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Increasing the horizontal orientation of transition
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The efficiency of organic light emitting diodes (OLEDs) can be improved by controlling the orientation
of the transition dipole moment of the emitters. Currently, no effective methods exist for orienting the
transition dipole moments in solution processed active layers for OLEDs. We investigate the orientation of
the transition dipole moment of small molecular emitters in a host matrix of poly(9,9-dioctylfluorene)
(PFO) by means of angle dependent luminescence intensity measurements. The polymer chains of the
host orient predominantly in the plane of the film. Fluorescent p-phenylenevinylene oligomers with 6 and
7 repeat units (OPV6, OPV7) are found to also orient preferentially horizontally. The orientation of the
emitters can be improved by thermal annealing with up to 90% of transition dipole moments oriented in
the plane of the film. The phosphorescent emitter Ir(MDQ),(acac) shows a degree of horizontal orientation
in the polymeric host matrix lower than that which is observed for oligomers, but as high as is observed
for the same emitter in evaporated layers. A carbazole derivative capable of thermally activated delayed
fluorescence shows a small preference for vertical orientation within the polymer host. The strong
orientation of OPV6 and OPV7 in the oriented polymer host is rationalized in terms of their high aspect
ratios. The use of PFO as host material in host/guest systems allows achieving horizontal orientation of
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Introduction

In recent years, OLEDs have gained a sizable share of the
market of flat panel displays and are applied in smartphones
and other portable electronics. Attractive features of OLEDs are
large area, low weight, patternability and flexibility. On the lab
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transition dipole moments in solution processed oligomers and small molecular emitters.

scale, energy conversion efficiencies up to 139 Im W' for
OLEDs that emit white light, have been achieved." While the
internal quantum efficiency (IQE) of OLEDs involving phos-
phorescent molecular emitters is usually close to 100%, the
external quantum efficiency (EQE) of the OLEDs is limited by
the outcoupling efficiency of the light that has been generated
within the emitter layer. The outcoupling efficiency rarely
exceeds 20%. An important loss mechanism is waveguiding
of light in the plane of the diode.> An elegant way to improve
the light outcoupling efficiency is to optimize the orientation of
the transition dipole moment of the emitters.* ® Optical analysis
indicates that OLEDs with an EQE above 40% can be realized
without any extra light extraction layer, if the ratio of horizontal
to vertical components of the emitting transition dipoles exceeds
95%.” Using small molecular emitters that show either phos-
phorescence or thermally activated delayed fluorescence (TADF),
which have been deposited in a way which gives them mainly
horizontal orientation in the active layer, diodes with EQE higher
than 30% have been realized.*

Preferential orientation of the transition dipole moment of small
molecular emitters in the horizontal plane of the organic layer for
OLEDs has currently only been observed for layers deposited by
thermal evaporation in high vacuum.®'* However, a significant
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research effort is currently devoted to deposition of the organic
layers from solution, which would allow for roll-to-roll processing,
opening a way to high throughput and lower production cost.
Lampe et al.* compared the preferential orientation of iridium-
based emitters in various host matrices deposited by solution
processing and by thermal evaporation. They observed that only
the evaporated layers show preferential horizontal orientation of
the iridium emitters and concluded that horizontal orientation in
the films of common phosphorescent iridium complexes cannot
be achieved by solution processing. The preferential horizontal
alignment in the deposition from the gas phase has been related
to the presence of an interface between the aromatic matrix and
vacuum during the deposition process.'®

Preferential horizontal molecular orientation in solution
processed layers is known for luminescent n-conjugated
polymers.’®™'® High degrees of horizontal orientation have also
been recently reported for light-emitting oligomers in solution
processed host/guest systems.”*>*

