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Ø The	  wavelength,	  λ	  ([μm])	  

Ø The	  frequency,	  ν	  ([Hz],	  	  ν=c/λ)	  

Ø The	  energy,	  E	  ([eV],	  E=hν)	  

Ø The	  wavenumber,	  	  	  	  	  	  ([cm-‐1],	  	  	  	  	  	  	  	  =1/	  λ)	  ν~

Ø 	  Speed	  of	  light,	  c	  =	  299.792.458	  m/s	  ~300.000	  Km/s	  
	  
Ø 	  Planck	  Constant,	  h	  =	  6.62606957	  ×	  10-‐34	  m2	  kg	  /	  s	  

ν~

Electromagne7c	  Spectrum	  
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NIR	   MIR	   FIR	  

λ	  (μm)	   0.74	   3	   30	   300	  

ν	  (THz)	   400	   100	   10	   1	  

ν	  (cm-‐1)	   ~13000	   ~3333	   ~333	   ~33	  

E	  (eV)	   1.65	   0.413	   0.041	   0.004	  

E	  (Kcal/mol)	   37	   10	   1	   0.1	  

Electromagne7c	  Spectrum	  
A	  closer	  view	  into	  the	  IR	  spectral	  range	  

Molecular	  Vibra7ons	   Molecular	  Rota7ons	  
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1-‐	  Electronic	  mo3on	  and	  nuclear	  mo3on	  in	  molecules	  can	  be	  separated	  and	  independently	  considered	  

Ψ𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒↑(𝑟↓𝑖    , 𝑅↓𝑗  ) = Ψ𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠↑(𝑟↓𝑖    , 
𝑅↓𝑗  ) 	  ·∙	   Ψ𝑛𝑢𝑐𝑙𝑒𝑖↑(𝑅↓𝑗  ) 	  The	  electronic	  wavefunc7on	  depends	  upon	  the	  nuclear	  posi7ons	  but	  not	  on	  nuclei	  veloci7es	  à	  The	  nuclear	  

mo7on	  is	  so	  much	  slower	  than	  electron	  mo7on	  that	  nuclei	  can	  be	  considered	  to	  be	  fixed.	  	  
Electronic	  transi7ons	  (10-‐15	  s)	  are	  at	  least	  102	  7mes	  faster	  than	  nuclear	  transi7ons	  and	  involve	  energies	  10	  to	  50	  

7mes	  greater	  

The	  Born-‐Oppenheimer	  Approxima3on	  

Degree	   of	   freedom	   is	   the	   number	   of	   variables	   required	   to	   completely	   describe	   the	   mo7on	   of	   a	   par7cle/
molecule.	  	  For	  a	  molecule	  made	  by	  N	  atoms	  moving	  in	  3-‐dimensional	  space,	  the	  degree	  of	  freedom	  becomes	  
3N.	   	  For	  non-‐linear	  molecules,	  all	   transla7onal/rota7onal	  mo7ons	  can	  be	  described	   in	  terms	  of	  transla7on/
rota7ons	  along/around	  3	  axes.	  The	  remaining	  3N-‐6	  degrees	  of	  freedom	  cons7tute	  vibra7onal	  mo7on.	   	  For	  a	  
linear	  molecule	  however	  there	  are	  only	  2	  rota7onal	  degrees	  of	  freedom	  for	  any	  linear	  molecule	  leaving	  3N-‐5	  
degrees	  of	  freedom	  for	  vibra7on.	  

