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Photochromism is a reversible transformation in a 
chemical species between two forms having different
absorption spectra by photoirradiation. It is of special
interest for optical data memory systems
(photon mode erasable optical recording media).
Examples: single molecules; polymers, biological
molecules , e.g., photoizomerization
of retinal in bacteriorhodospin.
Advantages: speed of writing, fatigue due to material
movement is eliminated.
Requirements: high quantum yields and fast and
non destructive read-out and write capability.
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The chemistry of life requires a myriad of various
reactions. All these reactions proceed with remarkable
efficiency, speed and selectivity.

Many important chemical transformations proceed
on the femtosecond  time scale. Methods to investigate:
Pumpe – probe techniques, where an ultrashort pulse
excites a chromophor and triggers the process
to be investigated. 
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The attempt to get information from On or Off states
results to undesirable change of information: the switch
state is altered by the action of the reading method.
A solution to this problem: molecules which present
not  only absorption bands active to the opening closing
procedure but also present additional bands inactive
to the switching action. Reading could be easily effected
by the irradiation of these inactive bands.
These systems are photoswitchable molecular wires.
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The primary event that initiates vision is the light
induced cis-trans isomerization of retinal in the
visual  pigment rhodospin. It is the fastest 
photochemical reaction in nature an is complet in only 
200 fs with quantum yield 0.6.
Dissipation of molecular vibrational excitation energy
typically takes place on ps scale. So molecules must
be able to channel energy more rapidly to direct
it in a useful manner.
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The bis -thien -3 -yl perfluorocyclopenten:



E.I. Kats, December 2005INSTITUT MAX VON LAUE - PAUL LANGEVIN            

To understand chemical reactions, theorists solve
the Schrodinger equation for electrons to calculate
potential energy surfaces on which the nuclei move.
These surfaces are then used in quantum dynamical
computations that solve the Schrodinger equation
for the nuclei taking part in the reaction at different
energies.
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The predominant reaction pathway is often summarized
in the form of a simple potential energy.
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L.Salem, Science (1976).
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E.Shimshoni, Y.Gefen
Ann. Phys. (1991).
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Connection matrices match asymptotically semiclassical
(approximate) solutions for the exact (model) potential
to the exact solutions with approximate near stationary
points potentials (comparison equations: 
Airy and Weber functions.

Full connection matrix is a matrix product of the
elementary connection matrices at stationary points
and diagonal shift matrices translating solutions
between the stationary points (depending on the actions:
Imaginary in classically forbidden regions and real in 
classically accessible regions.
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Massey parameter
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C – exponentially increasing solutions for the 
upper potential adiabatic potential;
D – exponentially decreasing solutions for the
upper adiabatic potential;
A – ingoing waves and B – outgoing waves
for the lower adiabatic potential.
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Bold lines:
Q-states (non-monotonic decay);

Dashed lines :
D-states (monotonic decay);

Dot-dashed lines:
Maximum and minima of the upper adiabatic
potential. 

Left numbers – diabatic quantum numbers;
Right numbers – adiabatic quantum numbers.
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Wave functions can be also calculated by the connection
matrix technology.
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Wave functions of the bound states for the upper
adiabatic potential for the energy close to 
the ground state in the L-well. 
In the diabatic limit the functions correspond to strongly
excited states of the harmonic oscillator (extended in the
broad region between the crossing points).
In the adiabatic limit the functions are localized within 
the wells of the upper adiabatic potential.
For the intermediate coupling strengths – the functions
are combinations of localized and delocalized states.
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In the diabatic limit:

In the adiabatic limit:
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Decay rate should be averaged over environment
spectrum.  The effect is relevant in the adiabatic
and diabatic limits but it is relatively small for
the intermediate couplings.
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Fig. 4
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Fig. 5
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In the tunneling region
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In the intermediate coupling region:
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Combining the asymptotic expansions for these
combinations we find at the crossing point:
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These relations provide asymptotically smooth
matching of the semiclassical solutions with the Weber
functions when:

and  with the Airy solutions when: 


