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Part 1_ Infrared spectroscopy with synchrotron radiation

e Infrared Synchrotron Radiation: production and properties
e Far-field FTIR microscopy
 Near-field FTIR nanoscopy

Part 2_ THz studies with SR and FEL radiation

e The THz spectral range
e THz spectroscopy with Synchrotron Radiation

e THz non-linear studies



Infrared Spectroscopy with Synchrotron Radiation
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Relatore
Note di presentazione
Infrared (IR) light is electromagnetic radiation with a wavelength longer than that of visible light, measured from the nominal edge of visible red light at 0.74 micrometres (µm), and extending conventionally to 300 µm. These wavelengths correspond to a frequency range of approximately 1 to 400 THz,[1] and include most of the thermal radiation emitted by objects near room temperature. The infrared portion of the electromagnetic spectrum is usually divided into three regions; the near-, mid- and far- infrared, named for their relation to the visible spectrum. 
Infrared light is used in industrial, military, scientific, and medical applications. Night-vision devices using infrared illumination allow people or animals to be observed without the observer being detected. In astronomy, imaging at infrared wavelengths allows observation of objects obscured by interstellar dust. Infrared imaging cameras are used to detect heat loss in insulated systems, observe changing blood flow in the skin, and overheating of electrical apparatus.
Much of the energy from the Sun arrives on Earth in the form of infrared radiation. Sunlight at zenith provides an irradiance of just over 1 kilowatt per square meter at sea level. Of this energy, 527 watts is infrared radiation, 445 watts is visible light, and 32 watts is ultraviolet radiation.[2] The balance between absorbed and emitted infrared radiation has a critical effect on the Earth's climate.
From a microscopically point of view, IR light is typically emitted or absorbed by molecules when they change their rotational-vibrational movements. Therefore, IR spectroscopy is commonly identified as a VIBRATIONAL SPECTRSCOPY.
VIBRATIONAL SPECTROSCOPY AND MICROSPECTROSCOPY, THEIR BASICS AND APPLICATIONS WILL BE THE FOCUS OF THIS TALK.
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Infrared vibrational spectroscopy: Basic concepts on theory

Quantum mechanical Model of anharmonic oscillator

E,ip = v, [(N+1/2)=x,(n+1/2)? + higher terms ]
Ve = harmonic frequency X, =anharmonic constant

Selection Rules
Vmax
du
— [ = d
1 ‘ — Htrans = (W x| W) at £ 0
— dx d
5 x
50 / Second overtone Utrans F 0
] 2
C
S .
= / First overtone (an |x|¢n,) =+ 0
‘S 1
S :
= Fundamental frequency An=tinteger
a
v=0 E, = Zero point Energy
Overtone bands are observed, with frequencies usually lower than the
oL 1 1 i i whole multiples of fundamental.

Combination bands are also allowed (two vibrational guantum number
changes at the same time)
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Normal modes of vibrations

Vibrational
Spectrum of
liguid water

80

70 F

60

50 F

40 -

30

uv
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Volume /. SJuly-August, 1893. Number 1.
Despite born in the 1800’s, infrared spectroscopy became popular

q et Infrared Spectroscopy: a brief history

only in the second half of the 20t century thanks to advent of

N\ 4 THE
,@\ PHYSICAL. REVIEW. Fourier Transform InfraRed (FTIR) interferometer.

A STUDY OF THE TRANSMISSION SPECTRA OF
CERTAIN SUBSTANCES IN THE INFRA-RED.

By Ernest I, NicHOLS.

~
Interferometer
ITHIN a few years the study of obscure radiation has
been greatly advanced by systematic inquiry into the laws
of dispersion of the infra-red rays by Langley,! Rubens,® Rubens
and Snow,? and others. Along with this advancement has come
(—

the more extended study of absorption in this region. The
'tbsorptlon of atmosphcrlc gases has been studied by Langley! and
by An.nfstmm 4 Angstrom5 has made a study of the absorption of
certain vapors in relation to the absorption of the same substances

 J
in the liquid state, and the absorption of a number of liquids and
solids has been investigated by Rubens.®
o
]

-‘ In the present investigation, the object of which was to extend
this line of research, the substances studied were: plate glass, IR-beam o
hard rubber, quartz, lamp-black, cobalt glass, alcohol, chlorophyll,
water, oxyhzmoglobin, potassium alum, ammonium alum, and
ammonium-iron alum.

sample

source i

[R-detector

1 Report on Mt. Whitney Expedition, Profess. Papers, U. S. Signal Service, XV.
2 Annalen der Physik und Chemie, N. F. XLV, p. 238.
4 Annalen der Physik und Chemie, N. F. XLVL, p. 520.

