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Highly Fluorescent Emitters Based on Triphenylamine-π-Triazine
(D-π-A) System: Effect of Extended Conjugation on Singlet-Triplet
Energy Gap
Shiv Kumar,[a] Pachaiyappan Rajamalli,[a, b] David B. Cordes,[a] Alexandra M. Z. Slawin,[a] and
Eli Zysman-Colman*[a]

Abstract: Three D-π-A type linearly-extended emitters,
based on diphenylamine (DPA) as the donor and 2,4,6-
triphenyl-1,3,5-triazine (TRZ) as the acceptor, were synthe-
sized and their optoelectronic properties characterized. The
introduction of an additional phenyl or phenylethynyl π-
spacer results in an enhancement of the molar extinction
coefficient and a systematic bathochromic shift of the
charge-transfer transition in the absorption spectra. A
mirrored bathochromic shift in the photoluminescence
spectra is also observed with increasing conjugation of the
bridge moiety. All three compounds show high photo-
luminescence quantum yields and moderate singlet-triplet
excited state energy gaps, ΔEST, of 0.26-0.37 eV were
observed in 10 wt% doped films in mCP as the host matrix.

Introduction

Thermally activated delayed fluorescence (TADF) emitters have
become very popular alternatives to phosphorescent organo-
metallic complexes for organic light-emitting diodes (OLEDs)
because this class of materials can likewise recruit both singlet
(25%) and triplet (75%) excitons to produce light.[1–2] TADF
compounds accomplish this through thermal upconversion of
triplet excitons into singlet excitons, a process made possible

due to the small singlet-triplet excited state energy gap,
ΔEST.

[3–4] In order to minimise ΔEST, the exchange interaction
integral, which scales with the spatial overlap between the
HOMO and LUMO, must also be minimized.[5] Achieving a highly
twisted conformation between donor and acceptor moieties is
the most commonly adopted strategy to spatially separate the
frontier molecular orbitals in TADF emitters.[6–7]

The 2,4,6-triphenyl-1,3,5-triazine (TRZ) is one the most
commonly used acceptor moieties for TADF emitters. The TRZ
moiety was first introduced in 2011 by Adachi et al.[8] The PIC-
TRZ (λPL=500 nm, ΔEST=0.11 eV, ΦPL=39% in 6 wt% mCP film)
was the very first purely organic TADF compound to exhibit
bluish-green emission. An OLED device employing this emitter
produced a EQEmax of 5.1% with emission at λEL=500 nm.
Subsequently, many highly efficient TADF emitters using TRZ as
the acceptor have been developed. A selection of the state-of-
the-art emitters based on the TRZ acceptor is shown in Figure 1.
In each example, the emitter adopts a highly twisted conforma-
tion between donor and acceptor groups. Introduction of
methyl groups on the bridging phenyl spacer in deep blue
emitters Cz-Trz 1 (λPL: 435 nm, ΔEST: 0.17 eV, ΦPL: 92% in 6 wt%
DPEPO film) and Cz-Trz 2 (λPL: 432 nm, ΔEST: 0.15 eV, ΦPL: 85%
in 6 wt% DPEPO film) induced a large torsions between the
carbazole donor and the TRZ acceptor. OLEDs using these
emitters exhibited emission at 450 nm and 452 nm with
maximum external quantum efficiencies, EQEmax of 19.2 and
18.3% with CIE coordinates of (0.140, 0.098) and (0.150, 0.097),
respectively.[9] Replacing carbazole with stronger donors such as
phenoxazine (PXZ) or phenothiazine (PTZ) led to green TADF
emitters PXZ-TRZ (λPL: 545 nm, ΔEST: 0.07 eV, ΦPL: 65% in 6 wt%
CBP film, EQEmax: 12.0% ; λEL: 545 nm) and PTZ-TRZ (λPL: 540 nm,
ΔEST: 0.07 eV, ΦPL: 65% in 6 wt% CBP film; EQEmax: 12.5%; λEL:
529 nm), respectively.[10–11] The OLED with in DMAC-TRZ as the
emitter, containing 9,9-dimethylacridan (DMAC) as the donor
(λPL=495 nm, ΔEST=0.04 eV, ΦPL=90% in 8 wt% mCP film),
exhibited an excellent EQEmax of 26.5% (λEL=500 nm).

