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The fluorescence lifetime of the zero point vibrational level of the first excited electronic state of
dibenzothiophene (DBT) has been determined to be 1.0 ns by analysis of its rotationally resolved S1 r S0

fluorescence excitation spectrum. The S1 lifetime of DBT is substantially shorter than those observed for
fluorene (FLU), carbazole (CAR), and dibenzofuran (DBF), analogs of DBT in which the heavy sulfur atom
is replaced by lighter ones. The electronic origin bands through the series CAR, FLU, DBF, and DBT exhibit
a monotonic increase in Lorentzian broadening in their Voigt line shape profiles. Two other heterocyclic
molecules manifest similar photophysical properties; 2,5-diphenylfuran and 2,5-diphenyl-1,3,4-oxadiazole.
Lorentzian line shape broadenings of ∼ 76 MHz were observed in the high-resolution spectra of their origin
bands. Possible reasons for the short fluorescence lifetimes of these heterocycles are discussed.

1. Introduction

A radiationless transition is a change in the electronic state
of a molecule that occurs without the absorption or emission
of radiation. Radiationless transitions are transfers of energy
from one part of a multidimensional potential energy surface
to another, and therefore are related to all types of chemical
transformations. The various types of nonradiative transitions
in vibrationally and/or electronically excited molecules, such
as intramolecular vibrational relaxation (IVR), internal conver-
sion (IC), and intersystem crossing (ISC), are usually described
by two sets of zero-order levels: a bright state |s〉 that carries
the oscillator strength and a bath of nearly isoenergetic dark
states {|t〉} to which the bright state is coupled (see Figure 1).
The decay behavior of the prepared state depends upon the
energy level density Ft, the full width at half-maximum (FWHM)
decay widths γt, and the |s〉 - {|t〉} coupling terms kst. Using
the molecular limit classification scheme first proposed by
Robinson1 for the different types of decay behavior of chemical
systems, we focus here on the large molecule (statistical) limit;
i.e., xt ) Ftγt . 1. In this limit, the average level spacing εt is
small, there are a large number of couplings between the two
manifolds, and the oscillator strength is spread out over a large
number of levels. If only a fraction of these are contained within
the excitation bandwidth, then the initial state decays exponen-
tially with a rate that is faster than the radiative rate, and the
emission quantum yield is low.

Some heterocyclic aromatic molecules are known to exhibit
fascinating photophysical properties in terms of ISC dynamics,
in the large molecule limit, upon electronic excitation with
monochromatic light.2 Dibenzothiophene (DBT) is an excellent
example. Pioneering spectroscopic studies of DBT were per-
formed by analyzing its electronic absorption spectra in crystal
lattices.3-5 The orientations of the electronic transition moment

vectors were determined for different electronic states.4,5 Ad-
ditionally, the transition energies, band polarizations, and dipole
strengths of DBT, carbazole (CAR), and dibenzofuran (DBF)
were measured in the condensed phase by UV linear and
magnetic circular dichroism.6,7 Important findings in terms of
the effects of heavy atoms, planarity and rigidity of heterocyclic
molecules on their photophysical properties, and ISC rates have
recently been reported.8-10 Zander and Kirsch8 have found that
the fluorescence quantum yield decreases by a factor of 16 upon
substitution of the oxygen atom in DBF by sulfur to form DBT.
Nijegorodov and co-workers10 have shown that the change in
fluorescence quantum yield in the series FLU-CAR-DBF-DBT
(FLU ) fluorene) can be entirely attributed to the internal heavy
atom effect in the condensed phase experiments. This observa-
tion suggests a considerable increase in the ISC rate constant
kst due to increases in the magnitude of the spin-orbit coupling
operator in the molecular Hamiltonian and in the degree of
conjugation of the heteroatom’s electron lone-pairs with the
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Figure 1. Radiationless transitions in a large molecule. |s〉 denotes
the bright state that is optically prepared by excitation of the ground
state |0〉 , and coupled via matrix elements kst to a dense manifold of
nearly isoenergetic dark states {|t〉}. In ISC, S1 and Tt are zero-order
singlet and triplet states, respectively, and kst is its interaction rate
constant. kF and kP are the fluorescence and phosphorescence rate
constants, whereas γs and γt are the radiative and nonradiative decay
widths, respectively.
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π-electron cloud. Thus, replacement of carbon atoms by either
oxygen or sulfur nearly always red-shifts the fluorescence
excitation frequency, lowers the fluorescence quantum yield,
and increases kst in electronic excitation.11

