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ABSTRACT: New thermally activated delayed fluorescence (TADF) blue
emitter molecules based on the known donor−acceptor−donor (D−A−D)-
type TADF molecule, 2,7-bis(9,9-dimethylacridin-10-yl)-9,9-dimethylthiox-
anthene-S,S-dioxide (DDMA-TXO2), are reported. The motivation for the
present investigation is via the use of rational molecular design, based on
DDMA-TXO2, to elevate the organic light emitting diode (OLED)
performance and obtain deeper blue color coordinates. To achieve this goal,
the strength of the donor (D) unit and acceptor (A) units have been tuned
with methyl substituents. The methyl functionality on the acceptor was also
expected to modulate the D−A torsion angle in order to obtain a blue shift
in the electroluminescence. The effect of regioisomeric structures has also
been investigated. Herein, we report the photophysical, electrochemical,
and single-crystal X-ray crystallography data to assist with the successful
OLED design. The methyl substituents on the DDMA-TXO2 framework
have profound effects on the photophysics and color coordinates of the emitters. The weak electron-donating methyl groups
alter the redox properties of the D and A units and consequently affect the singlet and triplet levels but not the energy gap
(ΔEST). By systematically manipulating all of the aforementioned factors, devices have been obtained with acceptor-substituted
III with a maximum external quantum efficiency of 22.6% and Commission Internationale de l’Éclairage coordinates of (0.15,
0.18) at 1000 cd m−2.
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■ INTRODUCTION

The research on materials that exhibit thermally activated
delayed fluorescence (TADF) has increased dramatically since
the introduction of TADF materials into organic light-emitting
diodes (OLEDs) for lighting and display applications.1−4

Although highly efficient green TADF OLED materials have
been widely reported,5−7 research to create efficient and stable
red and especially blue TADF OLEDs has not progressed as
rapidly.8,9

By virtue of the key reverse intersystem crossing (rISC) step
being thermally activated, it is now understood that the triplet-
harvesting efficiency of TADF materials depends critically, but
not exclusively, on the singlet-triplet energy gap (ΔEST). Smaller
ΔEST values allow more efficient rISC to convert triplet excitons
into emissive singlet states. Efficient rISC can then out-compete
nonradiative decay and other quenching processes.10−12 The
rISCmechanism in these TADF emitters is a second-order spin-
vibronic coupling between a local-excited triplet state (3LE) and
a charge-transfer triplet state (3CT) which mediates spin−orbit
coupling to the CT singlet state (1CT) leading to emission.13,14

In this case the 3LE state acts as a mediator state for the spin flip.

It has been shown that the covalently linked donor (D) and
acceptor (A) units with near-perpendicular D−A dihedral angles
have strong molecular CT excited states and a small ΔEST and
have well separated highest occupied molecular orbital
(HOMO)/lowest unoccupied molecular orbital (LUMO).15,16

However, a precise 90° dihedral angle between the donor (D)
and the acceptor (A) reduces the (emission) transition dipole
moment and slows the fluorescence rate from the CT state, often
leading to reduced emission efficiencies as quenching processes
compete.14,17 Therefore, the D−A angle needs to be optimized
by selecting the correct molecular structure and degree of CT
character and the host environment in order to achieve efficient
TADF.
The molecular emitter design as well as the choice of the host

play a key role in achieving efficient blue TADF OLEDs. The
ideal host for blue materials needs to have a high triplet level (so
as not to quench the high triplet emitter) as well as favorable
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carrier injection and transporting properties.18 The host also
needs to provide an environment of suitable polarity, relaxing
the energy of the 1CT state toward that of the polarity-
independent 3LE state and thus minimizing the energy barrier to
rISC.19 In this way, the rISC rate (krISC) is optimized, and
improved TADF and triplet harvesting can be achieved.2

