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l. Principles:
| Inelastic light scattering experiment
Il. Raman effect
Ill. Resonance Raman scattering
V. UV RR setup at IUVS@Elettra

Il. Examples of applications

 Dynamical properties of aqueous solutions and complex molecular
systems

e Structural characterization of biological systems, i.e. peptides and DNA

* Molecular structure and dynamics in hydrogel phases
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Inelastic scattering experiments
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Raman effect

Elettra . .
q Sincrofrone Raman bands arise from changes in the
molecular polarizability during the vibrations
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Resonance Raman scattering
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Raman scattering intensities of totally symmetric vibrations of the molecular
moiety involved in the electronic transition are enhanced by a factor of 10¢ to

16
- m-it* electronic transition
at 197 nm
| Gseec ‘ High sensitivity:
components at low concentrations can
Laser line: 337 nm now be detected and analyzed
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A,

~ Laser line: 633 nm
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»Speciﬁcity: The Raman modes
riec associated to specific parts of the
molecule is selectively enhanced in
the spectra

Fig. 4. Raman spectra of tetrachloroethylene (a) excited by 6328 A and (b) excited by 3371 A.

Ref:"Advances in Raman spectroscopy-Vol. 17
sc edited by J. P. Mathieu 7ds:
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Resonance Raman scattering
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- Resonance Raman scattering in the UV range
q aoirone ( below 400 nm)
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Sensitive and selective spectral probing of specific
a - .. molecular moieties in complex systems

Trieste
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Strong reduction of the interfering
q s | fluorescence background in Raman spectra

Trieste

Pre-resonance conditions can be obtained by selectively
changing the exciting radiation wavelength

ted ﬂunraJ -
excit . N-Acetyl-Leucine-MethylAmide
electromic (NALMA)

state
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e | —250nm

-+

-

energy ————»
514.5 nm

Raman intensity (arb. un.)

785 nm

\»

0 500 1000 1500 R J/\/

Faman shift, cm I I T I I

. . ; . 1000 1500 2000 2500 3000
Figure 1.3. Energy levels associated with 514.5 and 785 nm light Raman shift (cm™)

sample. Energy and intensity scales are not to scale, and fluorescence intensity is several orders

of magnitude greater than Raman scattering. Raman shift axis is relative to the incident laser
frequency.
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UV Raman set-up at IUVS@Elettra
E'iﬁtctrrgtrone Main features of the Raman set-up — :
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Examples of applications of UV Raman scattering

technique:
* Dynamical properties of agueous solutions and complex

molecular systems

Saito M, Bull. Chem. Soc. Jpn., Vol. 88 - 4, pp. 591-596 (2015)

D'Amico F, Phys. Chem. Chem. Phys., Vol. 17 - 16, pp. 10987-10992 (2015)
D'Amico F, J. Chem. Phys. 139 - 1, pp. 015101-5 (2013)

D'Amico F, J. Phys. Chem. B, Vol. 116 - 44, pp. 13219-13227 (2012)

e Structural characterization of biological systems, i.e.
peptides and DNA

D'Amico F, Analyst, Vol. 140 - 5, pp. 1477-1485 (2015)

e Molecular structure and dynamics in hydrogel phases

Rossi B. et al., Soft Matter (2015) 11, 2183

Rossi B, et al. Phys. Chem. Chem. Phys., Vol. 17 - 2, pp. 963-971 (2015)
Rossi B, et al. J. Chem. Phys. Vol. 142, pp. 014901 (2015)

Venuti V, Phys. Chem. Chem. Phys., Vol. 17 - 15, pp. 10274-10282 (2015)
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q . Hydrophobic/hydrophilic effects

Hydrophilic groups
 »

C=0 groups forms HB with the

surrounding water molecules
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q . Hydrophobic/hydrophilic effects

Hydrophobic groups /

CH3 groups repels the surrounding water
molecules
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How water behaves around the hydrophilic/hydrophobic groups?
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Formamide aqueous solutions: molecular
Elettra . .
q sreorone — (fyn@mics on hydrogen bonding systems