[12] Adachi
et al. reported an acceptor-donor-acceptor TADF emitter DHPZ-
2TRZ (λPL: 598 nm, ΔEST: 0.07 eV, ΦPL: 6.6% in 6 wt% mCBP film)
incorporating the very strongly electron-donating dihydrophe-
nazine as the donor group. The OLED employing this com-
pound showed red emission at λEL of 617 nm but with an
EQEmax of 1%, a result of the very low ΦPL in the doped film.

[13]

Changing the donor to 4,4’-bis(diphenylamino)phenylamine in
DDPA-TRZ (λPL: 540 nm, ΔEST: 0.11 eV) led to a TADF emitter
with ΦPL of unity in 6 wt% mCBP film. Realizing such a high ΦPL

in this particular compound was due to a combination of high
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oscillator strength due to the relatively large overlap of the
electron density of the HOMO and LUMO and the efficient
suppression of non-radiative decay pathways.[14] In 2017, Adachi
et al. reported a series of TADF emitters containing an sp3-
carbon spacer that effectively breaks conjugation between the
donor and acceptor, and emission thus results from intermo-
lecular charge transfer states, analogously to what is observed
in exciplexes.[15] The emitters, DMAC-σ-TRZ (λPL=463 nm,
ΔEST=0.06 eV, ΦPL=70% in toluene) and TMCz-σ-TRZ (λPL=
450 nm, ΔEST=0.07 eV, ΦPL= 36% in toluene) exhibited remark-
ably high ΦPL while TPA-σ-TRZ (λPL=437 nm, ΔEST=0.18 eV,
ΦPL=20% in toluene) showed a relatively lower ΦPL that was
ascribed to the greater conformational flexibility in this
molecule.[15] All of these TRZ-containing examples reveal the
importance of the design of the bridging unit to electronically
decouple the donor and acceptor groups. However, we have
not come across any report in the literature that has explored
increasing conjugation length of the bridge to spatially separate
the donor and acceptor groups as a strategy to promote
electronic decoupling between the two. In the present report,
we explore the effect of increasing the conjugation length of

the bridge, thereby increasing spacing of the donor and
acceptor, on the optoelectronic properties of the emitter.
Herein, we investigated the optoelectronic properties of

three triazine-containing emitters, DPA-TRZ,[15] TPA-TRZ and
TPA-E-TRZ[16] (Figure 2) and correlated these with the structure
of three different bridging units. In particular, this study
showcases the balance between the spatial separation of donor
and acceptor and the magnitude of the conjugation within the
bridging moiety and the effect this has on the relative singlet
and triplet excited state energies of the compounds. Both DPA-
TRZ and TPA-E-TRZ are known in the literature. However, only
the photophysical properties of DPA-TRZ have been reported,
and only in a rudimentary fashion, showing a partial absorption
spectrum in toluene, a steady-state fluorescence spectrum at
298 K in toluene and a phosphorescence spectrum at 77 K in a
toluene glass matrix, the data of which qualitatively match with
the photophysics presented in the present study.[15]

Figure 1. Chemical structures and performance of some of the known triazine-based TADF emitters.
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Results and Discussion

Synthesis

The three emitters were prepared as outlined in Scheme 1. Both
4-(4,6-diphenyl-1,3,5-triazin-2-yl)-N,N-diphenylaniline (DPA-
TRZ)[15] and 4’-(4,6-diphenyl-1,3,5-triazin-2-yl)-N,N-diphenyl-(1,1’-
biphenyl)-4-amine (TPA-TRZ) were obtained in modest yield via
palladium-catalysed Suzuki-Miyaura cross-coupling of (4-(diphe-
nylamino)phenyl)boronic (1) acid with 2-chloro-4,6-diphenyl-

