
REVIEW
published: 30 June 2020

doi: 10.3389/fchem.2020.00483

Frontiers in Chemistry | www.frontiersin.org 1 June 2020 | Volume 8 | Article 483

Edited by:

Chihaya Adachi,

Kyushu University, Japan

Reviewed by:

Dianming Sun,

University of St Andrews,

United Kingdom

Paloma Lays Dos Santos,

University of Cambridge,

United Kingdom

Rajamalli Pachaiyappan,

Indian Institute of Science (IISc), India

*Correspondence:

Parameswar Krishnan Iyer

pki@iitg.ac.in

Specialty section:

This article was submitted to

Organic Chemistry,

a section of the journal

Frontiers in Chemistry

Received: 31 January 2020

Accepted: 11 May 2020

Published: 30 June 2020

Citation:

Barman D, Gogoi R, Narang K and

Iyer PK (2020) Recent Developments

on Multi-Functional Metal-Free

Mechanochromic Luminescence and

Thermally Activated Delayed

Fluorescence Organic Materials.

Front. Chem. 8:483.

doi: 10.3389/fchem.2020.00483

Recent Developments on
Multi-Functional Metal-Free
Mechanochromic Luminescence and
Thermally Activated Delayed
Fluorescence Organic Materials

Debasish Barman 1, Rajdikshit Gogoi 1, Kavita Narang 1 and Parameswar Krishnan Iyer 1,2*

1Department of Chemistry, Indian Institute of Technology Guwahati, Guwahati, India, 2Centre for Nanotechnology, Indian

Institute of Technology Guwahati, Guwahati, India

Metal-free organic compounds with highly ordered π-conjugated twisted skeletons

are capable of generating brilliant multi-colored light. Additionally, the co-existence of

numerous other multi-functional properties have endowed them with the potential to

be a promising class of materials for several electronic and photonic applications and

next-generation advanced luminescent material-based devices. This review highlights

the recent developments made in this fascinating class of multi-property encompassing

materials, involving a highly twisted donor-acceptor based single molecular platform with

synchronized photophysical behavior such as thermally activated delayed fluorescence

(TADF), mechanoresponsive (MR), room-temperature phosphorescence (RTP), and

aggregation induced emission (AIE) with associated unique and inherently manifested

structure-property relationship investigations. Furthermore, a brief summary of the

optoelectronic behavior of TADF materials are also presented by correlating their

performances in the organic light-emitting diodes (OLEDs) and corresponding EL

devices. In addition to mechanochromic luminescence (MCL) with TADF behavior,

new types of emitters are also being developed, with tunable color changes such

as blue-green, yellow-orange, yellow-red, etc., with some emitters crossing the entire

visible span to produce white OLEDs. These developments have enriched the library of

fascinating organic materials in addition to providing new directions of multifunctional

material design for solutions processed OLED and several other advanced devices.

Keywords: delayed fluorescence (DF), phosphorecence, donor - spacer - acceptor structure, organic light emitting

diode (OLEDs), mechanochromic fluorescence, aggregation induced emission (AIE), structure property correlation

INTRODUCTION

Light is an auspicious source of existence in the living world, especially multicolored
bioluminescence from natural light emitting pigments, making the universe more beautiful.
Inspired by nature, human beings imagined and developed organic, inorganic, and hybridmaterials
as a source of chemiluminescence to generate light affordably and created many exciting ways
in which to use it, for the benefit of living beings. In view of this, organic light emitting diodes
(OLEDs) which are widely exploited in the field of lighting technology and emerging luminescent

https://www.frontiersin.org/journals/chemistry
https://www.frontiersin.org/journals/chemistry#editorial-board
https://www.frontiersin.org/journals/chemistry#editorial-board
https://www.frontiersin.org/journals/chemistry#editorial-board
https://www.frontiersin.org/journals/chemistry#editorial-board
https://doi.org/10.3389/fchem.2020.00483
http://crossmark.crossref.org/dialog/?doi=10.3389/fchem.2020.00483&domain=pdf&date_stamp=2020-06-30
https://www.frontiersin.org/journals/chemistry
https://www.frontiersin.org
https://www.frontiersin.org/journals/chemistry#articles
https://creativecommons.org/licenses/by/4.0/
mailto:pki@iitg.ac.in
https://doi.org/10.3389/fchem.2020.00483
https://www.frontiersin.org/articles/10.3389/fchem.2020.00483/full
http://loop.frontiersin.org/people/900181/overview
http://loop.frontiersin.org/people/902361/overview
http://loop.frontiersin.org/people/1008802/overview
http://loop.frontiersin.org/people/899467/overview
















Barman et al. Stimuli-Responsive TADF Luminogens

FIGURE 4 | (A) Electronic transitions representation (B,C) Four TADF molecules and their molecular structure normalized electrogenerated chemiluminescence (ECL)

spectra of TADF molecules in DCM (top) and MeCN (bottom). Reproduced with permission from Ishimatsu et al. (2014). Copyright © WILEY-VCH Verlag GmbH

andamp; Co. KGaA, Weinheim.

