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All matters, atoms, molecules and all kind of substances 
vibrate . Only at absolute zero temperature (-273.15 °C or -
459.67°F), that all stop vibrating.

VibrationalVibrational motionsmotions
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« A region of light extending over the visible 
one » was discovered by 
Sir William HERSCHEL , en 1800
F.W. Herschel, Philo. Trans. Royal Soc. London
90,49,255,284,293, 437 (1800)

The sunlight was dispersed with
a calcite prism
The sunlight was dispersed with
a calcite prism

Thermometers were placed
along the projected light
Thermometers were placed
along the projected light

From this observation, Sir Herschel concluded that the light should be composed by 
waves… but hypothesis immediately rejected by other scientists!!
From this observation, Sir Herschel concluded that the light should be composed by 
waves… but hypothesis immediately rejected by other scientists!!

InfraredInfrared radiation: the radiation: the historicalhistorical
startingstarting pointpoint
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The Infrared energy rangeThe Infrared energy range

Energy range: 1     to  ~500 µm
( 10000  to  20 cm-1   or   1.23 to 0.0025 eV)

~1 to ~2.5 µm ( 10000-4000 cm-1)  Near IR
~2.5 à 20 µm ( 4000-500 cm-1)        Mid- IR
~20 à ~2500 µm ( 500-50 cm-1)       Far IR

They are long wavelengths, distributed in a wide range!

They can be easily  analysed simultaneously!



ICALEPS 2005
5

ICTP School on Synchrotron Radiation and Applications – P. DumasICTP School on Synchrotron Radiation and Applications – P. Dumas

1 2

1 2

1
2osc

m mk
m m

υ
π

+
=

m1 m2

k

Frequency shift with:
- nature of atoms
- environment change

Frequency shift with:
- nature of atoms
- environment change

Compound identification using
vibrational motions
Compound identification using
vibrational motions
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IR frequency domain and vibrationsIR IR frequencyfrequency domaindomain andand vibrationsvibrations

~3.3 µm

~6 µm ~10 µm ~30 µm

But also IR reflectivity and conductivity …. 
( brodband change)

3756 cm-1 3652 cm-1 1595 cm-1
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ν

Fourier Transform SpectroscopyFourier Transform Spectroscopy

No monochromator, all wavelengths collectedNo monochromator, all wavelengths collected
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Infrared spectroscopy today…Infrared spectroscopy today…

Widely used in academic as well as in industry , 
primilarly for compound identification
Widely used in academic as well as in industry , 
primilarly for compound identification

« Classical » infrared spectrometer is composed
of three main components:

« Classical » infrared spectrometer is composed
of three main components:

1- An IR source ( blackbody heated to about 1500K)
- such as SiC

3- Detectors, with high responsivity in the
IR frequency range

2- Interferometer to modulate all the emitted
wavelengths
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Infrared absorption phenomena: a kind of 
« finger print » for each ensemble of molecular

groups

IR spectra of  formaldehyde , H2C=O

IR Tutord
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Each functional group has an ensemble of motions ( vibrational)
specific of the molecular group ( fingerprint)
Each functional group has an ensemble of motions ( vibrational)
specific of the molecular group ( fingerprint)

These motions ( or vibrational frequencies) are detected under
« resonant » excitation in the energy domain 0.495 eV-0.062 eV
or 2.5 to 20 microns or 4000-500 cm-1

These motions ( or vibrational frequencies) are detected under
« resonant » excitation in the energy domain 0.495 eV-0.062 eV
or 2.5 to 20 microns or 4000-500 cm-1

There are databanks of spectra, which allow a rapid search and
identification.
There are databanks of spectra, which allow a rapid search and
identification.

The technology is rather simple, and the data are obtained quite
quickly (few seconds).

The technology is rather simple, and the data are obtained quite
quickly (few seconds).

Main featuresMain features
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Synchrotron Infrared Emission: 
Properties and Characteristics

Synchrotron Infrared Emission: 
Properties and Characteristics
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Synchrotron radiation and infrared emissionSynchrotron radiation Synchrotron radiation andand infraredinfrared emissionemission

0° port

4° port

Edge
emission::

Bending
magnet

emission:

Exemple for 10µm
wavelength
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History of synchrotron IR ?HistoryHistory ofof synchrotron IR ?synchrotron IR ?