Interestingly, some either nitrogen- or oxygen-containing
heterocycles also manifest different fluorescence and phospho-
rescence properties.11,12 Heterocycles such as 2,5-diphenylfuran
(DPF) and 2,5-diphenyl-1,3,4-oxadiazole (DPO) are known to
exhibit (S1-T1) spin-orbit coupling, facilitating the ISC
efficiency.13-15 What is not known is how these molecules
behave as isolated species in the gas phase.

In this work, we report the rotationally resolved S1 r S0

fluorescence excitation spectra of DBT, DPF, and DPO in the
collision-free environment of a molecular beam. These mol-
ecules lie in the statistical limit of ISC, and therefore exhibit
anomalous Lorentzian (lifetime) broadening in their rotational
transitions, from which their fluorescence lifetime can be
determined. This makes possible an examination of the trends
in ISC dynamics exhibited by the entire family of molecules.

2. Experimental Section

DBT, DPF, and DPO (>98% pure) were purchased from
Aldrich and used without further purification. Either dry helium
or argon was used as an inert carrier gas for our experiments.

In the vibrationally resolved experiments, samples were
seeded into 55 psi of helium gas (for DBT) and 20 psi of argon
gas (for DPF and DPO) and expanded into a vacuum chamber
(10-5 torr) through a 1 mm diameter orifice pulsed valve
(General Valve Series 9) operating at 10 Hz. Two centimeters
downstream of the valve, the free jet was excited with the second
harmonic of a Quanta Ray Nd3+:YAG (Model DCR-1A)
pumped dye laser (Model PDL-1). The dye laser output (DCM
for DBT and DPF, and Kiton Red 620 for DPO) was frequency
doubled with an external KDP crystal providing a spectral
resolution of ∼0.6 cm-1 in the UV. The molecules were excited
at the point of intersection between the jet and the laser beam,
and the resulting fluorescence was collected with a photomul-
tiplier tube (PMT). Finally, the collected data were processed
by a boxcar integrator (Stanford Research Systems) and recorded
with Quick Data Acquisition software (Version 1.0.5).

Rotationally resolved electronic experiments were performed
using a molecular beam laser spectrometer, described in detail
elsewhere.16 Briefly, the molecular beam was formed by
expansion of the vaporized samples seeded either in helium (-5
psi) or argon (-16 psi) through a heated (∼395 K) 200 µm
quartz nozzle into a differentially pumped vacuum system. The
expansion was skimmed 2 cm downstream with a 1 mm
diameter skimmer and crossed 13 cm further downstream by a
continuous wave (CW) Ar+ pumped ring dye laser. The CW
laser was operated with either DCM or Rhodamine 6G dye and
intracavity frequency doubled in either a 630 nm LiIO3 or a
600 nm �-barium borate (BBO) crystal, yielding ∼250 µW of
UV radiation with a resolution of ∼1 MHz. The fluorescence
excitation spectra were detected, using spatially selective optics,
by a PMT and a photon counting system. The PMT signal
together with the iodine absorption spectrum and the relative
frequency markers were simultaneously collected and processed
by the JBA95 data acquisition system.16 Absolute frequency
calibration of the spectra was performed by comparison with
the I2 absorption spectrum. The relative frequency markers were
obtained from a stabilized etalon with a free spectral range of
299.7520 ( 0.0005 MHz.

