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Revealing the Origin of Fast Delayed Fluorescence in a
Donor Functionalized Bisterpyridine

Felix D. Goll,” Andreas Schelhorn,” Dziugas Litvinas,” Francisco Tenopala-Carmona,®
Lev Kazak,'@ Fedor Jelezko,'® Christoph Lambert,” Malte C. Gather,®™®

Alexander J. C. Kuehne,™ and Ulrich Ziener*?

A new carbazole-substituted bisterpyridine with pronounced
delayed fluorescence is presented. While the molecular donor-
acceptor-donor design suggests the origin of this to be
thermally activated delayed fluorescence (TADF), results from
various photophysical characterizations, OLED characteristics,
temperature-dependent NMR spectroscopy, and DFT calcula-
tions all point against the involvement of triplet states. The
molecule exhibits blue emission at about 440 nm with two or

Introduction

Organic molecules with delocalized n-systems and in particular
donor-acceptor-systems linked by a = bridge are of special
interest, due to their modularity in composition and their
special properties.!"” Such donor-acceptor compounds have
found application in various fields, from emitters with thermally
activated delayed fluorescence (TADF)™ to bioimaging probes™
and photocatalysts.**' In classical TADF emitters, the donor and
acceptor moieties are twisted towards one another leading to a
minimization in the energy gap AEs between triplet and
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more fast decay channels in the lower nanosecond range in
both solution and thin films. The delayed emission is proposed
to be caused by rotational vibrational modes. We suggest that
these results are generally applicable, especially for more
complex molecules, and should be considered as alternative or
competitive emissive relaxation pathways in the field of organic
light emitting materials.

emissive singlet state® Triplet states can thus be converted

into excited singlet states via reverse intersystem crossing
(RISC). This way, triplet states can contribute to fluorescence
and are not lost through thermal relaxation."” Typical character-
istics of TADF include (i) the presence of a multiexponential
decay, (i) temperature dependence of the delayed component,
and (iii) an external quantum efficiency EQE beyond the spin
statistical limit of 0.25 (1 emissive singlet versus 3 dark triplets
in conventional emitters).”” This mechanistic understanding has
led to the development of new materials with similar pathways
that can also be exploited for TADF; for example, hot exciton
pathways, where extremely fast RISC occurs not from the T, to
the S,, but among higher lying triplet and singlet states.” In
addition, TADF is not limited to covalently linked, twisted
donor-acceptor systems, but exciplexes formed by donor and
acceptor molecules also show TADF.®'? A variety of powerful
exciplexes have been developed based on pyrimidine-contain-
ing bisdipyridinylphenyl and bisterpyridine acceptors.*'® The
structural variety of these pyrimidine-centered oligopyridine
isomers enables precise tuning of the acceptor strength as well
as designing the steric and electronic constraints during
complex formation with an electron donor molecule. This donor
molecule is typically based on carbazole and the most
prominent candidate for exciplex formation is tris(N-carbazol)-
triphenylamine (TCTA). While several donor-acceptor combina-
tions display TADF behaviour in covalently connected twisted
configuration as well as in exciplexes,""'? oligopyridine com-
pounds have not been covalently connected to a donor moiety
for TADF emission. Both exciplex and covalently connected
donor-acceptor systems entail a charge transfer (CT) excited
state, for which the emission is bathochromically shifted
compared with the fluorescence of the individual donor and
acceptor units. In exciplexes specifically, the face-to-face
association of donor and acceptor molecules leads to steric
constraints, which will limit rotational and vibrational degrees
of freedom. To this point, there are no steric constraints that
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will limit vibrational or rotational degrees of freedom in the
aforementioned covalently connected donor-acceptor moieties.

However, to date, such donor-acceptor molecules have not
been synthesized and the exact nature of the emission process
in the molecules has not been elucidated. Investigation of these
unexplored material classes could give insight into limitations
in size for covalently connected donor-acceptor systems for
TADF and might also elucidate alternative relaxation pathways,
which could be mistaken as TADF. Based on the finding that
exciplexes based on bisterpyridines™ and TCTA show TADF
behaviour with significant triplet contribution,"” we have
designed a corresponding covalently donor-functionalized
biscarbazolylbis(bipyridine) Cz,BBP (4) (see Scheme 1). The
emission lifetime of the molecule indeed displays two short
components with identical emission spectra. The molecule fulfils
all the criteria usually invoked for TADF, but it is shown that it
does not have triplet participation, but two energetically
degenerate rotamers, which are proposed to be the cause of
the observed effects.

