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Piotr Pander,® Agnieszka Swist,® Radoslaw Motyka,® Jadwiga Soloducho,® Fernando B. Dias,?

This work presents a study of two organic molecules with very similar, large singlet-triplet energy gap, of which one is a

thermally activated delayed fluorescence (TADF) emitter and the other a room temperature phosphorescence (RTP) emitter.

By investigating their photophysical properties we are able to explain their distinct behavior. The molecules are studied in

non-polar polymer and OLED hosts. Furthermore, this work presents a CT TADF emitter that shows narrow and resolved

electroluminescence spectrum (FWHM =53 nm). The study shows efficient RTP emitter based on a D-D-D structure and also

a first acridone-based TADF emitter with a D-A-D structure.

Introduction

Acridones have been known as biologically active compounds!-
4, however recently they are used as electron-accepting units of
several donor-acceptor and donor-acceptor-donor systems.>~7
The acridone moiety is very special because it contains an
electron-accepting carbonyl group (>C=0) along with an
electron-donating nitrogen atom bearing a lone electron pair.
Acridone as a commercially available® building block is a good
candidate to use as a cheap and commonly available acceptor
in OLED emitters.? On the other hand, phenothiazine is very
popular in drug applications, i.e. in chlorpromazine.l®
Phenothiazine and carbazole, however, among others, have
recently become popular as donors in donor-acceptor
molecules, such as TADF emitters.11-14

Thermally activated delayed fluorescent (TADF) OLED materials
have been widely investigated in recent years by several groups
around the globe.’5-28 |n the simplest way, TADF or E-typel92°
delayed fluorescence is a long-lived photoluminescence which
originates through reverse intersystem crossing (rISC)
mechanism from the lowest triplet (T1) to the lowest singlet
state (S1), directly or through a mediator state,3° which enables
to harvest up to 100% of triplet states.181° TADF is therefore
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crucial in OLED devices since 75% of excited states formed as a
result of charge recombination are triplets.111531 Previous
approaches in efficient triplet state harvesting involved
phosphorescent heavy metal complexes.2°-31 A typical TADF
emitter does not contain rare precious metals, however, metal-
based TADF emitters, such as copper complexes have also been
widely investigated over recent years.3437 On the other hand,
almost all TADF emitters are donor-acceptor type structures
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Figure 1 Photoluminescence and absorption spectra of 1 and 2 in variou
solution; c), d) UV-Vis and fluorescence spectra in solid films.
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showing broad charge transfer (CT) emission. TADF does not
require CT states, but the use of CT states is a very simple way
to decrease singlet-triplet energy gap. This negatively impacts
color purity of OLED electroluminescence as the emission of
those molecules is broad, with large full width at half maximum
(FWHM). Using donor-acceptor molecules with weak CT
character may result in materials showing narrow, resolved
emission even in the OLED host, but still being able to harvest
triplets. Itis worth to point out that not only TADF emitters may
supersede metalocomplexes in OLED applications, as also
metal-free organic room temperature phosphors show a
promising perspective for their future application in the field.38-
41 Metal-free organic phosphors show a substantial triplet
formation yield along with a relatively fast triplet radiative
decay, similarly to metalocomplexes, but without heavy metal
content. If non-radiative decay is successfully suppressed, the
organic phosphors can exhibit long-lived emission.41.42

In this work, we present the first TADF emitter which uses
acridone as an acceptor in the D-A-D configuration. Moreover,
a high triplet molecule BCbmPy has been used as a host
material. The properties of D-A-D TADF system 1 with D-D-D RTP
molecule 2 are compared using photophysical approach and in
OLED devices. Comparing these molecules gives an insight into

2 | J. Name., 2012, 00, 1-3
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the understanding of the similarities and dissimilarities
between TADF and RTP emitters.

