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Report:

The goal of SC-2700 was to get an insight into the drying process of P3HT-PCBM blend films from the
initial liquid state to the dried solid structure and to investigate the effects of the substrate and of the blend
ratio.

Experimental details

For this experiment a special set-up was built consisting in a evaporation channel equipped with a optical set-
up to monitor the thickness of the solvent-blend film and a doctor-blade to spread the solvent-polymer blend
on the substrate with spatial uniformity. The doctor blade was motorized and could be controlled from the
control hutch. This allowed us to collect x-ray diffraction data from the initial instant of the solvent
evaporation. We begin by monitoring in real time the drying kinetics of P3HT-PCBM blends (1:0.8 by
weight) dissolved in solvent ortho-dichlorobenzene (97% by weight). The structural evolution of the film
was studied with X-rays of wavelength A=0.934A. 2D Grazing Incidence X-ray Diffraction data of the film
was taken with a MAR-CCD camera. The angle between the sample and the incident beam was 0.12°. The
range of q, measured was 0.002A™" to 2.4 A" covering angles between 0.015° to 20.76° and the range of qy
measured was 1.8 A™ to -2.0 A™' covering angles -17.7° to 15.6° in the MAR-CCD. The window of the
drying channel was made of aluminum foil. 2D images of the drying film was taken in intervals of 50
seconds.

Results

Fig 1 shows selected 2D diffraction maps from the drying. In the initial stages of drying, the 2D diffraction
maps show two diffraction rings assigned to the solvent ortho-dichlorobenzene (Fig 2(a)-arcs 1 and 2) which
correspond to a lattice spacing of 3.78 A and 5.61 A. The first Bragg peak of P3HT appeared after
approximately 200 seconds. The optical data simultaneously recorded by the interferometer confirmed that at
this stage the most of the solvent has been evaporated .The second and third Bragg peaks appeared at 300



seconds (Fig 2(d)-arc 4). The Bragg peaks have arcing in gy direction indicating that the P3HT crystallites in
the blended films are not perfectly ordered along the g, direction, showing an angular mosaicity range. The
mosaicity increases with drying time. The ring corresponding to amorphous PCBM appeared in the image at
400 seconds.

a) Frame 5; time 50 5ecs, d) Frame 15; time 300 secs

ﬂ &) Frame 17; time 350 secs

f) Frame 19; time 400 secs

PCBM ring

Fig 1. MAR CCD images taken during evaporation of the solvent a) arcs 1 and 2 are the solvent rings b)
emergence of the 1% Bragg peak (arc 3) ¢) Emergence of 2™ and 3" Bragg peak (arcs 4) d) Intensity and
arcing of the Bragg peaks are increasing. Solvent arcs present. e) Solvent arcs have disappeared. f) PCBM
ring appears.

Evolution of maximum intensity and width of the 1% Bragg peak with drying time of solvent is shown in Fig
2. Fig 2 suggests that after the solvent has evaporated out of the film, the P3HT film attains a more
crystalline structure. In the final dry state, there exists order correlation along z for about 7 monolayers. In
the initial stages of drying, the values of width obtained shouldn’t be taken seriously as the crystalline
domains might not have formed. We note that the intensity gradually decreases at the end. This may be due
to the increase of mosaicity with time and the consequent distribution of the total intensity in a wider angular
arc. It is observed that the width of the peak (along qz) increases versus time which indicates a reduction of
mean size of the crystallites.
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Fig 2. Evolution of a) integrated intensity and b) width of the first Bragg peak

The effect of the substrate and blend ratio has in detail been investigated. Fig 3 and Fig 4 depict 2D
diffractograms for the dried P3HT:PCBM films for two different blend ratios and on two different substrates,
respectively. Visual inspection shows that an increase of PCBM leads to a worse alignment of the P3HT
crystallites (higher mosaicity). The substrate is observed to have an important influence on the crystallization
as well. Analysis is in progress to quantify the evolution of the structure versus drying time on the various
substrates (ITO, Si0,, glass, PEDOT/ITO, PEDOT/Si0O,, PEDOT/glass) and for different blend ratios.
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Fif,; 4.2D GIXRD images of P3BHT-PCBM blend (1 0.8 by Wefght) on a) pure glass b) PEDOT-glass

Conclusions

The experiment was very successful. By in-situ x-ray diffraction we monitored the real-time crystallization
process of P3HT-PCBM blends as the solvent evaporates. We have measured the effect that the substrate and
blend ratio have on the drying process. Analysis is in progress to quantify the changes of microstructure
occurring in the P3HT:PCMB blend during drying and to correlate these data with theoretical modeling of
the drying kinetics. These results are of paramount importance to provide a microscopic understanding on

how the different processing parameters of drying affect the nanomorphology and structure of the polymer
blend.



