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UV-vis absorption of conjugated polyelectrolytes

(@ 12— . . ‘ , (b) . T T T T .
1.0 —— F8imBT-Br

—— F8imBT-Br T —— F8im-Br
1.0+ —— F8im-Br i
-~ 2 081
=1
S 0.8+ E
] £ 06+
Q0 A
< 06} i
E .
S E o4}
< 04¢ 2
02 02
0.0 1 L 1 ! I 0.0 L 1 N M
300 350 400 450 500 550 400 450 500 550 600 650 700 750
Wavelength (nm) Wavlength (nm)

Figure S1: Thin film (20 nm) (a) UV-vis absorption and (b) photoluminescence spectra for F8im-Br
and F8imBT-Br.

The F8im-Br absorption spectra shows only one broad absorption peak centred at ~404 nm and
represents a t-* HOMO-LUMO transition with both the HOMO and LUMO delocalised over
the fluorene units. The absorption peak represents a red-shift of ~20 nm from the neutral form
of F8im-Br (PFO®), possibly indicating the fluorene chains adopt a more planar conformation

compared to PFO.

The F8imBT-Br shows a similar absorption profile to F8BT (see Figure S1(a)) with a low
energy absorption peak centred at ~463 nm, relating to the charge-transfer absorption band that
arises from localisation of the LUMO on the BT unit.5? The higher energy absorption peak
centred at ~330 nm relates to transitions from the HOMO to higher energy LUMOs that are
delocalised across the polymer chain.5® In F8imBT-Br, the ratio of the low energy absorption

intensity (lse3) to the high energy absorption intensity (lsz0) is 0.82 — lower than for F8BT
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(1.03). This indicates the ions could disrupt the degree of localisation of the LUMO on the BT

unit, weakening the dipole oscillation strength of the transition.

Air photoemission spectroscopy

$4,S5

To find the HOMO energy level of the F8im-Br and F8imBT-Br CPEs, air photoemission

spectroscopy (APS) measurements were taken and the data shown below in Figure S2.

F8imBT-Br and F8im-Br films were made by spin coating on ITO substrates. By extrapolating

the linear fit of the cube root of the photoemission to baseline, we find the HOMO energy level
for F8imBT-Br to be 5.73 eV, whilst the HOMO of F8im-Br is 5.58 e¢V. The HOMO energy
levels of the F8BT, F8BT-TFB and MEH-PPV LEPs were also measured and found to be 5.85,
5.50 and 5.12 eV respectively (Figure S3).
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Figure S2: APS spectra for (a) F8imBT-Br and (b) F8im-Br.
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Figure S3: Air photoemission spectra for (a) F8BT, (b) FSBT-TFB random copolymer and (c) MEH-
PPV. The extracted HOMO values was found to be 5.9, 5.5 and 5.1 eV respectively.
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Table S1: Table showing values of HOMO, band gap and calculated LUMO.

Polymer HOMO (eV) Band Gap (eV) LUMO (eV)
F8imBT-Br 5.73 2.36 3.37
F8im-Br 5.58 2.88 2.70
F8BT 5.85 2.40 3.45
F8BT-TFB 5.50 2.28 3.22
MEH-PPV 5.12 2.13 2.99

Characterisation of light emitting polymers

The first LEP examined is F8BT is well-known as an electron transporting copolymer>®

which has relatively deep HOMO and LUMO energy levels (5.9 and 3.5 eV respectively) and
a comparatively high electron mobility (up to ~5 x 10 cm?*Vs®7) and relatively low hole
mobility (108 to 10 cm?/VsS®). This imbalance leads to a RZ that is close to the anode at the
LEP/interlayer (IL) interface®.

The second LEP tested is a statistical copolymer comprising F8BT and TFB units, referred
to here as FSBT-TFB copolymer The inclusion of TFB units into the F8BT backbone has two
effects, (i) shifting the HOMO to 5.5 eV (Figure S3) and (ii)the hole and electron currents
become more balanced due to the hole transporting nature of the TFB unit.5!'51? The optical
gap is slightly smaller compared to F8BT (2.3 eV — see Figure S4).

The third and final LEP studied is poly(2’-methoxy-5-2'-ethylhexyloxy)-1,4-
phenylenevinylene) (MEH-PPV), which is a red-orange emitting polymer with relatively
shallow energy levels of 5.1 and 3.0 eV for the HOMO and LUMO, respectively (Figure S3).
This yields a smaller optical gap of 2.1 eV (Figure S4). As with most phenylene vinylenes
(PPVs), it is a strongly hole dominated polymer (hole mobility, py = 10 cm?/Vs with electron
mobility, pe < 10® cm?/Vs)S!12* due to the presence of deep electron traps limiting electron
transport.>'>1 This has the effect of shifting the RZ close to the cathode at the LEP/CPE
interface. This shift allows the role that the LEP/CPE interface plays in device performance to
be more readily probed.
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Figure S4: Plots showing (a) UV-vis absorption and (b) photoluminescence spectra for FSBT (black),
F8BT-TFB (red) and MEH-PPV (blue) LEPs.

