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Abstract

The use of thermally activated delayed fluorescence emitters and emitters that show preferential horizontal
orientation of their transition dipole are two emerging strategies to enhance the efficiency of organic light-
emitting diodes. We present the first example of a liquid crystalline multi-resonance thermally activated
delayed fluorescent emitter, DiKTaLC. The neat film of DiKTaLC shows a photoluminescence quantum
yield of 41%, a singlet-triplet energy gap, AEsr, of 0.20 eV, and a delayed lifetime, 14, of 70.2 us. The
compound possesses a nematic discotic liquid crystalline phase between 80 °C and 110 °C. More
importantly, the transition dipole moment of the spin-coated film shows preferential horizontal orientation,
with an anisotropy factor, a, of 0.26. We thus demonstrate for the first time how self-assembly of a liquid

crystalline TADF emitter can lead to the so-far elusive control of the orientation of the transition dipole in



solution-processed films, which will be of relevance for high-performance solution-processed organic light-

emitting diodes.

Introduction

Organic light-emitting diodes (OLEDs) have attracted tremendous interest as a technology for use in
displays and solid-state lighting and have already been commercialized in smartphones, television screens
and automotive lighting.! OLEDs can be categorized into vacuum-deposited OLEDs (VD-OLEDs) and
solution-processed OLEDs (SP-OLEDs), depending on the technique used for their fabrication.” For VD-
OLEDs, small-molecule, low-weight materials are sublimed into the vapor phase via heating in a high-
vacuum environment (pressure < 10 Torr) to afford multilayer structures of very high purity.? With
appropriate heating and choice of materials, the vacuum-deposited films can exhibit high densities, high
thermal stability, and the emitter molecules can show a high degree of horizontal molecular orientation,>”
which are critical for the device to be both stable and show a high maximum external quantum efficiency
(EQEmax). These advantages make vacuum-deposition the preferred technique for OLEDs fabrication, and
to date, commercial OLEDs are mainly produced by this method. However, the fabrication process is both
energy-intensive and material-wasteful, and a complex operation process is required to control for doping
concentration and film thickness, which contributes to the relatively high fabrication cost associated with
VD-OLEDs.® By contrast, SP-OLEDs offer a number of potential advantages, such as low-cost
manufacturing, high processing efficiency, a relatively small amount of wasted material, and a wider choice
of materials, from small molecules’® to polymers’ and dendrimers.*'° However, the poor film quality and
morphology fabricated by solution-processed methods lead to inferior device lifetime and severe efficiency

roll-off of SP-OLEDs, which has, in part, retarded the commercialization of SP-OLED:s.°

The efficiency of the OLEDs is based partly on the capacity of the emitter material to harvest both the

emissive singlet and triplet excitons generated within the emission layer to produce light, which is reflected



in the internal quantum efficiency (IQE). There are two classes of materials that can attain up to 100% IQE:
phosphorescent emitters'' and thermally activated delayed fluorescence (TADF) emitters."'*'* Organic
TADF emitters harvest all excitons as a result of the small energy gap between singlet and triplet states
(AEst), which permits the non-emissive triplets to be efficiently up-converted into emissive singlets by a
reverse intersystem crossing (RISC) process.'*'* The EQE of the OLED depends not only on the IQE, but

also on the light out-coupling efficiency (Wou), as shown in equation (1):'®

EQE = IQE X Moue (1)

