Chemistry - Solar Energy
Week 05/04/20
Reading:
● Annotate the article: A Solar Future
○ Underline important ideas
○ Circle important words
○ Put a “?” next to something you want to know more about
Activity:
● Complete an AVID One-Pager
○ AVID One-Pager Solar Energy
Writing:
● Read the article: Shape shifting molecule is key to new solar battery
○ Answer the writing prompt at the end of the article.

Química - Energía Solar
Semana de 05/04/20
Lectura:
● Anotar el artículo: A Solar Future
○ Subráye ideas importantes
○ Circúle palabras importantes
○ Ponga un "?" junto a algo que usted quiera saber más
Actividad:
● Complete un AVID One-Pager
○ AVID One-Pager Solar Energy
Escritura:
● Lea el artículo: Shape shifting molecule is key to new solar battery
○ Responda la pregunta al fin del artículo.

By Justin Warner

ith advances in technology, many
things we use every day may soon
switch partly or fully to solar power,
including cell phones, watches, iPods,
cars, homes, and city trash cans.
Every day, the sun delivers enough energy to the Earth’s surface to meet the entire
human population’s energy demands thousands of times over. Yet when it comes to
running our homes, factories, appliances, and vehicles, solar power provides less
than 1% of the world’s energy today.
That’s not just because we have been stuck in the old habit of using fossil fuels.
It’s because solar energy-collecting technologies can capture and redirect only a tiny
fraction of the energy they get from the sun into a battery or power supply.
But every year, those technologies improve, and recent innovations are making it possible for the sun to do a lot more work for us.
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Solar’s new turf

If you think about
it, almost everything already runs
on solar energy—
even you!

Virtually any small appliance or battery-powered device could be run on
solar energy. One strategy is to fit the device with a panel of solar cells, the
most common type of solar energy collector. Solar cells convert sunlight into electricity through a process called the photovoltaic effect. In this process, the solar cell
harnesses the energy from the sun by channeling it into an electric current.
To facilitate this process, the surfaces of solar cells are covered in a material called a semiconductor. Semiconductors, such as silicon, are more conductive than insulators, such as glass, but less conductive than metal. They are useful
because their conductivity can be altered by heat, light, or impurities.
In the case of a typical solar cell, when sunlight hits its surface, the small particles
that make up light, called photons, knock off electrons from the solar cell’s surface
material. These electrons flow in a particular direction (Fig. 1). This creates an electric current, which can be used to power machines and devices.
As we all know, smartphones, iPods, and other 21st century technologies often
need to be recharged. To run these devices, a solar-powered battery charger could
be a better option. This type of battery charger contains solar cells that charge an
internal battery, so the charger can sit idly and collect solar energy all day
long. When connected via USB, the charger transfers the stored
energy from its own battery into a smartphone or iPod
battery—no wall socket required!
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How a Solar Cell Works

A
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The Solar Impulse, a solar airplane fitted with
12,000 solar cells, completed a 26-hour flight
in July 2010, a record flying time for a solarpowered aircraft.

Some solar battery chargers have been
adapted into other products, including a solar
backpack. It’s an ordinary cloth backpack fitted
with thin solar cells that connect to a built-in
battery, which can charge external devices,
such as smartphones, MP3 players, and even
computers. Solar backpacks are useful for hikers, rescue crews, and military personnel who
spend long days in the sun without access to
electricity.
Watches can also be powered by the sun.
Some of the early solar watches were available in the 1970s. Over the years, the design
of these watches has evolved to the point
that some of them barely look like regular
watches. For instance, a Solaris watch (shown
on page 9) does not have a numbered dial
or a digital display. The hours are shown as
blue lights and the minutes as purple lights,
with both types of light moving along a circle.