1,3,5-triazine (2) and 2-(4-bromophenyl)-4,6-diphenyl-1,3,5-
triazine (3), respectively, while 4-((4-(4,6-diphenyl-1,3,5-triazin-2-
yl)phenyl)ethynyl)-N,N-diphenylaniline (TPA-E-TRZ)[16] was pre-
pared in modest yield by Sonogashira cross-coupling reaction
between 2-(4-ethynylphenyl)-4,6-diphenyl-1,3,5-triazine (4) and
4-bromo-N,N-diphenylaniline (5). The identity of the three
compounds was determined by 1H and 13C NMR spectroscopy
and high-resolution mass spectrometry (HRMS). Purity of each
emitter was established by HPLC, melting point determination
and elemental analysis.

Figure 2. Chemical structure of DPA-TRZ, TPA-TRZ, and TPA-E-TRZ.

Scheme 1. Synthesis of DPA-TRZ, TPA-TRZ and TPA-E-TRZ.
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Single crystal X-ray diffraction analysis

Single crystals of DPA-TRZ and TPA-E-TRZ were grown by the
vapour diffusion of n-hexane into a dichloromethane solution
of the compound. The molecular structures were determined
by single-crystal X-ray diffraction analysis and are shown in
Figure 3. As expected, the triphenyl-1,3,5-triazine unit is planar
in both DPA-TRZ and TPA-E-TRZ (root-mean-squared deviation
from planarity 0.106 and 0.135 Å, respectively), in agreement
with the previously reported single crystal structures of bis-
PXZ-TRZ and TRZ-DI.[17–18] This planarity gives rise to intra-
molecular C� H···N hydrogen bonds in both compounds,
between the triazine nitrogen atoms and the proximal C� H
hydrogen atoms on the phenyl rings. Due to the extended
nature of TPA-E-TRZ, it adopts a subtle curve along the length
of the bridge from the TRZ to the amine donor (Figure S16).
The dihedral angle between the phenoxazine donor and the
TRZ acceptor in bis-PXZ-TRZ is 88° while the same angle
between diindolocarbazole donor and the TRZ acceptor in TRZ-
DI is 66.9°. In the case of both DPA-TRZ and TPA-E-TRZ, the
torsion angles between the amine donor and the adjacent
phenyl of the bridge were much smaller, 39.30(19)° and
32.03(18), respectively (Figure S17). The situation in TPA-E-TRZ
is complicated by the bridging phenyl of the TPA group not
being co-planar with the triphenyl-1,3,5-triazine group (angle
between planes of the two bridging phenyl groups: 18.19°).
This, combined with the torsion angle existing between the
amine donor and adjacent phenyl, results in the TPA being
nearly co-planar with the triphenyl-1,3,5-triazine (angle between
average planes of the TPA and the triphenyl-1,3,5-triazine: 9.40°,

Figure S17). Much of the inter-planar angle in this case arise
from the curve along the length of the TPA-E-TRZ molecule.
The solid state packing of each of these compounds is

stabilized by intermolecular π-π interactions in both cases,
supported by C� H···π interactions in the structure of TPA-E-TRZ.
The π-π interactions occur between triazine rings and adjacent
phenyl rings in DPA-TRZ, and between adjacent triazine rings
in TPA-E-TRZ, at centroid-centroid distances of 3.6409(9) and
3.5260(7) Å, respectively. In DPA-TRZ this gives rise to π-stacked
chains of molecules running along the crystallographic b-axis
(Figure S16). In contrast, the π-stacking interactions in TPA-E-
TRZ result in the formation of head-to-head dimers. These
dimers are then augmented by the addition of C� H···π
interactions between the π-systems of phenyl rings bound to
the triazine ring and phenyl–H groups of the TPA subunit of
further adjacent molecules, resulting in four-layered sets of
interacting molecules. Both outer ends of this tetrameric unit
are able to form their own set of four-layered interactions,
leading to the formation of one-dimensional zigzag chains
propagating along the crystallographic abc-diagonal axis (Fig-
ure S16).

