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Hydrophilic Conjugated Polymers for Sustainable
Fabrication of Deep-Red Light-Emitting Electrochemical
Cells

Tadele T. Filate, Shi Tang, Zewdneh Genene, Ludvig Edman,* Wendimagegn Mammo,*
and Ergang Wang*

It is crucial to develop functional electronic materials that can be processed
from green solvents to achieve environmentally sustainable and cost-efficient
printing fabrication of organic electronic devices. Here, the design and
cost-efficient synthesis of two hydrophilic and emissive conjugated polymers,
TQ-OEG and TQ2F-OEG, are presented, which are rendered hydrophilic
through the grafting of oligo(ethylene glycol) (OEG) solubilizing groups onto
the thiophene-quinoxaline conjugated backbone and thereby can be
processed from a water:ethanol solvent mixture. It is shown that the
introduction of the OEG groups enables for a direct dissolution of salts by the
neat polymer for the attainment of solid-state ion mobility. These properties
are utilized for the design and development of light-emitting electrochemical
cells (LECs), the active materials of which can be solution cast from a
water:ethanol-based ink. It is specifically shown that such an LEC device,
comprising an optimized blend of the TQ2F-OEG emiitter and a Li salt as the
active material positioned between two air-stabile electrodes, delivers
deep-red emission (peak wavelength = 670 nm) with a radiance of

185 uW m~2 at a low drive voltage of 2.3 V. This study contributes relevant
information as to how polymers and LEC devices can be designed and

1. Introduction

Conjugated polymers attract attention
for a large number of light-harvesting,
energy-storage, sensing, and lumi-
nescent applications,l'l in significant
part because they can enable low-cost
solution-based  device fabrication.?!
Hitherto, intense research has resulted
in an impressive improvement of the
device performance, but an unfortunate
fact is that non-sustainable halogenated
and/or aromatic liquids remain the com-
mon choice for the processing solvents.
The use of such solvents poses serious
health, environmental, and safety haz-
ards, and it is thus timely to develop
organic semiconductors that can be pro-
cessed from more sustainable solvents.

In this context, Edman and
coworkers?®! recently presented a green
solvent selection tool, which utilizes

fabricated to combine functionality with sustainability.
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the Hansen solubility parameters, in

combination with well-established sus-

tainability predictors, for the rational

identification of ecofriendly replacement solvents. It should fur-
ther be noted that a complete lifecycle analysis of a solvent should
not only concern its environmental, safety, and health impacts
during use, but also consider its synthesis. The latter is particu-
larly true for non-recycled solvents that are synthesized from ex-
haustible fossil compounds. The fermentation of abundant and
replenishable sugar-, starch- and lignocellulose-containing ma-
terials for the synthesis of ethanol addresses this issue.l*] There-
fore, pure ethanol, water, and a mixture of ethanol and water can
be ideal solvents with an attractive combination of suppressed
health hazards and low ecological footprint during both synthesis
and usage.l**>] However, the use of water as a solvent should be
exercised with caution, particularly during recycling, since it oth-
erwise can result in contamination of critical water resources.!®
Most conjugated polymers exhibit a hydrophobic chemical
structure, and they therefore exhibit poor or no solubility in po-
lar solvents, such as alcohols and water.l’! Structural modifica-
tion is thus crucial to render conjugated polymers soluble in
polar and more ecofriendly solvents. Previous work in this di-
rection has focused on either endowing the conjugated poly-
mer with ionic side groups for the formation of a conjugated

© 2023 The Authors. Advanced Materials Technologies published by Wiley-VCH GmbH
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Figure 1. a) The chemical structures of the four polymers. b) The normalized absorption spectra and c) the normalized PL spectra of thin films of the
four polymers, as identified in the insets. The thickness of the spin-coated thin films was 80 nm.

polyelectrolyte,l® or chemically grafting different types of hy-
drophilic groups, such as oligo(ethylene glycols) (OEGs), onto the
conjugated main chain.l°!