Despite the currently known TADF emitter optimization
strategies, significant challenges with blue emitters remain
because of the high energy of emission and extensive device
efficiency roll-off at high brightness. It is also highly challenging
to simultaneously optimize all of the required parameters for an
efficient OLED device. For example, redesigning the emitter to
alter the average D−A dihedral angle to optimize rISC often
shifts the emission color undesirably. Herein, we report three
systematic structural modifications of the D−A−D molecule
2,7-bis(9,9-dimethylacridin-10-yl)-9,9-dimethylthioxanthene-
S,S-dioxide (DDMA-TXO2) to investigate the structure−
property relationships relevant to blue TADF emitters. Donor
(D) and acceptor (A) strength, structural isomerism, and
sterically-induced D−A dihedral angle modifications are all
investigated in detail in comparison with DDMA-TXO2,
compound I (Figure 1).20 All these modifications were
performed with an aim of developing efficient deep-blue
emitters that improve upon the performance of the benchmark
material I. Previously reported devices based on this material
had a maximum external quantum efficiency (EQE) of 22.4% in

the bis[2-(diphenylphosphino)phenyl] ether oxide (DPEPO)
host and Commission Internationale de l’Éclairage (CIE)
chromaticity coordinates of (0.16, 0.24).20 An independent
study obtained a maximum EQE of 19.4% at ca. 100 cd m−2 with
CIE coordinates of (0.15, 0.13) using a more complex device
structure with a mixed host (UGH3:TSPO1) emitter layer.21

These studies further expose the very delicate balance between
color purity and high EQE values.
The structures of the benchmark emitter I and the new

variants designed and synthesized for this study (II−IV) are
shown in Figure 1. The new molecules have been thoroughly
characterized to confirm their structure and purity with 1H and
13C{1H} nuclear magnetic resonance (NMR) spectroscopies,
mass spectrometry, X-ray crystallography, and elemental
analysis. Synthetic procedures and characterization data are
included in the Supporting Information. New material II is a
regioisomer of I with meta- rather than para-connectivity of the
donor unit with respect to the acceptor sulfone functionality.
Materials III and IV have modified D or A strength; in III, the
strength of the A unit is decreased by the addition of methyl
substituents. The rationale for methyl groups in III was to
significantly modify the average D−A torsion angle and to blue-
shift the emission. The strength of the donor in IV is increased
because of the inductive effect of methyl substitution on the
donor unit.

Figure 1. Molecular structures studied in the present work.

Figure 2. X-ray molecular structures of molecules II and III and IV.
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In addition to its electron-donating effects, it has also been
shown that the methyl groups can have a profound influence on
the properties of molecules through steric effects. Sterically-
substituted D−A−D molecules with substituents on the donor
often favor different conformers compared to the unsubstituted
analogs leading to different HOMO/LUMO levels, which are
critical to electrical device performance.22,23 Substitution of the
donor in sterically-hindering positions was avoided in the
present work to prevent the formation of undesirable axial
conformers, which are detrimental to TADF performance.24 In
the case of III, the structure was also anticipated to be more
twisted on average due to the presence of the methyl
substituents on the 9,9-dimethyl-thioxanthene-S,S-dioxide
acceptor unit.

■ RESULTS AND DISCUSSION
X-ray Crystallography. Molecular structures from X-ray

diffraction of single crystals of II, III, and IV are shown in Figure
2. Significant efforts to obtain a crystal structure of I did not yield
crystals of X-ray quality: Large specimens obtained by controlled
sublimation gave diffraction patterns indicative of two-dimen-
sional order only, however, I is anticipated to have similar
internal bond angles as IV. The thioxanthene (A) moiety in II,
III, and IV is folded along the S···C(Me2) vector; the angle (θ)
between the planes of its two arene rings varies widely as given in
Table 1. The acridine (D) moieties are also bent along the N···

