Accepted Manuscript

Confinement effects in one-dimensional nanoarrays of polymer semiconductors and
their photovoltaic blends

Jaime J. Hernandez, Inés Puente-Orench, Tiberio A. Ezquerra, Edgar Gutiérrez, Mari-
Cruz Garcia-Gutiérrez

PII: S0032-3861(18)31150-9
DOI: https://doi.org/10.1016/j.polymer.2018.12.036
Reference: JPOL 21123

To appearin:  Polymer

Received Date: 30 August 2018
Revised Date: 3 December 2018
Accepted Date: 24 December 2018

Please cite this article as: Hernandez JJ, Puente-Orench Iné, Ezquerra TA, Gutiérrez E, Garcia-
Gutiérrez M-C, Confinement effects in one-dimensional nanoarrays of polymer semiconductors and their
photovoltaic blends, Polymer (2019), doi: https://doi.org/10.1016/j.polymer.2018.12.036.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.polymer.2018.12.036
https://doi.org/10.1016/j.polymer.2018.12.036

ACCEPTED MANUSCRIPT



Confinement effects in one-dimensional nanoarrays of

polymer semiconductors and their photovoltaic blends

Jaime J. Hernandézlnés Puente-Orend, Tiberio A. Ezquerry Edgar Gutiérréz Mari-Cruz

Garcia-Gutiérrez®

4nstitute for Advanced Studies in Nanoscience, Faraday 9, 28049 Madrid, Spain
PAragén Materials Science Institute, Pedro Cerbuna 12, 50009 Zaragoza, Spain
“Institut Laue-Langevin, 71 av. des Martyrs, 38042 Grenoble Cedex 9, France.

dnstitute for the Structure of Matter (IEM-CSIC), Serrano 121, 28006 Madrid, Spain

Keywords: confinement; conjugated polymers; X-ray nanoprobes; nanowires; organic

electronics.

Corresponding Author

*E-mail: maricruz@iem.cfmac.csic.es

ABSTRACT

We report on the strong changes induced, by confinement, in the microstructure of the
semiconductor poly(2,5-bis(3-hexadecylthiophen-2-yl)thieno[3,2-b]thiophene) (PBTTT) and its
photovoltaic blend with [6,6]-Phenyl-C71-butyric acid methyl ester;{BK2). These organic
compounds can be used as model systems to illustrate how sensitive this class of materials can be

to spatial confinement on device-relevant length scales. The spatial confinement of



nanofilaments as a function of diameter, from 180 to 25 nm, has been investigated by X-ray
scattering with nanofocused synchrotron beams. The effects of spatial confinement are evident
by crystallization in different crystal forms, reduction of crystallinity, phase segregation and
anisotropic crystal orientation. It is also shown that confinement is an efficient tool to direct the
overall texture included the crystal orientation of the homopolymer PBTTT and the

PBTTT/PG.BM blend in a controlled manner.

1. Introduction

The solution processable semiconductor polymers and small molecules are extensively
investigated for applications in organic electronics, due to their attractive opportunities for the
fabrication of low-cost, flexible and large area electronics [1-4]. In particular the poly(2,5-bis(3-
hexadecylthiophen-2-yl)thieno[3,2-b]thiophene) (PBTTT) has been already implemented in
organic field-effect transistors (OFETS) [5, 6], organic photovoltaics (OPVs) [7, 8] and organic
thermoelectrics [9]. All of these devices are based on architectures where organic
semiconductors are confined to small spatial volumes [1, 10]. In particular efficient polymer
solar cells use a bulk-heterojunction (BHJ) photoactive layer, where a nanosized phase-separated
blend of electron-donating and electron-accepting semiconductors provides extensive interface
areas for efficient exciton dissociation and a connected pathway for charge transport [11]. Power
conversion efficiencies (PCEs) higher than 11% have been reported for polymer/fullerene BHJ
solar cells [12, 13]. In addition, the microstructure and the phase separation between the blend
components in the BHJ play an important role in the OPV device performance [14-16]. One
approach to improve light harvesting is the adjustment of the photoactive layer with periodic
structures [17]. Nanoimprint lithography (NIL) [18, 19] and laser-induced periodic surface

structures (LIPSS) [20-22] have been used to produce controlled nanostructures for OPV



