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We design and synthesize unique electronic materials with sophisticated 
device applications in mind. These materials have novel solid-state aggrega-

-

these new materials are then evaluated  using advanced measurement tech-
niques, and the results are used to inform the next direction of the materials 
chemistry. We call this synergistic approach for achieving our research goals 
“Needs  Inspired Fundamental Science”.
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Optimized Carrier Extraction at Interfaces 

Solar Cells

cells is improved by modifying the top and bottom pe-
rovskite surfaces with ethylenediammonium diiodide and 
glycine hydrochloride, respectively. Trap densities in the 
perovskite layers are reduced as a result of surface passiv-

the orientated aggregation of the ethylenediammonium and 
glycinium cations at the charge collection interfaces result 
in the formation of surface dipoles, which facilitate charge 

The unencapsulated device also shows improved stability 

strategy is also successfully applied to centimeter-scale de-
1)

Figure 1. -

Operational Stability, Low Light Performance, 
and Long-Lived Transients in Mixed-Halide 
Perovskite Solar Cells with a Monolayer- 
Based Hole Extraction Layer

Due to their tunable bandgap and low manufacturing 
cost, metal halide perovskite solar cells are attractive for 

we evaluate p-i-n perovskite solar cells fabricated with 
MeO-2PACz, a molecular monolayer hole extraction layer, 
as potential candidates for ambient light- harvesting appli-
cations. Two triple-cation mixed halide lead perovskite 
absorbers are compared, one with high bromide content 

Both materials demonstrated good stability while operat-
ing under simulated sunlight at the maximum power point 

-
sient loss of output current before returning to the nominal 
level after a long recovery period in the dark. These transient 
losses were more apparent in the wide bandgap device 
under strong light and were likely caused by light-induced 
halide segregation. After recovery, both devices retained 
good performance under a wide range of light intensities. 

2)

Composition-Property Mapping in Bromide- 
Containing Tin Perovskite Using High Purity 
Starting Materials

The wide band gaps of bromide-containing tin pe-
rovskites, ASnI Brx, make them attractive materials for 
use as the top-layer absorber in tandem solar cells, as well 
as in single junction solar cells for indoor applications. In 
the present work, a series of ASnI Brx -
atically fabricated by varying the A-site (FA , MA , Cs ) 
and X-site (I , Br ) ions. The use of solvent-coordinated 
SnBr2 complex as a high purity source of bromide com-
bined with Sn(IV) scavenging treatment helps to ensure 

is realized. The energy levels and electronic properties of 
-

troscopy and photoluminescence (PL) measurements. The 

-
uated in standard single junction solar cells. The best power 

composition was FA MA SnI2.25Br .3)

Figure 2. Composition-property mapping in bromide -containing tin pe-
rovskite using high purity starting materials.
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