C(Me2) vectors; the bending, as defined by arene/arene
interplanar angles (ω1,2), is slight, except for one acridine in
IV. This picture agrees with the literature: of the eight reported
9,9-dimethylacridine structures with a C-substituent at N, three
have ω of 31°−34° and five of 1°−11°. In each case, the twist
(τ1,2) around the C(thioxanthene)−N bond is nearly
perpendicular (81°−89°) and precludes any π-conjugation. III
shows a slightly more perpendicular structure compared to other
reported molecules. However, as previously discussed, a
considerable variation in θ is observed for III when compared
to the X-ray structures of II and IV andmust be due in part to the
methyl substituent on each acceptor arene ring. It appears that
the meta-methyl groups alter the degree of planarization of the
acceptor. Initially it was expected that the methyl groups in
molecule III will have the greatest effect on the dihedral angle τ
(making III more orthogonal); however, this may not be the
case. It is important to stress that the average D−A torsion angle
in an amorphous film might not be represented by X-ray crystal
data. Effects observed could be due to crystal structure packing
and are not necessarily applicable in the films relevant to optical
measurements and devices. The X-ray structure does show that
the molecules can adopt a perpendicular D−A conformation,
which is beneficial for TADF emission. Considering these
factors, the X-ray structure of III does still suggest that the

methyl substituents would shift the D−A torsion angle more to
the perpendicular on average, which was a pivotal part of the
rational molecular design of III. The X-ray analysis reveals no
axial conformers in these D−A−Dmolecules. This was expected
for the more rigid and planar acridine donor unit, compared to
the more flexible and significantly folded phenothiazine unit.24

Steady-State and Time-Resolved Spectroscopy. The
absorption spectra of the new molecules II−IV as well as the
reference emitter I are shown in Figure 3. The weak absorption

feature observed for I and IV at around 360 nm does not appear
in the spectra of either of the individual D or the A units and has
therefore been assigned to the “direct” CT absorption, an n−π*
(σ−π*) [or mixed ππ*/nπ* (ππ*/σπ*)] transition in the D−
A−D molecules.20,25 Molar absorption coefficients (εMAX) of
these molecules at 360 nm are very low as is expected of an n−π*
transition, ranging between ca. 1500 and 2500 M−1 cm−1 in
dichloromethane (DCM) (Table 2). In line with our previous
investigations, the transition at around 280−290 nm can be
assigned to local excitation of the D unit.20 Material IV exhibits a
shoulder at 325 nm that is not present in the other molecules,
however, this has been shown to arise from its individual D unit
(Figure S2). This indicates that the methyl groups substituted
on the D unit clearly affect the electronic structure of the donor.

Table 1. Interplanar Angles (deg) Obtained Using X-ray
Crystallographya

II IIIa/bb IV

θ 126.6 151.4/152.8 139.9
ω1 3.6 5.9/7.8 30.4
ω2 (3.6) 5.2/5.8 4.4
τ1 81.3 83.5/84.6 82.2
τ2 (81.3) 87.0/88.6 83.6

aExperimental details available in the Supporting Information.
bDifferent solvate details in the Supporting Information.

Figure 3. Absorption spectra of I−IV in DCM solvent; the inset graph
is an expansion of the 325−450 nm region.

Table 2. Steady-State Photophysical Properties of the Target
Compounds. λMAX, εMAX (285/360 nm), λFLU, and Steady
State Were Measured in DCM Solution, whereas PLQYs
(ΦF) Were Measured in Small Molecule Host (DPEPO)
under a Nitrogen Atmosphere

