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M y b adC kg roun d Courses Seminars | Research | Tutorship | Total

1st 33.1 18.65 45 0 96.75
. MSc. degree:Electronics and Communication Engineering ond 15 11 2 5 631
. Research group/laboratory: Information Photonics and
. .. 3rd 0 0 72 0 72
Optical Communication
. PhD start date: November,2020 Total 48.1 22.75 161 0 231.85
Scholarship type: UNINA Expected 30-70 10- 30 80- 140 0-4.8

Summary of Study Activities

Briefly summarize the study activities of the academic year

Attended (Courses, Seminars, PhD Schools)

The optimization of numerical simulations of proposed SEIRA substrates and the experimental (Fabrication, Morphological
characterisation by SEM and spectral characterization by ATR-FTIR) SEIRA substrates are the main areas of my third-year

research activity. u Microscopy ,Optical Coherence Tomography ,Biomedical

Ad hOC PhD courses / SChOOIS Imaging, ,Photoacoustic Imaging, Lasers & Therapeutics and Spectroscopy

Software Defined Radio Applications for Radar and Localization - : : :
Ultra- High Fleld Magnetic Resonance fmaging Research activity: Numerical Simulation

Virtualization technologies and their applications =  Designing of close packed array of Nano disks-based Antenna
Machine Learning for Science and Engineering Research and Simulation of the SEIRA substrate
Conferences / events attended = Parametric Analysis (Gap, Thickness of Nano Disk )

Bio Photonics Conference = SEIRAGain Calculations

COMSO
MULTIPHYSIC SL

23

Research activity: Experiment

= Fabrication Procedure

=  Morphological characterization by SEM

PR fotrument AR Noduie = Spectral characterization by ATR-FTIR
. - _
S = =  SEIRA Enhancement Factor Calculation
= 0! = Comparison between numerical and experimental results Results
-

eephD - Babar Ali 2


https://events.photonics.com/Schedule.aspx?EID=8&TID=33
https://events.photonics.com/Schedule.aspx?EID=8&TID=34
https://events.photonics.com/Schedule.aspx?EID=8&TID=35
https://events.photonics.com/Schedule.aspx?EID=8&TID=35
https://events.photonics.com/Schedule.aspx?EID=8&TID=37
https://events.photonics.com/Schedule.aspx?EID=8&TID=40
https://events.photonics.com/Schedule.aspx?EID=8&TID=39

>
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> Motivations

SEIRA

Research activity: PhD Thesis Overview and Objective
ATR-FTIR: Attenuated Total Reflectance Fourier-Transform Infrared SEIRA: Surface-Enhanced Infrared Absorption

Developtmnet of atctive SEIRA substate with ATR-FTIR

To access the rich vibrational information of biomolecules and enables the investigation of unige structural

chracteristic of biosamples

Identify and develop novel and cost effective and highly efficient plasmonic nanostructures exhibiting good SEIRA
properties (namely, the gain factor) in order to improve the detection characteristic of an ATR-FTIR instrument for

= Point of Care diagnostics devices

biological analysis.

Chemical Sensin g
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Acve f PiSersne il

substrate @ "

Physical Sensing
& © )

R

FTIR instrument

Our Proposal (Gold Nano disks and “Otto” configuration) ATR-FTIR and SEIRA

are combined for biosensing applications

Numerical Results: Parametric Analysis devoted to identify the best configuration

in terms of SEIRA gain factor

Experimental Results: Fabrication, Morphological characterization by SEM. and

Spectral characterization by ATR-FTIR, SEIRA gain factor calculation)

Numerical fitting of the experimental results

N

Jikai Xu, ACS Nano 2020 DOI:10.1021/acsnano.0c05794
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Simple design and Efficient
Cost effective

Sensitivity and reliability
Tunability

Hot spot accessibility
Repeatability



https://doi.org/10.1039/D1AY01643A
https://doi.org/10.1021/acsnano.0c05794

Research activity: SEIRA and State of Art

» SEIRA-active substrates are a crucial component in biosensing, greatly enhancing the sensitivity of infrared

spectroscopy. > Electromagnetic Enhancement (EME) > Chemical Enhancement (CE)

