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ABSTRACT

Here we compare the effects of solid-state dilution on the photophysical and electrical performance of
three TADF exciplexes based on carbazole containing donors with a high-performance acceptor PO-
T2T. We observe intrinsically different photophysical behaviour between the exciplexes, which is
explained by the presence of a heterogeneous distribution of triplet energies in one of the donor
molecules arising from a distribution of planar and highly twisted biphenyl bridges. This study of
different donors demonstrates that the recently discovered efficiency enhancement of solid-state diluted
exciplexes is independent of the separation associated spectral blueshift, with the latter being universal
while the former is only found for donors with low structural rigidity. OLEDs produced from these
carbazole based exciplexes show decreased electrical performance likely due to the relatively low
conductivity of the donors and host, suggesting that functional conductive hosts may, in some cases, be

required to translate optical efficiency enhancements into improved electrical performance.

INTRODUCTION

The key remaining challenge in the commercialisation of organic light emitting diodes (OLEDs) is to
obtain high efficiency and stable blue devices, which are critical for applications in the next generation
of OLED based displays and lightning. High efficiency in the red and green has already been obtained
using both phosphorescent heavy metal complexes, and more recently in single molecule thermal
activated delayed fluorescence (TADF).!3 The latter materials exploit small energy differences between
an emissive charge transfer singlet state (!CT) and some isoenergetic localised excitonic triplet state
(CLE) to facilitate reverse intersystem crossing (rISC).*° Nonetheless, both phosphorescent and
conventional TADF materials still possess limitations as regards efficient blue emission and operational

stability.

Recently it has been discovered that solid-state dilution of a TADF exciplex using an inert host leads

to increasingly blue shifted emission and a considerable increase in the photoluminescence quantum
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yield (PLQY) that translates to improved external quantum efficiencies (EQEs) in electrical devices.®’
This approach provides a promising new strategy to achieve high efficiency blue OLEDs based on
exciplexes, which do not have as stringent host requirements as intramolecular charge transfer TADF
materials.> Although we rationalise the observed blue shift of the exciplex emission in terms of a
decreasing coulombic interaction between the electrons on the donor (D) and the acceptor (A), the origin

of the PLQY increment is not as well understood.

Here we compare the optical and electrical properties of three TADF exciplexes formed between
carbazole based donors 1,3-bis(carbazol-9-yl)benzene (mCP), 4,4'-bis(carbazol-9-yl)biphenyl (CBP)
and 4,4'-bis(carbazol-9-yl)-2,2'-dimethylbiphenyl (CDBP),with 2,4,6-tris[3-
(diphenylphosphinyl)phenyl]-1,3,5-triazine (PO-T2T) as acceptor (structures shown in Figure 1). 100
nm thick films of materials were prepared by thermal-vacuum double or triple co-evaporation, with the
D and A being diluted in an optically transparent high triplet energy host®, 1,3-
bis(triphenylsilyl)benzene (UGH-3), using different host ratios, whilst keeping the ratio of D: A constant
at 1:1 by volume. The co-evaporations were controlled by accurately monitoring and controlling the

evaporation rate of each material.

Considering the molecular structures of CDBP and CBP, these differ only by the two central methyl
groups that sterically induce a twist across the biphenyl bridge, locking its conformation. This twist
reduces the conjugation across the molecule and leads to different triplet energies in CDBP? (T; = 2.92
eV) compared to CBP (T, =2.70 eV). We also compare to mCP which also possess a twisted geometry,
this time due to different nitrogen linkages and close packing of the carbazoles around the central

benzene ring. These structural effects also lead to a high triplet level'®!! (T, =2.97 eV) similar to CDBP.
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Figure 1 Molecular structures and HOMO, LUMO and T, energy levels of the exciplex forming donors (CDBP, CBP and
mCP), acceptor (PO-T2T!?) and the host used to dilute the exciplexes (UGH-3%).