Degree	  of	  freedom	  

2-‐	  Vibra3onal	  and	  rota3onal	  mo3on	  can	  also	  be	  considered	  independently	  
•  The	  energies	  involved	  in	  rota7onal	  transi7ons	  (10-‐10	  s)	  are	  about	  103	  7mes	  smaller	  than	  the	  ones	  

involved	  in	  vibra7onal	  transi7ons	  (10-‐13	  s).	  Pure	  vibra7onal	  transi7ons	  falls	  in	  the	  MIR-‐FIR	  regime,	  
while	  pure	  rota7onal	  transi7on	  in	  the	  FIR-‐THz	  regime	  

Infrared	  Spectroscopy	  
Basic	  concepts	  on	  Theory	  



www.ceric-eric.eu/project/pages 

xA	   xB	  

req	  
k 

+

mA	  

-‐	   -‐	   +

mB	  

The	  classical	  descrip7on	  of	  vibra7onal	  mo7on	  

The	  simplest	  example:	  a	  diatomic	  heteronuclear	  molecule	  AB	  

𝜇↓𝐴𝐵 =  𝑚↓𝐴 𝑚↓𝐵 /
𝑚↓𝐴 + 𝑚↓𝐵  	  

Reduced	  Mass	  of	  AB	  molecule	  

The	   equilibrium	   internuclear	   distance	   is	   denoted	   by	   req.	   However	   as	   a	   result	   of	  
molecular	   vibra7ons,	   the	   internuclear	   distance	   is	   con7nuously	   changing;	   let	   this	  
distance	  be	  called	  r(t).	  
	  
Let	  x(t)=r(t)−req	  

F(restoring	  force)	  =	  -‐k.x	  	  

k	  =	  Force	  constant	  [Nm-‐1]	  
[The	  Hooke’s	  law]	  	  

𝑥(𝑡)=𝐴𝑠𝑖𝑛(2𝜋ν𝑡)	  
ν= 1/2𝜋 √ 𝑘/𝜇↓𝐴𝐵   	   𝐸=𝐾+𝑈= 1/2 𝑘𝐴↑2   	  

When	  	  x	  	  is	  non-‐zero,	  a	  restoring	  force	  	  F	  	  exists	  which	  tries	  to	  bring	  the	  molecule	  back	  to	  	  x=0	  ,	  that	  is	  
equilibrium.	  For	  small	  displacements	  this	  force	  can	  be	  taken	  to	  be	  propor7onal	  to	  	  x	  .	  
	  

K	  
U	  

E	  

Infrared	  Spectroscopy	  
Basic	  concepts	  on	  Theory	  
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n:	  Vibra7onal	  quantum	  number	  (0,1,2,3,…)	  

A	  series	  of	  equally	  spaced	  never	  ending	  vibra7onal	  levels	  

Fundamental	  Transi7on	  

Quantum	  mechanical	  Model	  of	  harmonic	  
oscillator	  

− ℎ↑2 /8𝜋↑2 𝜇↓𝐴𝐵  𝑑ψ/𝑑𝑥↑2  + 1/2 𝑘𝑥↑2 ψ=𝐸ψ	  
	  
𝐸↓𝑣𝑖𝑏 =ℎν(𝑛+ 1⁄2 )	  

n=0	  

n=1	  

n=2	  

n=3	  

Δn=±1	  

Vibra7ons	  that	  do	  not	  induce	  
varia7on	  of	  the	  dipole	  moment	  of	  

the	  molecule	  are	  forbidden	  
For	  a	  homonuclear	  molecule	  AA	  there	  
are	  not	  vibra7onal	  transi7ons	  allowed	  

x(t)=r(t)−req	  

𝜇↓𝑡𝑟𝑎𝑛𝑠 =(𝑑𝜇/𝑑𝑥 )⟨ψ↓𝑛 |𝑥| ψ↓𝑛′ ⟩	  
𝜇↓𝑡𝑟𝑎𝑛𝑠   ≠0	  

⟨ψ↓𝑛 |𝑥| ψ↓𝑛′ ⟩≠0	  

(𝑑𝜇/𝑑𝑥 )≠0	  Selec7on	  Rules	  

E1	  =	  Fundamental	  vibra7onal	  level	  

E0	  =	  Zero	  point	  Energy	  

Infrared	  Spectroscopy	  
Basic	  concepts	  on	  Theory	  
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x(t)=r(t)−req	  
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E0	  =	  Zero	  point	  Energy	  

Fundamental	  frequency	  

First	  overtone	  

Second	  overtone	  

Quantum	  mechanical	  Model	  of	  anharmonic	  oscillator	  
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(𝑑𝜇/𝑑𝑥 )≠0	  

Selec7on	  Rules	  

Δn=±integer	  

Overtone	  bands	  are	  observed,	  with	  
frequencies	  usually	  lower	  than	  the	  
whole	  mul7ples	  of	  fundamental.	  
	  	  
