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Stimulated Emission Observed from an Organic Dye,
Chloro-aluminum Phthalocyanine*

We have observed that when a specific phthalocyanine
solution (chloro-aluminum phthalocyanine dissolved in
ethyl alcohol) is irradiated by a sufficiently powerful beam
from a giant-pulse ruby laser, there occurs intense stimu-
lated emission from the phthalocyanine molecules. The
wavelength of this stimulated emission is centered at
approximately 0.755 u. Its spectral half-width was observed
to be some 5 cm™.

The apparatus with which the effect was observed is
diagrammed in Fig. 1. A giant-pulse ruby laser (Korad
K-2QP) was positioned so that its unfocussed output was
incident upon the cylindrical surface of a standard absorp-
tion cell (length 1 in., diameter 1 in.) containing the
phthalocyanine solution. Mirrors A and B are flat, multiple
dielectric mirrors having reflectivities of 929, and 979,
respectively, at R20.76 u. The mirrors were made parallel
by optical alignment carried out with the absorption cell
in place just before the ruby laser was fired. During align-
ment the cell contained only ethyl alcohol, the dye being
added later in concentrations' ranging from 5 X 10" to
2 X 10" molecules/cm®. A Bausch and Lomb dual-
grating spectrograph received the phthalocyanine beam
through mirror A. The beam was not focused in the
spectrograph slit for a single shot was sufficient to produce
severe blackening of a type 1-N plate through a 1 mm slit.
The phthalocyanine beam transmitted through mirror B
was projected across the room to a target where it formed
a brilliantly visible spot. The angular divergence was
estimated to be about 3 milliradians (half-angle).

The stimulated emission was seen to have a quantifiable
threshold, but accurate measurements of this parameter
have not been taken. The intensity of the primary beam
from the ruby laser was estimated to be on the order of
100 MW/cm®. Stimulated emission was not observed
from the phthalocyanine when the ruby laser was operated
in the normal mode, i.e., was not Q-switched.

OQur present evaluation of the phenomenon is as fol-
lows. The output wavelength of the coherently generated
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Figure 1 Diagram of the experimental apparatus.

phthalocyanine beam exactly coincides with the peak of
the longest wavelength fluorescence band, Fig. 2. This
band represents transitions from the lowest vibrational
state of the first excited singlet state to an excited vibra-
tional level of the ground singlet state. The emitting state
is directly and efficiently populated by the action of the
primary ruby laser beam.” The lifetime of the emitting
state is short, of the order of several nanoseconds, and
the phthalocyanine stimulated emission thus should show
approximately the same temporal variation as that for
the ruby laser giant pulse.

An estimate of the inversion density required for oscilla-
tion is easily computed from well known formulae. For a
Lorentzian line shape the appropriate expression is
Nu _ 8rrAv(1 — R)n?
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in which / represents the active region length; ¢, the
fractional fluorescence in the (lasing) band; Aw, the half