Solar backpacks contain a solar battery charger
that is charged by the sun. A smartphone or iPod
can hook up to the charger with a USB port.
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solar cell is made of two types of semiconductors, called p-type and n-type
silicon. The p-type silicon is produced by adding atoms—such as boron or
gallium—that have one less electron in their outer energy level than does
silicon. Because boron has one less electron than is required to form the bonds
with the surrounding silicon atoms, an electron vacancy or “hole” is created.
The n-type silicon is made by including atoms that have one more electron
in their outer level than does silicon, such as phosphorus. Phosphorus has five
electrons in its outer energy level, not four. It bonds with its silicon neighbor
atoms, but one electron is not involved in bonding. Instead, it is free
to move inside the silicon structure.
A solar cell consists of a layer of p-type silicon placed next
to a layer of n-type silicon (Fig. 1). In the n-type layer, there
is an excess of electrons, and in the p-type layer, there is an
excess of positively charged holes (which are vacancies due to the lack of
valence electrons). Near the junction of the two layers, the electrons on one side
of the junction (n-type layer) move into the holes on the other side of the junction (p-type layer). This creates an area around the junction, called the depletion
zone, in which the electrons fill the holes (Fig. 1, closeup).
When all the holes are filled with electrons in the depletion zone, the p-type
side of the depletion zone (where holes were initially present) now contains
negatively charged ions, and the n-type side of the depletion zone (where electrons were present) now contains positively charged ions. The presence of these
oppositely charged ions creates an internal electric field that prevents electrons

But despite their esthetic differences, all solar-powered
watches contain solar cells
that convert sunlight into electrical energy to power the watch.

Solar-powered transit
Transportation is a major source of pollutants and climate-changing carbon dioxide.
So, bringing solar power to vehicles, including cars and airplanes, would be a significant
environmental achievement.
Solar cars, typically fitted with solar panels
on flat, wing-like projections, are still mostly
demonstrated in racing events. A solar car
race exclusively for high school students,
called the Solar Car Challenge, has been held
every year since 1995.
In January 2014, the Ford Motor Company
released a concept car—a car displayed to the
general public but not yet commercially available—that could go as far as 620 miles after
being fully charged with solar energy. Called
the C-MAX Solar Energi Concept (shown
above), the car has solar panels on the roof
that collects sunlight. Also, the roof also contains a solar “concentrator,” which acts like a
magnifying glass by increasing the amount of
www.acs.org/chemmatters

solar energy captured by
the solar panels by a factor of eight.
Ford C-MAX
A solar-powered airSolar Energi
plane
called the Solar
Concept car
Impulse, developed at
the École Polytechnique Fédérale de Lausanne
in Switzerland, has set several milestones in
solar aviation, including a two-month journey
across the United States, from San Francisco,
Calif., to New York City. More than 12,000
solar cells, located on the plane’s wings, collect energy during the day and store it for
night flying.

Students from Tottenville High School, Staten
Island, N.Y., examine their solar car, which raced
in the Solar Car Challenge in 2013.
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in the n-type layer to fill holes in the p-type layer.
When sunlight strikes a solar cell, electrons in the silicon are ejected, which
results in the formation of “holes”—the vacancies left behind by the escaping
electrons. If this happens in the electric field, the field will move electrons to the
n-type layer and holes to the p-type layer. If you connect the n-type and p-type
layers with a metallic wire, the electrons will travel from the n-type layer to the

p-type layer by crossing the depletion zone and then go through the external
wire back of the n-type layer, creating a flow of electricity.
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Figure 1. Schematic representation of a solar cell, showing the n-type and p-type layers, with a
close-up view of the depletion zone around the junction between the n-type and p-type layers.

For solar power to have an effect on how we
produce energy, it will need to supply a larger
proportion of electricity to the power grid. One
of the largest solar power plants in the world
will supply energy to approximately 140,000
California homes in 2014.
The Ivanpah Solar Electric Generating
System does not use traditional solar panels.
Instead, the solar power plant uses more than
300,000 mirrors which reflect the Mojave
Desert sunlight onto giant boilers that sit atop
three 459-foot-tall towers. When the concentrated sunlight strikes the boilers’ pipes, it
heats the water to create superheated steam.
This steam is then piped from the boiler to a
turbine, where electricity is generated. From
there, transmission lines carry the electricity to
homes and businesses.
Slowly but surely, solar technology is making its way into everyday life. After decades of
refinements, we may soon be able to run much
of our man-made world with direct energy
from the sun, the most powerful energy generator known to humanity.

