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ABSTRACT: Inkjet printing was used for the preparation of ternary
polymer/polymer/fullerene layers for organic solar cell application, as
part of a combinatorial setup for the preparation and characterization of
thin-film libraries. Poly(phenylene-ethynylene)-alt-poly(phenylene-vinyl-
ene) (PPE-alt-PPV) and poly(diketopyrrolopyrrole-alt-fluorene)
(P(DPP-alt-F)) were systematically blended with poly(3-octylthiophene)
(P3OT) and investigated by UV−vis spectroscopy to improve the photon
harvesting by extending the absorption range. The blends with the
broadest absorption range (20 and 40 wt % of PPE-alt-PPV and
P(DPP-alt-F), respectively) were mixed with mono(1-[3-
(methoxycarbonyl)propyl]-1-phenyl)-[6,6]C61 (PCBM). The blend
with the low band gap polymer P(DPP-alt-F) revealed the most
extended absorption, which ranges over the whole visible spectrum (350
to 750 nm). The mixing with PCBM (ratio 1/3) led to an optimal emission quenching and revealed a smooth film formation. In
this contribution, we show that the combinatorial screening using inkjet printing represents an effective, time- and material-saving
workflow for the investigation of polymer blend libraries, which is of high interest for the development of new materials for active
layers in organic photovoltaics.
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■ INTRODUCTION

The development of smaller, more flexible and cheaper
optoelectronic devices, for example, organic light emitting
diodes (OLEDs)1 and organic photovoltaics (OPVs),2 benefits
from the tunable characteristics of conjugated polymers, in
particular variable optical properties. Conjugated polymer
structures in the field of OPVs include poly(phenylene-
vinylene) (PPV),3,4 poly(phenylene-ethynylene)-alt-poly-
(phenylene-vinylene) (PPE-alt-PPV),5,6 poly(thiophene)
( PT ) , 7 , 8 p o l y ( fl u o r e n e ) ( P F ) , 9 , 1 0 a n d p o l y -
(diketopyrrolopyrrole) (PDPP).11,12

Thereby, a low polymer band gap2 as well as a broad
absorption range are required to improve quantum efficiencies
of the final organic solar cell devices.13 For instance, low band
gap donor−acceptor copolymers were found to reveal
improved photon harvesting properties.14,15 In the past years,
DPP moieties have gained an increased interest as a building
unit for polymers used for organic solar cells because of their
strong absorption in the visible region and their electron-
withdrawing behavior.16 For this reason, DPP represents a
suitable building moiety for donor−acceptor polymers.
Fluorene (F) moieties are rigid and planar building units that
in contrast to DPP, act as an electron-donating unit.17 As a

result, P(DPP-alt-F) is a donor−acceptor copolymer, which
represents a low-band gap polymer.18 Although fine-tuning of
the optical properties can be enabled by attaching side chains to
the polymer backbone, the polymer shows absorption only in a
specific wavelength-range.
A straightforward approach to increase the absorption range

is blending of two polymers with different absorption
characteristics. Improved performances of organic solar cell
devices have been reported in literature by using a ternary
mixture of polymer/polymer/fullerene19,20 or polymer/small
molecule/fullerene.21 Thereby, the fullerene derivatives act as
electron acceptor in the active layer.
For the preparation of the active layer of an organic solar cell,

inkjet printing as well as spin-coating can be used as solution
deposition method.22,23 In contrast to spin-coating, where more
than 90% of the material is wasted, inkjet printing represents a
highly material-efficient deposition method that requires only
small amounts of functional materials and produces a minimal
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amount of waste, since the material is placed on-demand and
where required.24,25

Many processing parameters influence the fabrication of the
active layer and, as a consequence, the final device properties.
Ink formulations, like the solvent, the concentration, and the
polymer/fullerene ratio, as well as the process parameters,
including film thickness, temperature, and, obviously, the
processing technique itself, have a significant influence on the
properties of the active layer. Furthermore, with the addition of
more components to the mixture the number of combinations
is exponentially increasing.
Therefore, a combinatorial screening approach is necessary

to elucidate important structure−property relationships as well
as to identify the most promising blends and blend ratios for
the use as active bulk heterojunction solar cell layers. To reveal
correlations between printing conditions and solar cell activities
the investigation of the performance of the inkjet printed active
layers in solar cells is the scope of future publications.
Inkjet printing is a precise and noncontact patterning

technique, which can be used as a combinatorial screening
tool to discover quantitative structure−property relationships,
as described recently for the optimization of donor/acceptor
materials for solar cells.26,27 By using inkjet printing, synergies
between ink properties and film characteristics can be found,28