3. Results

Figure 2 shows the vibrationally resolved (low-resolution)
fluorescence excitation spectra of FLU, CAR, DBF, and DBT
in a supersonic jet. Similar scans of some of these spectra have
been previously reported elsewhere.17-20 However, the jet-cooled
low-resolution laser-induced fluorescence (LIF) spectrum of
DBT is presented here for the first time. Two relatively intense
vibronic bands (marked in Figure 2) appear in the spectrum of
DBT at 202 and 482 cm-1 above the origin band. These vibronic
bands in DBT lie at frequencies similar to those previously
observed in FLU, CAR, and DBF; some of these exhibit
different band polarizations due to a Herzberg-Teller coupling
mechanism involving the S2 state.20

Figure 3 shows the rotationally resolved S1r S0 fluorescence
excitation spectrum of the 00

0 band of DBT located at 31187.3
cm-1 (about 2588 cm-1 red-shifted from that of FLU20). It spans
approximately 2.5 cm-1 and exhibits an overall broad bandwidth
and pure b-type character. To fit this spectrum, we first generated
∼9000 rovibronic transitions based on ab initio estimates21 of
the S0 rotational constants and rigid rotor Hamiltonians for both
electronic states, using b-type selection rules. Then, we made
quantum number assignments of single transitions in the
simulated spectrum to corresponding transitions in the experi-
mental spectrum, using the Windows-based program JB95.22

Finally, we used a least-squares fitting procedure to optimize
the rotational constants, based on a comparison of observed and
calculated line positions. The final fit utilized 176 rovibronic
transitions and resulted in a standard deviation (observed minus
calculated (OMC)) of 3.5 MHz. The quality of this fit is shown
in the bottom panel of Figure 3. Individual lines in the fit exhibit
Voigt profiles, with a Gaussian line width of 18 MHz and a
Lorentzian line width of 167 MHz. The rotational temperature
of the fit is 9 K.

Similarly, the DBT+202 vibronic transition also has been
recorded and fully analyzed. The rotationally resolved electronic
spectrum of this band spans approximately 2.5 cm-1 and exhibits
pure b-type rovibronic transitions. The Voigt profile used for
the fit required 18 MHz Gaussian and 196 MHz Lorentzian
contributions. The rotational temperature of the fit is 10 K. The
inertial parameters of this band are reported in Table 1.

Figure 4 shows the corresponding low-resolution LIF spectra
of DPF and DPO in the gas phase. The features observed in
both spectra agree with the ones previously reported by Topp
and co-workers.23 The 00

0 band of DPF is red-shifted by 18087
and 3031 cm-1 with respect to the ππ* origin bands of furan24

and DBF,20 respectively. The two most intense vibronic transi-
tions have been found at 265 and 876 cm-1 away from the origin
band. The 00

0 band of DPO, however, is ∼ 3000 cm-1 blue-
shifted from that of DPF and exhibits more vibronic activity in
the region near the origin, such as the +66 and the +254 cm-1

bands.
Figure 5 shows the rotationally resolved S1r S0 fluorescence

excitation spectrum of the 00
0 band of DPF at 30613.3 cm-1. It

spans approximately 1.2 cm-1 and exhibits pure a-type character,
revealing that the S1r S0 transition moment vector is oriented
parallel to the a-inertial axis. A procedure similar from that used
for DBT was used to fit this band. The final fit, using rigid
rotor Hamiltonians, utilized ∼150 assigned transitions resulting
in a standard deviation of 2.98 MHz. The rotational temperature
of the fit is 4 K. The Voigt line shape profile required 18 MHz
Gaussian and 75 MHz Lorentzian contributions. The quality of
the fit is shown at the bottom of Figure 5, where a fully resolved
portion of the experimental P branch is shown along with its
simulated spectrum.
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Finally, Figure 6 shows the rotationally resolved S1 r S0

fluorescence excitation spectrum of the 00
0 band of DPO in the

gas phase. It spans approximately 1.3 cm-1 and also exhibits
pure a-type character. To fit this spectrum, rigid rotor Hamil-
tonians were used for both electronic states. Approximately 130
simulated rovibronic transitions were assigned to the experi-
mental spectrum, resulting in a standard deviation of 2.40 MHz.
The rotational temperature of the fit is 5 K. The Voigt profile
used 18 MHz Gaussian and 77 MHz Lorentzian contributions.
The inertial parameters of the fits of these two bands are also
reported in Table 1.

