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A series of printable UV emitting ionic bifluorene derivatives have been prepared incorporating pendent alky-
limidazolium groups. Herein, we detail the synthesis of compounds and the methods used in device fabrication.
We show how ink formulation is improved by increasing the solubility of the active bifluorene through extension
of the alkyl chain length and switching the counter ion from PFs~ to CF3SO3 . We also show how organic light
emitting electrochemical cells (OLECs) can be fabricated by spray coating to achieve an active layer with a
thickness of ~150-200 nm, leading to working devices with a turn on voltage of around 6.5 V. This gives

electroluminescent (EL) that peaks between 385 nm and 390 nm with a maximum EL emission intensity of 1.29
uW/cm? Thus, EL emission within the UV range has been demonstrated successfully with the synthesised
molecules via spray coating onto glass slides.

1. Introduction

Light emitting textiles are primarily made by incorporating emissive
yarns within standard textiles using conventional weaving processes [1].
However, this approach is limited to the available yarn geometries and
simple patterns that are amenable to weaving. To overcome this,
off-the-shelf light emitting diodes (LED) and electroluminescent (EL)
strips can be sewn, glued, or attached into a woven textile [2]. However,
these approaches require manual assembly so are unsuitable for mass
production, and limited to bespoke, high-value applications. To address
this limitation, flexible electroluminescence textiles fabricated by screen
printing [3], slot die coating [4], inkjet and dispenser printing [5,6],
have also been developed. These have thick inorganic emission layers
with limited colours for emission. Their high porosity and the surface
roughness of textiles generally prevents the high precision fabrication
required for LED functional layer deposition as the thickness of each
functional layer in an LED has a strict range requirement.

Solution processed light emitting electrochemical cells (LECs) have
the potential to solve this problem, as the thickness of each LEC

functional layers is not critical and multiple organic emission materials
are available to achieve large area light emitting textiles. In 1995, Pei
et al. reported the first LECs on glass [7], with a device consisting of an
active layer composed of an organic light emitter and an inorganic salt,
sandwiched between an anode and cathode [8,9]. Subsequently, many
variations have been reported with active layers employing highly
conjugated organic molecules [10], polymers (PLECs) [11,12], ionic
transition-metal complexes (iTMC-LECs) [13,14], quantum dots [15]
and perovskites [16]. The commercial polymer Super Yellow (SY) and
the yellow-orange emitting cyclometalated iridium(III) complex [Ir
(ppy)2(pbpy)1[PFs] [17] are currently regarded as the best performing
organic and inorganic LECs in terms of stability and brightness [13]. The
performance and deposition of SY OLECs on plastics [18] and textiles
[19] has been demonstrated exhibiting uninterrupted operation for 57
days at a brightness of 100 cd/m? and an efficiency of 10 Im/W [20].
Recently, Merck have commercialized several poly(p-phenylene
vinylene) (PPV) based polymers including SY and related green and blue
emitting polymers as active materials. In addition, some reports have
demonstrated the viability of small molecule OLECs for green, red, blue,
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and white emission devices [21-24]. In those cases, additional
ion-transport materials, such as polyethylene oxide (PEO), and salts such
as LiCF3SO3, must be added to the active layer solution [25]. This
increased complexity of the active layer can lead to phase separation,
affecting device performance [26]. However, a few approaches avoid
the use of these dedicated electrolyte materials in OLECs through the
appropriate selection of core molecules and associated salts. These ap-
proaches illustrate thin film OLECs consisting of simple combinations of
small molecule light emitting materials and associated dissolved salts. In
this arrangement the ionic emitter itself also acts as an electrolyte to
distribute the salt [27].

UV emission from OLECs based on a combination of small molecule
and associated salts is of interest due to the ability of UV light emission
to kill bacteria and viruses (ultraviolet germicidal irradiation UVGI)
[28]. The ability to print UV OLEC’s on a textile could, for example, be
used in a smart bandage to treat infected wounds and to accelerate the
healing process [29,30]. In addition, a textile colour change can be
realized using the photochromic effect triggered by the UV emission
from textiles [29]. Chen et al. reported the use of ionic 2,2-bifluorene 4a
in the preparation of OLECs with methylimidazolium moieties as
pendant groups [31]. UV EL emission at 386 nm with maximum external
quantum and power efficiencies of 0.15% and 1.06 mW/W was ob-
tained. Poly(methyl methacrylate) (PMMA) was added to the active
layer to improve the film quality and device operation. Although PMMA
did not have an active role it reduced the leakage current and increased
device efficiency. However, poor solubility of the ionic molecule led to
an investigation of an alternative molecule design and synthesis.

In this paper we show how some simple modifications to the 2,2'-
bifluorene 4a developed by Chen et al. has achieved improved device
performance as UV-OLECs. Moreover, the improved solubility of these
analogues has made it possible to use ethanol as the solvent for spray
coating formulation. Fabrication has been carried out by direct spray
coating onto commercial pre-coated ITO glass slide substrates which
were chosen for their simplicity of handing. Although the device
configuration may vary LECs on glass and textile substrates, the opti-
mized fabrication parameters will be compatible. Spray coating has been
used in the textile industry for large area deposition of layers on to fabric
rolls. This long-standing technique is an attractive non-vacuum based
process that can deposit a uniformly distributed thin functional layer. It
is a non-contact deposition process as opposed to, for example, screen
printing, and is ideally suited to large-scale roll to roll (R2R) processes.
In this work, we coupled spray coating with a pre-defined shadow mask
to achieve a desired pattern [32]. Fig. 1 shows the masked spray coating
technique, which was used to realise OLECs, and provides a route to
scalability with potential for widespread adoption of this fabrication
method in light emitting textiles.

