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Report:
The goal of SI-2136 was to obtain a fundamental understanding of thermodynamic and kinetic factors that
affect polymer/fullerene blend film crystallisation from the initial liquid state to the dried solid structure.

Experimental Details: A special set-up was built consisting of an evaporation channel equipped with an
optical setup to monitor the thickness of the solvent-blend film coated on a substrate with an in-built
motorized doctor-blade. 2D X-ray diffraction data (wavelength A=0.9305A) was collected with a MAR-CCD
camera from the polymer/fullerene blend from the initial instant of solvent evaporation.

Results:

The structural evolution of polymer/fullerene blend film during solvent evaporation has been described
below. The polymers used were low band gap polymers poly {[4,40-bis(2-ethylhexyl)dithieno(3,2-b;20,30-
d)silole]-2,6-diyl-alt-(2,1,3-benzothidiazole)-4,7-diyl } (PSBTBT), poly[2,1,3-benzothiadiazole-4,7-diyl[4,4-
bis(2-ethylhexyl)-4H-cyclopenta[2,1-b:3,4-b'|dithiophene-2,6-diyl]] (PCPDTBT), the widely investigated
poly(3-hexylthiophene) (P3HT) and the fullerene used was [6,6]-phenyl-Cg;(or C7;)-butyric acid methyl ester
(PC¢1BM or PC71BM).

(i) Structural evolution of PSBTBT/PCBM
In the GIXD drying measurements (Figure 1), the first image shows freshly cast PSBTBT:PC7;BM film from
DCB solution. At 90 s drying time and 95 wt.% solvent, PSBTBT (100) and (200) is observed indicating
crystallization of PSBTBT. At the same time a powder ring is also observed evidencing the coexixtence of
crysallization of PSBTBT in solution. This is in contrast with our previous work on P3HT:PCBM where
interface-induced crystallization was demonstrated [ACS Nano, DOI: 10.1021/nn2036279]. Subsequently
PCBM aggregation occurs. Further analysis of this blend film is ongoing.
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Figure 1. Evolution of GIXD patterns during the drying of PSBTBT:PC7;BM (1:2) film cast from DCB
solution by doctor blade at 40°C on native silicon substrate. First image is of the freshly coated film. Second

image shows the first indication of crystallinity. Subsequent images show the evolution of film during drying
and crystallization. The drying time and actual solvent fraction is mentioned beneath each image.

(i) Structural evolution of PCPDTBT/PCBM
The incorporation of 1,8-octanedithiol (ODT) additive changes the structural evolution of
(PCPDTBT)/PCBM blend film during its drying from solution as seen in Figure 2, aiding the structural
ordering of PCDTBT, evidenced by the emergence of the PCPDTBT Bragg peak in the bottom row of Figure
2. Further analysis of this blend film is ongoing.

| Drying time

PCPDTBT

PCPDTBT
+0DT

Figure 2. 2D MAR-CCD frames of PCPDTBT/PCBM blends drying without (top row) and with (bottom
row) additive ODT.

Conclusions:

In this experiment, we successfully used in-situ x-ray diffraction to monitor the real-time crystallization of
polymer/fullerene blend films as solvent evaporates. Further analysis is in progress to quantify and correlate
these data with theoretical modeling of the drying kinetics. These results provide a microscopic
understanding of the different processing parameters impacting the nanomorphology and structure of the
polymer blend.