4 Bih till K. § ka Vet.-Akad. Handlingar, Band 15, Afd. 1, No. 9. . . . . . . q Q . P
5 Ofversigt af Kongl. Vetenskaps. Academicns Forhandlingat, 1896, No 7, Stockholm, Alex Risos, Nicholas Long, Arvid Hunze, Gideon Gouws, "Mid-IR absorbance and its relation to static permittivity as

& Annalen der Physik undw a robust in-field tool tracking oil deterioration," Proc. SPIE 10215, Advanced Environmental, Chemical, and
Biological Sensing Technologies XIV, 1021500
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1976
1981
1985
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1987
1992
1995
2001
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IR beamlines: The Cinderella Story

Meyer and Lagarde (LURE, Orsay) published the first paper on IRSR
Duncan and Yarwood observed at Daresbury the first IRSR emission
The first IRSR spectrum (on N,0) is collected at Bessy (Berlin)

The first beamline was opened to users at UVSOR (Japan)

Started the brilliant story of IR-beamlines at NSLS Brookhaven (USA)

In Europe: Orsay (France), Lund (Sweden), Daresbury (GB)

First international workshop on IRSR, Rome (ltaly)
First IR beamline in Italy (SINBAD @DA®NE)
Second beamline in Italy (SISSI@Elettra)

Many mores

IL MONDO
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Oy

1/3
Pgyi(A) = 4.38x10" x I x 0y x bw x (gj photons-s™  [1]

[ = Current(A)

0y =Horizontal Collection Angle (rads)

bw = Bandwidth (%)

p, A =Radius of the ring, Wavelength (same units)

P(A) as obtained in [1], in the spectral range 1 to 10* um (10% to 1 cm™), for a
current of 1 A, a horizontal angle &, =100 mrads and p =5 m.
Comparison with the emission for a BB source at 2000K.

Extrapolation of the Schwinger equations
(1949) by WD Ducan and GP William

(1980s)

Infrared synchrotron radiation from electron
storage rings; Appl Opt. 1983 22(18):2914.

Photons/sec/0.1%BW

mmi
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Constant Field
Emission

QV—Nat - 1.66[

IRSR Generation_Bending Magnet IRSR

1000x A

j A)=pm;[p]=m

Angular range into which 90% of the

emitted photons travel

Alum] v [cm?] THz Oy nat
NIR™ 10000 300 9.2
10 1000 30 19.8
100 100 3 42.2
R 1000 10 0.3 90.3

Calculated for Elettrap = 5.5 m.

—

Very large extraction apertures are needed for IR
beamlines for:

e Maximizing the flux (6,,)

 Allowing efficient extraction of lower energy
components of IR synchrotron emission (6v)
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Edge radiation is produced when electrons experience a changing magnetic field
(entering or exit a BM, where B is constant).

Straight section

[I]= A;[0]=mrad

4

PEdge oCax I X 7/0 5
(1+ 7/26’2 )

y = Lorentz Factor; a = Fine Structure Constant

e Edge radiation has a ring structure characterized by interference pattern
* Being® ., ~ 1/y~10 mrads, it is spatially confined and intrisically bright
e |tisradially polarized

By courtesy of Paul Dumas, SOLEIL
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SOLEIL SOLEIL
2.75 GeV 2.75 GeV
45 mrad H X 30 mrad V 30 mrad H X 30 mrad V
BM BM

peJw og

45 mrad 30 mrad

By courtesy of Paul Dumas, SOLEIL

Photon Flux ( Watts/cm-1)