2. Experimental section
2.1. Active molecules synthesis

2.1.1. General remarks
All air sensitive reactions were carried out under argon using flame
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Fig. 1. Isometric pictorial representation of a single functional layer deposition
by spray coating.
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dried apparatus. Reactions were monitored by TLC on Merck Silica Gel
60 A F TLC plates and visualised with 254 nm UV followed by aqueous
1% KMnO4 or CAMPH. Flash chromatography was performed under
slight positive pressure on Sigma Aldrich 40-63 pm 60 A 230-400 A
silica. Reaction and chromatography solvents were removed using a
rotary evaporator equipped with a diaphragm pump. 'H, 13C and '°F
NMR spectroscopy was performed on a Bruker AV400 (400/100/376
MHz) spectrometer at 298 K in CDCl3 or DMSO-dg. Chemical shifts are
quoted as § values in ppm using residual solvent peaks as the reference.
Coupling constants J are given in Hz and multiplicity is described as
follows: s, singlet; d, doublet; t, triplet; q, quartet; quin, quintet; m,
multiplet; br, broad. HRMS data were obtained using a Bruker APEX III
FT-ICR-MS with samples run in HPLC grade methanol. Electrospray
mass spectrometry was performed on a directly injected Waters quad-
rupole MSD using ESI + ionisation with MeOH as solvent. 2-Bromofluor-
ene, potassium hydroxide, N-butylimidazole, N-hexylimidazole, N-
octylimidazole, Pdy(dba)s, 2-dicyclohexylphosphino-2',4',6-triisopro-
pylbiphenyl (XPhos), potassium hexafluorophosphate (KPFg) and po-
tassium trifluoromethane sulfonate were supplied by Fluorochem;
dichloromethane, By(pin),, potassium phosphate, N-methylimidazole,
acetone, dioxane, chloroform and hexane were supplied by Sigma
Aldrich. Tetrahydrofuran, hexane and pentane were all distilled from
sodium benzophenone ketyl under argon.

2.1.2. Procedures

2.1.2.1. 2-Bromo-9,9-bis-(6'-bromohexyl)fluorene, 2. To a solution of
potassium hydroxide (100 g, 1.78 mol) in water (200 mL), 2-bromo-
fluorene (5.03 g, 20.5 mmol), TBAB (1.32 g, 4.09 mmol) and 1,6-dibro-
mohexane (31.6 mL, 50.0 g, 205 mmol) was added. After heating to
70 °C for 18 h the reaction was cooled to RT, diluted with water (150
mL) and extracted with DCM (150 mL). The organic phase was sepa-
rated, washed with dil. HCI (150 mL) and water (2 x 150 mL), dried over
MgSO4 and concentrated in vacuo. Purification by column chromatog-
raphy (silica, 0-5% DCM in petrol) afforded the title compound 2 as a
pale-yellow oil (7.00 g, 12.3 mmol, 60%). Data is consistent with liter-
ature values:! 5y (400 MHz, CDCl3) 7.68 (1H, m, ArH), 7.56 (1H, m,
ArH), 7.50-7.43 (2H, m, ArH), 7.38-7.29 (3H, m, ArH), 3.29 (4H, t,J =
6.9 Hz, CH3Br), 2.06-1.84 (4H, m, CH3), 1.67 (4H, app. quin, J=7.1 Hz,
CHjy), 1.25-1.14 (4H, m, CHj), 1.13-1.01 (4H, m, CHy), 0.70-0.51 (4H,
m, CHy); 6¢ (100 MHz, CDCl3) 152.6 (C), 149.9 (C), 140.2 (C), 140.0 (C),
130.1 (CH), 127.6 (CH), 127.1 (CH), 126.0 (CH), 122.8 (CH), 121.1
(CH), 121.0 (C), 119.8 (CH), 55.2 (C), 40.1 (2 x CH>), 33.9 (2 x CHy),
32.6 (2 x CHy), 29.0 (2 x CHy), 27.7 (2 x CHy), 23.5 (2 x CHy); HRMS
(APPI) CysHs31Br3 [M] ™ calculated 567.9970, observed 567.9971.

2.1.2.2. 9,9,9,9-Tetrakis-(6-bromohexyl)-9H,9 H-2,2'-bifluorene, 3. To
a solution of 2-bromofluorene 2 (501 mg, 0.877 mmol) in dioxane (5
mL) was added By(pin); (114 mg, 0.448 mmol), potassium phosphate
(560 mg, 2.64 mmol) and XPhos (9.0 mg, 19 pmol).2 The solution was
degassed by purging with argon, evacuating and backfilling with argon
3 times then Pdy(dba)s (3.6 mg, 3.9 pmol) was added. After degassing a
second time, the solution was heated at reflux for 6 h then water (0.5
mL) was added. After a further 22.5 h at reflux, the reaction was cooled
to RT and extracted with DCM (20 mL). The organic phase was washed
sequentially with HoO (2 x 20 mL), HCI (2 M, 30 mL) and water (2 x 20
mL) then dried over MgSO4, concentrated in vacuo and purified by col-
umn chromatography (silica, 20% DCM in petrol) to afford the title
compound 3 as a white solid (288 mg, 0.293 mmol, 67%). Data is
consistent with literature values:! éu (400 MHz, CDCl3) 7.81 (2H, d, J =
7.8 Hz, ArH), 7.75 (2H, br d, J = 7.5 Hz, ArH), 7.66 (2H, brd, J = 7.8 Hz,
ArH), 7.62 (2H, s, ArH), 7.42-7.30 (6H, m, ArH), 3.28 (8H, t, J = 6.8,
CH,Br), 2.17-1.96 (8H, m, CHy), 1.67 (8H, quin, J = 7.1 Hz, CHy),
1.26-1.17 (8H, m, CHj), 1.12 (8H, quin, J = 7.3 Hz, CHj), 0.80-0.63
(8H, m, CHy) ppm; 6¢ (100 MHz, CDCl3) 151.1 (2 x C), 150.6 (2 x C),
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140.8 (2 x C), 140.44 (2 x C), 140.38 (2 x C), 127.1 (2 x CH), 127.0 (2
x CH), 126.2 (2 x CH), 122.8 (2 x CH), 121.2 (2 x CH), 120.0 (2 x CH),
119.8 (2 x CH), 55.1 (2 x C), 40.2 (4 x CHy), 34.0 (4 x CHy), 32.6 (4 x
CHy), 29.0 (4 x CHy), 27.7 (4 x CHy), 23.6 (4 x CHy) ppm; HRMS
(APPI) CsoHgoBr4 [M]7 calculated 978.1580, observed 978.1573.