Results and discussion
Steady-state photophysics

Starting from the basic photophysical behavior of molecules,
the presented systems are investigated in solution. In 1 four
absorption bands can be observed in methylcyclohexane (MCH)
solution (Figure S3 in supporting information): Amax =239 nm (&
=9-10*M1cm1), Amax =291 nm (e =4 - 10* M1 cm™?), Aax = 322
nm(e=3-10*M1cm1), Amax =407 nm (e=5-103 M1 cm1). The
three first absorption bands are associated with r-it* transitions
due to their high absorption coefficients. The fourth Amax = 407
nm is associated with a transition forbidden by geometry, such
as CT, due to a small absorption coefficient. Series of absorption
spectra recorded in solvents of different polarity show that this
low-energy absorption band red-shifts upon increasing
dielectric constant of the solvent (Figure 1). Band maximum
shifts from 407 nm in MCH to 418 nm in ethanol, whereas onset
shifts from 445 nm to 465 nm, respectively. This is a typical
behavior for a charge-transfer absorption band, where an
excited state with large dipole moment is stabilized by

This journal is © The Royal Society of Chemistry 20xx
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Figure 2 Steady-state photoluminescence spectra of 2 doped in Zeonex (drop-cast) and BCbmPy (coevaporation) recorded in air and in a

vacuum.

molecules of polar solvent. Interestingly, only one absorption
band, Amax = 291 nm can clearly be attributed to carbazole
moiety, whereas none of the unsubstituted acridone?
absorption bands can be directly found in 1 absorption
spectrum. However, the absorption bands related to each
subunit of 1 can be indicated using literature data*? and by
comparison with the absorption spectrum of compound 2
(Figure S3). The emission of 1 is clearly resolved in
methylcyclohexane, toluene, and tetrahydrofuran, but in
ethanol, the fluorescence spectrum is broad and featureless
(Figure 1a). The lowest excited state in 1 has a weak charge
transfer character. The fluorescence spectrum remains resolved
in non-polar or moderately-polar solvents, where charge
separation is small (i.e. producing a hybrid local and charge
transfer state, CT + LE, or so-called weak CT). Highly polar
solvent, such as ethanol, promotes charge separation, giving
rise to a typical broad CT emission. This is consistent with
previous, calculation-based observations of a hybrid local and
charge transfer character of HOMO-LUMO transition in 1.44
Absorption bands of 2 in MCH (Figure S3) are: Amax = 238 nm (g
=~ 8 - 10* M1 cml), Apax = 292 nm (e = 5 - 10* M1 cm?),
characteristic absorption band of carbazole with two maxima
Amax = 326, 338 nm (e = 1.5 - 104 M1 cm'1), and a shoulder Ay =
345-407 nm (£ < 8 - 103 M1 cm1). The first two absorption bands
have the same origin as respective absorption bands in 1 and
should, therefore, be attributed to m-mt* transitions, whereas
the latter is a shoulder of the n-it* transition in phenothiazine.
The emission spectrum of 2, which shows blue fluorescence,
hardly changes with solvent polarity, suggesting no involvement
of charge transfer states. Such a behavior is a result of its D-D-D
structure where neither carbazole nor phenothiazine show
pronounced acceptor properties.

In fact, both compounds show blue fluorescence in diluted
toluene solution. Interestingly, they show significantly different
photoluminescence quantum yield (PLQY). PLQY of a degassed
toluene solution of 1 (®p. = 0.79) is much larger than the value
obtained for 2 (®p. = 0.05). Phenothiazine moiety induces high

This journal is © The Royal Society of Chemistry 20xx

triplet formation yield in 2 which therefore leads to a low ®p| in
solution. Interestingly, photoluminescence of 2 doped in
polymer films in the presence of air is very similar to a toluene
solution (®p. = 0.05). However, in a vacuum, the emission
spectrum reveals additional band which in turn causes a rise in
the photoluminescence quantum vyield (®p. = 0.58) (Figure 2).
Oxygen normally quenches long-lived triplet states, therefore
the difference in photoluminescence between air and vacuum
is due to long-lived emission from a triplet state, such as
phosphorescence.