applications. While the methods of NIL and LIPSS have been employed to fabricate low aspect
ratio nanostructures, the advantage of the template wetting procedure, using porous anodic
aluminum oxide (AAQ) as a template, is the versatility of the technique, enabling the fabrication
of customized polymer nanorods comprising high aspect ratio (length/diameter) one-dimensional
(1D) nanostructures both by melt and solution wetting [23-26]. Moreover, X-ray scattering with
micro- and nano-focused synchrotron beams allows for studying size-dependent processes with
length scales comparable to the nanostructures' size in 1D nanostructures [27, 28]. Indeed,
polymer crystallization under confinement is an example of phenomena that can deviate
considerably from the respective dependencies observed in bulk [29, 30], as it is known that
crystal nucleation [31, 32], growth and orientation [25, 31, 33] are influenced by size limitation
at the nanometer scale. In the studied case of PBTTT, the high carrier mobility is due to both the
material’s inherent crystallinity and the well oriented crystallites within the nanostructures, being
the orientation of the entities which facilitate charges to easily travel between neighboring
crystalline domains. It has been reported that for PBTTT thin films thinner than 20 nm the
crystallinity is strongly inhibited and the charge carrier mobility drops due to the decrease in
crystalline fraction [34]. For films thicker than 20 nm, with abundance of crystallites, the number
of percolating paths is controlled by crystalline texture. But in the case of low crystallinity, the
number of percolating paths is controlled by crystallite density. This implies that the different
filament size-dependence of these two factors (crystallite density and crystallite orientation)
would lead to an optimal PBTTT filament size at which mobility is maximized. It has been also
reported that the PBTTT hole mobility decreases an order-of-magnitude upon the addition of
PC;:BM, what can be attributed not only to the dilution of the hole-transporting material, but

also to the disruption of the polymesstacking that results both from the backbone twists and



the additional unit-cell volume required to account for the intercalated fullerene [6, 35]. This
problem could be solved by inducing phase separation in the blend by nanoconfinement in
ordered nanostructures, if the domain sizes can be maintained on the tens of nanometer since the

exciton diffusion length in the conjugated polymer is limitee- 1® nm [36].

In the present work, we elucidate the changes induced, by confinement, in the microstructure
of the PBTTT conjugated polymer and its photovoltaic blend with [6,6]-Phenyl-C71-butyric acid

methyl ester (PGBM) as model systems on device-relevant length scales.

2. Experimental section

2.1. Materials and sample preparation

Poly(2,5-bis(3-hexadecylthiophen-2-yl)thieno[3,2-b]thiophene) withigHés side chains
(PBTTT) and [6,6]-Phenyl-C71-butyric acid methyl ester 4B®) were purchased from
Ossila. PBTTT (Batch M141, molecular weight of,M 82800 g/mol and polydispersity of
Mw/M, = 2.68), PG:BM (Batch M114, molecular weight of M= 1031 g/mol and a purity of

99%). The chemical structures of PBTTT and4BM are presented in Figure S1.

Hexagonally ordered AAO templates with pores of 25, 40 and 180 nm in diameter (Figure S2)
were purchased from SmartMembranes. The cross-sectional images of the templates (Figure S3)
demonstrate that the pores are straight and homogeneous in diameter. The pore~&&ntmis
The membranes were washed applying ultrasound after submerging them in hexane. The
solution wetting method [37] was used in order to infiltrate PBTTT and the blend PBTTT/
PC;:BM into the AAO templates. For neat PBTTT 65 mg of PBTTT was dissolved in 1 mL of
dichlorobenzene, the PBTTT solution was heated to 80 °C with agitating. The blend of PBTTT

and PG;BM with a ratio of 1:1 was prepared dissolving separately 65 mg of both PBTTT and



PC;:BM in 1mL of dichlorobenzene each of them, the blend solution was also heated to 80 °C
with stirring. The AAO membranes are covered by the polymer solution and during 4 hours are
kept at 80 °C in order to avoid PBTTT gels [38]. Afterwards they are dried under vacuum at
room temperature for 24 hours. All the infiltrated templates were finally annealed at 180 °C for

20 min [6, 39]. The measured residual polymer films on the top of the infiltrated membranes

have a thickness in the range 6¢i8.
2.2. Characterization

Scanning electron microscopy. The surface, the average pore size and the lateral size of the
AAO membranes were characterized from the images of combined secondary and backscattered
electrons acquired by a Hitachi S-8000 scanning electron microscope working at 0.5 kV to

minimize sample damage.