Theoretical calculations

Density functional theory (DFT) calculations at the PBE0/6-31G
(d,p)[15,19] level of theory were performed to provide insight into
the electronic structure of the emitters. The ground state
geometries of the molecules were optimized in the gas phase;
the starting geometries for DPA-TRZ and TPA-E-TRZ were
obtained from the single crystal X-ray diffraction analysis. Time-
dependent DFT calculations were performed within the Tamm–
Dancoff approximation (TDA)[20] using the ground state opti-
mized geometries. The energies and electron density distribu-
tions of the highest occupied and lowest unoccupied molecular
orbitals (HOMO/LUMO) and the energies of the S1 and T1 states
are shown in Figure 4 and the data is summarized in Table 1. In
all three emitters, the HOMO is localized on the triphenylamine
donor and the bridging spacer while the LUMO is delocalized
over the TRZ acceptor and extending to the diphenylamine
donor moiety. A large electron density overlap therefore exists,
which is reflected in the large calculated ΔEST values. Indeed,
the calculated ΔEST for these three emitters are larger than that
of structurally similar fluorescent emitter, CzPhTRZ and so
would be expected to be fluorescent in nature. The HOMO
levels for TPA-TRZ and TPA-E-TRZ, both at � 5.22 eV, are
destabilized compared to that of DPA-TRZ at � 5.37 eV,
reflecting a similarly large π-conjugation length in these two
molecules. The LUMO level becomes progressively more
stabilized from DPA-TRZ (� 1.59 eV) to TPA-TRZ (� 1.76 eV) to
TPA-E-TRZ (� 1.93 eV) due to an increased delocalization of the
π-election density across the series. As a result, the HOMO-
LUMO gap decreases across the series from DPA-TRZ (ΔE=

3.78 eV) to TPA-E-TRZ (ΔE=3.29 eV). The energy of the
emissive S1 state gradually decreases from 3.25 eV for DPA-TRZ
to 3.05 eV for TPA-TRZ and then to 2.92 eV for TPA-E-TRZ. The
energy of the T1 state for both DPA-TRZ and TPA-TRZ was

Figure 3. Thermal-ellipsoid plots (ellipsoids drawn at the 50% probability
level) of (a) DPA-TRZ, and (b) TPA-E-TRZ.
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predicted to be 2.65 eV while the energy of the same state
decreased to 2.35 eV for TPA-E-TRZ. The resulting ΔEST values
were found to be 0.60 eV, 0.40 eV and 0.57 eV for DPA-TRZ,
TPA-TRZ and TPA-E-TRZ, respectively. The predicted values of
S1 and ΔEST for DPA-TRZ align with those predicted for
CzPhTRZ (S1=3.27 eV, T1=2.89 eV and ΔEST=0.38) while the T1
state is significantly more stabilized at the same level of
theory.[21]

Electrochemical properties

The electrochemical properties of the three emitters were
investigated by cyclic voltammetry (CV) and differential pulse
voltammetry (DPV), Figure 5, and the results are compiled in
Table 1. The reduction wave is reversible for DPA-TRZ and
irreversible for TPA-TRZ and TPA-E-TRZ. The reduction is
assigned to the electron-accepting triazine and extends onto
the bridging moiety. With increasing conjugation within the
bridge there is an expected progressive anodic shift in the
reduction potential from � 1.67 V to � 1.59 V and � 1.50 V for
DPA-TRZ and TPA-TRZ and TPA-E-TRZ, respectively. The
oxidation wave is assigned to the electron-donating triphenyl-
amine unit and found to be reversible for TPA-TRZ and quasi-
reversible for DPA-TRZ and TPA-E-TRZ. The oxidation potential
shifts cathodically from 1.20 V for DPA-TRZ to 1.08 V for TPA-

TRZ; Eox is not further cathodically shifted for TPA-E-TRZ and is
found to be 1.10 V. Indeed, DFT calculations predict similar
HOMO levels for both TPA-TRZ and TPA-E-TRZ, both destabi-
lized compared to the HOMO of DPA-TRZ. Thus, the electro-
chemical gap decreases with increasing conjugation with the
bridge.