which significantly accelerates research and, subsequently, leads
to a fast and simple handling of promising compounds for
OPVs. Because of the continuous development of new
polymers, many blend combinations might be promising as
active layers. By using the presented workflow high perform-

ance materials and mixtures can be identified in a time- and
material-efficient procedure.
In this contribution, we report the screening of two polymer/

polymer blends, using a combinatorial experimental setup. To
optimize the absorption of the active layer materials, two blend
systems from poly(3-octylthiophene) (P3OT) with (i) PPE-alt-
PPV and (ii) P(DPP-alt-F) were investigated according to their
film formation and optical behavior.

■ RESULTS AND DISCUSSION

Combinatorial screening. The experimental setup for the
combinatorial screening of various binary polymer/polymer
and ternary polymer/polymer/fullerene mixtures is depicted in
Figure 1. The following combinatorial workflow was used:
(i) The mixtures with the desired compound ratios, solvent

system, and concentration were prepared in a quartz 96-well
microtiter plate. For each polymer a solvent mixture of
chlorobenzene/ortho-dichlorobenzene (CB/o-DCB) in a ratio
of 90/10 was used.
(ii) The filled microtiter plate was used for UV−vis

absorption and emission measurements of the blend solutions
with a UV−vis plate reader.
(iii) Individual wells of the plate were used as small solution

reservoirs for the inkjet printing process.
(iv) Thin-film libraries were printed in a microtiter plate

pattern according to the positions to the wells of a 96-well plate
to screen the optical properties of the films using a high-
throughput UV−vis plate reader.

Figure 1. Experimental workflow for the combinatorial screening of binary polymer/polymer and ternary polymer/polymer/fullerene blends for the
use in organic solar cells.
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Single Polymers. At first, the individual polymers poly-
(phenylene-ethynylene)-alt-poly(phenylene-vinylene) (PPE-
alt-PPV) P1 (Figure 2a), poly(diketopyrrolopyrrole-alt-fluo-

rene) P(DPP-alt-F) P2 (Figure 2b), and poly(3-octylthio-
phene) (P3OT) P3 (Figure 2c) were investigated concerning
their printability, film formation, and absorption behavior in
solution and film. The results are summarized in Table 1. The
surface roughness Ra of P1, P2, and P3, as estimated by optical
interferometry, was found to be 8, 15, and 30 nm, respectively
(Table 1). Thus, the film formation via inkjet printing seems to
be better for the polymers P2 and P3 under the given
processing conditions.
To investigate the polymers as potential candidates for the

use in ternary mixtures, the absorption of the single polymers in
solution and as film needs to be measured. P1 reveals in
solution an absorption maximum at 443 nm (Figure 3a),
whereas two absorption peaks are observed in the inkjet printed
film at 451 and 480 nm (Figure 3c). A red-shift of the
absorption peak in the solid state occurs because of an
improved planarization of the polymer backbone.29 According
to literature, the revealed band-splitting in the film absorption
spectra is correlated to the formation of aggregates.30

The absorption spectrum of the P2 solution shows four
peaks, which can be assigned to moieties of PDPP (417 nm,
609 nm, 661 nm) and PF (370 nm, Figure 3b). The absorption
of P2 of a printed film reveals only a small red-shift in
comparison to the solution (Figure 3d). In contrast, polymer
P3 shows a more significant bathochromic shift between the
solution (454 nm, Figure 3a) and the inkjet printed film
((522 nm, Figure 3c). Thereby, the three absorption peaks of

the inkjet printed film can be assigned to the π−π* transition
(522 nm) and interchain interactions (550 nm, 610 nm). This
behavior can be explained by an improved planarization and
aggregation of the polymer in the solid state.29

The optical band gap of all three polymers was determined
from the UV−vis spectra of the polymers in solution
(Table 1).31 The different optical properties of P1, P2, and
P3 can be explained by their chemical structures taking
structural criteria for the design of conjugated polymers with
reduced bandgaps into consideration.2 P1 has a relative high
optical band gap of 2.4 eV, which is not favorable for their use
in OPV as a single photon harvesting species. The high
bandgap originates from a single bond rotation and therefore,
from the hindered formation of the quinoid structure and
delocalization of π-electrons. P3 has a lower bandgap of 1.9 eV
because of the high density of bulky side-chains, which cause a
steric hindrance of the single bond rotation. Therefore, P3 has
a higher planarity of the aromatic backbone, which results in a
higher degree of delocalization of π-electrons. Furthermore, the
absorption spectrum of P3 in the solid state is characterized by
PT crystals that lead to a more ordered phase of the polymer
and, hence, to a lower bandgap.18 The copolymer of PDPP and
PF, P2, reveals a band gap of 1.7 eV, which is classified as being
a low bandgap polymer and which is favorable for solar cell
applications.11 Copolymer P2 has a very rigid structure that
does not undergo further planarization in the solid state and, as
a consequence, no strong red-shift of the absorption in the solid
state compared to the solution is observed.