Solar-powered
houseboat
Even houseboats may someday be powered by the sun! Houseboats are boats
designed to be used as homes, either temporarily—usually for recreational purposes—or
permanently. Industrial designer Orhan Cileli
has created a houseboat concept in which the
energy needed to move the boat and generate
electricity is entirely derived from the sun and
from water currents.
Called Pearl, this houseboat concept
(shown on the cover of this magazine) looks
like a sphere, with the upper half above water
This 459-foot-tall tower is one of three towers, each of which is surrounded by approximately 100,000 mirrors
that are arranged in concentric circles to collect solar energy. The tower and the mirrors are part of a solar
power installation at the Ivanpah Dry Lake in California.

and the lower half below water. The concept
was inspired by a fishing bobber, which can
stay afloat despite drifting currents.
It is not yet clear whether a houseboat such
as Pearl will become a reality one day, but this
concept could provide other ideas that may
make solar-powered houseboats part of our
everyday lives in the future.
The houseboat concept shown on the cover of this
magazine is powered by natural oceanic currents
and a small, solar-driven turbine.
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Directions: Create an AVID One-Pager based on the Solar Future article. Be sure to include
information on how a solar cell works.

One-Pager
A One-Pager is a creative response to your learning experience. It allows you to respond imaginatively while
being brief and concise in making connections between words and images. We think about what we see and
read differently when we are asked to do something with what we have seen or read. We learn best when we
create our own ideas. Your personal thinking about what you have experienced should be understood by the
audience that views the One-Pager.

Follow this format for your One-Pager.
Use unlined white paper.

Title the One-Pager appropriately to reflect the content.
Use colored pens, pencils, or markers. The more visually appealing it is the more your peers will learn.
Fill the entire page.
Be purposeful about the arrangement of your One-Pager. For example, have a reason for using a certain color or
for placing an object in a certain place.
Write two quotations from the reading or activity.
Use three visual images, to create a central focus to your page.
Write the main idea of the reading.
Put a symbolic colored border around the edges of the page.

This Page Blank for AVID 1-Pager

CHEMISTRY

Shape-shifting chemical is key to new solar battery
It can absorb and hold energy until needed hours to months later

Kasper Moth-Poulsen shows off the solar collector his team used to test its liquid battery.
JOHAN BODELL/CHALMERS UNIVERSITY OF TECHNOLOGY

By Alison Pearce Stevens
March 29, 2019 at 5:30 am

What powers the device you’re using? Electricity, obviously. But where did that come from? Two
thirds of the electricity used in the United States comes from power plants fueled by fossil fuels
— coal, oil or natural gas. Solar energy produces just 1.3 percent of the electricity. Yet energy
from the sun could easily power our every need if it could be stored for use when the sun
doesn’t shine (such as at night). Researchers in Sweden now think they might have a way to do
just that.
As a chemical engineer, Kasper Moth-Poulsen uses chemistry and physics to design solutions
to problems. He works at Chalmers University of Technology in Gothenburg, Sweden. He

Explainer: Understanding light
and electromagnetic radiation

teamed up with other researchers in Sweden
and Spain to tackle the problem of storing
energy from the sun. Their solution: Store
that energy inside the bonds of molecules
that have been suspended in a liquid.

Molecules consist of two or more atoms. Those atoms share electrons through bonds that hold
them together.
Different types of molecules have distinct 3-D shapes. For example, methane is shaped like a
three-sided pyramid called a tetrahedron (Teh-tra-HE-drun). Other molecules have different
shapes. Adding energy to a molecule can alter its shape. New bonds may now form between its
atoms — ones that may hold different amounts of energy. When a molecule later absorbs
energy, that energy can become trapped within those new bonds.
That’s the key to the new solar-energy battery.
Using bonds inside a molecule to store solar energy isn’t new. Moth-Poulsen’s group had been
working on that for years. But the molecules it initially worked with contained a rare and pricey
metal called ruthenium (Roo-THEE-nee-um). The researchers needed a less costly alternative.
For inspiration, they turned to work by other chemists. They soon found a promising candidate
called norbornadiene (Nor-BORN-uh-DY-een). It is made mostly of carbon and hydrogen, atoms
that are found in all living things. That means this molecule should be cheap and easy to make.

