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An efficient blue organic light-emitting diode (OLED) device with high color purity is a challenging issue
with technological relevance. Herein, we demonstrated the role of the donor substitution position in a
thermally activated delayed fluorescence (TADF) emitter to achieve deep blue emission with improved
color purity without reducing the device performance. A novel (4-(3,6-di-tert-butyl-9H-carbazol-9-
ylphenyl)(6-(3,6-di-tert-butyl-9H-carbazol-9-yl)pyridin-3-yl)methanone (3BPy-pDTC) was synthesized,
where two tert-butyl carbazolyl (DTC) donors linearly connected at the para position of the benzoyl
pyridine (3BPy) acceptor core. The 3BPy-pDTC emitter shows a low AEst value of 0.19 eV with a
subsequent overlap between holes and electrons which leads to a high photoluminescence quantum
yield (PLQY) of 93%. Besides, this emitter exhibits narrow emission spectra with a full-width at half
maximum (FWHM) of 58 nm. The OLED device using the 3BPy-pDTC dopant provided a high external
quantum efficiency (EQE) of 25% with deep blue emission at Amax of 458 nm. 3BPy-pDTC shows color
purity in deep blue emission as compared to its meta substituted counterpart (3BPy-mDTC) due to the
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locked geometry via intramolecular H-bonding and weak excited state charge transfer (CT) interactions.
The current study paves the way for developing deep-blue TADF emitters with high efficiency and color
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1. Introduction

Metal-free organic emitters with an electron-donating (D) unit
connected via a m-linker to an electron-accepting (A) unit
emerged as important materials for optoelectronic devices."™
The optical and electrochemical properties of donor-acceptor
(D-A) molecules can be tuned by controlling the excited-state
intramolecular charge transfer (ICT).>>"® The excited-state CT
proceeds with drastic conformational changes, mainly the
rotation at the D-A bond leading to the formation of a twisted
intramolecular charge transfer (TICT) state.*'® Consequently,
spectral broadening, large Stokes shifts, and lowering of the
bandgap are observed in CT-based organic emitters.>'" How-
ever, achieving high color purity in the devices is one of the
critical issues due to spectral broadening.'>** The broadening
in emission (i.e. full width at half maximum, FWHM) can be
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tuned by monitoring the CT interactions in D-A-based organic
emitters."”

Recently, D-A based chromophores have attracted much
attention due to a lower singlet (S;)-triplet (T;) energy gap
(AEgy), which facilitates the photon upconversion from the low-
lying T, to the S; excited-state. This leads to delayed fluores-
cence which is commonly known as thermally activated delayed
fluorescence (TADF)."*'%22 Therefore, 100% internal quantum
efficiency (IQE) of OLED devices can be achieved based on
these metal-free TADF emitters. Hence, highly efficient, light-
weight, flexible, and environment-friendly OLED devices are
achievable without the use of noble metals such as Ir and
Pt.>*72® Amid several recent reports, the development of blue
TADF emitters with high color purity and high efficiency
remains a challenge.'*?°3?

The decoupling of the highest occupied molecular orbital
(HOMO) and the lowest unoccupied molecular orbital (LUMO)
is important to reduce the AEgr. Hence, several D-A-based
TADF emitters with twisted molecular geometry were designed
to separate the HOMO and LUMO and obtain a low AEgy to
promote exciton upconversion from T; to the S; excited
state.'®'® However, a more twisted structure results in the
broadening of emission spectra, generally a FWHM of over

This journal is © The Royal Society of Chemistry 2022


http://orcid.org/0000-0002-7098-5429
http://orcid.org/0000-0002-2272-3512
http://orcid.org/0000-0002-7271-7559
http://orcid.org/0000-0003-2796-6086
http://orcid.org/0000-0002-4592-5758
http://orcid.org/0000-0001-8079-0425
http://crossmark.crossref.org/dialog/?doi=10.1039/d1tc05027c&domain=pdf&date_stamp=2022-02-16
http://rsc.li/materials-c
https://doi.org/10.1039/d1tc05027c
https://pubs.rsc.org/en/journals/journal/TC
https://pubs.rsc.org/en/journals/journal/TC?issueid=TC010012

Published on 31 January 2022. Downloaded on 12/5/2025 1:31:00 AM.