Sructural characterization by means of scanning X-ray micro-diffraction. X-ray
diffraction with a nano-focused synchrotron beam of 400 nm diameter and a wavelength
of A= 0.0832 nm has been carried out at the Microfocus beamline (ID13) at the European
Synchrotron Radiation Facility (ESRF). Slides of 1 mm wide were cut from the infiltrated
membranes, mounted horizontally with the nanopore axis carefully aligned perpendicular
to the X-ray beam (Figure 1) and scanning X-ray micro-diffraciisKRD) with steps of
1 pm was performed along the main axis of the pores, from the residual film (bulk)
outside the membrane to the infiltrated material (Figure 1). The 2D diffraction patterns
were registered in transmission geometry using a FReLoN detector (2048 x 2048 pixels of
51.47 x 50.7um?% 16-bit readout). A sample-to detector distance of D = 147 mm was

calibrated using an Ag-behenate standard and the small- and wide-angle X-ray scattering



(SAXS and WAXS) intensities were accessible in the same pattern. The data analysis was

accomplished using the software Fit2D [40].

Figure 1. Schematic view of a scanningXRD experiment showing the convention for the

azimuthal anglé adopted in this work.
3. Results and discussion

3.1. PBTTT

High aspect ratio 1D nanoarrays of PBTTT and the blend PBTTTF{BRC(1:1)
supported by a residual film have been fabricated infiltrating AAO templates based on the
wettability of high surface energy inorganic materials (AAO) by low surface energy

polymer solutions [25].



Figure 2. 2D X-ray diffraction patterns: Residual PBTTT film (a). PBTTT nanofilaments
inside porous alumina of 25 nm (b), 40 nm (c) and 180 nm (d) pore diameter. The Miller indices

of the main reflections are labeled.

PBTTT nanostrucure has been studied by X-ray scattering. With the above mentioned set-up,
SAXS and WAXS signals are obtained simultaneously. Figure 2(a) displays the 2D diffraction
pattern of the residual PBTTT film and Figure 2(b), 2(c) and 2(d) show those of the PBTTT
nanofilaments inside porous alumina of 25 nm, 40 nm and 180 nm pore diameter respectively.
The WAXS signal from the PBTTT nanofilaments with different diameters and also from the
residual PBTTT film appear slightly oriented (Figure 2). However, while the pattern
corresponding to the residual PBTTT film doesn’t present any SAXS feature close to the beam
stop, the infiltrated material (Figure 2(b), 2(c) and 2(d)) exhibit a continuous, oriented SAXS

signal on the equator related to correlation lengths corresponding to the pores of the AAO



template and not to the polymer [25, 37, 41]. The SAXS feature is accompanied at wide angles

by a broad amorphous halo also related to the AAO membrane [37, 41].

The evolution of the integrated 1D scattered intensity as a function of the modulus of the
scattering vector ss & 2sin(6)/2) , from the residual PBTTT film to the nanofilaments into the
AAO pores of 40 nm diameter (Figure 3(a)) shows that no crystal phase transition is induced by
confinement. Therefore the 1D intensity profile as a function of s has been obtained by the
projection of the integrated scattered intensity in Figure 3a through all the positions (Figure
3(b)). The experimental d spacing=1/s) obtained are as followsjgo= 23.0 A, hoo= 11.4 A,
deoo= 7.6 A, doos= 4.3 A, doroF 3.6 A. These values are in agreement with the calculated
values taking into account a triclinic unit cell that has been previously reported for PBTTT with

—CigHoo side chains: a=23.5 A, b =5.4 A, ¢ = 13.54 137°,3= 87° and/= 92° [42].



Figure 3. (a) Integrated 1D scattered intensity of PBTTT as a function of the modulus of the
scattering vector s and the distance from the residual film to the nanofilaments into AAO pores
of 40 nm along the pore axis. The dashed line indicates the boundary between the residual film

and the nanofilaments into the AAO template. (b) Projected 1D intensity as a function of s.