Results and Discussion
Synthesis

The synthesis of the donor functionalized bisterpyridine Cz,BBP
(4) is started from readily available precursors in analogy to
procedures described in the literature (see Scheme 1).*7® The
palladium catalysed cross-coupling reaction between p-bromo-
benzaldehyde and carbazole furnishes 4-(9H-carbazol-9-
yl)benzaldehyde in quantitative yield. The subsequent aldol
condensation produces the chalcone 2 in good yields. In this
step, temperature control is of utmost importance, as the
product easily decomposes at elevated temperatures. The same
applies for the subsequent double Kréhnke reaction. Product 4
precipitates from the reaction solution and is purified by
sublimation. The yield of this final step ranges from 30 to 40%.
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Scheme 1. Synthesis of Cz,BBP (4) from diketone 3 and chalcone 2 in a
Kréhnke pyridine synthesis.
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Photophysical Characterization

Our initial spectroscopic characterization of the newly synthe-
sized Cz,BBP (4) delivers the energies for the S;<S, transition
with 3.41 eV and for the S,—S, relaxation with 3.32eV, as
shown in Figure 1. The transition energies are calculated from
the onsets of the respective peaks. In addition to toluene
(normalized solvent polarity parameter E;"=0.099),"” absorp-
tion and emission spectra are also recorded using more polar
aromatic solvents, namely anisole (E;"=0.198) and benzonitrile
(Ey'=0.333). The fluorescence is evidently strongly solvatochro-
mic, which indicates a CT S, excited state. From fluorescence
and phosphorescence measurements at —196°C in toluene the
T,—S, transition is determined to be 2.79 eV and with an S,—S,
transition energy of 3.32 eV the S,-T, energy gap AE¢; can be
determined to be 0.53 eV (see Figure S7 in the Supporting
Information). The quantum yield ¢ is 58 % at room temperature.
Fluorescence lifetimes could be fitted best using a biexponen-
tial model, delivering photoluminescence lifetimes of 7, =2.0 ns
and 7,=3.7 ns, as shown in Figure 4 (pink curve). While the first
component can be easily attributed to prompt fluorescence
from the S, state, the origin of the second relatively short
lifetime remains unclear. Several possible explanations can be
considered: (i) TADF emission mediated by the covalent but
twisted donor-acceptor sequence,” (ii) competing emission
from an impurity"® or (jii) the presence of different conforma-
tional isomers"™ could lead to the observed delayed emission.

The presence of impurities can be ruled out since the
material was carefully purified, ultimately by repeated sublima-
tion.

The photoluminescence lifetimes 7 as well as quantum
yields ¢ are found to be affected by the presence of oxygen,
which supports the involvement of triplet states in the excited
state relaxation pathway. Ground state triplet oxygen can
quench excited triplet states in emitters.””
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Figure 1. Absorbance and photoluminescence spectra of Cz,BBP (4) in
different solvents, absorbance spectra in solid lines, photoluminescence
spectra in dashed lines.
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For classical TADF with a small energy gap 4Es; =~ 0 eV, the
lifetimes of the delayed component are usually much longer in
the microsecond range than our observed .. In the case of hot
exciton mediated TADF, shorter lifetimes are observed, in the
range of a few hundred nanoseconds® and for hot exciplexes
even down to a few nanoseconds.”" These hot mechanisms are
based on fast RISC from higher excited triplet states T, with
n>1. To prevent internal conversion (IC) from these higher
states within the triplet manifold, a large energy gap between
T, and T, of around 1 eV is required.

The condition for classical TADF is hardly fulfilled for Cz,BBP
(4) with 4Es; = 0.53 eV. Thus, this possibility can be excluded
due to the observed delayed lifetime in the nanosecond range
but a “hot mechanism” shall be still considered. To gain further
insight into the energies of relevant states, DFT calculations are
carried out.

DFT Calculations

To get better insight into the electronic structure of Cz,BBP (4),
we perform time-dependent density functional theory (TD-DFT).
The geometry optimization is done using the hybrid B3LYP
functional and 6-31+ G(d) basis set and TD-DFT using the long-
range corrected LC-wPBE functional also with 6-31+ G(d) (see
Figure 2).