2.1.2.3. 9,9,9,9 -Tetrakis-(6-(1-methyl-3H-imidazolium-3-yl)hexyl)-
9H,9'H-2,2'-bifluorene tetrakis(hexafluorophosphate), 4a. A solution of
bifluorene 3 (244 mg, 0.25 mmol) and N-methylimidazole (0.084 mL,
1.04 mmol) in toluene (20 mL) was heated at 100 °C for 18 h then cooled
to RT and concentrated in vacuo. The resulting solid was dissolved in
acetone (10 mL) and 1 M KPFg (10 mL) added. After 5 min the solution
was concentrated in vacuo, then the resulting solid was washed with
water (200 mL), dissolved in acetone (50 mL), concentrated in vacuo,
washed with hexane (200 mL), dissolved in acetone (50 mL), concen-
trated in vacuo then sonicated under CHCl3 (250 mL) for 15 min. The
solid was collected by filtration, washed with further CHCl3 (200 mL)
then twice dissolved in acetone (50 mL) and concentrated in vacuo to
afford the title compound 4a as an off-white solid (339 mg, 0.22 mmol,
87%). Data is consistent with literature values:! Sy (400 MHz, DMSO-dg)
8.95 (4H, brs, 4 x ArH), 7.89 (2H, d, J = 8.0 Hz, 2 x ArH), 7.86-7.83
(4H, m, 4 x ArH), 7.75 (2H, dd, J = 8.0, 1.4 Hz, 2 x ArH), 7.62 (4H, t, J
=1.8Hz, 4 x ArH), 7.60 (4H, t,J = 1.8 Hz, 4 x ArH), 7.48-7.43 (2H, m,
2 x ArH), 7.39-7.31 (4H, m, 4 x ArH), 4.00 (8H, t,J = 7.1 Hz, 4 x CHy),
3.78 (12H, s, 4 x CH3), 2.11-2.01 (8H, m, 4 x CHj), 1.56 (8H, app. quin,
J=7.3Hz, 4 x CHy), 1.11-1.03 (8H, m, 4 x CH»), 1.02-0.93 (8H, m, 4
x CHjy), 0.64-0.45 (8H, m, 4 x CHy) ppm; ¢ (100 MHz, DMSO-dg)
151.0(2 x C€),150.2 (2 x C), 140.2 (2 x C),140.0 (2 x €), 139.2 (2 x C),
136.3 (4 x CH), 127.3 (2 x CH), 127.0 (2 x CH), 125.8 (2 x CH), 123.5
(4 x CH), 122.9 (2 x CH), 122.1 (4 x CH), 120.6 (2 x CH), 120.3 (2 x
CH), 120.0 (2 x CH), 54.8 (2 x C), 48.7 (4 x CH3), 39.3 (4 x CH»), 35.7
(4 x CH3), 29.3 (4 x CHy), 28.8 (4 x CHy), 25.4 (4 x CHy), 23.5 (4 x
CH,) ppm; LRMS (ESI™) 340 (100%, [MH]"); LRMS (ESI™) 248 (100%,
[M — 4 x PFg]*").

2.1.2.4. 9,9,9,9 -Tetrakis-(6-(1-methyl-3H-imidazolium-3-yl)hexyl)-
9H,9'H-2,2'-bifluorene tetratriflate, 4b. A solution of bifluorene 3 (235
mg, 0.24 mmol) and N-methylimidazole (0.081 mL, 1.01 mmol) in
toluene (20 mL) was heated at 100 °C for 18 h then cooled to RT and
concentrated in vacuo. The resulting solid was dissolved in acetone (10
mL) and 1 M CF3SO2K (1.0 M, 10 mL) added. After 5 min the solution
was concentrated in vacuo, then the resulting solid was washed with H,O
(200 mL), dissolved in acetone (50 mL), concentrated in vacuo, washed
with hexane (200 mL), dissolved in acetone (50 mL), concentrated in
vacuo then sonicated as a suspension in CHCl3 (250 mL) for 15 min. The
filtrate was collected, washed with further CHCl3 (200 mL) then twice
dissolved in acetone (50 mL) and concentrated in vacuo, to afford the
title compound 4b as a pale yellow solid (350 mg, 0.23 mmol, 98%), 5y
(400 MHz, DMSO-dg) 8.96 (4H, brs, 4 x ArH), 7.89 (2H, d, J = 8.0 Hz, 2
x ArH), 7.87-7.83 (4H, m, 4 x ArH), 7.75 (2H, dd, J = 8.0, 1.5 Hz, 2 x
ArH),7.63 (4H,t,J =1.9Hz, 4 x ArH), 7.62 (4H, t,J = 1.9 Hz, 4 x ArH),
7.48-7.44 (2H, m, 2 x ArH), 7.39-7.31 (4H, m, 4 x ArH), 4.00 (8H, t, J
=7.2Hz,4 x CHy), 3.79 (12H, s, 4 x CH3), 2.11-2.00 (8H, m, 4 x CHy),
1.56 (8H, app. quin, J = 7.3 Hz, 4 x CHy), 1.13-1.02 (8H, m, 4 x CHy),
1.02-0.93 (8H, m, 4 x CHjy), 0.64-0.44 (8H, m, 4 x CHy) ppm; é¢c (100
MHz, DMSO-dg) 150.9 (2 x C), 150.2 (2 x C), 140.2 (2 x C), 140.0 (2 x
C), 139.2 (2 x C), 136.3 (4 x CH), 127.3 (2 x CH), 127.0 (2 x CH),
125.8 (2 x CH), 123.5 (4 x CH), 122.9 (2 x CH), 122.1 (4 x CH), 120.7
(q, J =322.1 Hz, 4 x CF3), 120.6 (2 x CH), 120.3 (2 x CH), 120.0 (2 x
CH), 54.8 (2 x C), 48.7 (4 x CHy), 39.3 (4 x CH»), 35.7 (4 x CH3), 29.3
(4 x CHy), 28.8 (4 x CHy), 25.4 (4 x CHy), 23.5 (4 x CHy) ppm; & (376
MHz, DMSO-dg) —77.51 (s, 4 x CF3) ppm; LRMS (ESIT) 248 (100%, [M
— 4 x CF3S802]*").
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2.1.2.5. 9,9,9,9-Tetrakis-(6-(1-butyl-3H-imidazolium-3-yl)hexyl)-
9H,9'H-2,2'-bifluorene tetrakis(hexafluorophosphate), 4c. A solution of
bifluorene 3 (271 mg, 0.28 mmol) and N-butylimidazole (144 mg, 1.16
mmol) in toluene (20 mL) was heated at 100 °C for 18 h then cooled to
RT and concentrated in vacuo. The resulting solid was dissolved in
acetone (10 mL) and 1 M KPFg (10 mL) added. After 5 min the solution
was concentrated in vacuo, then the resulting solid was washed with
water (200 mL), dissolved in acetone (50 mL), concentrated in vacuo,
washed with hexane (200 mL), dissolved in acetone (50 mL), concen-
trated in vacuo then sonicated as a suspension in CHCl3 (250 mL) for 15
min. The solid was collected by filtration then twice dissolved in acetone
(50 mL) and concentrated in vacuo to afford the title compound 4c¢ as an
off-white solid (441 mg, 0.24 mmol, 86%), 5y (400 MHz, DMSO-dg) 9.08
(4H, brs, 4 x ArH), 7.89 (2H, d, J = 8.0 Hz, 2 x ArH), 7.87-7.82 (4H, m,
4 x ArH), 7.74 (2H, dd, J=8.1, 1.5 Hz, 2 x ArH), 7.72 (4H,t,J = 1.8 Hz,
4 x ArH), 7.67 (4H, t, J = 1.8 Hz, 4 x ArH), 7.47-7.43 (2H, m, 2 x ArH),
7.39-7.30 (4H, m, 4 x ArH), 4.11 (8H, t,J =7.2 Hz, 4 x CH»), 4.02 (8H,
t,J="7.2Hz, 4 x CHy), 2.11-1.99 (8H, m, 4 x CH3), 1.72 (8H, app. quin,
J=7.3 Hz, 4 x CHyp), 1.58 (8H, app. quin, J = 7.3 Hz, 4 x CHy), 1.19
(8H, app. quin, J = 7.3 Hz, 4 x CHy), 1.11-1.02 (8H, m, 4 x CHy),
1.02-0.93 (8H, m, 4 x CHy), 0.85 (12H, t, J = 7.6 Hz, 4 x CHj),
0.64-0.45 (8H, m, 4 x CHy) ppm; &¢c (100 MHz, DMSO-dg) 151.0 (2 x
C), 150.2 (2 x C), 140.2 (2 x C), 140.0 (2 x C),139.2 (2 x C), 136.3 (4
x CH), 127.3 (2 x CH), 127.0 (2 x CH), 125.8 (2 x CH), 123.5 (4 x CH),
122.9 (2 x CH), 122.1 (4 x CH), 120.6 (2 x CH), 120.3 (2 x CH), 120.0
(2 x CH), 54.8 (2 x C), 48.7 (4 x CHy), 35.7 (4 x CHy), 29.3 (4 x CHy),
28.8 (4 x CHy), 25.4 (4 x CHy), 23.5 (4 x CHy) ppm; LRMS (ESIT) 290
(100%, [M — 4 x PFg]*h).