The azimuthal integration, i.e., with respect to agg(presented in Figure 1), gives 1D
intensity profiles that can provide insights regarding the crystal orientation of PBTTT. Figure 4
shows the normalized integrated intensity of the 200 reflection as a function of the azimuthal
angle ¢) for the residual film and the nanofilaments into AAO pores with diameters of 25 and
180 nm. The 200 reflection has been selected instead of the more intense 100 reflection in order
to avoid the contribution of the equatorial streak coming from the AAO membrane. The PBTTT
residual film presents an intensity profile with a broad maximum centeged 80° (meridian)
indicating that the-axis of the crystal unit cell is preferentially aligned perpendicular to the
surface of the AAO membrane (free of pores) withcdagis (which corresponds to the polymer
backbone direction) parallel to the surface of the AAO membrane. This orientation is similar to
the one of PBTTT thin films on silicon substrates [42]. The PBTTT nanofilaments present
intensity profiles exhibiting an extra intensity maximum centergd=a0° and a$ = 180°
(equator) being this maximum more prominent for the nanofilaments with bigger diameter. This
new intensity maximum centered at the equator indicates that the crystals in the PBTTT
nanofilaments tend to orient concentric to each other with-thas perpendicular to the AAO
nanochannel surface and pore axis due to the strong interaction of the polymer with the pore

walls as previously observed for other polymers [32, 37, 41].



Figure 4. Normalized integrated intensity of the 200 reflection as a function of the azimuthal
angle ¢) for the residual film (black), the nanofilaments inside AAO pores of 25 nm diameter

(red) and the nanofilaments inside AAO pores of 180 nm diameter (blue).

3.2. PBTTT/ PC:BM (1:1) blend

High aspect 1D nanoarrays of the blend PBTTT#,B®™ (1:1) with diameters of 25, 40 and
180 nm have also been fabricated by solution template wetting. Figure 5(a) exhibits the 2D
diffraction pattern of the residual PBTTT/ BRBM film and Figure 5(b) that of the PBTTT/
PC;:BM nanofilaments inside porous alumina of 180 nm pore diameter. While no new
reflections are generated due to confinement, a slightly different orientation is observed by

comparing both patterns.
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Figure 5. 2D X-ray diffraction patterns of the PBTTT/PBM (1:1) blend: Residual
PBTTT/PG:BM (1:1) film (a) and PBTTT/PCBM (1:1) nanofilaments inside AAO pores of 180

nm diameter (b). The central area of the patterns has been augmented and shown as insets. (c) 1D
intensity profile as a function of the modulus of the scattering vector s, for the PBT,IBWPC

(1:1) nanopillars inside AAO pores of 180 nm diameter. Part of the intensity profile has been

enlarged and presented as an inset.

The one dimensional scattered intensity profile as a function of the scattering vector, s, was

extracted from the 2D patterns by performing a radial integration using the whole azimuthal
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range (Figure 5(c)). In order to index the series of reflections we took into account a monoclinic
unit cell previously reported for PBTTT/REM (1:1) thin films.[43] The monoclinic unit cell
contains one PBTTT monomer per fullerene molecule, considering that bimolecular crystals
form due to the intercalation of the fullerene derivative in the polymer network [43]. The

monoclinic unit-cell with the following parameters a =31 A, b =10 A, ¢ = 136-A108°,p=

90° andy= 90° is compatible with all the observed reflections, as indicated in Table 1.

Table 1. Experimental (gl and calculated ¢d¢) d spacings of PBTTT/P&BM (1:1) residual
film and nanofilaments inside AAO pores of 180 nm diameter. The valuesyadrd derived

from the 1D intensity profile given in Figure 5(c).

hkl dexp (A) dearc (A)
100 31.4 31.0
200 15.8 15.5
001 12.5 12.8
300 10.7 10.3
010 9.3 9.5
400 7.9 7.8
500 6.3 6.2
600 5.0 51
0-13 45 45
003 4.4 4.3
004 3.3 3.2

Figure 6 shows the 2D diffraction pattern of the PBTTT/:B®! nanofilaments into AAO
porous of 40 nm pore diameter. Two new reflections, indicated by arrows, are observed

comparing this diffraction pattern to those in Figure 5 corresponding to a residual

12



PBTTT/PG:BM (1:1) film and PBTTT/P@BM (1:1) nanofilaments inside AAO pores of 180
nm diameter. In Figure S4 it is clearly observed that the new reflections appear for the material

infiltrated in the nanopores but they are not present in the residual film.

