Please do not adjust margins

Journal Name
ARTICLE

Received 00th January 20xx,
Accepted 00th January 20xx
DOI: 10.1039/x0xx00000x
www.rsc.org/

Enhanced Thermally Activated Delayed Fluorescence Through
Bridge Modification in Sulfone-Based Emitters Employed in Deep
Blue Organic Light-Emitting Diodes
Pachaiyappan Rajamallia*, Dongyang Chena, Wenbo Lib, Ifor D. W. Samuelb David B. Cordesa,
Alexandra M. Z. Slawina and Eli Zysman-Colmana*
Two thermally activated delayed fluorescence (TADF) emitters bearing a new dipyridyl sulfone core as the electron-accepting
unit and di-tert-butyl carbazoles as electron-donating units are reported. The two emitters, pDTCz-2DPyS and pDTCz-3DPyS,
differ in the regiochemistry of the substitution about the pyridine rings [pDTCz-2DPyS = 9,9'-(sulfonylbis(pyridine-6,3diyl))bis(3,6-di-tert-butyl-9H-carbazole);

pDTCz-3DPyS

=

9,9'-(sulfonylbis(pyridine-5,2-diyl))bis(3,6-di-tert-butyl-9H-

carbazole)]. Both compounds show blue emission in the range of 450-465 nm, which is in line with theoretical calculations.
They have very similar singlet-triplet energy (DEST) gaps (DEST = 0.22 eV and 0.21 eV for pDTCz-3DPyS and pDTCz-2DPyS,
respectively). pDTCz-2DPyS has a much larger proportion of delayed emission (26.2%) than pDTCz-3DPyS (1.2%)]. The two
compounds

show

comparable

photoluminescence

quantum

bis(diphenylphosphoryl)dibenzo[b,d]thiophene (PPT) doped films. The

yields

of

60%

in

2,8-

performance of organic light-emitting diodes

(OLEDs) depends on the host used. The maximum external quantum efficiency (EQE) in the PPT host of pDTCz-3DPyS is 7.0%,
whilst for pDTCz-2DPyS it is 12.4%. High performance is obtained for both materials when bis[2-(diphenylphosphino)phenyl]
ether oxide (DPEPO) is used as the host, with a maximum EQE of 13.4% for pDTCz-3DPyS and 11.4% for pDTCz-2DPyS. In
addition, pDTCz-3DPyS shows pure blue electroluminescence with CIE color coordinates of (0.15, 0.12) compared to pDTCz2DPyS with coordinates of (0.15, 0.19).

Introduction
Organic light-emitting diodes (OLEDs) have come to the fore as
the display technology of choice in a growing number of
consumer electronics applications, including flat panel large
screen televisions, smart phones, and smart watches.1 The
external quantum efficiency (EQE) of the OLED is dictated in part
by the internal quantum efficiency (IQE) of the device that is
itself a function of the nature of the emitter material. The
maximum IQE is typically 25% when the emitter is fluorescent
and increases to 100% for heavy metal phosphorescent
emitters.2 Iridium-based emitters are now used in state-of-theart green and red OLEDs.3 However, use of noble metals such as
iridium or platinum in phosphorescent emitters remains an
issue in terms of environmental sustainability due to their
inherent toxicity profile and scarcity.4 Moreover, although many
blue phosphorescent materials have been developed,5,1c,6 their
device lifetimes are too short and thus are not suitable for
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commercial use,7 or they are not sufficiently blue in the device
with too high a Commission Internationale de l’Éclairage (CIE) yordinate (y-ordinate >0.25).8 Current OLEDs therefore use blue
fluorescent compounds and their EQEmax so far does not
exceeded 12%.9 As a consequence, around 50% of the power
consumed by a mobile OLED display is linked to blue light
generation.1b Very recently, OLEDs using metal-free thermally
activated delayed fluorescent (TADF) emitters have become
popular as viable alternatives to phosphorescent OLEDs. 10
Although a plethora of TADF emitters have been developed
since 2012,11 only a few deep-blue TADF OLEDs with CIE
coordinates meeting the criteria of y < 0.2 and x + y < 0.30 are
known.1b, 12 Moreover, their efficiencies are still lower than sky
blue and green TADF OLEDs.
In TADF emitters the lowest triplet excited state (T1) can be
converted to the lowest singlet excited state (S1) via reverse
intersystem crossing (RISC) due to the small singlet−triplet
energy gap (ΔEST) between these two states. The molecular
design required to achieve efficient RISC is usually predicated
on a highly twisted donor-acceptor structure that has a very
small exchange integral between the frontier molecular orbitals
involved in these excited states.13 However, more twisted
molecules lead to greater structural relaxation, thus both
broadening and red-shifting the emission spectra.14 As a result
of these undesirable traits, the required CIE coordinates for
deep blue emission are frequently not achieved. A design
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and 353 oC, for pDTCz-3DPyS and pDTCz-2DPyS, respectively,
were observed. The TGA results of these emitters are shown in
Fig. 2 and both materials exhibited high decomposition
temperature and the Td (weight loss of 5%) for pDTCz-3DPyS
and pDTCz-2DPyS are 448 oC and 391 oC, respectively. The high
thermal stability of these emitters is a desirable feature for the
stability of the device morphology stability at high driving
voltage and brightness.

