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Light properties

A Direction of propagation

A Electric field direction or polarization

A Photon energy or wavelength

A Intensity

A Propagation speed > W
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Light interactions

A Transmission

A Reflection

A Absorption

A Mic<gi
cattering

A Refraction

Non-linear effects
SFG
SHG
DFG
Multi-photon absorption

o T To I
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Light interactions with matter

Size Temperature
Lattice structure, dopants
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Natural g 7 ik
Radiation

Brown, Red & Pink
Crystal Distortion

Microstructure
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Light interactions with matter

(V|
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Spectroscopy

0o
Wavelength {nm})
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Light interactions

A Transmission

A Reflection

A Absorption

A Mic<gi
cattering

A Refraction

Non-linear effects
SFG
SHG
DFG
Multi-photon absorption
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Light interactions

11
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Spectrophotometry (UV-VIS-NIR)
Monoatomic gas ('O) Solid material (CdS)

Electronic levels Electronic bands
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Transmittance (%)

PV

Spectrophotometry (UV-VIS-NIR)

(ahv)? x 107" (eV/em)?

Wavelength (nm)

1000

Optical band gap determination of CdS thin films as a

function of growth substrate temperatures
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m = 0.5 for direct and 2 for indirect allowed transitions.
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Spectrophotometry (UV-VIS-NIR)
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Spectrophotometry (UV-VIS-NIR)
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Spectrophotometry (UV-VIS-NIR)
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Spectrophotometry (UV-VIS-NIR)
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Spectra from Developments in Clay Science, Vol. 8. Ch. 5
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Spectrophotometry (UV-VIS-NIR)
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Plasmons are quanta of collective motion of charge-carriers in
a gas with respect of an oppositely charged background. They
play a significant role on transmission and reflection of light.
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Spectrophotometry (UV-VIS-NIR)
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Vibrational spectroscopy

Normal vibrational modes in molecules:

CO, (4 modes)

R —

n, = 1388 cnrt
‘/ \ n, = 667 cnrl
= =" Ny = 2349 cn

Number of modes:
3N-6 for non-linear molecules
3N-5 for linear molecules

H,O (3 modes)

A
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A
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CH, (9 modes)
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Vibrational spectroscopy

Normal vibrational modes in solids:

SWCNT
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Fourier Transform IR spectroscopy (FTIR)

IR active vibrations

The intensity of a vibrational absorption
depends on the change of the transition®
dipole momentum caused by that
vibration, so a vibration mode n, will be
AR activeoonly when the vibration
causes a change in the dipole
momentum of the molecule, i.e. Dmi 0

I © 2025 University of lllinois Board of Trustees. All rights reserved
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Fourier Transform IR spectroscopy (FTIR)

SULFUR DIOXIDE
INFRARED SPECTRUM

IR active vibrations
0.8
g 0.6
@ 0.4
The intensity of a vibrational absorption v
depends on the change of the (Jirransi.ti.ongs...

1000 2000 3000 4000
Wavenumber (cm-1)

NIST Chemistry WebBook (https://webbook.nist.gov/chemistry)

dipole momentum caused by that
vibration, so a vibration mode n, will be
AilR actived only when the vibfation
causes a change in the dipole
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momentum of the molecule, i.e. Dmi 0 v vy va
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Journal of Near Infrared Spectroscopy, 6 (1998)
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Fourier Transform IR spectroscopy (FTIR)

The Nobel Prize in Physics 1907 .
Albert A. Michelson Instrumentation:
"for his optical precision instruments and the The FTIR uses a Michelson interferometer with a moving

spectroscopic and metrological mirror, in place of a diffraction grating or prism.
investigations carried out with their aid"

| The Nobel Foundation DL = nl => constructive interference
DL = (n+1/2) | => destructive interference

27
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Fourier Transform IR spectroscopy (FTIR)

L& The Nobel Prize in Physics 1907

2 Albert A. Michelson Instrumentation:
"for his optical precision instruments and the The FTIR uses a Michelson interferometer with a moving
spectroscopic and metrological mirror, in place of a diffraction grating or prism.

investigations carried out with their aid"

The Nobel Foundation DL = nl => constructive interference
DL = (n+1/2) | => destructive interference

Time
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Detector voltage

Fourier Transform IR spectroscopy (FTIR)

Intensity

I(v) = TS(r)ez“’”dr
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Fourier Transform IR spectroscopy (FTIR)

2 Hz + 3 Hz
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Transmission (%)

Fourier Transform IR spectroscopy (FTIR)
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Fourier Transform IR spectroscopy (FTIR)

d

FTIR can be used to identify components in a mixture by comparison
with reference spectra.
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Fourier Transform IR spectroscopy (FTIR)
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Spectrophotometry (UV-VIS-NIR) and FTIR

Limitations:

1 Reference sample is often needed for quantitative
analysis.

9  Many contributions to the spectrum are small and
can be buried in the background.

1  Usually, unambiguous chemical identification
requires the use of complementary techniques.
Very little or simple sample preparation. T Limited spatial resolution.