A typical TADF emitter with a D-A-D structure usually shows
featureless, pure CT emission when dispersed in OLED matrix17-
23, However, 1 shows a narrow, resolved photoluminescence in
the OLED host (Figure 1c), suggesting a mixed CT + LE nature of
the emissive state. The full width at half maximum FWHM = 54
nm, is among the smallest values for TADF molecules. In fact,
identical FWHM and spectrum are observed in
electroluminescence (Figure 6a, Dev 1). It is worth to note that
comparably small FWHM values are only observed for deep
blue emission, i.e. FWHM = 46 nm.#> Seemingly narrow spectra
of deep blue emitters are due to the properties of nanometer
wavelength scale which causes the spectra in blue to appear
narrower and in red to be broader. To avoid this effect the
emission spectra should be presented in cm or eV which would
be more practical in comparing different color emissions (such
as blue and red). Unfortunately, FWHM values use to be given
in nanometers. In the light of that conclusion, it is stated that
FWHM of 54 nm is extremely low in comparison with typical
values observed in the range of sky-blue TADF emitters. This
typically varies in the range of 100-150 nm.*64° Low value of
FWHM is important for the color purity of emission in practical
applications, such as in Samsung Galaxy cell phones.%0 It is worth
to note that some recently developed TADF emitters, exploiting
B-N multiple resonance effect>® shows much narrower emission
with FWHM = 28 nm. However, those emitters exhibit a
completely different molecular design than the molecule
presented here, thus, in fact, they do not present any CT

J. Name., 2013, 00, 1-3 | 3
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Figure 3 Time-resolved photoluminescence spectra of the molecules doped into Zeonex and BCbmPy.

extremely low, the OLEDs have also shown a significant roll-off.
Compound 1 shows similar, narrow photoluminescence
spectrum shape in toluene, zeonex and OLED host, this means
1 is not significantly susceptible to the polarity/polarizability of
the environment which is due to its weak CT nature. However,
1 shows a bathochromic shift in OLED host respective to toluene
and zeonex. In toluene solution or zeonex 1 shows blue
fluorescence with a maximum at = 450 nm, while the emission
in BCbmPy is red shifted with a maximum at = 470 nm. Note the
reasons for the redshift are given later in the text. To conclude,
only a strongly polar medium, such as ethanol, can stabilize the
charge transfer state in this molecule to give a broad,
featureless emission spectrum.

As mentioned previously, molecule 2 is a room temperature
phosphor (Figure 2). The phosphorescence of molecule 2 is so
strong it constitutes 91 % of total emission in zeonex and over
60 % in BCbmPy, at room temperature. This suggests that triplet
formation yield of 2 is very high as for a metal-free molecule. It
is worth to note that due to relatively low oxygen permeability
of BCbmPy there is a trace of phosphorescence visible also in

4| J. Name., 2012, 00, 1-3

non-radiative decay in the polymer film.

Time-resolved photoluminescence study

Time-resolved spectra of 1 in the solid state (Figure 3a,b) stay
in agreement with the steady-state spectra presented above.
Prompt and delayed fluorescence in the zeonex overlap. Note
there is not only TADF observable, but RTP is present too and
forms a shoulder on the red edge of the spectrum. No changes
to the prompt and delayed fluorescence spectra in function of
time can be observed therefore the system is rather not
complicated to describe. Singlet S; =2.96 eV and triplet T, =2.54
eV energy can be derived from prompt fluorescence and
phosphorescence onsets. From these values, a large singlet-
triplet splitting AEs.r = 0.42 eV is calculated. 1 doped in BCbmPy
exhibits more complicated photophysical behavior. The prompt
and delayed fluorescence spectra do not overlap perfectly. This
suggests that prompt and delayed fluorescence originates from
molecules with different surrounding or conformation. Most
probably, delayed fluorescence originates from relaxed
molecules, whereas prompt fluorescence originates from non-

This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins



http://dx.doi.org/10.1039/c8tc00175h

Journal Name

relaxed molecules (also see Figure S2b in supporting
information). Other observations are rather similar to the
effects presentin zeonex. Also here an insignificant contribution
of room temperature phosphorescence is observed.
Interestingly, even at temperatures as low as 80 K, there is still
a small portion of delayed fluorescence present as a shoulder
between 450-500 nm (Figure 3b). Laser fluence experiment
(Figure S2a) indicates clearly a supralinear power dependence,
therefore this emission can be attributed mostly to triplet-
triplet annihilation (TTA). It is clear that at higher doping
concentrations (such as 10% in the solid film) molecules are
relatively close to each other and are able to diffuse and collide
even at low temperature. Such interaction of two molecules in
triplet state leads to triplet fusion.

