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Two new D-A-type molecules, PXZ-DBTOz2 and PXZ-Ph-DBTO2, configured with phenoxazine donor and dibenzothio-
phene-S,S,-dioxide acceptor are reported. PXZ-Ph-DBTO:2 with a phenyl group introduced at the ortho position of PXZ
was used to probe the effects of the congested aryl substitution on the molecular conformation and electronic coupling
toward the acceptor core, as well as the thermally activated delayed fluorescence behavior. The highly twisted donor-
acceptor configurations of these two molecules were confirmed by X-ray analysis. Different D-A conformations stemmed
from the steric interactions between the phenyl group and acceptor core, which leads the nitrogen lone pair electrons of
the PXZ-Ph-DBTO2 donor to conjugate across the D-A bridge, whereas in PXZ-DBTO2 the lone pairs remain localized
on the donor and strongly mix with the donor m electrons. However, both PXZ-Ph-DBTOz and PXZ-DBTO:2 have the
same energy splitting between the charge transfer states and local donor triplet states, AEsr, close to 70 meV. PXZ-
DBTO2 exhibits far more efficient TADF due to a nearly two orders of magnitude faster reverse intersystem crossing rate
as compared to that of PXZ-Ph-DBTO2. Detailed photophysical analysis of both molecules indicates that the presence of
the phenyl group on the donor disrupts the m-*/n-n* orbital mixing across the N-C bridge that plays a fundamental role
in the excited state dynamics and vibronic coupling governing the reverse intersystem crossing rate and thus the
efficiency of thermally activated delayed fluorescence. Devices employing PXZ-DBTO2z as an emitting dopant gave an
EQE of 16.7% (42 ¢d m?) and excellent efficiency roll-off (15.7% at 1000 cd/m?), while the device based on PXZ-Ph-
DBTO2 produced a maxumum EQE up to 20.6% but with signifcant roll-off (8.8% at 1000 cd/m?) ascribed to the much
faster reverse intersystem crossing rate of PXZ-DBTOx.
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Introduction Organic molecules exhibiting thermally
activated delayed fluorescence (TADF) are a striking class
of functional materials that have been successfully uti-
lized for high-efficiency OLEDs since the pioneering work
reported by Adachi and co-workers.*? It is essential, but
not sufficient, for a molecule to have a small singlet (S,)-
triplet (T,) energy splitting (AEsr) that allows efficient
reverse intersystem crossing (rISC) (T, state to S, state) to
realize TADF.3 Consequently, both singlet and triplet ex-
citons can be efficiently harvested for light emission in
TADF-based OLEDs. The critical small AEsr generally can
be achieved by subtle manipulation of the HOMO-LUMO
overlap most commonly achieved in molecules with
strong intramolecular charge transfer (ICT) excited states.
For the last five years, a tremendous amount of new tai-
lor-made TADF materials with sophisticated molecular
structures have been studied and reported, achieving var-
ious degrees of success as they were introduced to OLED
technology.#7 Based on the structural features of reported
TADF molecules, it is generally accepted that molecules
with weakly coupled donor(D)-acceptor(A) skeleton can
lead to significant TADF character. In this regard, the
twisted donor-acceptor configuration is one of the effec-
tive molecular design strategies for making efficient
TADF molecules, as here the electron exchange energy
can be minimized, yielding a small AEsr. N-C bridged do-
nor and acceptor moieties readily twist to impede direct
electronic coupling if the significant ortho-ortho steric
interactions exist between them. However, in some cases,
the twisted donor-acceptor conformation can be feasibly
achieved by introducing alkyl substitutions onto the do-
nor and/or acceptor constituents as well as the n-bridge.
For example, methyl group(s) was introduced onto donor
moieties such as carbazoles,®° phenothiazine" and phe-
nylene bridges®s to twist the molecular conformation
and thus turn on the TADF. There are also some examples
of introducing aryl group(s) that fused with the donor
into a larger n-conjugated electron-donating system,7
used to create a highly twisted donor-acceptor confor-
mation. To date, there are only limited examples reported
of aryl substituents introduced on the acceptor subunit
based on steric repulsion considerations.®®9 However, a
second critical mechanism of TADF must also be fulfilled.
To enable both reverse internal conversion (rIC) and rISC,
vibronic coupling must be active to mix a local triplet
excited state with the charge transfer triplet state to allow
the rISC, which otherwise is formally forbidden between
the singlet and triplet CT states.?® In all CT TADF materi-
als discovered so far, TADF is described by a second order
vibronic coupled spin orbit coupling mechanism.* Thus,
if all relative motion between D and A units is hindered
by steric bulk for example, rISC is reduced by orders of
magnitude and instead room temperature phosphores-
cence occurs." Knowing this, one must be careful in the
way a highly twisted D-A molecule is created so as not to
impede this very important vibronic coupling mechanism.