In order for conjugated polymers to become a good fit for high-
volume applications, it is not only important to render their envi-
ronmental footprint acceptable, but it is also critical that their syn-
thesis can be scaled up at low cost. This is unfortunately not an
easy task.l'” However, hydrophobic thiophene-quinoxaline (TQ)
donor-acceptor conjugated polymers exhibit relatively low struc-
tural complexity, and they can therefore be synthesized at poten-
tially low cost.'!l Specifically, the preparation of TQ-based poly-
mers involves a few and high-yielding synthesis steps starting
from commercially available materials and uncomplicated purifi-
cation.

Here, we report on the pioneering design, syn-
thesis and application of hydrophilic TQ-based con-
jugated polymers through the chemical modification
of two “reference” TQ-based polymers: poly[2,3-bis-(3-
octyloxyphenyl)quinoxaline-5,8-diyl-alt-thiophene-2,5-diyl]

(TQ1) and poly[2-((2-hexyldecyl)oxy)quinoxaline-5,8-diyl-alt-
thiophene-2,5-diyl] (TQ-HD) (Figure 1a). We specifically
replace the two alkoxyphenyl groups of TQ1l and the alky-
loxy group of TQ-HD with a branched OEG chain, that is,
13-(methyleneoxy)-2,5,8,11,15,18,21,24-octaoxapentacosane,

to prepare two new polymers, namely poly[2-((13-
(2,5,8,11-tetraoxadodecyl)—2,5,8,11-tetraoxatetradecan-14-
yl)oxy)quinoxaline-5,8-diyl-alt-thiophen-2,5-diyl] (TQ-OEG)
and poly[6,7-difluoro-2-((13-(2,5,8,11-tetraoxadodecyl)-2,5,8,11-
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tetraoxatetradecan-14-yl)oxy)quinoxaline-5,8-diyl-alt-thiophen-
2,5-diyl] (TQ2F-OEG) (Figure 1la). We call attention to that
TQ2F-OEG comprises two fluorine atoms on the quinoxaline
moiety. As desired, our modification procedure renders both
TQ-OEG and TQ2F-OEG highly hydrophilic, as manifested by
a high solubility of 35.7 and 43.5 mg mL™! in a water:ethanol
(15:85 V:V) blend solvent, respectively. We finally demonstrate
the functionality of these new hydrophilic polymers by their
successful introduction as the emitter in light-emitting elec-
trochemical cells (LECs). The best-performing LEC device
comprised a blend of the TQ2F-OEG emitter and a Li salt as
the active material positioned between two air-stable electrodes,
and it delivered deep-red emission with the emission peak at
670 nm and a radiance of 185 pW m~2 at a low drive voltage of
23 V.

2. Results and Discussion

TQ-based compounds have been reported and verified as
comparatively low-cost and efficient conjugated polymers
for optoelectronic application and this motivated our selec-
tion of the polymeric core structure.'”) Notably, the syn-
thesis of TQ-based polymers commonly requires less than
four synthetic steps, and the total reaction yield is rela-
tively high, as manifested in reported total reaction yields
of >62%.1'12¢] Rech et all¥l also recently reported that the
cost for the synthesis of a TQ-based conjugated polymer, for
example,  poly[6,7-difluoro-2-((2-hexyldecyl)oxy)quinoxaline-5,

© 2023 The Authors. Advanced Materials Technologies published by Wiley-VCH GmbH
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8-diyl-alt-thiophene-2,5-diyl], can be as low as $30.3 g~!. We have
also noted that the cost of the OEG-based polymer TQ2F-OEG is
$44.89$ g7

Most conjugated polymers, including earlier TQ-based con-
jugated polymers, are endowed with hydrophobic substituents
in order to render them soluble in, and processable from, non-
polar solvents, but the herein desired solubility in polar sol-
vents required the use of hydrophilic pendants. We specifi-
cally opted to graft hydrophilic ether-based side groups, in the
form of branched OEG chains, onto the polymeric backbone.
From a polar solubility perspective, we found in the litera-
ture that an ethylenedioxy-based side-chain is preferable over a
methylenedioxy-based side chain despite the fact that the latter
features a higher oxygen atom content. In this context, we note
that Woutersen et al.['*] reported that the ethylenedioxy group ex-
hibits a comparatively higher partial charge on the oxygen atom
than the methylenedioxy group.

