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Abstract - The 0-0O line of the S »T; absorption in
crystalline pyrene has been studied as the action spec-
trum of delayed fluorescence in polarized light at 295 K,
at 0.4 em~! resolution. The centroid for the b polar-
ized line lies at an energy 2.8 + 2 cm” hlgher than
the one for the a polarized line. The polarlzatlon
ratio is gy/€, = 1,1 + 0.1. A discussion of spin-orbit
coupling processes shows that in this case the factor
group (Davydov) splitting, is much larger than the
energy difference of the centroids, and hence also
larger than the splittings reported before. The most
probable value of the Davydov splitting is in the range
13 + 9 cm™1

I. INTRODUCTION

The transport properties of triplet excitons in crystal-
line pyrene have been the subject of a number of recent inves-
tigations._ Triplet exciton transfer integrals have been
calculated ’2, from which, according to the reported band
structure’ essentiall two-dimensional, follows a very small
bandwidth along the c ‘directionl. On the other hand, the
directly measured triplet exciton diffusivity tensor is essen-
tially three-dimensional at 295 K, the anisotropy being 1less
than a factor of four#. Other properties are also in accord
with this three-dimensional motion of the triplets.

*
Laboratoire associé au C.N.R.S. et 3 1'Ecole Normale Supér.
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The pyrene triplet exciton band structure has just been
reinvestigated®, and is in fact different from the, erroneous,
previously published one in Ref. (3). In this note, we pre-
sent some experimental information related to the band struc-
ture, which may be useful to improve our understanding of
triplet transport properties in pyrene.

The room-temperature phase_of pyrene crystal is mono-
clinic, space group P.Zl/a or C2h’ wi%h four molecules per
unit cell occupying general positions’. The site group is
trivial and does not contain inversion - as it does in anthra-
cene for instance. The interchange group® is isomorphous to
the point group C2h and the four molecules of the unit cell
are related by the operations of C, Any molecular energy
level, for instance the lowest trlpqet is split, at the center
of the Brillouin zone, into four levels having symmetry A ,

B Ag’ and Bg’ the irreducible representations of C2h u

The center of symmetry of the reference molecule is at a
general position with coordinates x, y, z along crystal axis
a, b, ¢, respectively, with g # 0 - unlike anthracene again -.
U51ng the transfer integrals calculated in (1), a simple band
structure is found. Only two integrals are important: that
between the molecules related by inversion A(i) - 141 em™! and
that between the molecules related by C5 screw-rotation (A(Cb)
= - 2.2 cm~l. At the center of the BZ (Plg 1), the spllttlng
between Au and B ur OF Ag and B is - 4A(C ), _and the split-
ting between A, and A,, or B, §nd is 2A(1) »Y,  In the cor-
rect structure 6, the leadlng term %n the dispersion relations
e(&), in all directions, is A{i)cos 2k- (é+¥+%) hence a three-
dlmenslonal band structure as X, X, g are of comparable magni-
tudes

H

If the relative orders of magnitudes of the calculated
transfer integrals1 are correct, the band structure is known
if A(i) and A(Cg) are knowmn,

Only A, and B, states are accessible from the A; ground
state. A spectroscoplc measurement of A(i) was not possible
in our samples O and was not attempted. A(C ) can be deter-
mined through the measurement of the factor group (Davydov)
splitting between A and B states at k=0 wh1ch is here ’

= E(B ) - e(A ) = —4A(C )

A value A = 2.4 cm” 1 was reported prev1ously3. But the
measurement was performed at a resolution of 100 cm ~, about
the absorption line halfwidth at 300 K13, hence much larger
than the inferred splitting. A much better resolution is
possible now using tunable dye lasers. In addition, it will
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Figure 1 - Relative positions of the four crystal k = 0 sub-
levels corresponding to the lowest excited molecular triplet
in pyrene. A(i) and A(Cb) are triplet exciton transfer
integrals (see text).

be shown below that the absorption data do not yield A dir-
ectly, a fact which was not taken properly into account in
(3). It was therefore decided to perform new measurements
under improved conditions, in conjunction with an analysis of
the possible spin-orbit routes, according to Hochstrasser's
theory14, of the first triplet absorption.

