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Comments on "Triplet-exciton annihilation and triplet spin relaxation in molecular crystals"
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A recent analysis of the magnetic-field dependence of delayed fluorescence from crystalline naphthalene is

examined. An allegedly unusual high-field spectrum that has motivated the introduction of spin-relaxation

anisotropy in the analysis is shown to be currently accountable only as data that are not high field. The claim that
there exists for triplet excitons in naphthalene a relaxation mechanism other than the known one of hopping among
inequivalent sites, based as it is on a discrepancy between theory and experiment for the EPR (electron paramagnetic
resonance) linewidth, is shown to be unnecessary by demonstrating that the theory is valid provided the EPR data
are properly corrected for orientational disorder. The use of nonsecular contributions to the EPR linewidth to obtain
relaxation rates is discussed.

In a recent issue of this journal Altwegg and
Z schokke- Gr'anacher' (AZ) published experimental
data for the magnetic field dependence of delayed
fluorescence from single-crystal naphthalene at
room temperature and interpreted the results
using Suna's theory' of the effect. The data, [re-
senting angular dependence at 8 kG, are described
as "high field" and taken by the authors as ex-
hibiting an anomalous angular variation by con-
trast with comparable data for anthracene. ' The
unanticipated spectrum was accommodated by
including in the theory the anisotropy of spin re-
laxation, again unlike anthracene for which the
analysis produced a very good fit to experiment
using only an isotropic rate 2

In the course of their analysis, which required
an indirect determination of relaxation rates be-
cause no measured rates were available, AZ were
led to seek such rates in the EPR linewidth spec-
trum of triplet excitons. The most important
claim that emerges from their discussion in this
regard is that "beside the hopping motion between
inequivalent molecules, an additional process
influences the spin relaxation rate. "

Ne present evidence that an artificial problem
has been created in the use of the data and that
a second relaxation mechanism is unnecessary.

(1) AZ's basic evidence for assuming a second
relaxation mechanism for triplet excitons in naph-
thalene is the apparent inability of inequivalent
hopping in the theory formulated by Reineker4 to
account for a published EPR linewidth spectrum.
A similar disagreement was found for the anthra-
cene spectrum, ' but in that case the discrepancy
was shown to arise from an inhomogeneous con-
tribution from orientational disorder. ' The pre-
scription given in Ref. 6 for correcting a spectrum
broadened by such disorder is

nH(corr} = LH(expt) —klan„-Hz(n)~,

where &H represents linewidth, H~(n) is the reso-

nant magnetic field in the direction of the unit
vector n, and k is a parameter to be determined
for a given crystal.

We have applied (1) to the data in question for
the ac plane and show a sample fit in Fig. 1 for
the parameters given in the caption; the figure
also shows the corresponding spectrum for the
perfect lattice (k =0'), i.e. , the homogeneous line-
width of the theory. Aside from the obvious quali-
ty of the fit to (1), the values of the fitting para-
meters (I', in the linewidth theory and k in the
correction procedure) are justifiable. For the
earlier analysis of the anthraeene spectrum in
the ac plane, the distortion parameter k was al-
most the same (0.17'). The linewidth parameter,
I", in Reineker's theory, can be approximated' by

a
D = —I"

aa 4 1

for the nearest-neighbor hopping, where D„ is
the principal component along the a axis of the
triplet exciton diffusion tensor and a is the lattice
constant. Using reported values' of D„=3.3 x10 '
cm's ' and a=8.24 A, (2) yields I", =787 g. It
is clear then that the existing EPR data for naph-
thalene can be understood by current theory and
that no novel relaxation mechanism need by in-
voked.

(2) We consider next AZ's use of the experi
mental EPR linewidth spectrum for the ac plane
to determine the relaxation rate required in Suna's
theory. The EPR data were invoked directly for
this purpose since, with the assumption of an
unknown relaxation mechanism, it would be im-
possible to calculate the rate. ' The strategy
adopted by AZ is to identify the appropriate spin
relaxation rate g with the nonsecular contribution
to the linewidth [their Eq. (5.1)]:
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FIG. 1. Angular dependence of the EPR linewidth
of triplet excitons for the ac plane of single-crystal
naphthalene at room temperature. The width refers
to the half-width at half maximum of a Lorentzian shape.
The solid curve is calculated from (1) with an effective
hopping rate I'~=750 G, k =0.18', and a microwave
frequency of 35 GHz. The circles are the data of Ref.
12. The dotted curve shows the same calculation for
k =0 . The direction specified by 0' refers to the y

~

axis.

