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Electronic absorption and emission, fluorescence anisotropy and linear
dichroism techniques were applied to dibenzo[j, lm]phenanthro[5,4,3-abcd]-
perylene in order to determine its electronic structure and check the possi-
bility of existence of conformational isomers. The results indicate the pres-
ence of only one conformer. Its structure is proposed on the basis of the
experimental data as well as molecular mechanics and quantum chemical
calculations.
PACS numbers: 33.10.-n, 33.20.-t, 07.65.-b

1. Introduction
It is not always realized that most aromatic hydrocarbons are nonplanar [1].

One of the simplest examples is dibenzo[g, p]chrysene, of which the nonplanarity
has been revealed by measuring linear dichroism (LD) in stretched polyethylene
[2, 3]. The analysis of the LD results made it possible to assign the D2 symmetry
to the dominant conformer [3]. The work in Shpol'skii-type matrices led to the
detection of two stereoisomers [4]. Similar studies on another sterically-crowded,
nonplanar molecule, dinaphtho[1,2-α:1',2'-h]anthracene have been performed by
Ruziewicz and coworkers [5].

For many larger hydrocarbons it was observed that the intensities of vibronic
components in the absorption spectra vary in different solvents [6-10], which in-
dicates the presence of several forms. For tetrabenzo[α, cd, f, lm]perylene, a dis-
crepancy between absorption and fluorescence excitation spectra was interpreted
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as evidence of more than one conformer present at room temperature [11]. This
was corroborated by absorption and fluorescence study in Shpol'skii matrices [12].
Interestingly enough, the isomeric tetrabenzo[α, cd, j, lm]perylene does not seem
to exist in more than one form [11].

In this paper, we study dibenzo[j, lm]phenanthro[5,4,3-αbcd]perylene (DPP),
a molecule differing from tetrabenzo[α, cd,j, lm]perylene only by the presence of
one additional ring (Fig. 1). The purpose is to check the possibility of confor-
mational equilibria, and to determine the properties of the lowest excited singlet
states.

2. Experimental and computational details

The synthesis and purification of DPP has been described [13]. Absorption
spectra were recorded on a Shimadzu UV 3100 spectrophotometer. For LD mea-
surements, either Glan or sheet polarizers (Oriel) were placed in both the sample
and reference beams.

Due to very small amount of the compound at our disposal and poor sol-
ubility in polyethylene (ΡE), a standard procedure of introducing the substance
into ΡE from a chloroform solution could not be used. Instead, we placed small
amounts of powdered sample on top of a stretched ΡE sheet and repeatedly added
small droplets of chloroform. It took about 20 hours to obtain the concentration
sufficient for reliable LD analysis (optical density of the order of 0.05). Before mea-
suring the LD spectra, the sheet was washed with methanol in order to remove
traces of the compound that could have been left on the surface.

Fluorescence was measured on a Jasny spectrofluorimeter [14], emission
anisotropy on a new model of Jasny spectrofluorimeter, optimized by the use of
Wollaston polarizers, for recording low-noise polarization spectra.

Quantum yields of the emission were determined using quinine sulphate in
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0.1N H 2 SO4 as a standard (φ ι = 0.51). Fluorescence decay times were obtained by
the sampling technique, with an MSG350 nitrogen laser as the excitation source.

Ground state geometries were computed using molecular mechanics (MMX
force field, PCMODEL). The results served as input for INDO/S calculations
of excited state energies, oscillator strengths and transition moment directions.
The lowest 200 singly excited conflgurations were taken into account in the CI
procedure.

3. Results and discussion

Room temperature absorption and fluorescence spectra are shown in Fig. 2.
The spectra in heptane and ethanol are very similar. The fluorescence band is a
mirror image of the absorption. Fluorescence excitation spectra were found to coin-
cide well with absorption. This was not the case for tetrabenzo[α, cd, f, lm]perylene,
in which two conformers were detected: the mirror image relationship was only
observed between fluorescence and fluorescence excitation, but not for the absorp-
tion [11].

The quantum yields at 293 K are high and the same in nonpolar and protic
solvents (0.37 ± 0.08 in heptane and propanol). Fluorescence decay times are also
the same (3.3 ± 0.3 ns in heptane and 3.4 ± 0.3 ns in propanol). The decays
in both solvents are purely monoexponential. The value of the radiative constant,
1.1x 108 s -1 , obtained from the decay time and quantum yield, indicates an allowed
character of the emitting state and is about the same as that of perylene [15].

Thus, no evidence was found for the presence of more than one conformer.
In order to propose its ground state stucture, we have performed molecular me-
chanics calculations. The computed geometry of two low-energy forms is presented
in Fig. 3. Conformer A was predicted to have the energy about 3.5 kcal/mol lower
than the conformer B. This is very similar to the case of tetrabenzo[α, cd, j, lm]pery- .

lene, where the calculated difference between two low-energy conformers amounted
to 3.8 kcal/mol and the "propeller-like" stucture was calculated to be more sta-
ble [11].
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The excited state properties of both conformers of DPP, calculated by the
INDO/S method, are presented in Tables I and II. The results of calculations were
then compared with the data obtained by polarized spectroscopy.