Combina7on	  bands	  are	  also	  allowed	  
(two	  vibra7onal	  quantum	  number	  
changes	  at	  the	  same	  7me)	  

Infrared	  Spectroscopy	  
Basic	  concepts	  on	  Theory	  
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Normal	  modes	  of	  vibra7on	  

•  A	  normal	  mode	  is	  a	  molecular	  vibra7on	  where	  some	  or	  all	  atoms	  vibrate	  together	  at	  the	  same	  frequency.	  	  

•  The	  number	  of	  “normal	  modes”	  is	  equal	  to	  the	  vibra7onal	  degree	  of	  freedom	  available	  	  

•  Each	  mode	  has	  a	  definite	  frequency	  of	  vibra7on.	  Some7mes	  2	  or	  3	  modes	  may	  have	  the	  same	  frequency	  but	  
that	  does	  not	  change	  the	  fact	  that	  they	  are	  dis7nct	  modes;	  these	  modes	  are	  called	  degenerate.	  	  
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3	  quantum	  numbers:	  n1,	  n2,	  n3	  
	  
3	  fundamental	  vibra7ons	  :	  
E(0,0,0)	  à	  E(1,0,0)	   	  	  ν1	  	   	  	  
E(0,0,0)	  à	  E(0,1,0)	   	  	  ν2	   	   	   	  

	  	  	  
E(0,0,0)	  à	  E(0,0,1) 	  	  ν3	   	  	  
	  
Overtones	  and	  combina7ons	  bands	  	  
	  

	  (000)	  à	  (020) 	  	  2ν2	  
	  (000)	  à	  (110) 	  	  

The	  3	  normal	  modes	  of	  vibra7ne	  of	  a	   triatomic	  molecule	   ,	  defined	  by	  3	  normal	  coordinates	   (Q1,	  Q2,	  Q3)	  
may	  be	  defined	  in	  terms	  of	  internal	  coordinates	  

Infrared	  Spectroscopy	  
Basic	  concepts	  on	  Theory	  
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Symmetric	  Stretching	  

Scissoring	  (δ)	   Rocking	  (r	  or	  ρ)	   Wagging	  (ω)	   Twis3ng	  (τ)	  

An3symmetric	  Stretching	  

Stretching	  modes	  	  (ν)	  

Deforma7on	  modes	  

In	  plane	  deforma7ons	   Out	  plane	  deforma7ons	  

Infrared	  Spectroscopy	  
Basic	  concepts	  on	  Theory	  
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ν1	  =	  3280	  cm-‐1	  

Sym	  Stretching	  

ν3	  =	  3490	  cm-‐1	  

Asym	  Stretching	  

ν2	  =	  1645	  cm-‐1	  

Bending	  

ν2	  	  +	  L	  

Overtones	  
and	  

combina3on	  bands	  

Water	  libra7ons,	  L	  

Intermolecular	  bend	  =	  50	  cm-‐1	  

Intermolecular	  stretch	  =	  183	  cm-‐1	  
L1	  libra3ons	  =	  395	  cm-‐1	  
L2	  libra3ons	  =	  687	  cm-‐1	  

Anima7on	  by	  Jens	  Dreyer,	  MBI	  

Vibra7onal	  Spectrum	  of	  
liquid	  water	  

Infrared	  Spectroscopy	  
Basic	  concepts	  on	  Theory	  
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FROM	  PEAK	  POSITION,	  INTENSITY	  AND	  WIDTH	  
CONCENTRATION	  OF	  THE	  SPECIES(BEER-‐LAMBER	  LAW)	  
	  