The Mou is dependent on the orientation of the transition dipole moment (TDM) of the emitter molecules.
For the case where the TDMs are randomly oriented within the emissive layer, the nou typically has a value
of 20-30%, thus indicating that only a small amount of the light produced within the emissive layer actually
exits the device for productive use.'”'® A general method to improve nou is to horizontally orient the TDM
of the emitters, as the emission of light proceeds predominantly in a direction perpendicular to the TDM."
It is possible to infer the average orientation of the TDMs within a film,* which is done typically by either
angle-resolved photoluminescence (ARPL) or variable-angle spectroscopic ellipsometry (VASE)
studies.'”?' Yokoyama’s fundamental work on small molecule orientation in vacuum-deposited films has
demonstrated that to minimize the surface energy, the “‘first’” layer of the molecules deposited on the
interface adopts a horizontal orientation, but then the molecules can quickly undergo surface diffusion until
the orientation is fixed by successively overlaying molecules.” Indeed, the orientation of the TDM in
vacuum-deposited films is influenced by not only the intrinsic anisotropy of the emitter molecule,” but also
the temperature of the substrate,” and the intermolecular interactions within the emissive layer.**** There
are now a number of examples of VD-OLEDs that contain highly horizontally oriented TADF emitters.*
For SP-OLEDs, the TDM in polymer devices were found to show preferential horizontal orientation even
before TDM orientation was investigated in VD-OLEDs.?*?’ However, when using small molecule-based
emitters for SP-OLEDs, the absence of the strong molecular anisotropy imposed by polymer chains and the

simultaneous condensation and solidification of the material during the spin-coating often lead to isotropic



TDM orientation in the final film.>*° Moreover, the solvent volatilization leaves voids in the film, which
provides sufficient space for the emitters to re-orient to a thermodynamically more stable configuration,
often resulting in a net isotropic orientation.”® Thus, unlike emitters that can show preferential horizontal
orientation in vacuum-deposited films, small molecule emitters in solution-processed films do not usually

show any preferred orientation. This is exemplified for the TADF emitter DACT-II, which shows 86% of

horizontal orientation in vacuum-deposited doped films in CBP, but the same molecule is isotropic in
solution-processed films.*'*? A strategy to obtain highly horizontally oriented TDMs in solution-processed

films must exploit intermolecular interactions to drive the assembly of higher order films.

Liquid crystalline (LC) materials can form highly ordered microstructures via intermolecular interaction
and give rise to anisotropic properties.**** The alignment direction of liquid crystalline materials can be
controlled by simple thermal treatment, electrical field treatment, and mechanical force treatment.**>’
Luminous LC materials have been used as emitters in OLEDs due to their controllable photophysical and
thermal properties, and charge carrier mobility.***" Bock et al. explored the bipolar columnar liquid
crystals alkyl esters of perylene 3,4,9,10-tetracarboxylic acid (3a-h) as emitters in OLEDs. These
compounds emitted from orange to red in an evaporated single layer OLED, and the device with 3b
exhibited a turn-on voltage of 7 V and maximum luminance (Lumpmax) over 100 cd m™.*'** Murawski et al.
further investigated the TDM orientation of the LC emitter perylene-3,4,9,10-tetracarboxylic tetraethyl
ester (PTCTE), when doped in different host materials.”' The TDM of PTCTE shows preferential horizontal
orientation (72% horizontal) as a 2 wt% doped TCTA:TPBi film but with a low ®pr of 14%; however, the
orientation is isotropic in a TCTA:B3PYMPM film (®p. of 13%).2' As a result, the OLEDs based on
PTCTE/TCTA:B3PYMPM exhibited very low EQEm.x below 0.3% at AgL of 550 nm, while for device
based on PTCTE/TCTA:TPBi showed an improved EQEm.x of 0.8% at As. of 580 nm.*' Mesogenic
phosphorescent emitters based on iridium and platinum have also been employed in solution-processed