. 3500 2500 2000 1500 1000
» The EME mechanism (Enhancement :

. . . . ) ! d)
effect of electric field intensity on the A oy b) Enhanced €] .
. . Nl(CO),\n“ NO \ molecular vibration IR Radiation
substrate) and CE (orientationally 3\\ WY T V4
. . = Adsorbed molecule (¢,)
substrate—molecule interaction at the Proteins & Elecc el
. 2 ¢ =
interface ). ) Glucose g s Lol
£
» Localized enhancements of the ' Sam &
electromagnetic field (EMF) are | \ w——"
responsible for the amplification of 3 4 5 ¢ 7 8 9 10 # . L : _
i . Characteristic infrared vibrations of selected molecular Schematic representation of the
P
the signals, and hot spots are defined Wavelength (um) species. The fingerprint region containing skeletal electromagnetic mechanism of SEIRA
as spatial regions of highly intense vibrations is hatched. (b,c) Principle (SEIRA) on metal island film

Different biomolecule in the midinfrared )
(a-c) Frank Neubrech (2017, 117 (7), 5110-514) https://10.1021/acs.chemrev.6b00743  (d) Wu, L., Jiang, X. (2018), https://10.1007/978-981-10-6823-2_11

local field enhancement.

A
SEIRA enhancement factor (EF)— — x —0
‘ ARO ASEIRA
AII these studies have been done with FTIR coupled with
' optical microscope
Reference Molecule Studied Enhancement Factor (EF)
Tao Wang(2013), DOL:10.1364/0E 21.009005 PMMA 103
Lisa V. Brown(2013), https-//doi org/10.1021/ja312694g’ 1-Octad thiol 104
Jochen Vogt(2014), https+/doi.org/10.1039/C4CP04851B, 4.4'-bis(N-carbazolyl)- 10°
1.1"-biphenyl
Benjamin Cerjan(2016) . Stearic acid 10*
DOI:10.102 1/acsphotonics.6b00024
Brown(2015) https://doi.org/10.1021/n1504455s D 1 ?f‘ 108
Meo(2019), DOI:10.1016/j.snb.2019.02. 014 [PMMA (Methyl acrylate) 104
Shuyan Zhang(2023), DOIL:10.1039/D3NR01360C miRNAsbohydrates 10®
Bibikova (2017), DOL- 10,1039 cfan03596  Dimercapto polyethylene glycol 10?
Pt o st e -
Emfowllulifim(lﬂla]msq Proteins w*

Chemical Sensi BIO Sensmg Physical Sensin . .
( ¥ AN "é) > L O ) > The SEIRA near filed enhancement (|E;oc/Eol? )is
SEIRA Active Substratc Road Map defined as the SEIRA surface capacity to increase the

e EPh D AR =Difference of Resonance peak with and without Molecule presence on NA EMF close to the target analyte' 4

ATSREatIoR T hRGIGGY AR, =Difference of Resonance peak with and without Molecule on presence Flat Gold
electrical engineering Ay=Area of the Unit cell (Nano Antenna) exposed to light , Aggra=Effective Area of Nano Antenna(Where the filed is localized)


https://doi.org/10.1021/acsnano.0c05794
https://10.0.3.253/acs.chemrev.6b00743
https://10.0.3.239/978-981-10-6823-2_11

Research activity: Design and Simulation of the SEIRA substrates

GND: Gold Nano Disk

GND, GND;
A 4
I ==
: ; P, |
1 i : Substre®
§GNDS} GND, GND, | " »
P o . \
GNDy GND, | \ p ......
P, " A G« GND
tn
. A
GND Unite cell ‘ €)) |

» D = Diameter between Nano Disk = 757nm, 2
» ty, = Thickness of Nano Disk = 30nm lo = 1[MW /m*]

» G = Gap between Nano Disk = 15nm Power = Iy X Width(P,) X deth(P,)
» P=Period=772nm » Refractive Index of Glass =1.5

» Refractive Index of Diamond= n=2.65

swept option (Distribution based mesh). See in (b)

Substrate

Nano-Antenna
(0tt0) Gap
P

Pl

\~.

