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We design and synthesize unique electronic materials with  
sophisticated device applications in mind. These materials have 
novel solid-state aggregation structures or well-defined interface 
orientation that promote efficient electrical current flow or enhance 
device lifetime. Electronic devices based on these new materials are 
then evaluated using advanced measurement techniques, and the 
results are used to inform the next direction of the materials chem-
istry. We call this synergistic approach for achieving our research 
goals “Needs Inspired Fundamental Science”.
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Synergistic Surface Modification of Tin–Lead 
Perovskite Solar Cells

Interfaces in thin-film photovoltaics play a pivotal role in de-
termining device efficiency and longevity. In this work, the top 
surface treatment of mixed tin–lead (≈1.26 eV) halide perovskite 
films for p–i–n solar cells is studied. Charge extraction is promot-
ed by treating the perovskite surface with piperazine. This com-
pound reacts with the organic cations at the perovskite surface, 
modifying the surface structure and tuning the interfacial energy 
level alignment. In addition, the combined treatment with C60 
pyrrolidine tris-acid (CPTA) reduces hysteresis and leads to effi-
ciencies up to 22.7%, with open-circuit voltage values reaching 
0.90 V, ≈92% of the radiative limit for the bandgap of this mate-
rial. The modified cells also show superior stability, with unen-
capsulated cells retaining 96% of their initial efficiency after 
>2000 h of storage in N2 and encapsulated cells retaining 90% 
efficiency after >450 h of storage in air. Intriguingly, CPTA pref-
erentially binds to Sn2+ sites at film surface over Pb2+ due to the 
energetically favored exposure of the former, according to 
first-principles calculations. This work provides new insights into 
the surface chemistry of perovskite films in terms of their struc-
tural, electronic, and defect characteristics and this knowledge is 
used to fabricate state-of-the-art solar cells.1)

Figure 1. Surface modification of tin–lead perovskite films with pipera-
zine and CPTA.

Tripodal Triazatruxene Derivative as a 
Face-On Oriented Hole-Collecting Monolayer 
for Efficient and Stable Inverted Perovskite 
Solar Cells

Hole-collecting monolayers have drawn attention in per-
ovskite solar cell research due to their ease of processing, 
high performance, and good durability. Since molecules in 
the hole-collecting monolayer are typically composed of 
functionalized π-conjugated structures, hole extraction is 
expected to be more efficient when the π-cores are oriented 
face-on with respect to the adjacent surfaces. However, 
strategies for reliably controlling the molecular orientation 
in monolayers remain elusive. In this work, multiple phos-
phonic acid anchoring groups were used to control the mo-
lecular orientation of a series of triazatruxene derivatives 
chemisorbed on a transparent conducting oxide electrode 
surface. Using infrared reflection absorption spectroscopy 
and metastable atom electron spectroscopy, we found that 
multipodal derivatives align face-on to the electrode sur-
face, while the monopodal counterpart adopts a more tilted 
configuration. The face-on orientation was found to facili-
tate hole extraction, leading to inverted perovskite solar 
cells with enhanced stability and high-power conversion 
efficiencies up to 23.0%.2)

BAr2-Bridged Azafulvene Dimers with Tunable 
Energy Levels for Photostable Near-Infrared 
Dyes

Organic dyes with strong absorption in the near-infrared (NIR) 
region are potentially useful in medical applications, such as tu-
mor imaging and photothermal therapy. In this work, new NIR 
dyes combining BAr2-bridged azafulvene dimer acceptors with 
diarylaminothienyl donors in a donor–acceptor–donor configura-
tion were synthesized. Surprisingly, it was found that in these 
molecules the BAr2-bridged azafulvene acceptor adopts a 5-mem-
bered, rather than 6-membered ring structure. The influence of the 
aryl substituents on the HOMO and LUMO energy levels of the 
dye compounds was assessed from electrochemical and optical 
measurements. Strong electron-withdrawing fluorinated substitu-
ents (Ar = C6F5, 3,5-(CF3)2C6H3) lowered the HOMO energy 
while preserving the small HOMO–LUMO energy gap, resulting 
in promising NIR dye molecules that combine strong absorption 
bands centered around 900 nm with good photostability.3)
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Figure 2. Triazatruxene-based tripodal hole collecting monolayer for in-
verted perovskite solar cells.

Figure 3. BAr2-bridged azafulvene dimer for photostable near-infrared 
dyes.


