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Abstract

Wei Jinggiang (Organic Chemistry)
Directed by Professor Fan Meigong, Institute of Photographic Chemistry

Photochromism can be defined as a reversible transformation of chemical species,
induced in one or both directions by electromagnetic radiation, between two states
having observable light absorptions in different regions.
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Ordinarily, the photochromic reaction involves a reversible transformation
between two species with B having at least one absorption band appearing at longer
wavelength than those of A. The activating radiation generally is in UV region (300 to
400 nm). The most prevalent photochromic systems are established to be
unimolecular reactions(A — B) and those described in this thesis correspond to this
type.

Photochromism and its various characteristics can also be defined according to
the type of application at which they are targeted. Two general types of applications
can be defined:

1. Application directly dependent upon the color change caused by the molecular
and electronic structures of the two species (A, B) and their corresponding absorption
OT emission spectra.

Examples would be:

* Variable — transmission optical materials such as the photochromic ophthalmic
lenses or camera filters;

¢ Fluid flow visualization;

* Optical information storage;

* Novelty items (toys, T-shirts, etc.);

* Authentication systems (security printing inks);

¢ Cosmetics

2. Application dependent upon the fast photoresponse of the photochromic
reaction.

Examples would be:

* Optoelectronic devices;

¢ Optical switches;

* Photochemical switchable enzymatic systems;

¢ Nonlinear optical devices



In this paper, two serials of important organic photochromic compounds
arofused-pyrans (I), (II) have been chosen as model molecules or materials for the
systematic studies in depth on their molecular design and synthesis. The technology
of laser induced time-resolved absorption spectra were also used for understanding the
mechanism of the photochromic process. The main results are summarized as follows:
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Nanosecond laser photolysis studies on the time-resolved absorption spectra and
the mechanism of the photochromic reaction have been carried on. Upon the
excitation of UV laser, compounds (I), (II) undergo the ring-opening reaction to
afford the colored forms of cis-quinonoid and trans-quinonoid which gradually
undergo ring-closing reaction to return to the initial compounds as colorless forms.
The reactions can be presented as follows:

Both excited singlet and triplet states take part in the above ring-opening
procedure. Colored forms of compounds (I) that are substitute by indole derivitives
decay at a much faster speed than other ones, which is beyond the detectable time
scale of common UV-Vis spectrophotometer. Its reaction mechanism can only be
investigated by nanosecond laser photolysis technology. The colored forms of other

compounds decay at a much slower speed and the process could be monitored by
common UV-Vis spectrophotometer.



The results demonstrate that there are two kinds of decay models, one fits to
single exponential decay and the other fits to two exponential decay. The one single
component decay is assigned as the trans-quinoid colored species. The species of two
components belong to the cis-quinoid and trans-quinoid respectively. On the other
hand, solvent also has effects on decay kinetics.

In addition adding these two series pyran compounds to polymer materials also
carries on their properties in solid state.

Key Words: Photochromism, Pyran, Laser Photolysis, Steady Kinetics
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