Figure 1a presents the molecular structures of the four inves-
tigated TQ-based donor-acceptor conjugated polymers. TQ1 and
TQ-HD are the two hydrophobic “reference polymers”, which fea-
ture two alkoxyphenyl solubilizing side groups and one alkyloxy
side group, respectively. TQ-OEG shares the same conjugated
core structure, but it is instead endowed with branched OEG
solubilizing side chains that comprise, on average, six ethylene-
oxide units per conjugated polymer repeating unit. TQ2F-OEG is
further distinguished by the presence of two fluorine atoms on
the quinoxaline moiety.

Details on the synthesis of the monomers and polymers can
be found in the supporting information and Scheme S1 (Sup-
porting Information) summarizes the different synthetic steps
of TQ-HD, TQ-OEG, and TQ2F-OEG. In brief, the key alkyla-
tion step in the synthesis of monomer 7c of TQ-HD was con-
ducted through the Mitsunobu reaction between 2-hexyldecanol
and compound 6a in the presence of triphenylphosphine (PPh,)
and diisopropyl azodicarboxylate (DIAD).[** The specific OEG-
functionalized alkylating reagent 3 was prepared in two steps,
starting from 3-chloro-2-(chloromethyl)prop-1-ene (1) and 2-(2-
(2-methoxyethoxy)ethoxy)ethan-1-ol. Intermediate compound 2
was converted to 3 using a hydroboration-oxidation sequence,
as depicted in Scheme S1 (Supporting Information). The Mit-
sunobu reaction between alcohols 6a or 6b and compound 3 was
used to prepare key monomers 7a and 7b, required for the syn-
thesis of TQ-OEG and TQ2F-OEG, respectively. Note that the Mit-
sunobu reaction, instead of the usual Williamson ether synthesis,
was selected for the introduction of the side chains, in order to
avoid the extra synthetic steps required to prepare alkyl halides.

The polymer synthesis was achieved by the Stille polymeriza-
tion reaction between the respective dibromo monomer and 2,5-
bis(trimethylstannyl)thiophene, using a palladium catalyst. TQ-
OEG and TQ2F-OEG were precipitated from a non-polar solvent
(hexanes (60+% n-hexane)) because they, in contrast to the hy-
drophobic reference polymers, are (slightly) soluble in methanol.
Methanol was still used in the Soxhlet extraction to remove the
oligomeric chains from TQ-OEG and TQ2F-OEG. We mention
that it was not possible to purify TQ-OEG and TQ2F-OEG by col-
umn chromatography over silica gel because of their high affinity
for the polar stationary phase. The chemical structures of TQ-
OEG and TQ2F-OEG were confirmed by '"H NMR spectroscopy
(Figure S1, Supporting Information).
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The molecular weights and polydispersity indices of TQl,
TQ-HD, and TQ2F-OEG were established to be 24.0 kDa/2.6,
15.4 kDa/3.4, and 16.0 kDa/2.2, respectively, with the aid of gel
permeation chromatography (GPC). Figure S2 (Supporting In-
formation) presents the thermogravimetric analysis traces of TQ-
HD, TQ-OEG, and TQ2F-OEG. The onset for thermal degrada-
tion is ranging between 300 °C for TQ1[!!?] to 382 °C for TQ-HD,
which implies that all four polymers will be robust towards ther-
mal degradation induced by self-heating at a high current density
in light-emitting devices.*’]

