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Molecular beams in reaction dynamics

• Two beams of molecules are crossed, allowing controlled collisions between the beams.

• The setup maps the angular dependence of product distribution

• Different reactions produce different angular "fingerprints," which reveal the mechanism, energy flow, and 
stereodynamics (how orientation matters)
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Molecular beams in reaction dynamics

Quantifies how many particles are scattered into a specific solid angle dΩ and depends on:
• Impact parameter (How far to the side the incoming particle is aimed from hitting the center of the target particle)
• Collision energy
• Molecular orientation
• Scattering angle

• Different reaction pathways can lead 
to distinct angular distributions of the 
scattered products

• Reaction pathways identification

• How energy is transferred during the 
collision (translational=> rot/vib)

• Reactants’ orientation-dependent 
effects



Herschbach and Lee pioneered crossed 
molecular beam experiments, which 
allowed chemists to observe how 
molecules collide and react at the quantum 
level. They measured differential cross 
sections, angular distributions, and energy 
partitioning

Polanyi used infrared chemiluminescence 
to study vibrational energy redistribution in 
reactive collisions



Non-Reactive Scattering - Intermolecular potential 

The dark central zone represents the repulsive core; the fuzzy outer zone represents the 
long-range attractive potential

The variation of the scattering cross-section with the relative speed of approach gives information about the strength and 
range of the intermolecular potential



Non-Reactive Scattering - Intermolecular potential 

The dark central zone represents the repulsive core; the fuzzy outer zone represents the 
long-range attractive potential

The variation of the scattering cross-section with the relative speed of approach gives information about the strength and 
range of the intermolecular potential

Gives us precise, reaction-free insights into 
how molecules interact, transfer energy, and 
move through space.
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Reactive Collisions Detection

Technique 

Infrared chemiluminescence
(IRCL)

Vibrationally excited products emit radiation

laser-induced fluorescence
(LIF)

Laser excitation from a specific rovibrational level, followed by 
fluorescence

Multiphoton ionization techniques, 
(MPI, REMPI)

Ionization by consecutive absorption of photons from one or 
more pulsed lasers

Reaction product imaging Record the angular distribution of ions using a  
phosphorescent screen



Crossed molecular beams + Velocity map imaging 



Crossed molecular beams + Velocity map imaging 

Charge-Coupled Device camera: Captures the ion 
image produced when ions hit the detector after 
being guided and focused by ion optics.

Accelerated and focused 
using ion optics

Photolysis laser: 
photodissociates
the precursor

Ionization laser: 
ionizes the reaction 
products at the 
collision point

Valve + Nozzle: Generate short 
bursts of supersonic molecular 
beams

Ion optics are usually made of conductive metals like stainless steel, shaped into electrodes and 
separated by insulating materials, to control ion motion with high precision using electric fields.



doi.org/10.1039/D0CP00522C

https://doi.org/10.1039/D0CP00522C
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Potential energy surfaces 

Saddle point: Potential energy surface reaches a maximum along one direction and a minimum along all 
other directions



Databases

https://kinetics.nist.gov/kinetics/

https://kida.astrochem-tools.org/

https://kinetics.nist.gov/solution/

https://kinetics.nist.gov/kinetics/
https://kida.astrochem-tools.org/
https://kinetics.nist.gov/solution/
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Electron transfer reactions

break apart and 
the ions diffuse 

replace the terms in blue by the expression for [DA]
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Electron transfer reactions

break apart and 
the ions diffuse 

dividing the numerator and denominator on the right-hand 
side by kdket

reciprocal

rearrange



Electron transfer reactions

break apart and 
the ions diffuse 

Assume

If it's much more likely to dissociate into free ions 
than to recombine via reverse electron transfer
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Electron transfer reactions

break apart and 
the ions diffuse 

Assume

=> Once the encounter pair is formed, electron 
transfer is faster than dissociating back to reactants
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Electron transfer reactions

break apart and 
the ions diffuse 

Assume

rate of product formation is controlled by diffusion of D and A 
in solution

Rate is controlled by the activation energy of electron transfer 
in the DA complex


