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Triple-layer catalyst does double duty

Rice, University of Houston produce robust catalyst to split water into
hydrogen, oxygen

HOUSTON - (July 26, 2017) — Splitting water into hydrogen and oxygen to produce clean energy can be simplified with a
single catalyst developed by scientists at Rice University and the University of Houston.

The electrolytic film produced at Rice and tested at Houston is a three-layer structure of nickel, graphene and a compound
of iron, manganese and phosphorus. The foamy nickel gives the film a large surface, the conductive graphene protects the
nickel from degrading and the metal phosphide carries out the reaction.

The robust material is the subject of a paperin Nano Energy.

Rice chemist Kenton Whitmire and Houston
electrical and computer engineer Jiming Bao and
their labs developed the film to overcome barriers
that usually make a catalyst good for producing either
oxygen or hydrogen, but not both simultaneously.

y

“Regular metals sometimes oxidize during catalysis,’
Whitmire said. “Normally, a hydrogen evolution
reaction is done in acid and an oxygen evolution
reaction is done in base. We have one material that
is stable whether it's in an acidic or basic solution.”

The discovery builds upon the researchers’ creation
of a simple oxygen-evolution catalyst revealed earlier
this year. In that work, the team grew a catalyst
directlyon a semiconducting nanorod array that
turned sunlight into energy for solar water splitting.

Electrocatalysis requires two catalysts, a cathode

and an anode. When placed in water and charged, Acatalyst developed by Rice University and the University of
hydrogen will form at one electrode and oxygen atthe  Houston splits water into hydrogen and oxygen without the need
other, and these gases are captured. But the process for expensive metals like platinum. This electron microscope
generallyrequires costly metals to operate as image shows nickel foam coated with graphene and then the
efficiently as the Rice team’s catalyst. catalytic surface of iron, manganese and phosphorus. Image by

Desmond Schipper
“The standard for hydrogen evolution is platinum,”
Whitmire said. “We’'re using Earth-abundant materials — iron, manganese and phosphorus — as opposed to noble metals
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that are much more expensive.”

Afilm of high-surface-area nickel foam coated with graphene
and a compound of iron, manganese and phosphorus serve as
a water-splitting catalyst that can produce hydrogen and oxygen
simultaneously. The material was created at Rice University and

tested at the University of Houston. Photo by Jeff Fitlow

The new catalyst also requires less energy, Whitmire
said. “If you want to make hydrogen and oxygen, you
have to putin energy, and the more you putin, the
less commercially viable itis,” he said. “You want to
do itatthe minimum amount of energy possible.
That's a benefit of our material: The overpotential (the
amount of energy required to trigger electrocatalysis)
is small, and quite competitive with other materials.
The lower you can getit, the closer you come to
making it as efficientas possible for water splitting.”

Graphene, the atom-thick form of carbon, is key to
protecting the underlying nickel. One to three layers of
graphene are formed on the nickel foam in a
chemical vapor deposition (CVD) furnace, and the
iron, manganese and phosphorus are added on top
of that, also via CVD and from a single precursor.

Tests by Bao’s lab compared nickel foam and the
phosphide both with and without graphene in the

middle and found the conductive graphene lowered charge-transfer resistance for both hydrogen and oxygen reactions.

“Nickel is one of the best catalysts to make graphene,” said
co-lead author Desmond Schipper, a Rice graduate student.
“Essentially, we're using the nickel to help improve the
nickel.” He said the manganese adds a level of protection as
well.

Whitmire said the material is scalable and should find use
in industries that produce hydrogen and oxygen or by solar-
and wind-powered facilities that can use electrocatalysis to
store off-peak energy.

It may also be adapted to produce other advanced materials.
“Our method could be widely applicable to a large number of
metal phosphide materials for catalysts — not just for water
splitting, but for a range of things,” he said.

“Acritical factor is that we're able to make phase-pure
materials with different compositions. Currently, people have
very little control over the phase they geton a surface, and in
many cases they geta mixture. When that happens, they
don’t know which phase is actually responsible for the
catalysis. With our process, they can know.”

Zhenhuan Zhao of the University of Houston and the
University of Electronic Science and Technology of China,
Chengdu, is co-lead author of the paper. Co-authors are
Andrew Leitner, Jing-Han Chen and Zhiming Wang of Rice
and Hari Thirumalai, Lixin Xie, Fan Qin, Kamrul Alam, Lars
Grabow, Shuo Chen, Dezhi Wang and Zhifeng Ren of the
University of Houston. Whitmire is a professor of chemistry
and associate dean of the Wiess School of Natural Sciences
atRice. Bao is an associate professor of electrical and

computer engineering at the University of Houston and an Desmond Schipper, left, and Kenton Whitmire. Photo by

adjunct professor at the University of Electronic Science and
Technology of China.
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Supporting the research were Rice University, the National Science Foundation (NSF) and the Robert A. Welch Foundation.
Computing resources were provided by the University of Houston uHPC cluster, the NSF-supported Extreme Science and
Engineering Discovery Environment and the Department of Energy Office of Science National Energy Research Scientific

Computing Center.
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Read the abstract at http://www.sciencedirect.com/science/article/pii/S221128551730441X
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Related materials:

Artificial photosynthesis steps into the light: hitp:/news.rice.edu/2017/03/23/artificial-photosynthesis-steps-into-the-light-2/

Whitmire Research Group: hitp://wrg.rice.edu/Whitmire_Research_Group/Home.html

Bao Group: http://www2.egr.uh.edu/~jbao/

Wiess School of Natural Sciences: http:/natsci.rice.edu
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A catalyst developed by Rice University and the University of Houston splits water into hydrogen and oxygen without the
need for expensive metals like platinum. This electron microscope image shows nickel foam coated with graphene and
then the catalytic surface of iron, manganese and phosphorus. (Credit: Desmond Schipper/Rice University)
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A catalyst developed by Rice University and the University of Houston splits water into hydrogen and oxygen without the
need for expensive metals like platinum. This electron microscope image shows nickel foam coated with graphene and
then the catalytic surface of iron, manganese and phosphorus. (Credit: Desmond Schipper/Rice University)
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Acatalyst developed by Rice University and the University of Houston splits water into hydrogen
and oxygen without the need for expensive metals like platinum. This electron microscope
image shows nickel foam coated with graphene and then the catalytic surface of iron,

manganese and phosphorus. (Credit: Desmond Schipper/Rice University)
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Afilm of high-surface-area nickel foam coated with graphene and a compound of iron, manganese and phosphorus serve
as a water-splitting catalyst that can produce hydrogen and oxygen simultaneously. The material was created at Rice
University and tested at the University of Houston. (Credit: Jeff Fitlow/Rice University)
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Desmond Schipper, left, and Kenton Whitmire. (Credit: Jeff Fitlow/Rice University)

Located on a 300-acre forested campus in Houston, Rice University is consistently ranked among the nation’s top 20
universities by U.S. News & World Report. Rice has highly respected schools of Architecture, Business, Continuing Studies,
Engineering, Humanities, Music, Natural Sciences and Social Sciences and is home to the Baker Institute for Public Policy.
With 3,879 undergraduates and 2,861 graduate students, Rice’s undergraduate student-to-faculty ratio is 6-to-1. Its
residential college system builds close-knit communities and lifelong friendships, just one reason why Rice is ranked No. 1
for happiest students and for lots of race/class interaction by the Princeton Review. Rice is also rated as a best value among
private universities by Kiplinger's Personal Finance. To read “What they’re saying about Rice,” go to
http:/tinyurl.com/RiceUniversityoverview.
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