Figure 4. DFT-calculated ground state (PBE0/6-31g(d,p)) and TDA calculated excited state energies and electron density distributions (ISO value=0.02) of the
frontier molecular orbitals of DPA-TRZ, TPA-TRZ and TPA-E-TRZ.

Table 1. Summary of electrochemical and DFT/TDA calculated photophysical properties.

Emitters Experimental[a] Calculated
E°x/Ered

[V]
HOMO[b]/LUMO[b]

[eV]
ΔE[c]

[eV]
HOMO[d]/LUMO[d]

[eV]
ΔE[c]

[eV]
S1
[d]

[eV]
T1
[d]

[eV]
ΔEST

[d]

[eV]

DPA-TRZ 1.20/� 1.67 � 5.54/� 2.67 2.87 � 5.37/� 1.59 3.78 3.25 2.65 0.60
TPA-TRZ 1.08/� 1.59 � 5.42/� 2.75 2.67 � 5.22/� 1.76 3.46 3.05 2.65 0.40
TPA-E-TRZ 1.10/� 1.50 � 5.44/� 2.84 2.60 � 5.22/� 1.93 3.29 2.92 2.35 0.57

[a] Electrochemical data reported versus SCE in CH2Cl2 with 0.1 M [nBu4N]PF6 as the supporting electrolyte, Pt as the working electrode, Ag/AgCl as the
reference electrode and Pt wire as the counter electrode. Fc/Fc+ was used as the internal reference (0.46 V vs SCE).[22] [b] The HOMO and LUMO energies were
calculated using the relation EHOMO/LUMO= � (E°x/Ered+4.80) eV, where E°x and Ered are anodic and cathodic peak potentials, respectively, obtained from DPV.[23]

[c] ΔE= jEHOMO–ELUMO j . [d] Determined from the DFT or TDA/DFT calculations at PBE0/6-31G(d,p).

Figure 5. Cyclic voltammograms and DPV scans of emitters (redox scans
were carried out in degassed DCM at a scan rate 100 mVs� 1)
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Photophysical properties

The absorption spectra in acetonitrile are shown in Figure 6. In
solution, all three emitters exhibit similar absorption profiles
with two strong absorption bands around 265 nm and 390 nm.
The former is assigned to a locally excited (LE) transition on the
amine donor that is progressively red-shifted and become more
absorptive with increasing conjugation on the bridge (Tables S1
and S2). The low-energy band is assigned to a charge transfer
(CT) transition from the amine donor to the TRZ acceptor. The
position of this band is not very sensitive to the nature of the
bridge. Interestingly, the trend here in both increasing energy
and decreasing molar absorptivity, ɛ, progresses from TPA-TRZ

to DPA-TRZ to TPA-E-TRZ. This suggests that there is more
efficient electronic communication in TPA-TRZ than in the other
two compounds. TD-DFT calculations corroborate the observed
trend in S1 energies and predict that the nature of the S1 state is
a CT transition from donor (TPA) to acceptor (TRZ) in all three
emitters. However the oscillator strength (f) for the S1 state was
calculated to be 0.89, 0.71 and 1.27 for DPA-TRZ, TPA-TRZ and
TPA-E-TRZ, respectively. Thus, the calculations overemphasize
the probability of the HOMO-LUMO transition for TPA-E-TRZ.
The photoluminescence (PL) spectra of the emitters in both