As is typical for DFT, the absolute energies of S; and T,
states are slightly overestimated compared to the measured
values of fluorescence and phosphorescence onsets (3.32 eV
experimentally versus 3.65 eV calculated for S, and 2.79 eV
versus 3.22 eV, respectively, for T,) (compare Figure 1 and
Figure S7 with Figure 2). However, the energy differences AE
between different states are in good agreement with the
experimentally determined values. This can be seen from the
AEg; of 0.42 eV (exp. 0.53 eV) and the S,-S, energy difference of
0.28 eV (exp. 0.36eV). The latter can be estimated from
transient absorption spectra (see Figure S10 in the Supporting
Information). The semiquantitative results of the calculation are
therefore used to explain the observed phenomena: the
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Figure 2. Calculated energetic states of Cz,BBP (4) in the excited state,
singlets in black, triplets in red. Energies relative to the S, state.
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AEg; gap is too large to enable classical TADF, which appears to
be in agreement with the short 7, lifetime of the delayed
component. There are several triplet states energetically close
to the S, state, with T,, almost degenerate with S,, which could
in principle allow for hot exciton TADF.®”! However, the large
number of close lying triplet states with narrow energetic
spacing of typically less than 0.2 eV suggests that IC within the
triplet manifold would be much faster than RISC to the singlet
manifold. As a result, we would expect excited triplet states to
relax to T, and the origin of the short 7, remains unclear. To
rule out or confirm triplet participation and RISC during the
emission process, we process the emitter into thin films with
the intention to characterize the electroluminescence of Cz,BBP
(4).

Thin Film Characterization

We co-deposit Cz,BBP (4) in a matrix of 3,3'-di(9H-carbazol-9-yl)-
1,7-biphenyl (mCBP) as the host material using vacuum
deposition. The thin films are used to determine the optical
constants, photoluminescence quantum vyield in the solid ¢,
and emitter transition dipole moment (TDM) orientation (see
Figures S13 to S16). The photoluminescence spectrum peak
remains approximately constant with increasing doping fraction
of 4 (A.n~421-422 nm), as does the width of the spectrum
(FWHM =60 nm) (see Figure S14). The corresponding ¢, in-
creases from 47.5 to 51.8% for doping levels of 10 to 20 wt.%. A
slight anisotropy in the optical constants of the films is
determined from variable-angle spectroscopic ellipsometry, as
can be seen in Figure S15. This anisotropy is stronger for the
20 wt.% sample indicating a slightly favoured in-plane orienta-
tion of the emitter TDMs. The latter result is further substanti-
ated by angle-resolved photoluminescence (ARPL) measure-
ments (Figure 516).%% Fitting the ARPL data by an optical model
of oriented emitting dipoles® yields TDM orientations with
anisotropy factors a=0.29 and a=0.25, corresponding to 71 %
and 75% of horizontal emissive dipoles in the 10 wt.% and
20 wt.% films, respectively.

OLED

We carry on to produce multilayered OLED stacks of the
following sequence: indium tin oxide (ITO) (100 nm)/molybde-
num oxide MoO, (1 nm)/1,1-bis[(di-4-
tolylamino)phenyllcyclohexane (TAPC) (25 nm)/1,3-bis(N-
carbazolyl)benzene (mCP) (10 nm)/mCBP:Cz,BBP (4) (30 nm)/
1,3,5-tris(m-pyridin-3-ylphenyl)benzene (TmPyPB) (35-50 nm)/
lithium fluoride (LiF) (1 nm)/aluminium (Al) (100 nm), with TAPC
as the hole transport layer (HTL), mCP as the electron blocking
layer (EBL) and TmPyPB as the electron transport layer (ETL)
(see Figure 3a). Electroluminescence characterization is per-
formed using the in-house setup.”? We again investigate
10 wt.% and 20 wt.% of Cz,BBP (4) in mCBP matrix as the
emissive layer.
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Figure 3. (a) Fabricated OLED stack energy level diagram. (b) Experimental
EQE value distributions across different ETL thicknesses for fabricated OLEDs
with an EML of mCBP:Cz,BBP (4) 20 wt.%. Champion devices are shown with
the star icon. The solid curve corresponds to the simulated maximum EQE
for a fluorescent OLED (i.e. no triplet emission) with the corresponding
cavity design and ETL thickness, assuming an EMZ (emission zone) profile
interpolated from the fitted distributions shown in Figure S18b.