Z. WANG ET AL/ENERGY & ENVIRONMENTAL SCIENCE 2019 (CC BY 3.0)

Researchers made a molecule (shown in blue) that absorbs sunlight. Its atoms trap the sun’s energy in
chemical bonds. When the energy-storing version of this molecule (shown in red) flows over a catalyst, the
bonds between atoms change and the molecule releases its energy as heat.

Yet there was still one problem. This chemical could absorb only ultraviolet (UV) light — a small
part of the sun’s light. To make this molecule more useful, the researchers tweaked it in such a
way that it would absorb more wavelengths (colors) of sunlight. That innovation sounds easy.
In fact, it took them seven years to pull off. Now their molecule can absorb energy not only
from UV, but also from blue and green light.
One end of the molecule reacts to this light. As it absorbs this energy, the molecule snaps into
a new shape. New bonds between its atoms trap that energy. And they hold it tight, even after
the molecule cools to room temperature.

Explainer: What is a catalyst?

But storing energy isn’t useful unless you can
release that energy when you need it. So MothPoulsen’s team found a way to get its molecule
to release the stored energy as heat.

Researchers pass the liquid over a type of salt that acts as a catalyst. (Catalysts are materials
that speed up chemical reactions. They’re not used up in the reactions, but nudge reactions
along.) The salt causes the molecule to change back into its original shape. When it does so,
the molecule releases the energy stored in its bonds. That raises the temperature of the liquid
by 63.4 degrees Celsius (114 degrees Fahrenheit) — enough to heat a home.

The team published its findings in the January issue of Energy & Environmental Science.

Solar-powered future
A liquid battery made with these molecules can store solar energy for days, months or even
years, Moth-Poulsen says. So energy absorbed during long summer days can be held for use at
night or during the winter, when days are short.
The team has tested its system in a rooftop
experiment at their lab in Sweden. The system

Explainer: How heat moves

works well — but not yet well enough to put in
every home. First, the team needs to increase how
much of the sun’s energy the molecule can absorb. “We are aiming at reaching 5 to 10 percent”
of that energy, Moth-Poulsen says.
Storing more energy in the molecule’s bonds means these could later release more heat. And
while the system doesn’t make electricity, the heat it releases could be used to drive a turbine
that does, Moth-Poulsen says. One day, such a system might both heat and power buildings
without any connection to outside sources of electric power. Those buildings also could stay
warm without a need for energy from fossil fuels.
“We have discovered some new tricks recently,” Moth-Poulsen says. He hopes these will help
the home-heating system work even better. That should increase its affordability and
attractiveness.
Jeffrey Grossman finds the new data exciting. This study, he explains, “demonstrates real world
use of this technology.” Grossman is a materials scientist at the Massachusetts Institute of
Technology in Cambridge. He was not involved with the study.
Deepa Khushalani was not either. She’s a chemist and materials scientist at the Tata Institute of
Fundamental Research in Mumbai, India. Right now, Khushalani is less excited about the new
technology’s prospects for making electricity. To drive a turbine or other engine, she notes, the
molecule must release enough heat to turn water into steam. That means the system would
need to heat water to more than 100° Celsius (212° Fahrenheit). Batteries that store electricity
are a more practical way to harness the sun’s energy, she suspects.

But Moth-Poulsen plans to get the extra heat
needed from the new energy-storage
molecule. His team is working to make it
absorb energy from yellow and orange light,
too. Heating and cooling accounts for almost
half of the energy used in the European
Union. “If [the new technology] can just make
a small impact on this, it will make a huge
difference,” he says.
Z. WANG ET AL/ENERGY & ENVIRONMENTAL SCIENCE 2019 (CC BY
3.0)

The liquid battery created by Moth-Poulsen’s team
would become part of a system (illustrated) that the
team designed to heat a home.

This is one in a series presenting news on technology and innovation, made possible with
generous support from the Lemelson Foundation.
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Writing Prompt: Explain how this new liquid solar battery functions. What benefits are there
with this new battery? What challenges does it face?

