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ABSTRACT: For poly(9,9-di(6-(2-(3-oxetanyl)butoxyl)hexyl)-2,7-fluorene) (POBOHF), measurements on
field induction-thermally stimulated current (FI-TSC) and electroluminescence (EL) under a wide
temperature range demonstrate that electric field induction (FI) accompanied by side chain motion can
lead to a formation of excimers, which contribute to a growth of a green component in the EL spectrum.
This phenomenon also happens to poly(9,9-di-n-octyl-2,7-fluorene) (PFO), especially under long-term
operations with higher electric fields (1 × 106 V/cm), copolymers of OBOHF and FO (PF-1/1 and PF-1/3),
and even cross-linked POBOHF. The higher polarity of the side chain in the polyfluorenes (PFs) can
cause a more pronounced FI effect. For POBOHF, the green component can even dominate after a few
cycles of device operation. Lowering the content of cross-linkable commoner in the copolymers from 50 to
25 mol % only moderately suppresses the formation of FI excimers.

Introduction

The applications of conjugated polymers in light-
emitting diodes,1,2 field-effect transistors,3,4 and plastic
solar cells5,6 have attracted great attention recently. In
polymer light-emitting diodes (PLED), polyfluorenes
(PFs) are promising candidates as blue emitters due to
their high photoluminescence quantum efficiencies
(PLQEs) as solid films, for example, as high as 59% for
as spin-coated poly(9,9-di-n-octyl-2,7-fluorene) (PFO),7
excellent solubility and film-forming ability, and ease
in controlling their properties via facile substitution in
the 9,9-position of the fluorene unit.8-11 However, it was
found to be difficult for PFs to obtain pure and stable
blue light emission due to a presence of undesirable
green emission from the electroluminescence (EL)
device.12-15 Two explanations have been given for the
green emission: one was the keto defect,16-20 and the
other was excimer or aggregate emission.12,16,21-24

Excimer is a delocalized and lower energy excited-
state complex, which is generated by an interaction of
an excited chromophore with a ground-state chromo-
phore,16,25,26 and appears not only in aromatic molecules
but also in polymer systems. Conwell et al.27 found that
cyano-substituted poly(p-phenylenevinylene) (CN-PPV)
exhibited excimer emission due to its small inter-
segmented distance (3.4 Å) resulting from the high
electron affinity of cyano group. Excimer emission was
also found to appear in poly(2,5-di-n-octyloxy-1,4-phen-
ylenevinylene) (DO-PPV) after thermal treatment.28 In
PFs, excimers or aggregates could form by interchain
interactions due to its stiff and planar chain geometry26

and by interactions either between polar end groups29

or due to the appearance of oligomers.30 And several
reports suggested methods to reduce this poor spectral
purity, such as introduction of other chromophores into
main21 or side31-33 chains, cross-linking in film states
via styryl end groups,34 end-capping,13,29 removal of low
molecular weight parts,30 and blending with a polymer

possessing higher glass transition temperatures.35 How-
ever, some of these reports only showed EL spectra
measured at certain applied voltages but did not reveal
whether the emission color would still remain after a
cyclic operation.

Many studies pointed out that the keto defect in
PFs could cause an undesired green emission,36-39

which might originate from an oxidation of 9-mono-
alkylated fluorenes during polymerization,17,40 after
photooxidation16,17 or thermal oxidation18-20 in air,
during thermal deposition of calcium as cathode36

(according to Gamerith et al.,41 the defect so generated
is spatially located close to the cathode and is different
from the “well-described keto-type bulk defect”), and
from operation of a device, especially under atmospheric
conditions.17 However, no direct evidence such as in-
frared data was provided to support the occurrence of
keto defect for the latter two situations. On the other
hand, since heat42 and applied electric field43 may alter
morphology of polymer films and thus their emission
properties, an investigation on their effects resulting
from cyclic device operations is necessary.

Here we investigate reasons that cause variations in
the EL spectrum during continuous operations of PFs-
based devices and find that local segmental alignment
of main chains induced by applied electric field under
relaxation of side chains can induce the formation of
excimers, which contribute to the green component of
the emission. Moreover, the extent of excimer formation
increases with content of polar side chains, and the FI
excimer formation is hard to suppress even after cross-
linking. The structures of the PFs investigated are given
in Chart 1.

Experimental Section

Syntheses of Monomers and Polymers. Syntheses of the
monomers and polymers used in this article are described in
detail in the Supporting Information (SI).