IRSR
The brightness advantage

1T —— BB temperature= ZOOOK
1 —— SOLEIL Synchrotron 500 mA [

1E-6': e e et St i el

T ™
100 1000

Wavenumbers ( cm-1)
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Vibrational information on the sample can be achieved at different level of detail, depending on instrumentation
and IR source (IR conventional, IR-Synchrotron radiation, IR laser)

Near filed

IR nanoscopy

Continuous IR source

Far Field

IR microscopy
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Exploitation of IRSR advantages

Elettra |

Advantage

Application

Higher S/N
Faster data collection

Flux Adavantage

. FIR and THz spectrosco
in FIR and THz - o

Complete data collection

e BM Linear polarization
ER circular polarization

Higher S/N ratio
Faster data collection

Brigthness

Mi \
adva ntage icroscopy and Nanoscopy




FIR and
THz
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SISSI-Synchrotron Infrared Source for spectroscopy and

SISSI-MAT

Material Sciences branch

imaging
Nano-FTIR
Hyperion
Vertex 70v FM 3000

Vertex 70v

Hyperion

2000

SISSI-Nano

The new endstation for
IR nanoscopy

IRSR & Lasers

SISSI-BIO

Chemical and Life Sciences branch

FTIR spectroscopy in the
FIR-MIR regime, FTIR
imaging and microscopy
in the MIR
IRSR & Conventional IR
source

SISSI-Bio @Elettra - Photo courtesy of
CERIC-ERIC, Photographer: Roberto
Barnaba



Far-field FTIR microscopy for biospectroscopy



Bruker 70v interferometers

q Siaone FTIR microscopy_Instrumentation
]

L " 0
I

Control Elgcironcs

——# IRSR

urce

Schwarzschild/Cassegrain objective

Bruker Hyperion 3000 microscope
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The Rayleigh criterion

Resolution

lelt\\ Unresolved
Ihsnlvnd - ‘ Al
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. . -
o \/ % e

Al
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nNA

o =0.66

Far filed microscopy
Achievable lateral resolution

Wavelength 0 (NA=0.65)
100 pm (100 cm™) ~100 pm
10 um (1000 cm™?) ~10 pm
2.5 um (4000 cm™) ~2.5 pm

FTIR microscopy_Lateral resolution

FTIR mapping FTIR imaging

IR Single Point

Vis Camera Detector

Bidimensional Detector

Dichroic Mirror

Dichroic Mirror

Motorized apertures

Motorized
XYZ stage

i

. s IR Polarizer

“IR-SR Light
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Diffraction Limited FTIR Microscopy is practically achievable only with IRSR

Conventional
Source

1.1

1.0

T %

0.9

T%

T %

T %

IRSR advantage for FTIR microscopy

Frequency {cm")
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T l——20x20| ' ' T
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] 1
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A 1 1
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3500 3000 2500 2000 1500 1000 500
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e e o B

3500 3000
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Frequency (cm")

S/N ratio at SISSI for diverse knife-edge aperture settings (lateral resolution)
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Samples conventionally FTIR Bio-spectroscopy

Molecules

Cell

Samples conventionally studied by FTIR Microspectroscopy

L @& Ko

FTIR Microscopy allows to investigate several aspects of the sample biochemistry, from individual
molecules to cells and tissues.

On the most relevant biomolecules (proteins, lipids, nucleic acids, carbohydrates), information can
be retrieved on their relative proportion, conformation, state of order, dynamics and much more....
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Primary structure
amino acid sequence

Secondary structure
regular sub-structures

Nl abir

Tertiary structure

three-dimensional structure

Quaternary structure
complex of protein molecules

Structure

A

Activity

Transport

Storage

Helicase
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e Cellular and genetics
targets

Bioinformatics
e Genomics
* Proteomics

Does the drug bind?