Bending magnet radiation Edge radiation

*: calculated using the SRW code for E=2.75 GeV,  1.56 T, 7 meters straight section

It takes much longer before being recognized as a potential source 
for spectroscopy
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Edge radiation versus bending
magnet
EdgeEdge radiation versus radiation versus bendingbending
magnetmagnet

E= 2 GeV I= 300 mA ,  1.2 T , HxV= 20x20 mrad
0 -5+5
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Calculated using SRW Code developed by O. Chubar and P. Elleaume

For a For a fixedfixed wavelengthwavelength, vertical angle , vertical angle largerlarger for constant for constant fieldfield emissionemission
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Formulas for calculating infrared
flux

Formulas for calculating infrared
flux

(Non-coherent) Synchrotron Radiation from Constant Field of Bending Magnet(Non-coherent) Synchrotron Radiation from Constant Field of Bending Magnet

= electron relativistic mass enhancement factor

= aperture

= critical synchrotron radiation wavelength for the bending magnet

= modified Bessel function
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r

Intensity Distributions 
at Various Polarizations
Intensity Distributions 

at Various Polarizations
Intensity Distribution 

in transverse plane 
close to the source

Intensity Distribution 
in transverse plane 
close to the source

Infrared Synchrotron Radiation from 
Bending Magnet 

Infrared Synchrotron Radiation from Infrared Synchrotron Radiation from 
Bending Magnet Bending Magnet 
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Practical Formulas for calculating infrared
flux

PracticalPractical Formulas for Formulas for calculatingcalculating infraredinfrared
fluxflux

(Non-coherent) Edge Radiation from Extremities of Bending Magnet(Non-coherent) Edge Radiation from Extremities of Bending Magnet
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Infrared Synchrotron Radiation from 
Edge of bending magnet
Infrared Synchrotron Radiation from Infrared Synchrotron Radiation from 
Edge of bending magnetEdge of bending magnet

L r

E = 3.0 GeV
Bmax = 1.30 T
I = 200 mA

L = 5 m
r = 1.23 m
λ = 10 µm

-10mm

-5

0

5

10

V
er

tic
al

 P
os

iti
on

-10mm -5 0 5 10
Horizontal Position

““Pure ERPure ER”” is polarized is polarized ““RadiallyRadially””

Intensity Distributions at Various PolarizationsIntensity Distributions at Various Polarizations
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Calculated intensity profile
at 6.2 meters from source

λ=0.52 microns

Recorded with a CCD camera 
at 6.2 meters from source

λ= 0.52 microns

Are we confident with the
simulations?
Are Are wewe confident confident withwith thethe
simulations?simulations?

Measured at the ESRF
beamline
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Edge radiation observed at IR beamline
ESRF

EdgeEdge radiation radiation observedobserved atat IR IR beamlinebeamline
ESRFESRF

H-polarizedH-polarized V-polarizedV-polarized

Measurements done with a CCD camera, 10m from source, 
filter=700nm



ICALEPS 2005
21

ICTP School on Synchrotron Radiation and Applications – P. DumasICTP School on Synchrotron Radiation and Applications – P. Dumas

Collecting the two sourcesCollecting the two sourcesCollecting the two sources
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Synchrotron radiation in the infraredSynchrotron radiation in the infraredSynchrotron radiation in the infrared

@ ESRF@ ESRF @ ESRF@ ESRF
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~19.7~3892003.0AustralianAustralian
SynchrotronSynchrotron

~70~55010000.80NSLSNSLS--
BrookhavenBrookhaven(USA)(USA)

~8~1805002.75SOLEIL ( France)SOLEIL ( France)

~14.5~3502001.5MaxIIMaxII( ( SwedenSweden))

~13.5~2393002.0ElettraElettra(Italie)(Italie)

~19.5~831008.0SpringSpring--8(8(JapanJapan)*)*

~9~442006.0ESRF(France)*ESRF(France)*

Vertical 
electron 

source size
(µm)

Horizontal 
electron

source size
(µm)

Maximum 
operating
current
( mA)

Energy
(GeV)Synchrotron Center

Brightness in the infrared 
region(1)

Brightness in the infrared Brightness in the infrared 
region(1)region(1)

It’s not dependant on the electron source size!
Source size is diffraction-limited ( apparent source 
size)
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To obtain a rough estimation of the diffraction-limited 
SR source size : ( ) 3/12~ ρλ

Numerical methods of Fourier optics can be used
:back-propagation of the wavefront (at a specific 
wavenumber) to the source position, or by 
simulating of the radiation focusing at optical 
magnification equal to 1

SA∆

Brightness in the infrared 
region(2)

Brightness in the infrared Brightness in the infrared 
region(2)region(2)
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Synchrotron Infrared 
properties

Synchrotron Infrared 
properties

IsIs the synchrotron IR the synchrotron IR beambeam veryvery intense? intense? 
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I=800 mA

0.8 GeV, 90x90 mrad, 800 mA
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High brightness sourceHigh brightness source

Low brightness sourceLow brightness source

Brightness, or brilliance, or spectral radianceBrightness, or brilliance, or spectral radianceBrightness, or brilliance, or spectral radiance
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Infrared beamlines at Synchrotron facilitiesInfrared beamlines at Synchrotron facilities
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Horizontal deflection
Vertical ( upward)

deflection

Extracting the beamExtracting the beam

High power density on the mirror!