! “
Incident Light Reflected Light:

Prism(IRE)

(VN
Vﬂé OISR
0 m%ﬁ"?)‘s"i
O
K

Vegﬁ%y{

Numerical Tool
Port 1:Incident /Reflection (Inlet)

PML (Perfectly matched layer)
The Finite Element Method (FEM)

= Importantly, adaptive meshing is required for PBC to work accurately. Thus, an
exact meshing scheme on the opposite side walls was imposed. The model of the
SEIRA substrate in COMSOL Multiphysics use free triangular mesh on the opposite
side walls and free tetrahedral mesh (For inside the walls and Nano disks
(Nanoantenna)) between the PML layers. PML layers are meshed by using the

Floquet PBC were imposed on the side walls

Port 2:Transmission (exit)

Electromagnetic Waves,
Frequency Domain

90
Drude model for the dielectric function of Gold

80 -

1 PBC (Periodic boundary conditions)

1 1 1

(w) =1 “r u
EaulW) = - . |
u w (w + lwc) < or
Plasma frequency: wp Collision frequency: w, :: _
Oc = sine™?! (nRef/Tlmci) 2:

*  The critical angle (6¢) 0
] Incident angle : ny,; '

= Reflection angle : ng,r

Wavelength (um)

Cheng Shi, DOI: 10.1039/C8NA00279G (Communication) Nanoscale Adv., 2019, 1, 476-480.
W.-G. Yeo, “Far-IR multiband dual-polarization perfect absorber for wide incident angles,” Microw. Opt.
Technol. Lett. 55(3), 632-636 (2013). 5
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https://www.comsol.com/comsol-multiphysics

Research activity: Simulation Results (Parametric Analysis)
Influence of GND Diameter(D) and Gap(G) on tunability . Period (P) =750nm.

= Pisfixed ,and D varies from 745nm to 715nm with 10nm Steps, and G varies from 5 to 35nm.

100 T T T 40 T T
(P=750nm,t,=30nm) (P=750nm,t_ =30nm)
35 . -
80
30 F -
)
é 60 Ezs J
8 =
2 . =
= D-715nm,G-35am Q20 .
s a0k { %
S S
7] - i
=1
20 .
10 F o
0 Peak@5.36um Peak@6.17um 5 i
L . 1 0 1 L 1 ' L
45 50 55 6.0 65 45 5.0 55 6.0 6.5
Wavelength (jum) Resonace Peak Shift (um)

a) Influence of D and G at Resonance Peak D) Influence of D and G at Resonance Peak (2d-Surface Plot)

Influence of GND thickness (t,,) on tunability . Period (P) =750nm.

100 T T
| — 100 |
P =—t,=20nm - o
g =—t,=40nm E 80
;« —t,=60nm =
‘.=) —t,=80nm AE =
L e £,=1000m % ek 5
g g =
= ®
GND ﬁ 40 F é‘:\
| &
™, i
°r=  t,, varies from 20nm to 100nm. 20}
5.6 58 6.0 6.2 64 L L 1 1 1
54 5.6 5.8 6.0 6.2 6.4 6.6
Wavelength (pm)
Resonance Peak Shift (um)
a) Influence of t,,, at Resonance Peak GND thickness (t,,,) Resonance Peak Shift (um)
b) Influence of t,,, at Resonance Peak 20nm 571
(2d-Surface Plot) 40nm 5.86
60nm 5.96
e e 80nm 6.03
PhD 100nm 6.07
e = o

e

Hot-Spot at Nano gap

NANO Disk Period (p)= 750 nm

Period  Nano Disk Gap between Resonance

Fixed Diameter Nano Disk Peak Shift
Varies Varies

750nm 745nm 5nm 6.17um

750nm 735nm 15nm 5.78um

750nm 725nm 25nm 5.53um

750nm 715nm 35nm 5.36um

|E/Eo|?

