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• Hardware & methods a lot like photoluminescence measurement

• Raman Spectroscopy looks at light inelastically scattered off materials

• Inelastic because of loss (gain) to molecular and lattice vibrations

• Frequency and intensity of peaks → which bonds are present (and more!)

• Most common use is materials ID (fingerprint)

1-Slide Summary of Raman Spectroscopy

This is the tersest description I can think of…

Let’s look closer at these statements…
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Raman Spectroscopy Looks at Scattered Light

CC2.0, Photo by here, license here

Laser Sample
λo

λo+ sidebands

Here’s a cartoon of a  minimalist setup for measuring 
Raman spectra.  A laser illuminates a sample, and a little 
bit of the incoming light is scattered off the sample at 
longer wavelength (lower energy)

https://www.flickr.com/photos/adelphilabcenter/5999582062/in/photolist-oktdzN-uZ8Ua-4TqjKC-vWtWLL-aiynTw-fQwnG5-uZ8Nu-a9aqJ3-4as5dR-TBz9MM-2k8nHrp-4as5ZX-4aw8Au-4Tqm1b-4Tm7Ag-4TqkCu-4Tqjqj-4Tm8Tn-4Tm7HZ-4Tmarc-4Tm6uF-fQwnfq-4Tqp1f-4TmbBF-q8Aw9t-4Tm9QZ-4Tqq43-4Tqpd1-4Tmagp-4TqpqU-4Tmc3H-4Tma7v-4TqpPd-kRBAn-2j2q2ex-TBYXwH-6L6uDL-qMW1Cn-SzBGmM-3YCzC3-4Tqnef-kRBAp-kRBAs-kRBAu-kRBAq-kRBAo-4TqpVs-e53mCd-2kzfjoj-2kzfjrR
https://creativecommons.org/licenses/by/2.0/
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Raman Spectroscopy Looks at Scattered Light

• Raman Spectroscopy looks at scattering, not absorption (e.g. infrared absorption spectroscopy)
• Works at any wavelength, typically visible or NIR
• It can piggyback on optical tools like:

Microscopes

Telescopes (Standoff Raman)
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• Discovered by the eponymous C.V. Raman in 1928

• The story is surprising and interesting – see a brief 
history here

• Experimentally demonstrated with telescope-
concentrated sunlight aimed at various liquids 
(how could that possibly work – let’s revisit later?)

• Why did it take until 1928 if fluorescence was 
discovered in 1852 (if not earlier)?

• Raman scattering is *weak* 

• How to distinguish from weak fluorescence?

Discovery of the Raman Effect

https://www.aps.org/publications/apsnews/200902/physicshistory.cfm
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Raman Spectroscopy vs. Photoluminescence

• This is also how you could measure photoluminescence… 
• What makes Raman different?

• PL is STRONG, Raman is WEAK  (106-108 difference?)
• PL always “wins” when present*

• Raman is relative to laser line, PL at set energy
• Raman scattering is “faster” than PL lifetime
• Raman scattering carries much more info!

PTBTSB-2 
Raman 
Spectrum

PTBTSB-2 PL 
Spectrum
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Raman Spectroscopy vs. Photoluminescence

Kneipp, Janina, et al. "Optical probes for biological applications
based on surface-enhanced Raman scattering from
indocyanine green on gold nanoparticles." Analytical
chemistry 77.8 (2005): 2381-2385.

Jonak, Constanze, et al. "Intradermal indocyanine green for in
vivo fluorescence laser scanning microscopy of human skin:
a pilot study." PLoS One 6.8 (2011): e23972.

Another Indocyanine Green
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• Raman involves the loss (and sometimes gain) of small amounts of energy

• Typical unit is cm-1 (aka wavenumber, inverse centimeter, rarely: Kayser)

• 𝐸 =
ℎ𝑐

𝜆

A Note About Units

Here’s one of Raman’s original spectra of benzene

Excitation – 435.8nm from mercury lamp

Δλ = 21.57 nm

Excitation (aka Rayleigh) wavelength is 435.83 nm

We convert to wave numbers (cm-1):
107/(435.83 nm) = 22944 cm-1

Unknown band is at ~ 457.4 nm
107/(457.4 nm) = 21862 cm-1

Difference is V0-V1 = 22944 – 21862 = 1082 cm-1

https://archive.org/details/scientificpapers0001rama/page/398/mode/2up
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More on Units

These are the “real” units we measure 

This is where our laser 
/ elastic scattering 
would be (if I didn’t 
block it out)

We construct this axis with 
the math shown on the 
previous slide 

Everything is reckoned in 
terms of energy loss vs. 
original wavelength/energy
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• We hit a drop of cyclohexane with monochromatic 514 nm light from a laser

• Collect scattered light with a lens

• Remove residual laser light with strong edge/long-pass filter

• Focus collected light into *high resolution* spectrometer

• Record emission/scattering spectrum with *high-sensitivity* camera

• And we’d get something like this…

A More Concrete Example

Our laser at its original wavelength 
– we don’t really want this on our 
camera as it’s so much brighter 
than anything else  

Now we have all these little 
sidebands, at a slightly longer 
wavelength / lower energy than 
our laser’s original value.  

