Controlling Interfacial Symmetry Breaking:
Electrodeposited Antireflective Nanocone Arrays and Diffraction Gratings
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Optical Symmetry Breaking at Interfaces
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Optical Symmetry Breaking at Interfaces
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Optical Symmetry Breaking at Interfaces

E =rE r &t
E =tE Fresnel Coefficients

R=|r|> Reflectance
R+T=1

T |t|2 Iransmittance

ei — 91”
Specular Reflection

nsind; = n,sino, Augustin-Jean Fresnel

1788-1827

Snell's Law

UClIrvine

University of California, Irvine




Optical Symmetry Breaking at Interfaces
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Optical Symmetry Breaking at Interfaces
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Nanostructured Mesoscale Optical Materials

Nanocones
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Anti-Reflective Nanocone Arrays

Plastic nanocone array Dr. Mana Toma Dr. Gabriel Loget
Tokyo Institute of Technology CNRS Rennes

Gabe and Mana were actually trying
to make a flexible nanohole array. But...

Why did this film turn jet black?

“Chance favors only the prepared mind”
Gold-coated plastic - Louis Pasteur
nanocone array
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Electrochromic and Anti-Reflective Oxide Nanocone Arrays

Formed by the differential etching of polystyrene beads and Teflon
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Broadband Plasmonic Nanocone Anti-Reflection Surface
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Broadband Plasmonic Nanocone Anti-Reflection Surface

b)

Screen

.
Ag mirror Au nanocone arrays

Beam dissipation by a combination of diffraction, scattering and absorption

flexible
anti-reflective films

Mana Toma, Gabriel Loget and Robert M. Corn,
"Fabrication of Broadband Antireflective Plasmonic Gold
Nanocone Arrays on Flexible Polymer Films"
Nano Lett., 13 6164-6169 (2013).
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Nanocone Array Surfaces are Biomimetic
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Nanocone Array Surfaces are Biomimetic
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Superhydrophobic Nanocone Array Surfaces

Superhydrophobic Surfaces
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Mana Toma, Gabriel Loget and Robert M. Corn,
"Flexible Teflon Nanocone Array Surfaces with Tunable Superhydrophobicity

for Self-Cleaning and Aqueous Droplet Patterning” ’
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Composite Au - ZnO Nanostrucured Nanocone Arrays

PS colloidal mask Au nanocone arrays ZnO- Au nanocone arrays

L R<1% R<0.2%  d=1um —

Electrodeposition
ZnO

O, plasma etch

Vapor
deposition 50nm
! Y J |
FEP substrate goud
100 F— T T T T T B
8r Spectrometer ]
6- Incident light ]
4+ i

Dr. Seulgi So

Transmittance (%)

o

» [ 0Ne]
1 T T T II
>

C

=}

Q

32

(@]

(@]

o

=5

(0]

(/)

L1 1.1 lI

~— ——— — |
ol ZnO-Au nanocones
1 — | | | | | | =
500 550 600 650 700 750 800
Wavelength (nm) Millie Fung
H.W.M. Fung, S. So, K. Kartub, G. Loget and R. M. Corn, . Phys. Chem. C, 121 22377-22383 (2017). UCII V lne

University of California, Irvine




Composite PEDOT - ZnO Nanostrucured Nanocone Arrays

PS colloidal mask PEDOT nanocone arrays ZnO-PEDOT nanocone arrays
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Composite PEDOT - ZnO Nanostrucured Nanocone Arrays

PS colloidal mask PEDOT nanocone arrays ZnO-PEDOT nanocone arrays
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Broadband Nanocone Array Anti-Reflection Surfaces

Electrodeposited ZnO Enhances Broadband Anti-Reflection
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Nanostructured Mesoscale Optical Materials
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Electrodeposited Electrochromic Materials

® PEDOT - poly(3,4-ethylenedioxythiophene)