OLEDs, and these devices have the potential to show higher EQEmax due to the ability of the emitter to
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convert both singlet and triplet excitons to light.**** Wang et al. reported two chiral, LC cyclometalated
platinum complexes, R-Pt and S-Pt, where mesogenic groups were added to the S-diketonato ligand to
induce liquid crystallinity.*> Nematic phases were found for both complexes at 141 °C by a combination of
polarizing optical microscopy (POM), differential scanning calorimetry (DSC), and small-angle X-ray
scattering.*> An increase of the dissymmetry factor (gpr) from 0.004 to 0.06 was observed for the annealed
neat film of R-Pt, which hints at an ordered orientation after annealing; however, the TDM of R-Pt was
not investigated in this work.* The ®p. of R-Pt and S-Pt are 75 and 44%, respectively, in degassed
dichloromethane (DCM). The solution-processed OLEDs based on R-Pt and S-Pt exhibit Ag. of 540 nm
and EQE . of 11.3% and 7.5%, respectively, which indicates over 80% of IQE presuming the 1ou is 20%.*
Although there are examples of the use of both organic fluorescent and metal-based phosphorescent liquid
crystals, to date there is only one recent report of a liquid crystalline TADF emitter. Bruce ef al. presented
the first two examples of TADF emitters showing liquid crystalline character by connecting alkoxy chains
to the TADF emitting core 2,5-di(N,N’-carbazolyl)terephthalonitrile (3b) or 2,3,5,6-tetra(N,N -
carbazolyl)terephthalonitrile (4b).*® A columnar hexagonal mesophase is observed for 3b and 4b, at 181 °C
and 191 °C, and both compounds exhibit delayed emission in toluene solution with delayed lifetimes of 5.5
us and 1.0 ps, respectively.*® However, neither emitter orientation nor the use of these compounds in
OLEDs were investigated. Janssen et al. tried to control the emitter orientation in solution-processed
devices by doping emitters into a nematic LC host material poly(9,9-dioctylfluorene) (PFO), which can
form horizontally aligned film after annealing.”” However, this host/guest system is only effective for
certain p-phenylenevinylene oligomers and did not improve the orientation of the TADF emitter /Bu-
DACT-II, which shows the same vertical preferential (42% vertical) orientation in solution-processed PFO
or 2,2°,2°’-(benzene-1,3,5-triyl)tris(1-phenyl-1H-benzimidazole) (TPBi) films.*” These studies opened a
new horizon for the use of liquid crystalline materials in OLEDs, especially in terms of the tuning of the

film morphology and molecular orientation.



Here, we report the first example of a liquid crystalline multi-resonant TADF (MR-TADF) emitter. The
structure is based on our previously reported MR-TADF compound DiKTa,*® which was elaborated with
mesogenic groups consisting of 1,6-dioxyhexyl-[1,1'-biphenyl]-4-carbonitrile chains. The compound
DiKTaLC (Figure 1) exhibits MR-TADF character with delayed lifetime of 70.2 pus, and narrow emission
spectra with FWHM = 53 nm and Apr = 514 nm, as a neat thin film with a ®pr of 41%. The liquid crystalline
character of DiKTaL.C was confirmed by POM, DSC and Xray scattering as the material displays a nematic
discotic mesophase between 80 °C and 110 °C. The as-prepared spin-coated neat film of DiKTaLC shows
preferential horizontal orientation with an anisotropy factor a = 0.26 (74% horizontal), which is preserved

after annealing at 100 °C.
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Figure 1. Molecular structures of previously reported luminous liquid crystals and our MR-TADF liquid

crystal, DiKTaLC.

Results and discussion

Computational Studies

We first wished to establish the optoelectronic properties of the MR-TADF emitter core and how these
differ from the reference compound, DiKTa. We thus modelled the optoelectronic properties of a model

system, DiKTaPh(OMe),, by spin-Component Scaling Coupled-Cluster second-order approximate
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coupled-cluster (SCS-CC2) calculations, which we have previously shown to be more accurate than time-
dependent density functional theory.**° We also modelled the ground state electronic structure at the
PBE0/6-31G(d,p) level of theory both DiKTaPh(OMe), and DiKTaLC.’'** The electron density
distribution of the HOMO and LUMO obtained by DFT of DiKTaPh(OMe); and DiKTaL.C are similar,
while the difference density plots obtained by SCS-CC2 of DiKTaPh(OMe); show the characteristic
alternating pattern associated with MR-TADF compounds; the S, state possesses strong n-n* character.
The alkyl-linked cyanobiphenyl units of DiKTaLC are not involved in the HOMO and LUMO distributions.
The HOMO and LUMO energies of DiKTaPh(OMe); are -5.66 eV and -2.00 eV, respectively, while the
HOMO energy of DiKTaL.C is 0.17 eV stabilized (-5.83 eV) and LUMO energy is 0.17 eV stabilized (-
2.17 eV) (Figure S1). As a result, the HOMO/LUMO energy gap (AE,) is the same for both compounds at

3.66 eV (Figure 2).

