
1

Phys 774: 
IR spectroscopy

Fall 2007
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Dielectric function contributions 
Optical vibrations (phonons)

Free electrons (plasma) 

Electronic transitions (valence conduction band)

Dielectric function and refractive index are generally complex: 
εr = εr' + iεr'' ; ; εr' = nR

2 - nI
2 ; εr'' = 2nRnI

absorption coefficient α = 2k0nI nI - extinction coefficient

Direct transformation between R, T, A  and 

is not always possible (no layered structures, wide spectral range, etc) 

( )ε ω

Solution:
Model for dielectric function 
for each part of the sample
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Spectroscopic Measurements in IR

10 – 10000 cm-1

Fourier Transform InfraRed Spectroscopy

Advantages:
1. Multiplexing
2. Throughput
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Disadvantages of grating spectrometers in IR

FWHM=0.1 nm for 
Slit width of 100 µm

For 500 cm-1 

λ=20 µm

For 50 cm-1 
λ=200 µm

Slit width? 
How to focus on the slit?
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Czerny-Turner Configuration

Grating Spectrometer / Spectrograph 
/Monochromator

PMT or
Photodiode

Sample 
(source of light)
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Fourier Transform InfraRed Spectroscopy

10 – 10000 cm-1

Advantages:
1. Multiplexing
2. Throughput (no slits needed)
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Fourier Transform Infra-Red Spectroscopy
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Fourier Transform Infra-Red Spectroscopy

Path difference

Spectrum
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Fourier Transform Infra-Red Spectroscopy

Transmission configuration
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Fourier Transform Infra-Red Spectroscopy

Materials for 
Beam splitters Si, Ge, diamond 12

Fourier Transform Infra-Red Spectroscopy
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Resolution:
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Effect of the finite scanning distance
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Fourier Transform Infra-Red Spectroscopy

Application:
Far-IR Microscopy
Far-IR Ellipsometry
Far-Far-Far-IR

HW: find dependence of I(λ) for λ ∞
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Synchrotron radiation
Natural  Synchrotron Radiation

Accelerating electron 
emits  light

Stars and 
Galaxies
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•Synchrotron Radiation from a storage ring 
is the most bright manmade source of white light
•Useful for materials studies from Far Infrared and UV to X-ray  

Synchrotron 
Radiation 
produced by 
relativistic 
electrons in 
accelerators
(since 1947)
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EXPERIMENTAL SETUP at NSLS, BNL

Sean OSean O’’Malley and Malley and 
Andrei Sirenko at Andrei Sirenko at 
U12IR, NSLSU12IR, NSLS

Spectral range: 8.5 Spectral range: 8.5 −− 105 cm105 cm--11 (~  1 (~  1 −− 13 13 meVmeV or   or   ~ ~ 0.25 0.25 −− 3 THz)3 THz)

Spectral resolution: Spectral resolution: 0.6 cm0.6 cm--11

~ 7 deg~ 7 deg
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Transmission configuration: 

aa

bb
cc

IR lightIR light

SampleSample

Linear polarizerLinear polarizer

Linear polarizerLinear polarizer

ee

a( b,b )a( b,b )

ee

holderholder
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Transmission configuration: 

aa

cc
bb

IR lightIR light

holderholder

Linear polarizerLinear polarizer

Linear polarizerLinear polarizer

ee

a( a( c,cc,c ))

ee

SampleSample
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Normalization procedure: 

IR lightIR light

ho
le

ho
le

Linear polarizerLinear polarizer

Linear polarizerLinear polarizer

ee

ee

holderholder
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Far-IR transmission spectra for HoMn2O5

Normalized FourierNormalized Fourier--transform transform 
transmission spectra at transmission spectra at TT = 5 K in = 5 K in 
a(b,ba(b,b)), , a(c,ca(c,c), ), andand b(a,ab(a,a))
configurations. configurations. 
Arrows indicate the frequencies of Arrows indicate the frequencies of 
IRIR--active absorption lineactive absorption line
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IR transmission intensity maps for HoMn2O5

Maps of transmitted intensity Maps of transmitted intensity vs.vs.
temperature and frequency for HoMntemperature and frequency for HoMn22OO55
in (a)  in (a)  a(b,ba(b,b) , ) , (b) (b) a(c,ca(c,c),), and (c) and (c) b(a,ab(a,a))
configurations. Red color corresponds to configurations. Red color corresponds to 
stronger absorption, blue color indicates stronger absorption, blue color indicates 
high transmission.high transmission.

Most of the lines are active  Most of the lines are active  
for for TT >> >> TT11 in at least one in at least one 
polarizationpolarization