Not only for imparting a twisted donor-acceptor con-
formation, we envision that an aryl substituent on the
donor unit of a D-A-type ICT molecule may induce intri-

guing effects on the TADF behavior. Understanding the
role-played by aryl substitution on the TADF behavior
may also help to shed further light on the mechanism of
rISC, particularly on the role of state mixing and delocali-
zation on the donor unit. In this work, we functionalized
the donor of 2-phenoxazine-dibenzothiophene-S,S,-dioxide
(PXZ-DBTO2) with a phenyl group, attached to the ortho-
carbon next to the nitrogen center (Scheme 1) to probe
the effects of a phenyl-substituted donor on the TADF
behavior. We find that the introduction of the phenyl
group not only leads to a highly twisted donor-acceptor
conformation, but also folds the conformation of phenox-
azine (PXZ), giving a different D-A conformation com-
pared to its parent which greatly influences the resulting
electronic properties of the molecule including the diben-
zothiophene-S,S,-dioxide (DBTO2) acceptor core. Detail
photophysical characterizations indicate that although
the AEsr of PXZ-Ph-DBTO2 and PXZ-DBTO:z are both
very similar at ca. 70 meV, the rISC rate in PXZ-DBTOz is
nearly two orders of magnitude faster, creating far more
efficient TADF and OLEDs. The mechanisms accounting
for these significant differences are elucidated from our
photophysical measurements.

Results and Discussion. Synthesis of target mole-
cules PXZ-DBTO2 and PXZ-Ph-DBTO2, is shown in
Scheme 1. The detailed synthetic procedures and struc-
ture characterizations are reported in the Supporting In-
formation (SI-S1). The donor (phenoxazine) 1a is commer-
cially available. To introduce a phenyl group onto the
phenoxazine, we followed a similar reported procedure>
to prepare compound 2a, which was then subjected to a
Pd-catalyzed Suzuki-Miyaura coupling reaction with phe-
nylboronic acid, affording the intermediate 2b after the
removal of the protection group with NaOMe. The target
molecules, PXZ-DBTO2 and PXZ-Ph-DBTOz2, were then
obtained in good yields by using standard Pd-catalyzed
Buchwald-Hartwig amination reaction of donor 1a, 2b,
and 2-bromodibenzo[b,d]thiophene 5,5-dioxide. To verify
the role-played by congested phenyl substitution for gov-
erning TADF behavior, an analogue DMAC-Ph-DBTO2,
with the same acceptor core DBTO2, but different donor
(acridine), was also synthesized. All target compounds
were purified by column chromatography and then vacu-
um sublimed before characterization and device fabrica-
tion.

