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Application of pressure to powdered pyrene is found to induce broad triplet excimer emission originating from lat-
tice defects. Another type of defect is also created, giving rise to structured monomer emission.

1. Introduction

The triplet excimer emission from pyrene single
crystal flakes has been found to possess a broad and
a structured component [1] with a vibrational pro-
gression also observed in the phosphorescence of iso-
lated pyrene molecules. In general several conditions
can determine the lineshape. Firstly, in the crystal
the geometrical structure of the excimer pair may dif-
fer from one to another excimer, giving rise to a
spread in transition energy and thus to an inhomogen-
eous line broadening. A similar effect is expected for
the triplet excimer emission in fluid solution, al-
though in this case the repulsive situation in the
ground state, which is connected to a continuum of
translational levels may contribute to a diffuse line-
shape. On the other hand a slackening of a vibrational
progression can also originate from a large excimer in-
teraction, giving rise to a homogeneous line broaden-
ing.

In an earlier report [1] the broad triplet excimer
emission in pyrene single crystal flakes was attributed
to excimers formed on lattice defects. More evidence
for this assignment is given by the enhanced emission
of previously compressed powders.

2. Results

The following results have been obtained:
(a) In an uncompressed powder at room tempera-
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ture no broad excimer emission at 13800 cm~! could
be detected.

(b) However, when before the measurement the
powder was treated with pressures up to 15 ton/cm?
the broad emission could be detected also at room
temperature.

(c) After a pressure treatment also a very weak
structured emission (quantum yield & 10—6) can be
detected on the tail of the delayed excimer fluores-
cence (see fig. 1). The progression as well as the posi-
tion of the individual bands coincides with those of

monomer phosphorescence from 185 °K
previously compressed pyrene powder.
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Fig. 1. Monomer phosphorescence from previously compressed
pyrene powder. The solution spectrum is indicated by vertical
bars to show the agreement in band position.
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the monomer phosphorescence as obtained in rigid
glass or fluid solution [2]. At lower temperatures this
emission disappears in the red shifted delayed exci-
mer fluorescence which is much more intense than
the monomer phosphorescence.

(d) Below 200°K previously compressed powders
also show structured triplet excimer phosphorescence
with a similar quantum yield as uncompressed pow-
ders. :

(e) It has been verified that the delayed excimer
fluorescence intensity depends almost quadratically
upon the exciting light intensity (see table 1).

3. Discussion

The observation of the broad emission at room
temperature and the increase in the broad emission
after a pressure treatment of a powder sample shows
clearly that the broad emission cannot be due to im-
purities.

Since it is known [3] that the application of pres-
sure on the powder of an aromatic crystal results in
the creation of lattice defects, this supports our pre-
vious assignment of this emission to a triplet excimer
trapped on a lattice defect.

Of particular interest is the appearance of mono-
mer phosphorescence in the crystalline state. Since
this has the same location and progression as in lig-
uid and solid solutions the created defect is to be at-
tributed to a pyrene molecule without sandwich part-
ner. The location of the monomer phosphorescence
is also in complete agreement with the Sy - T; ab-
sorption spectrum reported by Avakian and Abramson
[4]. Additionally the observation of monomer phos-
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Table 1
Values of the exponent c, relating emission and exciting light
intensity according to Jem = ISxc

power dependence of

TCK exciting light

300 1.75
203 1.67
133 1.54
90 1.78
77 1572
4.2 1.63

phorescence supports the assignment of the structured
emission with 0—0 band at 15200 cm~! to an exci-
mer emission.
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