I II III IV

λMAX/nm
a 365 282 359 370

εMAX/M
−1 cm−1b 33 558/

1798
48 477/
2490

41 864/
1576

33 986/
1905

λFLU/nm
c 504 506 495 538

SS/cm−1d 7556 15 698 7653 8440
ΦF

e 80% 62% 88% 73%

aAbsorption peak maximum at RT. bMolar emission coefficient at
285 nm/360 nm. cEmission peak maximum at RT. dStokes shift.
eAbsolute emission quantum yield (ΦF ± 10%) using 330 nm
excitation, all measured using 25 vol % evaporated samples in DPEPO
with the exception of IV which was drop-cast at 10 wt %.
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It is expected that through the increased π density in acridine
(inductive electron donation from the methyl groups), the lone
pair electrons of the donor N are less delocalized into the
acridine arene rings, giving rise to a more pronounced nπ*
transition of the D unit. This band is clearly absent in all donor
unsubstituted molecules I−III.
The emission spectra of all molecules exhibit strong positive

solvatochromism and a Gaussian emission profile, consistent
with the CT excited states, as in other D−A−D molecules.26

The Gaussian emission has been observed in low polarity
toluene (ε = 2.43) as well as significantly more polar DCM (ε =
8.93), indicating strong CT character present in these molecules
(Figure 4). The emissionmaxima inDCMare approximately the
same for all molecules, except for IVwhich shows a considerably

red-shifted emission spectrum. All molecules exhibit large
Stokes shifts typical of the CT states in TADF materials,
Table 2.27 The Stokes shift of II appears much greater than those
for the other molecules because it is estimated using the ππ*
transition and not the nπ* transition used for the other
molecules. This is because the nπ* transition for II is blue-
shifted and overlaps with the ππ* transition, and hence the peak
of the nπ* transition is not experimentally accessible. Molecule
II also has the largest ππ*extinction coefficient, indicating less
delocalization of the acridine π density into A. The quantum
yields are high (62−88%) for all I−IV.
Time-resolved emission decay measurements were performed

as previously described28,29 and allow quantification of the
prompt and delayed emission lifetimes (τPF and τDF,

Figure 4. Normalized PL spectra of (a) I, (b) II, (c) III, and (d) IV in toluene and DCM solvent; excitation wavelength was 355 nm.

Figure 5. PL (at RT) and phosphorescence (recorded at 80 K with 70 ms delay-time) spectra of (a) I, (b) II, (c) III, and (d) IV in DPEPO.
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respectively) and reveal the rISC rates for each material (krISC).
For these time-resolved experiments, the materials were
dispersed at 10 wt % in DPEPO in anticipation of OLED
device fabrication in this host. The DPEPO host was selected
because of the scarcity of other suitable OLED host materials
with sufficiently high triplet energy and acceptable charge-
transport properties. Previous work on molecule I shows that
measurements in the less polar Zeonex host resulted in a larger
singlet−triplet gap and lower photoluminescence quantum yield
(PLQY) compared to the DPEPO host.20 Zeonex is a useful
medium for fundamental photophysical studies, however
substantial changes in photophysical properties are observed
between Zeonex and DPEPO. Therefore, detailed photophysics
in a suitable OLED host of choice (DPEPO) was performed so
that direct comparison between photophysical and electro-
luminescence (EL) data could be made. The photolumines-
cence (PL) spectra in DPEPO (Figure 5) have comparable
onset energies to those in toluene (Figure 4). This is consistent
with the solid-state environment being of similar polarity with
that of toluene.17 In the case of IV, its red-shifted emission
compared to I reveals the increased donor strength. The para-
methyl substituents of IV are unlikely to exhibit any steric effects
because of their remote position of substitution.
The delayed lifetimes of all molecules in DPEPO at room

temperature (RT) (Table 3 and Figure 6) are similar (ca. 3 μs),

with the exception of II which showed a reduced rISC rate and
an extended delayed lifetime. In order to estimate the rISC rates,

the fitting method previously described by Haase and co-
workers was used.30 It was found that krISC follows the order III >
I ≈ IV > II (Table 3) in excellent agreement with the measured
ΔEST. As material IV was found to have almost identical
properties to I, a lower PLQY, and red-shifted emission, IV was
discounted from further investigation in devices. Triplet−triplet
annihilation has been excluded as the cause of the delayed
emission by means of laser power dependence measurements;
linear dependence with a slope of 1 was established for
molecules I−IV and most importantly for III (Figure S3).31