Biophysical methods are
fast, unexpensive, requires
minimal sample preparation
but they are blind to the
protein structure

Drug discovery and development process

e Synthesis and isolation

e Combinatorial Chemistry

e High throughput
screening

e Biophysical methods

-
¢ Animal Models and
Disease States

¢ Behavioural studies
e Functional Imaging
¢ Ex vivo studies

In vivo studies

-
e Library development

e Structure Activity studies

e Chemical Synthesis \

Medical

chemistry

® Drug production and
marketing

Clinical trails and

Therapeutics

@ . . L)
e Drug Affinity & Selection

¢ Cellular disease models

* Mechanisms of actions

¢ Lead Candidate
refinement

In vitro studies

What'’s the drug effect
on the protein
structure?

Conventional technique
for protein structural
analysis may present
some drawbacks
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X-ray crystallography Nuclear Magnetic Resonance (NMR) Cryo Electron Microscopy (Cryo-EM)*

Does exist a method able to bridge biophysical and structural protein studies?

L @& Ko

v" About 90%* of protein structures v About 8%* of protein structures v About 2%* of protein structure

v" 3D structure v" 3D structure v" 3D structure

v Atomic resolution (A) v’ Atomic resolution v Near-atomic resolution

v' Protein-ligand interaction v" Measure in buffer v' Fast sample preparation: froze
v" Protein dynamic behaviour samples in their NATIVE form

X Samples preparation (crystalization) x Expensive sample preparation X  Only larger proteins (more than

X Not native conditions X Time and material consuming 50-75 Kda)

X No protein dynamic behavior X  Limited for little proteins (less 30kDa) X No protein dynamic behavior

*statistics by PDB — March 2019
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Peptide bond i H

Amide |
C=0 str + C-N str

0,7 -
0,6 -
0.5 . FTIR spectrum of BSA Amide I
Amide A Bovine Serum Albumine N-H bend + C-N str + C-Cstr.
0.4  NH stretching vibration
5 Different H-bonding networks for
(] H . oy .
- 034 Amide Il different peak position
g N-H bend in plane
and C-N stretch
0.2 CH, & CH, 1
y aliphatic chains
91 Stretching and Bending _ 3
| Alpha Helix
0,0 -
T T T v T T T T T T / T
3500 3000 2500 2000 1500 / 1000
WaveRUmbor (o) Phosphate groups
Advantages:
Relevant also for non-crystallizable proteins
. s o Beta Sheet i
LI mitations: Extended beta-Aggregates

Sensitivity Limit
Water barrier
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Sensitivity Limit

Beer’s Law
- n
— T=—=x¢e ¢
. .
.“.*?“
/

Requires extremely high concentrations,

in the mM regime
* These concentrations are often not-
relevant in physiological conditions

Prohibits measurements from monolayers
with nanometer thickness

Sensitivity limit and water barrier

Water Barrier
Adato, R., Altug, H.

Nat Commun 4, 2154 (2013)

e )

s 4 I:J\ Vaq) i

v; = 3490 cm™!
Asym Stretching

2,51 . 4 %
- =y, =3280 cr.n'1
| S /m Stretching 2000 1,800 1,600 1,400 1,200
154 Wavenumber (cm™)
5
S 1,04
0,54
,_ v, = 1645 cm™?
oo " .. Bending

4000 . 35IDD | 3D|00 I 25'00 l ZDIDD' | 15|00 I 1DIDD
o (cm'1)
e Water bands overlaps with the vibrational
features of biomolecules
e Requires dried samples or D20, that are
not compatible with biomolecules
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IR absorbance o Oscillator strength of molecular bond x @ctric fi@

_ Optical nano-resonators
Plasmonic
=  Focus light into nanoscale volumes

nanostructure _ / .
= Enable strong light-matter interaction

Adato, R., et al. = |deal to achieve ultra-high sensitivity Neubrech,F., et al.
Materials Today, 18 (8), 436-446 (2015) Chem. Rev., 117 (7), 5110-5145 (2017)

Wavelength (um) cou pling

-
>
=1 -
(=]
]
»
-~

10 e ———
. molecule

- Sy - .
m? ""m ~eréms Spectral coupling %36,5%-
nm i :

1717 nm, : ) Enhanced
2010 nm, 6 molecular vibration i
I g Wg

/

0.95 |

Resonance tuning

0.90

0.85 |

>

0.80 -

Relative transmittance

Antenna’s material, shap
and dimension are the key . ]

075 L 2550 nm, 6 _
parameters for tunlng .1(;00‘ — .2[;00. — I3(;gg. — .4000

Wavenumber (cm™)

pOSition and bandwidth of . m
the antenna response )

Signal enhancement
of several order of
magnitude can be

achieved

Plasmon

Extinction (a.u.)

