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Open-Circuit Voltage in Crystalline Polymer Solar Cells
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Herein, we have studied open-circuit voltage (¥oc) of polymer solar cells based on a blend of a crystalline conjugated polymer and a
fullerene derivative (PCBM). We employed two thiazolothiazole (TzTz)-based crystalline polymers with different side chains:
PTzBT-BOHD has two branched side chains of 2-butyloctyl (BO) and 2-hexyldecyl (HD) and PTzBT-120D has a linear side chain
of n-dodecyl (12) and a branched side chain of 2-octyldodecyl (OD). Interestingly, polymer solar cells based on blends of
PTzBT-BOHD/PCBM and PTzBT-120D/PCBM exhibited different Voc even though these two polymers exhibit the same highest
occupied molecular orbital (HOMO) energy level in neat films because they have the same conjugated main chain. In order to
address the origin of the different Voc, we measured temperature dependence of Voc of these polymer solar cells. From an
extrapolated value of Voc at 0 K, we evaluated an effective bandgap energy AEpa of charge transfer (CT) state formed at a
donor/acceptor interface in these polymer solar cells. We found different AEpa for the two polymer solar cells, which suggests
different HOMO levels in the blend films. We therefore measured the HOMO level of these conjugated polymers in the blend films
by cyclic voltammetry. As a result, we found that these two polymers have the same HOMO level in crystalline phase but different
HOMO levels in disordered phase mixed with PCBM. In order to address the origin of the different HOMO levels, we thus
calculated the HOMO energy levels for model compounds for these polymers. As a result, we found that the HOMO level of the
120D-attached compound is shallower than that of BOHD-attached compound. The shallower HOMO level is due to an extension
of m-orbital to the linear side chain (n/C-H interaction). We therefore conclude that higher Voc can be obtained by using crystalline
polymers with appropriate branched side chains.
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Figure 1. Chemical structures of materials employed in
this study: a) PTzBT-BOHD, b) PTzBT-120D, and c)
PCBM.
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Figure 2. J-V characteristics of crystalline polymer solar
cells: PTzBT-BOHD/PCBM  (black  circles) and
PTzBT-120D/PCBM (red circles).
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Figure 3. Temperature dependence of qVoc for crystalline
polymer solar cells: PTzBT-BOHD/PCBM (black circles)
and PTzBT-120D/PCBM (red circles). The solid lines
represent the fitting curves with Eq. 1.
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Figure 4. Cyclic voltammogram for crystalline polymer
solar cells: PTzBT-BOHD/PCBM (black circles) and
PTzBT-120D/PCBM (red circles). The scan rate was 5
mV s™.  The upper axis is a relative energy assuming that
the redox potential of Fe/Fe" is 4.8 eV.
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Table 1. HOMO energy levels of the monomer models.

BOHD 120D
With side chains 6.357 eV 6.285 eV
Without side chains 6.529 eV 6.504 eV
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Figure 5. Optimized molecular structures of monomer
model compounds for a) the 2-butyloctyl (BO) side chain in
PTzBT-BOHD and b) the n-dodecyl (12) side chain in
PTzBT-120D. The green and red planes represent a plane
for m-conjugation in the main chain and a plane for all-trans
alkyl in the side chain, respectively. The angle between the
two planes is ~70 ° for PTzBT-BOHD and ~0 ° for
PTzBT-120D model compounds.
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Figure 6. Spatial distribution of HOMO in the optimized
monomer model compounds for a) the 2-butyloctyl (BO)
side chain in PTzBT-BOHD and b) the n-dodecyl (12) side
chain in PTzBT-120D.
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