	  
NATURE	  OF	  ATOMS	  INVOLVED	  IN	  THE	  SPECIFIC	  VIBRATION	  
PARAMETERS	  OF	  THE	  ATOMIC	  BOND	  :	  BOND	  STRENGTH	  AND	  LENGHT	  
BOND	  CONFORMATION:	  DOUBLE	  BOND	  CIS/TRANS,	  ……	  
CHEMICAL	  ENVIRONMENT	  (THROUGH	  MODULATION	  OF	  THE	  DIPOLE	  MOMENT)	  
ROTATIONAL	  MODES	  IN	  THE	  FIR	  REGION	  

	  
	  
	  
	  
	  
	  
FROM	  WHOLE	  SPECTRUM	  

NATURE	  OF	  THE	  MOLECULE:	  SPECTRAL	  FINGERPRINT=>	  MOLECULAR	  IDENTIFICATION	  
SAMPLE	  INTERACTIONS:	  FREE/BOUND	  WATER	  …	  
SAMPLE	  EVOLUTION:	  REACTION	  KINETIC,	  AGING,	  PHYSICO	  CHEMICAL	  TREATMENT,	  CONSTRAINTS	  

(PRESSURE,	  TEMPERATURE,	  pH)	  …	  
	  

QUANTITATIVE	  or	  SEMI-‐QUANTITATIVE	  ANALYSIS	  
SIMPLE	  MIXTURES:	  BEER	  LAMBERT	  BOUGUER	  LAW	  

Infrared	  Spectroscopy	  
Basic	  concepts	  on	  Theory	  

ν= 1/2𝜋 √ 𝑘/𝜇↓𝐴𝐵   	  
A= 𝜀↓𝑎𝑏𝑠𝑟𝑝𝑡𝑖𝑣𝑖𝑡𝑦   𝑙↓𝑝𝑎𝑡ℎ  𝑙𝑒𝑛𝑔ℎ𝑡    𝑐↓𝑐𝑜𝑛𝑐𝑛𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛   	  
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When	  dealing	  with	  molecular	  species	  (normal	  modes	  of	  vibra7on	  3N-‐6),	  the	  absorp7on	  
profile	  at	  a	  single	  frequency	  (or	  limited	  spectral	  range)	  is	  scarcely	  useful.	  

Only	  a	  mul7-‐frequency	  profile	  can	  account	  for	  the	  system	  complexity	  and	  its	  interac7on	  
with	  the	  environment	  

An	  FTIR	  spectrum	  needs	  to	  be	  energy	  resolved	  over	  a	  large	  spectral	  range	  

hxp://www.chemicool.com/defini7on/fourier_transform_infrared_spectrometer_zir.htm	  

The	  past	  instrumenta7on:	  Dispersive	  Interferometers	  

This	  slow	  acquisi7on	  7me	  limited	  the	  wide	  spreading	  of	  infrared	  spectroscopy	  un7l	  1960s’,	  when	  
Fourier	  Transform	  Interferometer	  have	  been	  first	  proposed.	  

Infrared	  Spectroscopy	  
Basic	  concepts	  on	  Instrumenta7on	  
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The	  present	  instrumenta7on:	  Fourier	  Transform	  InfraRed	  Interferometers	  

Conven7onal	  sources	  
NIR:	  Tungsten	  lamp	  
MIR:	  Glow	  bar	  (SiC)	  
FIR:	  Hg-‐Arc	  

Beamsplixers	  
NIR:	  CaF2	  
MIR:	  KBr	  
FIR:	  Mylar,	  Silicon	  	  

Detectors	  
NIR	  –	  InGaAs,	  InSb,	  Ge,	  Si	  room	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

	  temperature	  detectors	  
MIR:	  Room	  temperature	  DLaTGS	  
	  	  	  	  	  	  	  	  	  Nitrogen	  cooled	  MCT	  
FIR	  –	  He	  Cooled	  Silicon	  Bolometer	  
	  	  	  	  	  	  	  	  	  	  Room	  temperature	  DLaTGS	  