100

Weight percentage / %

strategy that employs rigid donor-acceptor structures is an
attractive solution to achieve efficient, deep blue-emitting
TADF-based OLEDs. To address the challenge of deep blue TADF
emitters, we designed two compounds based on the scaffold Dhet-SO2-het-D, where D is a donor group that in this case is 3,6di-tert-butyl-9H-carbazole (DTCz) and het is a pyridine ring. The
choice of DTCz as the donor resulted from a recognition that the
tert-butyl groups protected the reactive 3- and 6-positions of
the carbazole thereby improving both the chemical and
electrochemical stability.15 The two emitters, pDTCz-2DPyS and
pDTCz-3DPyS (Fig. 1), differ only in the regiochemistry of the
substitution about pyridine ring and are both linear structures.
The presence/absence of the heteroatom directly influences
the performance of these two emitters by facilitating a more
planar conformation and is contrasted to the previously
reported state-of-the-art deep blue TADF emitter pDTCz-DPS.16
Compound pDTCz-3DPyS not only shows deep blue emission
and improved device performance (EQEmax ~ 13%) compared to
pDTCz-2DPyS, both OLEDs reported herein show higher EQEmax
than the reference blue emitter pDTCz-DPS using the same
device architecture.
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Fig. 1 Emitters in study

Fig. 2 The thermogravimetric thermograms of pDTCz-3DPyS and pDTCz-2DPyS.

Result and discussion

Density functional theoretical (DFT) calculations

Synthesis
The syntheses of pDTCz-2DPyS and pDTCz-3DPyS are shown
in Scheme 1. The two emitters were purified first by silica gel
chromatography and then by temperature gradient vacuum
sublimation, and were characterized by a combination of NMR
spectroscopy, high-resolution mass spectrometry, melting point
determination, elemental analysis, and for pDTCz-2DPyS single
crystal diffraction analysis (Fig. S1). The purity of the materials
was corroborated by high performance liquid chromatography
(HPLC) analysis.
O

tBu

N
N

CuI/K2CO3

I + Na2S.9H2O

DMF, 130

oC,

S

tBu

N

N

N

tBu

N

24 h
tBu

O
Br

N

S

O

H
N

N

+
Br

tBu

N

H2O2/CH3CO2H
50%

40%

tBu

tBu

85 oC, 12 h

tBu

tBu

S

O
N

N

tBu

N

pDTCz-3DPyS
tBu

O O
N
S
Cu/K2CO3/PhNO2
tBu

tBu

N

N

tBu

N

190 oC, 24 h
50%
tBu

pDTCz-2DPyS

600

o

tBu

DTCz-DPS

200

tBu

Scheme 1. Synthesis of pDTCz-3DPyS and pDTCz-2DPyS.