Paper

100 nm, which directly impacts the color purity of the devices.*?
Conversely, a complete planar structure gives a narrow emis-
sion but it shows poor device performance due to large AEgy
values. In order to achieve high device performance with high
color purity, the above trade-off needs to be solved. Therefore,
an optimum molecular design strategy is required to balance
the low AEgr for efficient photon upconversion and a narrow
FWHM in emission for color purity.

Recently, a multi-resonance TADF (MR-TADF) emitter was
found to be an ideal molecular design for OLEDs due to its
small AEgr, high PLQY, and narrow emission.**™” However,
nearly all MR-TADF emitters are based on boron/nitrogen,
which limits the molecular design flexibility and scope of these
emitters.">® Further, most of the MR-TADF based emitters
suffer from poor luminance.***° In order to overcome this
limitation, conventional TADF emitters need to be designed
and focused to achieve high color purity along with high device
brightness as well as performance. Recently, several attempts
were made to improve color purity and device performance
using conventional TADF molecular design (Table S8, ESIT).

The enhanced molecular restriction from ortho (0PTC, FWHM =
97 nm) to meta (mMPTC, FWHM = 86 nm) substitution of aryl groups
in the phenoxazine-benzonitrile dyad led to better color purity as
reported by Zhang and coworkers."’ Cheng and coworkers devel-
oped two isomeric TADF emitters and realised improved color
purity with device performance for one isomer over the other.
However, the emission maximum was in the sky-blue region and
CIE, was over 0.18, and hence the emission spectrum needs to be
blue-shifted to bring down the CIE, value below 0.15 for practical
applications.® Further, Kieffer and coworkers demonstrated that
balanced CT interactions leading to hole/electron (h/e) overlap
represent the key parameter for reducing the FWHM and color
purity.*” The donor substitution at the meta and para positions to
the pyridoquinoxaline (PQ) acceptor core significantly affects the CT
interactions and optical properties demonstrated by Patra and
coworkers.*?

Very few attempts were made to design a conventional TADF
emitter with a narrow emission bandwidth in the blue region.**
However, a unified molecular design strategy to achieve high
efficiency with color purity in the deep blue region is not clearly
represented. Our group developed 3BPy-mDTC as the TADF emitter
in the cyan/sky-blue region by substituting donors at the
meta position of the 3BPy acceptor core.”” Due to a strong donor-
acceptor CT interaction and decoupled HOMO-LUMO, a broad
TADF emission was observed in the sky blue region
(Amax ~475 nm) with an EQE of 24.6%. Here, we have designed
and synthesised a 3BPy-pDTC TADF emitter. This newly synthesised
para-substituted donor at the 3BPy acceptor core (3BPy-pDTC)
resulted in a narrow emission (FWHM ~ 58 nm) in the deep blue
region (Amax = 458 nm) with a very high EQE of 25%. This is due to
the balance between the low AEg and CT interactions. This
suggests that fine-tuning of molecular design is very important to
improve the color purity and achieve deep blue emission. This study
demonstrated a unique strategy to obtain deep blue emission with
improved color purity and retain the high electroluminescence
device performance (Scheme 1).

This journal is © The Royal Society of Chemistry 2022
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Scheme 1 Molecular design strategy of a blue TADF emitter: a compara-
tive account of the intrinsic ICT interactions of meta and para substituted
donors on the 3BPy acceptor core. The molecular structures of meta-
substituted 3BPy-mDTC and para-substituted 3BPy-pDTC with DTC as
the donor units are shown.

2. Results and discussion
2.1 Design strategy and synthesis

An earlier report for the meta substituted donors on the 3BPy
acceptor core exhibited strong excited state charge transfer (CT)
interactions.”® As a result, sky blue (lem, = 476 nm) TADF
emission was observed. To develop deep blue emission with
high device efficiency, we tuned the excited state CT interac-
tions by synthesizing its positional isomer, consisting of the
same terminal DTC as the donor group substituted to the para
positions of the central phenyl ring 3BPy acceptor core. The
donor substitution at the para positions of the 3BPy acceptor
core via the cost-effective Ullmann cross-coupling reaction
resulted in 3BPy-pDTC. The details of the synthetic procedure
are given in the supplementary information (Section 2, Scheme
S1, ESIt). 3BPy-pDTC was purified by temperature gradient
high vacuum sublimation and characterized by NMR spectro-
scopy, high-resolution mass spectrometry and single crystal X-
ray diffraction (SCXRD) analysis (Scheme S1 and Fig. S16, S17,
ESIt).