RESULTS AND DISCUSSION

In Figure S1 the absorption spectra of the three dilution series are presented, showing that no ground
state interaction is present, i.e. no direct charge transfer absorption band is observed,'* and that the
absorption intensity is directly proportional to the donor and acceptor content of the films. The films
themselves are referred to by either their UGH-3 volume content, or as “neat” when no (diluting) host
is included. The remaining volume of the films is made up of a 1:1 blend of D and A. Furthermore, to
confirm that there is no interaction between the host and the three donors (exciplex formation or
otherwise) the photoluminescence (PL) of the three donors in UGH-3 was also measured (Figure S2).
Only the emission from the donor molecules is observed, confirming the inert nature of the host. The
absorption spectra of the individual components were reported previously and confirm that only the
donors have appreciable absorption at 330, 337, and 355nm used for excitation in subsequent optical

experiments, 121415

All three exciplexes exhibit a blue shift of their PL with increasing dilution (Figure 2), consistent with
our recent discovery of the dilution effect in the TSBPA:PO-T2T exciplex system.® This blue shift is
rationalised in terms of a decreased coulombic energy term for the exciplex as the electron-hole

separation of the charge transfer (CT) excited state increases. No donor emission is observed up to 25
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vol% of UGH-3 in any film (Figure 2), while upon further dilution of the CDBP:PO-T2T and mCP:PO-
T2T exciplexes only a small donor peak (365 nm) is observed at 50 vol% in the CDBP:PO-T2T and 75
vol% host in both CDBP:PO-T2T and mCP:PO-T2T. Stronger donor emission (360-380 nm) is
observed in the CBP:PO-T2T films for the same dilutions, which suggests a stronger interaction of
CDBP and mCP with PO-T2T compared to CBP, assuming that the electron transfer (ET) mediated
through the host remains similar for all exciplexes and that the PLQY's of the donors are not greatly
different. The former assumption is justified by the fact that the LUMO levels of the three donors CDBP
(2.4 eV'°), CBP (2.3 eV'7) and mCP (2.3 eV'©) all are above the LUMO of UGH-3 (2.8 e€V?®), thus
allowing thermodynamically favourable electron hopping towards the deeper PO-T2T LUMO level (3.2

eVo).

The stronger interaction of CDBP and mCP with PO-T2T (compared to CBP, and leading to less
donor emission in similarly diluted films) we believe is due to the molecular structure of the donors.
The two methyl groups on the CDBP bridging benzene rings and the two closely connected carbazole
units in the mCP both impart highly twisted structures. This twisted molecular structure leads to reduced
conjugation across the molecules, resulting in similarly high triplet levels in both. Furthermore, CDBP
and mCP have natural transition orbitals (NTOs) localised on the carbazole units,'%!* in contrast to CBP
where the NTOs are spread across the biphenyl bridge'4. This localised donor electron density at the
peripheries of the molecule may result in the increased capacity of CDBP and mCP to form exciplexes

at large separation distances.
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Figure 2 Photoluminescence spectra of (a) CDBP:PO-T2T(b) CBP:PO-T2Tand (¢) mCP:PO-T2T exciplex films (D:A ratio
1:1) in different vol% of UGH-3 (d) 1931 CIE chromaticity diagram schematically showing the blueshift of the

electroluminescence emission coordinates with increasing % vol% UGH-3 in all materials.

Time-resolved PL decays at room temperature (RT) (Figure 3) reveal quite different behaviour with
dilution for the CDBP:PO-T2T and mCP:PO-T2T exciplexes compared to CBP:PO-T2T. The
CDBP:PO-T2T and mCP:PO-T2T exciplexes possess delayed fluorescence (DF) with single
exponential decay kinetics at all dilutions, and in both cases the DF lifetime (tpr) increases slightly with
increasing dilution (Table 1). For the CDBP:PO-T2T exciplex an increase of tpr from 2.4 ps to 4.1 ps
is observed from neat to 75% UGH-3 films, while for mCP:PO-T2T there is a much smaller change

(2.1t0 2.6 us).

In contrast the CBP:PO-T2T DF decays are predominantly bi-exponential. We find that we are able
to fit the first component using the same time constant as that obtained from the CDBP:PO-T2T DF

decays at the corresponding dilution (as shown in Figure S3) with an additional longer lived component
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also required to fit the full DF region. An additional third exponential was also necessary to fully

characterise the 75 vol% diluted film, with all fitting parameters reported in Table S1.

We interpret the behaviour of the CBP:PO-T2T films as arising from the presence of a distribution of
CBP conformations with different dihedral angles across the biphenyl bridge. This distribution of CBP
molecules (each with different levels of conjugation between the two carbazole moieties) implies the
presence of a distribution of triplet levels and associated AEgr gaps within the films, leading to the
multiexponential DF observed. As we are able to fit the fast component of the CBP decays using the
corresponding CDBP films results this indicates that a proportion of the CBP molecules are in the same
conformation as CDBP, i.e. highly twisted bridging phenyls and so low conjugation across the biphenyl
bridge. This twisting confers a similar high triplet level (2.92 eV) to some of the CBP molecules and
therefore a small AEg; gap and fast rISC rate according to Equation 1.!® We note however that in
phosphorescence (PH) measurements we can only observe the lowest energy CBP triplets (with onset
energy 2.7 eV) because of downhill energy transfer to these during the very long triplet lifetime. The
slow DF decay component is given by that population of CBP molecules that retain a higher degree of
conjugation across the biphenyl bridge with less twisting, lower triplet (~2.70 eV), bigger AEsr , and a

much slower rISC rate.