Instrumentation. Gel permeation chromatography (GPC),
device fabrication, spectroscopic measurements (including
ultraviolet-visible (UV), photoluminescence (PL), photo-* Corresponding author. E-mail: sachen@che.nthu.edu.tw.
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luminescence excitation (PLE), electroluminescence (EL), and
Fourier transform infrared (FTIR)), field induction-thermally
stimulated current (FI-TSC) measurement, and cross-linking
procedure for POBOHF are also described in detail in the SI.

Results and Discussion

1. Characterization of Green Component in the
Emissions from POBOHF- and PFO-Based De-
vices. Figure 1 shows EL spectra at room temperature
measured at different applied voltages for the same
POBOHF-based device. We collected EL spectra suc-
cessively at 5, 7, and 10 V, and for the subsequent six
spectra, all at 8 V was applied for every 20 s interval
before taking the spectrum. It is obvious that the
emission spectrum of POBOHF changes during the
device operation and even at the first cycle is different
from its corresponding photoluminescence (PL) spec-
trum (the inset of Figure 1), in which three vibronic
emission peaks appear at 426, 446, and 476 nm. For
the first cycle at 5 V, the EL shows broad emission band
peaked at 424, 452, and 485 nm as well as two shoulders
at 520 and 570 nm. The blue component (400-460 nm)
decreases consecutively while operating at 7 and 10 V
for the second and third cycles, respectively. The green
component (460-650 nm) dominates the EL spectra
since the second cycle, and only the green component
remains after the sixth cycle. Similar variation of EL
emission with applied voltages also happens to PFO as
shown in Figure 2. For the first cycle at 8 V, the blue
emission peaked at 424 and 446 nm as well as a green
component ranging from 460 to 650 nm with two peaks
at 480 and 520 nm appearing, which is different from
its corresponding PL spectrum (the inset of Figure 2)
characteristic of three vibronic emissions at 423, 444,
and 475 nm. Under the high electric fields ((0.8-1.2) ×
106 V/cm), the green component grows gradually ac-
companied by the cyclic operations, and its intensity
exceeds that of the blue component at the sixth cycle.
In this article, applying high electric fields to PFO-based
device is for investigation of effects of electric field on
the EL emission, and such high fields can really occur
in long-term operation of the device since increasing
applied voltage has to be maintained to compensate for
a decay in device efficiency. As can be seen, the extent
of green emission of PFO is much lower than that of
POBOHF. (The reason for the occurrence of this phe-
nomenon will be revealed in section 4. ) We must
emphasize that, for PFO-based device whose PFO film
is spin-coated from its tetrahydrofuran solution, the

extent of green emission is relatively smaller, especially
under cyclic operations with lower applied field (0.7 ×
106 V/cm); the EL spectrum remains almost unchanged
and resembles the PL spectrum in the inset of Figure 2
(relative EL intensity heights at 422, 448, and 480 nm
are 1:0.60:0.43, and a long-wavelength tail (500-650
nm) also appears with very lower intensity).

Because the present POBOHF and PFO were end-
capped with tert-butylphenylene, the green component
should not contribute from polar end groups (i.e.,
bromine).29 This does not mean that suppressing green
emission by end-capping has failed. Actually, from our
conjecture, end-capping can only provide effective sup-
pression for short-term operation with PFs bearing
nonpolar side chains, such as PFO. In addition, this
green component should not be caused by the presence
of oligomers, which have molecular weights (MW) lower
than 104 Da as reported by Weinfurtner et al.,30 because

Chart 1. Chemical Structures of Homopolymers and
Copolymers Studied in This Article

Figure 1. EL spectra measured at room temperature from
POBOHF-based device (ITO/PEDOT/POBOHF/Ca/Al). Spectra
were continuously collected at 5, 7, and 10 V; for the subse-
quent six spectra, 8 V was applied for every 20 s interval before
measuring each spectrum. All the spectra were normalized at
488 nm. The inset shows the PL spectrum of POBOHF film
excited at 387 nm and normalized at 426 nm.