4. Discussion

Spectroscopy. The rotationally resolved S1r S0 fluorescence
excitation spectra of FLU, CAR, and DBF in the gas phase have
been recently analyzed.20 This analysis shows that some of the

higher lying vibronic bands exhibit anomalous polarizations,
suggesting a Herzberg-Teller coupling of the S1 state with the
nearby S2 state. Here, we analyze the lifetime (Lorentzian)
broadening of single rovibronic transitions of the S1-S0 origin
band in DBT, and contrast its behavior with those of its analogs
(FLU, CAR, and DBF) in greater detail.

From the fit of the spectrum in Figure 3, we find that DBT
exhibits a b-axis polarized S1 r S0 electronic transition, in
agreement with previous results in crystal lattices.4,5 The S1 state
of isolated DBT is an 1La state in the Platt perimeter model
(see Figure 7a),25 which means that its photochemical behavior
is similar to that of CAR and DBF (1La states), but very different
from that of FLU (1Lb state).20

The calculated ground-state rotational constants (MP2/6-
31G**) of DBT are in excellent agreement with the experimental
ones (cf. Table 1). In most aromatic molecules, excited state

Figure 2. Vibrationally resolved fluorescence excitation spectra of FLU, CAR, DBF, and DBT in the gas phase.
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A′, B′, and C′ values are smaller in magnitude than their ground-
state counterparts, owing to the small ring expansions that are
typical of ππ* states. However, in DBT, ∆A (A′ - A′′ ) is
positive (21.2 MHz), whereas ∆B and ∆C are slightly negative
(-9.0 and -3.4 MHz, respectively). Similar effects were
observed in CAR and DBF.20 All three molecules appear to
contract in directions perpendicular to their a-axes when the
photon is absorbed. In contrast, ∆A in FLU is large and negative,
suggesting an expansion in directions perpendicular to its a-axis.
There also is more delocalization of the lone pair electrons in
CAR and DBT, compared to DBF and FLU, since their origin
bands are red-shifted by relatively large amounts.

DBT is essentially planar in both electronic states. It has
inertial defect values (∆I ) Ic - Ia - Ib) of -0.74 uÅ2 in its S0

state and -0.73 uÅ2 in its S1 electronic state, values that are
consistent with a planar molecule (∆I ≈ 0). The values of ∆I
do not seem to change substantially when the molecule absorbs
light. Additionally, from the b-type selection rules employed

to fit the origin band of DBT, the transition moment vector in
this molecule lies parallel to the b-inertial axis in the molecule
(cf. Figure 7a).

Analysis of the most intense vibronic band of DBT (202 cm-1

above the origin band) shows that the active vibrational mode
is the totally symmetric in-plane ring bending mode, similar to
that observed in the CAR+210 and DBF+209 bands, since it
is also a b-type band. The inertial defect values for this vibronic
band also follow the trend exhibited by the corresponding bands
of CAR and DBF. The ∆I′ value decreases in magnitude from
-0.73 to 0.00 uÅ2, whereas the ∆I′′ value does not change
(-0.74 uÅ2) when going from the 00

0 to the +202 band in DBT
(cf. Table 1). These observations are in excellent agreement with
the theoretical results of Lee.26

The vibrationally resolved electronic spectra of DPF and DPO
exhibit several low frequency band features (cf. Figure 4). Topp
and co-workers23 assigned the band at +66 cm-1 in DPO to an
overtone (2 × 33 cm-1) of the torsional motion of the phenyl
groups with respect to the central ring. The band at +260 cm-1

has been assigned to a fundamental in-plane interannular
bending motion in both molecules, whereas the group of lines
at+876cm-1 inDPFarestronglycoupled,exhibitFranck-Condon
progressions, and are assigned as an in-plane vibrational mode
acting in the furan ring. We focus our attention on the zero
point vibrational level (ZPL) transition of each molecule here.