Using SCS-CC2/cc-pVDZ the energies of the S| and T, states of DiKTaPh(OMe); are calculated to be
3.28 eV and 3.03 eV, respectively, which are slightly stabilized compared to those of DiKTa (S;=3.45¢V,
Ti=3.18 eV) or MessDiKTa (S; =3.32 ¢V, T = 3.06 V), due to the similar inductive electron-accepting
effect of the meta-disposed dimethoxyphenyl groups.*® The corresponding AEsr of DiKTaPh(OMe); is
0.25 eV, which is modestly decreased compared to that of DiKTa and Mes;DiKTa (0.27 and 0.26 eV,
respectively).*® Like DiKTa and Mes;DiKTa, the T; and S; states are short-range charge transfer (SRCT)
excited states and the oscillator strength (f) from S, is predicted to be high (0.22) for DiKTaPh(OMe),,
which reflects the significant overlap of the electron density distributions of the HOMO and LUMO of the
short-range charge transfer excited state. The TDM vector of DiKTaPh(OMe); in the S; state is oriented
with a small angle of 8.2° to the plane of the molecule (X/Y plane in Figure 2b), which is almost aligned
with the X-axis. This result indicates that the likely TDM orientation of DiKTaLC highly co-aligns with

the molecular orientation.
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Figure 2. Isocontour plots of the HOMO and LUMO orbitals, frontier orbitals energy diagram, difference
density plots and energies of the lowest singlet and triplet excited states for DiKTaPhOMe. b) S, state

TDM vector of DiKTaPhOMe.

Synthesis

1,* and this was

The intermediate BrzDiKTa was synthesized following our previously developed protoco
coupled to the mesogenic group, BPinC6BPC, under Suzuki-Miyaura cross-coupling conditions in 68%
yield to afford DiKTaLC; the mesogenic BrC6BPC intermediate was obtained in three steps as outlined
in Scheme 1. The identity and purity of the title compound were determined by a combination of 'H and

C NMR spectroscopy, high resolution mass spectrometry, melting point, elemental analysis, and high-

performance liquid chromatography.
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Scheme 1. Synthesis of DiKTaL.C.

Electrochemistry

The electrochemical properties of DiKTaLC were investigated by cyclic voltammetry (CV) and differential
pulse voltammetry (DPV) in DCM using tetrabutylammonium hexafluorophosphate [(n-BusN)PFs] as the
supporting electrolyte (Figure 3). The CV trace of DiKTaLC exhibits irreversible reduction and oxidation
waves with £ of -1.49 V and £ at 1.34 V vs SCE, determined from the DPV. The corresponding HOMO
and LUMO values for of DiKTaLC are -5.68 and -2.84 eV, respectively. Compared to the HOMO/LUMO
values of -5.86/-3.26 for Mes3;DiKTa,* DiKTaLC shows more destabilized HOMO and LUMO values,
which is ascribed to the electron-accepting properties of the peripheral groups and also match our DFT

calculation.
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Figure 3. CV and DPV traces of DiKTaL.C in DCM with 0.1 M n-BusNPFg as the supporting electrolyte.
Measured condition: scan rate 100 mV/s, calibrated against a Fc/F¢' redox couple and referenced to 0.46

V versus SCE.>

Photophysical Properties

The absorption spectrum in toluene of DiKTaL.C (Figure 4a) mirrors those of DiKTa and Mes;DiKTa

with a low-energy band at 464 nm at a molar extinction coefficient (¢) of around 20 x10° M cm

associated with the SRCT state,*® and a high-intensity absorption (¢ > 100 x10* M"' ¢cm™) band at 305 nm
attributed to a superposition of locally excited (LE) n-n* transitions from the 4-cyanobiphenyl moieties and
the DiKTa core.** The photoluminescence (PL) spectrum of DiKTaLC in toluene shows a narrow emission
band (FWHM = 33 nm) with an emission maximum, Apr, of 487 nm, and a small Stokes shift of 24 nm.
The photoluminescence quantum yield (®pr) of DiKTaLC is 39% in oxygen-free toluene, which is
comparable to the 37% measured for Mes;DiKTa.*® DiKTaLC shows structured vibronic progression in