2.1.2.6. 9,9,9,9-Tetrakis(6’-(3-butyl-1H-imidazolium)hexyl)-9H,9' H-
2,2'-bifluorene tetratriflate, 4d. A solution of bifluorene 3 (252 mg, 0.25
mmol) and N-butylimidazole (131 mg, 1.06 mmol) in toluene (20 mL)
was heated at 100 °C for 18 h then cooled to RT and concentrated in
vacuo. The resulting solid was dissolved in acetone (10 mL) and 1 M
CF3SO5K (10 mL) added. After 5 min the solution was concentrated in
vacuo, then the resulting solid was washed with hexane (200 mL), dis-
solved in acetone (50 mL) then sonicated as a suspension in CHCl3 (250
mL) for 15 min. The solid was collected by filtration, washed with
further CHCI3 (200 mL) then twice dissolved in acetone (50 mL) and
concentrated in vacuo to afford the title compound 4d as an orange-
brown gum (329 mg, 0.19 mmol, 77%), §y (400 MHz, DMSO-dg) 9.08
(4H, brs, 4 x ArH), 7.89 (2H, d, J = 8.0 Hz, 2 x ArH), 7.86-7.82 (4H, m,
4 x ArH), 7.74 (2H, dd, J = 8.1, 1.5 Hz, 2 x ArH), 7.76-7.71 (6H, m, 6 x
ArH), 7.67 (4H, t, J = 1.7 Hz, 4 x ArH), 7.47 - 7.42 (2H, m, 2 x ArH),
7.39-7.30 (4H, m, 4 x ArH), 4.11 (8H, t,J =7.2Hz, 4 x CH,), 4.02 (8H,
t,J="7.0Hz, 4 x CHy), 2.11-1.99 (8H, m, 4 x CH3), 1.72 (8H, app. quin,
J=7.3 Hz, 4 x CHy), 1.58 (8H, app. quin, J = 7.2 Hz, 4 x CHy), 1.19
(8H, app. q, J = 7.5 Hz, 4 x CHyp), 1.11-1.02 (8H, m, 4 x CHy),
1.02-0.92 (8H, m, 4 x CHy), 0.84 (12H, t, J = 7.4 Hz, 4 x CH3) ppm; 6¢
(100 MHz, DMSO-dg) 150.9 (2 x C), 150.2 (2 x C), 140.2 (2 x C), 140.0
(2xC),139.2(2 x C),135.8 (4 x CH), 127.3 (2 x CH), 127.0 (2 x CH),
125.8 (2 x CH), 122.9 (2 x CH), 122.41 (4 x CH), 122.35 (4 x CH),
120.7 (q, J = 322.1 Hz, 4 x CF3), 120.6 (2 x CH), 120.3 (2 x CH), 120.0
(2 x CH), 54.8 (2 x C), 48.8 (4 x CH3), 48.6 (4 x CH>), 39.3 (4 x CHy),
31.2 (4 x CHy), 29.2 (4 x CH,), 28.8 (4 x CHy), 25.4 (4 x CHy), 23.5 (4
x CHj), 18.7 (4 x CHy), 13.2 (4 x CHj3) ppm; & (376 MHz, DMSO-dg)
—77.52 (s, 4 x CF3); LRMS (ESIT) 290 (100%, [M — 4 x CF3502]4+).