In this work, we investigate the use of a m-conjugated
polyfluorene host polymer deposited from solution for orient-
ing molecular emitters embedded in the host. We use poly-
(9,9-dioctylfluorene) (PFO, see Fig. 1). For films of PFO deposited
from solution by spin coating, preferential horizontal orientation
of the polymer chains has been reported.>® We investigate four,
rather different, molecular emitters which are each embedded in
the polymeric host (Fig. 1) via solution processing to determine if
PFO has the capability to orient the transition dipole moment of
small molecular emitters. The guests represent characteristic
fluorescent and phosphorescent molecular emitters with relevance
for OLED applications. They possess very different shapes and
the comparison between them enables assessing the influence
of the aspect ratio of the molecules on the orientation of their
transition dipole moment in solution processed films. The set
of emitters includes two m-conjugated methyl end-capped
p-phenylenevinylene oligomers containing either 6 or 7 phenyl
rings (OPV6 and OPV7). These oligomers have a high structural
aspect ratio and their transition dipole moment is oriented
along the main chain.>* We have previously shown that at high
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Fig. 1 Chemical structures of host and guest molecules used in this work.
Host materials: TPBi and PFO. Guest molecules: OPV6, OPV7, Ir(MDQ),(acac)
and tBu-DACT-II.
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concentration (10 wt%) OPV6 and OPV7 are horizontally
aligned in solution processed layers of 2,2',2"-(benzene-1,3,5-
triyl)tris(1-phenyl-1H-benzimidazole) (TPBi) as host, where they
aggregate.’® In solution-processed® and evaporated® pristine
layers, TPBi is oriented randomly. By using a polymeric host
such as PFO that is able to align horizontally by itself we hope
to induce horizontal alignment of the OPV6 and OPV7 guests in
solution-processed layers at low concentration where aggrega-
tion is absent.

Next to OPV6 and OPV7, we investigate the red phosphores-
cent emitter iridium(m)bis(2-methyldibenzo- f;4]quinoxaline)-
(acetylacetonate) (Ir(MDQ),(acac)). In evaporated host-guest
layers Ir(MDQ),(acac) shows preferential horizontal orienta-
tion,>*>?*2% Quantum chemical calculations have shown that
the horizontal orientation originates from the preferred direc-
tion of the triplet transition dipole moment of Ir(MDQ),(acac)
within the co-host environment.>® To the best of our knowledge
such alignment has not been observed for solution-processed
layers of iridium-based emitters,"* but with the self-aligning
PFO host this may be accomplished.

Finally, we use also a highly emissive TADF small molecule,
tBu-DACT-II, which is a solution processable version of
9-[4-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl]-N,N,N’,N'-tetraphenyl-
9H-carbazole-3,6-diamine (DACT-II).® TADF emitters receive con-
siderable attention in recent years as a promising new generation
of emitters for OLED application,”® and being able to align
TADF emitters horizontally in a suitable solution processed
host matrix would further enhance their applicability for highly
efficient OLEDS.

In the following we demonstrate that a high structural
aspect ratio is necessary to achieve highly oriented transition
dipoles in thin films. The OPV guest molecules, adopt pre-
dominantly an in-plane orientation when processed together
with the polymer host from solution. Also for Irf(MDQ),(acac) a
partial horizontal alignment is established, while for {Bu-DACT-II
preferential vertical alignment occurs, in accordance with the fact
that the transition dipole moment and long axis of this molecule
may not coincide.

Experimental

Materials and thin films

TPBi and Ir(MDQ),(acac) were obtained from Lumtec and PFO
from American Dye Source, Inc. The synthesis of the OPV6 and
OPV7 molecules has been described previously.*® tBu-DACT-II
was synthesized according to Scheme S1 (ESIf). For the
PFO:OPV6 (5% by weight) and PFO:OPV7 (5%) blends, the
two components of the host/guest system were mixed in a
19:1 weight ratio, and for the blend PFO:OPV7 (2%) in a
49:1 ratio; the materials were all dissolved in toluene, 0.5 w/v%,
and deposited by spin coating at a speed of 800 rpm on quartz
substrates, giving layers with thickness around 30 nm. For the
PFO:Ir(MDQ),(acac) blend, the two components of the host/guest
system were mixed in a 9:1 weight ratio; they were dissolved
in toluene, 1 w/v%, and deposited by spin coating at a speed of

This journal is © The Royal Society of Chemistry 2017
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1800 rpm on quartz substrates, resulting in 56 nm thick layers.
For the TPBi:Ir(MDQ),(acac) system, the components were dis-
solved in toluene, 0.5 w/v%, in a 9:1 ratio, and deposited on a
substrate by spin coating at 800 rpm (20 nm thick layers). For the
blend PFO:tBu-DACT-II, the two components were mixed in a
91:9 weight ratio, dissolved in toluene 0.5 w/v%, and deposited by
spin coating at a speed of 800 rpm on quartz substrates. These
layers were 35 nm thick. In the blend TPBi:tBu-DACT-II, the
blending ratio was 91:9, the solution was dissolved in toluene,
1 w/v%, and deposited on quartz substrate at 1800 rpm, for 40 nm
thick layers. Finally, PFO, 1 w/v% solution, was spin coated at
1800 rpm, giving 57 nm thick layers. All solutions were stirred at
70 °C for a few hours, allowed to cool down and then filtered
through a 0.22 pm PTFE filter before deposition by spin coating
on clean and UV-ozone treated quartz substrates. Layer thickness
was determined by surface profilometry. The layers referred
as “annealed” were subjected to temperature treatment for
10 minutes at 100 °C. All measurements, however, were done
after cooling of the sample to room temperature. Preparation of
solutions and films were performed in inert N, atmosphere
(H,0 and O, < 1 ppm).

