Materials “Sandwich” Breaks Barrier for
Solar Cell Efficiency

GEM Alum and NYU Tandon Professor André D. Taylor's Team
Combines Materials and Borrows Lessons from Nature to Build a
Better Organic Solar Cell

Mark Mills August 1, 2018
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Dr. Andre Taylor achieved remarkable effi ciency by introducing a squarine molecule (ASSQ) as a crystallizing agent,
which both donates electrons and enhances the light absorption of the active layer of the cell, properly orienting the
PBDB-T donor-acceptor polymer that accepts the donor electron with the non-fullerene electron-acceptor molecule
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The National GEM Consortium has produced myriad amazing academics and STEM
(science, technology, engineering, and math) professionals since its inception in 1976, and
Professor André D. Taylor of New York University's Chemical and Biomolecular Engineering
Department is among the top on that list.

Dr. Taylor was awarded with prestigious GEM Fellowships for his Master's degree from
Georgia Tech and his PhD degree from the University of Michigan. Both awards were helpful
in enabling Dr. Taylor to pursue his advanced work in energy and materials design.

Specifically, his research group, the
Transformative Materials and Devices
Laboratory, develops innovative architectures for
energy applications. Dr. Taylor realized that solar
cells have great potential as a source of clean
electrical energy, but they are not cheap, light,
and flexible enough for widespread use. Dr.
Taylor's and his research team at NYU have nhow
found an innovative and promising way to
improve solar cells and make their use in many
applications more likely.

Most organic solar cells use fullerenes, spherical
molecules of carbon. The problem, explains
Taylor, is that fullerenes are expensive and don't
absorb enough light. Over the last 10 years he
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Think of a solar cell as a sandwich, Taylor says. The “meat" or active layer — made of
electron donors and acceptors — is in the middle, absorbing sunlight and transforming it into
electricity (electrons and holes), while the “bread," or outside layers, consist of electrodes
that transport that electricity. His team's goal was to have the cell absorb light across as
large a spectrum as possible using a variety of materials, yet at the same time allow these
materials to work together well. “My group works on key parts of the ‘sandwich, such as the
electron and hole transporting layers of the ‘bread, while other groups may work only on the
‘meat or interlayer materials. The question is: How do you get them to play together? The
right blend of these disparate materials is extremely difficult to achieve'

Using a squaraine molecule in a new way — as a crystallizing agent — did the trick. “We
added a small molecule that functions as an electron donor by itself and enhances the



absorption of the active layer," Taylor explains. “By adding this small molecule, it facilitates
the orientation of the donor-acceptor polymer (called PBDB-T) with the non-fullerene
acceptor, ITIC, in a favorable arrangement.” This solar architecture also uses another design
mechanism that the Taylor group pioneered known as a FRET-based solar cell. FRET, or
Forster resonance energy transfer, is an energy transfer mechanism fi rst observed in
photosynthesis, by which plants use sunlight. Using a new polymer and non-fullerene blend
with squaraine, the team converted more than 10 percent of solar energy into power. Just a
few years ago this was considered too lofty a goal for single-junction polymer solar cells.
“There are now newer polymer non-fullerene systems that can perform above 13 percent, so
we view our contribution as a viable strategy for improving these systems,” Taylor says.

The organic solar cells developed by his team are flexible and could one day be used in
applications supporting electric vehicles, wearable electronics, or backpacks to charge cell
phones. Eventually, they could contribute significantly to the supply of electric power.

About GEM

The National GEM Consortium provides full-tuition scholarships to exceptional scholars from
underrepresented groups, who are pursuing their Masters and PhDs in STEM-related
disciplines. GEM also provides its Fellows with paid internships and full-time positions upon
graduation with the organizations within its consortium, e.g., IBM, SAP, Intel, Adobe, Amazon,
MIT-Lincoln Labs, Lawrence Livermore Laboratory, Aerospace, etc. The GEM's alumni
include myriad leaders in academia and the executive ranks, such as former Xerox CEO
Ursula Burns, two of the four female engineering school deans, chaired MIT professor
Christine Ortiz, former Booz Allen EVP Reginald Van Lee, and NASA senior scientist
Powtawche Williams Valerino.



