
Optical methods in chemistry
or

Photon tools for chemical sciences

Session 9: 



Course layout – contents overview and general structure
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Today: Going back to some basics.

Next week: Non-linear optics

• Introduction and ray optics

• Wave optics

• Beams

• From cavities to lasers

• More lasers and optical tweezers

• From diffraction and Fourier optics

• Microscopy

• Spectroscopy

• Electromagnetic optics

• Absorption, dispersion, and non-linear optics

• Ultrafast lasers

• Introduction to x-rays

• X-ray diffraction and spectroscopy

• Summary



Recap: Ray optics and refraction and reflection
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• Same time means same distance travelled, t= const

• From geometry: sin

• Relation: 

• Results in Snell’s law

A A’

Medium n1

Medium n2



Recap: Wave description of light
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So far we have done well: Fourier optics, beam optics, lasers…
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Even trapping of particles with photons (particle character)
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Some boundary conditions:
• Optically thicker sample in optically 

thinner medium
• Transparent sample, i.e., negligible 

scattering and reflection compared 
to transmission

Process: 
• Rays are refracted, leading to 

momentum change
• Action equals reaction, sphere is 

pushed …………wards 
• With equal illumination there is……



But we are missing something: details of interaction with matter!
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Welcome to EM description of light!
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James Maxwell
1831 - 1879

Familiar wave equation:



Maxwell equation in medium
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Boundary conditions at interfaces
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Two dielectric media Dielectric and conducting media



Electromagnetic waves in dielectric media
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General

But stick with linear, nondispersive, homogenous, and isotropic media right now:



This leads to the following Maxwell and wave equations wave equations

12



A note on wavefronts
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Back to optical tweezers: Now small particles compared to wavelength
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Lorentz force on dipole



Trapping condition in e-m description
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, induced dipole of sphere
no, refractive index and m=n1/no relative index.

Gradient force Scattering force

>



Optical tweezers in biology (example, Scientific American)
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Ref: Scientific American, 
April 1998, page 62 onwards



Optical tweezers on the nanoscale
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More on chemistry:

Stereochemistry: Study of the relative spatial arrangement of atoms that form the structure 
of molecules and their manipulation.

Example:

Need: Control and manipulation of molecules
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Following pages based on Stapelfeldt group work (Aarhus) as well as 



Laser alignment of molecules

19



Experimental setup

20



Detection scheme: Coulomb explosion imaging

• Fragment whole molecule through sudden ionization

• Use ionization laser pulse shorter than alignment pulse

• Use “imaging” spectrometers
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Some data examples
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Final note: There is also impulsive alignment
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The end.
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