Scheme 1. Synthesis of new dipolar molecules PXZ-
DBTOz2, PXZ-Ph-DBTO2 and the analogue DMAC-Ph-
DBTO2.
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Crystal Structures. Single crystals of PXZ-DBTOz2 and
PXZ-Ph-DBTO2 suitable for X-ray diffraction analysis
were obtained by a bilayer (CH,Cl,/hexane) diffusion
method. Unfortunately, single crystals of DMAC-Ph-
DBTO2 could not be obtained. Figure 1 depicts the single
crystal structures of PXZ-DBTO2 and PXZ-Ph-DBTOx2.
The detail crystal data are summarized in Table S1 (SI).
The PXZ moiety in PXZ-DBTOz is practically planar as
expected, while the central ring of PXZ in PXZ-Ph-
DBTO2 exhibits a distorted boat conformation. PXZ-
DBTOz2 exhibits a highly twisted D-A conformation with
a dihedral angle of 66.5° between the PXZ and DBTOz2
core, presumably due to the typical ortho-ortho hydro-
gen-to-hydrogen steric interactions. The PXZ in PXZ-Ph-
DBTOz is folded along the N---S axis, creating a dihedral
angle of ~130.8°. The folded conformation can be mainly
attributed to the large steric interaction between the
phenyl group and DBTO2 core but also through an elec-
tronic effect in the donor unit. The distorted boat-shape
of PXZ and resulting D-A structure, closely resembles
observed conformations in phenothiazine* and ortho-
methyl-substituted phenothiazine TADF molecules.” In
addition, the dihedral angle between the phenyl group
and PXZ of PXZ-Ph-DBTO: is calculated to be 48.4°. As
observed in the PXZ-Ph-DBTOx crystal, the boat config-
uration leads to a highly twisted D-A configuration where
the nitrogen lone-pair electrons of the PXZ unit to align
favorably for better n-conjugation with the DBTO2 rather
than with the phenylene rings of PXZ. Thus, the N-C
(DBTO2) bond, 0.027 A, is shorter than the N-C (PXZ)
bonds, 0.028 A, while the N-C (DBTO2) bond, 0.022 A, in
PXZ-DBTO:2 is longer than N-C (PXZ) bond, 0.019 A. The
configuration of the parent PXZ-DBTO2 molecule can be
described as quasi-equatorial, while the PXZ-Ph-DBTO2
it is quasi-axial configuration. Such configurational forms
are discussed in detail in reference.>> Whilst in both con-
formers the D and A are near orthogonal, the nitrogen
lone pairs are oriented in different directions with respect
to the acceptor unit in the two cases, with the axial con-
former giving greater conjugation between donor and
acceptor unit, whereas the equatorial conformer prevents
such delocalization of the nitrogen lone pair with the ac-
ceptor giving instead strong nm mixing within the donor
unit. The result implies that these two molecules have a
different degree of electronic coupling between the donor
and acceptor units.
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Figure 1. X-ray structures of (a) PXZ-DBTO2 and (b)
PXZ-Ph-DBTO2.

Thermal and Electrochemical Properties. Thermal
stability of these compounds were analyzed by thermo-
gravimetric analysis (TGA). The decomposition tempera-
ture (Tg, corresponding to 5% weight loss) for PXZ-
DBTO2, PXZ-Ph-DBTO2 and DMAC-Ph-DBTO2, was
determined to be 319, 300 and 3u °C, respectively (Figure
S3 in SI). All these compounds exhibit sufficient thermal
stability for the thin films preparation by thermal evapo-
ration. In addition, the analysis by differential scanning
calorimetry (DSC) indicated that PXZ-Ph-DBTO2 and
DMAC-Ph-DBTO2 exhibit a glass transition temperature
(Ty) of 106 and 137 °C (Figure S4 in SI), respectively. Cyclic
voltammetry (CV) of PXZ-DBTO2, PXZ-Ph-DBTO2,
DMAC-Ph-DBTO2, all display quasi-reversible oxidation
with potentials of 0.92, 1.04, and 1.23 V and reduction po-
tentials at -1.52, -1.63, and -1.79 V, respectively, indicating
their bipolar electrochemical characteristics (Figure S5 in
SI). Referenced to the redox potential of ferrocene, the
HOMO/LUMO levels of PXZ-DBTO2, PXZ-Ph-DBTO2
and DMAC-Ph-DBTO2 were calculated from their re-
spective oxidation/reduction potentials to be -5.20/-2.73
eV, -5.36/-2.56 eV and -5.55/-2.53 eV, respectively. Com-
pared to PXZ-DBTOg2, it is obvious that the introduction
of phenyl substitution at the ortho position of the donor
PXZ leads to a lower HOMO level and higher LUMO level
as observed in PXZ-Ph-DBTOz. This result clearly indi-
cates the weaker electron-donating character of the phe-
nyl-substituted phenoxazine as compared to that of phe-
noxazine, which is consistent with the observation from
the PXZ-Ph-DBTO2 crystal structure where the axial
conformation causes the electron-donating N-center in
the phenyl-substituted phenoxazine to have increased
conjugation with the DBTOz2 acceptor core. The effect of
ortho-phenyl substitution on the electronic character of
DBTOz was also observed in DMAC-Ph-DBTO2, giving a
similar LUMO level as compared to that of PXZ-Ph-
DBTOo.