T g
B

krisc x e Equation 1

For CDBP, the 3LE is always in close resonance with the exciplex 'CT level due to its sterically locked
twisted conformation, which ensures the triplet level distribution is effectively homogeneous in the
films. The resulting AEsy gaps between the 'CT and the triplet of either the donor or the acceptor are
always small, with values 0.03 < AEsr < 0.05 eV (Table 2). CBP:PO-T2T forms an exciplex with very
similar energy to CDBP:PO-T2T (Table 2) due to the very similar HOMO levels. Upon dilution in
UGH-3 the distribution of CBP linkage angles is changed, leading to a different distribution of triplet
energies, AEgr gaps, and rISC rates. Any concentration quenching mechanisms common to both CBP
and CDBP must also be similarly suppressed in both systems, leading to their PLQYs converging to

values of roughly 50% (+- 5% error) at 50% dilution. Decreases in the PLQY at 75% dilution are likely
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due to the increased D-A distances hindering the electron transfer from D to A, leading to the observed

increase in (low PLQY) donor emission.

The behaviour of the mCP dilution series further supports this interpretation since this material

possesses CT and triplet energy levels very similar to CDBP, as schematically shown in Figure 3b and

Figure 3f. The mCP triplet is always in close resonance with the exciplex energy, and this does not

change upon dilution due its rigid molecular structure. For mCP:PO-T2T the PLQY barely increases

upon dilution (within error) but drops quickly as exciplex formation is hindered at higher dilutions.
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Figure 3 Left: Time resolved photoluminescence decays collected at room temperature of (a) CDBP:PO-T2T (c¢) CBP:PO-

T2T and (e) mCP:PO-T2T exciplexes in different vol% of UGH-3. Right: Energy diagrams showing the lowest lying measured

local triplets (solid red lines) of the exciplex forming molecules and the blue shifted CT energy (black lines) with increasing

dilution for (b) CDBP:PO-T2T (d) CBP:PO-T2T and (f) mCP:PO-T2T. The blue lines indicate the local triplet of PO-T2T,
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while the dashed red line in d shows the level of the inferred triplet energy upon dilution, the same as in CDBP and discussed

in the text below.

Figures S3-S5 show spectra obtained at different delay times for the CDBP, CBP and mCP exciplexes.
Consistent with what was observed in our previous report,® increasing host vol% causes a reduction in
the time-dependant spectral shift observed in the prompt (1.9 ns delay) and delayed emission (Table
1). In all cases the initial spectrum recorded at 1.9 ns is also found at higher energies at higher dilutions.
The onset of this initial spectrum redshifts over time in each material, but by decreasing amounts at
higher dilutions. This red shift is due to the presence of a heterogeneous distribution of 'CT lifetimes,
where the highest energy CT states (with blue emission) decay fastest as they have more local LE
character, stronger coupling to the ground state, and therefore the highest emission rate constants. The
lower energy CT states decay more slowly as they are more weakly coupled to the ground state, leading

to redder emission at longer times.!”

The reduction of the onset shift at higher dilutions suggests that there are fewer low energy D-A
“orientations” present in the film when the host vol% increases. This is intuitive, as these low energy
(short D-A distance) exciplexes will be the first to be disrupted as the host is incorporated into the
exciplex films.!"2! The net result is this truncates the shorter end of the D-A distance distribution, and

therefore limits the extend of the spectral redshift.

As shown in Table 1, both prompt and delayed emission onsets blueshift with increasing host vol%,
similar to the steady state PL discussed above. The fact that the onset of the prompt fluorescence
blueshifts indicates that new higher energy exciplexes are formed which are not present in the undiluted
films. This indicates that the average D-A separation increases with increasing dilution, creating more
isolated D and A that can only form pairs at distances otherwise prevented by a closer nearest neighbour
in an undiluted film. This change in the D-A distance distribution -substantially blue shifting the “centre
of mass” of the CT band in the diluted films- causes the CT energies to asymptote towards a value that

correspond to separation distances at which the ET that forms the exciplex can no longer occur.