Op<cal	  Path	  Difference	  _	  OPD	  
2Δx=2vt	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  v	  =	  mirror	  velocity	  

Infrared	  Spectroscopy	  
Basic	  concepts	  on	  Instrumenta7on	  
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For	  a	  polychroma7c	  source	  

Fourier	  Transform	  (FT)	  	  	  	  	  	  à	  

Infrared	  Spectroscopy	  
Basic	  concepts	  on	  Instrumenta7on	  
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Infrared	  Spectroscopy	  
Basic	  concepts	  on	  Instrumenta7on	  
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Op7cal	  Scheme	  of	  a	  FTIR	  spectrometer	  

Sampling	  
techniques	  ?	  

Infrared	  Spectroscopy	  
Basic	  concepts	  on	  Instrumenta7on	  
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Acquisi7on	  of	  an	  infrared	  spectrum	  	  
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Infrared	  Spectroscopy	  
Basic	  concepts	  on	  Instrumenta7on	  
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Lambert-‐Beer	  Law	  •  TRANSMISSION	  
	  

•  REFLECTION	  
	  

•  SPECULAR	  

•  DIFFUSE	  

•  TOTAL	  

•  GRAZING	  INCIDENCE	  
	  

Typical	  angle	  of	  incidence	  =	  50-‐85°	  
The	  surface	  proper7es	  of	  the	  sample	  are	  
inves7gated	  

Typical	  angle	  of	  incidence	  =	  10-‐30°	  
The	  refrac7on	  behavior	  of	  the	  bulk	  sample	  is	  
inves7gated	  

The	   diffusive-‐reflec7on	   spectrum	   is	  
defined	   by	   the	   absorp7on-‐scaxering	  
behavior	  of	  the	  sample	  	  

Abenuated	  Total	  Reflec3on:	  The	  surface	  proper7es	  of	  the	  
material	  are	  inves7gated	  for	  penetra7on	  depth	  of	  
hundreds	  of	  nanometers	  

Infrared	  Spectroscopy	  
Basic	  concepts	  on	  Instrumenta7on	  
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organic	  medium	  n2	  =	  1.5	  
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Axenuated	  total	  reflec7on	  

Infrared	  Spectroscopy	  
Basic	  concepts	  on	  Instrumenta7on	  
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	  Infrared	  bio-‐spectroscopy	  
From	  macro	  to	  nanoscale	  on	  the	  molecules	  of	  Life	  
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Biospectroscopy	  is	  the	  spectroscopy	  of	  the	  Molecule	  of	  Life	  
	  

Organic	  molecules	  are	  the	  Molecules	  of	  Life.	  
They	  are	  built	  on	  chains	  of	  carbon	  atoms,	  usually	  very	  long	  (bio-‐macromolecules)	  

	  
There	  are	  four	  main	  groups	  of	  bio-‐macromolecules	  to	  build	  sub-‐cellular	  structure,	  cells,	  

7ssue,	  organs	  up	  to	  living	  beings:	  
	  

Proteins;	  Lipids;	  	  Nucleic	  Acids;	  Carbohydrates	  
	  

Samples  conventionally  studied  by  FTIR  Microscopy	

Samples  conventionally  studied  by  FTIR  Spectroscopy	

Biospectroscopy	  
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	  Proteins	  perform	  a	  vast	  array	  of	  func7ons	  within	  organisms,	  exhibi7ng	  ac7vity	  strictly	  related	  to	  their	  
structure	  (Structure-‐Ac7vity	  rela7onship)	  

By	  LadyofHats	  -‐	  Public	  Domain,	  hxps://commons.wikimedia.org/w/index.php?curid=4945067	  

Proteins	  
Func7ons	  and	  Structure	  
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Amide	  A,B	  
NH	  stretching	  vibra7on	  