Angular dependent fluorescence

The angular dependence of the p-polarised fluorescence intensity
was determined experimentally in order to deduce the orientation
of the transition dipole moment of the emitters embedded in the
solution processed layers. The setup used (Fig. 2) was assembled
in our laboratories based on the similar setup by Briitting et al.**
The layers are excited with the focused light of a 365 nm LED,
at a fixed incident angle of 45° the fluorescent light emitted
through the quartz substrate, which is optically coupled to a
quartz hemicylinder through matched refractive index oil,
is p-polarised through a polarizer and collected with a spectro-
meter. The collected light is filtered with a 450 nm high pass filter,
to avoid saturation. The fluorescence is measured at different
angles, from 0° to 80° in steps of 2°. The measurements are
performed in inert N, atmosphere (H,0O and O, < 1 ppm), to
avoid photochemical degradation and photoluminescence quench-
ing induced by combination of oxygen and UV light.

90° Emitted
‘ ' light
Spectro}neter
o //
o [
Polariser
Incident

light

Fig. 2 Layout of the experimental setup used for the angle-dependent
fluorescence measurement. The organic layer used for the angle depen-
dent luminescence measurements is on top of a quartz substrate, in
optical contact with a quartz hemicylinder through refractive index
matching oil. The organic layer (on the free side of the substrate) is excited
using a UV LED with an incident angle of 45°. The fluorescence is collected
through a polarizer and a fibre-coupled spectrometer.
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The optical constants (refractive index, n, and extinction
coefficient k) of the pure host materials, TPBi and PFO (Fig. S1
and S2, ESIt), were determined experimentally by spectroscopic
ellipsometry at various angles of incidence and transmission
intensity measurements at 0° (perpendicular incidence). Optical
constants for the host material containing also molecular emitter
(<10 wt%) were assumed to be the same as the pure host. Optical
constants were determined using WVASE 32 software from
Woollam. Ellipsometry on layers of the pure TPBi did not reveal
any indication for optical anisotropy, therefore the optical
properties of the host were taken to be the same in all directions.
For PFO, uniaxial optical anisotropy was taken in consideration
and ordinary and extraordinary optical constants were extracted
from ellipsometry data of the pure host polymer.

The experimental angular dependencies of the p-polarised
fluorescence intensities were used as input for optical simula-
tions using the software OrientExpress. The angular emission
profile of the vertical and horizontal radiating dipoles is
simulated based on the thickness and (anisotropic) refractive
indices of all layers and the substrate which define a micro-
cavity. Hereby an even distribution of the emitters across the
emitting layer is assumed and the intensities of the contribut-
ing dipoles are added accordingly. The relative weights of the
contributions of horizontal and vertical dipoles to the emission
profile are then obtained from the measured one by simple
linear regression. The details can be found in ESI,{ Note 1.
The comparison of the experimental data with the optical
simulations allows one to quantify the degree of orientation
of the transition dipole moments of the emitters in the host.

Results and discussion
Fluorescence of PFO:guest blends

Upon admixing a small amount (2 wt%) of OPV7 oligomer into
the PFO host matrix, the bright yellow-orange fluorescence
of the oligomer becomes apparent. In Fig. 3, we show the
normalized fluorescence spectrum of the as cast PFO:OPV7
blend with a maximum at 560 nm. The pure PFO host also
shows fluorescence with the main emission band in the UV
spectral range around 410 nm, just outside the window of
observation. The long wavelength tail of the PFO emission is
however clearly visible in the spectrum of the pure polymer
(Fig. 3). In the not-annealed PFO:OPV7 blend, the luminescence
from the host polymer is strongly suppressed, most likely by
energy transfer from the host to the guest.

In order to enhance the alignment of polymer and guest, the
films were thermally annealed. Thermal annealing has a strong
influence of the fluorescence characteristics of the pure PFO
film.*> The emission maximum shifts to longer wavelength and
now appears around 440 nm.** Changes in the fluorescence
spectrum of PFO have been studied in detail and the shift of the
fluorescence maximum has been attributed to formation of
domains of B-phase of the polymer within the layer.>* For the
thermally annealed PFO:OPV7 film (Fig. 3), the emission of
the OPV7 is slightly blue shifted compared to the as-cast film.

