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I.  Principles:  
I.  InelasDc  light  scaIering  experiment  

II.  Raman  effect

III.  Resonance  Raman  scaIering

IV.  UV  RR  setup  at  IUVS@EleIra  

II.  Examples  of  applicaDons

•  Dynamical   properDes   of   aqueous   soluDons   and   complex   molecular  
systems

•  Structural  characterizaDon  of  biological  systems,  i.e.  pepDdes  and  DNA  

•  Molecular  structure  and  dynamics  in  hydrogel  phases
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Inelas9c  sca;ering  experiments
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Raman  effect

Rayleight or elastic 
scattering 
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Raman  bands  arise  from  changes  in  the  
molecular  polarizability  during  the  vibra9ons
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Resonance  Raman  sca;ering

Raman  sca;ering  intensi9es  of  totally  symmetric  vibra9ons  of  the  molecular  
moiety  involved  in  the  electronic  transi9on  are  enhanced  by  a  factor  of  102  to  
106
π-π* electronic transition 
at 197 nm 

Ref:“Advances in Raman spectroscopy-Vol. 1”, 
edited by J. P. Mathieu 

High  sensi9vity:
components  at  low  concentraDons  can  
now  be  detected  and  analyzed



Specificity:   The   Raman   modes  
associated   to   specific   parts   of   the  
molecule   is   selecDvely   enhanced   in  
the  spectra

"↓$$ ≫"↓&$  
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Resonance  Raman  sca;ering

Virtual levels 
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In this case 
hνexc = Ee-Eg 

In this case 
hνexc ≠ Ee-Eg 
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Resonance  Raman  sca;ering  in  the  UV  range  
(below  400  nm)

7 
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Sensi9ve  and  selec9ve  spectral  probing  of  specific  
molecular  moie9es  in  complex  systems

Pep9de  bonds

heme  group

Aroma9c  amino  acids

myoglobin
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Strong  reduc9on  of  the  interfering  
fluorescence  background  in  Raman  spectra

Pre-‐resonance  condi9ons  can  be  obtained  by  selec9vely  
changing  the  exci9ng  radia9on  wavelength
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UV  Raman  set-‐up  at  IUVS@Ele;ra  


10 

200-280 nm 
synchrotron 
radiation 

Conventional 
UV Brillouin set-
up 

Switching 
mirror 

monochromator 

Lasers: 
266 nm 
532 nm 
633 nm 

Raman set-up 

Main  features  of  the  Raman  set-‐up
Beam  @  sample:
à   Ei  =  4.6  ÷  6.2  eV     (200  -‐  270  nm)
à    ≈    10  uW    (@  270  nm)
à    ≈    100  υm  diameter  spot  

Experimental  ResoluDon
  ≈  1  cm-‐1          @  270  nm
  ≈  0.3  cm-‐1    @  633  nm 
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•  Dynamical   properDes   of   aqueous   soluDons   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)  


•  Structural   characterizaDon   of   biological   systems,   i.e.  
pepDdes  and  DNA  

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


•  Molecular  structure  and  dynamics  in  hydrogel  phases
Rossi  B.  et  al.,  Sog  MaIer  (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)  
VenuD  V,  Phys.  Chem.  Chem.  Phys.,  Vol.  17  -‐  15,  pp.  10274-‐10282  (2015)  
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Hydrophobic/hydrophilic  effects

12 

Hydrophilic  groups

C=O  groups  forms  HB  with  the  
surrounding  water  molecules
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Hydrophobic/hydrophilic  effects

13 

Hydrophobic  groups

CH3  groups  repels  the  surrounding  water  
molecules  
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H2O 
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How  water  behaves  around  the  hydrophilic/hydrophobic  groups?


HYDRATION SHELL 
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Formamide  aqueous  solu9ons:  molecular  
dynamics  on  hydrogen  bonding  systems    

•   It  is  a  small  hydrogen  bonding  molecule

•   It  forms  an  extended  network  in  the  liquid  phase

•   It’s  to  some  extent  similar  to  water  (intermolecular  
structure,  dynamics  and  spectral  properDes)

•   It’s  fully  miscible  with  water    

•   It  contains  a  pepDde  bond:  model  for  protein-‐water  
interac9ons        C=O⋅⋅⋅H-‐N                    C=O⋅⋅⋅H-‐O          N-‐H⋅⋅⋅O-‐H  FA  –  MW45  

W  –  MW18  
A. Ghosh, R. M. Hochstrasser CP 390, 1 (2011) 
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Neat  FA  and  FA-‐water  mixtures
D↓EF = G↓EF /G↓EF + G↓H2I   