Compared to the photoluminescence in thin films, the
electroluminescence spectrum is redshifted (e, =427 nm)
and broadened (FWHM=71-73 nm), due to cavity effects of the
OLED stack (see FiguresS17 and S18). As the ETL thickness
increased from 35 to 50, the CIE (Commission Internationale de
I'Eclairage) color coordinates shift from [0.157, 0.075] to [0.156,
0.058] for 10 wt.%, and [0.156, 0.067] to [0.152, 0.052] for
20wt.% of Cz,BBP (4) in mCBP. Maximum experimental
luminance and EQE is achieved for 45 nm ETLs: 1130 cd/m?
1.9440.09% and 595 cd/m? 230+0.09% for 10wt% and
20 wt.% devices, respectively. To assess the triplet participation
in these devices, a threshold external quantum efficiency value
EQE, is determined from the experimental ¢,=51.8%, optical
cavity simulations® for the outcoupling efficiency 7o, as well
as assuming a charge balance factor y=1 (i.e. assuming the
ideal case of equilibrated holes and electrons) and a singlet/
triplet contribution %y (=025 for pure fluorescence
emitters).”? More detailed information of evaluating the EQE, is

Chem. Eur. J. 2023, €202303067 (4 of 8)

presented in the Supporting Information. If the experimental
EQE, for optimized devices lies below EQE,, the emission occurs
as pure fluorescence without TADF contribution. Figure 3b
shows the results for content and four different ETL layer
thicknesses. The OLED device with 20 wt.% Cz,BBP (4) emitter
in mCBP matrix exhibits EQE, in the range between 1.6 and
2.4%, which is well below the corresponding EQE, (between 3.5
and 3.9%) indicating fluorescence and absence of TADF.
Corresponding results are obtained for the 10 wt.% Cz,BBP (4)
OLED (see Figure S21).

Temperature-Dependent Photoluminescence Decay
Measurements

According to time dependent fluorescence spectra, both
temporally separated components of the emission are of the
same wavelength. Having ruled out triplet participation in the
emission process, the delayed component of the fluorescence
would require two distinct excited singlet states of similar
energy difference to the ground state with different transition
probabilities to the ground state. To further elucidate the
proposed states, temperature controlled TCSPC measurements
are performed in anisole and toluene (full datasets are shown in
Figures S8 and S9 in the Supporting Information). Selected
decay curves including fits, following the general equation
¥y =yo+A e + A e with biexponential character increas-
ing with temperature, can be seen in Figure 4. In addition, the
¢ in both solvents has been determined as a function of
temperature. For all temperatures the curves can be adequately
fitted only by a biexponential decay as in the case of room
temperature.

The measurements in anisole show a clear temperature
dependent trend: the lifetime of the short component 7, is
approximately temperature-independent, while the longer
component decreases in lifetime 7, with increasing temper-
ature, as visible in Figure 5.
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Figure 4. Fluorescence decay curves of Cz,BBP (4) in anisole at various
temperatures. Some curves were omitted for clarity.
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Figure 5. Temperature dependence of fluorescence lifetimes of Cz,BBP (4) in
anisole solution.

Additionally, the pre-exponential factor of the longer
component A, increases with temperature. To explain this
observation, we propose the presence of two rotamers with
isoenergetic S; and S,’ states, whose interconversion rates are
influenced by temperature. Decay time t, is caused by prompt
fluorescence, while 7, is caused by the isomerisation, as shown
in Figure 6.

We assume that the reason for the formation of two
rotamers is the relatively large energy barrier for the rotation
around the carbazole-phenyl bond. With this assumption, the
activation energy of the isomerization can be calculated using a
simple Arrhenius approach. The isomerization lifetime 7, is
calculated from the difference of 7, and 7, and the rate
constants are calculated as the reciprocal lifetimes in turn. The
relationship between the viscosity of a solution and the
fluorescence properties of the emitter dissolved in it is well
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|
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Figure 6. Schematic depiction of the rotamer isomerization in the excited
state. S, and S,’ are degenerate and therefore interchangeable.
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known in the literature.”**' These correlations were used to
correct the measured lifetimes for the temperature-dependent
viscosity of toluene and anisole using the Stokes-Einstein
equation (see Supporting Information). For this purpose, the
coefficient of viscosity and temperature has been normalised to
the lowest temperature of the series and included as a
correction factor in the following data points (see Supporting
Information). As states S; and S,’ are degenerate, excitation
from S, can lead to population of either one and in turn the
emission can originate from both states. However, when the
excited state is isomerized by rotation, a delay of the emission
will occur. Since the geometry of the molecule is not
significantly changed by the excitation, as determined by our
DFT calculations, the ground state will also feature an
isoenergetic pair of two rotamers. The evaluation of the data
measured in anisole yields an activation energy of AF,=6.42+
0.37 kJ/mol, as can be seen in Figure 7.