Trieste

. R * It is a small hydrogen bonding molecule
e It forms an extended network in the liquid phase

* |t's to some extent similar to water (intermolecular
structure, dynamics and spectral properties)

e |t's fully miscible with water

e [t contains a peptide bond: model for protein-water
interactions (C=0--+H-N C=0---H-O N-H---O-H
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Multidisciplinary Applications and Perspectives Barbara Rossi — 8 Apr. 2016 | 15



Neat FA and FA-water mixtures
Elettra
q Sincrotrone
Trieste

Isotropic and anisotropic Raman spectra are probes
of molecular interactions
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Multidisciplinary Applications and Perspectives Barbara Rossi — 8 Apr. 2016 | 16



Raman non-coincidence effect
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Rotational dynamics of FA in diluted regime
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Restructuring of water in the Hydration Shell of Salty

Elettra

ssaSOIULTIONS probed by Resonant Raman Spectrum of

Trieste
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OH stretching mode: probe of HB organization of water
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Water
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HYDRATION SHELL DYNAMICS IN CYCLODEXTRIN

Trieste

sneoroe. AQUEQUS SOLUTIONS

Water-soluble surface |

dermalogica

natural and biodegradable compounds

NN

relatively low costs of production for
industrial uses (5 Euro/Kg)

v low toxicity

v’ hight versatility

Hydrophobic central cavity
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HOW WATER REARRANGES AROUND CD?

Elettra
q Sincrotrone
Trieste . -
Increasing of concentration

Increasing of temperature %tzzvfff)%r%
SBE+H20 @ S XSBE:().OO()g T:3 OOK
‘n | X, =0.002 H T X, 0001
*é’ = —X,,=0.003
: .
i e
= S
lae]  —
~ >
>
- 3000 3300 31600
” ]
= Wavenumber (cm )
=
o Decrement in intensity of the low-
S wavenumber side of the O-H stretching profile
>
an
e

3000 3300 3600

B destructuring effect on the tetrahedral HB
Wavenumber (cm ) structures of water molecules

School on Synchrotron and Free-Electron-Laser Based Methods:
Multidisciplinary Applications and Perspectives Barbara Rossi — 8 Apr. 2016 | 23



Elettra
Sincrotrone
Trieste

fraction of ordered HB water species

present in solution
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Examples of applications of UV Raman scattering

technique:
* Dynamical properties of agueous solutions and complex

molecular systems

Saito M, Bull. Chem. Soc. Jpn., Vol. 88 - 4, pp. 591-596 (2015)

D'Amico F, Phys. Chem. Chem. Phys., Vol. 17 - 16, pp. 10987-10992 (2015)
D'Amico F, J. Chem. Phys. 139 - 1, pp. 015101-5 (2013)

D'Amico F, J. Phys. Chem. B, Vol. 116 - 44, pp. 13219-13227 (2012)

e Structural characterization of biological systems, i.e.
peptides and DNA

D'Amico F, Analyst, Vol. 140 - 5, pp. 1477-1485 (2015)

e Molecular structure and dynamics in hydrogel phases

Rossi B. et al., Soft Matter (2015) 11, 2183

Rossi B, et al. Phys. Chem. Chem. Phys., Vol. 17 - 2, pp. 963-971 (2015)
Rossi B, et al. J. Chem. Phys. Vol. 142, pp. 014901 (2015)

Venuti V, Phys. Chem. Chem. Phys., Vol. 17 - 15, pp. 10274-10282 (2015)

School on Synchrotron and Free-Electron-Laser Based Methods:
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Resonance raman spectra of Nucleobases

Elettra
Sincrotrone
Trieste

E..=230nm

/ E..=250nm
— /

,

m, dATP
Wﬁ dGTP
Wm acTP
g N, dTTP

placenta
: DNA

T I T E' IE T | T U E | ' :I L L T | T | | | T T | T T
1000 1200 1400 1600 1800 2000 1000 1200 1400 1600 1800 2000 220 230 240 250 260 270 280 290 300 310 320
Raman shift (cm'1) Raman shift (cm_1) wavelength (nm)
School on Synchrotron and Free-Electron-Laser Based Methods:
Multidisciplinary Applications and Perspectives Barbara Rossi — 8 Apr. 2016 26

— dATP
dCTP

Raman intensity (arb. un.)
Raman intensity (arb. un.)