Polymer/Polymer Blends. Since all individual polymers
P1, P2, and P3 show different absorption spectra in the solid
state, a combination of the polymers is promising to improve
the overall yield of photon harvesting.
The first investigated polymer/polymer blend consists of P1/

P3. The polymers were mixed in different ratios ranging from
8/2 to 2/8 by weight. The absorption spectra of the blends in
solution (Figure 3a) showed a single absorption peak at 439
nm for the ratio 8/2, which is compared to P1 4 nm blue-
shifted. With increasing P3-content the maximum peak shifts to
445 nm for the ratio 2/8 and the absorption spectra become
broader.
The spectra of the inkjet printed films of the blends P1/P3

(Figure 3c) show a broad absorption from 350 to 650 nm; the
observed absorption features can be assigned to P1 (452 nm,
480 nm) and P3 (557 nm, 610 nm, Table 1). Thereby, the
intensity of the two absorption peaks at 557 and 610 nm
increases systematically with the P3-content. However, even
with a high P3-content in the blend, the P1 absorption peaks
show high intensities because of a high absorption coefficient of
the P1 material.32 This implies that only a small addition of P1
is required to increase the total absorption range of the polymer
films significantly. Upon decreasing P1-content in the blend,

Figure 2. Schematic representation of the chemical structure of the
investigated polymers. (a) Poly(phenylene-ethynylene)-alt-poly-
(phenylene-vinylene) P1 (R1 = octyl, R2 = octadecyl), (b) poly-
(diketopyrrolopyrrole-alt-fluorene) P2 (R = ethylhexyl on DPP, octyl
on F) and (c) poly(3-octylthiophene) P3 (R = octyl).

Table 1. Optical Properties in Solution and as Inkjet Printed Film As Well As Film Formation Characteristics of the Pristine
Polymers P1, P2, and P3 and the Binary Blends P1/P3 2/8 and P2/P3 4/6

solution inkjet printed film

λmax, abs [nm] Eg
opt [eV] λmax, abs [nm] film thickness [nm] surface roughness Ra [nm] dot spacing [μm]

P1 443 2.43 451 160 30 120
P2 661 1.70 660 190 8 100
P3 454 1.89 522 150 15 160
P1/P3 (2/8) 445 482 140 30 100
P2/P3 (4/6) 660 666 170 20 110
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the absorption peak of P1 (452 nm) shifts to 462 nm. Further
decreasing of the P1-content leads to lower intensities. It can be
assumed that the polymer P1 shows with increased P3-content
a preferred formation of aggregates (as observed by the
absorption at 480 nm) when inkjet printed from a P1/P3
mixture.30 From Figure 3c it can be concluded that the blend
ratio P1/P3 2/8 shows the best absorption performance, since
the absorption range is the broadest when compared to the
other ratios.
Figure 3e shows an optical profilometer image of the blend

ratio P1/P3 2/8. Although inkjet printing of the films was
performed directly after mixing the polymers and the mixtures
are continuously stirred during printing, rough films with a

surface roughness Ra of 30 to 40 nm were formed. In contrast, a
smooth surface with Ra of 15 nm was obtained when printing
the single polymer P3 using the same solvent. The binary
blends containing P1 and P3 reveal a similar roughness as the
single polymer P1 (Table 1).
In summary, blending P3 with a small amount of P1

copolymer leads to an increased absorption range in the region
from 350 to 630 nm. However, to improve the solar emission
match, an absorption at higher wavelengths is required.13

Figure 3b shows the absorption spectra for the mixtures of
P2 and P3 in solution. The peak at around 450 nm is assigned
to P3 and the peaks at 376 nm, 430 nm, 608 nm, and 660 nm
to P2. In the region between 430 and 450 nm, an overlay of