Isotropic  and  anisotropic  Raman  spectra  are  probes  
of  molecular  interac9ons
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Raman  non-‐coincidence  effect &J4(D↓EF )= K↑F&" (D↓EF )− K↑"LI (D↓EF ) 
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NCE  is  sensiDve  to  the  local  liquid  
structure  

(translaDonal  and  orientaDonal  order)
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Rota9onal  dynamics  of  FA  in  diluted  regime
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Restructuring  of  water  in  the  Hydra9on  Shell  of  Salty  
Solu9ons  probed  by  Resonant  Raman  Spectrum  of  
Water
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OH  stretching  mode:  probe  of  HB  organiza9on  of  water
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HYDRATION  SHELL  DYNAMICS  IN  CYCLODEXTRIN  
AQUEOUS  SOLUTIONS

Hydrophobic central cavity 

ü  natural  and  biodegradable  compounds

ü  rela9vely  low  costs  of  produc9on  for  
industrial  uses  (5  Euro/Kg)

ü  low  toxicity
ü  hight  versa9lity

Water-soluble surface  
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HOW  WATER  REARRANGES  AROUND  CD?   
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destructuring  effect  on  the  tetrahedral  HB  
structures  of  water  molecules

Increasing  of  temperature
Increasing  of  concentra9on
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•  Dynamical   properDes   of   aqueous   soluDons   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)  


•  Structural   characterizaDon   of   biological   systems,   i.e.  
pepDdes  and  DNA  

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


•  Molecular  structure  and  dynamics  in  hydrogel  phases
Rossi  B.  et  al.,  Sog  MaIer  (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)  
VenuD  V,  Phys.  Chem.  Chem.  Phys.,  Vol.  17  -‐  15,  pp.  10274-‐10282  (2015)  
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Resonance  raman  spectra  of  Nucleobases  

Eexc=230nm
Eexc=250nm
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The  formaDon  of  G-‐quadruplex  structures  in  telomeres  has  been  shown  
to  decrease  the  acDvity  of  the  enzyme  telomerase,  which  is  responsible  
for  mantaining  the  length  of  telomeres  and  is  involved  in  around  85%  of  
all  cancers

 

                            AcDve  target  of  drug  discovery

Human telomeric quadruplex (22mer): 

AG3 (T2AG3)3 

MW ~ 7000 Da 

Stabilita9on  of  G-‐quadruplex  structures  of  DNA  
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N-‐acetyl-‐leucinemethylamide  (NALMA)
N-‐acetyl-‐leucineamide  (NALA)

N-‐acetyl  glycine  methyl  amide  (NAGMA)

RESONANCE  RAMAN  SPECTRA  OF  PEPTIDES

270  nm 230  nm
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CH2  CH3  rocking
Not  resonant

CH2  CH3  bending+
C-‐C,  C=O  wagging
Resonant
(involving  the  whole  molecules) C=O  stretching

Resonant

NAGMA 
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Resonance  effect  on  oligopep9des:  Amide  II  band
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•  Dynamical   properDes   of   aqueous   soluDons   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)  


•  Structural   characterizaDon   of   biological   systems,   i.e.  
pepDdes  and  DNA  

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


•  Molecular  structure  and  dynamics  in  hydrogel  phases
Rossi  B.  et  al.,  Sog  MaIer  (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)  
VenuD  V,  Phys.  Chem.  Chem.  Phys.,  Vol.  17  -‐  15,  pp.  10274-‐10282  (2015)  
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Hydrogels  as  biomaterials 

33 

polymeric chains 

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

Network structure 

Higher water uptake 

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 

v scaffolding  matrices  for  
3D  culturing  cells
v Drug-‐delivery

v Controlled  release  
systems  
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Environmentally  sensi9ve  hydrogels 

34 

polymer  networks  that  are  capable  of  
sensing  and  responding  to  external  s9muli,  

by  varying  their  structure  and  chemical-‐
physical  proper9es
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Hydrogels  as  model  systems

35 

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

Hydrogels  as  well-‐controlled  som  confining  medium  for  
inves9ga9ng  the  HB  dynamics  of  water

How  water  behaves  around  the  
hydrophilic/hydrophobic  groups?
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Hydrogels:  the  open  issues

36 

The  need  of  precise  control  of  mechanical  and  physico-‐chemical  proper9es  of  hydrogels  
star9ng  from  their  molecular  architecture
  
1  to  monitor  the  polymer  response  to  external  s9muli  (hydra9on  level,  T,  pH)

