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The world'’s increasing need for energy, along with the alarming
consequences of burning fossil fuels (such as oil, coal, or natural gas)
in power plants and vehicles, make the search for alternative energy
sources vital for the future of the planet. Solar-driven splitting of
water into hydrogen and oxygen is a potential source of clean and
renewable fuel. In this article, | describe and explain how this can be
accomplished by a process called photocatalysis, and how we were
able to obtain an efficient conversion of light into hydrogen using a
unique miniature system.

Shalev just turned 9 years old. When he was born, in December of
2010, there were 6.9 billion (1 billion = 1,000,000,000) people in our
world. Now there are 7.8 billion. It is projected that, by the time
Shalev becomes a dad, his kids will share the world with over 9.6
billion people. As the world population is growing, so is our need
for energy.
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Figure 2

Artistic illustration of
the nanoscale
photocatalysts, which
are composed of a tiny
spherical nano-sized
particle of one material
(green), embedded
within a second
material that is
rod-shaped (yellow),
with a platinum particle
at its tip (purple). The
structure of this
photocatalyst separates
the negative and
positive charges, which
is the key to the
success of the system.
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OUR SUCCESS AND THE NEXT CHALLENGES

Recently, our research group achieved nearly perfect conversion of
light into hydrogen molecules [2]. This means that all of the light that
shined upon the photocatalyst successfully produced hydrogen from
water. This impressive efficiency was accomplished by using a unique
miniature photocatalysts, with dimensions on the nanometer range.
One nanometer (nm) is 10~° m. To put this size into perspective,
the diameter of a human hair is about 50,000 nm. A fascinating
and powerful outcome of working with nanoscale particles is the
size-dependent tunability of their properties. By changing the size
of the particle, a scientist can fine-tune a property of interest, such
as what color of light will be absorbed by the semiconductor, and
possibly make it a better photocatalyst.

The system we developed is illustrated in Figure 2. It consists of
two semiconductors, a tiny spherical nano-sized particle made of
a material called cadmium selenide, embedded within a second
material that is rod-shaped (cadmium sulfide), with a platinum metallic
particle at its tip. The spherical particle attracts positive charges,
while negative charges accumulate on the platinum tip. The good
separation between these charges is the key to the success of the
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system [3]. It prevents the negative charges, which are responsible
for the reaction that produces hydrogen from water, from being
canceled by the positive charges. Because our system is so efficient, a
single photocatalyst nanoparticle can produce 360,000 molecules of
hydrogen per hour! This is the highest efficiency ever reported for this
kind of system.

While our nanoscale photocatalyst was found to be efficient for
hydrogen production, it is not suitable for overall water splitting,
because it is not stable enough. Prolonged exposure to light leads to
breakdown of the materials that make up the photocatalyst. Because
we would have to continuously add some additional chemicals to
prevent this breakdown, we would not truly be producing energy with
this system.

Our achievement is a significant milestone, yet the road toward
direct and genuine conversion of solar energy into fuel is still long.
Perhaps one day YOU will be the one who will develop a system
that works.
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ANNA, AGE: 13

lam 13 years old. | love arts especially drawing. | love spending time with my friends
and family and | have a dog and | love it very much. | find science and biology in
particle, very interesting.

LILAC AMIRAV

| am a Professor at the Technion—Israel Institute of Technology, where | lead the
“photocatalysis on the nanoscale” lab. Our research is focused on the design and
production of complex miniature structures that can absorb sunlight and use the
energy within it to generate clean fuel or to purify contaminated water. We are doing
our best to harness chemistry, physics, and engineering to make our world slightly
better. When | am not researching, | can be found spending time with my partner
Omri, and our three kids, Shalev, Dolev, and Shani. | also enjoy arts and crafts, hiking,
and reading. *lilac@technion.ac.il
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