Figure 2. EL spectra measured at room temperature from
PFO-based device (ITO/PEDOT/PFO/Ca/Al) and normalized at
424 nm. Spectra were continuously collected at 8, 10, and 12
V; for the subsequent six spectra, 10 V was applied for every
20 s interval before measuring each spectrum. The inset shows
PL spectrum of PFO film excited at 385 nm and normalized
at 423 nm.
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the polymers synthesized in this work are of high
molecular weights (having low MW tails higher than
104 Da) and low polydispersity indexes (see Table 1).
Since the green emission component in PFs has been
extensively ascribed to the keto defect, we take PFO as
an example to explore whether the keto defect is
responsible for the green emission in PFs via an analysis
of infrared measurements and deconvolutions of the EL
spectra.

FTIR measurements were performed on PFO films
before and after device fabrication (the device structure
is ITO/PEDOT/PFO/Ca/Al) as well as after use (i.e., after
the EL measurements as described in the caption of
Figure 2). The keto defect is not found in the PFO film
before deposition of Ca cathode (see the inset of Figure
3a, in which no keto characteristic peak at 1725 cm-1

appears), but it really occurs after deposition of calcium
onto PFO film as indicated in the presence of a peak at
1725 cm-1 (i.e., carbonyl stretching mode), as shown in
Figure 3a. From 1H NMR spectra of monomers 3 and
4, we can ensure that 9-monoalkylated fluorenes do not
appear in these monomers, indicating that the keto
defect did not form during the polymerizations of their

corresponding polymers (this is also supported by the
FTIR data shown in the inset of Figure 3a). Since
thermal annealing or exposure to UV light for the
polymers was avoided during the device fabrication and
operation, the keto defect cannot generate under these
two conditions, and in this case, it should form during
the deposition of calcium onto PFO film as was also
found by Gong et al.36 However, in addition to calcium,
the keto defect might also form while using other
materials as cathodes directly on top of PFs.17,35

We are wondering if the green emission is totally
contributed from the formation of the keto defect. From
Figure 3b, after the ninth cycle, the absorbance ratio of
carbonyl stretching mode (located at 1725 cm-1) to the
C-C stretching mode between two phenylene rings
belonging to adjacent monomeric units44 (located at 1255
cm-1 and used as an internal standard to compensate
for the variation of film thickness) is 80% larger than
that just after the device fabrication. (This is direct
evidence that the keto defect really occurs during the
device operation.) After that, as shown in Figure 4, the
EL spectra measured at 8 V for the first cycle and at
10 V for the ninth cycle (the operation sequence is the
same as described in the caption of Figure 2) were
deconvoluted to investigate relationship between the
keto defect and green component. The deconvoluted
peaks at 421 and 447 nm are assigned to the emission
from isolated PFO chains,16 and the remaining three
peaks at the long-wavelength portion (at 475, 500, and
570 nm) are attributed to the emission of the keto
defect.36 It is noticeable that, for the device operated at
10 V for the ninth cycle, the ratio of the overall area of
the long-wavelength component to the total spectrum
is 10% larger than that operated at 8 V for the first

Table 1. Average Molecular Weights and Polydispersity
Indexes (PDIs) of PFs

Mn Mw PDI

POBOHF 261 100 543 000 2.08
PFO 133 800 224 800 1.68
PF-1/1 102 900 190 400 1.57
PF-1/3 171 400 256 000 1.49

Figure 3. FTIR spectra of PFO films for (a) after device
fabrication and (b) after the device was operated at 10 V for
the ninth cycle. The device structure is ITO/PEDOT/PFO/Ca/
Al, and the operation sequence is the same as that described
in Figure 2. The films were obtained by using tapes to peel off
the top metal electrodes covered on the devices. “Shot dot” lines
in (a) and (b) depict the baselines used for quantitative
analyses. Absorbance heights at 1255 and 1725 cm-1 were
taken from peak maxima to the shot dot lines and used to
compare the relative amounts of keto defects for devices after
fabrication and after operation. The inset shows FTIR spec-
trum of pristine PFO film cast from its chloroform solution on
KBr substrate.

Figure 4. EL spectra measured from PFO-based device
operated at (a) 8 V for the first cycle and (b) 10 V for the ninth
cycle. The unit of emission intensity was converted into
photons per nm for quantitative analysis purpose; that is, the
areas under the peaks can represent the emitted photons. The
solid lines represent the deconvolution of the spectrum into
constituent components. The device structure is ITO/PEDOT/
PFO/Ca/Al, and the operation sequence is the same as that
described in Figure 2.
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cycle. This means that the increase of the amount of
the keto defect does not entirely reflect the increase in
intensity of long-wavelength components. This result
agrees with the observation of Bradley and co-workers
in that the individual fluorenone cannot emit green
emission in PL, except the close approach of polymer
chains to form fluorenone-based excimers.45 In other
words, the keto defect may not be the only source for
the green emission in PFs.