The solubility of the polymers was first investigated by com-
puting their three Hansen solubility parameters (HSPs), i.e., the
molecular dispersion (&), the dipole (6 ) and the hydrogen bond-
ing (6,), using the so-called Hoftyzer-Van Krevelen group con-
tribution method.!'®! The HSPs were calculated with Equations
S1-S3 (Supporting Information), using the tabulated parameter
values in Tables S1-S4 (Supporting Information). The capacity of
a solvent to dissolve a solute, here the polymer, is indicated by the
interaction radius (R,), that is, the effective distance between the
solvent and the solute in Hansen space:

1/2

R, = <4(5D1 - 5D2)2 + (5P1 - 5P2)2 + (5H1 - 5H2)2) (1)

The smaller the value of R,, the higher is the dissolution ca-
pacity of the solvent for the solute. The HSPs of the water:ethanol
solvent blend at different compositions, and the HSPs of the four
TQ-based polymers, are presented in Table S5 and S6 (Support-
ing Information), respectively. Figure S3 and Table S7 (Support-
ing Information) reveal that TQ-OEG and TQ2F-OEG, in combi-
nation with the water:ethanol solvent blend, feature much lower
R, values than TQ1 and TQ-HD, which implies that the former
two polymers should exhibit a correspondingly higher solubility
in the water: ethanol solvent blend.

We note in passing that You et al.l*®] have determined exper-
imental HSPs for a polymer (PTQ-6bO2) with a similar struc-
ture to that of TQ2F-OEG using the multiple solvent method. We
therefore computed the R, values using their experimental HSPs
to determine the solubility of PTQ-6bO2 in the water: ethanol sol-
vent system, and found that a high solubility should be possible
in this solvent system, when water is the major component.

Table S8 (Supporting Information) presents an experimental
solubility study, which confirms that TQ-OEG and TQ2F-OEG,
but not TQ1 and TQ-HD, indeed are highly soluble in the hy-
drophilic water:ethanol solvent blend system, for a water:ethanol
(V:V) concentration ranging from 50:50 to 5:95. Interestingly, we
find that TQ-OEG and TQ2F-OEG are effectively insoluble in
both neat water and neat ethanol (Table S8, Supporting Infor-
mation), and that all four polymers are soluble in common non-
polar solvents, such as chloroform and toluene. The former can
be explained by that solvent self-association effects commonly
are strong in neat solvents, which limit the solubilizing interac-
tions between the solute and the solvent. When a second solvent
is added to the solvent system, this self-association can be dis-
rupted, and the interactions with the solute increase.['’! Never-
theless, the achieved good solubility of the TQ-OEG and TQ2F-
OEG polymers in the water:ethanol solvent blends shows that our
design motif has been fulfilled. Moreover, the fact that these two
hydrophilic polymers feature very poor solubility in neat water

© 2023 The Authors. Advanced Materials Technologies published by Wiley-VCH GmbH
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and water-dominant water:ethanol solvent blends is actually an
advantage during the disposal of waste contaminated with these
polymers, since they can be precipitated out in water-dominant
environments and easily removed.

Figure 1b presents the UV-vis absorption spectra of spin-
coated thin films of the neat polymers, whereas the correspond-
ing spectra in dilute chloroform solution are displayed in Figure
S4 (Supporting Information). All four polymers exhibit broad
absorption bands covering essentially the entire visible region,
with the main film absorption peak (from high to low energy)
being positioned at 556 nm for TQ2F-OEG, 568 nm for TQ-HD,
575 nm for TQ-OEG, and 582 nm for TQ1. The red-shifted ab-
sorption of TQ1 can be explained by the extended conjugation
induced by its two phenyl rings (see Figure 1a). A comparison be-
tween Figure 1c and Figure S4 (Supporting Information) shows
that the absorption in the neat film is red-shifted compared to
the dilute chloroform solution, and that this red shift is much
larger for the two OEG-containing polymers (>50 nm) than TQ-
HD (13 nm) and TQ1 (1 nm). Table S9 (Supporting Information)
informs that the absorption onset for the solid thin films varies
between 674 and 704 nm, and that the corresponding optical en-
ergy gap ranges between 1.83 and 1.91 eV.