2  to  spot  on  the  state  of  water  in  the  hydrogels  

3  to  study  the  molecular  state  and  transport  proper9es  of  the  entrapped  guest  (as  in  
drug-‐loaded  hydrogels)
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q  Hydrophobic/hydrophilic  balance
q  Grade  of  entanglement

q  Swelling  equilibrium

q  Water-‐retaining  ability

q  pH-‐  and  temperature  s9muli  response 

High  versa9lity,  simple  synthe9c  routes
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NS  hydrogels:  a  complex  behaviour

39 

Sog  MaIer  9  (2013)  6457
Sog  MaIer  10  (2014)  ,  2320

J.  Incl.  Phenom.  Macrocycl.  Chem,  (2014)  80,  69
J.  Incl.  Phenom.  Macrocycl.  Chem,  (2014)  80,  77

B.  Rossi  et  al.  Sog  MaIer  (2015)

gel-‐sol  phase  transi9onTemperature
Hydra9on  h=mg  water/mg  NS

pH  sensi9ve
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NS  hydrogels  as  molecular  carriers 

…towards  environmentally  sensi9ve  hydrogels  
 

Sponge-‐like  structure  with  high  performances  of  
molecular  encapsula9on
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How  rearranges  water  around  
polymer  moie9es?

41 41 

Solva9on-‐effects  on  
hydrophobic/hydrophilic  

groups

Interac9ons  between  guest  
molecules  and  polymer  skeleton

…how  is  changed  the  polymer  dynamics? 
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ν(C=C)1 

ν(C=C)2 

δ(CH) 

F.  CasDglione  et  al.  JPCB  2012,  116,  7952
B.  Rossi,  et  al.  PCCP  2015,  17,  963
V.  VenuD  et  al.  PCCP  2015,  17,  10274
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Hydra9on-‐dependence  of    
Raman  spectra

43 
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hydrogen  bond  with  H2O  

D’Amico  et  al.,  JPCB  2012,  116,  1321
B.  Rossi,  et  al.  PCCP  2015,  17,  963
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Kubo-‐Anderson  line  shape  analysis

44 
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B.  Rossi,  et  al.  PCCP  2015,  17,  963
F.  D’Amico  et  al.,  JPCB  2012,  116,  1321

F.  D’Amico,  B.  Rossi  et  al.  PCCP  2015,  17,  10987

M↓Z5aℎ ≅ 1/S
Γ↓c   

1/
M↓Z5a
ℎ    

collision  rate  of  the  
molecules  in  the  liquid  
phase  on  the  vibra9ng  

groups
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Dynamic  perturba9on  of  H2O  on  polymer  
groups 


45 
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Thermo-‐ac9va9on  of  NS  hydrogel

46 
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around  the  hydrophobic  groups,  i.e.  increased  

solva9on  of  the  system  
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pH-‐  dependence

47 
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Thermal  acDvaDon  occurs  at  
lower  temperatures  for  high  pH

B.  Rossi,  et  al.  Som  Ma;er  2015,  11,  5862
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Why  caffeine  as  guest  molecule?

48 

Caf  is  a  good  molecular  probe

Large  interest  in  realizing  new  promising  
carriers  for  controlled  topical  
administra9on  of  caffeine  in  cosme9c  
formula9ons
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Thermo-‐ac9va9on  of  NS  hydrogel  loaded  with  
Caf 

49 
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Temperature-‐dependence  of  vibra9onal  
modes  of  NS  polymer  matrix
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Analysis  of  drug-‐free  spectra
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F.  D’Amico,  B.  Rossi  et  al.  PCCP  2015,  17,  10987
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M↓Z5aℎ ≅ 1/S
Γ↓c   

          inverse  of  collision  rate  of  the  liquid  
molecules  on  the  vibraDng  groups 
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Temperature-‐dependence  of  dephasing  9me

51 
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	  N S +C a f	  83mg/ml

	  

	  

τ 
de

ph
 (p

s)

T(K)

NS  hydrogel  T*=328K
NS  loaded  with  Caf  T*≈315K  

The  loading  of  Caf  favours  the  solva9on  
of  hydrophobic  CH  groups  of  NS  matrix
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T*=328K

Re9cula9on  increases  the  
hydrophobicity  of  NS  polymer

Slight  dependence  of  T*  from  
concentra9on  of  caffeine

The  addi9on  of  Caf  balances  the  
pH-‐effects  on  hydrophobicity  
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Contacts  for  addiDonal  informaDon:
  
Francesco  D'Amico  
francesco.damico@eleIra.eu  
  
Barbara  Rossi  
barbara.rossi@eleIra.eu  
  
Claudio  Masciovecchio  
claudio.masciovecchio@eleIra.eu
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Thank	  you	  for	  your	  a-en;on	  


