
Molecular structures of (I) 7-dehydrocholesterol;(II) previtamin D3; (III) vitamin D3 
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• Most unimolecular laser-induced reactions involve multiphoton infra-red 
dissociation 

• Some good examples are provided by elimination reactions involving esters, 
which proceed as follows 

• Such reactions can be very effectively induced by laser irradiation at a 
frequency of around 1050 cm-1, which produces excitation of the stretching 
mode of the O-CH2 bond and ultimately results in its fission. 
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• There are certain cases, especially in comparatively small molecules, where 
irradiation at different laser frequencies genuinely results in different products. 

• Cyclopropane, where it is found that multiphoton excitation at around 3000 
cm-1 corresponding to the C-H stretching frequency results in isomerisation to 
propene. However, irradiation at around 1000 cm-1 , corresponding to the CH2 
‘wagging’, produces both isomerisation and fragmentation in roughly equal 
amounts. 
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Laser-Sensitised Reactions 
• It involves the sensitisation of reactions by the excitation of a species 

which does not itself undergo chemical change; this can be regarded as a 
form of laser-assisted homogeneous catalysis. 

• This kind of reaction generally proceeds as a result of the collisional 
transfer of vibrational energy, often referred to as V-V transfer, from 
molecules of the laser-excited species (the sensitizer) to reactant 
molecules. 

• The major advantage of laser sensitisation becomes apparent if the 
reactants do not themselves strongly absorb in the emission region of a 
particular laser. 
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• By choosing a strongly absorbing sensitizer to initiate the reaction, the rate of 
reaction induced by laser stimulation can be greatly increased. 

• Both sulphur hexafluoride and silicon tetrafluoride have been widely 
employed as sensitizers 

• In the presence of SiF4 , various types of sensitised gas-phase reaction have 
been observed. 

Isomerization 

Condensation 

Retro Diels – Alder Reaction 
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• Many such reactions which are normally carried out at high temperatures, 
or even with CW laser heating, produce chemically cleaner products if they 
are induced indirectly by laser sensitisation since the reaction vessel 
remains cold. 

• Such reactions may also be strongly influenced by the choice of 
sensitizer and the pressure ratio of sensitizer to reagent. 

• Because the reactants in a sensitised reaction do not need to possess 
absorption bands in any particular infra-red region, then with a good 
sensitizer like SiF4, the range of gas-phase reactions which can be laser-
induced is almost limitless. 
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• Another related topic is laser-catalysed reaction, a term which is a very 
definite misnomer but is applied to a reaction in which the catalyst is 
itself produced by laser chemistry. 

• For example, the laser pyrolysis of OCS using 248 nm radiation from a KrF laser 
produces ground state S2 molecules, which can catalyse the isomerisation of 
cis-2-butene to trans-2-butene with an effective quantum yield of about 200. 
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Ultrafast Chemical Reaction Dynamics with Ultrashort- 

Pulsed Lasers  
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Consider a chemical transformation 
 
CH3I  +  Na   CH3---I----Na   CH3 + NaI 

Transition 
state 

In any chemical reaction the motions of the electrons and 
nuclei of atoms determine how the molecules interact, and 
those interactions in turn create the forces that govern the 
reaction's dynamics. 
 
If one can determine how molecular motions change during 
the critical transition phase, we can understand how new 
chemical bonds form and old ones disappear. 
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Molecular structures for a reaction in progress involving two molecules (bimolecular).  
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Question 
 

How can one study transition state(s) in real time? 
 
 
 
 

Answer 
 

Need ultrafast probe and detection technique 
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Ahmed 
Zewail 

The Nobel Prize in Chemistry 1999 

“for his studies of the transition states of chemical reactions 
using femtosecond spectroscopy" 
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Trotting Horse 

There was a debate over the question of whether all four hooves of 
a trotting horse are simultaneously out of contact with the ground 
at any point in its stride. 

Movie 
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Eadweard Muybridge resolved this! 
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Time sequence 
images of a 
falling apple 

Q. How can you 
get these time 
sequence images?  
 
A. Stroboscopy 
 
What time 
resolution is 
needed to 
capture sharp 
images of the 
falling apple???? 
 
We can work it 
out 
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Let’s take a molecular model, rotating at high speed (say -2600 rpm) 

10 mm 
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When static 
View under room light 
:when rotating 

Freezing motion using 
proper light pulse 
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What time resolution is needed to freeze this macroscopic molecular 
model in motion????   Let’s find it out      ~150 s !!! Need short 
pulse! 
 
 
What about a real molecule (say methane)? 
      ~10-12 s !!! Need ultrashort pulse! 
 
 
How can we generate light pulses??? 
We have already learnt about it. 
 
 
Is just achieving the time resolution good enough for our goal??? 
 
No. Need synchronization as well !!   Why???? 
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J. Chem. Phys., 1987, 87(4), 2395  
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