Figure 3. Absorption spectra of P1, P3, and P1/P3 blends (a) and P2, P3, and P2/P3 blends (b) in solution and inkjet printed films (c, d). Optical
profiler images of the inkjet printed blend films P1/P3 2/8 (e) and P2/P3 4/6 (f).
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absorption from both polymers is observed. After printing, the
UV−vis spectra show a significant broadening in the region of
650 to 750 nm, by adding a small fraction of P2, leading to an
overall absorption range between 350 and 750 nm (Figure 3d).
The absorption peaks of the printed samples are in comparison
to the absorption in solution more structured as well as red-
shifted; P3 (520 nm, 550 nm, 610 nm) and P2 (383 nm,
435 nm, 610 nm, 673 nm). From the absorption spectra in
Figure 3d it was concluded that the blend ratio P2/P3 4/6
shows the broadest and most intense absorption of the
investigated blends. Hence, this ratio was used for further
investigations. In Figure 3f an optical profilometer image of an
inkjet printed film of the blend ratio 4/6 is depicted. The image
represents a 170 nm thick film with a surface roughness Ra of
20 nm (Table 1).
It is worth noting that the specific P3OT interchain

interactions in the solid state (P3, 550 nm, 610 nm) is still
observed when mixed with P1 or P2, even at low P3 contents.
Thus, it can be assumed that the addition of P1 or P2 does not
suppress the formation of highly ordered thiophene crystals.
Polymer/Polymer/Fullerene Blends. Optical Properties.

As described in the previous sections the blend mixtures P1/P3
2/8 and P2/P3 4/6 were chosen from the combinatorial study
of the binary blends for further investigations. Ternary blends
were prepared from these mixtures by adding mono(1-[3-
(methoxycarbonyl)propyl]-1-phenyl)-[6,6]C61 (PCBM) as
electron-accepting unit, which is commonly used in active
layers of organic solar cells. The chosen polymer blend/PCBM
ratios of 1/1, 1/2, 1/3, and 1/4 were inkjet printed and
investigated according their film formation behavior and optical
properties.
Figure 4a shows the absorption spectra of inkjet printed films

of the ternary blends that consist of P1/P3 2/8 and PCBM in
the prescribed ratios. The absorption peak at 320 nm originates

from the fullerene derivative and increases in intensity with the
PCBM content in the blend. The wavelength, at which the
polymer P3 absorbs in the ternary blend, differs from the binary
polymer/polymer mixture. Whereas in the spectrum of the
polymer/PCBM ratio 1/1 the absorption bands of P3 (520 nm,
550 nm, 610 nm) are still visible, this band structure is not
observed at higher PCBM contents. For the films with a higher
fullerene content only a blue-shifted main absorption peak of
the π−π* transition is present. This is an indication for reduced
interchain interactions of P3 in the presence of PCBM in the
blend. The polymer emission is quenched by a factor of 10
when PCBM was added in a ratio of polymer/PCBM 1/1, as
can be seen in Figure 4b. Increasing the amount of PCBM did
not lead to a further decrease of the polymer emission. The
significant quenching is an indication for a good mixing of the
components in the ternary blends, which lead to an efficient
charge transfer from the electron-donator to the electron-
acceptor.
The absorption spectra of the polymer blend P2/P3 4/6 in a

mixture with different amounts of PCBM are shown in Figure
5a. Similar to the (P1/P3)/PCBM blend, the intensity of the
absorption peak at 320 nm is increasing with higher PCBM
contents. Figure 5b shows the emission measurements of the
(P2/P3)/PCBM blends. A high quenching of the emission was
observed for all investigated (P2/P3)/PCBM blends. The
maximum quenching was found for a ratio of ((4/6)/30)
(Figure 5b), indicating an appropriate charge transfer in the
blend. A quick indication of effective mixing and charge
separation could be obtained by measuring the photo-
luminescence quenching of the ternary blends. Combinatorial
screening of different blend compositions yields the most
promising mixtures, based on the optical and film formation
behavior, being (P1/P3)/PCBM ((2/8)/10) and (P2/P3)/
PCBM ((4/6)/30), respectively.