DCM and toluene are broad and unstructured, an indication of
emission from a CT state (Figure 7). In DCM, DPA-TRZ shows
blue-green emission with λPL at 508 nm. The emission is red-
shifted to 544 nm for TPA-TRZ and 561 nm for TPA-E-TRZ. The
change in trend for what is observed in the absorption spectra
for the CT band suggests that there is a planarization of the
conformation of TPA-TRZ in the excited state that results in the
observed red-shift compared to DPA-TRZ. In the less polar
solvent toluene, the PL spectra of the three emitters are blue-
shifted compared to those in DCM and the magnitude of the
red-shift in the emission across the family of emitters is
significantly attenuated with λPL ranging from 456 nm for DPA-
TRZ to 463 nm for TPA-TRZ (Figure 7b). Recorded excitation
spectra are in good agreement with absorption spectra in both
solvents. The ΔEST values of 0.26, 0.37, and 0.27 eV were
determined from the energy difference between the onset of
the prompt fluorescence and phosphorescence spectra in
toluene glass at 77 K for DPA-TRZ, TPA-TRZ and TPA-E-TRZ,
respectively (Figure 8). The ΔEST values for DPA-TRZ and TPA-E-
TRZ are sufficiently small that these two compounds could be
TADF compounds, and therefore show promise as emitters in
OLEDs. The theoretically calculated energies of the S1 states for
DPA-TRZ (3.25 eV), TPA-TRZ (3.05 eV) and TPA-E-TRZ (2.92 eV)

Figure 6. UV-Vis absorption spectra of DPA-TRZ, TPA-TRZ and TPA-E-TRZ in
acetonitrile (conc.=1×10� 5 M ).

Figure 7. Excitation and PL spectra of the emitters in (a) DCM and (b) toluene (λexc=390 nm); (c) and (d) their photographs under UV light (λexc=365 nm).
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are in reasonably good agreement with the experimentally
determined values of 3.07 eV, 3.22 eV and 2.91 eV, respectively,
in toluene glass. On the other hand, the theoretically calculated
energies of the T1 state for DPA-TRZ, TPA-TRZ and TPA-E-TRZ
(2.65 eV, 2.65 eV and 2.35 eV) are consistently over-stabilized
when compared to their respective measured values of 2.81 eV,
2.85 eV and 2.64 eV, in toluene glass.
All three compounds showed positive solvatochromism

with the PL spectra becoming progressively broader with
increasing solvent polarity (Figure 9). For both TPA-TRZ and
TPA-E-TRZ the emission spectra in methylcyclohexane become
structured and are located at the same energy, indicating an
emission from a TPA-based locally-excited (LE) state, while the
emission of DPA-TRZ remains unstructured and thus even in
this non-polar solvent the emission originates from a predom-
inantly CT state.
We next explored the photophysical properties of the three

emitters in the solid state, the data of which is summarized in

Table 2. The PL spectra of DPA-TRZ, TPA-TRZ and TPA-E-TRZ in
10 wt% doped PMMA films and neat films are shown in
Figure 10. The trend observed in solution is reproduced in both
10 wt% PMMA and neat films. The emission spectra in the neat
films are red-shifted compared to the 10 wt% PMMA films, likely
a result of a combination of increased polarity of the medium
and enhanced exciplex emission at elevated concentration.[24]

The photoluminescence quantum yields, ΦPL, in 10 wt% PMMA
films are high at 73%, 67% and 67% for DPA-TRZ, TPA-TRZ and
TPA-E-TRZ, respectively. The ΦPL values are somewhat de-
creased in the neat film at 55%, 53% and 49%, respectively.
Among these three emitters, DPA-TRZ shows biexponential
emission decay kinetics while TPA-TRZ and TPA-E-TRZ display
triexponential decay in both PMMA host and neat film (Fig-
ure 11). Both TPA-TRZ and TPA-E-TRZ undergo slower PL decay
in both PMMA and in neat film compared to DPA-TRZ,
reflecting perhaps the larger conformational changes that occur

Figure 8. PL spectra of (a) DPA-TRZ, (b) TPA-TRZ and (c) TPA-E-TRZ in toluene, including steady-state (300 K and 77 K), prompt fluorescence (77 K, delay
time=1 ns, time window=100 ns), and phosphorescence (77 K, delay time=1 ms, time window=10 ms) spectra. λexc=360 nm.