nonpolar cyclohexane, whereas in higher polar solvents the emission becomes unstructured and narrowed,
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except in acetonitrile (MeCN) where it is slightly broadened. The moderate positive solvatochromism is
characteristic of MR-TADF compounds, which emit from a SRCT state (Figure 4b). Compared to
structureless fluorescence spectra at room temperature in 2-methyl-tetrahydrofuran, the prompt
fluorescence and phosphorescence spectra at 77 K show a more pronounced structured emission (Figure
4c¢). The S; (2.74 eV) and T, (2.55 eV) energies of DiKTal.C were determined from the onset of prompt
fluorescence and phosphorescence spectra. The experimentally determined AEsr of 0.19 eV is close to the

SCS-CC2 calculated value of 0.25 eV, which is sufficiently small to enable the RISC process. The time-

resolved PL in degassed toluene (Figure 4d) shows a prompt fluorescence lifetime (t,) of 7 ns and a delayed
emission lifetime (1q) of 1.0 ps, which is only a very small contribution (0.5%) to the overall emission

decay.
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Figure 4. Photophysics of DiKTaLC in solutions. a) UV-vis absorption and photoluminescence spectra in
solution (PhMe) and thin film (10 wt% in PMMA and neat) Aexe = 340 nm. b) Solvatochromic PL shift of
DiKTaLC, Aexc = 340 nm. c) Steady-state PL at room temperature, prompt PL at 77 K (delay: 1 ns, gate:
100 ns), and phosphorescence spectra at 77 K (delay: 1 ms, gate: 8.5 ms) in 2-methyl-tetrahydrofuran, Acxc
= 343 nm. d) Time resolved PL of DiKTaLC in aerate and degassed toluene, Aexc = 379 nm and IRF is the

instrument response function of the spectrometer.

We next measured the photophysical properties of DiIKTaLC in 10 wt% doped polymethyl methacrylate
(PMMA) and neat films. The 10 wt% doped films and neat films of DiKTaLC show almost identical
emission spectra (Figure 4a) that are modestly red-shifted to 512 nm and 514 nm, and slightly broadened
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with FWHM of 50 nm and 53 nm, respectively, compared to the PL spectrum in toluene. The ®pr values
of DiKTaLC in 10 wt% doped PMMA films and neat films are 52% and 41%, respectively. The high ®p.
of DiKTaL.C in the neat film indicates that the pendant mesogenic chains can readily suppress the
concentration quenching previously observed for DiKTa,” and further corroborated in our SAXS
experiment. The 10 wt% doped PMMA films and neat films of DiKTaL.C exhibit almost identical
structured steady-state PL. and phosphorescence spectra under 77 K (Figure 5a and 5b). The S; and T,
energies of DIKTaLC in the solid state (both as doped and neat films), obtained from the onset of the
prompt fluorescence (PF) and phosphorescence spectra at 77 K, are 2.48 eV and 2.28 eV, respectively,
which corresponds to a AEst of 0.20 eV. The time-resolved PL decays of DiKTaLC (Figures 5c and 5d)
exhibit the same 1, of 7 ns in both doped and neat films, while the average delayed emission lifetimes are
155.5 ps and 70.2 ps, respectively, which are significantly longer than that observed in toluene (Figure 4d).
Temperature-dependent time-resolved PL decays reveal that the delayed emission is thermally activated in

both doped and neat films.
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Figure 5. Steady-state PL spectra at room temperature and prompt fluorescence (PF) at 77 K (delay: 1 ns,
gate: 100 ns), and phosphorescence spectra at 77 K (delay: 2 ms, gate: 4 ms) of a) 10 wt% doped PMMA
film and b) neat film of DIKTaLC, (Aexe = 390 nm); Temperature-dependent time-resolved PL decay spectra

of ¢) 10 wt% doped PMMA film and d) neat film of DiKTaLC (Aexc = 379 nm).