Figure 6. (a) 2D X-ray diffraction patterns of PBTTT/P8M (1:1) nanofilaments inside AAO
pores of 40 nm diameter. The central area of the patterns has been augmented aras shown

inset. Arrows in the inset indicate new reflections absent in the pattern of the PBT:BIVPC
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(1:1) residual film (Figure 5a). (b) 1D intensity profile as a function of the modulus of the
scattering vector s, for the PBTTT/RBM (1:1) nanofilaments inside AAO pores of 40 nm

diameter. Part of the intensity profile has been enlarged and presented as an inset.

In order to elucidate the nature of the new reflections, the 1D intensity profile as a function of s
has been extracted from the 2D pattern (Figure 6(b)). And we have derived from it the
experimental d spacing of the intensity maxima (Table 2). Most of the reflections present d
spacing corresponding to the calculated d spacing taking into account the previous monoclinic
unit cell considering the co-crystallization of PBTTT and,#®1. Although two of the
reflections cannot be indexed considering this monoclinic unit cell, however their measured d
spacing agrees with the calculated d spacing of the most intense reflections of PBTTT (100 and
200) taking into account the triclinic unit cell previously reported for PBTTT [42]. These results
suggest that the confinement of PBTTT/HEM (1:1) inside AAO pores of 40 nm diameter
induces partial phase segregation provoking two different crystal populations. One of them
corresponding to PBTTT crystals with a triclinic unit cell (a =23.5A, b=5.4 A, ¢ = 135A,
137°, 3= 87° andy= 92°) and the other corresponding to the co-crystallization of PBTTT and
PC1BM with a monoclinic unit-cell (a = 31 A, b = 10 A, ¢ = 13.5A= 108°,$= 90° andy=
90°). The absence of reflections corresponding taBNL crystals could indicate either that an
amorphous phase of the blend rich in,fBM is present into the 40 nm AAO pores, or that a
fraction of PG:BM molecules is not infiltrated into the AAO pores. The second option would
imply an excess of PGBM in the residual film outside the AAO membrane. It has been
published that blends with an excess of,iB® show reflections from the bimolecular crystal

and pure PGBM.[43] In our case no diffraction from pure RBM is observed in the residual
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film (Figure S5) then we can conclude that;fBB/ is infiltrated into the AAO pores and the

nanofilaments present an amorphous phase rich 1{BRC

Table 2. Experimental (gly) and calculated (g9 d spacing of PBTTT/PGBM (1:1)
nanofilaments inside AAO pores of 40 nm diameter. The valuesdr@ derived from the 1D

intensity profile given in Figure 6.

hkl exp (A) dearc (A)
10Qo-crystal 31.8 31.0
100bgrrr 23.6 23.4
2000 orysta 16.2 155
00co-crysta 12.8 12.8
2000571 11.4 11.7

Figure 7(a) shows the 2D diffraction pattern of the PBTTT/;BM nanofilaments into AAO
porous of 25 nm diameter. In order to increase the weak intensity of the reflections Figure 7(a) is
the addition of 10 patterns taken with 1micron step along the AAO pore axis. The 1D intensity
profile as a function of s (Figure 7(b)) has been obtained by the integration of the scattered
intensity considering the section drawn in the inset of Figure 7(a). In order to get the d spacing
of the two observed reflections an exponential background (red dashed line in Figure 7(b)) has
been subtracted from the 1D intensity profile. The result is presented as an inset in Figure 7(b).
The experimental d spacing obtained are as folloygs©23.8 A, thoo= 12.3 A. These values
are in agreement with the calculated values taking into account a triclinic unit cell that has been

previously reported for PBTTT.
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Figure 7. (a) 2D X-ray diffraction pattern of PBTTT/RBM (1:1) nanofilaments inside AAO

pores of 25 nm diameter. The central area of the pattern has been augmented ard shsatn

(b) 1D intensity profile as a function of the modulus of the scattering vector s, for the
PBTTT/PG:BM (1:1) nanofilaments inside AAO pores of 25 nm diameter. As an inset is
presented the region of interest of the scattered intensity ones the background has been

subtracted.
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It is evident that 25 nm AAO pores induce a strong confinement effect to the PBTIBXMPC
(1:1) structure. On the one hand the degree of crystallinity in the nanofilaments is dramatically
reduced and on the other hand it is induced a phase segregation consisting on a fraction of
PBTTT crystals with a triclinic unit cell and an amorphous fraction of PBTTT angBRC
Different factors could explain this behavior: first the spatial constrains inhibit dramatically
crystallization, second a small fraction of &M is not infiltrated into the AAO pores
remaining amorphous in the residual film (Figure S6) and third the monoclinic unit cell of the

bimolecular crystals is larger than the triclinic unit cell of the PBTTT crystals.