Frequency
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Surface Enhanced Infrared Absorption Spectroscopy (SEIRA) on protein monolayers




Surface Enhanced Infrared Absorption Spectroscopy (SEIRA) on protein monolayers

1 Protein layer formation

Conventional FTIR vs SEIRA

q Savone Defeat the sensitivity limit: the plasmonic approach
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| Defeat the sensitivity limit: the plasmonic approach

SEIRA on BSA and ConA protein monolayers

Protein monolayer formation
Amine coupling

EDC/NHS IS
=0 ﬁ I
I

mnnmnmmmnmmnmz

Standard deviation
is much reduced

Drop casting
Vs
Amine coupling

Second derivative (a.u.)

0.05

0.00 4

-0.05 A

‘1700 1675 ‘1650 1625 1600 1575 ‘1550 1525 1500

Wavenumber (cm™)
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Protein Signal enchantment in dried conditions: Conventional source vs IRSR
Globar InfraRed
Conventional Synchrotron .
Source Radiation
(50x50) um? (10x10) pm?
Single ordered Single ordered
(a) nanoantenna array (b) nanoantenna array
1,0 0,10
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SR-IR beam

Abs. (arb. un.)

CEIRA chiy

0,0 H

Defeat the water absorption barriers: the PIR approach

4000
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v T r
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SR-IR beam

CEIRA chip

004

SEIRA measurements in transmission mode in dried and wet conditions

I3l
7\
\ F A
\ / \
A\ -
\ I
\ -~ .
\\ // S—
e

4000

' I N 1
2000 1500 1000

: :
3500 3000

waventimber (em-1)

’ I
2500



L @& Ko

Abs (arb. unit)
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Plasmonic Internal Reflectance

2,5

2,04

1,5

1,0

Defeat the water absorption barriers: the PIR approach

PIR

—— BSA - PIR Buffer
—— ConA - PIR buffer

Aml

SEIRA measurements PIR geometry
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Aml Amll
1654 1633 1544
i Native B-sheét i
a-helix . : ! |
1750 | 17I00 . 16I50 | 16I00 . 15I50 15I00

Wavenumber (cm™)



Trieste

q e one Bridging biophysical and structural studies with PIR-SEIRA

EGFR-KD Lapatininb binding and conformational changes detected by PIR-SEIRA

Kinase domain of Epidermal
Growth Factor Receptor
(EGFR-KD)

Receptor for members of the epidermal
growth factor family (EGF family) of

extracellular protein ligands. m Lapatinib/EGFR-KD
Mutations that lead to EGFR overexpression

(upregulation) or over-activity have been 36% helices (both 32% helices (both

L @& Ko

associated with squamous-cell carcinoma of alpha and 3,,) alpha and 3,,)

the lung (80% of cases).

Drug-target for anticancer therapies 15% beta sheet 14% beta sheet
strands strands.

(Lapatinib, Gefatinib etc...).
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EGFR-KD Lapatininb binding and conformational changes detected by PIR-SEIRA
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EGFR-KD Lapatininb binding and conformational changes detected by PIR-SEIRA

Raw SpECtra comparison
Principal component Analysis
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CGE, '
_,," 9\\' Cell differentiation

& Prion Disorders
V'- Prof. Alessandro Vindigni

Prof. Giuseppe Legname

:}:R Beam

12y Control Stem Cells

. . } PrPC Rocky
N ! , Fourier transform i Mountain

- - infrared prion strain
@ . e GIE ] — <SG
P (N microspectroscopy

reveals biochemical
changes associated with
glioma stem cell
differentiation

Proteins Lipids Phospholipids Prot Lipi

S. Kenig. et al., Biophysical Chemistry, (2015); 207:90-96 Didonna A, et al., ACS Chemical Neuroscience, (2014); 23): 160-174