Under some circumstances, you can 
also see higher-energy sidebands as 
well, where the laser has GAINED some 
energy from the scatterer

Stokes-Shifted BandsAnti Stokes-Shifted Bands (if present)

We lost this 
much energy 
here
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Raman Spectroscopy vs. Photoluminescence

• Raman and PL “coexist”, but Raman 
normally hidden by much, much brighter 
PL

• At left – top (green) spectrum is PL 
spectrum of fluorescent polymer

• As PL-quenching dopant is added, PL 
intensity drops proportionally, and Raman 
can slowly be resolved (spectra are 
normalized)

Raman 
fingerprint 
region

Raman spectra 
hidden down in 
the noise here

Emission Wavelength, nm
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• If you can measure quickly (picosecond), you can grab the Raman signal 
before PL arrives!

• Not usually practical (yet?) but extremely cool

Kerr Gating to Uncover PL-Swamped Raman

Matousek, Pavel, et al. "Efficient rejection of fluorescence from Raman spectra using 

picosecond Kerr gating." Applied Spectroscopy 53.12 (1999): 1485-1489.
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A Closer Look at a Raman Spectrum

Picture Here , License Here
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Animations from https://www.chemtube3d.com/vibrationsc6h6/

• Raman peaks correspond to 
molecular (or lattice) vibrations that 
symmetrically changes the 
polarizability

• Benzene has two strong Raman-
active vibrations 

• Light interacts with these molecular 
vibrations, losing a little bit of energy 
and shifting to a slightly-longer 
wavelength

• If we can measure disperse and 
measure the light from the sample 
with a spectrometer, we can identify 
the type and quantity of Raman-
active molecular bonds in the sample

https://commons.wikimedia.org/wiki/File:Spettri_Raman_ed_IR_del_benzene.pdf
https://creativecommons.org/licenses/by-sa/4.0/deed.en
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• How do map Raman peaks → vibrations → molecules?

• For unknown substances, usually paying someone to do linear algebra

• Tables can provide a good starting point though… (e.g., 
https://www.chem.uci.edu/~dmitryf/manuals/Raman%20correlations.pdf)

Raman Mode Identification

Rigaku handheld 
Raman Spectrometer

https://www.chem.uci.edu/~dmitryf/manuals/Raman%20correlations.pdf
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• Vibrational frequencies mostly shared between molecules

• Must disentangle mixtures with overlapping peaks

• Not a fool-proof ID

• “Unique” bonds in e.g. explosives often targeted

(More) Limitations of Raman

Raman spectroscopy is not this
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• Raman and IR Absorption (i.e. FTIR) are both vibrational spectroscopies

• That is, IR and Raman bands come from light interacting with vibrating 
parts of molecules

• IR and Raman are complementary – “Raman active” vibrations are weak 
in IR and vice versa

Raman vs. Infrared Absorption Spectroscopy
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-

A Hand-Wavy Mechanism for Raman

+ +
Imagine we have a cartoon “jellyium” molecule 

-+ + It’s polarizable – it shifts a little bit in response to 
an electric field, creating a little temporary 
dipole

Electric Field

Dipole
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-

A Hand-Wavy Mechanism for Raman

+ +

• Now imagine this molecule vibrates at some frequency ω

• Charges move symmetrically – no change in dipole just 
from vibrating (no IR activity) 

-+ +

-+ +

-+ +

-+ +
-

+ +

What if the polarizability changed a tiny bit as 
the molecule vibrated?
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• The induced dipole μ is equal to the polarizability a times the electric field E…

1) μ = αE

• And the polarizability α is changing as the molecule vibrates at frequency ω

2) α = αo + α1cos(ωv t)

• And the electric field of our laser light oscillates at ωL

3) E = Eocos(ωLt)

• Then the induced dipole will mix both frequencies

4) μ = αE = (αo + α1cos(ωv t)) * Eocos(ωLt)

• Multiply this out, and the relevant part is 

5) α1Eocos(ωv t)cos(ωLt)

Which through a trig identity gives us three components

6) μ = αoEocos(ωLt) + α1Eocos([ωL-ωv]t)/2 + α1Eocos([ωL+ωv]t)/2

A Hand-Wavy Mechanism for Raman

Idea taken from "Spectra of Atoms and 
Molecules" by Peter F Bernath –
definitely a good book worth checking 
out

Rayleigh Stokes Anti-Stokes
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--

A Hand-Wavy Mechanism for Selection Rules

+ +

• Now imagine we had a stretch that was 
asymmetric…

• Now the two “extremes” of the stretch are the 
same (but flipped)

• One could (charitably?) imagine a weak or 
non-existent Raman effect here

• The lopsided movement of charge back and 
forth could make absorb or emit low-
frequency light … (IR activity)

+

--+ + +

--+ + +
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• Raman spectroscopy demands a reasonably high resolution spectrometer (and grating)

A Note about Resolution

https://adamjaywise.github.io/spectroSim/

Higher resolution grating can resolve 
closely spaced peaks, and accurately 
measure wavelengths (nm/pixel)

Higher  resolution grating means 
limited bandwidth (range of 
wavelengths)

Cyclohexane Raman
Spectrum with 514nm
Laser Light

https://adamjaywise.github.io/spectroSim/
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• Raman measurements in practice

• Experimental Concerns & Details

• Applications

• What do people *do* with Raman?

Next Time
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Thank for your attention!