The temperature dependence of the emission in the solid state
for all four molecules was measured in DPEPO (Figure 7). The
data for I is consistent with previous report.20

Time-dependent emission decays were collected between 80
and 290 K and with suitable time delays (TDs) to
unambiguously capture the CT singlet and phosphorescence
emission (Figure 7) to unambiguously capture the CT singlet
and phosphorescence emission (Figure 5). The phosphor-
escence of III (TD = 70 ms) has an onset value of 3.02 ± 0.02
eV; this is the highest measured energy of the localized triplet
(3LE) in the series of molecules presented here. In contrast, IV
has the lowest lying 3LE state with an onset energy of 2.91± 0.02
eV inDPEPO. The 3LE of I and II appear to be isoenergetic. The
3LE emission spectra of all four molecules of this series appear to
be a mix of 3LE of the D and A units. The phosphorescence
emission has been assigned as 3LE despite the broadness of the
emission due to the C−N donor−acceptor bridge in molecules
I−IV, and the conjugation across this bond is very limited due to
the near-perpendicular D−A orientation. Therefore, some of the
local character of these isolated donor units remains in the D−
A−D system. These localized orbitals are the reason whyΔEST is
so small in these compounds as the localized triplet state is
located predominantly on the D or A because of lack of
conjugation, whereas the CT state is likely distributed across the
whole molecule. This local triplet character has previously been
observed in several similar systems.20,32

At short delays (i.e., prompt emission), broad Gaussian bands
characteristic of CT emission are observed.33 1CT onset
energies ranging from 2.97 ± 0.02 eV in IV to 3.11 ± 0.02 eV
for II are reported. There is a small time-dependent apparent red
shift of the 1CT emission over the first 100 ns as exemplified for
III in Figure S4. This red shift is similar to what has been
previously observed in I because of dihedral angle hetero-
geneity.17,20,34 From Figure S4, it is clear that only the blue edge
of the emission band red shifts during the first 15 ns, and the
whole band does not red shift, clearly showing the faster decay of
the bluest states, that is, those with the smallest dihedral angle.
For III, there is no loss of DF at 160 K as compared to 290K; this
indicates a very small activation energy (EA). EA also appears to
be small for IV as indicated by negligible differences in the DF
intensity between 290 and 160 K. The PF of III (τPF = 47 ns) is
slower than that of I (τPF = 40 ns) because of a more
perpendicular D−A conformation enforced by the methyl
groups appended to the acceptor of III. Compound II is
characterized by the slowest emission in this series caused by the
largest ΔEST: consequently both ISC and rISC processes are
slow leading to extended prompt and delayed lifetimes.
Comparing the onsets of both the prompt 1CT emission and

the 3LE emission from Figure 5 allows ΔEST to be estimated, as
reported in Table 3.ΔEST of I in DPEPO is 60 meV with a rISC
rate of 1.2 × 106 s−1. In contrast, II has ΔEST of 130 meV and a
significantly slower rISC rate of 0.38 × 106 s−1, which also
correlates with its lower PLQY. Finally, III has ΔEST of 50 meV

Table 3. Summary of Energy Levels and Kinetic Parameters
from Time-Resolved Emission of the Target Compounds in
the DPEPO Matrix

I II III IV
3LE/eVa 2.98 2.98 3.02 2.91
1CT/eVb 3.04 3.11 3.07 2.97

ΔEST/eV
c 0.06 0.13 0.05 0.06

τPF/ns
d 40 83.5 47 41.4

τDF/μs
e 4.5 8.1 3 3.7

krISC/×10
6 s−1f 1.2 0.38 2.8 1.1

aDetermined from the onset of the phosphorescence emission at 20 K
(or 80 K for IV) with greater than 70 ms delay-time. bDetermined
using the onsets of the assigned CT emission band. cDetermined
using the onsets of 3LE and 1CT. dPrompt fluorescence lifetime.
eDelayed fluorescence lifetime. frISC rate determined using previously
reported methods.30