Thermotropic behavior
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DSC and POM were conducted to gain insight into the mesomorphic behavior of DiKTaL.C. Upon heating
the DSC trace of DiKTaLC exhibits a clearing point into the isotropic phase at 110 °C (Figure S2) with a
clearing enthalpy of -1.9 kJ mol™ in the typical range for nematic discotic (Np) LCs.”>® Investigation of
DiKTalL.C via POM revealed grainy (Figure 6a) and thread-like (Figure 6b) textures, which are typical for

a Np phase upon cooling from the isotropic liquid.’”*® The textures showed laminar flow upon application

of a shear force and vitrified below 80 °C.

Figure 6. Micrographs of DiKTaLC obtained on the POM between crossed polarizers upon cooling from
the isotropic phase (cooling rate: 1 K min™) at a) 90 °C on glass slides and b) 110 °C on polyimide covered

glass slides.

To characterize the mesophase of DiKTaL.C in more detail, wide and small angle X-ray scattering (WAXS
and SAXS) experiments were conducted. The 2D WAXS pattern of DiKTaL.C at 97 °C (Figure 7a)
featured a diffuse halo at 20 = 20.5 ° (dnalo = 4.3 A) corresponding to the planar distance of the molecules.
No #-7 reflex could be detected, thus ruling out columnar stacking of the DiKTaL.C core in a columnar

nematic (Nco1) phase.’® The orthogonal alignment (Figure 7b) of the wide and small angle reflexes and their
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diffuse nature (Figure 7a) were characteristic for a Np mesophase.’® However, the occurrence of two small

angle reflexes qi and g, around 26 = 2.5° — 5° and corresponding to two lateral distances are unusual but

not unknown for disordered Np, phases.**>
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Figure 7. a) WAXS diffractogram of DiKTaL.C recorded at 97 °C in a magnetic field upon heating, b)

corresponding 2D WAXS pattern. ¢) 1D SAXS diffractograms recorded during cooling at 120 °C, 100 °C
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and 70 °C. d) Schematic model of DiKTaLC with molecular diameter d and intramolecular distance dinta

measured in Chem3D.

For better resolution of the small-angle section, temperature-dependent 1D SAXS experiments (Figure 7¢)
were performed on a Bruker SAXSess revealing two reflexes at 100 °C with q; = 1.83 A™! (d; = 34.3 A)
and q» =3.60 nm™” (d,=17.5 A). Furthermore, q: continuously increased and became less diffuse with
decreasing temperature. The second reflex g, was independent from the temperature and likely resulted
from the intramolecular distance® dina = 20 A (Figure 7d) between the covalently linked cyanobiphenyl
units and the aromatic core of DiKTaL.C. Furthermore, q; continuously decreased and became less diffuse
with decreasing temperature (Figure S4 and Table S1). We conclude that q; results from the lateral
intermolecular distance within the Np phase. The associated distance di = 34.3 A was considerably smaller
than the calculated diameter of DiKTaLC d = 52 A (Chem3D, all-trans conformation, Figure 7¢) indicating
strong mixing of the shape ambiphilic cyanobiphenyl “rods” and the disc like aromatic core of DiKTaLC
in the Np mesophase.’***¢'"% The mesophase structure is preserved in the glass phase as deduced from
similar SAXS (Figure 7b) and WAXS patterns at 97 °C and 69 °C (Figure S3). This assumption is further
supported by the observed suppression of concentration quenching in our photophysical investigations of

the neat film, i.e., the aromatic cores seem to be isolated by the mixed rod-disk packing (vide supra).