Steady State Spectroscopy. The UV-visible spectra of
PXZ-Ph-DBTO2 and PXZ-DBTO2 display some similari-



ties, with high energy transitions at ~318 nm and 275 nm,
seen in all solvents (Figure 2). The molar absorptivity co-
efficients of the 318 nm transition in dichloromethane
(DCM) is markedly different however, being 6,450 (L mol-
'cm™) for PXZ-Ph-DBTO2 and 11,260 (L mol® cm™) for
PXZ-DBTO2 (Figures S6 and S7 in SI). Such a strong mo-
lar absorptivity and the observed positive solvatochrom-
ism attests to the strong m-n* character of this transition.
PXZ-Ph-DBTO2 also displays an additional high energy
transition at ~280 nm, mixed into the strongly vibronic
275 nm absorption. This is most likely an absorbance
from the phenyl moiety, substituted at the ortho-position
of the donor PXZ. All high energy bands (> 280 nm) in
both materials absorb strongly (> 10,000 L mol® cm™) and
can therefore also be assigned to transitions with m-*
character.

Interestingly, in PXZ-DBTO2, a strong low energy band
is observed between ~350-480 nm that is not visible in
PXZ-Ph-DBTOz (Figure 2). This broad absorption has a
molar absorptivity coefficient of 1,240 L mol* cm™ (Figure
S7) and can, therefore, be ascribed to a direct CT transi-
tion with mixed m-m/n-mt* character.2 While this band is
not observed in PXZ-Ph-DBTO2z a low energy knee be-
tween ~350-385 nm with a similar molar absorptivity coef-
ficient (1,140 L mol™* cm™ at 370 nm in DCM of Figure S6)
is present. This blue spectral shift of the CT transition
and large redistribution of oscillator strength caused by
the addition of the phenyl group clearly shows a marked
redistribution of the nitrogen lone pairs across the D-A
bridge and concomitant change in the degree of m-m/n-t*
orbital mixing, dramatically effecting the direct CT transi-
tion. These marked structural and electronic changes are
induced by the substituent phenyl ring, whereas previous-
ly we have observed two different conformer structures
only in regio-isomers of a phenothiazine-DBTO2 TADF
molecule, where delocalization of the nitrogen lone pairs
is controlled by the ortho or para coupling of the D-A
units.? In the case of PXZ-DBTO2/ PXZ-Ph-DBTOz2 pair,
the different conformers are caused by donor substitu-
tion.

In order to prove that these effects are caused by the
phenyl moiety on the donor unit, the analogue DMAC-
Ph-DBTO2z was also investigated. Here we find that the
same low energy band (molar absorptivity coefficient =
1,100 L mol™ cm™ at 380 nm in DCM (inset of Figure S8 in
SI) with low absorptivity is present while the main donor
transition at 330 nm (9,550 L mol™* cm™ in DCM (Figure S8
in SI) with r-* character is also observed (Figure Sg in
SI). DMAC-Ph-DBTO2, therefore, shows very similar low
energy characteristics to that of PXZ-Ph-DBTOx.

