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Report:
One of the main objectives of creating new systems by mixing up two or more components is to
improve or modify the structure-properties relationships. Nowadays, science and technology demand the
preparation and manipulation of structures with highly controlled morphologies at the nanoscale. In 1995 it
was observed that the mixing of two conjugated polymers formed a three-dimensional heterojunction leading
to efficient charge generation within the whole film. Since then, solar cells based on blends of
methanofullerenes with derivates of conjugated polymers have been under investigation [1]. Organic
photovoltaics (OPVs), based on conjugated polymers, are usually created by blending electron-donors with
electron-acceptors polymers. It is established that the performance of OPVs devices strongly depends on the
morphology adopted by the polymer blend. Therefore, nanoscale phase separation in photovoltaic blends
plays a crucial role on the effectiveness of the exciton generation and further carrier transport. With these
ideas in mind, we have prepared ordered polymer nanoarrays by template wetting, using porous anodic
aluminum oxide (AAO) templates [2], consisting of vertically aligned conjugated polymer nanorods as the
donor phase in a potential ordered bicontinuous heterojunction. To fully understand the structure-property or

structure-performance relationships in these systems, morphological and structural investigation in-situ
during thermal treatment is required. Here we report on the structural analysis of a series of pure and biphasic
nanoarrays based on photoconductive polymers by means of in situ wide angle X ray scattering (WAXS)
measurements at ID02 beamline.
The following table sumarizes the organic components used to prepare the nanoarrays:
Organic component

Bulk Tg / ºC

Bulk Tm / ºC

Mw / Kgmol-1

Role

PBTTT

100

230

82.8

Donor

[70]PCBM

-

300

1.03

Acceptor

P3HT

-

225

34.1

Donor

PCDTBT

130

-

35.4

Donor/Acceptor

Photoconductive nanoarrays with diameters of 25, 40, 180 and 400 nm respectively, were
examined by two dimensional WAXS as a function of temperature, paying special attention to the effect of
thermal annealing on the structure at the nanoscale. Measurements were performed using the following
setup:  = 0.063 nm; Sample-detector distance =
0.831359 m; Type of detector: Frelon.
The majority of the samples showed some kind of
order reflected in well defined crystalline peaks,

X ray beam

with the exception of nanoarryas formed by
PCDTBT

which

turned

to

be

essentially

amorphous. Given that PBTTT has been less
explored as a donor system in OPV devices, in this
report
Figure 1. 2D WAXS images for 400 nm nanoarrays of neat
PBTTT, recorded with the X ray beam either paralel or
perpendicular to the long axis of nanopores.

we

mainly

focus

on

the

structural

implications of blending PBTTT with PCBM at the
nanometre scale. 2D images were recorded in two

different geometries, aligning the beam either perpendicular or parelel to the polymer nanoarrays as ilustrated
in Fig. 1. Here we see the X ray patterns for pure PBTTT confined in AOO poress with 400 nm diameter.
Data confirm the crystalline character of the
PBTTT

domains

and

a

high

level

of

anysotropy for the corresponding crystallites.
The main peak corresponds to the (100)
reflection that is associated to the regular
packing of the main backbone. Succesive
higher-order reflections are also observed. We
find a d-spacing for this lamellar packing of
approximatley 2.4 nm for a PBTTT sample
confined in nanopores of 400 nm.

Figure 2. 2D WAXS images for PBTTT nanoarrays with different pore
diameter at 25 ºC. Data are showed for fresh and annealed samples a
180 ºC.

The influence of the pore dimension on the PBTTT structure is ilustrated in Fig. 2. The intensity of
the reflections clearly decreases with the pore size, suggesting that the crystallization of the PBTTT chains
takes place under confining conditions that preclude an optimum folding of PBTTT into crystals. We have
also explored the effect of thermal annealing within the rubbery region by in situ time resolved
measurements. The annealing treatment was performed after the corresponding destruction of the ordered
arragement trhough warming up to high temperatures. A detailed data analysis of the integrated 1D patterns
is currently underway. At the moment, as a result of the mentioned data analysis, Fig. 3 shows the temporal
evolution of the intensity and location of the main (100) reflection during isothermal annealing at 180 ºC. We
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Figure 3. Effect of thermal annealing on position and intensity
of the (100) reflection for PBTTT nanoarray. Sample was
previously melted.

the peak position remains almost unchanged.
As a general trend, the fraction of crystalline
phase, d-spacing and crystalline coherence
length are not recovered after the sucesive
melting and thermal annealing treatments for
the whole pore diameter range.
As previosuly mentioned, we have also
studied 50:50 blends of PBTTT with fullerene
derivative

PCBM.

This

blend

could

potentially act as the photoactive layer in OPV devices.
Incorporating PCMB into the PBTTT matrix has an

AOO 180 nm

impact on the obtained results, as showed in Fig. 4. In

characterized by less intense peaks, high order

Intensity (q)

comparison to the neat PBTTT nanoarray, the blend is

pbttt/pcbm
pbttt

reflections poorly developed and displacement of the
main (100) peak towards lower values of Q. We have
encountered similar results for the rest of pore
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In summary, we have succesfully investigated
the structural implications of forming photocunductive
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Figure 4. 1D WAXS patterns for nanoarrays based
on PBTTT and PBTTT-PCBM blend (50:50) at 25
ºC.

polymer nanowires with different diameter, and also how these structure is altered by blending with the
corresponding component in order to create potential photoactive systems.
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