To exclude the contribution of other DF processes such as triplet-triplet annihilation (TTA) in our

analysis, laser fluences (LF) were measured for different excitation doses in each exciplex at each
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dilution.* For the CDBP exciplex the LFs (Figure S7) were measured at a delay time and integration
time of 0.25 us and 1.5 ps respectively, to ensure that only the behaviour of the delayed part of the
decay was assessed. The LFs measured were fitted with two linear regions. The high power region (laser
power > 10uJ) showed a sublinear dependence of the measured emission intensity with excitation dose,
indicating that singlet-singlet quenching is likely active at high excitation powers. In the low power
region (laser power < 10uJ) a behaviour closer to the ideal slope of 1 is observed, indicating
unimolecular rate laws and excluding bimolecular TTA as the DF mechanism. As phosphorescence is
unlikely at room temperature in these systems, we therefore attribute the DF to a pure TADF mechanism

in the CDBP:PO-T2T exciplexes across all dilutions.

Since the CBP exciplexes showed such a long DF, the LFs were measured both in the early and in a
later time region of the DF to assess if different triplet harvesting processes were present (Figure S8).
In both the early DF (0.5 ps delay time/1.5 ps integration time) and later DF (80 ps delay time/420 ps
integration time) two regimes of laser power dependence were observed, similarly to the CDBP
exciplex. In the high power region, a more severe sublinearity is observed, and for the neat film
gradients are as low as 0.51 and 0.32 for the early and late high power LFs are observed. These results
indicate stronger excitation quenching processes in the CBP exciplex, which is unsurprising based on
the much slower triplet harvesting (and longer exciton lifetimes) in this exciplex series. Indeed, when
comparing the early DF and later DF LFs in the high power regions we observe that the LF measured
at longer delay time is always the more strongly quenched — indicating that the longest lived excitons
(those least able to be rapidly harvested for emission) are the most likely to suffer quenching. We
suggest that this triplet quenching is hindered by reduced triplet mobility at higher dilution leading to
less significant sublinearity. The same trend is observed in the low power regions of the LFs, with the
early time LFs always showing slightly higher gradients than the LFs measured at later time.
Nonetheless these gradients are all close to 1, indicating that the CBP:PO-T2T exciplex is also
dominated by the TADF mechanisms despite the measured CBP triplet energy being substantially lower

than the exciplex 'CT energy at all dilutions.
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The mCP:PO-T2T LFs were also measured in the DF region from 0.25 to 1.5 ps (Figure S9) showing
trends similar to that discussed for the CDBP exciplex. In this exciplex again we observe excited state
quenching in the high power region that disappears at 75vol% UGH-3. As was observed for the other
two exciplexes, the low power region is characterised by a slope very close to 1 indicating the

dominating TADF character of the DF at all dilutions.

Another trend also observed in the LFs of all three exciplexes is that the sublinearity of the high power
region becomes less severe with increasing dilution. This can be explained by considering that with
increasing dilution vol% in the films, the lower absolute film absorption means that the exciton density
is lower at all times (fewer exciplexes per volume unit) making concentration dependant quenching less
efficient’?. The quenching mechanisms may include singlet-singlet annihilation during early time PF
(depleting the exciton population available for DF emission later on), as well as non-emissive triplet-

triplet annihilation or monomolecular triplet quenching in the DF region itself.

PL decays were also measured at low temperatures for both dilution series (Figures S10a, S12a and
S13a). Even at 80K the CDBP and mCP exciplexes retain a strong DF component, but reduced
compared to room temperature (in contrast to the CBP:PO-T2T films) as a result of the smaller AEgy
and faster rISC rate in the these exciplexes. Spectra were also measured at 80K with 80 ms delay (Figure
S10b, S12b and S13b) in order to measure the phosphorescence (PH) of the exciplex films. For the CBP
series, we always obtain structured emission (Figure S12b) even in the presence of PO-T2T with onset
energy between 2.67 and 2.71 eV, consistent with literature reports of the CBP triplet energy.’ Similarly
the mCP series also showed consistent PH spectra (Figure S13b) with onset energy between 2.91 eV

and 2.97 eV from the exciplex films.,

For the CDBP series (Figure S10b) these measurements failed to unambiguously resolve the PH of
the films. The spectra collected are instead still from the exciplex state and are clearly blue shifted with
dilution according to the steady state spectra (Figure 2a). This kind of concerted blue shift upon dilution
is not expected for PH. In order to obtain a better estimation of the AEgr of the CDBP:PO-T2T exciplex
series, the PH of evaporated films of CDBP in UGH-3 were measured at concentrations of 10, 25 and