Figure 1c presents the photoluminescence (PL) spectra of spin-
coated neat films of the four polymers, whereas Figure S5 (Sup-
porting Information) presents the same data for the polymers in
a dilute solution. Table S9 (Supporting Information) summarizes
the key data of the PL measurements and also presents the values
for the PL quantum yield (PLQY). The four neat polymer films
emit primarily in the near-infrared regime, that is, above 700 nm,
and it is notable that the red shift in going from dilute solution to
neat film is rather large at 48-70 nm, which indicates that aggre-
gation effects are prominent in the neat films. This conclusion
is supported by the observation that the PLQY also drops signifi-
cantly in going from dilute solution to neat film, particularly for
TQ-HD and TQ-OEG.

Cyclic voltammetry (CV) was employed to establish the capac-
ity of the four polymers for electrochemical p-type and n-type dop-
ing, and to derive the values for their highest occupied molecular
orbital (HOMO), lowest unoccupied molecular orbital (LUMO),
and the electrochemical energy gap (E,"). Figure S6 (Support-
ing Information) shows that all four polymers feature reversible
oxidation and reduction reactions in cyclic voltammetry, which
implies capacity for electrochemical p-type and n-type doping,
respectively.'8) We find that the electrochemical energy gap is
slightly larger than the optical energy gap, and that the HOMO
and LUMO energy levels of the TQ1 polymer are deeper than
those of the other three polymers.

With the opportunity for processing from a benign solvent
mixture and the capacity for bipolar electrochemical doping
established, we turn to the investigation of the merit of TQ-
OEG and TQ2F-OEG in LEC devices. The active material of
an LEC comprises an emissive semiconductor, for example, a
conjugated polymer, and mobile ions. The mobile ions redis-
tribute during the initial LEC operation to first form injection-
facilitating electric double layers (EDLs) at the electrode in-
terfaces, and thereafter to enable for electrochemical doping
of the semiconductor by functioning as charge-compensating
counterions.l"”! For the hydrophobic TQ-HD and TQ1, the mo-
bile ions were introduced by dissolving a LiCF,;SO; salt in
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a hydroxyl-capped trimethylolpropane ethoxylate (TMPE-OH)
compound.[?) In the case of the hydrophilic TQ-OEG and TQ2F-
OEG, the LiCF;SO; salt could be directly dissolved into mo-
bile ions by the hydrophilic polymer, which eliminates the need
for a separate ion-dissolving compound, for example, TMPE-
OH. The active-material ink solvent was THF for the two hy-
drophobic polymers and a water:ethanol (15:85 V:V) solvent blend
for the two hydrophilic polymers. The LEC devices were fab-
ricated by spin-coating a thin film of the active-material ink
on top of an indium-tin-oxide/poly(3,4-ethylenedioxythiophene)
polystyrene sulfonate (ITO/PEDOT:PSS) anode, and thereafter
depositing an air-stable Al cathode by thermal evaporation.

Figures 2a—c and Figure S8 (Supporting Information) present
the temporal evolution of the radiance (left y-axis) and the drive
voltage (right y-axis) for pristine LEC devices with the emis-
sive copolymer being TQ-HD (Figure 2a), TQ-OEG (Figure 2b),
TQ2F-OEG (Figure 2c) and TQ1 (Figure S8, Supporting Informa-
tion). The pristine LEC devices were driven by a constant current
density of either 250 or 1000 mA cm~2, as specified in the figure
insets. We elected to measure and present the radiance, instead
of the luminance, since the primary LEC emission is outside of
the visible range.