@5.53um @5.36um

Near-Field Enhancernznts When GND
D, G varies, and P is fixed

= Near E-field confinement with Hot-Spot

created by coupling between GND are clearly
visible between the Nano gap (Between Nano
disks) as seen in figure (w-z)

Babar Ali



Research activity: Simulation Results

Absorbing Material model

A permittivity model for bio sample is established .The both real(n) and imaginary(k) part of the refractive index, as n~ = n + ik, are shown in
figure.

Drude Model for Bio Sample(Refractive Index)

. Aw} ' '
fo = Feo wi —w?—iyw 135} 1
_ . . .y T 15| ]
Equation of Drude-Lorentz describes the relative permittivity €,, of @
= 134r _
the bio sample . An oscillator with amplitude A is used to imitate 1335 F .
- - - . 33 i i i i I i i
absorption. While w,,y are eigenfrequency and damping factors, ‘ 4 45 5 55 o 5 2 25 8
respectively. Hence, the parameters we chose to determine the Wavelength(um)
I:l3 T T T T T T T
permittivity of the bio sample in MATLAB, are A = 107>, &, =
—
mb2r J
1.8andy = 2.8 x 101, E
Zo1t -
0

4\ MATL AB® 4 - 5 U?Q;velerigth(ufﬁ) ? h B

eePhD Babar Ali 7
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Research activity: Simulation Results (Parametric Analysis) NaNo Disk Period (p)= 750 nm
= [mpact of Gap(G) on Absorbance peak . G varies 5nm to 35nm D change and with fixed P and t,,,

a) Influence of G on Absorbance Peak. When
using the absorbed bio analyte

b)The near filed SEIRA enhancement as a
function of the G

Numerical SEIRA Gain Calculations

Reflectance (%)

Figures (c-f) illustrates the changes in reflectance
spectra due to an artificial bio-Analyte.

» D varying from 745 nm ,715nm
» G varies 5 nm-35 nm,

» P is Fixed=750 nm

» t,=30nm

98.075 T T T
Flat Gold Without Biosample
Flat Gold Witht Biosample

98.070

98.065

©
&
o
a
a

98.050

Reflection (%)

98.045

98.040

98.035 |- .

1 1 1

4 5 6 7 8

Wavelength (um)
Figure: Illustration of a reference design with a thin Gold
layer deposited on a Glass substrate in the presence and
absence artificial bio-Analyte. Changes in reflectivity

(ARO)
eephD
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P=750nm,t, =30nm,D=735nm,G=15nm

|
100 r r ; : 84 T T T T T 1
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|
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= ! )] 1
o ]
o 2 76 |
= = 1
|5} )
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. 74 | - I
75 | ] E :
C i 72} J I
70 ; i i i i i i i i i i 1
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‘Wavelength (pm) Wavelength (pm) 1
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— . 64 J
=70 & . i
~ %AR=3.50 - % AR=2.86 1
g 2
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D 68 | 3 62 ] I
< = I
~ e
66 | - 1
e) 60 | f) - |
64 4 |
|
1 L L L 1 L L 1 L L L L L L L 1
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Research activity: Simulation Results (Numerical SEIRA Gain CaIcuIations)