50 vol% without PO-T2T (Figure S11). The 10% CDBP films shows a PH onset of 2.92 eV, while the
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25 and 50 vol% films possess a slightly lower PH onset of 2.90 eV and 2.85eV respectively. This

redshift of the PH with the increasing concentration is likely due to excimer formation.'#

Table 1 Relevant metrics of the RT decays of the CDBP, CBP and mCP based exciplex series.

TpF CT prompt / delayed CT prompt/
(ns) LF slope ponselt): (eV) ' delayeg shiflt) (eV)
CDBP:PO-T2T
Neat 2.4 0.87 3.03/2.83 0.20
25 vol% UGH-3 3.1 0.95 3.07/2.85 0.22
50 vol% UGH-3 4.0 0.95 3.06/2.87 0.19
75 vol% UGH-3 4.1 1.01 3.11/2.96 0.15
CBP:PO-T2T
Neat - 0.86 2.97/2.74 0.23
25 vol% UGH-3 - 0.86/1.32 2.96/2.76 0.20
50 vol% UGH-3 - 0.90 3.02/2.84 0.18
75 vol% UGH-3 - 0.95 3.13/2.92 0.21
mCP:PO-T2T
Neat 2.1 0.96 3.05/2.84 0.21
25 vol% UGH-3 2.1 0.96 3.07/2.89 0.18
50 vol% UGH-3 2.5 0.99 3.07/2.89 0.18
75 vol% UGH-3 2.6 0.96 2.11/2.96 0.15

PLQYs were measured for all exciplex films (Table 2) in anticipation of a significant efficiency
enhancement with dilution as observed for TSBPA:PO-T2T in our previous report.® Instead, we find
that the CDBP series shows only a small PLQY increment, from 41% for the neat exciplex to 49% at
25 % UGH-3 film. At 50 vol% UGH-3 the PLQY remains essentially unchanged while it deceases at
75% dilution to 45%. The mCP series shows only a decrease of the PLQY with dilution. For CBP:PO-
T2T the PLQY instead increases from 39% in neat film to 55% at 50 vol% of UGH-3, then decreases
slightly at 51% at 75% dilution. The general decrease of PLQY at 75 vol% dilution can be explained
by the observed steady state PL spectra (Figure 2a), as at this level of dilution all three exciplexes show

donor emission under optical excitation, inevitably lowering the PLQY.

The differences in PLQY behaviour for the different exciplex series is unexpected, and hints towards
the mechanism of the efficiency enhancement. We conclude that this is correlated to the different
rigidities of the donor molecules. Rigid CDBP and mCP possess NTOs localised on the peripheral
carbazole moieties®!? and higher local triplet energies as a result of their reduced phenyl bridge

conjugation, yielding a small AEgr for the resulting exciplex. This rigidity may also reduce excited state
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quenching processes (eg, vibrationally driven internal conversion) that are otherwise active in more
flexible CBP. As the inclusion of the UGH-3 host cannot change the rigid structure (and hence the
triplet energy) nor further reduce any vibrationally activated quenching mechanisms. Dilution therefore
cannot improve the PLQY from its starting value for these donors. Instead the PLQY can only decrease
as exciplex formation becomes more and more hindered at large D-A distances resulting in reduced ET
and increased donor emission. A blue shift in the emission is nonetheless observed, as the coulombic

energy changes with increasing separation independent of any PLQY increase.

Conversely, dilution is able to enhance CBP exciplexes as packing effects of the rigid UGH-3 host
likely increases the proportion of the twisted CBP molecules having higher triplet energy and thus more
efficient rISC (similar to CDBP). Dilution will also spatially isolate any low triplet CBP molecules that
could otherwise act as low efficiency triplet traps, populated by short range Dexter transfer. Therefore

the PLQY is significantly enhanced on dilution of the flexible CBP exciplex, similar to what we

observed previously for the flexible TSBPA based exciplexes.® The PLQY instead remains largely

unchanged in the CDBP exciplex because there is no scope for the host to change the structure of the
rigid donor. It is also therefore no coincidence that the CBP exciplex PLQY rises to meet that of the
CDBP, while the radically different molecular structure of mCP means this exciplex shows uncorrelated

behaviour on dilution.