2.1.2.7. 9,9,9,9-Tetrakis-(6-(1-hexyl-3H-imidazolium-3-yl)hexyl)-

9H,9'H-2,2'-bifluorene tetrakis(hexafluorophosphate), 4e. A solution of
bifluorene 3 (256 mg, 0.26 mmol) and N-hexylimidazole (167 mg, 1.10
mmol) in toluene (20 mL) was heated at 100 °C for 18 h then cooled to
RT and concentrated in vacuo. The resulting solid was dissolved in
acetone (10 mL) and 1 M KPFg (10 mL) added. After 5 min the solution
was concentrated in vacuo, then the resulting solid was washed with
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water (200 mL), dissolved in acetone (50 mL), concentrated in vacuo,
washed with hexane (200 mL), dissolved in acetone (50 mL), concen-
trated in vacuo then sonicated as a suspension in CHCl3 (250 mL) for 15
min. The solid was collected by filtration then twice dissolved in acetone
(50 mL) and concentrated in vacuo to afford the title compound 4e as an
off-white solid (333 mg, 0.18 mmol, 69%), 5y (400 MHz, DMSO-dg) 9.04
(4H,t,J=1.4Hz, 4 x ArH), 7.87 (2H, d, J= 8.0 Hz, 2 x ArH), 7.85-7.80
(4H, m, 4 x ArH), 7.73 (2H, dd, J = 8.0, 1.4 Hz, 2 x ArH), 7.70 (4H, t, J
=1.7Hz, 4 x ArH), 7.64 (4H, t,J = 1.8 Hz, 4 x ArH), 7.46-7.41 (2H, m,
2 x ArH), 7.38-7.29 (4H, m, 4 x ArH), 4.09 (8H, t,J=7.2 Hz, 4 x CHy),
4.01 (8H,t,J = 7.0 Hz, 4 x CHj), 2.10-1.98 (8H, m, 4 x CHj), 1.73 (8H,
app. quin, J = 7.2 Hz, 4 x CHy), 1.57 (8H, app. quin, J = 7.2 Hz, 4 x
CHjy), 1.25-1.10 (24H, m, 12 x CHjy), 1.11-1.02 (8H, m, 4 x CHy),
1.01-0.90 (8H, m, 4 x CHjy), 0.84-0.74 (12H, m, 4 x CHg), 0.62-0.45
(8H, m, 4 x CHjy) ppm; 5¢c (100 MHz, DMSO-dg) 150.9 (2 x C), 150.2 (2
x C), 140.2 (2 x C), 140.0 (2 x C), 139.2 (2 x C), 135.8 (4 x CH), 127.3
(2 x CH), 127.0 (2 x CH), 125.8 (2 x CH), 122.9 (2 x CH), 122.4 (4 x
CH), 122.3 (4 x CH), 120.6 (2 x CH), 120.2 (2 x CH), 120.0 (2 x CH),
54.8 (2 x C), 48.82 (4 x CHy), 48.80 (4 x CHy), 39.3 (4 x CHy), 30.4 (4
x CHs), 29.2 (4 x CHy), 29.1 (4 x CH5), 28.8 (4 x CH,), 25.4 (4 x CH»),
25.0 (4 x CHy), 23.5 (4 x CHy), 21.8 (4 x CHy), 13.7 (4 x CH3) ppm;
LRMS (ESI™) 318 (100%, [M — 4 x PFg]*h).

2.1.2.8. 9,9,9,9 -Tetrakis(6’-(3-hexyl-1H-imidazolium)hexyl)-9H,9' H-
2,2'-bifluorene tetratriflate, 4f. A solution of bifluorene 3 (232 mg, 0.24
mmol) and N-hexylimidazole (151 mg, 0.99 mmol) in toluene (20 mL)
was heated at 100 °C for 18 h then cooled to RT and concentrated in
vacuo. The resulting solid was dissolved in acetone (10 mL) and 1 M
CF3SO2K (10 mL) added. After 5 min the solution was concentrated in
vacuo, then the resulting solid was washed with hexane (200 mL), dis-
solved in acetone (50 mL), concentrated in vacuo then sonicated as a
suspension in CHClz (250 mL) for 15 min. The solid was collected by
filtration, washed with further CHCI3 (200 mL) then twice dissolved in
acetone (50 mL) and concentrated in vacuo to afford the title compound
4f as an off-white gum (289 g, 0.16 mmol, 67%), 6y (400 MHz,
DMSO-dg) 9.07 (4H, t,J = 1.4 Hz, 4 x ArH), 7.88 (2H, d, J = 7.8 Hz, 2 x
ArH), 7.86-7.80 (4H, m, 4 x ArH), 7.75-7.70 (6H, m, 6 x ArH), 7.67
(4H,t,J = 1.8 Hz, 4 x ArH), 7.46-7.41 (2H, m, 2 x ArH), 7.38-7.29 (4H,
m, 4 x ArH), 4.10 (8H, t,J="7.1 Hz, 4 x CH»), 4.02 (8H, t,J=7.0Hz, 4
x CHa), 2.09-1.98 (8H, m, 4 x CHy), 1.73 (8H, app. quin, J = 7.2 Hz, 4
x CHjy), 1.57 (8H, app. quin, J = 7.2 Hz, 4 x CHy), 1.24-1.12 (24H, m,
12 x CHy), 1.10-1.01 (8H, m, 4 x CH3), 1.01-0.91 (8H, m, 4 x CHy),
0.83-0.76 (12H, m, 4 x CH3), 0.64-0.45 (8H, m, 4 x CHy); 6c (100 MHz,
DMSO-dg) 150.9 (2 x C), 150.2 (2 x C), 140.2 (2 x C), 140.0 (2 x C),
139.2 (2 x C), 135.8 (4 x CH), 127.3 (2 x CH), 127.0 (2 x CH), 125.8 (2
x CH), 122.9 (2 x CH), 122.40 (4 x CH), 122.35 (4 x CH), 120.7 (q, J =
322.1 Hz, 4 x CF3), 120.6 (2 x CH), 120.2 (2 x CH), 120.0 (2 x CH),
54.7 (2 x C), 48.81 (4 x CHy), 48.79 (4 x CHy), 39.3 (4 x CHy), 30.4 (4
x CHj), 29.2 (4 x CH,), 29.1 (4 x CH>), 28.8 (4 x CH,), 25.4 (4 x CH»),
25.0 (4 x CHy), 23.5 (4 x CHy), 21.8 (4 x CHy), 13.7 (4 x CH3) ppm;
(376 MHz, DMSO-dg) —77.53 (s, 4 x CF3); LRMS (ESI™) 318 (100%, [M
— 4 x CF35802]*").