From the fits of the rotationally resolved electronic spectra
in Figures 5 and 6, we find that both molecules have long-axis
polarized S1 r S0 electronic transition moment vectors (cf.
Figure 7b,c). The S1 states of DPF and DPO are both 1Lb states.
This result indicates that the presence of the phenyl groups in
the 2- and 5- positions of the central ring modifies the electronic
distribution of the frontier molecular orbitals; hence, the S1 states
are different from that in DBF (1La state).20

The calculated S0 rotational constants of DPF and DPO are
again in good agreement with the experimental values (see Table
1). Surprisingly, in these “more flexible” molecules, the changes
in rotational constants upon excitation are all positive; ∆A )
6.8, ∆B ) 1.0, and ∆C ) 0.8 MHz in DPF and ∆A ) 10.2,
∆B ) 0.6, and ∆C ) 0.6 MHz in DPO. Apparently, upon
excitation, the molecules contract mainly in perpendicular
directions with respect to their a-axes. Both molecules are
essentially planar in both S0 and S1 states. DPF has an inertial
defect value of 1.86 uÅ2 in its S0 state, a value that is consistent
with a planar molecule having some in-plane degrees of
freedom. However, by absorption of light, this value increases
in magnitude to 3.22 uÅ2, which highlights the floppiness of
the molecule along certain in-plane torsional coordinates. DPO
exhibits similar behavior in terms of inertial defect values, but
these are somewhat larger in magnitude (∆I′′ ) 3.35 uÅ2 and
∆I′ ) 4.10 uÅ2). Electronically excited-state calculations predict
small changes within the central five-membered ring, due to
the presence of the two extra nitrogen atoms in the structure.21

Dynamics. A remarkable observation in the fits of the high-
resolution electronic spectra of DBT is the significant contribu-
tion of Lorentzian character to the Voigt line shape profiles, in
contrast with that used in the fits of the corresponding spectra
of FLU, CAR, and DBF. The vibronic bands DBT+202 and
CAR+210 are compared in Figure 8. In DBT+202, a Lorentzian
(natural) broadening of 195 MHz is required to properly fit the
experimental trace, whereas, in CAR+210, the Lorentzian
contribution in the Voigt profile is an order of magnitude less
(18 MHz). Apparently, the presence of the heavy atom in the
molecular structure contributes to the enhancement of the ISC
dynamics by increasing the spin-orbit coupling terms (kst) in

Figure 3. Rotationally resolved fluorescence excitation spectrum of
the 00

0 band of DBT in the gas phase; the origin frequency is at 31187.3
cm-1. A portion of the experimental trace and its corresponding
simulated spectrum, with and without line shape functions, are also
shown in the bottom panel.

TABLE 1: Inertial Parameters of the Origin Bands of DBT,
DPF, and DPO in Their Ground and Excited Electronic
States

parametera DBTb DBT+202 DPFc DPOd

S0

A′′ (MHz) 1606.9 (1) 1606.0 (1) 1449.7 (1) 1619.7 (1)
B′′ (MHz) 578.7 (1) 578.9 (1) 217.8 (1) 212.9 (1)
C′′ (MHz) 425.7 (1) 425.8 (1) 189.2 (1) 187.9 (1)
∆I′′ (uÅ2) -0.74 (5) -0.75 (5) 1.86 (5) 3.35 (5)

S1

A′ (MHz) 1628.1 (1) 1629.7 (1) 1456.5 (1) 1629.9 (1)
B′ (MHz) 569.7 (1) 570.0 (1) 218.8 (1) 213.5 (1)
C′ (MHz) 422.3 (1) 422.3 (1) 190.0 (1) 188.5 (1)
∆I′ (uÅ2) -0.73 (5) 0.00 (5) 3.22 (5) 4.10 (5)

band origin (cm-1) 31187.3 31389.3 30613.3 33695.9
OMC (MHz) 3.51 4.04 2.98 2.40
band type b b a a

a The standard deviations in the last significant figure are shown
in parentheses. b MP2/6-31G** rotational constants: A′′ ) 1597.4
MHz, B′′ ) 579.0 MHz, C′′ ) 425.0 MHz. c MP2/6-31G**
rotational constants: A′′ ) 1420.5 MHz, B′′ ) 218.4 MHz, C′′ )
189.3 MHz. d MP2/6-31G** rotational constants: A′′ ) 1610.1
MHz, B′′ ) 212.7 MHz, C′′ ) 187.9 MHz.
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the Hamiltonian and the density of dark states {|t〉} available in
the vicinity of the prepared singlet state |s〉 .