Figure 6. Time-resolved emission decay for I−IV in the DPEPO
matrix; the curves were obtained using 355 nm excitation wavelength.
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and the fastest rISC rate recorded in this work at 2.8 × 106 s−1.
The energy gap between 3LE and 1CT can be tuned by host
polarity, and DPEPO was identified as a suitable host for the
bluest material in the series based on the triplet energy.35 The
DPEPO triplet energy is 3.05 ± 0.02 eV measured in a neat film
at 80 K using 266 nm excitation wavelength.20

Devices. To evaluate I, II, and III in devices, the materials
were purified by sublimation and used in the following general
device structure: ITO/NPB (40 nm)/TSBPA (10 nm)/emitter
I−IV:DPEPO (30 nm)/DPEPO (10 nm)/TPBi (40 nm)/LiF/
Al (Figure S5). The emission layer was optimized at 35% dopant
concentration for I−III in DPEPO; NPB is N,N′-bis-
(naphthalene-1-yl)-N,N′-bis(phenyl)benzidine, ITO is indium
tin oxide, TSBPA is 4,4-(diphenylsilanediyl)bis(N,N-dipheny-
laniline), and TPBi is 1,3,5-tris(N-phenylbenzimidazol-2-yl)-
benzene. An additional layer of DPEPO is used as a hole-

blocking layer and to prevent TPBi (with a low lying 3LE) from
quenching the blue emitter at the host material interface.
Importantly, the use of TSBPA as a hole-transport layer
effectively prevents the formation of the green electromer of
4,4-(diphenylmethylene)bis(N,N-diphenylamine) previously
attributed to an exciplex formation between TPBi and I.20

The HOMO levels of I−IV were estimated from the cyclic
voltammetry data are very similar (the LUMO levels were
estimated from the measured HOMO and the band gap using
absorption spectra) (Figure S1); hence, the electrical properties
of the devices produced are expected to be similar (Table S2).
All device performance characteristics are reported (Table 4 and
Figure 8). The optimized high dopant concentration (35%) of
I−III in DPEPO was chosen after screening concentrations of
15−50% and is consistent with the optimized 30% of DDMA-
TXO2, compound I, in a mixed host reported by Lee and Lee.21

Figure 7. Time-resolved fluorescence decay of (a) I, (b) II, (c) III, and (d) IV in the DPEPO matrix.

Table 4. Electrical Properties of Devices Based on I, II, and III Including EQE (ηExt), Luminance (L), Current Efficiency (ηL),
Luminous Efficiency (ηP), CIE Coordinates at Maximum Value, and fwhm.

La (cd/m2) ηext
a (%) ηL

a (cd/A) ηP
a (lm/W) ηext

b (%) ηext
c (%) CIEd (x, y) fwhm (nm)

I 4204 21.2 36.8 27.5 20 19.3 0.16, 0.25 81
II 1949 15.6 29.6 18.6 14.3 11.2 0.17, 0.29 93
III 2765 22.6 31.7 24.3 22.5 19.9 0.15, 0.18 78

aMeasured maximum values. bMeasured values at a luminance of 100 cd m−2. cMeasured values at a luminance of 1000 cd m−2. dMeasured values
at maximum ηext.