2.1.2.9. 9,9,9,9-Tetrakis-(6-(1-octyl-3H-imidazolium-3-yDoctyl)-

9H,9'H-2,2 -bifluorene tetrakis(hexafluorophosphate), 4g. A solution of
bifluorene 3 (237 mg, 0.24 mmol) and N-octylimidazole (182 mg, 1.01
mmol) in toluene (20 mL) was heated at 100 °C for 18 h then cooled to
RT and concentrated in vacuo. The resulting solid was dissolved in
acetone (10 mL) and 1 M KPFg (10 mL) added. After 5 min the solution
was concentrated in vacuo, then the resulting solid was washed with
water (200 mL), dissolved in acetone (50 mL), concentrated in vacuo,
washed with hexane (200 mL), dissolved in acetone (50 mL), concen-
trated in vacuo then sonicated as a suspension in CHCl3 (250 mL) for 15
min. The solid was collected by filtration then twice dissolved in acetone
(50 mL) and concentrated in vacuo to afford the title compound 4g as an
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off-white solid (297 mg, 0.15 mmol, 63%), 5y (400 MHz, DMSO-dg) 9.03
(4H, brs, 4 x ArH), 7.86 (2H, d, J = 8.0 Hz, 2 x ArH), 7.79-7.84 (4H, m,
4 x ArH), 7.72 (2H, dd, J=8.1,1.2Hz, 2 x ArH), 7.68 (4H, t,J = 1.7 Hz,
4 x ArH), 7.63 (4H, t, J = 1.7 Hz, 4 x ArH), 7.46-7.40 (2H, m, 4 x ArH),
7.37-7.28 (4H, m, 4 x ArH), 4.08 (8H, t,J = 7.1 Hz, 4 x CH»), 4.01 (8H,
brt,J=7.0 Hz, 4 x CHy), 2.10-1.97 (8H, m, 4 x CHj), 1.72 (8H, app.
quin, J = 7.2 Hz, 4 x CHy), 1.57 (8H, app. quin, J = 7.1 Hz, 4 x CHj),
1.27-1.10 (40H, m, 20 x CHy), 1.09-1.01 (8H, m, 4 x CH3), 1.00-0.91
(8H, m, 4 x CHy), 0.81 (12H, br t, J = 6.9 Hz, 4 x CHj), 0.63-0.44 (8H,
m, 4 x CHy) ppm; 5¢ (100 MHz, DMSO-dg) 151.0 (2 x C), 150.3 (2 x C),
140.3 (2 x C), 140.1 (2 x C€),139.3 (2 x C), 135.8 (4 x CH), 127.3 (2 x
CH), 127.1 (2 x CH), 125.9 (2 x CH), 123.0 (2 x CH), 122.44 (4 x CH),
122.38 (4 x CH), 120.6 (2 x CH), 120.3 (2 x CH), 120.1 (2 x CH), 54.8
(2 x C), 48.93 (4 x CHy), 48.89 (4 x CHy), 39.3 (4 x CHy), 31.2 (4 x
CH,), 29.3 (4 x CH»), 29.2 (4 x CH>), 28.8 (4 x CHj), 28.5 (4 x CHy),
28.3 (4 x CHy), 25.44 (4 x CHy), 25.39 (4 x CHy), 23.6 (4 x CHy), 22.1
4 ><4CH2), 14.0 (4 x CH3) ppm; LRMS (ESIT) 346 (100%, [M — 4 x
PFe]*h).

2.1.2.10. 9,9,9,9 -Tetrakis(6’-(3-octyl-1H-imidazolium)hexyl)-9H,9 H-
2,2'-bifluorene tetratriflate, 4h. A solution of bifluorene 3 (520 mg, 0.24
mmol) and N-octylimidazole (400 mg, 2.22 mmol) in toluene (20 mL)
was heated at 100 °C for 18 h then cooled to RT and concentrated in
vacuo. The resulting solid was dissolved in acetone (10 mL) and 1 M
CF3SO2K (10 mL) added. After 5 min the solution was concentrated in
vacuo, then the resulting solid was washed with hexane (200 mL), dis-
solved in acetone (50 mL), concentrated in vacuo then sonicated as a
suspension in CHCl3 (250 mL) for 15 min. The solid was collected by
filtration, washed with further CHCl3 (200 mL) then twice dissolved in
acetone (50 mL) and concentrated in vacuo to afford the title compound
4h as a white solid (499 mg, 0.16 mmol, 49%), 6y (400 MHz, DMSO-dg)
9.06 (4H, br. s, 4 x ArH), 7.64 (6H, dt, J = 14.9, 8.0 Hz, 6 x ArH),
7.75-7.70 (6H, m, 6 x ArH), 7.68-7.65 (4H, m, 4 x ArH), 7.43 (2H, br.
d,J=6.5Hz, 2 x ArH), 7.39-7.28 (4H, m, 4 x ArH), 4.09 (8H,t,J=7.1
Hz, 4 x CHy), 4.02 (8H, br. t, J = 7.0 Hz, 4 x CH,), 2.09-1.99 (8H, m, 4
x CHay), 1.73 (8H, app. quin, J = 7.2 Hz, 4 x CHy), 1.57 (8H, app. quin, J
=7.1Hz,4 x CHy), 1.27-1.11 (40H, m, 20 x CH5), 1.10-1.01 (8H, m, 4
x CHa), 1.01-0.91 (8H, m, 4 x CH,), 0.82 (12H, br. t, J = 6.9 Hz, 4 x
CH3), 0.65-0.44 (8H, m, 4 x CH,); 6c (100 MHz, DMSO-dg) 150.9 (2 x
C), 150.2 (2 x €), 140.2(2 x €), 139.9 (2 x C), 139.2 (2 x C), 135.8 (4
x CH), 127.2 (2 x CH), 127.0 (2 x CH), 125.8 (2 x CH), 122.8 (2 x CH),
122.4 (4 x CH), 122.3 (4 x CH), 120.7 (q, J = 322.1 Hz, 4 x CF3), 120.5
(2 x CH), 120.2 (2 x CH), 120.0 (2 x CH), 54.7 (2 x C), 48.80 (4 x
CH,), 48.76 (4 x CH>), 39.5 (4 x CH»), 31.1 (4 x CHj), 29.21 (4 x CHy),
29.15 (4 x CHy), 28.9 (4 x CH>), 28.4 (4 x CHy), 28.2 (4 x CHy), 25.4
(4 x CHy), 25.3 (4 x CH,), 23.5 (4 x CHy), 22.0 (4 x CHy), 13.9 (4 x
CH3s) ppm; 6 (376 MHz, DMSO-dg) —77.52 (s, 4 x CF3); LRMS (ESI)
346 (100%, [M — 4 x CF550,]%").