Recent results for jet-cooled electronic spectroscopy experi-
ments in the gas phase in the presence of magnetic fields
(Zeeman effect)27 show that the broadened rotational lines of
DBT are insensitive to magnetic fields up to 1 T, in both the 00

0

(b-type) and the DBT+870 (a-type) bands (the latter is not
shown in Figure 2d). This finding is expected for a system
exhibiting ISC in the statistical limit, as the “prepared”

eigenstates are already extensively mixed with the triplet levels
in the electronically excited state.

In order to further investigate the ISC dynamics in this family
of molecules (FLU-CAR-DBF-DBT), the fluorescence decay
widths, FWHM, and γs (in MHz) have been summarized in
Table 2 for each transition in every molecule analyzed. The
corresponding fluorescence lifetimes τs (in ns) were computed
by using the relationship between γs and τs, given by

Figure 4. Vibrationally resolved fluorescence excitation spectra of DPF and DPO in the gas phase.

Figure 5. Rotationally resolved fluorescence excitation spectrum of
the 00

0 band of DPF in the gas phase; the origin frequency is at 30613.3
cm-1. A portion of the experimental trace and its corresponding
simulated spectrum, with and without line shape functions, are also
shown in the bottom panel.

Figure 6. Rotationally resolved fluorescence excitation spectrum of
the 00

0 band of DPO in the gas phase; the origin frequency is at 33695.9
cm-1. A portion of the experimental trace and its corresponding
simulation spectrum, with and without line shape functions, are also
shown in the bottom panel.

Intersystem Crossing Dynamics in the Statistical Limit J. Phys. Chem. A, Vol. 113, No. 11, 2009 2265



γs )
1

2πτs
(1)

Interestingly, the largest τs value is observed in the 00
0 band of

CAR. We also observe that vibrational motion decreases the
lifetime in the S1 state of the molecules, presumably by IVR
along different low frequency coordinates, even though the
vibronic bands show significant oscillator strengths. However,
the most remarkable finding is the decrease of the fluorescence
lifetime of DBT by a factor of ∼10 with respect to that observed
in FLU. This last observation is in good agreement with previous
studies of the photophysical properties of several heterocycles
in the condensed phase.8,10

As suggested in the classic paper of McClure,28 analyses of
the properties of aromatic polyatomic molecules containing
heavy atoms require the consideration of spin-orbit coupling
between their zero-order singlet and triplet states. Spin-orbit
coupling (SOC) terms for isolated C, N, O and S atoms have
been estimated.28,29 As shown in Figure 9, the observed
fluorescence lifetimes of DBT, DBF, and FLU are inversely
proportional to the square root of these constants, (SOC)1/2, in
accord with expectations. The “anomalous” lifetime behavior
of CAR might be due to a reduced unpaired electron spin density
on the nitrogen atom in its S1 state, since its lifetime is actually
much longer than expected.

The two rotationally resolved electronic spectra of DPF and
DPO also are unusual (see Figures 5 and 6). Even though the
rotational temperature is fairly low (4 K) and the Doppler
broadening of a single rotational transition is expected to be
only 18 MHz, the spectra are significantly broader than this.
Apparently, the ISC dynamics is enhanced by the presence of
the heteroatoms in the central five-membered ring. Obukhov11,14

has previously discussed these effects. There are many variations
in the fluorescence properties of substituted five- or six-
membered ring heterocycles due to the intramolecular interaction
of nitrogen, oxygen, or sulfur atoms in 2-, 3-, 4- or 5-
nonconcatenated chains. In condensed phase experiments, the
excited-state lifetimes for DPF and DPO are reported to be ∼0.4
ns.14 The estimated excited-state lifetimes from our experiments
in the gas phase are ∼2.1 (1) ns for both molecules.