Amide	  I	  
C=O	  str	  +	  C-‐N	  str	  +	  NH	  bend	  

Amide	  II	  
N-‐H	  bend	  +	  C-‐N	  str	  

CH2	  &	  CH3	  
alipha7c	  chains	  

Stretching	  and	  Bending	  

Phosphate	  groups	  

FTIR	  spectrum	  of	  BSA	  
Bovine	  Serum	  Albumine	  

Amide	  III	  
N-‐H	  bend	  in	  plane	  
and	  C-‐N	  stretch	  

Different	  H-‐bonding	  networks	  for	  
different	  peak	  posiQons	  

Amide	  I	  band	  is	  par7cularly	  sensi7ve	  to	  protein	  secondary	  structure,	  
and	  conven7onally	  employed	  for	  protein	  conforma7onal	  studies	  

-‐OH	  
of	  Residues	  

Image	  credit:	  OpenStax	  Biology.	  

FTIR	  spectroscopy	  for	  protein	  conforma7onal	  
studies	  
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Glycerol	   Faxy	  acids	  

Triglyceride	  

Phospholipids	  

Lipids	  
Func7ons	  and	  Structure	  
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CH2	  (&	  CH3)	  
alipha7c	  chains	  

Stretching	  and	  Bending	  

=CH	  
Vinyl	  group	  

Phosphate	  groups	  

C=O,	  C-‐O	  
Ester	  linkage	  

CH2/CH3	  ra7o:	  methyl-‐branched	  faxy	  acids	  increase	  membrane	  fluidity	  
=C-‐H:	  Unsaturated	  faxy	  acids	  increase	  membrane	  fluidity	  

Shizs	  and	  broadening	  of	  the	  methyl	  and	  methylene	  bands	  are	  indica7ve	  of	  increased	  lipid	  disorder/fluidity	  

Viscous	  
To	  
Fluid	  

DOPC	  -‐	  	  Dipalmitoilfosfa7dilcolina	  

ν	  	  	  	  	  =CH	  	  	  	  ~3020	  
νasym	  CH3	  ~  2957	  
νasym	  CH2	  ~  2920	  
νsym	  	  CH3	  ~  2870	  
νsym	  	  CH2	  ~  2851	  
	  

ν	  	  	  	  	  C=O	  	  	  	  ~1750-‐1720	  

νasym	  PO2	  ~1260-‐1240	  
νsym	  	  PO2	  ~1080	  

FTIR	  spectroscopy	  of	  lipid	  
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DNA	  stores	  informa7on	  

RNA	  transfer	  informa7on	  

Image	  credit	  
hxps://biology.tutorvista.com/biomolecules/nucleic-‐acids.html	  

Image	  credit	  
hxps://www.wonderwhizkids.com/gene-‐expression	  

Nucleic	  acids	  
Structure	  and	  Func7on	  
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FTIR	  spectroscopy	  for	  Nucleic	  acids	  conforma7onal	  
studies	  
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Monosaccharides	  

Disaccharides	  

Glyosidic	  bond	  

Polysaccharides	  

Carbohydrates	  
Structure	  and	  Func7on	  
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FTIR	  spectroscopy	  of	  Carbohydrates	  
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At	  a	  first	  glance,	  the	  FTIR	  spectrum	  of	  a	  mammalian	  cell	  can	  be	  viewed	  as	  the	  over	  
imposi7on	  of	  the	  	  diverse	  spectral	  contribu7on	  of	  each	  individual	  components	  

Typical	  mammalian	  dried	  cell	  chemical	  composi3on	  
(component	  percent	  of	  total	  cell	  weight)	  

3%	  
9%	  

60%	  

4%	  
1%	  

16%	  

7%	   inorganic	  ions	  (Na,	  K,Mg,	  Ca,Cl,	  …)	  

small	  metabolites	  

proteins	  

RNA	  

DNA	  

phospholipids	  and	  other	  lipids	  

polysaccharides	  

Mammalian	  cells	  
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C-‐O,	  C-‐O-‐C,	  …	  	  

LIPIDS	  
PROTEINS	  

NUCLEIC	  	  
ACIDS	  

CARBOHYDRATES	  

Band  intensity,  position,  width  and  shape  (band  components)  are  sensitive  to  
subtle  biochemical  changes  of  bio-‐‑specimens.  	