J. Mater. Chem. C, 2017, 5, 6555-6562 | 6557
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Fig. 3 Fluorescence of PFO (in blue) and PFO:OPV7 (2%) (in orange) for
layers which are not annealed (solid lines) and layers annealed at 100 °C
(dashed lines). The measurements were taken after samples had cooled
down to room temperature, with the angle dependent fluorescence
measurement setup at 0°.

This blue shift, which may be opposite to what is expected
for annealed films, can be attributed to two main factors. After
annealing, the emission from PFO overlaps with the peak
emission wavelength for OPV7, causing a small shift. Second,
annealing causes a change in the polarizability of the host, and
this can influence the energy of the excited states, therefore the
emission wavelength.’> We note that this shift also signifies
that aggregation of OPV7 in PFO does not occur by the thermal
annealing, because that would lead to a red shift of the
fluorescence.’® The intensity of the luminescence from PFO
relative to the OPV7 signal has increased upon thermal annealing
(Fig. 3). This may be interpreted in terms of an increase in the
probability for photon emission by the pure host and/or phase
segregation of nanocrystalline PFO domains in the film. Atomic
force microscopy images of the PFO:OPV7 films of both the
annealed and non-annealed layers show a flat topography with
a low root mean squared surface roughness R; of <1 nm (ESL}
Fig. S3). Finally, we observed that upon increasing the loading of the
PFO host with OPV7 guest to 5 wt%, the fluorescence bands of the
OPV7 do not change appreciably in either position or in intensity
relative to the PFO (see Fig. 4a). The insensitivity of the OPV7
fluorescence bands to changes in the loading, strongly indicates
that a possible contribution from aggregates of the OPV7 to the total
emission spectrum is insignificant. The photoluminescence spectra
of the PFO:OPV6, PFO:Ir(MDQ),(acac) and PFO:tBu-DACT-II blends
are shown in Fig. 4. Also for these systems the emission from the
guest can be clearly distinguished from the fluorescence from the
host. The band-shape and spectral position of the luminescence
from the guests do not change appreciably upon annealing of the
mixed systems, which is consistent with absence of aggregation of
the guest upon thermal treatment.

Angular dependent fluorescence

Fig. 5 shows the angular dependence of the p-polarised fluores-
cence of the pure PFO host and of the host/guest systems.
Results for both as cast films (blue markers) and thermally
treated layers (red markers) are given. For each film, the
angular dependence of the luminescence was probed at the
wavelength of maximum intensity and normalized to the
intensity of the luminescence in the direction of the surface
normal of the film (0°). For all the films, the fluorescence
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Fig. 4 Fluorescence of different blends in PFO. Fluorescence of PFO in
blue; non annealed layers (solid lines) and layers annealed at 100 °C
(dashed lines). PFO:OPV7 (2%) in orange (a); PFO:OPV7 (5%) in green (a);
PFO:OPV6 (5%) in red (b); PFO:Ir(MDQ),(acac) in pink (c); PFO:tBu-DACT-II
in light blue (d). The measurements were taken after cooling of the
samples to room temperature, with the angle dependent fluorescence
measurement setup at 0°.

intensity slowly decreases when the angle is varied from 0° up
to ~42° and then rapidly increases, with a broad maximum at
angles between 52° and 60°, depending on the host/guest
system under study. The minimum in p-polarised fluorescence
intensity at 42° is related to the Brewster angle for internal
reflection at the host/air interface where light can couple out
effectively in the backward direction.

We first focus on the results for the pure PFO layer. As can be
seen, the angular distribution of the fluorescence is strongly
influenced by thermal annealing of the polymer. While the as-cast

This journal is © The Royal Society of Chemistry 2017
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Fig. 5 Angular dependence of the p-polarised fluorescence of solution processed layers of host/guest systems with PFO as host material, normalised at
0°, for both non-annealed layers (blue) and layers annealed at 100 °C (red). The dots represent the experimental measurements, the full lines the
simulated results. In all the cases, the annealed films, compared with the not annealed ones, show a lower peak at high angles (52° to 60°), meaning a
more horizontal orientation of the emitters in the annealed films. The difference between annealed and not annealed films is higher for pristine PFO and

for the two oligomers, but smaller for the smaller molecules.