Thermal analysis
The thermal stability of these materials was investigated using
thermogravimetric analysis (TGA) and differential thermal
analysis (DTA). Both pDTCz-3DPyS and pDTCz-2DPyS showed
very high thermal stability with very high melting (Tm) and
degradation temperatures (Td). Melting temperatures of 361 oC

To gain insight into their structure-property relationships, we
performed density functional theoretical (DFT) calculations on
pDTCz-2DPyS, pDTCz-3DPyS and the reference emitter pDTCzDPS. Ground state geometry optimization was performed using
the PBE017 functional with the Pople18 6-31G(d,p) basis set while
the nature of the excited states was predicted using the Tamm–
Dancoff approximation (TDA) to time-dependent density
functional theory (TD-DFT).19 Fig. 3 shows the relative orbital
energies and electron density distribution of the HOMO and
LUMO of each of the three modelled emitters. In each case, the
HOMO is localized on the DTCz donors and slightly extending to
the pyridyl/phenyl bridges while the LUMO is localized on both
the sulfone and pyridyl/phenyl rings. Among the three
molecules, pDTCz-3DPyS shows higher oscillator strength (f =
0.78) compared to pDTCz-2DPyS (f = 0.35) and the reference
compound pDTCz-DPS (f = 0.48) (Fig. 3). This is because of more
overlap between the HOMO and LUMO, and the value is very
high compared with other TADF molecules. Both pDTCz-2DPyS
and pDTCz-3DPyS show comparable calculated ΔEST and S1 and
T1 energies (Table 1). The high S1 energy of these molecules and
the small calculated ΔEST values are indications that these
materials are deep blue TADF emitters.

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

This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins

Please do not adjust margins
Journal Name

ARTICLE

Table 1. Calculated HOMO/LUMO and S1/T1/DEST energies for pDTCz-2DPyS, pDTCz3DPyS and pDTCz-DPS.

Compound

HOMO
/ eV

LUMO
/ eV

S1 /
eV

T1 /
eV

ΔEST
/ eV

f

pDTCz-3DPyS

-5.77

-1.71

3.45

3.02

0.43

0.78

pDTCz-2DPyS
pDTCz-DPS

-5.74
-5.63

-1.51
-1.50

3.51
3.48

3.12
3.13

0.39
0.35

0.35
0.48

Fig. 4 Cyclic Voltammograms of pDTCz-2DPyS and pDTCz-3DPyS in DCM, reported
versus SCE (Fc/Fc+ = 0.34 V in DCM)20 and scan rate = 50 mV/s.

Electrochemical measurements on pDTCz-2DPyS, and
pDTCz-3DPyS were carried out in DCM. The cyclic voltammetry
(CV) traces are shown in Fig. 4. The DTCz-centered oxidation
waves were found to be reversible while the dipyridylsulfonebased reduction waves were found to be irreversible. The
oxidation potentials for pDTCz-2DPyS (E1/2 ox = 1.29 V) and
pDTCz-3DPyS (E1/2 ox = 1.25 V) are, expectedly, closely aligned.
The small cathodic shift in the latter reflects the increased
planarized conformation of the DTCz groups and their resulting
increased conjugation with the 3DPyS acceptor core. The
corresponding HOMO levels of -5.75 eV and -5.71 eV for pDTCz2DPyS and pDTCz-3DPyS, respectively, closely match those
predicted by DFT calculations (-5.74 eV for pDTCz-2DPyS and 5.77 eV for pDTCz-3DPyS). The reduction potentials for pDTCz2DPyS (Ered = -1.99 V) and pDTCz-3DPyS (Ered = -2.06 V) are
likewise closely aligned. The LUMO levels of -3.15 eV and -3.08
eV for pDTCz-2DPyS and pDTCz-3DPyS, respectively, were
obtained directly from the reduction potentials. More
destabilized LUMO levels of -2.73 eV and -2.57 eV, respectively
for pDTCz-2DPyS, and pDTCz-3DPyS were estimated by adding
Eg to the HOMO (Table 2), where the Eg is the singlet energy gap
and determined from the onset of the fluorescence spectrum,
which was measured in thin film (vide infra); these are more in
line with the DFT calculated values.

1
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pDTCz-2DPyS

1

Intensity / a.u.

Optoelectronic Characterization

e / 4*10-4 M-1 cm-1

Fig. 3 Calculated HOMO, LUMO, S1 and T1 energies, and electron-density
distributions of the HOMO and LUMO of pDTCz-2DPyS, pDTCz-3DPyS and pDTCzDPS.