Absorbance (arb. un.)

230 nm

250 nm

placenta
DNA




Sincrotrone
Trieste

q . Stabilitation of G-quadruplex structures of DNA

A
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— Vo
N A LN

N =) H
\i:\ ‘/
/ r?
H—f'll H

The formation of G-quadruplex structures in telomeres has been shown
to decrease the activity of the enzyme telomerase, which is responsible
for mantaining the length of telomeres and is involved in around 85% of
all cancers

—p Active target of drug discovery

Human telomeric quadruplex (22mer):

AG; (TAG);

School on Synchrotron and Free-Electron-Laser Based Methods: MW ~ 7000 Da .
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RESONANCE RAMAN SPECTRA OF PEPTIDES

q ?tttt N-acetyl-leucinemethylamide (NALMA)
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Elettra — 532 nm
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N-Acetyl-Glycine-MethylAmide excitation
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Examples of applications of UV Raman scattering

technique:
* Dynamical properties of agueous solutions and complex

molecular systems

Saito M, Bull. Chem. Soc. Jpn., Vol. 88 - 4, pp. 591-596 (2015)

D'Amico F, Phys. Chem. Chem. Phys., Vol. 17 - 16, pp. 10987-10992 (2015)
D'Amico F, J. Chem. Phys. 139 - 1, pp. 015101-5 (2013)

D'Amico F, J. Phys. Chem. B, Vol. 116 - 44, pp. 13219-13227 (2012)

e Structural characterization of biological systems, i.e.
peptides and DNA

D'Amico F, Analyst, Vol. 140 - 5, pp. 1477-1485 (2015)

e Molecular structure and dynamics in hydrogel phases

Rossi B. et al., Soft Matter (2015) 11, 2183

Rossi B, et al. Phys. Chem. Chem. Phys., Vol. 17 - 2, pp. 963-971 (2015)
Rossi B, et al. J. Chem. Phys. Vol. 142, pp. 014901 (2015)

Venuti V, Phys. Chem. Chem. Phys., Vol. 17 - 15, pp. 10274-10282 (2015)

School on Synchrotron and Free-Electron-Laser Based Methods:
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q citia Hydrogels as biomaterials

The high water content (up to 99%) and the biocompatibility of hydrogels makes
them resembling to natural soft tissue more than any other type of biomaterials

¢ scaffolding matrices for
3D culturing cells

s Drug-delivery

¢ Controlled release
systems

Higher water uptake 4

polymeric chains

cross-linking (covalent bonds,
hydrogen bonds, dispersion forces)

Network structure

School on Synchrotron and Free-Electron-Laser Based Methods:
Multidisciplinary Applications and Perspectives
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Environmentally sensitive hydrogels
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Hydrogel+drug MATERIALS

DOL 10.1002/adma. 200501612

Hydrogels in Biology and Medicine: From
Molecular Principles to Bionanotechnology**

By Nicholas A. Peppas*,J. Zach Hilt,
Ali Khademhosseini, and Robert Langer*

Hydrophilic polymers are the center of research emphasis in nanotech-
nology because of their perceived “intelligence”. They can be used as

Temp . thin films, scaffolds, or nanoparticles in a wide range of biomedical and
H biological applications. Here we highlight recent developments in engi-
p neering uncrosslinked and crosslinked hydrophilic polymers for these ®

analyte Conc. applications. Natural, biohybrid, and synthetic hydrophilic polymers

and hydrogels are analyzed and their thermodynamic responses are dis-
cussed. In addition, examples of the use of hydrogels for various thera-
peutic applications are given. We show how such systems’ intelligent behavior can be used in
sensors, microarrays, and imaging. Finally, we outline challenges for the future in integrating
hydrogels into biomedical applications.

drug release

' OOO o) polymer networks that are capable of
i 0° sensing and responding to external stimuli,
Qo ¢ by varying their structure and chemical-
o© o . physical properties

School on Synchrotron and Free-Elecu uii-Laser Based Methods:
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q it Hydrogels as model systems

Hydrogels as well-controlled soft confining medium for
investigating the HB dynamics of water

What is the effect on the nano-scale
confinement of water?