Presumably, in DPF and DPO there is a high density of
vibrational states due to the low-frequency torsional motion of
the phenyl groups with respect to the central ring. In a separate
publication, we have studied the effect of the low-frequency

Figure 7. Electronic transition moment orientations of (a) DBT, (b)
DPF, and (c) DPO.

Figure 8. (a) Heavy atom effect in a vibronic band of dibenzothiophene
(DBT+202) in the gas phase. A Lorentzian broadening of 195 MHz
has been applied in the simulated trace. (b) The analogous transition
of carbazole (CAR+210) is shown for comparison. The Lorentzian
broadening of the fit is 18 MHz. The Gaussian (Doppler) broadening
is 18 MHz in both spectra.

TABLE 2: Experimental Fluorescence Lifetime Broadenings
and S1 Lifetimes of Some Vibrational Bands of FLU, CAR,
DBF and DBT from the Fits of Their High-Resolution
Spectra in the Gas Phasea,b

band
fluorescence lifetime

broadening, γs (MHz)
lifetime in the S1

state, τs (ns)

FLU 15 (1) 10.6 (7)
FLU+204 24 (1) 6.6 (4)
FLU+394 30 (1) 5.3 (2)
CAR 11 (1) 14.5 (8)
CAR+210 18 (1) 8.8 (6)
CAR+511 23 (1) 6.9 (4)
DBF 21 (1) 7.6 (4)
DBF+209 31 (2) 5.1 (2)
DBF+443 27 (1) 5.9 (3)
DBT 167 (6) 1.0 (<1)
DBT+202 195 (6) 0.8 (<1)

a See Reference 20 for spectral details on the corresponding
transitions of FLU, CAR, and DBF. b The standard deviations in the
last significant figure are shown in parentheses.
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methyl group torsional levels on the ISC dynamics of two
molecules containing a chromophore falling in the “intermedi-
ate” molecule limit; 2-methylpyrimidine and 5-methylpyrimi-
dine.30 In that work, we clearly observed the appearance of extra
lines in the rotationally resolved electronic spectra, compared
to what had been previously observed in pyrimidine itself.31

Because furan and oxadiazole heterocycles fall in the statistical
molecule limit, we believe that their corresponding phenyl
derivatives, DPF and DPO, respectively, do not exhibit well-
defined spectral signatures in the high-resolution spectra ana-
lyzed here.

It would be interesting to complement the present study with
the analysis of some of the representative vibronic bands of
these two molecules, and some other nonconcatenated poly-
cycles with no heteroatoms present, such as p-terphenyl. This
molecule is expected to exhibit ISC dynamics due to the
presence of a low energy triplet state (T�).32

5. Summary

Rotationally resolved S1r S0 fluorescence excitation spectra
of the 00

0 bands of DBT, DPF, and DPO have been recorded in
the collision-free environment of a molecular beam. Detailed
analyses of these spectra make evident the existence of an ISC
mechanism in the large molecule (statistical) limit upon excita-
tion by UV light. DBT constitutes a special case in the family
of FLU-CAR-DBF-DBT, since its excited-state lifetime (∼1 ns)
is significantly shorter than those of the remaining molecules
in this series. The observed lifetimes show an inverse correlation
with the square root of the spin-orbit coupling constant of the
attached “heavy atom”. DPF and DPO also exhibit short excited-
state lifetimes (∼2 ns), presumably due to the high density of
dark-state energy levels in the vicinity of the prepared state.
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Figure 9. Plot of the fluorescence lifetimes vs the square root of the
spin-orbit coupling terms of FLU, DBF, and DBT.

Intersystem Crossing Dynamics in the Statistical Limit J. Phys. Chem. A, Vol. 113, No. 11, 2009 2267