2.2 DFT calculation

A time-dependent density functional theory (TDDFT) calcula-
tion was carried out using the Gaussian 09W program package.
The optimized molecular structures of the two compounds are
shown in Fig. 1. 3BPy-pDTC shows an almost planar structure
(D-A-D dihedrals, 35° and 49°, respectively) with an energy gap
of 3.37 eV, whereas 3BPy-mDTC shows a more twisted structure
(50° and 57°) with a lowered energy gap of 3.18 eV. Therefore,
3BPy-pDTC is expected to show deep blue emission in contrast
to 3BPy-mDTC, which is a sky-blue emitter.** HOMO and LUMO
distributions are localized on the donor (DTC) and acceptor
(3BPy), respectively, for both emitters. Notably, 3BPy-pDTC
shows separation between the HOMO and LUMO with a very
large overlap, which leads to a large f for 3BPy-pDTC (f= 0.481),
and a large f is important for improving the radiative decay
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Fig. 1 DFT calculated electron density distributions of the highest occu-
pied molecular orbital (HOMO) and the lowest unoccupied molecular
orbital (LUMO) of (a) 3BPY-pDTC and (b) 3BPy-mDTC at the B3LYP/6-
311G(d,p) level. (c) The molecular structure and packing diagram of
3BPy-pDTC obtained from single crystal X-ray diffraction (SCXRD) analysis
displaying the intramolecular H-bonding interaction and the donor-—
acceptor dihedral angles.

channel and maintain a high PLQY. In contrast to 3BPy-mDTC,
here the acceptor pyridine and phenyl n-spacer units are
involved in both HOMO and LUMO distributions. The main
transitions and oscillator strengths of both emitters are listed
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in Table S1 (ESIT). The excited state hole and electron distribu-
tions for S; and T; states were analyzed using Multiwfn
software.’® The electrons of both S; and T, are distributed
mainly in the acceptor core (Fig. S1 and Table S2, ESIT). In
comparison, the hole for S; is predominantly distributed over
the donor carbazole units and extended to the phenyl n-spacer.
However, the hole for T, is distributed throughout the molecule
(Fig. S1a, ESI{).>®

The crystal structure of 3BPy-pDTC obtained from the
SCXRD analysis indicates the H-bond formation between the
pyridine nitrogen and adjacent H-CH of the donor carbazole
unit (N- - -H-CH: 2.56 A) locking the molecular geometry (Fig. 1c
and Fig. S2, Table S3, ESIt). Additionally, low D-A dihedral
angles of 33.76° and 40.98°, respectively (Fig. 1c), are observed
due to a locked molecular structure. The DFT optimized
geometry also indicates a similar trend of twisting angles
(Fig. 1a). As a result, a prominent overlap/coupling between
the holes and electrons for both S; and T; was observed. This
facilitates the photon upconversion from the T, to S; state
through reverse intersystem crossing (RISC). Comparatively, a
smaller coupling of holes and electrons in S, and T, states was
observed for 3BPy-mDTC (Fig. S1b, ESIt). This suggests that
3BPy-mDTC possesses stronger excited-state intramolecular
charge transfer interactions as compared to 3BPy-pDTC.

2.3 Photophysical properties

The UV-Vis absorption and PL spectra of 3BPy-pDTC recorded
in toluene solution are shown in Fig. 2a and Table 1.
3BPy-pDTC exhibits prominent absorption broad bands at
Jabs = 375 nm due to the intramolecular charge transfer (ICT)
absorption linked with the electron transfer from the donor
(tCz) to the acceptor group (BPy). Further, the absorption
measurement of 3BPy-pDTC was carried out in solvents with
varying polarity (Fig. S3, ESIT). There is no significant change of
peak maxima and the shape of the absorption band with
varying solvent polarity. The meta-substituted (3BPy-mDTC)
isomer shows two absorption bands: the band at 350 nm is
due to the n-n* transitions and the weak broad band at 382 nm
is due to the weak ground state ICT from the donor to the
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Fig. 2 (a) Normalized absorption, fluorescence (iex = 405 nm) and phosphorescence (lex = 405 nm) spectra of 3BPy-pDTC in toluene (10 pM).

