal reduction
Dentin is made of many tiny fluid-filled 1 I + i Spherlcal 90|d nanopart'CIGS |nS|de
tubules through which sensation is | ) y g % HAuCl,.3H,0 (b) .
transmitted to the dental pulp. - \ NS ok : o ) ) dentinal |ayerS and tubules
5 3 G O Fig. 1 DBA preparation with (a) a three-step etch and rinse adhesive

system, Adper Scotchbond Multi-Purpose, and (b) a two-steps self
etching adhesive system, Adhese.

Fig. 3 OCT images of the adhesion process on dentin using DBAs pre-
pared with gold nanoparticles. The adhesion process regions are iden-
tified: adhesive layer (AL), hybrid layer (HL), and resin tags (arrows).

Fig. 2 SEM images of gold nanoparticles (arrows) showing penetration into dentinal tubules. Dentin (D) and tubules (7) are identified.

4 36




& ChemPubSoc CHEMPHYSCHEM
et Europe DOI: 10.1002/cphc.201500753 Minireviews

Very Important Paper

Nanothermometry: From Microscopy to Thermal
Treatments

Haiying Zhou,"” Monica Sharma,” Oleg Berezin," Darryl Zuckerman,” and
Mikhail Y. Berezin*®

‘Fr'z - T T T T T T
' L 63°C
A § —26°C B
- 2sz g
‘83/2 g L
§
1311 ! .
e | See also:
2 510 520 530 540 860 660 670 580 s e
2 . Y |— 4, Wavelength (nm) L ey
| T S Chem Soc Rev
a Sy
i %oy .
1 e View Article Online
: Y REVIEW ARTICLE i i
: sz “.Q .
a L . .
! 3 ‘-._‘ Light upconverting core—shell nanostructures:
1 LR nanophotonic control for emerging applications
1 .. Cite this: Chem. Soc. Rev., 2015,
¥, ‘ 4, = v 2 i 44,1680 Guanying Chen,**" Hans Agren,® Tymish Y. Ohulchanskyy® and Paras N. Prasad**”
Yb* Er* 1T (x10° K™

NP: NaYF,:Er3+, Yb3+

Vetrone et al, ACS Nano 2010, 4, 3254 — 3258
37
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Noninvasive Temperature Measurement in Dental
Materials Using Nd**, Yb** Doped Nanoparticles

Emitting in the Near Infrared Region

Artem Yakovliev, Tymish Y. Ohulchanskyy,* Roman Ziniuk, Tereza Dias, Xin Wang,
Hao Xu, Guanying Chen, Junle Qu,* and Anderson S. L. Gomes*
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Figure 1. Characterization of RENPs. a) TEM and b) corresponding size distribution of B-NaYbF,:1%Tm?3* core nanoparticles. ¢) TEM and d) cor-
responding size distribution of NaYbF,:1%Tm**@NalLuF,:30%Nd** core-shell nanoparticles. e) Absorbance spectra of B-NaYbF4:1%Tm** core and
NaYbF,:1%Tm* @NaLuF;:30%Nd** core-shell nanoparticles. f) Schematic representation of excitation dynamics in the RENPs.
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Noninvasive Temperature Measurement in Dental
Materials Using Nd**, Yb** Doped Nanoparticles
Emitting in the Near Infrared Region

Artem Yakovliey, Tymish Y. Ohulchanskyy, * Roman Ziniuk, Tereza Dias, Xin Wang,
Hao Xu, Guanying Chen, Junle Qu,* and Anderson S. L. Gomes*
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Figure 3. Temperature sensing during photopolymerization process. a) Temperature rise monitoring (red dots) of the cement/RENPs photopolymeri-
zation upon treating with blue light. Black dots are the control data obtained without blue illumination. b) Temperature rise monitoring (red dots) of
the cement/RENPs photopolymerization under veneer upon treating with blue light. Black dots are the control data obtained without blue illumination.




NANOFOTONICA + PLASMONICA = NANOPLASMONICA
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| , ﬂ Sensors moP1)
A ‘ JJ\ Ilz,/‘md o= . p Review
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Metal il 15 b s Towards Portable Nanophotonic Sensors

Abdul Shakoor *{, James Grant 2, Marco Grande ? and David. R. S. Cumming 2

P-Polarized ligh H e Optoelectronics Research Centre, University of Southampton, Southampton SO17 1B]J, UK
ERoanerLia S 2 School of Engineering, University of Glasgow, Glasgow G1R 8LT, UK; james.grant@glasgow.ac.uk (J.G.);
& david.cumming.2@glasgow.ac.uk (D.R.S.C.)
Wavslerath *  Dipartimento di Ingegneria Elettrica e dell Informazione, Politecnico di Bari, 70125 Bari, Italy;
9 marco.grande@poliba.it
() (b)
On Chip Semiconductor/Dielectric Nanophotonic
Sensors
Protein binding
3
s
§ Aptamer modified
8 micro-ring resonator
é @ Resonant wavelength
— ¢
2 - shift caused by
S aptamer-protein
130013101320 13301340 135013601370 S interaction
Wavelength (nm) A-;
e
Figure 2. Schematic of plasmanc sensoes. (a) Surface plasmon resonance (SPR) ssnsoe mequiring peism WaVe'ength
coupling. Reprinted from 93] under CC BY 3.0, (b) Localized surface plasmon resonance (LPSK) based
sensor composad of an array of metsllic nanopartickes. Reprinked with permission from [110] under
CC BY-NC 3.0. Copyright ® The Royal Soclety of Chemistry (RSC) {2014). (¢) An array of metallic ( a)
nanoheles operating on the prindiple of extracrdinary optical transmission (EOT). Reprinted with
permission from [111]. Copyright © SPIE (2010), (d) Schematic of plasmonic strictures having Fano
y/ resonance (e) Fano resanance shift by change of refractive indices, {d.e) Reprinted from [105] under
’:2 cCaY4n _I. 1
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sumo...
O que e nanofotonica?

Ll'n

E o estudo do comportamento
da luz em escala nanomeétrica, e
de sua interagcao com objetos
em escala nanomeétrica.
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Fig 6
A single-molecule optical transistor
Courtesy of MP! Science for Light
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