Chemistry - Chemical Reactions
Week 05/18/20
Reading:
● Annotate the article: The conservation of matter during physical and chemical change.
○ Underline important ideas
○ Circle important words
○ Put a “?” next to something you want to know more about
○ Answer questions at the end of the article
Activity:
● Create an infographic about the science of fireworks
○ Fireworks Infographic Directions
Writing:
● Read the article: Why onions make us cry
○ Answer the writing prompt at the end of the article.

Química - Reacciones Químicas
Semana de 05/18/20
Lectura:
● Anotar el artículo: The conservation of matter during physical and chemical change.
○ Subráye ideas importantes
○ Circúle palabras importantes
○ Ponga un "?" junto a algo que usted quiera saber más
○ Conteste las preguntas al final del artículo
Actividad:
● Cree una infografía sobre la ciencia de los fuegos artificiales
○ Fireworks Infographic Directions
Escritura:
● Lea el artículo: Why onions make us cry
○ Responda la pregunta al fin del artículo.

The conservation of matter during physical
and chemical changes
By Kelsey Harper, National Geographic Society on 04.23.19
Word Count 1,078
Level MAX

Image 1. The Colorado River at Horseshoe Bend in Arizona. A river flowing through a canyon involves many physical and chemical
changes, all happening at the same time. Photo by: Kojihirano/Getty Images

Matter makes up everything visible in the known
universe, from port-a-potties to supernovas. And
because matter is never created or destroyed, it cycles
through our world. Atoms that were in a dinosaur
millions of years ago — and in a star billions of years
before that — may be inside you today.
Matter is anything that has mass and takes up space. It includes molecules, atoms, fundamental
particles and any substance that these particles make up. Matter can change form through physical
and chemical changes, but through any of these changes matter is conserved. The same amount of
matter exists before and after the change — none is created or destroyed. This concept is called the
Law of Conservation of Mass.

This article is available at 5 reading levels at https://newsela.com.

In a physical change, a substance's physical properties may change, but its chemical makeup does
not. Consider water, for example. Water is made up of two hydrogen atoms and one oxygen atom.
Water is the only substance on Earth that exists naturally in three states: solid, liquid and gas. To
change between these states, water must undergo physical changes. When water freezes, it
becomes hard and less dense, but it is still chemically the same. There are the same number of
water molecules present before and after the change, and water's chemical properties remain
constant.
To form water, however, hydrogen and oxygen atoms
must undergo chemical changes. For a chemical
change to occur, bonds between atoms must break
and/or form. This changes the chemical properties of
the substances involved. Both hydrogen and oxygen
are diatomic — they exist naturally as bonded pairs
(H₂ and O₂, respectively). In the right conditions and
with enough energy, these diatomic bonds will break
and the atoms will join to form H₂O (water). Chemists
write out this chemical reaction as:
2H₂ + O₂ --> 2H₂O
This equation says that it takes two molecules of hydrogen and one molecule of oxygen to form two
molecules of water. Notice that there are the same number of hydrogen atoms and oxygen atoms
on either side of the equation. In chemical changes, just as in physical changes, matter is
conserved. The difference, in this case, is that the substances before and after the change have
different physical and chemical properties. Hydrogen and oxygen are gases at standard
temperature and pressure, whereas water is a colorless, odorless liquid.
Ecosystems have many chemical and physical changes happening all at once, and matter is
conserved in each and every one — no exceptions. Consider a stream flowing through a canyon —
how many chemical and physical changes are happening at any given moment?
First, let's consider the water. For many canyon streams, the water comes from higher elevations
and originates as snow. Of course, that's not where the water began — it's been cycled all over the
world since the Earth first had water. But in the context of the canyon stream, it began in the
mountains as snow. The snow must undergo a physical change — melting — to join the stream. As
the liquid water flows through the canyon, it may evaporate (another physical change) into water
vapor. Water gives a very clear example of how matter cycles through our world, frequently
changing form but never disappearing.
Next, consider the plants and algae living in and along the stream. In a process called
photosynthesis, these organisms convert light energy from the sun into chemical energy stored in
sugars. However, the light energy doesn't produce the atoms that make up those sugars — that
would break the Law of Conservation of Mass — it simply provides energy for a chemical change to
occur. The atoms come from carbon dioxide in the air and water in the soil. Light energy allows
these bonds to break and reform to produce sugar and oxygen, as shown in the chemical equation
for photosynthesis:
6CO₂ + 6H₂O + light --> C₆H₁₂O₆ (sugar) + 6O₂
This article is available at 5 reading levels at https://newsela.com.

