MOLECULAR TECHNOLOGY INNOVATION

Annual Research Highlights

(1) "Efficiency of Lead Perovskite Solar Cells
Improved by Engineering Small Organic
Molecules *

Lead perovskite based solar cells (PV) have received
vigorous attention due to their high power conversion
efficiency. The formation of PV film and its charge
collection are essential in determining the efficiency of
PVSC. We discovered this year that the Pbl,-to-PV
conversion, and the PV crystal growth to micrometer
size can be accelerated by a small amount of zwitterionic
sulfamic acid (SA). As a result, an SC device on indium
tin oxide (ITO)/glass made of a 320 nm thick PV film
using 0.7 wt % SA showed 22.5% higher power
conversion efficiency of 16.02% compared with the
device made without SA. Furthermore, we also
discovered a carbon-bridged oligophenylenevinylene
(COPV) possessing a triarylamine moiety, which forms a
stable radical cation by 3-D homoconjugation and
produces a uniform amorphous film, and can be used as a
hole-transporting layer for PVSC. PVSC based on this
material shows a performance and stability in air
comparable to those obtained with the benchmark
material, spiro-MeOTAD.
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Fig. 1 (1) Sulfamic acid catalyzed lead perovskite formation for
p-i-n PVSC application. (2) Synthesis of a three-dimensional

homoconjugated  carbon-bridged  oligophenylenevinylene
(COPV) derivative as HTM in n-i-p PVSC

1. (1)-8) J. Am. Chem. Soc., 138, 5410-5416 (2016).

1. (1)-3) J. Am. Chem. Soc., 138, 10897-10904 (2016).

(2) “Iron-Catalyzed C-H Activation of Aromatic
Carbonyl Compounds”

Activation of a C-H bond using transition metal
catalysis enables streamlined synthesis of target
molecules, but typically requires an expensive and toxic
transition metal catalyst. As a part of our efforts to
develop sustainable catalysis with Earth-abundant metals,
we discovered an iron/triphosphine-catalyzed methylation

of aromatic carbonyl compounds such as carboxylic acids,

esters, amides, and ketones with trimethylaluminum. The
mild reaction conditions tolerated a variety of sensitive

functional groups. The key to the success of this reaction
is the triphosphine ligand, which stabilizes the putative
organoiron active species. Notably, despite such ligands
being known for a long time, this is the first report on
their use for catalysis.
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Fig. 2 Iron/triphosphine-catalyzed C-H bond activation of
aromatic carbonyl compounds.

1.(1)-4) J. Am. Chem. Soc., 138, 10132-10135 (2016).

(3) "Nanoscale Control of Polymer Assembly on a
Synthetic Catalyst-Bilayer System"

The use of the interior of self-assembled membrane as
a template for polymer synthesis and assembly has long
attracted the interest of chemists. We found that a
several-nanometer-thick  bilayer vesicle made by
self-assembly of an organic fullerene amphiphile doped
with a metathesis catalyst serves as a nanosized chemical
reactor in water, where a polymer is synthesized and
assembled, depending on the affinity of the growing
polymer to the organic groups on the amphiphile. This
catalyst—bilayer system can thus control supramolecular
assembly of the ester-functionalized polymer product into
different nanoscale structures: a nanoparticle made of a
single polymer chain and a nanocapsule made of several
tens of polymer chains.
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Fig. 3 Polymer assembly in a synthetic catalyst-bilayer system
made of pentasubstituted [60]fullerene anions.
1.(1)-5) J. Am. Chem. Soc., 137, 9675-9681 (2016)
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