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Summary

Aim

In this work we describe the synthesis and characterization of three
thiophene- (P1 - P3) and three anthracene-containing PPE-PPVs (P4 - P6).
Thereby, we investigate the influence of thiophene and anthracene,
respectively, and their position in the polymeric backbone on the tuning of
the backbone planarity and, consequently, the bandgap of the systems.
Furthermore, we have evaluated the photovoltaic performance of P1 - P6 as
donor materials with respect to (1) the position of either thiophene or
anthracene within the conjugated backbone and (2) the density of the
hydrophobic side chain shell around the conjugated backbone.
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The six polymers P1 - P6 (Figure 1)
were synthesized using the Horner -
Wadsworth - Emmons reaction,
resulting in high molar mass
polymers (Mn = 16,600 – 33,000
g/mol), showing polydispersity
indices around 2.2

Organic semiconductors have several advantages, compared to classical
ones: (a) low cost synthesis, and (b) easy manufacture of thin film devices
by vacuum evaporation/sublimation, solution cast or printing technologies.
The electronic band gap of organic semiconductors can be engineered by
chemical synthesis for simple color tuning in light emitting diodes (LEDs)
and for improvement of the performance of organic solar cells.1 Therefore, it
is important to investigate possibilities to tune the band gap of conjugated
polymers.

polymer JSC (mA/cm2) VOC (mV) FF (%) η (%)

P1 2.33 750 30 0.5
P2 2.69 700 36 0.7
P3 5.15 800 44 1.8

P3a 2.50 900 54 1.2
P3b 3.70 900 53 1.7
P4 1.09 800 26 0.2
P5 1.03 800 25 0.2

Polymer synthesis

Figure 1. Schematic representation of the 
synthesis of the polymers P1 - P6.

Photophysical investigations

Photovoltaic investigations

Table 1. Photophysical data of P1 - P6 in solutiona) / in films.

a) 10-6 M in CHCl3, b) Eg
opt = h·c/λ0.1 max

Table 2. Photovoltaic data of P1 – P6/PCBM blends (1:3)

Figure 3. AFM topology images of polymer: PCBM (1:3 wt ratio)
(a) P3a, (b) P3b (c) P3.

Figure 2. Normalized absorption of P4 to P6 in thin films.

The absorption spectra of the anthracene-containing polymers P4 - P6 in thin films are depicted in Figure 2, the optical data
are summarized in Table 1. The maxima of the absorption spectra differ clearly. A slight red-shift of the absorption maximum
of P5 can be observed, going from solution to film, but no shift in the case of P4. The red-shift for P5 could be explained by
enhanced planarization of the conjugated backbone in the ground state, while the constant absorption maximum of P4 is
due to the large torsion angle, between the anthracene moiety and the backbone, which does not allow enhancement of
conjugation even in thin films. The absorption maximum of P6 is approximately 70 nm red shifted compared to P5, caused
by the two adjacent triple bonds and thereby fully planarized backbone.

Out of the series of polymers P3 showed the by far best performance with η = 1.8%.3 Polymer P3 features a similar
conjugated backbone structure as P3a and P3b from our previous study (Figure 1).4 These three polymers differ only in
their side-group density, decreasing from P3a through P3b to P3. In order to investigate the effect of side chains on the PV
performance, we compared the results obtained for P3a, P3b and P3. Figure 3 depicts the AFM topology images of
polymer:PCBM (1:3 wt ratio) for the three compounds, and Table 2 summarizes their PV characteristics. The hydrophobic
alkyl side chains act as shield around the conjugated backbone, and thereby, hinder the movement of charges as
confirmed by electrochemical studies. Very high side-chain density is disadvantageous, due to following reasons: (1)
dilution of the active conjugated species concentration in the volume unit, so less photons are absorbed, and (2) reduction
of the interfacial area between donor and acceptor components leading to strong phase separation.

polymer λa [nm] Eg
opt [eV] b) λf [nm] Φf [%]

P1 487/496 2.27/2.10 541/566 32/1
P2 491/508 2.26/2.11 546/572 33/2
P3 491/499 2.28/2.11 542/567 46/3
P4 454/453 2.39/2.22 583/607 3/13
P5 498/506 2.22/2.05 590/621 1/1
P6 547/575 2.02/1.90 577/620 n.a.

Thiophene- (P1 - P3) and anthracene- (P4 - P6) containing PPE-PPV
copolymers, exhibiting high molar masses and polydispersity indices below
2.5, have been synthesized and were fully characterized. Band gap tuning was
observed with anthracene-containing polymers depending on the position of
anthracene within the conjugated backbone. A comparison of P3 to P3a and
P3b showed the dependence of the nanoscale polymer/PCBM morphology
and, consequently, the device performance on the side chain density.
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