FIGURE 5 | (A) Molecular configurations of DBHZ-cored D-A-D triads. (B,C) Schematic representation of mechanoluminescence property of 1 and 2, respectively,

under a 365 nm UV lamp. Reproduced with permission from Okazaki et al. (2017). Copyright © The Royal Society of Chemistry.

however, in this work, the TADF property of each crystalline,
microcrystalline, and amorphous states of the molecules was
monitored properly (Figure 7B). Emission of tCzQx-dh was
found to be quenched in the crystalline form where, amorphous
and film tCzQx material showed perfect TADF property.
Due to TTA and the increase in singlet CT energy, the
singlet-triplet energy gap turns to high, thereby, quenching
TADF in the crystalline state. A summary of theoretical and

photophysical characterizations for MeO2Qx is provided in
Table 1. Furthermore, based on these emittingmaterials, solution
processed OLEDs were fabricated, which gave impressive EQE up
to 10.9% (Table 2).

In a very recent report, another exciting finding by
Zheng et al. (2019a) demonstrated how molecular packing in
condensed states regulated the TADF phenomenon intensely
by introducing two multifunctional orange-red AIE-TADF
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FIGURE 6 | (A) Molecular structures of studied compounds. Photos and PL spectra of (B) 5TzPmPXZ, (C) 7TzPmPXZ, and (D) 5,7TzPmPXZ in response to external

stimuli. Under 365nm UV irradiation (G: grinding with a mortar and a pestle; H: heating at 150◦C for 5TzPmPXZ and 7TzPmPXZ, 200◦C for 5,7TzPmPXZ; F: fuming

with CH2Cl2 vapor; R: recrystallization from n-hexane/CHCl3). (E) OLED performances: (a) the energy level diagrams for the devices A, B, and C, (b) chemical

structures of HTL-PEDOT:PSS, CIL-Liq, Host-CBP, and ETL-TmPyPB. (c) J-V-L curves for devices A, B, and C (inset: the normalized EL spectra of devices). (d) EQE

and LE vs. luminance curves for devices A, B, and C. Reproduced with permission from Zeng et al. (2018). Copyright © WILEY-VCH Verlag GmbH andamp; Co.

KGaA, Weinheim.

FIGURE 7 | (A) TADF chemical structure of D-A-D triads. (B) Images of tCzQx at different forms (top-left); Distinct PL-decay plots of different states of tCzQx

(bottom-left). (C) Time- resolved PL- spectra of the compound (solid lines: prompt fluorescence, dashed lines: delayed fluorescence). Reproduced with permission

from Pashazadeh et al. (2018b). Copyright © American Chemical Society.
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emitters, DMAC-CNQ and FDMAC-CNQ, respectively (shown
in Figure 8). A deep insight established the relationship between
multi-conformational aggregation states and TADF features,
in terms of emission wavelengths, lifetimes, and PLQYs.
In addition, a detailed crystal structure analysis revealed a
structure-property relationship with diverse molecular stacking
modes obtained from polymorphs, which determined the

impressive TADF characteristic at the aggregated state. Both
the emitters exhibited multicolor-MCL, and through grinding,
greenish yellow color fluorescence changed red, and after
fuming with CH2Cl2 vapors, the emission turned yellow
(photophysical and theoretical results are summarize Table 1

for the emitters). This emission switching behavior also
effects the TADF characteristics in powder form. Overall, this

FIGURE 8 | (A–F) Chemical structures, Photographs, normalized emission spectra of obtained polymorphic solids of DMAC-CNQ and FDMAC-CNQ, respectively.

(G,H) Photographs and normalized PL spectra of mechanochromism properties and (I,J) transient PL decay spectra of the two TADF-emitters. Reproduced with

permission from Zheng et al. (2019a). Copyright © WILEY-VCH Verlag GmbH andamp; Co. KGaA, Weinheim.
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work concluded that the “aggregation state affects the TADF
emissive feature.”