film shows a maximum at 60°, for the annealed layer the
intensity at high angles is much lower than that for directions
near the normal. To rationalize these results, we note that a
transition dipole moment oriented along the normal of the film
would radiate waves with propagation direction predominantly
in the plane of the film. The vertical orientation of emitter
dipoles thus should result in high intensities for large angles
in the angular emission profile. In contrast, a transition dipole
moment oriented in plane with the film, would emit in the
direction normal to the plane, and would thus show low intensity
at high angles in the angle dependent measurements. Thus, the
low intensity observed for the thermally annealed PFO at ~60° is
consistent with highly horizontally aligned emitters in the film.
We note that for PFO due to the presence of domains of B-phase
the orientational distribution of fluorescent sites may not be
representative for the complete set of polymer chains.

In order to quantify the orientation of the transition dipole
moments, we combine the measurements with optical simula-
tion of the angular intensity profile of the p-polarized emission.
With the software OrientExpress, the simulated angular emis-
sion profile of the vertical and horizontal radiating dipoles is
fitted to the measured ones by weighting their respective
contributions (more details in ESL, T Note 1). For a fully random
distribution of transition dipole moments, the coefficients for
vertical and horizontal orientation are 6, = 0.33 and 6;, = 0.66,
respectively.

The simulated results show an excellent fit with the experi-
mental data (Fig. 5) and the simulated values for vertical
orientation of transition dipole moments in the analysed layers
are summarised in Table 1. The non-annealed PFO layer shows
a slightly horizontal orientation of the average transition dipole

This journal is © The Royal Society of Chemistry 2017

Table 1 Coefficient for vertical orientation (6,) for transition dipole
moments in PFO and PFO/guest layers®

Material 0, not annealed 0, annealed
PFO 0.26 0.06
PFO:0PV7 (2%) 0.19 0.10
PFO:0PV7 (5%) 0.19 0.12
PFO:0OPV6 (5%) 0.17 0.14
PFO:Ir(MDQ),(acac) (10%) 0.29 0.22
PFO:tBu-DACT-II (9%) 0.42 0.43

¢ Obtained by fitting the experimental angular p-polarised fluorescence
intensity to simulated profiles for partial horizontal (6y,) and vertical (6,)
orientation. The values are for both not annealed and annealed layers.

moment, that becomes almost completely horizontal (0, = 0.06)
after annealing of the layer.

The blends of PFO with the two oligomers OPV6 and OPV7
already show appreciable horizontal orientation in the as-cast
state. The horizontal orientation improves upon thermal
annealing, but the effect of the annealing is less strong than
for pure PFO. Ir(MDQ),(acac) is almost randomly oriented in
the as-cast film, but its transition dipoles become more
parallel to the plane of the film upon thermal treatment
(0y = 0.22). The degree of horizontal orientation in these
solution processed PFO:Ir(MDQ),(acac) films is very similar
to that of Ir(MDQ),(acac) in co-evaporated layers with TPBi
where 6, = 0.23 (Fig. S4 and Table S1, ESIt). Finally, the
tBu-DACT-II molecules show a preference for vertical orienta-
tion of their transition dipole in both as cast and annealed
films. This is the opposite result to DACT-II thin-films fabri-
cated by vacuum-deposition method, which prefer horizontal
orientation with 6, = 0.26.%

J. Mater. Chem. C, 2017, 5, 6555-6562 | 6559
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Fig. 6 Angular dependence of the p-polarised fluorescence of solution
processed layers of host/guest systems with TPBi as host material, normal-
ised at 0°, for both not annealed layers (blue) and layers annealed at 100 °C
(red). The dots represent the experimental measurements, the full lines the
simulated results. There is no difference between annealed and non-
annealed films.

Table 2 Coefficient for vertical orientation (0,) for transition dipole
moments in TPBi:lIr(MDQ),(acac) and TPBi:tBu-DACT-Il solution pro-
cessed thin films

Material 0, non-annealed 0, annealed
TPBi:Ir(MDQ),(acac) (10%) 0.34 0.34
TPBi:tBu-DACT-II (9%) 0.41 0.42

As a control experiment, we also investigated the emitter
dipole orientation of Ir(MDQ),(acac) and {Bu-DACT-II in TPBi,
a host matrix that shows no appreciable orientation. Results are
shown in Fig. 6 and summarized in Table 2. For Ir(MDQ),(acac)
the orientation coefficient of the transition dipole moments is
consistent with fully random orientation. This holds both for
as-cast and thermally annealed films. For t{Bu-DACT-II in TPBI,
the data indicate a small preference for vertical orientation,
similar to in the polymer host (Table 1). In a previous study, the
orientation of OPV6 and OPV7 in TPBi was already investigated.
Under conditions where aggregation of the OPV6 and OPV7 in the
TPBi host are minimized, the oligomers orient randomly in the
solution processed small molecules host (6, = 0.32 and 0, = 0.34).>°