Orientation studies

To quantitatively estimate the degree of DiKTaLC orientation in amorphous organic films, VASE and
ARPL measurements were applied to neat films of DiKTaLC spin-coated from chloroform dilutions (see
section S1 for details about sample preparation and measurements). The VASE and ARPL measurements

were taken both before and after 1 hour of annealing the films at 100 °C.
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The results of the VASE analysis are shown in Figure 9. The order parameter (S) and anisotropy factor (a)
of the TDM of absorption in the films can be calculated from the local maxima of the extinction coefficients

in the horizontal and vertical directions (k, and k.),**

_ ke—ky _ 3a-1
T ke+2ky 2 @)

For an amorphous film, a = 0.33 would correspond to perfectly isotropic orientation, while a < 0.33
indicates a preferentially horizontal orientation. The VASE analysis shows that for an unannealed film, the
values of a for absorption at 290 nm and 475 nm (absorption bands of the cyano-biphenyl moieties and
DiKTa core, respectively) are 0.20 and 0.29, respectively. These values indicate 80% and 71% of horizontal
orientation, respectively. For the annealed film, the TDM at 293 nm shows 94% of horizontal orientation

a =0.00), ana at nm the retains o of horizontal orientation (¢ = 0.31).
(a=0.06 d at 474 he TDM ins 69% of hori 1 ori i 0.31

The orientation of the TDM of emission in the neat films was obtained separately by ARPL spectroscopy
measurements, which probed only the emission from the DiKTa. The ARPL spectra were measured in a
custom-built setup as described elsewhere.** The resulting anisotropy factor a was derived by fitting the
ARPL spectra of the samples at the peak wavelength to an optical model based on the transfer-matrix
method,®® which can provide a more accurate measurement of the orientation of the TDM of emission of
the molecules.* > Importantly, the anisotropic optical constants obtained from our ellipsometry
measurements were used in this model to reflect the fact that the complex refractive index of the material
shows non-negligible anisotropy.®® The PL spectra of the annealed films show a slight blue-shift in the peak
wavelength and an increased PL intensity (Figure S10). As shown in Figure 10, both the pristine and
annealed films exhibit preferential horizontal orientation with ¢ = 0.26, which is in good agreement with
the result from VASE at 475 nm. As the absorption at 290 nm mainly comes from the 4-cyanobiphenyl
moieties of the mesogenic chains, the changes in the anisotropy factor observed by VASE indicate that
there is mesogenic chain reorganization during the annealing process, which is characteristic of discotic

liquid crystals,”” and is consistent with the POM measurements. While the absorption at 475 nm and the PL
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emission originate from the SRCT of the discotic emitting core, the consistency between the anisotropy
factor measured by both VASE and ARPL spectroscopy measurements indicate that the long-range

alignment of the discotic cores is preserved during the annealing process.
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Figure 9. Anisotropic refractive indices and extinction coefficients of DiKTaLC neat film a) pristine and
b) annealed. The black solid and dashed lines show the real component of the refractive indices in the
horizontal and vertical directions (n, and n.), respectively. The red solid and dashed lines show the

extinction coefficients in the horizontal and vertical directions (k, and &), respectively.
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Figure 10. Angular dependence of the PL intensity at the peak emission wavelength of DiKTaLC films a)
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pristine and b) annealed. Gray symbols represent the experimental data; lines represent the modelled PL
intensity for a perfect horizontal alignment of emitters (blue), for isotropic orientation (red), and for the
best fit to the experimental data (orange). The corresponding anisotropy factors, a, for each line are

indicated in the legends of each panel. All data sets were normalized to the corresponding intensity at 0°.

Conclusions

By attaching alkyl-tethered cyanobiphenyl units around a MR-TADF emitting core, DiKTaLC, exhibits
the photophysical properties of a MR-TADF emitter such as narrowband green emission (dpr = 514 nm,
FWHM = 53 nm), TADF, moderately high photoluminescence quantum yield (®@p. of 41%) and
additionally a Np mesophase between 80 °C and 110 °C. The liquid crystalline properties of DiKTaL.C
were confirmed by POM, DSC, WAXS and SAXS measurements and the material vitrified in a glassy state
below 80 °C retaining the disordered features of the Np mesophase. The as-prepared spin-coated neat film
of DiKTaLC shows preferential horizontal orientation of the TDM and is resistant to thermal treatment.
Our research shows that the distinct self-assembly of a liquid crystal can actually be harnessed to control
the molecular TDM orientation in solution-processed films and devices and paves the way towards

improved light outcoupling in solution-processed OLEDs.
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