Phosphorescence spectra of 1 observed in zeonex and in
BCbmPy show identical vibronic structure (Figure 3a, 3b).
Interestingly, the triplet emission in the host is visibly red-
shifted, resulting in a lower triplet energy of 1 in BCbmPy than
in zeonex. Both singlet S; = 2.83 eV and triplet T1 = 2.43 eV
energy in BCbmPy doped film is shifted by almost the same
value, relative to zeonex, resulting in nearly identical AEs.t=0.40
eV as in zeonex. A simultaneous decrease in S; and T; energy in

alsiChemistry

ARTICLE

BCbmPy is related most likely with a n-1t interactign hetweep
the host and the dopant. It affects botPPtHE tipletTarndlthe
singlet as both bears a partially delocalized character. This
interaction is not present in zeonex as the polymer is fully
aliphatic. Taking into account experimental errors for
determination of singlet-triplet gaps, usually in a range of +
0.03-0.05 eV, the two singlet-triplet energy gaps (in zeonex and
BCbmPy) can be considered as identical within the margin of
error. Presence of both RTP and TADF is due to a large singlet-
triplet energy gap of this material AEst = 0.4 eV. Reverse
intersystem crossing (rISC) is not fast enough to efficiently
harvest all triplet states by the way of TADF, therefore a small
population of molecules relaxes radiatively from the triplet
state, emitting phosphorescence.

Time-resolved spectra of 2 dispersed in Zeonex (Figure 3c,d)
show the energy of singlet S; = 3.02 eV and triplet T; = 2.56 eV
states to be close to the respective values observed in 1.
Moreover, the singlet-triplet energy splitting is also similar, AEs.
1t =0.46 eV. It is worth to note that in both hosts (zeonex and
BCbmPy) the phosphorescence of 2 is blue-shifted at low
temperature. This suggests that 2 shows rigidochromism. The
molecular motion causing this effect is considered to be related

Published on 16 April 2018. Downloaded by Durham University Library on 09/05/2018 14:33:36.
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and BCbmPy.
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with fast interconversion between H-intra and H-extra like
conformers of phenothiazine or with the thermal oscillation of
the most stable conformer.13.2051-53 |t has been observed that
the existence of these two conformers sometimes affects
photophysical  behavior,13.20.53
unhindered phenothiazines this is unlikely due to a small
energy barrier for the interconversion.52 Having this established
we argue that in 2, the N-n-butyl group causes insignificant
steric hindrance, insufficient to pose any energy barrier large
enough to obstruct the H-intra / H-extra interconversion. In
such a situation the high energy conformer is quickly
interconverted to the most stable counterpart and thus only
one ground state conformer is observed in the photophysics.

Knowing all these results presented above it is not clear why
does 1 show TADF whereas 2 does not? Why in 1 the
phosphorescence at room temperature is very weak, but in 2 it
is much stronger than fluorescence? Why is there any TADF in 1
at all? One can say the reason is the difference of the nature of
respective emissive states: 1 is a CT+LE emitter while 2 a nmit*
emitter. In 1 the CT+LE singlet is coupled with a partially
delocalized 3nm* state located on acridone giving optimal
conditions for rISC, except for large AEs.1. In 2 the triplet state is
located on phenothiazine moiety as literature data suggests (i.e.
carbazole triplet is located at ca. 3 eV).’*% The
phosphorescence of 2 is also very similar in energy and
spectrum shape to the phosphorescence of phenothiazine
itself12, however slightly red-shifted. We assign the red-shift to
the effect of substitution with carbazole units. This causes
similar, partial delocalization of the triplet state as in molecule
1 (described below). It can be concluded from the steady-state
spectra (Figure 1b and 1d) that the singlet state in 2 has a major
nit* character. On the other hand the triplet state, as short-
lived, has nmt* character too. Obviously, a direct transition
between Inmt* and 3nmt* should be very slow due to their similar
geometry, therefore there must be at least one upper 3mmt*

molecules however in

state which acts as an intermediate energy level to explain fast
intersystem crossing in 2. A potential candidate for such a state
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configuration for a TADF emitter (i.e. no CT states), howeyer,
high phosphorescence intensity and low AIQ6FEsEER¢E]GARTM
yield suggest strong spin-orbit coupling and relatively fast
intersystem crossing (ISC). rISC and ISC represent in fact the
same spin-flip process, which only proceeds in a different
direction. Therefore, if ISC is fast, rISC should be too. However,
rISC rate constant, as for an endothermic process is limited by
Arrhenius relation. For this reason, rISC is slower than ISC at
room temperature.