All four LECs exhibit an increasing radiance and decreasing
voltage with time during the initial operation, which is attributed
to the initial mobile-ion-induced formation of the EDLs at the two
electrode interfaces which enables for an increasingly balanced
injection of electrons and holes and, consequently, a higher exci-
ton formation rate. The lowering of the voltage during constant-
current LEC operation is due to the increase in the effective con-
ductance of the active material, which can be assigned to the ion-
enabled electrochemical doping of the emissive copolymer.l?!]
The observed deviation from this behavior for the TQ2F-OEG-
based LEC at longer times implies that a conductivity-damaging
side reaction is ongoing in the active material in parallel with the
electrochemical doping.[??!

Figure 2d displays the EL spectra of the LEC devices at a steady
state. All four LECs exhibit a broad and relatively non-structured
EL spectrum, with a full width at half maximum of 152, 97, 106,
and 137 nm for TQ1, TQ-HD, TQ-OEG, and TQ2F-OEG, respec-
tively. The EL peak is positioned at 675 nm for three of the LEC
devices, with the exception being the hydrophobic TQ1 LEC that
features a significant ~60 nm red shift of the entire EL envelope,
as evidenced by the shift in the EL peak to 735 nm. A similar red
shift was observed for the PL (Figure 1c), and it is attributed to
the extended conjugation that results from the presence of two
octyloxyphenyl rings on TQ1 (see Figure 1a).

Table 1 presents a summary of key performance metrics of
the four LEC devices. Interestingly, the best combined device
performance was obtained with the LECs derived from the two
hydrophilic polymers processed from the green solvent mixture
(water:ethanol (15:85 V:V)). The TQ-OEG and TQ2F-OEG LECs
exhibited the lowest drive voltage of 2.9 and 2.3 V, respectively,
and the TQ2F-OEG LEC also delivered the highest radiance of
185 uW cm~2 and the largest external quantum efficiency (EQE)
of 0.043%. The fact that the LEC based on the hydrophobic TQ-
HD polymer featured a slightly higher radiance than the TQ-OEG
LEC can be explained by the much higher PLQY of the former
in the solid state (see Table S9, Supporting Information). The
emission efficiency of the LEC fabricated from the hydrophobic
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Figure 2. a—c) The temporal evolution of the radiance (left y-axis) and the voltage (right y-axis) of the LEC devices during driving with a constant current
density of 250 mA cm™2, with the emitting polymer being a) TQ-HD, b) TQ-OEG and c) TQ2F-OEG. d) The steady-state EL spectra of the four LEC

devices, with the emitting polymer as identified in the inset.

TQ1 is more than 100 times lower than the other three LEC de-
vices, despite that its active material featured the highest PLQY.
It has been demonstrated that the ion mobility and electrochem-
ical doping of LEC devices can be severely inhibited if the emis-
sive semiconductor forms crystals.[?*! Since it has been demon-
strated that the TQ1 copolymer has a strong propensity to form
crystalline domains,[?*! it appears plausible that this is the culprit
that results in the poor performance of the TQ1 LEC.

In the same context, it is interesting that the best LEC per-
formance is attained with the fluorinated hydrophilic emitter
TQ2F-OEG. Several preceding LEC studies have concluded that
the introduction of fluorine atoms can result in efficient pack-
ing of the semiconductor units, which in turn inhibits the ion
transport.[1°©?>] However, it is plausible that the particular molec-
ular structure of TQ2F-OEG results in an attractive compromise,
where the flexible OEG groups provide for efficient ion trans-
port, whereas the fluorine-induced conformational locking!*! en-
hances the stacking of the conjugated core units for efficient elec-
tron transport.?’] Regardless, an important lesson to be drawn

Table 1. LEC performance as a function of the active material.

from our study is that it is possible to obtain a similar, or even im-
proved, LEC performance by endowing the semiconductor with
OEG groups, which facilitates for an environmentally benign
LEC fabrication.