—=— P=750nm(Fixed),G and D (Varies) 5 x10°
5500 - P=750n m(leed),G and'D (V“.ies) —i— P=75|]nm(Fixed),G and D (Varies)
L 4 \ "
10 5000 \ .
4500
s 71 = 4000 =3t
=~ 3 =
< 3500 <
S é =
6f 1 & so00 Zat
Z \
2500
.l .\\ _ \ 1
2000
. "\________ o
2 1 1 1 1 | 1500 _--- ] \.-_—_-_-——l
5 10 15 20 25 30 35 1000 0 . 1'5 " 2'5 0 3'5
Gap(G) (nm) 5 15 20 25 30 Can(C
Figure illustrates the changes in reflectivity (AR) as a fu Gap(G) (nm) ap( )-(nm)
of the G and G varying from 5nm -35nm. P is fixed and D varies  The SEIRA gain as a function of the D , Here G The SEIRA EF as a function of the G, Here G
745nm-715nm and D varies. But P is fixed. D varies. But P is fixed.
—s— P=750nm(Fixed),G and D (Varies) 5 x108
" S0 e p=750nm(Fixed),G and D (Varies) —a— P=750nm(Fixed),G and D (Varies)
10 1 5000 4 ]
/1
9 1 4500
ol - /
& 4000
= | ls / =il s
= 3500
S g g
/ = 3000 =F
° { - 2500
L |
4tk H // . ]
/“ 2000 1 /
<) . -
: —— o
Sl / ! : 1500 - oo —_________//
715 720 725 730 735 740 745 1000 Lt 5 : f . L
Diameter(D) (nm) 715 725 730 735 740 745 715 720 725 735 740 745
Figure illustrates the changes in reflectivity (AR) as a func Diameter(D) (nm) Diameter(D) (nm)

of the D. G varying from 5nm -35nm. P is Fixed and D Varies

€€

745nm-715nm

Babar Ali

The SEIRA gain as a function of the D , Here G
varies between GND. But P is fixed.

The SEIRA EF as a function of the D , D and

G varies. But P is fixed.




Research activity: Experiment(Fabrication and SEM Characterization)

Fig. schematic Representing the Fabrication Procedure (Self Assembly) Fabrication Samples
Transformation Heat Treatment  Mono Layer of Close-Packed Diameter Nano | Thickness of Nano Annealing
r\ r\ Nanospheres D iSk DiSk
Gold Layer !
< g \ | 757nm 30nm 110°c
_ o ___
e
l Selective Etching
Removal of Close-Packed >
Nanospheres " | /",—\ Electron Gun
2D View T o \rm o . ,), {\ A P M ~ W o
BaeTs _
/ : / /)’/ /, //:/ = ‘/;,/":6\”&‘ 7 ) Anode
|// i 8 Condenser Lens
Morphological characterization by SEM sl
SEM I m a g e Electron Detector . Objective Lens
(¥ 0 ®, 1 -
S;Zi::;r! “ Sample/Stage
GND-A2 Illustration of SEM Setup
It provides detailed, topographical images,
providing versatile data.
The instrument used for SEM includes these components:
= Electron source
= Anode
GND-A3 = Condenser lens

= Scanning coils
= Obijective lens

€ECeno

nformation technology
electrical engineering
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Research activity: Experimental characterization
Spectral characterization by ATR-FTIR

FTIR instrument Display
The PerkinElmer Spectrum™ 3 FT-IR spectrometer Scheme IR beam path ﬁ

£ o B

Reflectance (%)
5 =8 = = =

% Model: L1280127 =
++ Wavelength range:8500 - 30 cm-1 =
++ Exceptional signal-to-noise ratio and photometric -
performance
.

J -
| IR Source
% High reproducibility of spectral data without spectral i  Wanclegth (um) )
interferences : ,i L-—
+¢+ Best-in-class sensitivity, even when using room Samle
temperature detectors [ ' _,V,.,,%_V.,_ Detector
+«»+ Characterize fast reactions with scan speed up to 100 - ATR (Diamond)
scans/sec — i
+«+ Optimize sensitivity and spectral resolution
performance ATR Module ATR-FTIR (at CeRICT SCRL-Benevento)
85 T T T T T T
Instrument settings: le ST ExPemLmﬂ__,_/\
< Resolution=4cm Samp e Slot 80 F
[
< Measurement range = 4-
7micrometers €75 i v :‘.ﬁiﬁ 1
. E ?./ ATR (Diamond)
«  Measured=Reflectance et Crystal
Q .
< Accumulation: 16 £ 70 | Detection IR 1
N
% CO,/H,0 settings S
Sample Evanescent wave =
< Scan speed (cm/s)=0.2 é 65 - i
< Phase correction=magnitude :
"~ ATR crystal
«  Apodization=strong L s /! 60 F .
K =1 ?Peak
. 55 1 1 1 1 1 1
Experimental ATR FTIR- Reflectance Spectra 4.0 4.5 5.0 5.5 6.0 6.5
P = 772nm, t,,=30nm,D=757nm _ _ Wavelength (um) _
Figure ATR-FTIR reflection spectrum obtained from the fabricated sample.
e ePhD Resonance Peak at 5.78um Reflection peak at 5.784 um (1728.91 cm-?). 11
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Research activity: Exper