Thus, the energy is in a range comparable to literature (ca.
4 kJ/mol)*® for the rotation barrier between 3,6-di-tert-butylcar-
bazole and a functionalized phenyl linker. In toluene solution,
the Arrhenius plot shows a more complicated behaviour, with
two slopes and a transitional area located around room
temperature. At temperatures below room temperature, once
again a negative slope can be fitted, yielding an activation
energy of AE,=4.38+1.04 kJ/mol, again comparable both to
the value in anisole and to literature. The slightly larger
activation barrier in anisole can be attributed to a stronger
interaction of the fluorophore with the more polar solvent
molecules. From literature, it is evident that the rotation around
the Ph—Cz bond cannot cross the phenyl plane as the energy
required for that was calculated to be around 140 kJ/mol.”
However, there are two local energetic minima around dihedral
angles of 60°, which corresponds to the performed geometry
optimization calculations, yielding an angle of 58° in the
equilibrated state. It is therefore assumed that the carbazole
performs a rocking motion between 58° and 122° relative to
the phenyl plane (see Figure 8).
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Figure 7. Arrhenius plots of Cz,BBP (4) in toluene (blue) and anisole (black)
solution with linear fits (red).
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Figure 8. Two local energetic minima of the carbazole rotation as seen along
the Cz—Ph bond. The bulk of the molecule in the horizontal plane, the
phenyl bridge marked with a dotted red line and the two possible rotamers
marked with solid red lines.

The behaviour above room temperature is obviously more
complicated and would indicate a negative activation energy.
Thus, this model is probably not suitable for explaining this
area of the Arrhenius plot.

Supporting this, in toluene ¢ decreases quickly with rising
temperature, while in anisole ¢ is constant over the entire
temperature range. This can in part be explained by the
different trends of viscosity y in both solvents: in anisole, the
viscosity barely changes across the tested temperature range
(y=1.01 mPa-s and 0.95 mPa-s), while in toluene it goes down
from y=0.73 mPa-s to 0.34 mPa-s. A lower viscosity would
naturally lead to faster molecular kinetics, more collisions and
thus higher probability for non-radiative relaxation. A similar
measurement has also been carried out in a thin film of pure
Cz,BBP (4) produced by drop casting. Because of different local
environments and a lack of dynamics in solid films of emitters,
multiple emission lifetimes are often seen in solid film samples.
However, the respective proportions and lifetimes are invariable
in terms of temperature within the limits of the measurement
accuracy (as seen in Figure S11 in the Supporting Information).
This supports the assumption that the temperature dependence
of the described process is dependent on the dynamics,
meaning in our case the strongly restricted or rotation in 4 in
the mCBP matrix. We have also investigated 4 encapsulated in
various host materials (see above) by TCSPC. As in the solution,
several different emission times are observed with unchanged
emission spectra. The width of the lifetime distribution
increases with increased polarity of the host material and
decreases with the doping concentration of the emitter, as seen
in Figures $S23-525 in the Supporting Information. The different
emission times can be explained by the different local environ-
ments of the emitter molecules and by the rotational transitions
that can also be observed in the solution. By contrast, an
increased polarity of the environment causes a stronger
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interaction between host and emitter, which leads to a broad-
ening of the distribution of emission times.

NMR Measurements

To further substantiate the proposed molecular mechanism for
the biexponential emission, temperature dependent 'H nuclear
magnetic resonance (NMR) measurements have been carried
out. NMR has been established as a viable tool for rotamer
analysis, even for quantitation of their respective populations.””
Due to the non-availability of deuterated anisole and the easy
accessibility of the relevant temperature range in which the
molecules show a similar behaviour in toluene as in anisole
(below room temperature), these measurements are exclusively
performed in toluene-dg. All spectra have been calibrated using
the chemical shift of added TMS, which has a well-known
temperature dependence.”® The resulting spectra are plotted
with the spectrum measured at the lowest temperature
(T=233K) at the bottom and the one with the highest
temperature (T=313 K) at the top, as shown in Figure 9.