ICALEPS 2005
33

ICTP School on Synchrotron Radiation and Applications – P. DumasICTP School on Synchrotron Radiation and Applications – P. Dumas

Dealing with high incident 
power

Dealing with high incident Dealing with high incident 
powerpower

1 mA1 mA 10 mA10 mA

20 mA20 mA 1 mA1 mA

Recorded at ESRF  IR-beamline
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Calculating  power on the first 
mirror

Calculating  power on the first 
mirror

SRW- O. ChubarSRWSRW-- O. O. ChubarChubar
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Beamline schematicBeamline schematic

M1M1

W1W1

M2M2

M1=M1=extractingextracting mirrormirror
M2= M2= EllipsoidEllipsoid
W1=W1=DiamondDiamond WindowWindow

Tunnel wallTunnel wall

To spectrometer

Experimental hallExperimental hall
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CVD diamond window@ ESRFCVD diamond window@ ESRF

First mirror - slottedFirst mirror - slotted
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Worldwide Synchrotron Radiation Facilities for InfraredWorldwide Synchrotron Radiation Facilities for InfraredWorldwide Synchrotron Radiation Facilities for Infrared
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Synchrotron Infrared micro-spectroscopy
Molecular imaging

Synchrotron Infrared micro-spectroscopy
Molecular imaging
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From Spectroscopy to MicroscopyFrom Spectroscopy to Microscopy
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The brightness of the synchrotron source allows to use a confocal
configuration

Upper Aperture
size settings

Lower Aperture
size settings

Synchrotron infrared and MicroscopeSynchrotron Synchrotron infraredinfrared andand MicroscopeMicroscope

Lateral resolution ~λ/2



ICALEPS 2005
47

ICTP School on Synchrotron Radiation and Applications – P. DumasICTP School on Synchrotron Radiation and Applications – P. Dumas

“Normal” (circular aperture)
d ≈ λ/(n sinθ)d=1.22λ/(n sinθ)

λ = 6 µm, 1 µm grid spacing

θ

“fat” 1st order diffraction ring for Schwarzschild

Schwarzschild

θ

DiffractionDiffraction--limited Point Spread Functionslimited Point Spread Functions
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PSF (PSF)2

Confocal results in narrower central peaks, and also reduces effect of 1st 
order diffraction ring.

ConfocalConfocal versus nonversus non--confocalconfocal
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Chemical imaging and contrast fidelityChemical imaging and contrast fidelity

PolymerPolymer laminatelaminate
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1000  1500  2000  2500  3000  3500  
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LipidLipid profileprofile

Intern.J. of Cosmetics Science. 23 1-6 (2001) 369-374

3x3 µm2 aperture
1 µm step

CHCH22 Amide IAmide I C=0C=0 carboxylatecarboxylate

ProteinProtein profileprofile
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Beside chemical imaging: multivariate…Beside chemical imaging: multivariate…

Two types of lipids
identified across hair

section

Two types of lipids
identified across hair

section

Two types of lipids identified by HCA ( Hierarchical Cluster Analysis)
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Secondary structure of proteinsSecondarySecondary structure structure ofof proteinsproteins

Higher concentration in β
Sheets in the cuticle.
Higher concentration in β
Sheets in the cuticle.
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From K. Gough , P. Dumas unpublishedMIRAGE beamline LURE



ICALEPS 2005
58

ICTP School on Synchrotron Radiation and Applications – P. DumasICTP School on Synchrotron Radiation and Applications – P. Dumas

Human tissues from mummyHuman tissues Human tissues fromfrom mummymummy

Mummy from Taklamakan desert

M. Cotte, Ph. Walter and P. Dumas
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Mummy from Taklamakan desert: hairMummy from Taklamakan desert: hair
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S

PCa

Mummie from Taklamakan desert:hairMummieMummie fromfrom TaklamakanTaklamakan desertdesert::hairhair
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Gold grid deposited on silicon wafer
imaging the protective layer on top of the gold grid

Gold grid deposited on silicon wafer
imaging the protective layer on top of the gold grid

20 µm
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Polymer filmsPolymer films

30 µm

Isotactic polypropylene (iPP) polymorphism
in a sheared film from a fibre

Isotactic polypropylene (iPP) polymorphism
in a sheared film from a fibre

PE assembly

30 µm
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Geology and AstrophysicsGeology and Astrophysics
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SummarySummary

Synchrotron IR microscopy has became an important
analytical tool in synchrotron facilities

Synchrotron IR Synchrotron IR microscopymicroscopy has has becamebecame an importantan important
analyticalanalytical tooltool in synchrotron in synchrotron facilitiesfacilities

Such facilities are of high ratio scientific/costSuch facilities are of high ratio scientific/cost

Association with fluorescence is desirableAssociation with fluorescence is desirable

Complementarities with other synchrotron based techniques 
are very potential especially if combined
studies are performed on the same sample.

Complementarities with other synchrotron based techniques 
are very potential especiallyespecially if if combinedcombined
studiesstudies are are performedperformed on the on the samesame samplesample..

Good S/N and higher spatial resolution…. Statistical treatment
( unsupervised or supervised )
Good S/N and higher spatial resolution…. Statistical treatment
( unsupervised or supervised )