85

85 T 85

imental characterization

Spectral characterization different Spots(Uniformity) _

spot's reflection spectra in term of resonance peak (Figure (a,b,c,d))

1 wl @Spot-1(GND-A2 Sample) @Spot-2(GND-A2 Sample) @Spot-4(GND-A2 Sample) @Spot-3(GND-A2 Sample)

: O wWithout 4-ATP] sof PF

- 75k Withoat 4ATH —— Without 4-ATPI — Without 4-ATP]

s ——— Without 4-. I =75 = =

:gm. g b g7 C gor

Iz a) gt ) g ) 8 d)

< 0 g g g

:: " & 65 E " E 8o

I

I 55 60 65

| 75|

I s L L L L . 55 L L 1 L 1 50 L L L L L L L L L L
1 4 45 50 55 &0 65 40 45 5.0 55 6.0 85 4.0 45 5.0 55 6.0 6.5 40 45 5.0 55 6.0 6.5
: Wavelength (pum) Wavelength (pm) Wavelength (um) Wavelength (um)

1 Reflectance spectra for proposed GNDs closed array-based NA (Sample-A2) at

: different spots without 4-ATP. We see the uniformity of between the different Sample-A2

I

I

I

: T & . ‘ : : 8
(@Spot-2 (GND-A3 Sample)

@Spot-3 (GND-A3 Sample)

] r
of 1 W 80
A AT | T
(—— Without 4-ATT ] — Wit 4T -
575_ 2\‘?".75.... I — E\ W.} 4ATP
- < =~ 1{hoUL 4= I
3 3 w70
. W) X) g
E ,5 g 65
Sost pest S
2

60

60 - 60 -
55 |

55 ! I 1 L 55 ! L L L L

4.0 45 5.0 55 6.0 6.5 4.0 45 50 55 80 65
50 1 1 1 1 Il
Wavelength (pm) Wavelength (pm) 40 45 5.0 55 6.0 65
Wavelength (1m)
Sample-A3

Figure (w,x,y)Reflectance spectra for (Sample-
AZ3) at different spots without 4-ATP.

Lo o o o o o S S S S R S R R R S S R R S S R R S S R R S R R

We see the uniformity of between the different spot's

e e reflection spectra in term of resonance peak
PhD

nformation technology
electrical engineering
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5.790

5.788

o
)
®
@

Resonance Peak
w
o
[e+]
B

5782

5.780

—=— Sample-A2
Z) —&— Sample-A3

1 I L I L

Spot 1 Spot 2 Spot 3
Different Spots

Repeatability
ATR-FTIR characterization (Sample-A2 and

AQ3) at different spots without 4-ATP. We see
the Repeatability in term of Resonance Peak

for Samples.
12



Research activity: Experimental Characterization
Monolayer Preparation on the SEIRA substrate e OSH

Spot

= Immersed in a 1 mM 4-aminothiophenol (4-ATP) (Merck-Millipore Milan,
Italy) solution in ethanol for 16 hours, washed with pure ethanol to remove
the excess unbound molecules, and air dried.