The emission spectra of each material in non-polar
methylcyclohexane (MCH) (g = 2.05) reveals a slightly
structured band with onset energies of 428 nm (2.89 eV)
and 439 nm (2.82 eV) in PXZ-Ph-DBTO2 and PXZ-
DBTOz2 respectively; energies that suggest a mixture of
'LE (donor) and 'CT character.* These spectra show that
the phenyl group on PXZ-Ph-DBTOz2 does not add addi-
tional conjugation to the donor rings and subsequently
the expected bathochromic shift in PXZ-Ph-DBTOx2 is

not observed. Additionally, PXZ-Ph-DBTO2 and PXZ-
DBTO2 show strong positive solvatochromism and
Gaussian emission profiles indicative of charge transfer
character.+>* The energy onset shift between each mate-
rial in different solvents is larger in PXZ-DBTO2, 0.22 eV,
compared to PXZ-Ph-DBTO2, 0.18 eV (between the emis-
sion onset in toluene and chloroform) implying a larger
dipole moment (degree of charge transfer) in the former.
This shows that conjugation between D and A diminishes
the change in dipole moment on excitation and hence the
degree of charge transfer character of the excited state.
Furthermore, contrary to normal CT behavior the emis-
sion intensity does not simply decrease with increasing
solvent polarity. This is especially prominent in PXZ-
DBTO2 where the emission in toluene is greatly en-
hanced compared to all other solvents (Figure 2). The
maxima in emission intensity is found to coincide with
the smallest AEst and hence strongest triplet harvesting
via TADF, i.e. when the onset of emission coincides with
the onset of the phosphorescence of PXZ-DBTOz2 as giv-
en in fig. 4., where AEgr is a minimum. We therefore de-
duce that the prominent deactivation pathway as the CT
shifts to lower energy (in higher polarity) in these materi-
als is through (unharvested) 3CT triplet state production.

Degassing these materials in toluene shows an increase
in intensity that indicates a population of the triplet
states which contribute to the overall luminescence. From
these degassed (prompt + delayed emission) and aerated
(prompt emission only) spectra we find that delayed
emission contributes strongly to the overall intensity of
the spectrum (DF/PF=5.4) in PXZ-DBTOz2, while this
contribution is greatly diminished in PXZ-Ph-DBTO2
(DF/PF=1.0) (Figure Sio in SI). This provides evidence that
rISC in PXZ-DBTOz2 is more efficient than in PXZ-Ph-
DBTOz2.
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Figure 2. Top: Absorbance and emission (Aex=320 nm)
spectra of 20 pM PXZ-Ph-DBTOz2. Bottom: Absorbance
and emission (Ae=360 nm) spectra of 20 pM PXZ-
DBTO2. Solvents methylcyclohexane (black), toluene
(red), chloroform (blue) and dichloromethane (pink).

In solid state (1% w/w ratio in inert zeonex matrix) the
same general absorption spectra are observed (Figure Su),
however the steady state emission is rather different. In
both phenyl substitutes PXZ-Ph-DBTO2 and DMAC-Ph-
DBTO2 materials 'LE emission (3.1 eV) is observed along



with the strong CT band (as seen in solution Figure 2).
However, in the PXZ-DBTO:2 only the CT emission band
is seen. This clearly indicates that in the restricted envi-
ronment of the zeonex matrix D rotation to the stabilized
CT geometry (potentially an axial to equatorial isomeriza-
tion) is hindered giving rise to the dual emission.