2.2. Device fabrication and measurement

All the spray coating steps were performed under ambient atmo-
spheric conditions. Nitrogen (N3) gas was used to pressurise the pneu-
matic spray coating system. The distance from the nozzle to the
substrate for spray coating was 15 cm, for both PEDOT:PSS and active
layer deposition, with a differential inlet/outlet pressure of 0.3 bar. The
glass slides were rinsed with deionized water and acetone in sequence to
remove any surface contamination prior to functional coating. Fig. 2 (a)
shows the isometric diagram of the OLEC device structure used in this
research. A plan view photograph of a set of fabricated OLECs on a glass
slide is shown in Fig. 2b. A PEDOT:PSS suspension in water was first
spray coated directly on the ITO patterned substrate and annealed at
120 °C for 20 min in a conventional box oven.

Molecule 4a was dissolved in acetonitrile at a concentration of 0.25
g/mL, and molecule 4h was dissolved in ethanol at a concentration of



S. Arumugam et al.

+«———  Top electrode
+«—— Light emitting layer
+——— PEDOT:PSS layer

<+<—— Bottom electrode

/

—_—

ITO glass slide

Fig. 2. (a) Schematic drawing of the spray coated UV-LECs on glass substrate
and (b) plane view of the fabricated LECs.

0.7 g/mL, to form the two active inks. The UV emitting active layer was
spray coated in an ambient environment. However, the use of 4a in the
acetonitrile resulted in clogging of the spray nozzle after a few seconds.
This can be attributed to its lower solubility as, during spray coating,
compressed Ny travels through the nozzle leading to an increase in the
ink pressure. In turn, this cools the ink and reduces the solubility of the
active component 4a such that it precipitates out. The modified ink,
based on analogue 4h, did not lead to nozzle clogging and showed
improved processing capability due to its high solubility in ethanol.
Annealing of the spray coated active layer was undertaken at 70 °C over
5 h in a nitrogen filled box oven. To complete UV OLEC fabrication, a
silver top electrode was sputter coated through a pre-defined shadow
mask, by a coating current of 70 mA. The top electrode mask was pre-
defined to achieve three light emitting pixels. Silver conductive paint
was subsequently applied to establish contact points for testing. Finally,
the device was encapsulated by drop casting an epoxy formulation onto
the surface and covering with a coverslip. The fully encapsulation sys-
tem was then UV cured with a 365 nm wavelength mercury lamp.

The following equipment was used: Field Emission Scanning Elec-
tron Microscopy (FESEM, JSM 7500F) manufactured by JEOL to take the
cross-sectional SEM image of the UV OLEC devices to evaluate the
functional layers’ thickness. A UV/Vis/NIR (Cary 500) Spectrometer
manufactured by Varian was used for UV/VIS transmission and ab-
sorption measurement. A high-speed sputter coater machine (Safematic
CCU 010) was used for the top electrode deposition. UV/Vis/NIR spec-
troradiometer (Stellar-RAD 250-1100 nm) was used to measure the
LECs UV emission intensity and spectrum. A 340 nm laser M340L4 (53
mW (Min), 700 mA) Mounted LED is supplied by Thorlabs, was used as
the laser source for photoluminescence (PL) emission excitation. An
adjustable Collimation Adapter (SM2F32-A) with @#2” Lens and AR
Coating with a wavelength of 350-700 nm was used with a 340 nm laser
source for PL measurements. UV OLEC devices fabricated on ITO pre-
coated glass slide substrates were measured via the bottom emission
to determine their EL spectrum. Absorption and PL measurements were
performed on both solution state (using a cuvette) and a spray coated
film. A sample of coated film on the glass substrate had a UV emitting
film thickness of 250 nm. The absorption peak of the material indicates
the range of optical source wavelengths which are necessary to carry out
the PL measurement; the PL is excited by an optical source within the
range of wavelengths identified in the absorption peak spectra. How-
ever, any wavelength below the absorption peak value will be able to
excite PL emission.

3. Results and discussion

Our study was inspired by the work of Chen et al. [31] who had
shown that 2,2'-bifluorene 4a could be fabricated into an effective UV
light-emitting electrochemical cell with good charge carrier mobilities
and electrochemical properties. Unfortunately, for our purposes its poor
solubility in many solvents proved limiting as it led to nozzle blockage
during spray coating. To address this deficiency, we decided to examine
the influence on solubility of both the counter ion and the nature of the
alkyl residues on the imidazolium units. Thus, our target became the
series of 2,2'-bifluorene 4b-h, with methyl, n-butyl, n-hexyl and n-octyl
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imidazolium units, and either triflate or hexafluorophosphate counter
ions. Each synthesis began with the bis-alkylation of 2-bromo-9H--
fluorene 1 with 1,6-dibromohexane (Scheme 1). Dimerisation of the
resulting tribromide 2 was next accomplished using a Suzuki-Miyaura
coupling to give the lynchpin 2,2'-bifluorene 3 from which all of the
targets 4a-h could be synthesised through coupling with the appropriate
imidazole, followed by ion exchange. Higher material losses were wit-
nessed during purification of the higher homologues in this series,
leading to a reduction in yield for these products. As expected, the
incorporation of higher alkyl chains led to improved solubility in both
ethanol and acetonitrile, as did the use of the triflate counter ion.
Therefore, in this study, the known bifluorene 4a and its derivative 4h
were used for OLEC device fabrication.

Fig. 3 a, b and c show a light transmittance of more than 85%
through an empty cuvette, plain glass, and quartz slides, respectively.
Optical absorption and PL measurements of UV emitters 4a and 4h were
performed on solution state and spray coated film. Fig. 3d shows the
wavelength of the 340 nm laser excitation which has been used to
measure PL for UV emitters 4a and 4h separately. The optical absorption
spectra of UV emitter 4a shows the maximum absorption at 344 nm for
the solution and 342 nm for the film state (Fig. 4a and b). Fig. 4e and f
shows PL spectra for the solution and spray coated film for 4a, with an
intense UV emission peak at 384 nm for the solution and 372 nm for the
film state. The same trend is observed for 4h in both the optical ab-
sorption and PL emission measurements as shown in Fig. 4c, d, g, and h.
The absorption of 4h is observed at 329 nm for the solution and
340-343 nm for the film state, while PL emission is observed at 383 nm
for solution and 388 nm for the film state. This can be attributed to the
common bifluorene UV core. Notably, the film state PL spectra of 4a and
4h (Fig. 4f and h) each display a second prominent peak at ~500 nm
that is barely evident in the corresponding solution phase spectra
(Fig. 4e and g). Moreover, the effect is more marked for 4a than it is for
4h. This observation suggests that aggregation plays a critical role in
promoting these additional emission bands as the effect is greatest in the
solid state and less pronounced when the imidazolium residues bare
longer alkyl chains that disrupt aggregation [33].

