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The steady-state electroluminescence in pery-
lene-doped anthracene crystals is reported,
Overlapping components due to both host and
guest emission are present in the spectrum,
their magnitudes depending on temperature and
dopant concentration, Possible energy transfer
mechanisms which may explain the electrolumi-
nescence behaviour are proposed. The system

is found to behave similarly to tetracene~
and pentacene-doped anthracene crystals.

The electroluminescence in anthracene has been
extensively studied since the first literature re=-
ports 1-3, and was attributed to the radiative re-
combination of injected carriers. The spectral dis-
tribution and intensity of the electroluminescence
can be modified by doping anthracene with molecules
forming carrier and/or exciton traps. In doped crys-
tals, however, the electroluminescence is more di-
fficult to observe because of the diminution of the
concentration of free carriers due to enhanced
trapping, hencg only a few papers have been publi-
shed to date4~/ dealing with this phenomenon. The
aim of this note is to report on the measurements
of steady-state electroluminescence in perylene-do-
ped anthracene crystals,

The doped crystals (12-150 ppm) were grown
from the melt using the Bridgman technique. Plane-
parallel platelets cleaved from the crystal boules
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were provided with cathodes of sodium-potassium
alloy and anodes of silver paste, Measurements of
the electroluminescence were carried out over the
temperature range 190-300 K, The spectra were re-
corded using an SPM-2 monochromator followed by
an FEU-79 photomultiplier,

Similarly to the case of undoped anthracene
the electroluminescence in perylene-doped anthra-
cene commences at a distinct threshold voltage,
The log-log current-voltage dependences exhibit
straight~line sections described by dependences
of the type IXVM™, with m=3~7 depending on the
voltage region and perylene concentration, The
double-injection current exhibits a typical tem-
perature-activated behaviour in the range 220-280 K,
with the activation energy amounting to approxima-
tely 0.25-0.30 eV, This energy cannot be directly
considered as a trap depth but is related to the
position of the quasi-Fermi levelB., It may be in-~
ferred that in doped crystals impurity trapping
levels effectively pin down the position of the
quasi-Fermi level for minority carriers (holes)
and therefore the activation energy value should
be close to the dominant trap energy (cf.Ref.6).
It is probably the case in measurements described
here: the depth of the hole trap in perylene-dopeg
anthracene crystals was reported to be 0.32-039eV,;

The electroluminescence intensity was found
to increase linearly with the current, the effi-
ciency of the process being, however, much smaller
than in pure anthracene, most probably due to the
enhanced trapping. Typical electroluminescence
spectra are shown in Fig.1. To a first approxima-
tion, the spectra may be considered as a simple
superposition of the components due to the emission
from the host and guest molecules. Having subs-
tracted the anthracene component (see Fig.lL we
have obtained spectra being in a good agreement
with fluorescence spectra OIOperylene in solution
reported in the literature 1-=12, The shape of the
electroluminescence spectrum changes with tempera-
ture(Fig.la,b,c), The appearance of the short-wave-
length band of antliracene at low temperatures may
be unambigously ascribed to a displacement of the
anthracene reabsorption edge. The abfgnce of the
excimer emission band at ca, 610 nm ~*+12 proves
that formation of peryler sandwich pairs in the
host lattice is insigni..cant-at least at concen=-
trations used in our experiments. As can be seen
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Electroluminescence spectra of perylene-
doped anthracene crystals -— , undoped
anthracene .~.~ and perylene spectrum
obtained after substration e-e- ,
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from Fig.2, the perylene contribution in the spec-
trum increases with the dopant concentration, and
for the concentration of 150 ppm the room tempe-
rature emission consists principally of perylene
bands .
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FIGURE 2 The concentration dependence of the
ratio of perylene to anthracene in-
tegral emission intensities

An efficient energy transfer from the host
to the dopant may take place via sither of the
following mechanisms. Most probably, electrons
recombine with holes trapped at perylene traps pro-
ducing perylene excitons which may subsequently
decay to the ground state by the guest fluorescence,
This process can be very efficient since the pery-
lene singlet and triplet are lower in energy than
the corresponding anthracene levels, Alternati-
vely, anthracene excitons may be produced first,
and the energy transfer may proceed by a random
walk of excitons as it takes place in ghotolumi-
nescence of doped anthracene crystals 13,In this
case one should expect a linear dependence of the
guest-to-host luminescence intensity ratio on the
concentration of the guest moleculesl4. Finally one
can in principle consider an optical energy trans-
fer by the reabsorption of the light emitted by the
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host,The latter process is, however, of no impor-
tance for dopant concentrations used in experiments
reported herc,

The comparison of the electroluminescence of
perylene-doped anthracene crystals with that ob-
served for tetracene and pentacene-doped anthra-
cene4~6 suggest that the energy transfer to the
guest molecules may primarily occur by recombina-
tion at dopant traps producing singlet and/or
triplet excitons of the dopant, Triplet annihila-
tion would, of course, further contribute to the
production of guest and host fluorescence. The al-
ternative explanation, i.e. that of the energy
transfer taking place by a random walk of host
excitons is essentially identical with the process
described to account for photoluminescence beha-
viour of perylene-doped anthracene crystalsl3,
Unfortunately, the results reported in this note
do not allow us to distinguish between the two
possible mechanisms and further studies would he
necessary to clarify this point,
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