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The precise measurement of the absorption spectra
of the spin-forbidden S0 —Tj electronic transitions
in aromatic molecular crystals is usually only pos
sible if some indirect method is used. The mutual
annihilation of mobile triplet excitons in such crys
tals can give rise to delayed fluorescence and the
excitation spectrum of this kind of emission can be
related to the S0 —Tx absorption spectrum1. In some
cases, however, the quantum yield of delayed fluor
escence may not be sufficiently high to allow mea
surement of the excitation spectrum. Such a low
yield can be due either to a low value of the triplet
exciton lifetime (due e.g. to impurity quenching)
or to a low value of the quantum yield of fluor
escence.
An alternative method of measuring the S0 —Tx
absorption spectrum involves the introduction of a
suitable guest material into the crystal and sub
sequent measurement of the excitation spectrum of
the guest phosphorescence 2. The guest is chosen so
that it effectively traps triplet excitons i.e. its triplet

level must lie sufficiently below the triplet exciton
band of the host crystal. At the same time the guest
substance itself should have a high quantum yield
of phosphorescence in the matrix isolated state. At
low guest concentrations direct excitation of the
guest triplet state can be neglected and indirect
population takes place via the triplet exciton band
of the host crystal. Consequently the observed guest
phosphorescence depends linearly on the S0 —Tj
absorption of the crystal (at the low intensities of
excitation considered here, triplet exciton kinetics
are dominated by monomolecular processes).
Pyrene (Tx 16,800 cm-1 3) was employed as the
guest substance in both chrysene and fluoranthene.
The polycrystalline samples containing ca. 10-3
mole/mole pyrene were cooled in liquid nitrogen in
order to reduce the rate of thermal release of trap
ped triplet states into the exciton band and the red
pyrene phosphorescence was measured as a function
of the excitation wavelength (slit width 2 nm) in a
conventional phosphoroscope arrangement. The ex
citation spectra obtained in this way were normal
ised linearly to constant excitation quantum flux
density. By way of comparison the phosphorescence
spectra of both chrysene and fluoranthene in methyl
cyclohexane were measured and corrected for mono
chromator and photomultiplier characteristics.
The spectra obtained are shown in Fig. 1 and the
positions of the vibrational peaks are listed in
Table 1. A small red shift in the 0 —0 transition on
going from the isolated molecule to the crystal is

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift für Naturforschung
in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Förderung der
Wissenschaften e.V. digitalisiert und unter folgender Lizenz veröffentlicht:
Creative Commons Namensnennung 4.0 Lizenz.

This work has been digitalized and published in 2013 by Verlag Zeitschrift
für Naturforschung in cooperation with the Max Planck Society for the
Advancement of Science under a Creative Commons Attribution
4.0 International License.

Notizen

184
Chrysene

So-T,

Ti+-S„

Ti •*- S0

Table 1. Singlet-triplet
transitions in chrysene and in
fluoranthene (cm-1).

Fluoranlhene

V

Ar

V

19960
20242
20534
21277
21552
21810

0
282
574
1317
1592
1850

20060
19782
19493
18709
18450
18149

Ar

0
273
567
1351
1610
1911

So^-Tt

V

Av

V

Av

18587
18955
19157
19342
19801
20080

0
368
570
755
1214
1493

18518
18215
17953
17730
17361
17094

0
303
565
788
1157
1424

evident in the ease of chrysene, reflecting the intermolecular interaction in the crystal phase. The ap
parent blue shift observed for fluoranthene must be

interpreted as a red shift of the phosphorescence
relative to the absorption origin. Such behaviour is
commonly attributed to a change in molecular ge
ometry which follows electronic excitation. We have
found a similar shift between the origin of the
Si
S0 absorption and the S0 ■
<—Si emission in
fluoranthene crystals4. In this case the shift is some
what larger (ca. 250 cm-1). These results provide
evidence for the suggestion made by Berlman et al.°
that fluoranthene and its derivatives may be nonplanar in the excited state.
The reported value of 18,316 cm-1 for the triplet
origin in crystalline chrysene 6 (based on the phos
phorescence at low temperatures) is incorrect. We
have attempted to detect crystal phosphorescence in
chrysene at room temperature but were unable to
resolve the very weak emission from the flank of the
delayed fluorescence. The difficulties involved in the
detection of the phosphorescence of pure organic
crystals have been discussed elsewhere '. The over
lap between phosphorescence and delayed fluores
cence is most severe for substances with a small
energy difference between the Sx and Tj states and
it is interesting to note at this point that we ex
perienced no difficulty in detecting the exciton phos
phorescence of crystalline pyrene using the same
experimental arrangement'. By cooling the chrysene
sample to 77 K we detected a weak emission centred
at approximately 18,500 cm-1 and we attribute this
to impurity centres which act as triplet exciton traps
at low temperatures.
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Fig. 1. Corrected excitation spectra of guest (pyrene) phosphorescene in crystalline chrysene and crystalline fluoranthene
at 77 K. Also shown are the corrected phosphorescence
spectra of the two substances in methyl cyclohexane at 77 K
(see Table 1 for position of vibrational maxima).
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