Discussion

The results demonstrate that the emitters with the most
elongated backbone (OPV6 and OPV7) also show the highest
degree of horizontal orientation of the transition dipole moment.
In OPV molecules the transition dipole moment is mainly oriented
along the long axis of the molecules (Fig. 7a).>* The combination of
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a high structural aspect ratio and a transition dipole moment
along the long axis are a winning combination.

For heteroleptic iridium based emitters two factors were
previously recognised to be important for horizontal orienta-
tion of the average transition dipole moment when deposited
via thermal evaporation.”® First, the emitter should have a
triplet transition dipole moment preferentially oriented along
a specific direction and not have a combination of transition
dipole moments with various orientations, and second, the
emissive molecule itself should have a preferred orientation
with respect to the substrate, in such a way that the combi-
nation of both conditions leads to transition dipole moments
that are parallel to the horizontal direction. For the N,N-trans
isomer of Irf(MDQ),(acac) the average transition dipole moment
from the luminescent transition for the excited triplet level was
calculated to be oriented approximately parallel to the longest
axis of the molecule (Fig. 7b).”® The preferential orientation in
the annealed PFO layer may thus be rationalized in terms
of the main transition being parallel to the longest axis of the
molecule and the longest axis of the molecule aligning with the
PFO chains.

tBu-DACT-II does not have an elongated shape, and it is
difficult to identify the longest axis in the molecule. It may be
along the donor-acceptor direction (green arrow in Fig. 7c) but
could also be along a line joining the two triarylamine moieties
(blue arrow in Fig. 7c). The direction of the transition dipole
moment for the S;-S, transition is most likely from the carba-
zole to the triazine ring. Our measurements of the emission
anisotropy indicate that the tBu-DACT-II molecules orient with
their transition dipole moment (ie. the carbazole-triazine
direction) perpendicular to the direction of the PFO chains. If
we consider the long axis of the molecule as the blue arrow in
Fig. 7, this is in line with what observed for the other emitters.

Comparison of the orientation of OPV6 and OPV7 in an
isotropic small molecular host as TPBi thus supports the view
that the orientational order of the polymeric host is instrumental

Fig. 7 Chemical structures of the emitters used in this work (a) OPV7,
(b) Ir(MDQ)2(acac), (c) tBu-DACT-II with approximations of their longest
backbone axis (blue and green) and the direction of transition dipole
moment (red).

This journal is © The Royal Society of Chemistry 2017
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in aligning the emitter molecules predominantly in the horizontal
plane. The experimental result that for the small molecular
emitters If(MDQ),(acac) and ¢Bu-DACT-II the nature of the host
has a much smaller influence on the orientation of the guest
indicates that the aspect ratio of the guest is an important factor.
The larger the aspect ratio of the guest, the more susceptible it
seems to be for directional influence of the polymer host on its
orientation. Hence, the high preference for horizontal orientation
of OPV6 or OPV7 correlates with the high aspect ratio of these
molecules. For evaporated layers a correlation between aspect
ratio of the molecules and preferential horizontal orientation has
also been proposed.” We note however that the underlying
physical mechanism for inducing the order may be different for
solution and gas phase processing.'®

Conclusion

In solution processed layers of host/guest systems, relevant for
OLED applications, the orientation of small molecular emitters
can be influenced by using a polymeric host that shows preferential
alignment in the horizontal plane. The experimental evidence
obtained suggests that rod like emitter molecules adopt a prefer-
ential horizontal orientation under the influence of the host. In
particular, for the oligomers OPV6 and OPV7 in a PFO host, it was
possible to reach extremely high horizontal orientation (with 86 to
90% of dipoles horizontally oriented) after thermal annealing,
without detrimental aggregation of the luminescent guest mole-
cules. For solution processed layers of Ir(MDQ),(acac) in PFO, after
thermal annealing, it was possible to reach the same degree of
orientation observed for the same emitter in evaporated layers. The
use of poly(9,9-dioctylfluorene) as host material in host/guest
systems seems to be a good way to achieve horizontal orientation
of transition dipole moments in solution processed oligomers
and small molecular emitters. The generalization of this result to
other polymeric hosts is under investigation.
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