Mammalian	  cells	  
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(1)  The	  students	  will	  have	  the	  opportunity	  to	  look	  “inside”	  the	  interferometer	  

(2)  The	  spectra	  will	  be	  acquired	  star7ng	  from	  hydrated	  molecules	  
	  à	  Water	  features	  will	  be	  highlighted	  as	  well	  the	  dominant	  effect	  on	  IR	  spectra	  

	  
	  
(3)  They	  will	  start	  to	  become	  confident	  with	  IR	  spectral	  interpreta7on	  

	   	  They	  will	  collect	  spectra	  of:	  
•  Proteins	  (with	  different	  conforma7ons)	  -‐>	  IR	  sensi7vity	  to	  protein	  secondary	  structure	  

•  Raman	  spectra	  of	  the	  same	  molecules	  will	  be	  commented	  for	  highligh7ng	  technique	  
complementary	  

•  Nucleic	  acids	  (DNA)	  -‐>	  IR	  sensi7vity	  to	  DNA	  folding	  
•  Raman	  spectra	  of	  the	  same	  molecules	  will	  be	  commented	  for	  highligh7ng	  technique	  

complementary	  

•  Sugars	  (Trehalose)	  -‐>	  RAMAN	  SPECTRA	  WILL	  BE	  AQUIRED	  AT	  DIFFERENT	  
CONCENTRATIONS	  FOR	  HIGHLIGTHING	  THE	  DIFFERENT	  CONTRIBUTION	  OF	  WATER	  TO	  IR	  
AND	  Raman	  spectra	  

Proposed	  Experiments	  at	  SISSI	  
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UV	  Resonant	  Raman	  Spectroscopy	  
Basic	  Concepts	  on	  Theory	  and	  Instrumenta7on	  
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Raman	  scaxering	  

3
6

scaxering	  
Incident	  radia7on	  

When	  the	  electromagneQc	  radiaQon	  interacts	  with	  ma'er	  and	  its	  energy	  is	  not	  in	  resonance	  with	  
any	  energy	  level	  difference,	  absorpQon	  does	  not	  take	  place	  but	  scaOering	  processes	  can	  occur	  at	  

second	  order	  in	  perturbaQon	  theory	  

1	  

10-‐6	  

elas3c	  

Inelas<c	  
(Stokes)	  

Inelas<c	  
(An<-‐Stokes)	  

Energy	   Energy	  
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Inelas7c	  scaxering	  experiments	  
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Raman	  scaxering	  
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Raman	  effect	  

3
9

Rayleight or elastic scattering 
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Raman	  bands	  arise	  from	  changes	  in	  the	  molecular	  polarizability	  during	  the	  vibraQons	  
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Resonant	  Raman	  scaxering	  

Ground state 

Virtual state  

Ei Es= Ei -ħωv 

ħωv 

Resonant Raman 

Vibrational excited state  

Ground state 

Electronic excited state  

Spontaneous	  Raman	  	  

Ei = Eel Es= Ei -ħωv 

ħωv 
Vibrational excited state  

Raman cross section increased 
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UV	  Resonant	  Raman	  scaxering	  

UV/vis	  
abs 

Molecular  Group 1 
Molecular Group 2 

Molecular Group 3 

Ground state 

Electronic 
excited states 

nm 

200-220 nm 
Peptide bonds 

200-300 nm 
Aromatic compounds 

225-300 nm 
DNA nitrogenous bases 

S. A. Oladepo  et al. Chem. Rev. 2012. 
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Further	  advantages	  on	  the	  use	  
of	  UVRR	  