» Uniform self-assembling monolayer of 4-ATP (thickness=30nm),

FTIR Spectra for 4-ATP

covalently bound to the NA
a5 |- ‘ i Experilr:ental Spect‘ra (With 4-IATP Monol‘ayer]i ' | &
Absorbance due to Monelayer 4 -AT p ¢
SOTF_——’_—M P 4 - — g™
I 3 : m
9 — < — u
%75 3 8 = : B
(2}
¢ | Glass 2 " issoy
2 € ] a
5 N
& a5 | i ]
; . 65 B } =
y J -’- D 60 F ._ p— |
Sample with 4-ATP 1 :
) ) . 55 4?0 4?5 5‘0 5f5 6I0 6?5 1200 1400 1600 1800
FTIR-ATR Spectra for Fabricated Sample With Bio Sample Wavelength (um) Wavenumebr(cm™)
Spectral characterlzatlon by ATR FTIR (Unlformlty) at leferent Spots Ming Li(2012) DOL. 10.1021/ac2033257
85 T T
@Spot-1 v( ND-A3 S: nnp @Spot-2 ((AD A3 Simplc) @Spot-3 (GND-A3 Sample)
6o [ 80 | ~ i 80 -E@IA
M ; N -7 /
_ JTE ——With4-ATP] freins 5 A T
S . $ S
§ o & ;:; w1 % - = e
g | ¥ gor e ' Sesp i
é 65 F .| Enhanced molecular vibration é ;‘:‘L ] é ::7,5 /
60 * 60 e B
umlm..m:! s Enhanced molecular vibration | s —Fuhansed molcean vibhation /
6oL sl N S
55 1 1 1 L 1 50 L L 1 1 1 50 . .
4.0 4.5 5.0 5.5 6.0 6.5 4.0 4.5 5.0 5.5 6.0 6.5 4.0 45 50 5.5 6.0 6.5
Wavelength (pm) - - - Wavelength (um) Wavelength (Lm)
e e ATR-FTIR characterization in terms of reflectance spectra for our proposed GNDs closed array-
PhD based NA at three different spots with 4-ATP. 13
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https://doi.org/10.1021/ac203325z

Research activity: Experimental characterlzatlon

SEIRA Enhancement Factor EF)Calculation A 2
98.072 Flat Gold with out 4-ATP - (EF) SEIRA EF = e A_O Asgira= 0.0072um
Flat with 4-ATP 85 - —g.:: :u;TtATP 0 TSEIRA Ay=2.04um?
—— With4-. | — 2) .4 — ,
98.064 =dETER __‘__,—-——/\ Ag=2x(V3xa*);a=D+G te = Thickness of Gap=30nm
- X/i{ -~ 2 . 80 F
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Figure (a-d) illustrates the change in reflectance spectra AR calculations for our proposed GNDs
closed array-based NA at three different spots in the presence of 4-ATP monolayer. (d) 2D
representation of changes in reflectance is AR as a function of different spots.
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Spots of Unit Cell

Name SEIRA Gain Factor SEIRA EF

Spot 1 993 2.72 x 10°

Spot 2 995 2.75 x 10°

Spot 3 997 2.77 x 10° 14




Research activity: Experimental characterization

= Comparison between numerical and experimental P = 772nm,t,,=30nm,D=757nm
results

Figure (a-b) represents the fitting of experimental ATR-FTIR reflection spectra with simulated spectra in the
presence and absence of absorbance analyte 4-ATP monolayer.
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=  Conclusion

= We developed novel SEIRA substrates to be used in ATR/FTIR instruments for biological sensing applications

=  The SEIRA substrate is composed of a regular pattern of gold nano disks exhibiting hotspots nanogaps.

=  Numerical analysis was used to identify the geometric constraints which leads to an optimized SEIRA substrate featuring a regular
pattern of nanogaps with intense hotspots

=  SEIRA substrates have been fabricated by using a self-assembling approach to provide cost-effective SEIRA substrates

= ATR FTIR instruments has been used to characterize and assess the fabricated substrates performances

=  SEIRA Enhancement Factor as high as 10”5 has been obtained

= Experimental results have been compared with numerical predictions showing a good matching

= Overall, the proposed SEIRA substrate can provide a viable tool to perform IR absorption spectral analysis with superior performance

with respect to standard FTIR approaches

Future Prospective

= Future developments pertain to
= Use of the proposed approach to detect specific biomarkers in liquid biopsy

=  Functionalize the substrate to get further boost the detection specificity
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