(b) Normalized fluorescence (lex = 405 nm) spectra of 3BPy-pDTC in solvents of varying polarity. Hex: hexane (0.009), TL: toluene (0.099), THF:
tetrahydrofuran (0.207), CH: chloroform (0.259) and DCM: dichloromethane (0.309). The solvent polarity parameter (EY value) is mentioned in the
parenthesis. (c) Emission decay profile (lex = 400 nm LED source) of 3BPy-pDTC in degassed toluene at room temperature showing delayed
fluorescence; inset: decay (Lex = 410 nm diode laser source) at the nanosecond timescale indicating prompt fluorescence.
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Table 1 Photophysical properties of 3BPy-pDTC and 3BPy-mDTC
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Jabs®  Jem® B HOMO®  LUMO?  AEg®  PLQY k¢ kisc” Kessc' Knrg/
Compound (nm)  (nm) (eV) (eV) (eV) (eV) (Sol/film, %) (10%s™) (10° s (10°s™h (10" s
3BPy-pDTC 375 453 3.01 —5.86 —2.85 0.19 29/93 5.1 1.2 1.7 3.5
3BPy-mDTC 381 480 2.90 —5.61 —2.71 0.05 7/92 1.4 0.63 1.6 0.7

“ Measured in toluene (10 uM) at room temperature. ? Estimated from the onset of the absorption spectrum. © Measured from the oxidation
potential in 1 mM DCM solution by cyclic voltammetry. 4 Calculated from HOMO-E,. ¢ AEgy = Es—Er, and Es and Er were obtained from the onset
of fluorescence and phosphorescence spectra, respectively. fPL quantum yield evaluated in toluene using the reference dye and in the mCBP film
with 7 wt% dopant using an integrating sphere. ¢ Rate constant of fluorescence radiative decay (S; — So, k = @p/1p). " Rate constant of ISC ($; —
Ty, kisc)-  Rate constant of RISC (T; — Sy, krisc).” Rate constant of nonradiative decay in the singlet state.

acceptor (Fig. S4, ESIT).** As a result, a high molar extinction
coefficient was obtained for the CT band of 3BPy-pDTC
(¢375nm = 55560 M~ cm ') compared to 3BPy-mDTC (e355nm =
3330 M ' em™ ).

The steady-state emission of 3BPy-pDTC lies in the blue region
and the peak is centred at 453 nm in toluene. To see the solvent
effect on emission, steady-state emission spectra were measured
with various polarities of the solvents (from hexane to dichloro-
methane (DCM)) (Fig. 2b and Fig. S5, S6, ESIt). In contrast to the
absorption spectra, the emission spectra are red-shifted in polar
solvents and the emission maximum changes from 434 nm in
hexane to 530 nm in DCM (Fig. 2b). Both the emission maximum
and the FWHM increased dramatically with solvent polarity (Table
S4, ESIt). The significant solvatochromic shifts observed in the
fluorescence spectra compared to no significant change in the
absorption spectra suggest an excited state with a stronger ICT
character and larger dipole moments relative to the ground state.
The large Stokes shift and spectral broadening indicate a highly
polarized ICT state.* Excited-state CT characteristics were probed
using the Lippert-Mataga (L-M) plot for both the compounds
(Section 4.3 and Fig. S7, S8, Tables S4-S6, ESIt). A larger Stokes
shift and transient dipole (ug—ug) of 3BPy-mDTC were observed as
compared to 3BPy-pDTC (Table S6, ESIt). This indicates the rela-
tively weaker excited state CT interactions in 3BPy-pDTC (Fig. S7, S8
and Table S6, ESIY).

The PLQY was measured in oxygen-free toluene solutions, the
obtained quantum yield is 29% and the value decreases to 24% in
the presence of oxygen (ESL Section 4.4). The decrease in the PLQY
in the presence of oxygen supports that this emitter has TADF
properties. The T; state of this emitter is readily quenched by triplet
ground state oxygen molecules, which leads to a decrease in RISC
and subsequently the photoluminescence intensity. The PLQY of
7 wt% 3BPy-pDTC doped in the mCBP thin film is 93%, which was
measured using an integrating sphere under a N, atmosphere
(Table 1). Surprisingly, the PLQY value of the thin film is much
higher than that of the solution. This is because of the strong
molecular packing in the crystalline or solid phase via intra-
molecular H-bonding (C-H- - -N, 2.56 A, Fig. 1c) interactions locking
the molecular geometry and restricted rotation at around the D-A
bond (dihedral angles, 33.76° and 40.98°, Fig. 1c). As a result, we
observed a relatively higher PLQY in the solid film of 3BPy-pDTC
compared to the solution phase.