How water behaves around the
hydrophilic/hydrophobic groups?

School on Synchrotron and Free-Electron-Laser Based Methods:
Multidisciplinary Applications and Perspectives Barbara Rossi — 8 Apr. 2016 | 35
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q _ Hydrogels: the open issues

The need of precise control of mechanical and physico-chemical properties of hydrogels
starting from their molecular architecture

1 to monitor the polymer response to external stimuli (hydration level, T, pH)

2 to spot on the state of water in the hydrogels

3 to study the molecular state and transport properties of the entrapped guest (as in
drug-loaded hydrogels)

School on Synchrotron and Free-Electron-Laser Based Methods:

Multidisciplinary Applications and Perspectives B Apr. 2016 36
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Advanced Review

Review

Cyclodextrin-based nanosponges:
OPElﬁfgﬁlT a propitious platform for

enhancing drug delivery

Sai V Chilajwa.r', Priti P Pednekar, Kisan R Jadhav, Gajendra JC Gupra &
Vilasrao ] Kadam

Introduction
Applicalons

edgment due to its potential to combine features that are difficult to achieve
° by making use of a drug alone. Cyclodextrin-based nanosponges are yet

annthar rantamnnrans annrnach far hinhlinhtina tha aduancemante whicrh
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. & (3 % i " Introduction: Recently, Nanotechnology is receiving considerable acknowl-
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could be brought about in a drug delivery system. Statistical analyses have
shown that around 40% of currently marketed drugs and about 90% of
drugs in their developmental phase encounter solubility-related problems.
Lydiogexin-pasea nanosponges nave e capadity 10 emerge as a proaucuve
approach over conventional cyclodextrins by overcoming the disadvantages
associated with the latter.

-
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targeted drug delivery systems have been a dream for a long time, but 1t has been

complex chemistry that is involved in the development of new systems. The

has become a significant step toward overcoming these problems. Nanosponges

ize of about a virus. which can be filled with a wide variety of drugs. These tiny

d the body until they encounter the specific target site and stick on the surface

Wiley Interdlscu‘m gina contyrolled aud)predmtable manngr Becaus% the drug can be released at the
Reviews: Nanor of circulating throughout the body it will be more effective for a particular given
Nanobiotechnolt character of these sponges is their aqueous solubility; this allows the use of these

Early View (Onjss Wi poor solubility.
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NS hydrogels: a complex behaviour

Trieste Soft Matter 9 (2013) 6457
Soft Matter 10 (2014), 2320
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J. Incl. Phenom. Macrocycl. Chem, (2014) 80, 77
B. Rossi et al. Soft Matter (2015)

pH sensitive

Temperature .p s
Hydration h=mg water/mg NS gEI‘SOI phase transition

School on Synchrotron and Free-Electron-Laser Bageg#Methods:
Multidisciplinary Applications and Perspectives Barbara Rossi — 8 Apr. 2016 39




Elettra
Sincrotrone
Trieste

<y

Sponge-like structure with high performances of
molecular encapsulation

NS hydrogels as molecular carriers
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Interactions between guest

molecules and olymer skeleton

\ Solvation-effects on
hydrophobic/hydrophilic
groups
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How rearranges water aroungs
polymer moieties? T
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pH- dependence
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Table 1 Estimated values of T* as a furttichmof pH measured in the NS

35() hydrogel matrix, obtained by hydrating p-CDPMA14 with agueous solu-

tions of Na,CO5 at different concentrations

“’f’“' Of Naz(jo;;

in H,O (%) Measured pH of gel Estimated T* (K)
10 8.9 337
15 9.2 328
20 9.7 314
25 10.1 310
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Rationale of Drug Encapsulation and Release from Biocompatible
Porous Metal—-Organic Frameworks