Figure 9. Solvatochromic PL spectra of (a) DPA-TRZ, (b) TPA-TRZ, and (c) TPA-E-TRZ (λexc=390 nm). Photograph of (d) DPA-TRZ, (e) TPA-TRZ, and (f) TPA-E-
TRZ under UV light. (λexc=365 nm). Note that photos were taken with two different cameras and cross-comparison between the photos is not advisable.

Communication

7Asian J. Org. Chem. 2020, 9, 1–10 www.AsianJOC.org © 2020 The Authors. Published by Wiley-VCH Verlag GmbH & Co. KGaA

Wiley VCH Mittwoch, 27.05.2020

2099 / 167393 [S. 7/10] 1

https://doi.org/10.1002/ajoc.202000165


1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

in these two compounds in the excited state. A summary of the
photophysical properties is given in Table 2.

Conclusion

We reported three structurally related donor-acceptor emitters
based on a triazine acceptor and a triaryl amine donor. We
showed how the absorption and emission could be progres-

sively red-shifted with increasing conjugation of the bridging
moiety. The correlation to the structure was dependent on the
distinct conformations in the ground and excited state.
Although the experimentally determined ΔEST of these materials
are comparable to those reported for TADF emitters in the
literature, we did not observe any TADF character in the time-
resolved PL in both doped and neat films.

Table 2. Summary of the photophysical properties of DPA-TRZ, TPA-TRZ and TPA-E-TRZ.

Emitter Absorption[a] [nm]
(ɛ /×10� 3 M� 1cm� 1)

Solution[b] 10 wt% PMMA film
λ[c] [nm]; ΦPL

[d] [%]; τPL
[e] [ns]

Neat film
λ[c] [nm]; ΦPL

[d][%]; τPL
[e][ns]

ΔEST
[f] [eV]

DCM [nm] Toluene [nm]

DPA-TRZ 266(47), 388(34) 508 456 479; 64(73);
3, 6

482; 56(55);
3, 5

0.26

TPA-TRZ 281(60), 385(25) 544 463 483; 65(67);
2, 4, 15

497; 52(53);
2, 6, 18

0.37

TPA–E-TRZ 284(64), 394(45) 561 462 508; 67(67);
2, 4, 18

502; 49(49);
1, 5, 17

0.27

[a] Measured in MeCN at 298 K. [b] λexc=390 nm. [c] λexc=378 nm. [d] Absolute ΦPL values measured under air with those measured under N2 given in
parentheses. [e] λexc=378 nm. [f] Measured as the energy difference between onsets of the prompt fluorescence (at 77 K in toluene, λexc=360 nm, time
delay=1 ns, time window: 100 ns) and the phosphorescence (at 77 K in toluene, λexc=360 nm, time delay=1 ms, time window=10 ms).

Figure 10. PL spectra of DPA-TRZ, TPA-TRZ and TPA-E-TRZ in (a) 10 wt% doped PMMA films and (b) neat films. Insets show photos of the films (λexc=390 nm
for spectra and λexc=365 for photos). Note that photos were taken with two different cameras and cross-comparison between the photos is not advisable.

Figure 11. PL decay profiles for DPA-TRZ, TPA-TRZ and TPA-E-TRZ in (a) 10 wt% PMMA matrix and (b) neat film (λexc=378 nm).
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Supporting information

General experimental procedures, synthesis, melting point, NMR
spectra, HRMS spectra, elemental analysis report, HPLC analysis
report, crystallographic data (CCDC 1992627-1992628), molec-
ular orbitals and Cartesian coordinates of optimized ground
states are provided in supplementary information.
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Bridging donors and acceptors: We
present a structure-property relation-
ship study whereby we explore the
effect of conjugation length of the
bridging moiety on the optoelec-
tronic properties were investigated
of the compounds in a family of
donor-bridge-acceptor emitters. This
experimental study is supported by
density functional theory calcula-
tions.
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