Huang et al. (2018) reported an exciting multi-assets
anthraquinone derivative, 2-(phenothiazine-10-yl)-
anthraquinone (PTZ-AQ), which shows polymorphism,
multicolor emission, MCL, AIE, and TADF properties in a
single molecular platform (shown in Figure 9). In particular,
the molecule consists of a planar acceptor moiety (AQ) and a
non-planar donor moiety (PTZ), caused by a huge twist within
the structure, which endows the better separation of the HOMO
and LUMO, and further leads to a very small 1EST value.
Additionally, the non-rigid structure of the molecule is very

much susceptible to the modulation of the morphology and
molecular interactions, thereby, their respective photophysical
properties with different aggregation states (Y-solid, R-solid,
Y-crystal, O-crystal, and R-crystal). It is worth noting that
the distinct crystal structure and different intermolecular
interactions of the polymorphs are responsible for the attributed
phenomenon, which cover tunable green to a deep red emission.
The aggregation state emission has a substantial impact on the
TADF properties of a molecule by regulating the molecular
assembling modes. Unlike other polymorphs of PTZ-AQ, R-
crystal displays efficient TADF characteristics owing to the very
small 1EST value of 0.01eV and shows excellent TADF PLQY

FIGURE 9 | (A) Structure of D-A type PTZ-AQ molecule. (B) Photographs taken at different solid states (under ambient light-left; under UV irradiation- right; scale bar:

200µm). (C) Intermolecular non-covalent interactions (along the b axis) of Y-crystal, O-crystal and R-crystal, respectively. (D) P-XRD pattern of different solid states of

PTZ-AQ. (E) Image of the drown “ML” shape by the R-solid of PTZ-AQ under daylight (top); the image of shape “ML” (up) under heating condition at 150◦C for 30 s in

daylight (bottom). Reproduced with permission from Huang et al., 2018. Copyright © WILEY-VCH Verlag GmbH andamp; Co. KGaA, Weinheim.
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up to 84.8%. Moreover, this work opens up a new approach
for further research on the multifunctional organic emitters
(detailed theoretical and photophysical data deliberated in
Table 1).

Two new solution-processable triazatruxene-based small
molecules, Bis(4-(10,15-dihexyl-10,15-dihydro-5H-diindolo[3,2-
a:30,20-c]carbazol-5-yl)phenyl) methanone (TATC-BP) and
bis(4-(10, 15-diphenyl-10,15-dihydro-5H-diindolo[3,2-a:30,20-
c]carbazol-5-yl)phenyl) methanone (TATP-BP), were designed
and synthesized by Chen et al. (2018). The molecules consist
of two triazatruxene (electron donor) moieties linked through
a benzophenone unit (electron acceptor), exhibiting twisted
D-A-D conformation and comprising TADF and AIE along with
MCL properties (shown in Figure 10). TATC-BP contains hexyl
substituents on the TAT unit, whereas TATP-BP had phenyl
substituents, and the different AIE and MCL behaviors of the
molecules were controlled by the different substituents on the
TAT unit (detailed computational and photophysical results
summarize below Table 1). Due to the sterically less hindered
and flexible alkyl substituents in TATC-BP compared to bulkier
and rigid phenyl substituents in TATP-BP, the former crystal has
a more compact packing, stronger intermolecular interaction
with a smaller molecular reorganization energy, and emission
is more shifted toward the blue region relative to the TATP-BP

crystal. Furthermore, solution processed OLEDs were fabricated
using these luminescent materials as an emissive layer and a
maximum EQE of 5.9% (non-doped) and 15.9% (with 30 wt %
doping) were achieved for the TATC-BP based device, whereas
the TATP-BP based device showed a maximum EQE of 6.0%
(non-doped) and 15.4% (30 wt% doping). Fascinatingly, the
emitters achieved a low efficiency roll-off ratio. TATP-BP showed
a much lower efficiency roll-off relative to TATC-BP, which
indicates the effect of stiff and bulky phenyl groups.