In order to know the nature of phosphorescence emission
and AEgr, the emission spectrum of 3BPy-pDTC was measured

This journal is © The Royal Society of Chemistry 2022

at liquid nitrogen temperature (77 K, Fig. 2a). At room tem-
perature, considerable emission from only the S; state was
observed in the solution phase. On freezing the solution phase
sample to 77 K, intramolecular rotations about the D-A bonds
are mainly restricted due to the increased rigidity of the
molecular environment. This, in turn, inhibits the nonradiative
decay from T; and thermally activated nonradiative decay
channels and results in substantial phosphorescence emission
from T;. The steady-state emission spectra, including the
phosphorescence spectrum of 3BPy-pDTC, are shown in
Fig. 2a. Structured emission was observed in the phosphores-
cence spectrum of 3BPy-pDTC (Fig. 2a), and this suggests that
the phosphorescence emission from the LE state of T,. The
singlet and triplet energy gaps were calculated from the onset of
room temperature fluorescence (S; = 3.01 eV) and low tempera-
ture (77 K) phosphorescence (T; = 2.82 eV) spectra in toluene
solvent. The calculated AEgr is 0.19 eV (Fig. 2a, Table 1 and
Table S2, ESIt). A small AEgr = 0.19 eV indicates facile photon
upconversion from T; to S; RISC, leading to TADF properties.

2.4 Time-resolved spectroscopy

To confirm the TADF properties of this emitter, the transient
decay of 3BPy-pDTC was recorded in degassed toluene at room
temperature (Fig. 2c and Table S7, ESIT). The decay profiles in
the nanosecond (ns) and microsecond (us) channels were
found to be biexponential. The average lifetime (7,,g) of emis-
sion decay in the nanosecond timescale is 74,5 = 1.5 ns, whereas
the long-lived lifetime is 7,4 = 7.7 ps (Fig. 2c, Table 1 and Table
S7, ESIt).*” The short component is assigned to be the prompt
fluorescence (PF), and the long-lived species is due to the
delayed fluorescence (DF), the photon upconversion from T
to S; and subsequent radiative decay from the S; state. These
short and long component radiative decays confirm that this
emitter is in TADF nature (vide infra). To know the emission
lifetime in the thin film, the emission spectra and transient
decay of 3BPy-pDTC were also recorded in 10 wt% doped PMMA
matrix (Fig. S9 and Table S7, ESIt). The biexponential decay of
3BPy-pDTC in the PMMA matrix with an average lifetime of
Tavg = 25.9 ps was observed (Fig. S9 and Table S7, ESIt).

2.5 Electrochemical and thermal properties

The electrochemical properties of 3BPy-pDTC were examined
using cyclic voltammetry (CV), and the results are shown in
Table 1 and Fig. S10 (ESIf). The HOMO energy level was
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calculated to be —5.86 eV from the oxidation potential, and the
LUMO energy level was estimated to be —2.85 eV for
3BPy-pDTC. The lower LUMO level of 3BPy-pDTC compared
to 3BPy-mDTC (2.71 eV) is due to a better accumulation of
charges on the acceptor part. Similarly, the higher HOMO level
in 3BPy-pDTC compared to 3BPy-mDTC (HOMO = —5.61 eV) is
due to the electron-donating carbazole units linked in the para
position of the acceptor core, leading to the distribution of the
donor electron to the acceptor through the resonance (+R)
effect.*® The electrochemical stability of 3BPy-pDTC was stu-
died in DCM solution by recording the cyclic voltammograms
up to 100 cycles at a positive potential.**> Fig. S11 (ESIT) shows
no significant change of peak current and shape of CV traces up
to 100 cycles indicating the high electrochemical stability of
3BPy-pDTC. The electrochemical properties are summarized in
Table 1.