As a result, we compare the PL and PLE spectra of
POBOHF films from devices before (that is, just after
device fabrication) and after use (i.e., after the ninth
cycle at 8 V as described in Figure 1) to identify origins
for the green component. For the used device, the
emission intensity of the long-wavelength part (470-
600 nm) is obviously larger than that of the device before
use (see Figure 5a). This means that excimers or
aggregates are formed after the device operation. How-
ever, in the PLE spectrum, the long-wavelength tail
(430-470 nm) does not increase apparently after use,
indicating that excimers, but not aggregates,46 are
actually formed. In addition, from the inset of Figure
5a, the additional PL band (which is formed after the
device operation and peaks at 487 nm as well as 516
nm) resembles the EL spectrum measured at the sixth
to ninth cycles at 8 V in Figure 1. It is obvious that this

excimer band is different from that of the fluorenone
defect (featureless band with a main peak at 530 nm)
as reported by Sim et al.45 due to different shapes and
positions of the main peaks in PL spectra. Hence, we
attribute this excimer band to fluorene-based excimers,
not fluorenone defect-based excimers.

For PFO, Figure 5b shows that the long-wavelength
tail (470-600 nm) in the PL spectrum increases, but
the long-wavelength part (400-475 nm) in the PLE
spectrum remains almost unchanged after use. There-
fore, as in the case of POBOHF, excimers also form for
PFO after the device operation, and the PL excimer
band is shown in the inset of Figure 5b. The intensity
of the excimer emission band from PFO is apparently
lower than that from POBOHF (explanation for this
phenomenon will be given in section 4), but emission
peaks from either PFO or POBOHF are located at 487
and 516 nm, implying they are from the same fluorene-
based excimers. However, for PFO, another peak at 439
nm is more obvious than POBOHF due to the lower
intentsity of the long-wavelength component (450-600
nm) for PFO.

2. Effect of Electric Field on the Formation of
Excimers for POBOHF. A possible source for the
generation of excimers could be the generated heat
during the device operation. However, from Figure 6,
none of the UV and PL spectra of POBOHF show
apparent variation in intensity at the long-wavelength
tails (UV: 400-475 nm; PL: 470-650 nm) after the film
was thermally annealed in sequence at 393 and 413 K,
which are above its glass transition temperature (Tg)
(307 K measured by the FI-TSC technique as to be
revealed in section 3), for 14 and 1.5 h, respectively.
Therefore, the formation of excimers cannot be induced
by the heat generation during the device operation.

Another possible source might be the applied electric
field. We performed the EL measurements on the same
POBOHF-based device at different temperatures (from
78 to 330 K) in a cryostat maintained in a vacuum less
than 10-5 Torr. For every selected temperature, the
sequence for measurements was the same as that
described in the caption of Figure 1, except that 7 and
8 V, instead of 5 and 7 V, were applied for the first and
second cycles, respectively. Figure 7 shows the EL

Figure 5. (a) PLE (monitored at 480 nm and normalized at
398 nm) and PL (excited at 388 nm and normalized at 423
nm) spectra measured from POBOHF-based devices before and
after use. (b) PL and PLE spectra measured from PFO-based
devices before as well as after use. PL spectra were excited at
388 nm and normalized at 421 nm, and PLE spectra were
monitored at 480 nm and normalized at 398 and 405 nm for
device before and after use, respectively. The insets in (a) and
(b) show additional components formed after device operation
for POBOHF and PFO, respectively, by subtracting the PL
spectrum before use from that after use. All the spectra were
measured by irradiating excitation light from the ITO side.

Figure 6. UV (normalized at 395 nm) and PL (excited at 387
nm) spectra of POBOHF film measured before and after
thermal annealing. “1” represents the spectrum was measured
after the pristine film was annealed at 393 K for 14 h. “2”
represents the spectrum was measured after the same film
was further annealed at 413 K for 1.5 h. The PL spectrum
measured before annealing was normalized at 426 nm, and
the two PL spectra measured after annealing were normalized
at 429 nm.
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spectra measured at 8 V at the ninth cycle starting from
78 to 330 K, and the inset shows those measured at 78
K under 7 to 10 and then to 8 V, in which the EL spectra
exhibit no appreciable change at such low temperature.
The intensity of the green emission (at 520 nm) relative
to that of the blue emission (at 428 nm) raises with
increasing temperature, and the green component (470-
650 nm) starts to dominate at about 210 K. This implies
that the electric field indeed facilitates the formation
of excimers, and the relaxation of side chains may also
play a role in the formation of the electric-field-induced
excimers (FI excimers).