Simplicity of use and data interpretation.
Short acquisition time, for most cases.

Non destructive.

Broad range of photon energies.

High sensitivity (~ 0.1 wt% typical for FTIR).

Strengths:

A =8 -_2-_-5-

Complementary techniques:

Raman, Electron Energy Loss Spectroscopy (EELS), Extended X-ray Absorption
Fine Structure (EXAFS), XPS, Auger, SIMS, XRD, SFG.

34
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Light scattering

35
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Light scattering

I © 2025 University of lllinois Board of Trustees. All rights reserved

36



Light scattering

Sir Chandrasekhara Venkata Raman

The Nobel Prize in Physics 1930 was awarded to Sir Venkata Raman "for his work on
the scattering of light and for the discovery of the effect named after him".

The Nobel Foundation

Sir Kariamanikkam Srinivasa Krishnan

Co-discoverer of Raman scattering, for which his mentor C. V. Raman was awarded the
1930 Nobel Prize in Physics

37
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Raman spectroscopy

What is measured:
The light inelastically scattered by the material.

Scattered intensity
Stokes
Anti-Stokes

Basic principle:

Photon energy The impinging light couples with the lattice
Raman shift vibrations (phonons) of the material,
and a small portion of it is inelastically
scattered. The difference between the
0 energy of the scattered light and the
S MN~ incident beam is the energy absorbed or
D el states released by the phonons.

_
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scattering
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Rayleigh
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Vibrational states v A 1' \

Ground state —_—
Resonance Raman
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Raman spectroscopy
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Instrumentation:

Raman spectroscopy

/
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P

Raman spectroscopy

E = Eq - cos (27 - vg-t)

p=ca-Eqg-cos (27 - vyt)

I © 2025 University of lllinois Board of Trustees. All rights reserved
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Raman spectroscopy

The U tensor is dependent on

t strength
chemical bonds change during v

s, U is de

-

Qr = Qro -cos (2w - v -t + i)

. 7 Ja )
o (45 ),

ap = oo+ - Qro - cos (2m - vy -t + @)

p = ag-Eq-cos (27 - vp-t)+

1
+ el Dso Bofeos (27 £+ (v + i) + k) +
L
+cos (2w -t - (v — Vi) — ©k)] Yk = (an) 7& !

the dipole oscillates with three frequencies simultaneously, corresponding to the three possible scattering modes
(Rayleigh, and anti-Stokes Raman)
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Raman spectroscopy

Vi = (3%k)0 70

/\. %%:0
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rier Transform IR spectroscopy (FTIR)

IR active vibrations
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Raman spectroscopy

Raman active vibrations

The intensity of the Raman scattering linked to a vibrational state depends on the change in the
polarizability tensor

AN AN

o Q‘;@qe Vﬁg"e
e /\ 0 == ‘ T ggleo
o0 _° - @.L*
LV Aee NS
/.\. . 29/=0 o=P—9 . ;';gg =0
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FTIR and Raman:

(different selection rules).

v

Dml

Raman spectroscopy compared to FTIR

Wavenumber (cm’)
1000 1500 2000 2500 3000

| 1 1 1 1 1 | 1 1

Polyetherurethane
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v(C=0) 3331
O 116 \ urethane groups v(N-H)
HE-O-0) \ 1725
N H(C=0) 2866
1237 v(CH,). \
O(N-H) + v(C-N) 1566 .
BES ——FTIR 2941
SN-H) + v(C-N) o W(CH.)
I
U 1 » 1 ' 1 ” 1 2 1
1000 1500 2000 2500 3000
Raman shift (cm™)
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Raman spectroscopy compared to FTIR

SULFUR DIOXIDE
INFRARED SPECTRUM
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Canadian Journal of Chemistry, 43 (1965) 2vavp J
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I © 2025 University of lllinois Board of Trustees. All rights reserved Journal of Near Infrared Spectroscopy, 6 (1998)




Studying the é

Characteristic Raman
frequencies

Raman peak intensity

Raman peak
frequency shift

Raman peak width

Raman peak
polarization
dependency

13113

€ we can estimate é

Identity and
composition of
materials

Volume of material
probed

Strain, stress, crystal
lattice distortion

Crystallinity of material

Crystal orientation and
symmetry

I © 2025 University of lllinois Board of Trustees. All rights reserved

49



Raman spectroscopy

Molecular and crystalline structure characterization

GaN:C  TOg, E, LOgy )
10K /
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