IT. EXPERIMENTAL METHOD AND RESULTS

The spectroscopic determination of A rests upon the
measurement of the S »T; absorption in polarized light. As
the direct absorption is too small in pyrenels, the spectrum
was obtained as the action spectrum of delayed fluorescence.
Exciting light was incident normal to (a,b) cleavage planes
and polarized either along a or b crystallographic axis.
Crystals were oriented conoscopically.

The experimental method was,similar to that described in
(13), the resolution was 0.4 cm ~. The only change was,that
the square root of the absorption coefficient squared e (})
was electronically obtained before data accumulation in the
Didac 4000 multiscaler.

The moments' theorem16 was used to calculate the posi-
tions of the controids of the lines in the two polarizations.
No specific lineshapes has to be assumed. This method, how-
ever, requires an accurate knowledge of the whole absorption
line, including the wings, and the choice of a consistent
truncation procedure. The absorption in the wings cannot be
obtained accurately at the same time as the maximum absorption:
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a change of € by a factor of 10 means a change in the fluores-
cence light intensity ¢ by a factor of 100 if ¢ is to remain
proportional to the incident light intensity squared LZ. on
the other hand, the accuracy of the electronic operations is
poor at low signal levels. To measure more accurately in the
wings, L was increased 3 times, hence ¢ 9 times and the wing
regions were recorded at these conditions, where one has no
more € « L2 near the maximum of the line. The connection
which the central portion of the line is not always correct
(Fig. 2), but it was checked that, even in such cases the cen-
troid position was not affected within the resolution of the
experiment. Similarly, different tuncation procedures were
tried, and it was found that, although the absolute positions
of the centroids may be displaced by up to .5 R, the separa-
tion D of the centroids in the two polarizatlons was not
affected. Indeed, the shapes of the two lines appear to be
identical.

Three crystals of different origins were studied. The
centroids are at 5936.2 + 1 A in the b polarization and
5937.2 + 1 A in the a polarization. But as a large part of
the uncertainty affects both numbers in the same way, their
difference is known to a higher accuracy, D {E(//b)-E(//a)} =
2.8+2 cm! B -

These results are in good accord with prev1ous works in
which.the maximum absorption was found at 5935 A 17,5928 +
16 A "and 16851 + 5 cm” 18, with the difference D = 2.8 +
0.5 cm1 - B

As discussed below, the factor group splitting A can be
deduced from D only if information on spin-orbit coupling
route is available. The so-called polarization ratio, the
ratio of total absorptions for light polarized along b and
perpendicular to b (i.e., in the present case, along a), gives
some information on the SOC route. As both lines have the
same shape, it sufficed to measure the ratios of the maximum
absorptions, €, and €,. To do this, a small--3 mm“--fraction
of the crystal was excited with the most homogeneous part of
the expanded laser beam, and the crystal rotated. One finds

eb/Ea = 1.1+0.1, which is close to the value 1.2 quoted in (3).
IT1. ESTIMATION OF THE FACTOR GROUP SPLITTING

In anthracene or naphthalene D # A, since the absorption
to the A, and B, states are both almost uniquely polarized
but in other crystals the situation can differ. To discuss
the polarization of triplet factor group states in pyrene, we
assume that only one SOC route is important and consider only
intramolecular mixing of singlet states in the excited trip-
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Figure 2 - Polarized absorption of crystalline pyrene at 295 K,

0-0 line of the 5 »T, absorption. Upper curve: b polariza-

tion - lower curve - a polarization. The curves are normali-
zed and the zeros are—shifted for clarity.

The wings and central part are connected at the positions
of the vertical lines. In this particular example, a misfit
on the blue side of the b polarized line is clearly visible.

letlg. One obtains the results displayed on Table I. There

are six cases, of which only two are excluded by the experi-
mental polarization ratio. Only two of the four remaining
cases correspond, as in anthracene, to almost pure polariza-
tion of Au and Bu transitions.