3. Side-Chain-Motion-Assisted Excimers Forma-
tion for POBOHF. To investigate the relation between
chain motions and FI excimers formation, FI-TSC was
measured to estimate relaxation temperatures for side
chain and main chain of POBOHF. Figure 8 shows the
FI-TSC spectrum of POBOHF after deleting dark cur-
rent from the released current, for which the device was
polarized with -50 V at 373 K. As can be observed,
there exist three peaks at 135, 235, and 307 K. The inset
illustrates the original plots of FI-TSC measurements,

including polarizations with +50 V as well as -50 V at
373 K and dark current from 82 to 325 K. The two
released current profiles appear to possess same peak
positions as well as symmetry in magnitude, indicating
that they are contributed from depolarization rather
than traps.47 In other words, the three peaks are
indicative of relaxation temperatures for side chain and
main chain of POBOHF and will be assigned to specific
chain motions below. For polyolefins with n-alkyl side
chains (carbon numbers: 3-8), the side chain relaxation
temperature increases from 113 to 143 K as n reduces
from 8 to 3,48 while for the soluble conjugated polymers,
poly(3-alkylthiophene)s (P3ATs) with the carbon num-
bers 4, 8, and 12 of alkyl side chains, the relaxation
temperatures for methylene linkages are below 123 K
and those of side chains are 207 and 236 K for octyl
and dodecyl side chains, respectively.49 Therefore, we
can rationally assign the peak at 135 K as the relaxation
temperature for methylene linkages of n-alkyl side chain
(six carbons) of POBOHF and designate it as the γ
relaxation temperature (Tγ). In addition, Sauer et al.50

have performed FI-TSC measurements on poly(methyl
methacrylate)s (PMMAs) with different tacticities and
found a side chain (-COOCH3) relaxation temperature
occurring from 193 to 283 K with a peak at 238 K.
Besides, motion of the side chains (-OCOCH3) in
poly(vinyl acetate) (PVA) occurs from 230 to 293 K with
a peak at 263 K.51 Hence, according to the relaxation
temperatures of side chains for P3AT, PMMA, and PVA,
the peak at 235 K for POBOHF can be reasonably
assigned to the relaxation temperature of the entire side
chain and designated as â relaxation temperature (Tâ).
Moreover, since Tg of PFO main chain is at 333 K,52 the
peak at 307 K can be assigned to the relaxation
temperature for the main chain of POBOHF and
designated as TR.

Here, we study the relationship between chain mo-
tions and evolution of EL spectrum. From the inset of
Figure 7, it is obvious that the EL spectra at 78 K under
cyclic operation (below Tγ) remain unchanged, and the
green component (470-650 nm) does not grow for all
the operation cycles. While the device is operated at 120
and 150 K (in the range of Tγ), the green component
develops slightly, indicating that motion of methelyene
leakages only slightly assists the growth of the green
component. Above that temperature, the green compo-
nent starts to grow significantly at 180 K, which is
slightly above the onset temperature of Tâ (at about 175
K). The green emission dominates the EL emission at
210 K while the blue emission peaked at 430 and 455
nm still remains; after reaching 240 K (near the peak
of â relaxation), the EL spectrum contains only the
green component. This implies that motion of the whole
side chains dramatically affect the progression of the
EL spectrum. As a result, from the evolution of EL
spectra with temperature and the locations of side chain
relaxation temperatures, it can be inferred that motion
of side chains (especially for highly polar oxetane-
containing side chains) along with the presence of
electric field can align the relative orientation of two
neighboring segments of main chains to form excimers,
which is the origin of the green component of the
emission.