Regarding crystal orientation of PBTTT in the blend nanoarray, Figure 8a shows the
normalized integrated intensity of the 200 reflection as a function of the azimuthal ¢@nfgle (
the nanofilaments of the blend inside AAO pores of 40 nm and 180 nm diameters, and for the
nanofilaments of the homopolymer inside AAO pores of 40 nm diameter for comparison. It is
observed that the equatorial intensity maximum centerdd =at180° increases with filament
diameter for the blend and it is more prominent for the blend than for the homopolymer filaments

with the same diameter.
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Figure 8. (a) Normalized integrated intensity of the 200 reflection as a function of the azimuthal
angle ¢), obtained at equivalent depth (49), for the nanofilaments of the homopolymer inside
AAO pores of 40 nm diameter (red) and the nanofilaments of the blend inside AAO pores of 40
nm (green) and 180 nm diameter (black). (b) Equatorial oriented fraction as a function of depth
for the nanofilaments of the homopolymer inside AAO pores of 40 nm diameter (red) and the

nanofilaments of the blend inside AAO pores of 40 nm (green) and 180 nm diameter (black).

The equatorial oriented fractiqi) has been calculated by means=oA.,/ (Aeq + Amer),
whereA4,, is the area under the equatorial intensity maximum centeqed dt80° andd, ;- is

the area under the meridian intensity maximum centerefl at90°. Figure 8(b) shows the

18



equatorial oriented fraction as a function of depth into the nanofilaments. It is seen that there is
not equatorial orientation in the residual polymer film outside the AAO membrane for the
homopolymer neither for the blend. Going deep into the porous memébrasidarger for the

blend than for the homopolymer and it increases with increasing the pore diameter. It is also
interesting to point out that for the 40 nm pore diametés almost constant with the depth for

both the homopolymer and the blend while it increases as a function of depth for the 180 nm

pore diameter.

4. Conclusions

In summary, we have proven strong confinement effects on the structural behavior of
PBTTT and the photovoltaic blend PBTTT/RBM (1:1). The PBTTT nanofilaments
crystallize, like the bulk material, in a triclinic unit cell independent of diameter.
However, the interaction of the polymer with the pore walls makes the PBTTT crystals
partially orient concentric to each other and to the AAO pore axis. The confinement
effects are still more pronounced on the PBTTFB®! nanofilaments. While the blend
nanofilaments with 180 nm diameter behave like the blend in the bulk, forming a
bimolecular crystal with a monoclinic unit cell containing one PBTTT monomer per
fullerene molecule, the confinement of PBTTT/EM (1:1) inside AAO pores of 40 nm
diameter induces partial phase segregation provoking two different crystal populations:
one of them corresponding to PBTTT crystals with a triclinic unit cell and the other
corresponding to the co-crystallization of PBTTT and:B®! within a monoclinic unit-
cell. It is also evident that 25 nm AAO porous induce the strongest confinement to the
blend structure, reducing the crystallinity in the nanofilaments and inducing a phase

segregation consisting on a fraction of PBTTT crystals with a triclinic unit cell and an
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amorphous fraction of PBTTT and BRBM. Regarding the orientation of the blend
crystals, we have shown that there is an equatorial oriented fraction in the nanofilaments
that the bulk material doesn’'t exhibit. This equatorial oriented fraction increases with
filament diameter for the blend and it is more prominent for the blend than for the
homopolymer filaments with the same diameter. In conclusion, the important changes in
the photovoltaic blend microstructure induced by strong confinement effects may
possibly have a significant impact on the final properties of devices where such

approaches are implemented.
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Solution template wetting allows the fabrication of polymer and hybrid
nanowires.
Confinement in PBTTT and PBTTT/PCBM nanowires has been studied by X-ray
nanoprobes.
Confinement induces phase segregation and different crystal forms in hybrid
nanowires.

Interaction of organic semiconductors with template walls directs the overall
texture.