@ /q, Radlatlon Damage Density maps at the 3 dose levels

Eletira Sincratrone Trieste
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Further application of IRSR for Life Sciences

Rare disease
Prof. Annalisa Santucci

XRF and FTIR study on a rare disease
B
cin LA

NIDR

S As'synchrotron light on Alkaptonuria: a comparative

A\

Fertility and sterility

Prof. Oliana Carnevali

o gametes

0,010

dAd a.u,)

0,005
0,000
- -0.008
0010

IR Microspectroscopy on GCs: a new non-
invasive oocyte assessment

--0.015

T T T T T T T T T
1800 1700 1600 1500 1400 1300 1200 1100 1000 900

Viem'™)

Extended beta-aggreagates, accumulation of lipids and

proteoglycans, accumulation of bio-calcite
Mitri E. et al., BBA Genral Subjects 2016, doi.org/10.1016/j.bbagen.2017.02.008

Giorgini E. et al., Anal Bional Chem 2010, 398, 3063-72 [ )
Gioacchini G. et al,. Biology of Reproduction 2012, 86(3):65, 1-11
Giorgini E. et al., Vibrational Spectroscopy 2012,62, 279-285
Gioacchini G et al., Fertility and Sterility, 2014, 101(1): 120-127
Giorgini E et al, Analyst, 2014, 139(20):5049-60

Vibrational characterization of female

FAMILY AND FERTILITY :Emﬂ!g

University aof Linbljanea

Prof. Damjana Drobne

a2 o0 2 04

Principal Component 1 (PC1)
T. Romih et al., Nanotoxicology, 2016, 10(4):462-70

S. Novak et al., Environmetal Science and Technology, 2013,57: 11284-11292
S. Novak et al., Nanotoxicology, submitted 2017

Nanotoxicology Dr. Lorella Pascolo

Azienda per I’Assistenza Sanitaria@ Bassa Friulana-lsontina

tissues exposed to asbestos or particulates

— Ferritin
0,8 — Extract body

1800 1700 1600 1500 1400 1300 1200 1100 1000 900
v(em?)

L. Pascolo et al. Scientific Reports 2015, 5, Article number 12129

~

BURLO

Differential protein folding and chemical changes in lung
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Scattering-type Scanning Near-field Infrared

Microscopy: s-SNIM Photo-Thermal Expansion: PTE

AhocT  oc Pabs oc Im(n) oc Abs

A

Em (air)

Continuous IR source

Q
sCa

AFM photodiode

E

\
E\ S~R
0

B
. \
« g Pulsed IR source

Esca oC aeff EO — Sei(/)EO

1
o~ ———
aeff = aeff (gmdium ' a“p ' Rl Z! gsamp|e) Thel'ma| dlfoS|V|ty
Fritz Keilmann and Rainer Hillenbrand A. Dazzi, R. Prazeres, F. Glotin, and J. M. Ortega
Optical oscillation modes of plasmon particles observed in direct space by Local infrared microspectroscopy with subwavelength spatial resolution
phase-contrast near-field microscopy, with an atomic force microscope tip used as a photothermal sensor, Optics

Applied Physics B 73, 239 (2001) Letters, 30(18), pp. 2388-2390 (2005)
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— ALSBLS54

— OPO (15)

e — Supercontinuum (17)

10° 1 — 1000K Blackbody

3 456 13 2 3:1156 104
Wavenumber (cm )

Spectral Irradiance (chmzfcm'1)
o

Hans A. Bechtel, Eric A. Muller , Robert L. Olmon,
Michael C. Martin and Markus B. Raschke, Proceedings
of the National Academy of Sciences, 111, 7191-7196
(2014)

S/N ratio is the key parameter for
vibrational analysis.

The superior stability of IRSR
compensate for the lower spectral
density, without inducing radiation

damage

IR Nanoscopy — IRSR adavantage

e Ultra-broadband nature
e Superior density of power for spectral interval
e Superior spectral stability

The ultra-broadband nature of IRSR makes it the ideal source

for IR nanospectrsocopy

0.7
0.6
0.5+
04-
0.3 1

Abs(aw)

0.2 1
0.1+

0.0

1 Quantum Cascade Laser
1 (ECqcL™) ~

] /\k are needed.