•  Higher Raman cross section with respect to the 
Raman scattering performed exploting visible near/IR 
laser sources 

•  Absence of fluorescence background on the spectra 

•  Measurements in water and/or buffer solutions at 
low solute concentrations 
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Exci7ng	  wavelength	  selec7vity	  
•  Laser: fixed wavelength sources 

•  SR: tunable CW wavelength source →  better selectivity 

266	  nm	  244	  nm	  224	  nm	  205	  nm	  SR	  source	  
nm	  
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Exci7ng	  wavelength	  selec7vity	  
•  Laser: fixed wavelength sources 

•  SR: tunable CW wavelength source →  better selectivity 

266	  nm	  244	  nm	  224	  nm	  205	  nm	  SR	  source	  
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UVRR	  set-‐up,	  IUVS	  at	  Elexra	  

Spehrical metallic 
concave parabolic 
mirror, f=750mm,  

Czerny-Turner 
monochromator 
f=750 mm 

sample 

266	  nm	  
laser	  

532nm	  
laser	  

633nm	  
laser	   CCD	  

Triple grating   
CT spectrometer system 
(Trivista – Princeton 
Instruments) 

244	  nm	  
laser	   CCD	  

Micro-
Raman 
system 

sample 

UV broadband radiation 
200 – 300 nm 

Silicon 
 mirror  
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UVRR	  set-‐up,	  IUVS	  at	  Elexra	  

Synchrotron 
radiation  

200-300 nm  

UV lasers  
266 and 244 nm  

Resolution 
performances: 
0.3 cm-1 @  633 nm 
1 cm-1 @ 266 nm 

UV-Raman spectra 
at micrometric 

lateral resolution 

VIS lasers  
532 and 633 nm  

F. D’Amico et al. NIMA  2013. 
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UV	  micro	  Raman	  system	  

13	  μm	  

13	  μm	  

Abla3on	  on	  
PMMA	  
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Hydra7on	  of	  biomolecules	  studied	  by	  Raman	  spectroscopy	  
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Spettro Raman dell’acqua 
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C.	  Boxari	  et	  al.	  ,	  JRS	  2018	  
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Caso scientifico:“memoria 
dell’acqua” ? 
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Caso scientifico:“memoria 
dell’acqua” ? 



www.ceric-eric.eu/project/pages 

Caso scientifico:“memoria 
dell’acqua” ? 

Esperimento proposto: 
 

Verificare	  la	  presenza	  di	  un	  “effebo	  memoria”	  dell’acqua	  
in	  soluzioni	  omeopa3che	  per	  mezzo	  dell’analisi	  di	  spebri	  
vibrazionali	  raccol3	  tramite	  spebroscopia	  Raman.	  
	  
L’esperimento	  consiste	  nel	  preparare	  set	  di	  soluzioni	  acquose	  di	  trealosio	  e	  
eventualmente	  glicina	  a	  diverse	  concentrazioni,	  diluendole	  prograssivamente	  fino	  
a	  raggiungere	  diluizioni	  di	  7po	  omeopa7co	  (meno	  di	  una	  molecola	  di	  trealosio	  per	  
litro	  di	  solvente)	  .	  
Si	  mostrareranno	  le	  modifiche	  alla	  banda	  OH-‐stretching	  dell’acqua	  in	  presenza	  di	  
soluzione	  di	  trealosio	  (presenza	  della	  “hydra7on	  shell”)	  passando	  da	  
concentrazioni	  alte	  a	  diluizione	  omeopa7che.	  Si	  verificherà	  se	  vi	  sono	  differenze	  
tra	  la	  forma	  della	  banda	  OH	  stretching	  in	  soluzioni	  omeopa7che	  rispexto	  alla	  
banda	  del	  solvente	  puro	  (acqua).	  
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Thank you 

lisa.vaccari@elettra.eu 
francesco.damico@elettra.eu  