In terms of possible TADF properties of the molecule its general
structural concept, such as D-A-D or D-D-D structure is
irrelevant. It is only much easier to design a donor-acceptor
TADF emitter than any other. TADF properties have been found
in numerous molecules without D-A or D-A-D structure and
without CT states, including D-D-D systems.2456-58

Prompt fluorescence of 1 is very strong and relatively long-lived
which suggests slow ISC. Large singlet-triplet splitting, on the
other hand, implies slow rISC, in fact, delayed fluorescence
lifetime reaches 26 ms in zeonex (Table 1). This value is
surprisingly comparable with the RTP lifetime of 2 which is 22
ms. Speaking about RTP and TADF lifetimes at room
temperature it is important to also note phosphorescence
lifetime at low temperature (i.e. 80 K) to observe the effects of
reduced thermal energy and suppression of non-radiative
decay. Phosphorescence lifetime of 1 at 80 K is significantly
longer than 100 ms (0.5 * 0.2 s). On the other hand,
phosphorescence lifetime of 2 increases only to 38 ms. From
these observations, we conclude the triplet state of 1 has a long
lifetime and as such promotes TADF. This is because a long-lived
triplet state gives enough time for rISC to take place. On the
other hand, 2 shows a short phosphorescence lifetime, even at
80 K, which indicates the triplet lives short due to the relatively
large radiative rate constant. This clearly quenches TADF as due
to a large AEst = 0.46 eV the rISC rate is too slow. The results
show the lowest 3mnt* triplet state is more suitable for TADF
emitter than 3nmt* if the AEs 1 is large.

The data presented in this work enable to explain either why 1

fy 10y 100y 1m  10m  100m
Time delay!s

i 1o 100n

Figure 5 Photoluminescence decay of 1 and 2 in various matrices and solvents at room temperature.

is carbazole 3mm* local triplet state. This is not a typical

6 | J. Name., 2012, 00, 1-3

is a TADF emitter and why 2 is not and shows RTP properties
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instead. It is concluded that TADF emitters with wide energy
gap, like 1 must exhibit long phosphorescence lifetime, which is
significantly longer than TADF lifetime at room temperature. On
the other hand, short phosphorescence lifetime at room
temperature kills TADF as efficient rISC in these conditions is
impossible. The observations, however, seem obvious, are
rarely taken into account. As TADF and RTP are in fact two sides
of the same coinitis not only the AEs.t which makes the material
a TADF emitter or not. A lifetime of the triplet state at room
temperature, in fact, is also very important. What really decides
on the properties of the molecule is the relation of the rISC rate
constant to the lowest triplet state lifetime (including both
radiative and non-radiative decay). Long triplet state lifetime
promotes TADF while short quenches it. Usually, a short triplet
lifetime is caused by non-radiative decay. In this situation, the
molecule is only a fluorescent emitter. If the short triplet
lifetime is due to a fast radiative decay then RTP is observed as
is in 2. All emitters with sufficient phosphorescence lifetime in
relation to the AEs.t will present TADF properties, regardless of
their structure.

It has been observed that phosphorescence spectrum of D-A or
D-A-D molecules with limited D-A conjugation is identical or
very similar to the phosphorescence spectrum of donor or
acceptor.12.23.59 However, in some cases the phosphorescence
of such a molecule is red-shifted or distorted in relation to the
phosphorescence of the donor or acceptor due to the effect of
partial conjugation.2360 Carbazole phosphorescence has already
been described in literature>*>> and its triplet level energy is
roughly equal to 3 eV. Moreover, the vibronic structure of
carbazole phosphorescence spectrum is different from that
observed in 1 (Figure 3a, 3b). On the other hand,
phosphorescence  of  N-substituted acridone-containing
molecules® has a similar vibronic structure to the spectrum
reported in this work. The triplet energy of those molecules is
higher (2.8 eV) than in the case presented here (2.54 eV). In 1
the electron-donating carbazole moieties red-shift acridone
phosphorescence spectrum (decrease triplet state energy) by
conjugating with the central acridone unit. The impact of C-
substitution, so extended conjugation, on acridone is also