The thermal properties of 3BPy-pDTC were determined by
thermogravimetric analysis (TGA) and differential scanning
calorimetry (DSC) under a nitrogen atmosphere; the thermo-
grams are shown in Fig. S12 (ESIt). 3BPy-pDTC shows high
thermal stability with thermal decomposition temperatures
over 413 °C. Glass transition temperatures were measured
using differential scanning calorimetry (DSC). Interestingly,
3BPy-pDTC shows a higher glass transition temperature (T, =
142 °C) as compared to 3BPy-mDTC (T, = 101 °C) due to a more
rigid structure. High Ty and T, Values are important for
enhanced morphological stability in the film (Fig. S12b, ESI¥).
Further, the photostability of the 3BPy-pDTC film in PMMA was
tested by the continuous irradiation of a 150 W xenon lamp
(Zex = 375 nm) and the emission was recorded at ey, = 455 nm

(a) 2.0

N

w
N
K
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for 2.5 h (Fig. S13, ESIT). The fluorescence intensity of the film
remained around 85% up to 2.5 hours of continuous
irradiation.

2.6 Electroluminescence performance

The multilayer OLED device was fabricated using 3BPy-pDTC as
the emissive layer to examine the electroluminescence perfor-
mance and a comparison study of its meta counterpart of
3BPy-mDTC was performed. The OLED devices were fabricated
using these materials as dopants with the following structures:
ITO/NPB (30 nm)/TAPC (20 nm)/mCBP (10 nm)/mCBP:3BPy-
PDTC (7 wt%) or 3BPy-mDTC (7 wt%) (30 nm)/DPEPO (5 nm)/
TmPyPb (60 nm)/LiF (0.8 nm)/Al (100 nm) (Fig. 3a and b).***°
The electroluminescence (EL) properties of these two emitters
are summarized in Fig. 3 and Table 2. The EQE-luminance
curves reveal a maximum EQE (EQE.) of 25.3% for the
3BPy-pDTC device and 24.6% for the 3BPy-mDTC (Fig. 3c and
d). Although both emitters show comparable EQEs, the EL
spectra show deep blue emission for 3BPy-pDTC at Aey, =
458 nm with very good color purity (FWHM = 58 nm) compared
to sky blue emission for the 3BPy-mDTC device (lem = 476 nm)
with a relatively broad emission band (FWHM = 66 nm) (Fig. 4
and Table 2). The CIE coordinates are (0.14, 0.13) for
3BPy-pDTC and (0.15, 0.28) for 3BPy-mDTC at 8 V.
The 3BPy-pDTC based device shows a high brightness of
4568 cd m 2, which is much higher than that of the reported
MR-TADF based OLED device (less than 1000 cd m~2).** Inter-
estingly, this device shows reduced roll-off as compared to the
MR-TADF device and the device retains EQEs of 15.2% and
10.4% at 100 cd m 2 and 500 cd m ™2, respectively. The reduced
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Fig. 3 OLED device fabrication: (a) device architecture, (b) molecular structure of the materials used in the device, (c) luminance vs. EQE, (d) current
density and luminance vs. driving voltage and (e) transient electroluminescence characteristics of the 3BPy-pDTC device.
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Table 2 Electroluminescence performance of 3BPy-pDTC and 3BPy-mDTC

Device” Turn-on voltage’ (V) EQE‘ (%) Luminance, Cd m 2? (V) CE°(CdA™") PE (Im W ') CIEf(8V) EL”(A™)(nm) FWHM' (nm)
3BPypDTC 3.8 25.3 (4.0) 4568 (13.5) 29.6 23.2 (0.14, 0.13) 458 58
3BPy-mDTC 3.6 24.6 (4.5) 8637 (12.5) 48.4 38.0 (0.16, 0.29) 477 66