The lowest triplet state of the pyrene molecule is
probably of Bz, symmetryzo, so that only cases 4 and 6 of
Table I should be considered as most probable. In both cases,
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A, and B, have comparable intensities in both polarizations.
The phosphorescence of pyrene (dimers ?) in benzophenone at
77 K is mainly polarized perpendicular to the molecular
planezz, which favors case 4 “~.

To estimate & from D in Table I, the absorption in each
polarization was assumed to be the sum of two lorentzians of
equal widths, corresponding to A, and B, respectively. As
any independent experimental information on the relative
intensities of the two components was lacking, the heights of
these lines were taken from Table I. The ratio of their
heights is a/B in one polarization, B/a in the other. Then
one has

T~ 6/a | (1)
This result is general for any line shape as long as hoth
lines have the same shape.

IV. SUMMARY AND CONCLUSIONS

A - \1 + B/a

It is clear from the above that a precise determination
from spectroscopic data of the splitting A of the two A, and
B, triplet sublevels, at k = 0 in pyrene will be difficult.
Even if no precise value of A can be given now, it may at 1
least be said that the most probable value is A = 13 + 9 cm
but_that values as large as 25 em~! cannot be strictly exclu-
ded?6, Although the uncertainty on this value of A is large,
some preliminary conclusions are possible,

2

A is larger than the value quoted previouslyl_s, the

difference is due to the unwarranted assumption A = D (not
to the results of the measurements). A is also larger than
the values calculated in (1), (2) which is of the order of
2 cm'l. As pointed out in (2), this value is small because
of the near cancellation of two large terms. Such calcula-
tions are not expected to be very accurate, and an uncer-
tainty of 20% on each term would certainly be considered as
a satisfactory result. The uncertainty on A is certainly
larger in pyrene. It is also possible that the calculations
are affected by the use of slightly incorrect atomic posi-
tions in the crystal’. At present, it is only possible to
conclude that the calculated transfer integrals, hence also
the big value of A(i), cannot be uncritically accepted and
used in a band structure calculation.
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Case n° 1 2 3 4 5 6
Triplet symmetry Blu B2u B1u B3u B2u B3u
Mixing singlet
Symmetry B2u Blu BSu : Blu v BSu B2u
SOC route L = B3u M = B2u N = B1u
Au 100 100 100 100 100 100
//a -
Bu ) 5 65.1 65.1 (126 126
Au 5.5 6.7 13.4 87.8 | 26 138
//b
‘Bu 109.2 1135 20.6 {135 20.6 {109

Allmann (7b) 1.09 1.3510.206 1.35 10.206 1.09
Total abs//b .
Total abs//a |

Robertson (7a) 1.00 1.4910.192 1'1.49 10.152 1.00

A from Eq. (1) 4.7D - 8.7D

Table 1 - Relative Absorption of Au and Bu States

The six cases leading, in Hochstrasser's theory, to orbitally
allowed transitions between the ground state and the lowest
triplet state, are displayed. Relative absorptions arc given,
the a polarized A, absorption intensity being taken as 100 in
each case. Such relative values depend only on geometrical
factors!?. The ratio of total b polarized absorption to total
a polarized absorption, which is experimentally measured, is
also given. Refined crystal structure parameters (7b) have
been used. Although they differ only slightly from older data
(7a) which have been used in other work! the polarization
ratios change by about 10% as seen in the two last lines.

Symmetry conventions as in (1). Note that different
conventions are used elsewhereZ?,
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the lines is only about 40 cm'1 ID'Id. If A was that

large, one would expect the lineshapes in the two polar-
izations to be strongly non-lorentizian near the maxi-
mum. As this is not found, are upper limit of A at

140 K is about 30 em™l. But from 300 to 140 K (which

is still above the phase transition temperature at

120 K) the relative positions of the molecules may have
slightly changed, and this may be enough to alter signi-
ficantly the transfer integrals, and hence A.

If one succeeds in quenching to 4 K or below the room
temperature phase, the individual linewidths may become
narrower than the splitting, allowing simultaneous
measurement of A and the relative intensities of the 18
lines. Such a measurement in the low temperature phase
would at least allow the determination of the SOC route,
provided the crystal structure becomes known.



