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Compounds PTZ-MBZ (methyl 3-(10H-phenothiazin-10-yl)benzoate) and DMAC-MBZ (methyl 3-(9,9-

dimethylacridin-10(9H)-yl)benzoate) were conveniently synthesized, and they exhibited TADF properties

with lifetimes of 0.80 and 2.17 ms, respectively. The spatially separated highest occupied molecular

orbital and lowest unoccupied molecular orbital resulted in a very small singlet–triplet energy gap of

0.0152 eV and 0.0640 eV, respectively. Thermally activated delayed fluorescence materials with short

lifetime could be used as promising luminescent materials for organic light-emitting diodes.
Thermally activated delayed uorescence (TADF) materials1–3

have aroused increasing interest, and thus have also become
the third-generation organic luminescent materials4–6 aer
uorescent and phosphorescent materials.7 As the third-
generation organic luminescent materials, TADF materials
display a special radiative transition via reverse intersystem
crossing (RISC) of excitons from the lowest triplet (T1)8–10 to the
lowest singlet (S1) state,11 and thus obtain a high theoretical
quantum yield of 100%.12–14 Generally, TADF molecules are
designed by introducing a twisted angle between acceptor and
donor moieties15,16 to avoid the overlap between lowest unoc-
cupied molecular orbital (LUMO) and the highest occupied
molecular orbital (HOMO).17–20

In general, the lifetime of a TADF material is in a range of
hundreds of microseconds as a result of its endothermic RISC
process.21–25 Most TADF materials reveal long delayed uores-
cent lifetime,26–29 which lead to enhance the triplet-related
nonradiative process,30–34 such as triplet–triplet annihilate
(TTA), triplet-polaron annihilate (TPA), and severely efficiency
roll-off at high current density. So far, various electron-
accepting moieties have been applied as receptors for the
design and construction of TADFmolecules. However, benzoate
group has rarely been used as receptor to study their TADF
property.

Herein, we report two novel TADF emitters PTZ-MBZ (methyl
3-(10H-phenothiazin-10-yl)benzoate) and DMAC-MBZ (methyl
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3-(9,9-dimethylacridin-10(9H)-yl)benzoate) with benzoate as
electron acceptor (Fig. 1), which not only showed TADF property
in lms, but also exhibited short lifetime. Especially, thermally
activated delayed uorescence materials with short lifetime
would be used as the promising luminescent materials for the
organic light-emitting diode.

Compound DMAC-MBZ was conveniently synthesized by
palladium catalyzed cross-coupling reactions of methyl 3-bro-
mobenzoate with 9,9-dimethyl-9,10-dihydroacridine.
Compound PTZ-MBZ was synthesized using similar synthetic
steps. The compounds PTZ-MBZ and DMAC-MBZ could be
easily synthesized in good yields. Their structures were
conrmed by 1H NMR, 13C NMR, HRMS spectra.

The UV-vis absorption spectra of PTZ-MBZ and DMAC-MBZ
in tetrahydrofuran were shown in Fig. 2a. Owing to their similar
structures, the absorption bands of the two compounds are
similar. These compounds showed a broad absorption band
258, 284 and 316 nm, which were assigned to p–p* transitions.
Their absorption band range 395 nm and 396 nm can be
assigned to the strong intermolecular charge transfer (ICT)
between the phenothiazine donor moieties to benzoate
acceptor group. As shown in Fig. 2b, we can achieve color
Fig. 1 Structures of DMAC-MBZ and PTZ-MBZ.

© 2023 The Author(s). Published by the Royal Society of Chemistry

http://crossmark.crossref.org/dialog/?doi=10.1039/d3ra03289b&domain=pdf&date_stamp=2023-07-14
http://orcid.org/0009-0005-7865-7939
http://orcid.org/0000-0002-4347-1406
https://doi.org/10.1039/d3ra03289b
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra03289b
https://rsc.66557.net/en/journals/journal/RA
https://rsc.66557.net/en/journals/journal/RA?issueid=RA013031


Fig. 2 (a) Absorption spectra of PTZ-MBZ and DMAC-MBZ in THF at
room temperature; (b) fluorescence spectra of PTZ-MBZ and DMAC-
MBZ in neat films at room temperature. (c) The CIE coordinates of the
PL (CIE 1931 chromaticity coordinate calculation).