The UV-vis absorption and steady-state photoluminescence
(PL) spectra of pDTCz-2DPyS and pDTCz-3DPyS in toluene are
shown in Fig. 5. Both compounds show an intramolecular
charge transfer (ICT) absorption band at 356 nm and 367 nm,
respectively, for pDTCz-2DPyS and pDTCz-3DPyS. The larger
molar absorptivity, e, and bathochromic shift of the ICT band in
the latter are consistent with the picture produced by the DFT
modelling (Fig. 3). However, the photoluminescence spectra in
toluene are identical for both emitters (Fig. 5a). Indeed, the
emission spectra are broad and structureless in solution, and
the emission spectra are bathochromically shifted in polar
solvents, both indications of an emission from an ICT state (Fig.
S2). The FPL measured in toluene under an N2 atmosphere are
47% and 50% for pDTCz-2DPyS and pDTCz-3DPyS, respectively.
When measured under air, these are reduced to 37% and 43%,
respectively.
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Fig. 5 Absorption (solid) and emission (dashed) spectra of pDTCz-2DPyS and
pDTCz-3DPyS in toluene solution. l exc = 360 nm

To assess the emission properties of these emitters in the
solid state, their photophysical properties were first
investigated in PMMA. Thin films were prepared by spin-coating
a 10 wt% chlorobenzene solution of emitter in PMMA (Fig. 6a).
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All emission maxima are red-shifted slightly, by 5 nm for pDTCz3DPyS and 10 nm for pDTCz-2DPyS, and the emission spectra
are slightly sharper than those in toluene. The FPL in 10 wt%
doped PMMA films under an N2 atmosphere are 51% and 52%,
respectively for pDTCz-2DPyS and pDTCz-3DPyS. The FPL values
were reduced to 44% and 47%, respectively, under air,
indicating the presence of an accessible triplet state in both
solution and thin film state.

S4) and the DEST, calculated from the difference between the
onsets of these spectra, were found to be 0.21 and 0.22 eV for
pDTCz-2DPyS and pDTCz-3DPyS, respectively. These values are
slightly lower than the calculated values though follow the same
trend (Table 1). They are also lower than pDTCz-DPS (DEST = 0.27
eV) and denote an efficient rISC mechanism in both PPT and
DPEPO (vide infra). The photophysical data are summarized in
Table 2. Here, pDTCz-3DPyS has a larger DEST compared to the
pDTCz-2DPyS, which we attribute to the more planarized
conformation in the former (DFT calculated angle between the
plane of the TCz and the plane of the pyridine = 33.2° for pDTCz3DPyS and 48.1° for pDTCz-2DPyS).
The time-resolved photoluminescence (PL) was measured in
a toluene solution of concentration 10-5 M and the results are
shown in Fig. 8a. pDTCz-3DPyS shows a biexponential decay
with prompt, tp, and delayed, td, fluorescence lifetimes of 7.1
ns (95.4%) and 0.45 µs (4.6%), respectively.
a)

1

Intensity / a. u.

Fl. (300 K)
Phos. (77 K)

b)
1

Intensity / a.u.

pDTCz-2DPyS
pDTCz-3DPyS
(0.21 eV)

0

400

500

600

700

Wavelength / nm

b)

1

400

500

600

700

Wavelength / nm
Fig. 6 Emission spectra of pDTCz-2DPyS and pDTCz-3DPyS in a) 10 wt% doped
PMMA film and, b) 7 wt% doped PPT film. lexc = 360 nm.

Given their high excited state energies in toluene and in
PMMA, the photophysical properties in doped thin films in a
suitably high triplet energy host, PPT, were next investigated.
The room temperature steady-state emission spectra, shown in
Fig. 6b, remain featureless. The FPL measured in 7 wt% doped
PPT film under an N2 atmosphere are higher still at 67%, 62%,
and 60%, respectively, for pDTCz-2DPyS, pDTCz-3DPyS and
pDTCz-DPS. The FPL values decreased to 55%, 49% and 59%,
respectively, under air. The small decrease of PLQY on going
from nitrogen to air suggests that only a relatively small part of
the emission is from delayed fluorescence. In order to elucidate
DEST the fluorescence and phosphorescence spectra were
measured at 300 K and 77 K, respectively (Fig. 7 and Fig. S3 and
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Fig. 7 Fluorescence (Fl.) phosphorescence (Phos.) spectra and of a) pDTCz-2DPyS,
and b) pDTCz-3DPyS in 7 wt% doped PPT film. lexc = 360 nm

pDTCz-2DPyS also shows biexponential decay with tp and td of
15.1 ns (84.1%) and 0.85 µs (15.9%), respectively. The results
support that these materials emit by TADF in toluene solution.
The time-resolved PL profiles in doped PPT films are shown in
Fig. 8b. Similar to the measurements in PhMe, in both
compounds there is a dominant prompt nanosecond