“ Device configurations: ITO/NPB (30 nm)/TAPC (20)/mCBP (10)/mCBP:3BPy-pDTC 7 wt%) or 3BPy-mDTC (7 wt%) (30 nm)/DPEPO (5 nm)/TmPyPb
(60)/LiF (0.8 nm)/Al (100 nm). ® Operating voltage at a brightness of 1 cd m™ 2 © Maximum external quantum efficiency (EQE). ¢ Luminance. ¢ CE =
maximum current efficiency./ PE = maximum power efficiency. & Commission Internationale de I'éclairage (CIE) coordinates. ” EL = electro-
luminescence (Amax = wavelength at which the EL spectrum has the highest intensity. * FWHM is the full width at half maximum of EL spectra.
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Fig. 4 Blue OLED device based on TADF emitters: (a) electrolumines-
cence (EL) spectra and (b) CIE chromaticity diagram of 3BPy-pDTC and
3BPy-mDTC depicting the color purity based on the narrow FWHM and
CIE coordinates towards pure blue emission.

device efficiency roll-off of 3BPy-pDTC based devices is due to a
small delayed fluorescence lifetime (tpr = 7.7 us) and a fast
krisc Tate (kgisc = 1.7 x 10°> S7'). The maximum current and
power efficiencies are 29.6 cd A™* and 23.2 Im W™, respec-
tively, and these values are also higher than those of reported
MR-TADF emitters.>**®> The transient electroluminescence
decay of the 3BPy-pDTC device was recorded to confirm the
long-lived species originating from efficient reverse intersystem
crossing leading to TADF emission (Fig. 3e). Further, electro-
luminescence spectra were measured at various operating
voltages (6-12 V, Fig. S14, ESIt). Both devices show similar
emission spectra, and no residual emission is observed even at
12 V. This suggests that the device is very stable and recombi-
nation remains within the emissive layer at various operating
voltages (Fig. 4, Fig. S14, S15, ESIt and Table 2).

Despite the cross-conjugation in the meta substituted
donors on the 3BPy acceptor, we observed stronger excited-
state charge-transfer interactions in 3BPy-mDTC than the para-
substituted isomer 3BPy-pDTC. Consequently, a smaller Stokes
shift in all polar mediums along with a prominent hole-
electron overlap was observed for 3BPy-pDTC. The intra-
molecular H-bonding (N- - -H-CH, 2.56 A, Fig. 1c) plays a crucial
role in locking the molecular geometry via restricted rotation in
the D-A bond (dihedral angles, 33.76° and 40.98°, Fig. 1c) in
para-substituted 3BPy-pDTC. As a result, the less D-A twist led
to diminished excited state CT, and a higher AEg; value for
3BPy-pDTC (0.19 eV) compared to 3BPy-mDTC (0.05 eV) was
observed. However, both emitters exhibit almost similar elec-
troluminescence performance with different A,,.x and spectral
broadness. Thus, for better device performance with color
purity, the overlap between holes and electrons is equally
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important, along with low A Egy values for facile RISC. Further,
the balanced CT interactions are also the key parameter to
reduce the FWHM.** Therefore, a combination of lowering
excited state CT interactions through an appropriate donor
position and the locking of molecular geometry resulted in
deep blue TADF emission with a narrow bandwidth for para-
substituted 3BPy-pDTC. In addition, the participation of the T,
state along with the T; state in RISC leads to high device
performance for both the emitters (Fig. S1, ESIt). The small
energy gaps of T1-T, (AEr,r, = 0.054 V) and S$;-T, (AEs 1, =
0.234 eV) in 3BPy-pDTC facilitate the spin upconversion
through reverse internal conversion (RIC) and RISC, respec-
tively. The high-performance deep blue OLED device based on
3BPy-pDTC opens up a new avenue for further developing pure
blue TADF emitters and provides scope for practical applica-
tions in flat panel displays.

3. Conclusions

In summary, two positional isomers (3BPy-pDTC and
3BPy-mDTC) were synthesised and the effects on the emission
maximum, color purity, and device performance were studied.
Both emitters show TADF properties with high PLQYs over
90%. However, the para substituted emitter (3BPy-pDTC) leads
to higher color purity with deep-blue emission compared to the
meta counterpart (3BPy-mDTC). The OLED device using the
3BPy-pDTC dopant provided a high EQE of 25% with narrow
(FWHM = 58 nm) emission at Ay, = 458 nm and CIE coordi-
nates of 0.14, 0.13. The para-substituted donor on the 3BPy core
(3BPy-pDTC) shows a narrow emission band due to weak
charge-transfer (CT) interactions and locked geometry via
intramolecular H-bonding. The current study demonstrated
new avenues for developing narrow, deep blue OLED devices
with high efficiency for practical applications.
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