® TJungsten Oxide - WO3

Electrodeposition Reaction
8 —Xx

H,0 +

WL0:7 + (2 + x)HT + xe™ = 2WO0;5 + H,0

x+2

Combined electrochemical reduction and
disproportionation of the four peroxide anions x is either 0,4, or 8
in the peroxytungstate

Electrochromic Reaction Kellen Kartub

yH+ + ye_ + W03 — HyW03 m/)
=<\

H.W.M. Fung, S. So, K. Kartub and R. M. Corn, J. Phys. Chem. C, 123 762-769 (2019). UCIerne
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Photopatterned EIectrodeposited Gratings
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Photopatterned Electrodeposited Gratings
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Frequency Dependent Complex Index of Refraction n(w)

Equation for a light wave traveling in the +z direction in a dielectric:

E(z,t) = E cos(kz — wft) n(w) = n(w) + ik(w)

DN 1w n(a)) complex refractive index
wavevector k= — = —
¢ }/](a)) real refractive index
angular W = 2nl = % o .
frequency ) K (60) extinction coefficient

The complex refractive index n defines
a light wave's velocity and absorption in a material.

n,,, = 1.988 + 0i

n, = 0.183 + 3.433i =8
Au UClIrvine
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Frequency Dependent Complex Index of Refraction n(w)

Equation for a light wave traveling in the +z direction in a dielectric:

E(z,t) = E cos(kz — wft) n(w) = n(w) + ik(w)

wavevector | — @ _ @ n(a)) complex refractive index
¢ }/](a)) real refractive index
angular W = 27U = % . :
frequency ) K (60) extinction coefficient

Diffraction Grating

N1 N2 N1 N2 N1

A n = phase grating
A k = absorption grating
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Electrochromic and Electrodiffractive Composite Gratings

ZnQO acts as an antenna and enhances the electrodiffractive
response of the electrochromic WO3 or PEDOT
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Electrochromic and Electrodiffractive Composite Gratings

ZnQO acts as an antenna and enhances the electrodiffractive
response of the electrochromic WO3 or PEDOT
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Optical Diffraction from Nanowire Arrays

Lithographically Patterned Nanowire Electrodeposition (LPNE)

S ey

Prof. Reg Penner
uci

A versatile process for large

scale nanowire fabrication. Dr. Naoya Nishi
Kyoto University

A. R. Halpern, N. Nishi, |. Wen, F.Yang, C. Xiang, R. M. Penner, and R. M. Corn Chem., 81, 5585-5592 (2009). UCI' V lne
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Lithographically Patterned Nanowire Electrodeposition (LPNE)
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Nanowire Diffraction Gratings o oL -
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Silica nanowires for diffraction biosensing

Electrodeposition of porous
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Gabriel Loget and Robert M. Corn,
"Silica Nanowire Arrays for Diffraction-Based Biodffinity Sensing"
Chemistry - A European Journal, 20 10802-10810 (2014).
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Silica nanowires for diffraction biosensing

in situ diffraction biosensing Apamer-based human thrombin detection
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Plasmonic Gold Nanowire Gratings

a)
L
D-A|D+A|D-A|D+A[D-A
30
b)
s ! " !
25 A b ¥ T 1 T 1 I 1
’ - 40 60 80 100 120 140
\ Nanowire Width (nm)
f ¢
- J
'o 20 =
—
x v/ _ =
8 ¥ N, v w=140nm
c 154 p Ty
g A : ¢ "
o » - 105 nm
w n«_.‘Jy \AM 4 ‘J.’. N h"! "‘~‘,
< 10" Wbl \
NI . Lat Mk . "\ WA
W\ .‘1 “ ‘,q-". ‘u‘l '.‘.‘,‘l‘ ".V" \ " i -_ny_»
. | VN._..N\\\‘ o 75 nm ",
X \ I"A/ “’\ 58 .\.-'.J".wL , "
A MMV W ‘ J e ""'., WA "
MAAMMTWTY r\"'\\ e UV AWML
WA,
0 T T T T 1
400 500 600 700 800 900

Wavelength (nm)

UClIrvine

University of California, Irvine

Y.Han and R. M. Corn, . Phys. Chem. Lett., 2 1601-1606 (201 1).