Table 2 Comparison between the PLQY values and the AEgt of the CDBP, CBP and mCP based exciplex

PLQY PH onset (eV) AEgy

(%) PL onset (eV) V)

CDBP:PO-T2T
Neat 41 2.88 2.85% 0.03
25 vol% UGH-3 49 2.89 2.85% 0.04
50 vol% UGH-3 47 2.93 2.902 0.03
75 vol% UGH-3 45 2.97 2.922 0.05

CBP:PO-T2T
Neat 39 2.85 2.67 0.18
25 vol% UGH-3 46 2.87 2.71 0.16
50 vol% UGH-3 55 2.92 2.70 0.22
75 vol% UGH-3 51 2.97 2.71 0.26

mCP:PO-T2T
Neat 30 2.90 2.94 -0.04
25 vol% UGH-3 33 2.93 2.91 0.02
50 vol% UGH-3 25 2.96 2.94 0.02
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75v0l% UGH-3 | 18 | 3.01 | 2.97 | 0.03 |
« Phosphorescence value measured for CDBP:UGH-3 evaporated films at 10-25 and 50 CDBP vol% (i.e. without PO-T2T)

Finally, we prepared OLED devices using these diluted exciplexes to test these materials as emissive
layers, Figures S14-S16. The OLED stack used for all the devices was NPB 40 nm|Donor 10
nm|Donor:PO-T2T in x vol% UGH-3 30 nm|PO-T2T 50 nm where Donor represents CBP, CDBP or
mCP and x vol% values were 0 (neat exciplex), 25, 50 and 75. In all three dilution series we observe
that the electroluminescence (EL) blueshifts in line with the PL. The maximum brightness
monotonically decreases with increasing host vol% due to the decreased concentration and total loading
of exciplex emitter in the emissive layer (EML). The only exception to this trend is the device with CBP
diluted at 50 vol%, where the maximum brightness is higher than in the neat undiluted exciplex. This
can be explained by considering that the CBP exciplex show a maximum PLQY value (55 %) at this
dilution. The overall resistivity of the OLED devices increases, requiring higher driving voltage to reach
similar currents due to the presence of the resistive UGH-3. In all exciplexes we also observe that the
EQE decreases with increasing dilution, despite the increased PLQY values for the CBP exciplex.® We
assign this unexpected result to the low conductivity of the chosen donors and host. We suggest that
when exciplexes formed by donors with relatively low conductivity are diluted, the hole injection
capability in the EML drops critically, making it impossible to achieve the full performance of the
exciplex as an emitter as quantified by the PLQY. This was not observed on dilution of the more
conductive TSBPA donor exciplex,* and may be remedied in future by using diluting hosts with
ambipolar transport properties, although finding such a host that does not form a competing exciplex

with PO-T2T will likely prove challenging.

CONCLUSION

In conclusion we have compared the effect of dilution on the photophysical and electrical
performances of three TADF exciplexes based on CBP, CDBP and mCP donors with PO-T2T. We have
observed intrinsically different photophysical behaviour between CDBP and mCP exciplexes when

compared to CBP. We assign this to a heterogeneous distribution of triplet energies in the CBP
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molecules arising from a distribution of molecular conformations —between fully planar and highly
twisted across the biphenyl bridges. This distribution produces a range distribution of AEgr gaps, as

evidences by a highly multiexponential time resolved PL decay.

We furthermore show that the PLQY enhancement of the diluted exciplexes is independent of the
separation associated spectral blue shift which is caused by reducing the coulomb interaction between
the exciplex electrons, and suggest that only molecules with low structural rigidity are able to enhance
exciplexes PLQY through dilution. Finally, OLEDs produced from these carbazole based exciplexes
show decreased EQEs with increasing dilution which we have assigned to the relatively low
conductivity of the carbazole based donors — more than outcompeting the modest increase in PLQY
observed for CBP. This problem is linked to intrinsic donor conductivity, and might be addressed in
future studies by employing functional hosts that can assist the charge injection and conduction across

the EML, in contrast to resistive UGH-3.

Supporting Information.

Experimental methods; absorption spectra of exciplex films, emission spectra of donor
molecules in UGH-3; time-resolved emission decays, spectra, and DF power dependences of
neat and diluted exciplexes; time resolved decays at 80K and phosphorescence spectra; EQEs,

J-V and EL spectra of OLEDs produced with the neat and diluted exciplexes as EML.
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