Time Resolved/Temperature Dependent Spectros-
copy. Both PXZ-Ph-DBTO2 and PXZ-DBTO2 films cast
in zeonex were analyzed using time-resolved/temperature
dependent photoluminescence spectroscopy (Figure 3).
Both solid-state samples were analyzed between 1 ns and
79 ms at temperatures between 8o K and 300-320 K in
order to understand the excited states involved in photo-
luminescence decay process. Firstly, both materials decay
in two distinct time regions; one between 1-100 ns
(prompt CT emission)*® and one found at later delay
times (>100 ns). In the prompt region of PXZ-Ph-DBTO2,
the decay fits to two exponentials, 1.3+0.2 ns, and 8.5+0.4
ns. These two lifetimes can be attributed to emission from
the 'LE and 'CT state, confirmed upon inspection of the
spectra in this time region (Figure Si12 in SI). Furthermore,
throughout the whole prompt region, the spectra batho-
chromically shift showing extremely slow excited state
relaxation (Figure Si2a)3 The prompt decay of PXZ-
DBTO2 can also be fitted to two exponentials of 8.8+0.4
ns and 27+2 ns. However, the spectra of PXZ-DBTO:2
show no evidence of 'LE and little spectral relaxation dis-
playing an almost identical spectral shape and onset en-
ergy from TD=1 ns through to the delayed emission re-
gion. (Figure Si2b in SI).

From the temperature dependence of the time-resolved
spectra of these two materials, both materials show de-
layed emission (shown to be TADF by the linear depend-
ence of the delay emission with laser excitation intensity
(Figure S13 in SI)). However, the delayed fluorescence
observed from PXZ-DBTO:2 is much stronger and the
lifetime of this delayed component is much shorter than
PXZ-PH-DBTOz2. The lifetime of the delayed emission
(emission of > 100 ns and therefore assume to be the pho-
tons emitting after at least one excursion to the triplet
state) at 300 K was found to be 6.5 + 0.4 ps for PXZ-
DBTO2, and 76 * 4 ps for PXZ-Ph-DBTO2; an order of
magnitude slower than PXZ-DBTOz2. This is further re-
flected in the calculated rISC rates (k,;5c = Ir_1

IpF TTADF

the two materials, 1.3x104 s* for PXZ-Ph-DBTO2 and
7.7x105 s for PXZ-DBTO2; the latter rate implying close
to resonant behavior between the !CT-LE excited
states.®>° The contrast in TADF output between the two
materials is at first difficult to explain from initial inspec-
tion of the associated spectra at each delay time. Here we
find that both materials contain ‘CT excited states in close
proximity to a local triplet state (obtained from phospho-
rescence recorded at low temperatures and long delay
times > 40 ms, Figure 3-pink spectra), with the AEsr of
PXZ-Ph-DBTO2 and PXZ-DBTOz2 found to be 70 and 68
meV respectively (Figure 3). This should therefore imply
that both emitters are equally strong TADF materials with
comparable rISC rates.
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Figure 3. Top left: Emission intensity against delay time
measured at 8o K (black), 120 K (red), 160 K (blue), 200 K
(pink), 240 K (green), 280 K (navy), 320 K (grey) of 1%
w/w PXZ-Ph-DBTO2z in zeonex. Top right: Normalized
intensity spectra at both 320 K and 8o K of 1% w/w PXZ-
Ph-DBTO2z in zeonex. Bottom left: Emission intensity
against delay time measured at 8o K (black), 120 K (red),
160 K (blue), 200 K (pink), 240 K (green), 280 K (navy),
300 K (grey) of 1% w/w PXZ-DBTOz2 in zeonex. Bottom
right: Normalized intensity spectra at both 300 K and 8o
K of 1% w/w PXZ-DBTO2 in zeonex.