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

This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins

Please do not adjust margins
Journal Name

ARTICLE

component and a delayed microsecond component that is itself
two orders of magnitude longer than that observed in solution.
For pDTCz-3DPyS the tp is 7.0 ns (98.8%) and the td is 33.2 μs
(1.2%) while for pDTCz-2DPyS the tp is pDTCz-2DPyS 13.3 ns
(73.8%) and the td is biexponential in nature with 27.1 μs
(16.4%) and 99.5 μs (9.8%). We next performed variable
temperature time-resolved PL measurements to corroborate

the TADF nature of the emission. As shown in Fig. 9, S3 and S4,
the relative intensities of the delayed PL of both pDTCz-2DPyS
and pDTCz-3DPyS decreased from 300 to 77 K in both PPT and
DPEPO host and phosphorescence emission is increased at 77 K.
21

Table 2. Photophysical properties of pDTCz-3DPyS and pDTCz-2DPyS.

Emitter

labs
/ nma

lPL
/ nmb

lPL
/ nmc

HOMO
/ eVd

LUMO
/ eVe

Eg(S1) / eVf

ET(T1) /
eVg

ΔEST / eVh

FPL / %i

pDTCz-3DPyS

367

444

462

˗5.71

˗2.57

3.14

2.92

0.22

62

pDTCz-2DPyS

356

467

478

˗5.75

˗2.73

3.02

2.81

0.21

67

a ICT

band measured in PhMe at room temperature. b Fluorescence spectra measured in co-doped film at 300 K in PPT host. c Phosphorescence spectra measured in a
film with 7 wt% in PPT host at 77 K. d Determined from the oxidation potential observed by CV in 10-3 M DCM. e Calculated from HOMO + Eg. f Eg values are estimated
from the onset of the fluorescence spectrum. g Estimated from the onset of phosphorescence spectrum. h DEST = E(S1) - E(T1). I Absolute FPL of 7 wt% PPT film measured
using an integrating sphere.
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Fig. 9 Variable temperature time-resolved PL of 7 wt% doped thin films in PPT of
a) pDTCz-2DPyS, and b) pDTCz-3DPyS. l exc = 378 nm

Fig. 8 a) Time-resolved (TCSPC) PL of emitter in toluene solution, and b) Timeresolved (MCS) PL of 7 wt% emitter doped in PPT thin film at 300 K (Inset: prompt
emission measured by TCSPC of PPT doped film). lexc = 378 nm.

Device performance
Given their promising photophysical properties, we next
fabricated multilayer devices using these dopants. The
schematic representation of the device architecture and
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molecular structures of the materials used in the devices are
shown in Fig. 10.
Table 3. The electroluminescence performances of the OLEDs using pDTCz-3DPyS, pDTCz-2DPyS and pDTCz-DPS.a,b

Device
(Emitter)
Device A
(pDTCz-3DPyS)

Lmax / cd m-2

EQEmax;EQE100 / %

CEmax;CE100 / cd/A

PEmax;PE100 / lm/W

lEL / nm

CIE @6 V

2530

7.0;5.7

6.5;5.2

5.9;3.1

453

(0.15, 0.12)

Device B
(pDTCz-2DPyS)

3850

12.4;7.7

17.1;10.4

15.3;6.0

467

(0.15, 0.19)

Device C
(pDTCz-DPS)

1790

2.7;2.6

1.4;1.3

1.1;1.0

428

(0.15, 0.08)

a Configuration for Devices A, B and C: ITO/NPB (30 nm)/TAPC (20 nm)/mCP (10 nm)/PPT: pDTCz-3DPyS or pDTCz-2DPyS or pDTCz-DPS (7 wt%) (30 nm)/PPT (5 nm)/
TmPyPb (30 nm)/LiF (1 nm)/Al (100 nm); b Vd, The operating voltage at a brightness of 1 cd m-2; L, luminance; EQE, external quantum efficiency; CE, current efficiency;

PE, power efficiency; Data are reported as maxima and at 100 cd m -2; and lEL, the wavelength where the EL spectrum has the highest intensity.

transporting material. The electroluminescence properties of
the devices are shown in Fig. 11, and Fig. S5, S6, and data are
summarized in Table 3.

a)

a)

pDTCz-3DPyS
pDTCz-2DPyS
pDTCz-DPS

EQE / %

10

1

b)

1

Fig. 10. Schematic representation of the Devices A-C (a) and chemical structures
of the materials used in the devices (b).