-0.1

Broadly-Tunable External Cavity

For barely covering almost half
of the interesting MIR part of
the spectrum, several QCL chips

3600 3200 2800 2400 2000 1600 1200 800
Wavenunrbers (cm'l)

Only the ultra-broadband nature of IRSR can guarantee the
selectivity requirements for chemical and biochemical analysis
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1{Ax)

RefL(] Synchrotran storgge ring
QcL A
9 0 (L) N e,

P. Hermann, A. Hoehl, A. Patoka, F. Huth, E. Rihl, and G. Ulm, Optics
Express 21,2913 (2013)

Not user dedicated

Benjamin Pollard, Francisco C. B. Maia, Markus B. Raschke,

etric and Raul O. Freitas Nano Lett., 16 (1), 55-61 (2016)

Michelson
Interferometer .
Open to users since 2015
LNLS
ALs _ + Sirius . .
Synchrotron Source S S HVL/ICT Hans A. Bechtel Eric A. Muller , Robert L. Olmon, Michael C.

Detector ALS Martin and Markus B. Raschke, Proceedings of the National
Tapping 4 AL Academy of Sciences, 111, 7191-7196 (2014)
Freq uency LIGHT SOURCE

Beamsplitter 5.4 open to users since 2014; Second endstation opening soon

PAL 2 POHANG ACCELERATOR . Shanghai Synchrotron
L ABORATORY SSRF

Rapid-scan FTIR Projects just started

Laser-tracked
Moving Mirror

Radiation Facility

SULEL

SYNCHROTRON Commissioning phase

L
dlamond Paul M. Donaldson, Chris S Kelley, Mark D.
Frogley, Jacob Filik, Katia Wehbe, and Gianfelice

Cinque, Optics Express 24, 1852-1864 (2016)

Synchrotron End of commissioning phase
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IR Nanoscopy endstation at SISSI-Bio
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IR Nanoscopy at SISSI-Bio: Opportunities for Life Sciences

v d

Single Molecular Large Molecular Prokaryotic cells Eukaryotic Tissue Human
MO'?CU'E clusters aggregates : I cells : : : body S
| X !
1nm Nano-FTIR _ 1um +_Micro-FTIR Imm
From Protein Science to Cellular
MCT

A independent

N\

From a Single Organism to Cell Com

munity

Vis Camera

Detector :

R
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q e e Probing DNA molecules on clay nanotubes
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they are good candidates for drug delivery and gene transfer

g Halloysite nanotubes are natural biocompatible structures with high affinity for loading biomolecules, thus
.siloxane external surface .
]

-@: AN

DNA double helix

aluminum oxide internal surface .

I 1 11 1
©si @Al .O «H

0\ -
o Yo
_HN
q., o 0-" M
=]
& % 0" Yo 0
P

O cytosine o 5
Guanine &

DUE TO ELECTROSTATIC FORCES DNA SPONTANEOUS ADSORPTION
ON HALLOYSITE NANOTUBES IS COUNTERINTUITIVE! Piccirilli et al., Nanomaterials 2021, 11(5), 1103
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ATR-Absorbance (arb. un.)

Relating morphology to chemical composition in composite
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SHLKELASTY

https://www.silkelastograft.polimi.it/?p
age_id=237&lang=en

SRR i T S

1000 1500 2000 2500 3000 3500
Wavenumber (cm")

matrices for in situ vascular tissue engineering

PU polyurethane

nano-FTIR Absorption (a.u.)

nano-FTIR Absorption (a.u.)
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The SISSI-Bio Team

Lisa Vaccari
Giovanni Birarda
Chiaramaria Stani (CERIC-ERIC)
Diana Eva Bedolla (Area Science Park)
Federica Piccirilli
Hendrik Vondraceck

Martina Zangari, PhD Student
Clarissa Dominici, PhD student
lulia Radoi, PhD student

F Central European
= Resparch Infrastructure
h Cansortium
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