This equation says that six carbon dioxide molecules
combine with six water molecules to form one sugar
molecule and six molecules of oxygen. If you added up
all the carbon, hydrogen, and oxygen atoms on either
side of the equation, the sums would be equal; matter
is conserved in this chemical change.
When animals in and around the stream eat these
plants, their bodies use the stored chemical energy to
power their cells and move around. They use the
nutrients in their food to grow and repair their bodies
— the atoms for new cells must come from
somewhere! Any food that enters an animal's body
must either leave its body or become part of it; no atoms are destroyed or created.
Matter is also conserved during physical and chemical changes in the rock cycle. As a stream
carves deeper into a canyon, the rocks of the canyon floor don't disappear. They're eroded by the
stream and carried off in small bits called sediments. These sediments may settle at the bottom of
a lake or pond at the end of the stream, building up in layers over time. The weight of each
additional layer compacts the layers beneath it, eventually adding so much pressure that new
sedimentary rock forms. This is a physical change for the rock, but with the right conditions, the
rock may chemically change, too. In either case, the matter in the rock is conserved.
The bottom line is: Matter cycles through the universe in many different forms. In any physical or
chemical change, matter doesn't appear or disappear. Atoms created in the stars (a very, very long
time ago) make up every living and nonliving thing on Earth, even you! It's impossible to know
how far and through what forms your atoms traveled to make you. And it's impossible to know
where they will end up next.
This isn't the whole story of matter, however, it's the story of visible matter. Scientists have
learned that about 25 percent of the universe's mass consists of dark matter — matter that cannot
be seen but can be detected through its gravitational effects. The exact nature of dark matter has
yet to be determined. Another 70 percent of the universe is an even more mysterious component
called dark energy, which acts counter to gravity. So "normal" matter makes up, at most, 5 percent
of the universe.

This article is available at 5 reading levels at https://newsela.com.

Quiz
1

How is matter defined?
1. contains energy
2. has mass
3. takes up space

2

(A)

1 only

(B)

2 only

(C)

2 and 3

(D)

1, 2, and 3

Read the sentence from the article.

In a process called photosynthesis, these organisms convert light energy from the sun into
chemical energy stored in sugars.
Which sentence BEST emphasizes what the author means by "convert"?

3

4

(A)

Matter makes up everything visible in the known universe, from port-a-potties to supernovas.

(B)

It includes molecules, atoms, fundamental particles and any substance that these particles make up.

(C)

Water is the only substance on Earth that exists naturally in three states: solid, liquid and gas.

(D)

To form water, however, hydrogen and oxygen atoms must undergo chemical changes.

In the equation for photosynthesis, six molecules of carbon dioxide and six molecules of water yields only one molecule of
glucose. What is true about the input and output?
(A)

the input has more atoms than the output

(B)

the output has more atms than the input

(C)

the input and output have the same number of atoms

(D)

neither the input nor the output have any atoms

Read the sentence from the article.

As a stream carves deeper into a canyon, the rocks of the canyon floor don't disappear.
What does the verb "carves" convey in the sentence?

5

(A)

the sense that the movement of the stream is rapidly destroying the canyon

(B)

the sense that the movement of the stream is affected by the canyon's rocks

(C)

the sense that the movement of the stream helps to shape the canyon

(D)

the sense that the movement of the stream has a small effect on the canyon

In the formation of water, how many molecules of water are formed for each oxygen molecule?
(A)

1

(B)

2

(C)

4

(D)

6

This article is available at 5 reading levels at https://newsela.com.

6

7

8

Which image included in the article BEST depicts the idea of the Law of Conservation of Mass?
(A)

Image 2 depicts the Law of Conservation of Mass better than Image 3 because it shows that two
hydrogen molecules and two oxygen molecules go through a chemical reaction to make two water
molecules.

(B)

Image 3 depicts the Law of Conservation of Mass better than Image 2 because it shows that the
number of oxygen, hydrogen and carbon molecules after photosynthesis is the same as before
photosynthesis.

(C)

Image 2 depicts the Law of Conservation of Mass better than Image 1 because it shows that water
changes physically when it moves into different states but its matter remains constant throughout the
changes.

(D)

Image 1 depicts the Law of Conservation of Mass better than Image 3 because it shows how a stream
goes through many physical and chemical transformations as it flows through a canyon and comes in
contact with rocks and plants.

Which of the following is the best example of the Law of Conservation of Mass?
(A)

a person goes for a swim in a river

(B)

a musician sings a song for an audience

(C)

a cup of ice melts and liquid water remains

(D)

a candle emits a fragrant smell

How does Image 3 enhance the reader's understanding of photosynthesis beyond what the article offers?
(A)

It illustrates that plants convert the energy from light into chemical energy.

(B)

It shows the parts of the plant cell that are involved with photosynthesis.

(C)

It demonstrates that photosynthesis will produce oxygen and sugar molecules.

(D)

It proves that the sums are equal on both sides of the chemical equation for photosynthesis.

This article is available at 5 reading levels at https://newsela.com.