Zheng et al. (2019b) designed and synthesized two
multifunctional D-A-D type emissive molecules (QBP-
DMAC and QBP-PXZ) comprising a novel accepting
unit (5,6-dihydropyrrolo[2,1-a]isoquinoline-1,3-diyl)
bis(phenylmethanone) (QBP). Both emitters exhibit TADF
and AIE properties with very low 1EST values, realized by their
highly twisted conformations with dihedral angles (between
donor and acceptor) of 87.7 and 79.1◦ for QBP-PXZ, and
86.1 and 88.1◦ for QBP-DMAC; including QBP-DMAC which
shows MCL characteristics (shown in Figure 11). Thermal
up conversion of triplet excitons was further confirmed by
the temperature dependent (77K to 300K) transient PL
study. The PL intensity of the delayed component increased
gradually with an increase in temperature. The underlying
mechanism for this multi-color-MCL behavior has been further

FIGURE 10 | (A) Molecular structures of TATC-BP and TATP-BP (B) Luminescence images (under 365 UV-lamp) of the pristine crystalline, ground, and vapor fumed

powders of the emitters. (C) Normalized MCL PL spectra of the emitters. Device configuration. (D) J-V-L graph (E) EQE and EL characteristics. Inset: EL spectra of

the OLED devices at 1,000 cd m-2. Reproduced with permission from Chen et al. (2018). Copyright ©The Royal Society of Chemistry.
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FIGURE 11 | (A) Chemical structure of QBP-PXZ and QBP-DMAC (B) molecular configurations in single crystal XRD (hydrogen excluded). (C) PL spectra and MCL

images of QBP-DMAC in (under 365 nm UV light) (D) PXRD patterns of QBP-DMAC. (E) Energy level diagram, device and material structures (F) luminance vs. EQE

plots. Inset: Normalized EL spectra. (G) Luminance–voltage–current density plots. Reproduced with permission from Zheng et al. (2019b). Copyright ©WILEY-VCH

Verlag GmbH andamp; Co. KGaA, Weinheim.

FIGURE 12 | (A) Chemical structures of investigated molecules and the frontier orbitals of the conformers of 1. (B) Summary of the Mechanoluminescence property

of 1 (C) Emission intensity at various temperatures of DPPZS-DBPHZ against delay time (D) PL spectra (Normalized) of 1 at various temperatures. Reproduced with

permission from Takeda et al. (2018). Copyright © The Royal Society of Chemistry.

analyzed by a PL study and powder X-ray diffraction (PXRD)
measurements, which revealing that the reversible phase
transitions between amorphous and crystalline states, during
and after the application of external mechanical force, are
responsible for MCL. The careful crystal analysis of QBP-DMAC

reveals that it has a loose molecular packing mode and weak π-π
interactions between DMAC units, which are responsible for the
underlying mechanism for its multicolor tunable MCL property.
The photo physical and computational data for QBP-DMAC
are given in Table 1. Based on these emitting materials, OLEDs
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FIGURE 13 | (A) Structures of AzQx, IDBQz, ISBQx, OIDBQx. (B) DF intensity vs. laser pulse energy plot of OIDBQx (at 295K); (C) PL decay transients of OIDBQx at

different temperature; (D) DF and RTP spectra (at 295K) with different excitation pulse energy. Reproduced with permission from Pashazadeh et al. (2018a). Copyright
© The Royal Society of Chemistry.

FIGURE 14 | (A) Chemical structure of 1 with respective conformers (B) A comparison of characteristics of OLED devices and EL spectra (C) MCL properties in

various conformers. Reproduced with permission from Data et al. (2019). Copyright © The Royal Society of Chemistry.

were fabricated and a maximum EQE of 18.8% was achieved
for QBP-DMAC-based OLEDs, which is among the highest
efficiencies of TADF-AIE-MCL active organic emitters.

Multi-properties of a novel π-conjugated remarkably
twisted D-A-D were investigated in purely organic triad
DPPZS–DBPHZ, by Takeda et al. (2018), containing
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FIGURE 15 | (a) Configurations and XRD structures of the molecules. (b) Energy level diagrams (of the monomer and dimer of mono-DMACDPS). (c,d) PL spectra of

studied molecules (at 300K). (e,f) The TRPL spectra of studied molecules. Bottom Crystal images of mono-DMACDPS (UV lamp—on and off). Reproduced with

permission from Zhan et al. (2019). Copyright ©WILEY-VCH Verlag GmbH andamp; Co. KGaA, Weinheim.

moderately-electron-donating and conformationally flexible
units, where dibenzo[a, j]phenazine (DBPHZ) has been chosen
as an acceptor and dihydrophenophosphanizine sulfide (DPPZS)
as donors (shown in Figure 12). Fascinatingly, the compound
exhibited multi-color-changing mechanochromic luminescence
(MCL) assisted by conformational interconversion in the
molecule, including TADF and unexpected RTP characteristics
in presence of the host matrix (ZEONEX R©). The delayed
emission (DF) time constants decreased gradually, with
an increase in the temperature. Furthermore, the molecule
undergoes significant acid/base-responsive emission tuning
between the visible and NIR region. Their theoretical and photo
physical features are included in Table 1.