Fig. 3 (a) Transient decay spectra of PTZ-MBZ and DMAC-MBZ in
a neat film at room temperature. The temperature-dependent tran-
sient photoluminescence spectra of (b) PTZ-MBZ and (c) DMAC-MBZ
in the neat films.
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regulation by regulating the strength of ICT transition. The
maximum uorescence emission peaks are red-shied on
increase of the donor's electron donating ability, and are 501
and 474 nm for PTZ-MBZ and DMAC-MBZ, respectively. Abso-
lute PLQYs of PTZ-MBZ and DMAC-MBZ in lms were 74.02 and
55.12%, respectively. The chromatic coordinates of these
luminescent compounds have also been studied (Fig. 2c). For
PTZ-MBZ and DMAC-MBZ, their uorescence CIE coordinates
were found to be at (0.1666, 0.2238) and (0.2299, 0.4591),
respectively.
© 2023 The Author(s). Published by the Royal Society of Chemistry
The transient PL spectra of PTZ-MBZ and DMAC-MBZ in
lms were further conducted to determine whether the triplet
excited states were involved in the delayed luminescence. As
shown in Fig. 3a, it was found that the DF lifetimes of PTZ-MBZ
and DMAC-MBZ in neat lms at room temperature were 0.80
and 2.17 ms, respectively. It was found that these compounds
displayed a distinctive microsecond-scaled delayed relaxation at
room temperature, which implied the TADF properties of the
emitters. Moreover, the temperature-dependent transient PL of
PTZ-MBZ and DMAC-MBZ (Fig. 3b and c) was then investigated.
The ratio of the delayed component gradually increased from
100 K to 300 K, demonstrating the typical characteristics of
TADF for these emitters.

The density functional theory (DFT) calculation for all
molecules were performed using GAUSSIAN 09W package.35 All
the molecules were optimized following the functional of with
RSC Adv., 2023, 13, 21296–21299 | 21297
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Becke-3-Yang-Parr (B3LYP) combined with the basis set of def2-
SVP (Ahlrich split-valence basis set with polarization functions
on heavy atoms). Note that, the dispersion corrections for the
non-bonding vdW interaction were carried out through the
Grimme approach using atom pair-wise additive schemes, so-
called DFT-D3 method. Finally, the excited states of all opti-
mized structures were further investigated at the accuracy level
of wB97XD/TZVP. The optimized geometry and the electron
density distribution of PTZ-MBZ and DMAC-MBZ were investi-
gated by density functional theory calculations (Fig. 4). Five
compounds all showed the separated HOMO and LUMO
distributions on their optimized geometries. The HOMOs are
predominantly located on the electron-donating subunit,
whereas the LUMOs are distributed over the electron-
withdrawing benzoate group. The frontier molecular orbital of
PTZ-MBZ and DMAC-MBZ showed small overlap mainly on the
donor and acceptor units, resulting in the appreciable DEST
values, evidenced by the calculated DEST values of 0.0152 eV and
0.0640 eV, respectively. Small DEST values led to high efficiency
of the RISC, which could induce the TADF capability.

In conclusion, we have conveniently synthesized compound
PTZ-MBZ and DMAC-MBZ, and found that it exhibited TADF
properties with the lifetime of 0.80 and 2.17 ms, respectively. By
connecting donor group with benzoate unit, realizing effective
separation between HOMO and LUMO. The negligible overlap
between HOMO and LUMO enables its CT character and a small
DEST. The small DEST facilitate the fast RISC process and reduce
the delayed uorescence lifetime. Thermally activated delayed
Fig. 4 Calculated spatial distributions of the HOMO and LUMO energy
densities of (a) DMAC-MBZ and (b) PTZ-MBZ. (c) Excited state energy
diagram. (d) Schematic energy levels diagram.

21298 | RSC Adv., 2023, 13, 21296–21299
uorescence materials with short lifetime would be used as the
promising luminescent materials for the organic light emitting
diode.
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