Devices A, B and C employed, respectively, pDTCz-3DPyS,
pDTCz-2DPyS and pDTCz-DPS as the dopant and were
fabricated using the following device stack: ITO/NPB (30
nm)/TAPC (20 nm)/mCP (10 nm)/ PPT:Dopant (7 wt%) (30 nm)/
PPT (5 nm)/TmPyPb (30 nm)/LiF (1 nm)/Al (100 nm),
respectively. In these devices, N,Nʹ-bis(1-naphthyl)-N,Nʹdiphenyl-1,1ʹ-biphenyl-4,4ʹ-diamine (NPB) acts as the hole
injection material, 1,1-bis[4-[N,Nʹ-di(p-tolyl)amino]phenyl]
cyclohexane (TAPC) is the hole transporting material, 1,3-bis(Ncarbazolyl)benzene (mCP) is the an exciton blocking layer, PPT
is the host material, and 2,2ʹ,2"-(1,3,5-benzenetriyl)-tris(1phenyl-1-H-benzimidazole) (TmPyPb) is the electron-
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Fig. 11 Electroluminescent performance of Devices A (pDTCz-3DPyS), B (pDTCz2DPyS) and C (pDTCz-3DPS): a) EQE vs luminance, b) Electroluminescence spectra
and device photos

Devices A, B and C show maximum external quantum
efficiencies (EQEmax) of 7.0%, 12.4%, and 2.7%, respectively. The
CIE coordinates of Devices A and B are (0.15, 0.12) and (0.15,
0.19), respectively. Both Devices A and B show an improved
performance compared to Device C with the reference emitter
pDTCz-DPS. The device performance of these materials are
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significantly improved compared to our recently reported
oxadiazole-based blue OLEDs (EQEmax = 4.7%; CIEx,y = 0.15,
0.12).22 Devices A, B and C show maximum current and power
efficiencies of 6.5, 17.1, 1.4 cd A-1, and 5.9, 15.3, 1.1 lm W-1,
respectively. The use of pDTCz-2DPyS as the dopant resulted in
a ca. 4.6 times improvement in the EQEmax of devices compared
with pDTCz-DPS . The higher EQEmax of Device B is due to in part
to more efficient singlet harvesting as a function of the smaller
ΔEST.
The electroluminescence spectra of both the devices are
very similar to the corresponding PPT thin film PL spectra, with

no residual emission exhibited from other layers (Fig. 11). This
observation indicates that the excitons are confined within the
emission layer. Devices A and B gave blue electroluminescence
with lEL of 453 nm and 467 nm and colour coordinates of (0.15,
0.12) and (0.15, 0.19), respectively, that are red-shifted
compared to that of Device C (0.15, 0.08).

Table 4. The electroluminescence performances of the OLEDs using pDTCz-3DPyS, pDTCz-2DPyS and pDTCz-DPS.a,b

Devices

Lmax / cd m-2

EQEmax;EQE100 / %

CEmax/CE100 (cd/A)

PEmax / PE100 (lm/W)

lEL / nm

CIE @6 V

Device D
(pDTCz-3DPyS)

392

13.4;4.5

13.2/4.3

10.9/2.3

452

(0.15, 0.13)

Device E
(pDTCz-2DPyS)

462

11.4;4.2

15.1/5.8

11.6/2.6

466

(0.15, 0.18)

Device F
(pDTCz-DPS)