The localisation of the LUMO on the BT unit causes a ‘charge-transfer’ state to form which
is the origin of the low energy absorption band at ~460 nm. The PL similarly shows a broad,
featureless emission characteristic of charge transfer states.

The PL emission of FBBT-TFB (Figure S4(b)) shows only F8BT-like emission due to fast
intra molecular energy transfer from TFB units to F8BT units, with a slightly red-shifted
emission due to the enhanced charge transfer character in this copolymer.S°

The UV-vis absorption spectrum (Figure S4(a)) shows a broad absorption band at ~490 nm,
whilst the PL spectrum (Figure S4(b)) shows a vibronic progression with the S1-Sp 0-0
transition at ~570 nm. The relative strength of the vibronic peaks are strongly dependent on
the morphology of the MEH-PPV layer.520-2?
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AFM measurements
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Figure S5: Atomic force microscopy measurements of (a) F8BT, (b) FBBT-TFB, (c) MEH-PPV, (d)
F8im-Br and (¢) F8imBT-Br.
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Additional device characterisation
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Figure S6: J-V measurements for (a) electron only and (b) hole only single carrier devices containing
no CPE (black), F8imBT-Br (red) and F8im-Br (blue).
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Figure S7: Plot showing applied pulse voltage (black) and EL intensity (blue) as a function of
time. The distance between the rising edge of the voltage pulse and the rise of the EL signal (shown
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clearly in inset) represent the delay time, tg, whilst the intersection of the tangent of the rising edge of
the EL pulse to the saturation level of the EL represents the rise time, t..
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Figure S8: Normalised luminance transient of F8BT/F8imBT-Br devices taken at 5, 7 and 9 V, 1 Hz
square wave voltage pulses.
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Figure S9: J-V measurements for (a) electron only and (b) hole only single carrier FSBT-TFB devices
containing no CPE (black), F8imBT-Br (red) and F8im-Br (blue).
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Figure S10: Normalised electroluminescence transients for F8BT-TFB/F8imBT-Br device with 5-8
V, 1 Hz square wave driving potentials.
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Figure S11: J-V measurements for (a) electron only and (b) hole only single carrier MEH-PPV
devices containing no CPE (black), F8imBT-Br (red) and F8im-Br (blue).
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Figure S12: Normalised PL spectra for MEH-PPV (black), F8imBT-Br (red) and MEH-
PPV/F8imBT-Br bilayer (blue).
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Figure S13: Normalised EL spectra of MEH-PPV/F8imBT-Br PLED devices driven at 5, 6, 8 and 10
V.
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Figure S14: Normalised electroluminescence transients for MEH-PPV/F8imBT-Br device with 5-8
V, 1 Hz square wave driving potentials.

Kelvin Probe measurements

The Kelvin probe is an effective tool for probing the vacuum level shift at the metal/CPE
interface, i.e. how much the workfunction of the Al cathode is shifted by the ionic dipoles of
the CPE.S1%5! To identify the factors yielding fast turn on for F8imBT-Br based CPE
devices, kelvin probe measurements were taken for bare Al, Al/F8imBT-Br (10 nm) and
AIl/F8im-Br (10 nm) samples (Figure S15 below).
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Figure S15: Workfunction measurements of Al, Al/F8im-Br and AlI/F8imBT-Br samples.

The workfunction of the bare aluminium was found to be 3.88 eV, similar to the values reported
(measured by the Kelvin probe technique in air) in the literature.5?® The workfunction of the
Al/F8im-Br sample was measured as 3.41 eV, a reduction in workfunction of 0.47 eV
compared to Al. The Al/F8imBT-Br workfunction was measured as 3.50 eV, a reduction of
0.38 eV. Since the LUMO of F8imBT-Br is 3.37 eV, this allows ohmic electron injection to
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occur from Al to F8ImBT-Br as the barrier to electron injection is then only ~0.1 eV. The
electron injection from Al to F8im-Br however remains barrier limited. The higher lying
LUMO of F8im-Br (2.70 eV) means the electron injection barrier is much larger at ~0.7 eV.
Using metal cathodes with deeper workfunctions (i.e. Ag or Au) is likely to increase the energy
barrier from the cathode to the CPE, resulting in reduced electron injection and longer device
response times.S2°

MEH-PPV/F8imBT-Br interface energetics
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Figure S16: Schematic energy level diagram of the interface between MEH-PPV and F8imBT-Br.
lon redistribution in F8imBT-Br and hole accumulation in MEH-PPV causes band bending and hence
a greater energy level offset possibly leading to increased non-radiative recombination.
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