In contrast to the two clearly different states visible from
the TCSPC measurement, only one peak for each proton can be
seen in the NMR spectra instead of two for both rotamers. This
can be explained by the different time scales on which the
measurements take place. While the NMR time scale is in the
range of seconds, the lifetimes of the excitons are of the order

Figure 9. On top molecular formula of the characterized molecule with
proton numbering corresponding to the labelled peaks in the spectra below.
Protons with positive temperature shift marked in green, with negative
temperature shift in red. On the bottom the stacked 'H NMR spectra of
Cz,BBP (4) in toluene-d; at various temperatures, starting at 233 K at the
bottom and rising to 313 K at the top.
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of nanoseconds. This leads to an averaging of the signals in the
NMR spectra. With H-H-correlation NMR spectroscopy all non-
overlapping signals have been assigned to their respective
protons. The resulting chemical shifts have been plotted against
temperature, revealing that for all signals the chemical shift
change follows a nearly linear trend. The proton chemical shifts
are used as a proxy for the local electron density.”® For most
signals, the chemical shift decreases with increase in temper-
ature, as can be seen in Figure 9. This behaviour is well-known
and the temperature dependence of the proton chemical shifts
can even be exploited for accurate determination of the
temperature of the sample as shown in literature for
methanol.®” In that context the change in shift is explained by
the weakening of H-bonds, with increasing temperature leading
to increased electron density at said protons and thus stronger
shielding. A similar explanation can be given for the oligopyr-
idine, as the nitrogen atoms can form hydrogen bonds
(C—H--N), too.” However, in contrast to the aforementioned
literature study of methanol, there are intramolecular H bonds
here. These bonds form between pyridine or pyrimidine rings
and adjacent aromatic rings. Rising temperature would lead to
an increase in the amplitude and frequency of the rotation
around the bonds between neighbouring aromatic rings and
therefore to decreased C—H--N bond efficiency. It is assumed
that the decreased bonding strength, in turn, leads to stronger
shielding of the involved protons. In the presented Cz,BBP (4)
molecule, the signal with the strongest temperature depend-
ence in the upfield direction is the pyrimidine proton 1 (see
Figure 9). This proton can form C—H--N bonds to two adjacent
nitrogen atoms and thus experiences a rather strong change in
shift with temperature increase. Besides this expected phenom-
enon for a few protons the opposite effect is seen, a downfield
shift with rising temperature. This shift is most pronounced for
protons 8 and 11, which are located at the phenyl linker
between the neighbouring carbazole and pyridine units. These
protons are expected to undergo the most severe electron loss
with rising temperature as the donating effect of the carbazole
is weakened by the greater amplitude of the Cz-phenyl-bond
rotation.® This hypothesis is supported by the higher electron
density at the carbazole moiety, due to the poorer conjugation
at higher temperature, which is evident from the upfield shift of
the carbazole protons. Since this part of the molecule is the
only one in which two states separated by an energy barrier
can exist as a result of rotation around a single bond, we
propose that the two degenerate states described arise as a
result of the Ph—Cz rotation.

Conclusions

In this work, the fluorescence emission of the donor-acceptor
molecule Cz,BBP (4) has been investigated. Two temporally
separated but energetically identical events are found. These
can presumably be assigned to two different rotamers
separated by an energy barrier the size of which could be
determined by means of temperature dependent TCSPC
measurements. The obtained rotation barrier agrees with
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calculated values from the literature, whereby the analysis
method used in this work, based on tempered TCSPC measure-
ments, has not yet been described. For a more detailed
elucidation of the nature of the rotamers involved, tempered
'HNMR spectra have been recorded, and the temperature
dependent chemical shifts determined. Based on the different
trends of the signals of protons from different areas of the
molecule, conclusions can be drawn about the aromatic rings
involved in the rotation. Stronger rotation leads on the one
hand to weaker C—H--N bonds and thus to a downfield shift of
the protons involved, but on the other hand also to weaker
conjugation between donor and acceptor regions and thus
upfield shift of nearby protons. The presence of rotamers
deduced from this is known from the literature but has so far
only been predicted on the basis of calculations but demon-
strated here with the help of experimental data. In principle, it
seems likely that similar mechanisms may occur for many
similar fluorophores especially with high degree of rotational
freedom. The probability for such phenomena is likely to
increase with the size of donor-acceptor molecules due to the
rising number of degrees of freedom, which might contribute
to potential relaxation pathways. If multiexponential emission
curves are observed in the short time range, i.e. up to a few
tens of nanoseconds, the presence of several conformational
isomers should be considered.

Experimental Section

All experimental details (synthesis, optical measurements, thin film
and OLED characterization) can be found in the Supporting
Information to this article.

Supporting Information

The authors have cited additional references within the
Supporting Information.*="
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Two different, extremely short
fluorescence lifetimes were found for
a new carbazole-substituted bisbipyri-
dine. Various methods, including
tempered TCSPC, DFT and NMR spec-

troscopy were used to show the
presence of two rotamers. These can
transition into each other after optical
excitation, causing two temporally
different fluorescence events.
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