Table 1 Spectroscopic properties of 1 and 2 in zeonex and toluene.
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observed in absorption spectra. Absorption,.bands,.of
unsubstituted and 2,6-substituted? acrifdnt- dérinrtives1are
completely different and characteristic absorption bands seen
in unsubstituted acridone are not visible in the spectra of the
derivatives. This shows that 2,6-substituted acridone, with
carbazole (this work) or diphenylamine’, is partially conjugated
with the attached donor moieties.

Delayed fluorescence of 1 temperature
dependence in both Zeonex and BCbmPy matrices (Figure 4a,
b, c). Interestingly, the effect of temperature on the decay
profile seems to be negligible below temperatures 300-250K.
This behavior is caused by phosphorescence emission, which
increases its intensity at low temperatures. Prompt
fluorescence in either host is almost not affected by the
temperature change. Lifetimes of prompt fluorescence in films
are similar, close to 10 ns. But a lifetime of delayed fluorescence
is remarkably long: = 30 ms in Zeonex and = 10 ms in the OLED
host. This is also a result of a large singlet-triplet energy
splitting. Power dependence of delayed fluorescence in both
matrices is shown in Figure 4d. Linear dependence clearly
shows that in both cases TADF mechanism is dominant at room
temperature. Additionally, power dependence experiment was
performed also at 350 K in the zeonex matrix, showing that the
mechanism remains unchanged.

Temperature dependence of delayed fluorescence in 1 is
especially interesting (Figure 4a,b,c). 1 in Zeonex shows TADF
activation energy E, = 0.3510.04 eV which is within the
experimental error identical to the value of AEsr. Interestingly,
1 behaves differently in the BCbmPy host as the activation
energy is reduced to only 0.16%£0.01 eV which is much lower
than the AEst = 0.40 eV recorded in this case. The reduced
activation energy of 1 in BCbmPy explains high OLED EQE
(Figure 6). The divergence between E, and AEst, however
typical, has not been fully explained yet. One possible

shows clear

explanation is a specific alignment of upper triplet states, which
couple with both T; and S;, reducing the actual size of the
energy barrier.1®

Compound Matrix / Aabs, NM? Aem, NM® ®p.© e, NSY Tor, Ms® ToH, Msf S1/ T1, eVE AEsr, eVh
solvent
1 toluene 323,413 469 0.79 14+2 - - - -
zeonex 293, 326, 451 0.95 9.1+0.6 26.8+0.7 500 * 200 2,96 /2.54 0.42
407 (80 K)
2 toluene 327,338 441, 462 0.05 1.81 +0.02 - - - -
zeonex 241, 294, 439, 532 0.58 1.96 £ 0.02 - 23 +1 (295 3.02/2.56 0.46
328, 340 K)
38+2(80
K)

a Absorption maxima; ® photoluminescence maxima; ¢ @p. photoluminescence quantum yield in specified solvent/ matrix in oxygen-free conditions; ¢ prompt fluorescence
lifetime; ¢ delayed fluorescence lifetime; f phosphorescence lifetime; & singlet and triplet energy; " singlet-triplet energy splitting.

Photoluminescence decay of 1 and 2 is very similar in both
zeonex and BCbmPy. However, BCbmPy reduces the E, of the
material 1, so this improves its performance in the OLED host

This journal is © The Royal Society of Chemistry 20xx

relative to zeonex. Both hosts are relatively rigid, thus they
effectively suppress non-radiative decay. Interestingly, delayed
fluorescence in 1 and RTP in 2 can only be observed in solid
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Figure 6 Characteristics of OLED devices fabricated using emitters and host presented in this work: a) electroluminescence spectra;
b) EQE - current density characteristics; c) current density / brightness — voltage characteristics; d) schematic of device structures.

films (Figure 5a, 5b). In solutions, the emitter-solvent
interactions, such as collisions, deactivate triplet state
molecules, therefore no TADF, nor RTP can be observed. This is
because the radiative lifetime of these molecules is very long,
thus intermolecular collisions are able to quench long-lived
triplet states before they undergo a radiative transition or rISC.
The prompt fluorescence lifetime of 1 in toluene solution (t =14
+ 2 ns) is slightly larger than in solid state (t =9 ns). Even longer
lifetime t = 18 * 2 ns is observed in ethanol solution, where the
emission has purely CT character.