Figure 4 shows the absorption spectum in propanol along with the corre-
sponding anisotropy of fluorescence excitation. The angle α formed by the tran-

sition moment of a particular excited state with that of the emitting state was
calculated using the formula
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Figure 5 presents the linear dichroism measurements in stretched ΡE. Two
curves were recorded: Α || , corresponding to the polarization of the electric vector
of absorbed light parallel to the stretching direction, and Al, in which the two
directions are perpendicular to each other. The analysis of the LD curves was
based on the socalled "reduction procedure" [16], i.e. plotting the family of curves
Au - cΑ┴ and determining the value of ck for which a particular spectral feature
f (peak, shoulder) disappears from the spectrum. For this value

In this work, we extracted the values of K f directly from the plots of
(1 — K)A|| + 2ΚΑ┴. Kf is the socalled `orientation factor", which can be ex-
pressed as an average value of the cost θ f , where θ f is the angle between the
direction moment of the transition f and the direction of stretching.

In general, alignment in ΡΕ is related to molecular shape: the long molecular
axis orients, better than the short one and therefore reveals a higher value of K.
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The direction in the molecular frame which, on the average, is best aligned is
referred to as the "effective orientation axis". In high symmetry molecules (D2h,
C2 v , etc.), only three different transition moment directions are possible, and the
effective orientation axis coincides with one of them (usually it corresponds to the
longest molecular axis). In molecules of low symmetry, such as DPP, there is an
infinite number of possible transition moment directions. It is generally assumed
that the direction of the effective orientation axis is perpendicular to the smallest
cross-section of the molecule. No matter what the symmetry is, the larger value of
K indicates that the transition moment direction forms a smaller angle with the
orientation axis.

The polarized spectroscopy results for DPP are given in Table III. At least
five different electronic states can be located in the region below 41 000 cm -1 .
Tle peak corresponding to the origin of the S1 transition at 21 130 cm -1 , has the
same orientation factor (0.59) as the peaks at 22 530 cm -1 and 23 920 cm -1 . We
therefore assign these three peaks to the same electronic transition. Also the band
at 25 630 cm -1 , too weak to have its LD reliably measured, most probably belongs
to S1, since it has its counterpart in the emission spectum.

Two prominent peaks at 28160 cm -1 and 29500 cm -1 (and, possibly, also
a shoulder at 30 900 cm -1 , which may be a vibronic component) belong to a state
whose transition moment forms a large angle with that of the S1 level. This is
evident from both anisotropy and LD data. It should be noted that the values of θ
of 40° and 540, extracted from the orientation faction may correspond to either 14°
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or 86° as the angle between the transition moments between the two states. The
anisotropy result clearly suggests the latter value. Smaller values of α obtained
directly from the anisotropy curve are most probably due to the spectral overlap
with the next transition, which is polarized nearly parallel to S1. This transition
consists of two peaks at 31 710 cm-1 and 33 000 cm -1 and perhaps also a shoulder
at 34 450 cm-1 .

Tle band observed at 37 210 cm -1 is again polarized nearly parallel to S1.
It is followed by a transition whose negative sign in the anisotropy curve indicates
a large angle α.

A somewhat surprising result is that three of the four excited states for which
the orientation faction could be determined reveal very similar polarization. How-
ever, inspection of Table I shows that the calculations reproduce such behaviour
quite well for the conformer A. Four transitions calculated between 33 000 cm -1

and 37 000 cm -1 (labelled 9, 10, 11 and 15 in Table I) are predicted to have fairly
large oscillator strength and the "long-axis" polarization similar to that of the
first excited singlet state. Each of them may thus correspond to the experimen-
tally found transitions at 31710 cm -1 and 37210 cm -1 . For the conformer B,
only one calculated transition (15th in Table II) is a good candidate for such
assignment.

The calculated excited states patterns in the two conformers differ also in
other respects. For tle conformer A two transitions (1 and 5 in Table I) are pre-
dicted to be much stronger than the other ones, whereas in the form B, four
transitions (2, 5, 6 and 8) have large and similar oscillator strengths. The experi-
mental data favour the former prediction, since the two transitions with origins at
21 130 cm -1 and 28 160 cm -1 clearly dominate the spectum. Finally, for the con-
former A, the lowest calculated excited singlet state is strongly allowed, whereas
in the form B the allowed state corresponds to S2. The experimental data leave no
doubt about the allowed character of the emitting transition. Thus, the combina-
tion of theoretical and experimental results provides arguments for the assignment
of the emitting and absorbing species to the conformer A.

4. Conclusions

Absorption and fluorescence data indicate that only one form of
dibenzo[j, lm]phenanthro[5,4,3-αbcd]perylene is present in solutions and low-tem-
perature glasses. The analysis of polarized spectra, quantum chemical and molec-
ular mechanics calculations suggests that the lowest energy conformer has a "pro-
peller-like" stucture, similar to that proposed for a related molecule, tetrabenzo
[α, cd, j, lm]perylene, which has also been shown to exist in only one form [11]. It
is interesting that a smaller molecule, dibenzo[g, p]chrysene also prefers the "pro
peller-like" form [3].

We are currently working on some related compounds, in particular some ter-
rylene derivatives of high symmetry, where it is probable that a strict distinction
between various symmetry types will be possible on the basis of polarized spec-
troscopy results. These studies may also be useful in view of the use of terrylene
in single molecule spectroscopy studies [17].
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