The justification for (3) is the statement that the
part of the linewidth, "which stems from transi-
tions between magnetic sublevels, is the nonsecu-
lar part" of the linewidth. It is thus implied that
these "transitions" occur at the appropriate rate. '
The methodology implicit in (3) suffers from sev-
eral defects.

First of all, EPR linewidth and spin relaxation
(i.e., level equilibration) mechanisms need not
have a common source and therefore there is no
guarantee that the alleged second mechanism,
presumably accounting for the linewidth discrep-
ancy, will also contribute to P. It is of course
true that hopping between inequivalent sites is a
source of both linewidth and level relaxation in
the molecular crystals under discussion.

Secondly, the justification for (3) quoted above
is based on a questionable interpretation of the
significance in a magnetic resonance linewidth
formula of terms (the nonsecular) which contain
only off-diagonal matrix elements. That is, by
noting only the form of an accompanying matrix
element, this interpretation construes a physical
process and identifies an actual rate in an unknown
linewidth mechanism. In fact, the linewidth terms
in question cannot be assumed to express correctly
the relaxation rate between the states represented
even when there is a single mechanism underlying
linewidth and level relaxation. The most appro-

priate example of the difference in this case is
offered by the inequivalent hopping mechanism
itself for which an explicit evaluation is possible.
The comparison may be made from formulas in
Ref. 2: Eq. (D6c) for linewidth and (D6d) for level
relaxation rate.

Finally, it should be recognized that the tech-
nique adopted by AZ for dealing with an unknown
relaxation mechansim faces'a further problem.
It is simply that, although secular terms vanish
for the ac plane when the mechanism is inequiva-
lent hopping, it is not correct to assume this if
nothing is known about the mechanism.

(3) Since AZ's analytical program for explaining
the field dependence of fluorescence in naphthalene
will be affected by the issues raised above, is
there anything that can be said about the data with-
out appealing to such a calculation? It is, in fact,
the character of these spectra that motivated the
comparison with the high-field data of anthra-
cene." There is evidence that 8 kG is not a com-
pazaMe regime for triplet excitons in naphthalene.

The excitonic spin Hamiltonian parameters for
naphthalene are shown in Table I, which includes
those for anthracene, tetracene, and pyrene for
comparison. It has been found for anthracene'
and tetracene" that at 4 kG the field dependence
shows no change with increasing field while for
pyrene" it is necessary to exceed 6 kG to observe
the saturation. The relative magnitude of para- .

meters in the table would suggest therefore that
the high-field condition might not be adequately
met for naphthalene at 8 kG. More compelling
evidence comes from the naphthalene experiment
itself since the angular spectrum for the ac plane
exhibits an incipient low-field resonance struc-
ture. ' This appears as two shallow, but distinct,
minima bisecting the high-field resonances and
90' apart. (These are noted as being 65' and 155'
relative to the c* axis, but the figure seems to
indicate a slight equal shift from these values for
both. ) For monoclinic symmetry these resonances"
appear in the ac plane along the direction of

Naphthalene ~ Anthracene Pyrene " Tetracene

-30
507

+62
+353

420
-409

-66
265

~Reference 12.
b Reference 13.
c Reference 14.

TABLE I. Triplet exciton spin Hamiltonian parameters
(in G).
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the x* and y* principal axes of the fine structure
tensor. Their positions correspond, to within
the definition of the published diagram, to those
found by Haarer and Wolf" from the EPR spec-

trum, i.e., 22.4 from the crystallographic a axis
for the x~ axis. In the light of these facts a special
explanation for the character of the naphthalene
field dependence is not yet required.

*Present address: National Measurement Laboratory,
National Bureau of Standards, Washington, D. C.
20234.
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