Tashazadeh et al. reported four new derivatives of
quinoxaline-containing iminodibenzyl and iminostilbene
moieties with TADF, RTP, and MCL properties (shown
in Figure 13) (Pashazadeh et al., 2018a). To perceive RTP

and TADF simultaneously, a modest singlet–triplet energy
splitting is required to tune the RISC rate, to directly harvest
all the triplet excitons (phosphorescence). Despite having a
large singlet-triplet energy gap, room temperature delayed
fluorescence and phosphorescence properties were observed
for these luminophores (0.49–0.52). They have developed a
quinoxaline-based acceptor of new luminogens. Notably, the
emitters IDBQx, ISBQx, and OIDBQx, connected through
a phenylene group between the acceptor and the donor
units, exhibited orange RTP and blue TADF emission. This
is a clear indication of non-aromatic twisted conformation.
IDB not only induces strong spin–orbit coupling, but also
minimizes the non-radiative decay. Remarkably, TADF
or RTP were not observed for ISBQx, and only exhibited
prompt fluorescence. Therefore, the non-radiative process was
supported by the boat shape structure of ISB (7-membered
ring in ISBQx), which triggered the quenching of triplet
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excitons. The methoxy group containing iminodibenzyl
derivative exhibited MCL behavior due to the increased
dipole moment. The introduction of a phenyl spacer
between the donor and acceptor units increased the RTP
contribution and the non-radiative decay was greatly suppressed
by the twisted iminodibenzyl donor and the presence of
methoxy groups. Table 1 includes the photo physical features
of OIDBQx.

A multi-color-changing D-A-D type MCL-TADF-RTP
material PTZ-DBPHZ was developed by Data et al. (2019)
and it has been disclosed that the photophysical properties
and multicolor MCL can be tuned using specific conformer-
enriched [i.e., 1_Y: quasi axial–quasi axial (ax–ax), 1_R:
quasi equatorial–quasi equatorial (eq–eq), and 1_O: quasi
axial–quasi equatorial (ax–eq)] solids (shown in Figure 14).
TADF and RTP characteristics were boosted depending
on the dominant conformers of the molecule and were
further employed in solution processed OLED devices,
which gave excellent performance parameters. The data
resulting from the photo physical studies for 1_R are included
in Table 1.

Zhan et al. (2019) reported the first example ofmultifunctional
organic material with simultaneous MCL, AIE, RTP, and
TADF properties (shown in Figure 15). Two blue emitters
of mono-DMACDPS and Me-DMACDPS were designed and
developed, where diphenyl sulfone acts as an acceptor and
9,9-dimethyl-9,10-dihydroacridine (DMAC) acts as a donor.
DMAC is a conventionally used TADF emitter and possibly
assists for AIE, whereas diphenyl sulfone is a commonly used
acceptor comprising manifold modification sites. The emitters
displayed typical TADF and AIE properties in the solution
state, while RTP and TADF characteristics were displayed
in their crystalline form. A methyl group was introduced
to modulate the MCL property via regulating intermolecular
interactions and packing mode by the steric hindrance of
the methyl group, and Me-DMACDPS was found to be
MCL inactive, whereas mono-DMACDPS was found to be
exhibiting a distinct MCL property. Careful analysis of the
crystal structure disclosed that mono-DMACDPS exhibit a
large dipole moment and tight packing mode due to multiple
intermolecular interactions that endow them with strong
MCL (Table 1).

FIGURE 16 | (A) Molecular configuration of the compounds. (B) Decays associated with corresponding electronic transitions in SCP. (C) PL study of the parent

molecules in solid-powder form. (D) Mechanochromism in SCP molecule. (E) Compound images under the UV-irradiation of 365 nm. (F) Single crystal analysis and

crystalline molecular packing of the compounds along with corresponding photo luminence spectra of the single crystals and normal compounds. Insets: fluorescence

images (365 nm UV-excitation). Reproduced with permission from Xu et al. (2016). Copyright © The Royal Society of Chemistry.
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Single Emitting White-TADF-MCL
Single molecule based white-light emitting TADF emitters have
long-standing demand in solid-state lighting, display, and OLED
applications due to their high triplet energy and full width at half
maximum (FWHM). In addition, very few white-TADF emitters
inherently manifest MCL behavior which are strongly governed
by weak non-covalent interactions and constructed by a dual
color emissive entity in a single molecular platform, enabling
the transfer of full energy either to counter the green and red
fluorescent emitter or by the complementary yellow emitter.
Hence, a smart design and effective non-covalent interactions are
prerequisites to realizing TADF-white light in the accompanying
tunable emission.

