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Evaluation of effects of purity and molecular weight of conjugated polymer
materials on photovoltaic properties
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This study investigated effects of purity and molecular weight of conjugated
polymer materials on photovoltaic properties. In terms of initial properties of the tested
amorphous polymer, terminal Br moieties have lowered photovoltaic properties, and Pd catalyst
residues and molecular weight had negligible effects. The Pd catalyst residues and low molecular
weight negatively affects the lifetime of the devices with the polymer materials. These obtained
basic insights, Improvements of the synthetic protocol using direct arylation reaction and
optimizations of device structures provided a power conversion efficiency of 6.8% at a maximum.
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Table 1. Pd

Purification method Res/lgg?é Pd
12 1800
2b Soxhlet extraction 1400
3¢ Si-Thiol 1300
4° Si-DMT 1300
5¢ NaHSOs (aq.) 1000
6%  NaS,CN(C,Hs), (aq.) 15
7" NaS,CN(C,Hs), (aq.) 12
8  NaS,CN(C,Hs), (aq.) 2.4

®Parent polymer before removal of Pd (M, =
40500, M,/M,, = 3.94). PSoxhlet extraction with
methanol and acetone. “Adsorption by a metal
scavenger in CHCl; at rt. ®Washing polymer
solution in toluene with an aqueous solution of
the reagent at 60 °C. °Lower than limit of
quantitative determination. "Washing polymer
solution in CHCI; at r.t. ‘Repeating the washing
process twice.
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Table 2.
Br(%)*  Pd(ppm)° M, ¢
P1 0.34 2300 47500
P2 <020° 1400 40300
P3  <020° 3.0 38000
P4 <020° 1.7 140000

*Residual amount of Br determined by elemental
analysis " Less than 0.2 % ° Residual amount of
Pd determined by ICP-MS or ICP-AES ¢
Estimated by GPC calibrated on polystyrene
standards
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Table 3 Br
P1 Br P2
P3
P2
1400 ppm Pd
P4
4
Br
OFET
P1
0.77 x 107 cm?V-'S™! P2-P4
(1.3 x 107 ecm*V'S™) Br
P1-P4
OFET  OPV
OPV Br
Table 3.
Jee V,. FF PCE
/mAcm?  /V / %
PL  7.65 0.78 0.42 2.55
P2 940 0.88 0.57 4.66
P3  9.33 0.88 0.57 470
P4 946 0.85 0.56 4.56
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Figure 1 Current density-voltage
characteristics of P1-P4:PC; BM (1:4) BHJ
OPVs under AM1.5G illumination.
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Figure 2. Typical PCE decay curves for the OPV
devices with P2-P4 as a function of illumination
time. The devices were exposed to AM 1.5
uninterrupted illumination while the open-circuit
state were maintained in an N,-filled box, and the
J-V characteristics were recorded at 20 min
intervals throughout the experiment.
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Figure 3. Chemical structures of DPP-based

polymers  prepared by direct arylation
polycondensation. Absorption spectra of the

polymers in film state.
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Pd(PCy3), (2 mol%)

t-BUCOOH (30 mol%)
Cs,CO3, toluene

100 °C, 24 h C‘an EH = 2-ethylhexyl
Scheme 2.
Table 4.
! %
4 50 15000 5.2
82 25000
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