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Organometal Halide Perovskites for Transformative Photovoltaics

O rganometal halide perovskite-based solar cells have
recently emerged as a transformative photovoltaic (PV)
technology. Two important journals, Science (DOI: 10.1126/
science.342.6165.1438-b) and Nature (http://www.nature.
com/news/365-days-nature-s-10-1.14367), both highlighted
perovskite photovoltaics as one of the major scientific
breakthroughs of the year 2013. Power conversion efficiency
attained with the hybrid organic—inorganic perovskite
CH;NH;PbI; has now exceeded 15%, making it competitive
with thin-film PV technology. Decades-long basic research on
dye-sensitized solar cells and quantum dot solar cells has now
led to the development of perovskite PVs." The most attractive
aspects of this technology are the simplicity of photoactive layer
synthesis and application using benchtop approaches at
temperatures less than 100 °C. A renewed enthusiasm has
arisen among scientists in the field to continue developing
economically viable next-generation PV technology. Recently,
Perspective articles that highlight the evolution of perovskite
PVs have identified areas of future growth for achieving
efficiencies surpassing 20%.>> In this ACS Selects issue we
present selected recent articles that focus on new methods and
physical insights into the operation of organometal halide
perovskite solar cells.

Following the discovery of these organometal halide
materials by Mitzi’s group in the 1990s,* Miyasaka’s group
uncovered their photoelectrochemical properties in 2009.”
Because of the instability of CH;NH;Pbl; in a solvent medium,
research on this material remained dormant until solid-state
solar cells were designed in 2012.%7 The first attempt was by
the Kanatzidis group usinég CsSnl; as a solid hole conductor in
dye-sensitized solar cells,” followed by Gritzel and co-workers
utilizing CH;NH;Pbl; as a light absorber.” The CH;NH,Pbl,
absorber can be easily prepared by dissolving equimolar
amounts of methylammonium iodide (CH;NH;I) and lead(11)
iodide (Pbl,) solutions in anhydrous y-butyrolactone at 70 °C.
This solution, when spin-cast onto a mesoscopic titanium
dioxide (TiO,) or aluminum oxide (Al,O;) film followed by
drying at 70—80 °C, forms dark-colored crystalline
CH;NH,Pbl; film with absorptions up to 800 nm (bandgap
1.5 eV). Some variations in synthesis include planar films
without the mesoscopic templates, sequential exposure, and
vapor-phase exposure of reactants.”® X-ray diffraction and
Raman techniques have proven to be useful tools for
characterizing the perovskite structure.” The electronic
structure and occupied energy levels of CH;NH;Pbl; deposited
onto mesoporous TiO, have been determined using photo-
electron spectroscopy with hard X-rays."®

An important and useful feature of these organometal halide
perovskite solar cells is the relatively high open-circuit voltage
(Voc & 1 V). New strategies are now being explored to boost
the open-circuit voltage even higher using CH;NH,PbBr;.""'*
For example, inclusion of chloride ions in CH;NH;PbBr; films
yields V¢ as high as 1.5 V. Density functional theory is being
applied to establish the semiconducting properties and find
ways to manipulate band structure energetics.'>~'> Recent

v ACS Publications  © 2014 American Chemical Society

3713

efforts focus on identifying ambipolar charge-transport proper-
ties and the importance of spin—orbit coupling in organometal
halide perovskites.H’lS In addition, a vapor-assisted solution
process to construct polycrystalline perovskite thin films as well
as nanometer-sized CH;NH;PbBr; nanoparticles is facilitating
new ways to probe the excited-state and charge-transport
properties of this novel class of materials.*'®

The charge-separation, charge-recombination, and charge-
transport properties of the organometal halide perovskite films
coated on mesoscopic oxide films differ from those of other
thin-film semiconductor PVs.>>'”'® To date, most of the
reported studies employ spiro-OMeTAD as the hole conductor.
Research is underway to explore alternate organic and inorganic
hole conductors.'”~** Higher hole conductivity reported for
inorganic hole conductors has been shown to be possible using
cheaper and readily available materials such as Cul*' A basic
understanding of the hole transport properties is crucial for
further development of perovskite solar cells.

The papers presented in this ACS Selects collection focus on
the physical chemistry aspects of the newly emerging field of
organometal halide perovskites and provide key insights into
their structural, optical, and charge-transport properties.
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