Figure 4. Absorption spectra (a) and normalized photoluminescence spectra (b) of inkjet printed films of P1/P3 2/8 in the mixture with PCBM
with varied polymer/PCBM ratios. Optical profiler image (c) and corresponding cross-section (d) of an inkjet printed film of the polymer/PCBM
ratio 1/1.
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Morphological Characterization. The optical profilometer
image of the inkjet printed film of the blend (P1/P3)/PCBM
(2/8)/10 is depicted in Figure 4c, which shows a smooth film
with a thickness of approximately 100 nm and a surface
roughness Ra of 5 nm (Figure 4d). In Figure 5c an optical
profiler image of an inkjet printed film of the blend (P2/P3)/
PCBM (4/6)/30 is depicted, which demonstrates a smooth
film formation (Ra = 6 nm) with a thickness of approximately
450 nm (Figure 5d). To reveal the required optimal thickness
for an active layer of solar cells, which is between 100 and
200 nm,13 the concentration was reduced to 0.5 wt %, leading
to a film thickness of approximately 200 nm with a low
roughness (Ra = 5 nm), as depicted in Figure 5e,f.
The active layer morphology affects the charge transport

through the active layer and is crucial for an evaluation of
applicable polymer/fullerene blends or active layer preparation
conditions for OPVs.33 Therefore, atomic force microscopy
(AFM) measurements were performed on selected blends,
although the required time for these measurements is far too
long for a combinatorial screening method.

AFM images of the P1/PCBM 1/1 blend reveals a rough film
with Ra of 17 nm (Figure 6a), which is also reflected in the
results from the interferometric profiler. Inkjet printing of the
PPE-alt-PPV polymer in the mixture with PCBM reveals an
unfavorable morphology by the formation of PCBM clusters
and a strong phase separation of the individual compounds.
This observation is in good agreement with literature.6

For the binary polymer/fullerene blends P2/PCBM 1/3
(Figure 6b) and P3/PCBM 1/1 (Figure 6c) smooth film
surfaces with Ra of 1 nm are obtained. The inkjet printed film of
P2/PCBM reveals different phases in the range of 10 nm,
which is reported to be suitable for active layer morphologies.34

P3/PCBM films prepared by inkjet printing from CB/o-DCB
revealed fibrillar domains of P3OT that represent a highly
ordered self-organization of the chains (Figure 6f). Note that
the differences between the domain spacing in Figure 6f (being
approximately 10 nm in the image) and the real distances
between the thiophene crystals (of approximately 1 nm)35 are
screened by the convolution with dimensions of the AFM tip.
The morphology observed for the as-printed film is comparable
to the spin-coated films after annealing or additive addition.34,36

Figure 5. Absorption spectra (a) and normalized photoluminescence spectra at maximum (b) of inkjet printed films of P2/P3 4/6 in the mixture
with PCBM with varied polymer/PCBM ratios. Optical profiler images (c, e) and corresponding cross sections (d, f) of inkjet printed films of the
polymer/PCBM ratio 1/3 with a concentration of 0.8 wt % (c, d) and 0.5 wt % (e, f).
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In the presence of PCBM, polythiophenes typically lose their
chain alignment. As a result, postprocessing annealing methods,
like thermal or solvent annealing, were developed to reorganize
the polythiophene chains into the preferred fibrillar structure,
which result in improved charge transport properties. As shown
here, P3OT reveals self-organized domains in the blend with
PCBM already in the as-inkjet printed films (Figure 6f). The
reasons for the differences in film formation characteristics are
explained by the use of the different film preparation techniques
as well as processing solvents. When using conditions that
cause a slow film drying, for example, by inkjet printing or by
using the high boiling solvent chlorobenzene, the polythio-
phene chains may form highly ordered structures already
during drying of the film. In contrast, when the drying proceeds
too fast, for example, by using spin-coating or the low boiling
solvent chloroform, the formation of the thermodynamically
preferred crystalline polythiophene phases cannot take place.
AFM measurements of the ternary blends (P1/P3)/PCBM

(2/8)/10 (Figure 6d) and (P2/P3)/PCBM (4/6)/30 (Figure
6e) revealed smooth (surface roughness Ra = 1 nm) and well
mixed layer morphologies. The typical main chain crystals of
the P3OT, which are observed in the binary P3/PCBM blend,
were not observed in the ternary blend films. This is in
agreement with the findings of the absorption spectra of the
(P2/P3)/PCBM blend, where only weak signals were found,
which correspond to the P3OT interchain interactions. The
band structure of P3 was observed in the absorption spectra of
both binary blends, P1/P3 2/8 and P2/P3 4/6. Hence
interchain interactions of P3 should also occur in polymer/P3
blends. As a result, the interruption of the self-organization of
P3OT is only observed in the ternary blend film. Although
improved absorption characteristics of the ternary blend films
are observed, morphological investigations reveal an unpre-
ferred P3OT morphology in comparison to the binary P3OT/
PCBM mixture. To answer the question whether the successful
mixing of two polymers with PCBM in a ternary blend reveals

an enhanced photon harvesting, solar cell characteristics need
to be measured, which will be executed in the future.
Since not only optical film characteristics but also

morphological properties are important for an evaluation of
promising donor/acceptor blends for solar cells, the combina-
torial screening workflow presented here can only reduce the
amount of samples to be tested, but cannot provide a selection
of one best donor/acceptor combination. Since morphological
investigations represent a serious bottleneck for a fast and
efficient screening procedure, the combinatorial screening
workflow, which allows to identify promising formulations
and reveals a reduction of the amount of samples, is of high
importance.37