Fig. 5a and d shows the FESEM images of the fabricated OLECs based
on 4a (Fig. 5a) and 4h (Fig. 5d) on an ITO glass substrate. In both FESEM
images, it can be observed that a 100 nm thick PEDOT:PSS film on top of
a 300 nm ITO glass substrate. The OLEC active layer consisting of UV
emitters 4a and 4h shows the thickness of 250 nm to achieve an intense
emission as it was optimized in the PL film measurements. This indicates
the UV emission 4h with ethanol solvent formed a more interconnected
film and has better spray coating reliability with triflate salts. As can be
seen from the FESEM image in Fig. 5d, for 4h, a homogenous film with
no porous texture is observed. In contrast, some degree of porosity in the
active layer is observed for the UV emitter 4a, as shown in Fig. 5a. Then,
the active layer was followed by a 100 nm silver layer as the top

B B
Br( CH2 sBr . Br
0.0 Br TBAB, aq. KOH ! I Pd(dba),, X-Phos

70°C,59%  Br(CHz)s" “(CHz)eBr d|oxane QOC

R-N N

toluene, 1OOC
KPFg or KCF3SO3

(><\ (w
R

4aR=Me, X = PFS 87%; 4bR = Me x CF3S03, 98%
4c R ="Bu, X = PFg, 86%; 4d R = "Bu, X = CF3S03, 77%
4e R = "Hex, X = PFq, 69%; 4f R = "Hex, X = CF3S0;3, 67%
4g R = "Oct, X = PFq, 63%; 4h R = "Oct, X = CF3S03, 49%

Scheme 1. Synthesis of the active bifluorenes 4a-h.
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PL measurements for solution (e) and spray coated film (f) state for UV emitter 4a, and PL measurements for solution (g) and spray coated film (h) state for UV

emitter 4h.

electrode. The devices, fabricated using both 4a and 4h, were then
subjected to the UV light emission by sweeping the voltage between 0
V-15 V. The 1 pm thick encapsulation layer deposited to protect the
devices is not shown in the FESEM image. The I/V plots, as shown in
Fig. 5b and e, demonstrate a 6.5 V turn on voltage for both 4a and 4h
devices. As the new molecule 4h reported here could effectively emit UV
light in both solution and spray coated solid state film, this research
work was extended further to investigate its EL performance.

Fig. 5c and f shows the EL spectrum plots captured under electrical

bias at 10 V voltage, resulting in the maximum emission intensity.
Fig. 5c and f shows the light emitting at a broader range of wavelengths
than the obtained PL spectrum. Fig. 5c¢ shows the fabricated 4a EL
emission starts from 360 nm towards 480 nm, with a peak at 385 nm and
a secondary broad peak covering 415-430 nm; however, strong emis-
sion is recorded between 370 nm and 480 nm. Table 1 summarises the
UV OLEC devices’ key characteristics captured and derived from the
measurement data from both 4a and 4h molecules. Emission intensity of
4a is captured at the peak wavelength under 10 V bias, ~1.29 pW/cm?.
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Table 1
Summary of the UV OLEC devices’ key characteristics.
Device Molecule EL Von Vbias Jmax Limax Lifetime
Peak W) (W) (mA/ (nw/ (min)*
(nm) cm?) cm?)
I 4a 386 6.5 10 14 1.29 0.9
I 4h 388 6.5 10 10.5 0.86 1.3

 The time for the light output of the device to decay from the maximum to
30% of the maximum under a constant bias voltage of 10 V.

Fig. 5f shows the fabricated 4h EL emission starts from 360 nm to 445
nm with a peak at 388-390 nm and a secondary peak at 409 nm.
Emission intensity of ~0.86 pW/cm? of 4h is captured at the peak
wavelength under 10 V bias. However, strong emission is recorded be-
tween 370 nm and 430 nm. The current density of 4a cells is slightly
higher which leads to the higher intensity emission, comparing to the 4h
cells. However, 4h cells demonstrate better stability and lifetime,
compared to 4a cells. The variation between the two EL spectrum plots
could be caused by the advancing of the salt system, which was initially
designed to increase its solubility and widen its compatibility with more
environmentally friendly solvent systems. Although the alkyl chains are
introduced to achieve good processability, the UV emission intensity
value of 4h was lower than for 4a. This might be due to the bulky alkyl
chains that disturb the closely packed aromatic backbone planarity. It is
important that the selection of alkyl chains improve solubility but does
not disturb the conjugated planarity that might lead to high charge
carrier transport in the conjugated backbone [34]. Even though the
devices lifetimes are short, both molecules demonstrated that they are
capable of UV emission and can be utilized to fabricate UV OLEC
devices.

The 4a and 4h devices were subjected to increased voltage up to 15V
until the active layer failed to operate. The devices survived up to 12 V
for 30 s but less than 5 s when biased at 15 V and no response was
observed when the voltage increased beyond 15 V. The intensity value of
the 4a and 4h cells reach around 8-10 pW/cm? at 15 V bias voltage,
however, the lifetime is too short for the cells to observe the emission. In
addition to that, it is necessary to study the solution processing of the
inverted OLEC structure to enable the OLEC to be realized on textile

substrates. The inverted structure means the light is emitted from the top
surface of the OLECs and this is essential for the textile substrate which
does not allow bottom emission. The key challenge is to use solution
processing to deposit suitable patterned transparent/translucent top
electrodes that enable the top emission.

4. Conclusions

We have prepared bifluorene derivatives 4a-h and identified an
improved solubility regime for 4h. We have also utilized two different
counter ions such as PFs~ and CF3SO3~ to improve the device perfor-
mance. All the functional layers have been deposited by spray coating to
afford working UV OLEC devices. Based on UV/Vis absorption and PL
intensity plots, the encapsulation of the devices has been successfully
demonstrated with a turn on voltage of 6.5 V. Finally, the presented
work demonstrates novel ideas for chemists in design and modified
synthesis of advanced UV light emitting materials with the salts for
OLEC applications. This reported fabrication method can also be
adapted in use of large area electronics manufacturing of light emitting
textiles. Future work will be focused on EL, flexibility and stability of the
printed OLECs. The devices will also be prepared on textile substrates to
demonstrate UV emitting textile OLECs.
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