4. Effect of Side-Chain Polarity on FI Excimers
Formation in PFs. EL measurements at different
temperatures (from 78 to 330 K) were also performed
on PFO to investigate whether excimers can be induced

Figure 7. EL spectra measured from the same POBOHF-
based device (ITO/PEDOT/POBOHF/Ca/Al) at different tem-
peratures in a cryostat maintained at a vacuum less than 10-5

Torr. For every specific temperature, spectra were collected
as the sequence described in Figure 1 except 7 and 8 V, instead
of 5 and 7 V, were applied for the first and second cycles,
respectively. Spectra measured at 8 V-9 from 78 to 180 K and
210 to 330 K were normalized at 428 and 492 nm, respectively.
The inset shows EL spectra measured at 78 K as an example
to express the collection sequence at every temperature
(normalized at 429 nm).

Figure 8. FI-TSC spectrum of POBOHF-based device (device
structure: ITO/POBOHF/Al) after deleting absolute value of
dark current from released current by polarization with -50
V at 373 K. The inset shows original plots of FI-TSC, including
polarizations with +50 V as well as -50 V at 373 K and dark
current from 82 to 325 K.
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by electric field with an assistance by motion of side
chains. As shown in Figure 9, the green component
(470-650 nm) also develops with increasing tempera-
ture under applied electric field as in the case of
POBOHF. This implies that, for PFO, side chains
motion under the high electric field also facilitates the
formation of FI excimers.

To study effects of side chain structure in PFs on the
formation of the green component in EL emission,
variations of EL intensity ratio for 520 nm relative to
428 nm (I520nm/I428nm) with temperature for POBOHF
and PFO are shown in the inset of Figure 9, which are
obtained by replotting the data shown in Figures 7 and
9. It is obvious that, at 300 K, I520nm/I428nm for POBOHF
is larger than that for PFO by about a factor of 50.
Therefore, it is reasonable to deduce that motions of
oxetane-containing side chains strongly induce the
formation of FI excimers under an electric field due to
the high polarity of oxetane groups. Although motions
of side chains also help the formation of FI excimers
for PFO, the extent is much lower due to the low polarity
of n-alkyl side chains. On the other hand, we suggest
that, for POBOHF, decrease of green emission at 330
K may be attributed to an interference on the FI
excimers by segmental motion of the main chains
because Tg of POBOHF main chain is 307 K. However,
this does not happen to PFO due to its higher Tg (333
K).

5. Effect of Cross-Linking and Copolymerization
on the Formation of FI Excimers. To examine
whether cross-linking could suppress FI excimers, we
cross-linked POBOHF and measured EL spectra at 10
V for two cycles, as shown in Figure 10. As can be seen,
the green component still grows up even after the cross-
linking. About copolymerization, copolymers of mono-
mers 3 and 4 with the feed ratios by mole 1:1 and 1:3
(designated as PF-1/1 and PF-1/3, respectively) were
synthesized in order to reduce a formation of FI exci-
mers. However, as can be seen from Figure 11, these
two copolymers only slightly suppress a formation of FI
excimers due to the high polarity of oxetane groups in
the copolymers.

Conclusions
Because of the high polarity of oxetane-containing

side chains, excimers in POBOHF can be strongly
induced by electric field (0.8 × 106 V/cm), resulting in a
dominant green emission in the EL spectrum. This
phenomenon also happens to nonpolar side chain con-
taining PFO (but to a less extent) under higher electric
field (1 × 106 V/cm), the copolymer containing only 25

Figure 9. EL spectra from the same PFO-based device (ITO/
PEDOT/PFO/Ca/Al) at different temperatures in a cryostat
maintained at a vacuum less than 10-5 Torr. For every selected
temperature, spectra were collected as the sequence described
at Figure 2. All the spectra were normalized at 424 nm. The
inset illustrates EL intensity ratios of 520 nm relative to 428
nm (I520nm/I428nm) at different temperatures for POBOHF and
PFO.

Figure 10. EL spectra measured at room temperature from
cross-linked-POBOHF-based device (ITO/PEDOT/cross-linked-
POBOHF/Ca/Al). The first spectrum was collected at 10 V, and
the second spectrum was measured at 10 V after applying 10
V for 20 s; both were normalized at 422 and 484 nm,
respectively.

Figure 11. EL spectra measured at room temperature from
devices with (a) PF-1/1 and (b) PF-1/3. The device structure is
ITO/PEDOT/(PF-1/1 or PF-1/3)/Ca/Al. Spectra were continu-
ously collected at 5, 7, and 10 V; for the subsequent two
spectra, 10 V was applied for every 20 s interval before
measuring each spectrum. All the spectra were normalized at
420 nm.
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mol % of cross-linkable comonomer and even cross-
linked POBOHF.
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