Xu et al. (2016) established the strategy of molecular heredity
to achieve high contrast linearly tunable mechanochromism
with white light emission [CIE value: (0.27, 0.29)] from a
single compound, and established the origin of the compound’s

dual emission (shown in Figure 16). The two parent molecules,
SC2 and SP2, are symmetrical by means of donor, where
SC2 exhibited deep blue emission and SP2 yields impressive
greenish-yellow TADF emission. Interestingly, their offspring
is an asymmetric molecule, namely SCP, which thus inherited
both deep blue and greenish-yellow colors that combine to
generate white light emission along with TADF by means
of molecular heredity, enabling a potential candidate for
multi-responsive and efficient white-light emitting photoelectric
devices. The dual-emission behavior of SCP can be dispensed
to two independent emissions of the excited charge transfer
states of the carbazole and phenothiazine units, respectively.
Moreover, the underlying mechanism of MCL for SCP driven
by the mechanical strength, associates with the conformational
planarization of the phenylcarbazole unit along with the
stronger energy transfer from the blue band to the yellow light
emission band.

FIGURE 17 | (A) Chemical structure of 3-DPH-XO (left side-top) followed by single crystal structure (left side-bottom) and theoretical spatial HOMO-LUMO

distribution. (B) Photographs of the polymorphs with normalized fluorescence spectra (bottom) recorded under 365 nm UV excitation. (C) Result of 20 combined

emission spectra of powdered-3-DPH-XO under 365 nm UV irradiation; inset: (1 and 2) fluorescence microscopy image of the powder. (D) Respective

color-coordinates (CIE 1931) of 20 random emission spectra of solid- 3-DPH-XO under 365 nm UV excitation. (E) Intermolecular interactions and overlaps in A (a), B

(b), and C (c) crystals. Reproduced with permission from Zhang et al. (2017). Copyright © American Chemical Society.
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An efficient and simple D-A approach to achieve white
light from organic solids with a polymorph dependent TADF
property has been developed by Ban et al. (2017). A purely
organic molecule of 3-(diphenylamino)-9H-xanthen-9-one (3-
DPH-XO) has been reported, which was found to display bright
white light emission with the CIE value (0.27, 0.35) in its solid
state, facilitated by spontaneous formation of polymorphs with
distinguished intermolecular non-covalent interaction features
that determined the different emission colors, and which
was further demonstrated by single crystal studies of the
compound (shown in Figure 17). Three unprecedented different
3-DPH-XO-based single crystals were achieved with different
supramolecular structures and emission properties and two of
the polymorphs with acceptor-acceptor stacking revealed TADF
characteristics (Table 1). This indicates that appropriate non-
covalent interactions like π- π stacking, C-H-π interaction, and
hydrogen bonding could offer a promising TADF feature by
influencing the reverse intersystem crossing (RISC) process.

CONCLUSION AND OUTLOOK

In summary, the rapid development of TADF research has
resulted in a new dimension of luminescence features, by
building up the substantial information into new material
designs, exciting and unique key functional behaviors, and
essentially providing a mechanistic understanding of TADF
processes. However, this review has attempted to concentrate on
the recent progress made in the development of multifunctional
metal free organic emitters, focusing on aggregate state
emissions, TADF, and other multi-functionalities such as
ML, MCL, ECL, and white light emission properties in a
single molecular platform. Furthermore, a brief overview was
provided on the structure-property relationship between self-
assembled solid state and excited state dynamics in order to

explore the opportunities for the rational design of multiple
emission functions into single organic molecules and the further
implementation into lighting applications, which are still in
their infancy. In addition, this review includes the “state of the
art” simple OLED device fabrications protocol and emphasized
impressive output by exploiting multi-function TADF materials.
More importantly, these multifunctional emitters are considered
to be promising candidates for solution processed economical
device fabrications owing to their tunable condensed state
emissions. We believe that the rapid developments taking place
in this field is generating enthusiasm, motivating researchers to
explore a deeper understanding and finding new advancements
in this exciting area of research. We expect this review to provide
a clear prospect and to attract researchers with diverse interests
to these novel multi-functional materials, to devote themselves to
the development of materials, methods, and applications in this
interesting interdisciplinary topic.
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