■ CONCLUSIONS

We have demonstrated that the mixing of conjugated polymers
represents a straightforward strategy for improving the
absorption of the active layers for organic solar cells. An
experimental setup for a combinatorial screening was presented
here to investigate the absorption behavior of polymer/polymer
blends in solution and films. The used polymers include
poly(phenylene-ethynylene)-alt-poly(phenylene-vinylene)
(PPE-alt-PPV), poly(diketopyrrolopyrrole-alt-fluorene) (P-
(DPP-alt-F)), and poly(3-octylthiophene) (P3OT). An opti-
mum absorption spectrum was found when mixing the
compounds P(DPP-alt-F) and P3OT in a ratio of 4/6, while
a quenching optimum was revealed when using a polymer/
PCBM ratio of 1/3.
This ternary blend was found to cover a large absorption

spectrum from 350 to 750 nm. Inkjet printing enabled a
homogeneous film formation as well as a successful
combinatorial screening of thin film properties of various
compounds and blends for possible solar cell applications that
lead to important structure−property-relationships. The next
steps include the investigations of the inkjet printed active
layers for their solar cell activity and the measurements of the
resulting power conversion efficiencies.

Figure 6. Atomic force microscopy height images of inkjet printed films of P1/PCBM 1/1 (a), P2/PCBM 1/3 (b), P3/PCBM 1/1 (c), (P1/P3)/
PCBM (2/8)/10 (d), and (P2/P3)/PCBM 4/6/30 (e). Phase image of inkjet printed P3/PCBM 1/1 blend (f).
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■ EXPERIMENTAL PROCEDURES
Materials. The polymers poly(phenylene-ethynylene)-alt-

poly(phenylene-vinylene) (PPE-alt-PPV) P1 (Mn = 10,200
g·mol−1, Mw = 39,400 g·mol−1, PDI = 3.86) and poly-
(diketopyrrolopyrrole-alt-fluorene) (P(DPP-alt-F)) P2 (Mn =
26,000 g·mol−1, Mw = 56,000 g·mol−1, PDI = 2.15) were
synthesized as described elsewhere.11,32 Poly(3-octylthiophene)
(P3OT) P3 (Mn = 34,500 g ·mol−1), mono(1-[3-
(methoxycarbonyl)propyl]-1-phenyl)-[6,6]C61 (PCBM), the
used solvents chlorobenzene (CB) and ortho-dichlorobenzene
(o-DCB) were purchased from Sigma-Aldrich (Steinheim,
Germany) and were used without further purification. The
polymers were dissolved in the required ratios in a solvent
mixture of CB and o-DCB with a concentration of 0.8 wt % and
0.5 wt %, respectively, which is known to show a stable droplet
formation and enables a homogeneous thin-film formation of
such polymers.26,28 For the ternary blends, the fullerene
derivative was added to the polymer mixtures by using a
constant polymer concentration. The solutions were filtered
before printing (pore size 1 μm) to prevent nozzle clogging.
Glass slides (3 × 1 in.) were used as substrates and cleaned
before printing by first rinsing with iso-propanol and
subsequent drying with an air flow.
Instrumentation. UV−vis absorption and emission meas-

urements of the blend solutions and films were carried out with
a FLASHScan 530 (Analytik Jena, Jena, Germany) UV−vis
plate reader. Inkjet printing was carried out with an Autodrop
system from microdrop Technologies (Norderstedt, Germany).
The printer was equipped with a piezo-based micropipette
printhead with an inner diameter of 70 μm. A voltage of 70 V
and a pulse length of 35 μs revealed a stable droplet formation
for all inks in the solvent CB/o-DCB. The printing speed was
set to 20 mm·s−1 for all experiments.
Surface topography and film thicknesses were measured with

an optical interferometric profiler Wyko NT9100 (Veeco,
Mannheim, Germany). Atomic force microscopy (AFM)
measurements were performed in tapping mode with a NTegra
Aura (NT-MDT, Moscow, Russia) on selected polymer/
polymer/fullerene blends.
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