
VOLUME 16, +UMBER 10 PHYSI CAI. RKVI KW i.KYTKRS 7 MxRcH 1966

DESTRUCTION OF TRIPLET EXCITONS IN ANTHRACENE BY
INJECTED ELECTRONS~

W. Helfrich

Division of Pure Chemistry, National Research Council, Ottawa, Canada
|',Received 6 December 1965}

It is well known that triplet-singlet intersys-
tem crossing rates can be greatly enhanced
by the presence of paramagnetic impurities
such as oxygen molecules. Free charge car-
riers may be anticipated to act similarly. The
present note demonstrates the destruction of
triplet excitons in anthracene crystals by inter-
action with electrons. The electrons were in-
troduced by means of space-charge-limited
(SCL) currents, and caused a decrease of the
triplet exciton lifetime.

Triplet excitons in anthracene are known to
decay at low concentrations by a radiationless
monomolecular process with a. lifetime of about
20 msec. '&' Concentration and lifetime are
measured via the delayed fluorescence, an
emission that is due to singlet excitons (3.1
eV) which are generated by bimolecular re-
combination of a few of the triplets (1.8 eV).
Let us assume that SCL electron currents are
injected into the sample and that the carriers
are not trapped. Then the triplet lifetime w

should obey the relation
1 1 = KS (1)7' 7' e

with

parallel to and within the current path, the
cross section of the latter being about 0.3 cm'.
The photomultiplier serving as detector had
a blue filter in front of it in order to keep off
a weak red or infrared phosphorescence of
materials hit by stray light from the laser beam.
The decay of the fluorescence intensity I with
time t after a pulse of exciting light fitted sat-
isfactorily an exponential law and the relation
I~exp(-2t/7) was used to determine the trip-
let lifetime.

The dependence of 1/w on V is shown for
four different crystals (out of eight) in Fig. 1.
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Here &0 is the lifetime without injected elec-
trons, ' ~ is the rate constant of the bimolecular
exciton-electron reaction destroying triplets,
ne is the electron density, 4

& is the dielectric
constant (= 3.4 Ilc' axis which was the direction
of current flow' ), e is the elementary charge,
V is the applied voltage, and I. is the crystal
thickness.

Crystal growth and the method used for elec-
tron injection have been described elsewhere. '
The triplet excitons were generated' by the
intermittent light' of a continuous laser (6328
A, circa 0.03 W, beam cross section roughly
0.1 cm'). The beam shone through a fused-
quartz plate, an aqueous solution of NaOH

serving as noninjecting electrode, and the
crystal. It was absorbed by the dark blue in-
jecting contact. 5 In the crystal the beam was
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FIG. 1. Reciprocal triplet lifetime versus applied
voltage for four crystals. The thicknesses were for
a, b, and c, 1.4 mm; ford, 4.0 mm. As curves a and
b almost coincide, the data of crystal a are not shown.
(The limits of error of the data of crystal a are com-
parable to those of crystal c.) V/I 2 is used instead
of V as abscissa. It is proportional to the carrier con-
centration which is the physically relevant variable.
1&&10 V cm corresponds to roughly 2&10~ elec-
trons per cm3.
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FIG. 2. Fraction of free electrons. The crystals
were the same as in Fig. 1.

weak or absent with crystals c, b, and a
where perhaps extended structural defects"
trap but do not completely immobilize the elec-
trons.

Applying a voltage did not change the triplet
lifetime when the electron-injecting contact
was positive or when both contacts were non-

inj ecting.
I wish to thank Dr. W. G. Schneider for stim-

ulating discussions and for reading the manu-

script. Thanks are also extended to Yves I up-
ien for growing the crystals.

The fraction of free electrons is plotted for
the same crystals in Fig. 2. It was taken to
be the ratio of the actual current (as observed
when a lifetime was measured) to the theoret-
ical current that would flow without trapping
(taking the electron mobility to be 0.4 cm'
V ' sec '). '& The ratio could be determined
with an accuracy of about +15%. With seven
crystals a linear rise of 1/& with V was observed
at high voltages where most of the electrons
were free. (It was not obtained with crystal
d where apparently the voltage range was too
short. ) The slope of this portion, when plot-
ted versus V/L', did not scatter by more than
+15% though L varied from 1.2 to 2.9 mm.
~ may be derived from the slope after replacing
(1/7 —I/T0), ne, and V by &(I/7), &ne, and
b.V in Eqs. (1) and (2). The result is

x = l.1x 10 ' cm' sec ' (+30%).

Since at the higher charge densities most of
the electrons were free this value should be
the rate constant of triplet destruction by free
electrons. It was not possible to extend the
measurements to higher values of V/L'. There
the lifetimes were too short to be determined
with reasonable accuracy and the crystals
warmed up because of the high voltages and
currents required.

Theory indicates that the thermal velocity
of electrons' is much larger than that of trip-
let excitons" in anthracene crystals. In con-
junction with our large value of K this suggests
that the electron velocity may be the rate-
determining quantity in triplet destruction. "
Consistent with such a picture, trapped elec-
trons are apparently less efficient than free
electrons in destroying triplets. (See left
half of Figs. 1 and 2. ) This effect is clearly
displayed by crystal d; it seems, however,
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It has been clear for some time that the ap-
plication of the Hartree-Fock method to the
problems of nuclear structure would provide
a natural foundation for the discussion of most
nuclear properties. The fact that two-body
forces which fit the scattering data are strong-
ly repulsive at short distances has made a di-
rect application of the Hartree-Fock method
impossible and thus various groups have tried
to construct velocity-dependent or nonlocal
potentials for which the Hartree-Fock method
may be applied. These potentials have only
had a qualitative success when applied to nu-

clear structure problems. Also, calculations
using reaction matrices taken from infinite
nuclear matter calculations have had rather
limited success and are also computationally

difficult.
Recently, investigations of the effective in-

teraction in finite nuclei using realistic forces
have been performed using a unitary model-
operator approach. ' Using this approach we,
in this paper, try to provide a theoretical foun-
dation for the application of effective interac-
tion in the nuclear Hartree-Fock calculations.
Two important advantages of this method over
a reaction-matrix approach are (1) the funda-
mentally Hermitian character of the effective
Hamiltonian generated and (2) the absence of
rearrangement terms in the calculational pro-
cedure.

It has been shown previously' that the appli-
cation of a unitary operator, el, to a set of
uncorrelated basis states leads to an effective
Hamiltonian of the form

H =e He =5~t a a +s5~a a (aP le (tl+t 2+v ) e -(tl+t2) ly5)a a + ~ ~ ~ .-iS iS -&S lS
1 2 12 1 2 5y

The highest order terms in the cluster expan-
sion implied in Eq. (1) can be shown to be quite
small if the correlations induced by e' are
of sufficiently short range. Indeed, the require-
ment of convergence of the cluster expansion

leads directly to the introduction of a general-
ized separation method' approach for defining
the short-range correlation structure.

It is useful at this point to add the following
expression' to the matrix element in Eq. (1):

(nP l e (U, + U, )e —(U, + U, ) I y5).

It is easily seen that for the short-range cor-
relations we define below, the added term makes

a negligibly small contribution to the energy.
We require the single-particle potentials U,
and U, to have the harmonic-oscillator form:
U» = ~krj, U2 = 2kr2 .

We introduce the solutions of the following
problem:

n)n2

=(e +e )4 (rl, r ),
nj n2 nyn2

(t +t +U +U )i (r, r )
1 ngn2

=(e +e )4 (rl r ),
7

n 2
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