Denise Cunha,” Mouna Ben Yahia,”* Shaun Hall,” Stuart R. Miller,” Hubert Chevreau,” Erik Elkaim 3 .
Guillaume Maurin,” Patricia Horcajada,®" and Christian Serre®”’ ‘
Tinstitut Lavoisier, UMR CNRS 8180, Université de Versailles Saint-Quentin-en-Yvelines, 45 Avenue des Etats-Unis, 78035 Versailles

Cedex, France
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vib. modes of guest

vib. modes of NS gel

*Institut Charles Gerhardt Montpellier UMR 5253 CNRS UM2, UM, Universiteé Montpellier 2, Place E. Bataillon, 34095 \
Montpellier Cedex 05, France
¥ Cristal beamline, Saleil Synchrotron, L'Orme des Merisiers Saint-Aubin, BP 4891192 Gif-sur-Yvette Cedex, France
© Supporting Information -
ABSTRACT: A joint experimental and computational system- MIL-100(Fe) ~ MiL-127(Fe)  MIL-53(Fe] Ui0-66ycr) » .
atic exploration of the driving forces that govern (i) N & B¢ A ’ ’ - i
encapsulation of active ingredients (solvent, starting material .. w° B ” i ’ & ¢
dehydration, drug/material ratio, immersion time, and several sy g (OO O N f o
consecutive impregnations) and (i) its kinetics of delivery it 'a’tv . "W R [ . - \
(structure, polarity, ...) was performed using a series of porous Gk m ‘ C f d m / / 7 b
biocompatible metal—organic frameworks (MOFs) that bear "" a € \e a IS a goo 0 ecu ar pro e
different topologies, connectivities, and chemical compositions. Encupsulali«m\ ‘ Release
The liporeductor cosmetic caffeine was selected as the active
molecule. Its encapsulation is a challenge for the cosmetic
industry due to its high tendency to crystallize leading to poor loadings (<5 wt %) and uncontrolled releases with a subsequent
low efficiency. It was evidenced that caffeine entrapping reaches exceptional payloads up to 50 wt %, while progressive release of
this cosmetic agent upon immersion in the simulated physiological media (phosphate buffer solution pH = 7.4 or distilled water
pH = 6.3, 37 °C) occurred mainly depending on the degree of MOF stability, caffeine mobility, and MOF~caffeine interactions.
Thus, MIL-100 and UiO-66 appear as very promising carriers for topical administration of caffeine with both spectacular
cosmetic payloads and progressive releases within 24 h.
KEYWORDS: MOFs encapsulation, release, cosmetic, caffeine
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Slight dependence of T* from
concentration of caffeine
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Atthe IUVS beamline has been recently realized a new experimental set-up that enables to perform Raman spectra using synchrotron radiation in the range of wavelengths
200-270 nm. The possibility to have a continuous tunable wavelength in the ultraviolet Range allows Raman scattering studies in many important fields of researches:

= Spectroscopy on molecules of biological interest (polymers, peptides, DNA ... )
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Guidelines for Proposal Submission
When to apply

The Call for Proposals deadline occurs twice a year, on
March 15 and September 15. The exact dates are
advertised on this website

Peer Review evaluation

The proposals are reviewed by an independent Panel,
the Elettra Proposal Review Panel (PRP), after their
feasibility has been assessed by the beamline
coordinators. The PRP is composed of experts in
various fields of synchrotron radiation research
evaluates the scientific merit of the proposals. The main
criteria for evaluation are the following: expected
impact of the experiments, topicality, probability to
produce one or more publications on highly cited
scientific journals, potential to help solving important
technologically or socially relevant problems, possible

Feedback from the local contacts

In order to be able to get back to you with feedback
on the proposal feasibility, we warmly encourage you
to upload your proposal on VUO at least one week
before the deadline. Interaction with the local contacts
is highly recommended. Don't hesitate to discuss with
us the experimental plan in great detail.
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