From Figure 2a,c, we have noted that the alkylated polymer
TQ-HD has shown better stability compared to OEG-based poly-
mer TQ-OEG upon device operation. There are two plausible ex-
planations for this stability difference. Firstly, unlike alkyl side
chains, OEG groups have structures that are more flexible. This
flexibility in the side chain results in more closely packed z-7
stacking, which consequently reduces the ionization potential of
OEG-based polymers.?¢28] This low ionization potential makes
OEG-based conjugated polymers vulnerable to irreversible oxi-
dation under potential bias. The second plausible explanation
may be the interaction of hydrophilic OEG polymers with ionic
species. The performance of LECs is dependent on both ionic
and electronic conductivity.?) The hydrophilic nature of the OEG
polymers promotes a large amount of ion infiltration inside the
clusters of the conjugated polymer. This phenomenon could

Active material Current density EL peak Turn on time Peak radiance Voltage EQE
[mA cm™2] [s]?
[nm] (W em~7] V] (%]
TQ1:TMPE-OH:LiCF;SO, 1000 735 - 10 3.6 0.0006
TQ-HD:TMPE-OH:LICF;SO, 250 675 2 150 5.5 0.036
TQ-OEG:LiCF;SO, 250 675 2 AN 29 0.026
TQ2F-OEG:LiCF;SO, 250 670 124 185 2.3 0.043

? radiance > 50 uW cm=2
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result in a gradual deterioration of the electronic conductivity of
OEG-based polymers. On the other hand, in hydrophobic alky-
lated polymers, the pure conjugated polymer domains facilitate
the electronic conductivity of the device.

Even though OEG-based emitters have the advantage of pro-
cessing from environmentally benign solvents and eliminating
the need for a third-party ion-solvating agent in the active layer,
they suffer from poor device stability. For instance, the radiance
of TQ-OEG-based device reached below 80% of the peak radi-
ance within 25 s (Table S10, Supporting Information). We have
extended the device test to observe the stability in the presence
of an external ion-solvating agent. Figure S8 (Supporting Infor-
mation) presents the temporal evolution of LEC device fabricated
from TQ-OEG, TMPE-OH, and LiCF;SO; as active layer blends
in the mass ratio of 100:10:3. Interestingly, we have observed that
the addition of the external ion-solvating additive significantly
improved the LEC device stability. As summarized in Table S10
(Supporting Information), thepeak radiance degradation time to
80% (Tj,) was extended to over 3200 s after the addition of an ion-
solvating additive in the emissive layer. This may be attributed to
the enhanced ion-solvating capability of the TQ-OEG:TMPE-OH
blend.[?) This indicates that the OEG-based LEC devices have
room for improvement by adding ion-solvating agents.

3. Conclusion

The health hazard and environmental footprint of the hydropho-
bic solvents commonly used during the printing and coating fab-
rication of organic electronic devices is a concerning issue. Here,
we report on the design and synthesis of two hydrophilic emis-
sive conjugated polymers, TQ-OEG and TQ2F-OEG, which were
rendered hydrophilic through the grafting of polar OEG solubiliz-
ing groups onto a thiophene-quinoxaline conjugated core back-
bone and thereby can be processed from a green water:ethanol
solvent mixture. We show that the introduction of the OEG
groups also enables for a direct dissolution of salts by the neat
polymer for the attainment of solid-state ion mobility without
adding ion-dissolving compounds. We utilize these properties
for the design and development of LECs, the active material
of which can be solution cast from an environmentally benign
water:ethanol-based ink. We specifically show that such a green-
solvent-processed LEC device, comprising a blend of the TQ2F-
OEG emitter and a Li salt as the active material positioned be-
tween two air-stabile electrodes, delivers deep-red emission (peak
wavelength = 670 nm) with a radiance of 185 pW m~2 at a low
drive voltage of 2.3 V.

Supporting Information

Supporting Information is available from the Wiley Online Library or from
the author.
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