Triplet State Analysis. Although the AEsr of both
PXZ-Ph-DBTO2 and PXZ-DBTO:2 are both close to 70
meV, we find that the rISC rate in PXZ-DBTOz2 is nearly
two orders of magnitude faster, creating far more efficient
TADF. This phenomenon cannot be explained without a
detailed exploration of the triplet states that contribute to
the dynamics of the rISC process, Figure 3. While the tri-
plet state of PXZ-DBTOz (onset energy = 2.70 eV, Figure
3 bottom/right spectra) is very similar to that of the PXZ
donor itself (3LEp)*4, the PXZ-Ph-DBTOx triplet emission
(onset energy = 2.82 eV, Figure 3 top/right spectra) has
characteristics of both the PXZ donor and the DBTO2
acceptor (3LE,).?” Taking the difference between the PXZ-
Ph-DBTO2 (Figure 4-black spectrum) and the PXZ-
DBTO2 phosphorescence spectra (Figure 4-red spectrum)
yields an emission component (Figure 4-blue spectrum)
which has the same energy peak maximum (2.66 eV) and
vibrational shape as the DBTOz2 acceptor shown by No-
buyasu et. al.?7 in the identical host matrix. The lifetime of
PXZ-Ph-DBTO2’s two emissive triplet states cannot be
deconvolved from one another, e.g. at no point in the
emission decay can a single phosphorescence spectrum be
seen, Figure S14, and the overall spectral shape of the tri-
plet emission does not change, as was also found by No-
buyasu et. al.*” implying that both the donor and the ac-
ceptor triplet states are vibrationally coupled.>2¢

To further corroborate this observation, an identical
time-resolved/temperature dependent analysis was per-
formed on the analogue DMAC-Ph-DBTO2 (Figure Si5 in
SI). Here we find that the phosphorescence of DMAC-Ph-
DBTO2 is spectrally almost identical to PXZ-Ph-DBTOz,
indicating that the difference in triplet state behavior be-
tween PXZ-Ph-DBTO2 and PXZ-DBTO:z is due to the
phenyl ring on the donor unit, not the magnitude of AEsr,



which in DMAC-Ph-DBTO2 is very much larger, ca. 0.37
eV. In these two cases the conjugation of the nitrogen
lone pair across the D-A bridge is the common factor giv-
ing rise to this coupled triplet state behavior, as it is not
seen in PXZ-DBTOz2.

This 3LE, state is naturally still present in PXZ-DBTOz2,
however, its absence in the phosphorescence spectra im-
plies it is not coupled to the 3LEp and is simply quenched
by this lower energy triplet state.>* This implies that re-
gardless of the energy splitting between the singlet and
triplet states, AEst which is the same in these two materi-
als, the second-order vibronically coupled spin orbit cou-
pling between the 'CT state and the 3LEp in PXZ-DBTOz2
is far more efficient than within PXZ-Ph-DBTO2, ac-
counting for the two orders of magnitude difference in
the rISC rates. We therefore propose that the coupling
between the 3LEp and 3LEa local triplets competes with
the 3CT-3LEp coupling. This competition between state
couplings affects the mediating role of the 3LEp in the
overall rISC mechanism* and slows down the rISC rate by
nearly two orders of magnitude.
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Figure 4. Normalized phosphorescence spectrum of
PXZ-Ph-DBTO2z (black), and PXZ-DBTOz (red) and the
energy difference between them (blue)

This fundamental difference in decay pathway between
PXZ-Ph-DBTO2 and PXZ-DBTOz2 is further reflected on
inspection of OLED devices performance. OLEDs were
prepared using vacuum deposition using the following
optimized device architecture: ITO/NPB (40 nm)/ 15%
emitter:mCP (30 nm)/ TPBi (40 nm)/ BCP (10 nm)/ LiF (1
nm)/ Al (100 nm). mCP was used as a host due to its high
energy triplet (2.9 eV) in order to facilitate triplet exciton
localization upon the emitter molecule. Both emitters in
mCP host have green electroluminescence with PXZ-
DBTO2 shifted slightly more to the red, directly in line,
with similar energies to that of the materials in toluene
solvent. As seen in the solvent series displayed in Figure 2
PXZ-DBTO2 is the more bathochromically shifted of the
two materials, further displaying its stronger CT charac-
teristics even within thin film host. Figure 5 shows stark
differences between the two emitters used. Both devices
show low turn-on voltages (Figure S16 in SI) showing
good charge balance and localization of hole and elec-
trons into the emitter layer.