Plasmonic Materials €(®)
n(w) = n(w) + ik(w)

Dielectric Constant  €(w) = [n(a))]z
e(w) = n?* = (n? — k%) + 2nK)i

Plasmonic materials have a
negative real dielectric constant

ny, = 0.183 + 3.433i
@633 nm Re(e) < 0O

ey, = — 11.75 + 1.26i

Au is a plasmonic material!
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Nanostructured Mesoscale Optical Materials

Rings Nanorings
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Electrodeposited Nanoring Arrays (Au,Ag, Ni, CdTe)
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Colloidal Lithography &Lithographically Patterned Dr. Aaron Halpern
Nanoscale Electrodeposition (LPNE)

A.R.Halpern and R. M. Corn, ACS Nano, 7 1755-1762 (2013). UCIrvine
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Electrodeposited Nanoring Arrays

A Combination of Colloidal Lithography and Lithographically
Patterned Nanoscale Electrodeposition (LPNE)
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Electrodeposited Nanoring Arrays
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Electrodeposited Nanoring Arrays

4
S
L .
<
00
S
L .
S
S
S
Z
A,
S
O

niversity of California, Irvine

T
J

L




Electrodeposited Nanoring Arrays

Electrodeposition
time controls ring

width
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Electrodeposited Nanoring Arrays NIR: Near Infrared

(0.75 to 3 microns)

NIR Plasmonic
Resonances
for Gold (Au), Silver
(Ag) and Nickel
(Ni) Nanorings

5000 wavenumbers
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2 microns
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(1L} AR Halpern and R. M. Corn, ACS Nano, 7 1755-1762 (2013). UClIrvine
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Electrodeposited Nanoring Arrays

7000 6000 5000 4000 3000
Wavenumber (cm™)

Gold Nanoring Arrays
Tunable NIR Plasmonic Resonance (I to 3 microns)
A combination of SPR and LSPR

(1 1) AR Halpern and R M. Corn, ACS Nano, 7 1755-1762 (2013). UCIrvine
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Application and Extensions of Nanoring Arrays

NIR LSPR Biosensing Double Nanoring Arrays
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It Takes a World of Help: Great Group Members and Collaborators!

Postdoctoral Scientists and Visitors

Grad Students | Collaborators
Esther Hessong | Prof. Mikhail Shapiro (Cal Tech)
Brandon Matthews | Prof.Yoshiko Miura (Kyushu)
Kellen Kartub | Prof. Lasse Murtomaki (Aalto)
Adam Maley | Prof.Andrej Luptak (UCI)
Millie Fung | Prof. Reg Penner (UCI)
Gerald Manuel | Prof. Ken Shea (UCI)
ManaToma [®/E=  Gabriel Loget B! Seulgi So (¢ ®®  Yara Aceta E2I1 Mike Cho | Prof. Donghyun Kim (Yonsei)
: Jennifer Fasoli
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Yulin Chen
Yuan Li
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WenJuan Zhou
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A quick note on Surface Plasmon Polaritons and SPR vs. LSPR

Surface plasmon polaritons (SPPs) are propagating electromagnetic waves that can be created
on a planar gold thin films (45 nm).

SPPs are solutions to Maxwell's equations and can be created at all wavelengths
above the SP cutoff wavelength (540 nm for gold).

Localized SPR (LSPR) is the excitation of a standing SPP wave on a gold nanoparticle.

@ LSPR Resonances occur at specific wavelengths as determined by the shape, size
and dielectric constant of the material from Mie theory.

. Analyte molecule

U Probe molecule

The mesoscale nanoring array
surfaces have coupled plasmonic

resonances that are a combination
of LSPR and SPPs.

White light

Processed image showing
analyte binding

SPR Imaging uses SPPs
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Electrochromic and Electrodiffractive Composite Gratings
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