ACS Applied Materials & Interfaces Research Article

DOI: 10.1021/acsami.9b06364
ACS Appl. Mater. Interfaces XXXX, XXX, XXX−XXX

F

http://pubs.acs.org/doi/suppl/10.1021/acsami.9b06364/suppl_file/am9b06364_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acsami.9b06364/suppl_file/am9b06364_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acsami.9b06364/suppl_file/am9b06364_si_001.pdf
http://dx.doi.org/10.1021/acsami.9b06364


It has been shown that the hole transport from the TADF
material is a reason for needing such high concentrations of
TADF material, as DPEPO does not transport holes, and so the
TADF emitter must also perform this role.36,37

The same device architecture was employed for I−III to
enable a meaningful comparison within the whole series, rather
than comparing with previously reported devices of I, which
used different architectures.20,21

For all devices, the maximum EQEs achieved were in
agreement with the measured PLQYs (approximated using
EQE = PLQY × charge balance × outcoupling = 0.25 × PLQY),
assuming there is no horizontal molecular alignment.38 The best
performance was observed for material III with a maximum
EQE of 22.6% with CIE coordinates (0.15, 0.18) and full width
at half maximum (fwhm) of 78 nm. The EL peak is at 461 nm
(Figure 8d) and does not shift with voltage where the maximum
intensity is achieved (Figure S6). The OLED device for III
maintains 88% of its maximum EQE at 1000 cd m−2. In
comparison to the reference material I when using the same
device structure, an improvement in efficiency and deeper blue
color is observed for III. The roll off of III is comparable to that
of I (device I maintains 91% of its maximum EQE at 1000 cd
m−2). Importantly, we have demonstrated that the EQE of III is
higher than that of I at 100 and 1000 cd m−2 with color
coordinates more desirable for blue OLED applications (Figure

8a). In contrast, consistent with its largerΔEST, slower rISC, and
lower PLQY, the device performance of IIwas not as high as I or
III (EQEmax for II of 14.1%). We believe that the increase in
EQE for compound III is due to its high rISC rate and fast τDF.
The prompt fluorescence rate is somuch faster than the rISC (ns
vs μs), and therefore, small changes in the CT character and τPF
will not significantly affect the devices; however, the faster rISC
rate allows for efficient triplet harvesting. Emission in TADF
molecules comprises both prompt CT and delayed CT
emissions; thus identifying a single cause to changes in overall
PLQY is complex in these systems.
The weaker acceptor of III causes the blue shift of the

emission, which results in improved device blue color
coordinates of III versus I. It is suggested that the average D−
A dihedral angle also contributes to III’s superior optical and
electrical performance by restricting the D−A dihedral angle
closer to 90° in III. The 1CT and 3LE states are shifted to higher
energies because of less electronic communication of the donor
N lone pair with the acceptor. It is important to note that this
effect, presumably due to steric interactions of the donor with
the acceptor methyl substituents, raises both the CT and the
triplet together, maintaining a low ΔEST critical for efficient
TADF.
These OLED data for III are very competitive with the recent

efficient devices of TADF emitters with similar CIE coordinates.

Figure 8. (a) EQE vs brightness, (b) CIE color coordinates, (c) current density vs voltage, and (d) EL spectra of I−III and device architecture
described above.
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For example, D−A molecules recently published by Woo and
co-workers gave an EQEmax of 23.7% (CIE 0.148, 0.158) and
16% (0.148, 0.131).39 However, although these devices are
deeper-blue than III, and they exhibit considerable roll-off to
14.5 and 8.5% at 100 cd m−2.

■ CONCLUSIONS
Summarizing, a series of new blue TADF molecules has been
rationally designed, synthesized, and characterized in detail in
order to develop understanding of how to improve the TADF
efficiency and create more efficient blue OLED devices. Detailed
photophysical measurements successfully identify III as an
improved version of I for blue emission, which is attributed to its
sterically controlled D−A angle. In IV, the addition of methyl
groups on the donor slightly increases the donor strength and
red shifts the emission. Interestingly, the methyl groups do not
significantly alter the rISC rate. OLED devices fabricated with
III have higher performance compared to reference I, with CIE
color coordinates in the deeper blue region. Finally, it has been
demonstrated that regioisomerism has a huge effect on the rISC
rates and PLQY even though the 1CT level is not changed
significantly, as exemplified by comparison of I and II.
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