Although PXZ-Ph-DBTO2 has an EQE maximum of
20.6% at a luminance of 43 c¢d m™ (10 cd m?), a step roll-

off in luminance and current efficiency is observed. On
the other hand, the device of PXZ-DBTOz produced an

EQE of 16.7% at a luminance of 42 c¢d m™> (10 cd m?,
however, minimal roll-off (showing almost identical EQE
at both 100 and 1000 c¢d m™) and device stability is ob-
served (Table 1). From the cyclic voltammetry
measurements, we find that the LUMO level of PXZ-
DBTO2 (-2.73 eV) is well placed for direct injection of
electrons from the electron transporting material (TPBi)
(LUMO = -2.7 eV). This may, in turn, compensate for the
superior hole injection properties of the mCP host, and
therefore may account for the enhanced OLED character-
istics seen in PXZ-DBTO2. However, the excellent roll-off
characteristics of the PXZ-DBTO2 devices can be at-
tributed to the two orders of magnitude faster rISC rate
and more efficient TADF.

T
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T T T
0.01 0.1 1 10 100

Current Density (mA/cm?)

0.8 -

0.6 -

PXZ-DBTOZ-PH

0.4

02

Normalized
Electroluminescence (a.u)

0.0 T T T ¥
400 500 600 700 800

Wavelength (nm)

Figure 5. PXZ-Ph-DBTO2/PXZ-DBTO2:mCP OLED
characteristics. Top: EQE versus current density (left axis)
and luminance versus current density (right axis) of PXZ-
Ph-DBTO2 (black) and PXZ-DBTO2 (red) Bottom: Nor-
malized electroluminescence of PXZ-Ph-DBTO2z (black)
and PXZ-DBTO2 (red), inset: device structure of PXZ-
Ph-DBTO2 device as a representation of HOMO-LUMO
energy levels of each layer.

Table 1. OLED characteristics of PXZ-Ph-DBTOz2 and
PXZ-DBTO2 devices at a luminance of 100, 1000 and
10,000 cd.m™

Luminance  Voltage EQE Current
(cd/m?) V) (%) Efficiency
(cd/A)
PXZ-Ph-DBTO2 100 5.4 15.8 345
1000 75 8.8 25.1
10000 - - -
PXZ-DBTO2 100 438 16.6 46.3
1000 6.7 15.7 46.0
10000 10.2 115 34.9

Conclusion A simple phenyl substituent on the phe-
noxazine donor unit of PXZ-DBTO2, leads to major
changes in both the conformer structure of the resultant
molecule, PXZ-Ph-DBTO2, and TADF parameters. The
quasi-axial conformation of PXZ-Ph-DBTO2 redistributes
the donor nitrogen lone pair across the D-A bridge



whereas in PXZ-DBTOz2 the lone pair is strongly mixed
with the donor m orbitals and remains decoupled from the
acceptor unit. We find that this gives rise to a near two
orders of magnitude increase in the rISC rate of PXZ-
DBTO:2 whilst the singlet triplet splitting, AEsr, remains
unaffected. Moreover, the conjugation of the lone pair
across the D-A bridge acts to enhance the vibrational
coupling between donor and acceptor local triplet states
leading to clear dual phosphorescence with both triplet
states emitting at the same decay rate. We believe that
this triplet state coupling competes with the vibronic
coupling between the donor local triplet and the CT
states reducing the rISC rate. Hence, again we show that
the AEsr does not simply control rISC; vibronic coupling
between local triplet and CT states is just as important.
This behavior then manifests itself in OLED devices
where the faster rISC rate leads to far superior roll-off
characteristics and device efficiency. Thus, a simple sub-
stitution on a donor to control steric properties or triplet
energy etc. clearly can have far more important ramifica-
tions in the complex second order vibronically coupled
spin orbit coupling mechanism underlying rISC in the
TADF process.
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