On the other hand, 2 shows short-lived fluorescence both in
zeonex and toluene (1.81 + 0.02 ns and 1.96 * 0.02 ns,
respectively), which is due to a fast intersystem crossing.
Phosphorescence of 2 in zeonex has a lifetime of only 23 £ 1 ms,
which increases at 80 K to 38 £ 2 ms. Such a short
phosphorescence lifetime confirms a strong nni* character of
the triplet state and moderate spin-orbit coupling.

In both doped BCbmPy films weak triplet-triplet annihilation
(TTA) is observed (Figures S2a, S5). This is likely associated with
higher doping concentration in BCbmPy (10 %) than in zeonex
(1 %) where this phenomenon does not appear. In 1 the TTA

8 | J. Name., 2012, 00, 1-3

emission in BCbmPy is observed only at low temperatures
(Figure S2a).

OLED devices

OLED devices have been produced with the use of the materials
presented (Figure 6). To confine the hole and electron ratio a
structure ITO/NPB (40 nm)/TAPC (10 nm)/BCbmPy co 10%
dopant (20 nm)/TPBi (60 nm)/LiF (1 nm)/Al(100 nm) has been
used. The devices show to turn on voltage of 4 V (dopant 1) and
4.6V (dopant 2) at 1 cd m2. The efficiency of devices is dictated
by the ®p, of respective dopant. High EQE of 8.2 % in Dev 1 is
due to triplet harvesting by TADF mechanism. It is worth to note
the narrow electroluminescence spectrum of Dev 1 with small
FWHM = 53 nm. One of the smallest values among D-A or D-A-
D TADF emitters. Dev 2, in fact, should also benefit from triplet
harvesting in molecule 2, at least by TTA or by the emission of
phosphorescence. Unfortunately, the phosphorescence is not
observed likely due to the presence of triplet-quenching
processes, i.e. TTA or triplet-polaron annihilation. As a result,
the maximal EQE of the device reaches only 0.5 %. High triplet
formation vyield of 2 in the presence of triplet quenching

This journal is © The Royal Society of Chemistry 20xx
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processes results in small EQE as all of the triplet states remain
dark.

Conclusions

Two molecules with very similar and large AEsr but absolutely
different properties have been investigated. It was found that
the reason for one being a TADF emitter and the other RTP
emitter lies in the difference of their triplet lifetime. Therefore,
triplet state lifetime is another effective factor determining a
TADF emitter, apart from AEsr. A TADF molecule must show
triplet lifetime long enough so that with a given AEst rISC is
faster than triplet decay, i.e. at room or higher temperature.
RTP molecule 2 shows prominent phosphorescent properties
with very high (90 %) phosphorescence contribution at room
temperature.

OLED devices using both investigated molecules have been
fabricated. The phosphorescent molecule 2 gave a device with
0.5 % EQE with only the fluorescence Vvisible in
electroluminescence spectrum. On the other hand, the TADF
emitter 1 gave an efficient device with 8.2 % EQE and resolved,
narrow electroluminescence with FWHM = 53 nm which is an
exceptionally low value for a D-A or D-A-D TADF emitter. The
device was also much brighter than the previously reported by
Hatakeyama,®® with FWHM = 28 nm, established by using
multiple resonance effects in a TADF emitter. Design of new,
efficient TADF emitters with narrow emission spectrum is an
inevitable development pathway in the field, especially if the
materials are meant to be used for display applications. This
work presents a novel blue emitter with narrow
electroluminescence spectrum and a new acridone acceptor
which is used in D-A-D configuration for the first time to obtain
TADF.
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Novel acridone derivative is presented showing TADF and narrow blue electroluminescence.
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