499

4.6;3.2

2.5/1.7

2.2/1.0

428

(0.15, 0.08)

a Configuration

for Devices D, E and F: ITO/NPB (30 nm)/TAPC (20 nm)/mCP (10 nm)/DPEPO: pDTCz-3DPyS or pDTCz-2DPyS or pDTCz-DPS (7 wt%) (30 nm)/PPT (5 nm)/
TmPyPb (30 nm)/LiF (1 nm)/Al (100 nm); b Vd, The operating voltage at a brightness of 1 cd m-2; L, luminance; EQE, external quantum efficiency; CE, current efficiency;
PE, power efficiency; Data are reported as maxima and at 100 cd m -2; and lEL, the wavelength where the EL spectrum has the highest intensity.
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A high triplet energy (>3.0 eV) host material with
appropriate HOMO and LUMO energy levels is important to
achieve high performance deep blue OLEDs. Although, both
DPEPO and PPT have the same triplet energy (3.0 eV). The
HOMO (6.0 eV) and LUMO (2.0 eV) levels of DPEPO23 better
matched to the HOMO and LUMO of the emitters (Table 3) than
when PPT (HOMO 6.7 eV and LUMO 3.0 eV)24 is used as a host
(Fig. 10a and Fig.12a). The FPL of these emitters, measured
under a N2 atmosphere in 7 wt% DPEPO film, are 81%, 72%, 66%,
respectively for pDTCz-2DPyS, pDTCz-3DPyS and pDTCz-DPS
and it reduced to 62%, 61% and 59% under air. Therefore, we
next checked the device performances in the DPEPO host,
Devices D-F were fabricated with same device architecture as
Devices A-C but with DPEPO as the host instead of PPT. Devices
D, E and F showed maximum EQEmax of 13.4%, 11.4%, and 4.7%,
respectively (Fig. 12); relevant device metrics are summarized
in Table 4. Similar to the results with PPT as the host, Devices D
and E show improved performance compared to the reference
Device F (EQEmax = 4.7%). Noticeably, the performance of Device
D increased almost twofold (EQEmax = 13.4%) compared to
Device A (EQEmax = 7.0%). The current and power efficiencies are
13.2, 15.1, 2.5 cd A-1, and 10.9, 11.6, 2.2 lm W-1, respectively,
for Devices D, E and F. Devices D and E show a higher EQEmax in
DPEPO host, but at the expense of lower luminance [392 cd/m2
(D), 462 cd/m2 (E) and 499 cd/m2 (F)] as compared to the devices
using PPT as the host [2531 cd/m2 (D), 3850 cd/m2 (E) and 1788
cd/m2 (F)]. We ascribe the lower luminances to poorer charge
transport in DPEPO compared to PPT. These results indicate that
the performances of the OLEDs can be improved further by
selecting high triplet energy ambipolar host materials.
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Fig. 12 Electroluminescent performance of Devices D (pDTCz-DPyS), E (pDTCz-DPyS) and
5
F (pDTCz-DPS): a) EQE vs luminance, b) Electroluminescence spectra and device photos.
1

Conclusions
We have designed two D-A-D TADF emitters pDTCz-3DPyS and
pDTCz-2DPyS bearing pyridyl sulfone electron-accepting units
and di-tert-butylcarbazoles as the electron-donating units. The
experimental DEST values of 0.22 eV and 0.21 eV, respectively,
for pDTCz-3DPyS and pDTCz-2DPyS, the oxygen sensitivity of
FPL and the temperature-dependent behaviour all point to a
TADF-based emission both in solution and in the solid state.
Both
emitters
show
attractively
high
thin
film
photoluminescence quantum yields of 62-81% in both DPEPO
and PPT host. Vacuum-deposited OLEDs showed EQEmax of
13.4% and 12.4%, respectively, for the devices with pDTCz3DPyS and pDTCz-2DPyS. The performance of the OLEDs with
these two emitters is much higher than the device with the
reference state-of-the-art deep blue TADF emitter, pDTCz-DPS
(EQE ~ 4.7%). Importantly, the device with pDTCz-3DPyS shows
pure blue electroluminescence with CIE coordinates of (0.15,
0.12), while the device employing pDTCz-2DPyS shows CIE
coordinates of (0.15, 0.19). It suggests that small changes in the
structure of the acceptor unit play a crucial role in retaining the
pure blue emission and improving the performances of devices.
Moreover, the OLED with pDTCz-3DPyS as the emitter shows a
much higher EQEmax of 13.4% in DPEPO host compared to the
device with PPT as the host (7.0%) and it implies that selection
of the host materials remains very important to achieve highly
efficient devices.
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