Answer Key
1

How is matter defined?
1. contains energy
2. has mass
3. takes up space

2

(A)

1 only

(B)

2 only

(C)

2 and 3

(D)

1, 2, and 3

Read the sentence from the article.

In a process called photosynthesis, these organisms convert light energy from the sun into
chemical energy stored in sugars.
Which sentence BEST emphasizes what the author means by "convert"?

3

4

(A)

Matter makes up everything visible in the known universe, from port-a-potties to supernovas.

(B)

It includes molecules, atoms, fundamental particles and any substance that these particles make up.

(C)

Water is the only substance on Earth that exists naturally in three states: solid, liquid and gas.

(D)

To form water, however, hydrogen and oxygen atoms must undergo chemical changes.

In the equation for photosynthesis, six molecules of carbon dioxide and six molecules of water yields only one molecule of
glucose. What is true about the input and output?
(A)

the input has more atoms than the output

(B)

the output has more atms than the input

(C)

the input and output have the same number of atoms

(D)

neither the input nor the output have any atoms

Read the sentence from the article.

As a stream carves deeper into a canyon, the rocks of the canyon floor don't disappear.
What does the verb "carves" convey in the sentence?

5

(A)

the sense that the movement of the stream is rapidly destroying the canyon

(B)

the sense that the movement of the stream is affected by the canyon's rocks

(C)

the sense that the movement of the stream helps to shape the canyon

(D)

the sense that the movement of the stream has a small effect on the canyon

In the formation of water, how many molecules of water are formed for each oxygen molecule?
(A)

1

(B)

2

(C)

4

(D)

6

This article is available at 5 reading levels at https://newsela.com.

6

7

8

Which image included in the article BEST depicts the idea of the Law of Conservation of Mass?
(A)

Image 2 depicts the Law of Conservation of Mass better than Image 3 because it shows that two
hydrogen molecules and two oxygen molecules go through a chemical reaction to make two water
molecules.

(B)

Image 3 depicts the Law of Conservation of Mass better than Image 2 because it shows that the
number of oxygen, hydrogen and carbon molecules after photosynthesis is the same as before
photosynthesis.

(C)

Image 2 depicts the Law of Conservation of Mass better than Image 1 because it shows that water
changes physically when it moves into different states but its matter remains constant throughout the
changes.

(D)

Image 1 depicts the Law of Conservation of Mass better than Image 3 because it shows how a stream
goes through many physical and chemical transformations as it flows through a canyon and comes in
contact with rocks and plants.

Which of the following is the best example of the Law of Conservation of Mass?
(A)

a person goes for a swim in a river

(B)

a musician sings a song for an audience

(C)

a cup of ice melts and liquid water remains

(D)

a candle emits a fragrant smell

How does Image 3 enhance the reader's understanding of photosynthesis beyond what the article offers?
(A)

It illustrates that plants convert the energy from light into chemical energy.

(B)

It shows the parts of the plant cell that are involved with photosynthesis.

(C)

It demonstrates that photosynthesis will produce oxygen and sugar molecules.

(D)

It proves that the sums are equal on both sides of the chemical equation for photosynthesis.

This article is available at 5 reading levels at https://newsela.com.

SCIENCE

Everything you need to know about the explosive
science of ﬁreworks
Light 'em up.
By Aparna Nathan

July 2, 2017

And the rockets' red (and blue and green and yellow) glare. Pexels

It's an age-old tradition: Millions of Americans, from infants to the elderly, attend ﬁreworks
shows for the Fourth of July. There's nothing quite as patriotic as sitting out on a blanket and
watching hundreds of explosions light up the sky in honor of your country's birthday. But
how do those explosions even happen?
Well, we're here to arm you with some fun facts about the most patriotic science:
pyrotechnics, the chemistry of explosions. It's perfect for showing off smarts at your Fourth
of July barbecue.

https://www.popsci.com/explosive-science-fireworks/

Inside the explosion
Fireworks were invented centuries ago in China, and although they look different now, they
still have the same fundamental components. The ﬁreworks that you might see at a modern
Fourth of July display are aerial shells—these are very different from the ﬁreworks that you
might set off at home (if you live in a state that allows ﬁreworks, that is.)
Aerial shells are powerful and versatile spheres of explosives and added chemicals. On the
outside, all you can see is their grapefruit-sized paper casing and the fuse. But their insides
are packed tight with the individual components required to create all the effects that
mesmerize us.

The most basic duty of a ﬁrework is to ascend into the sky and explode. That takes just two
main ingredients: an oxygen-rich chemical (known as an oxidizer, like potassium nitrate) and
a fuel to burn (sulfur and charcoal are often used). These chemicals are combined to form
black powder, which has been used since the earliest Chinese ﬁreworks as a propellant to
shoot the shell into the air and as a bursting charge for the actual explosion.
The bulk of the aerial shell is composed of marble-sized "stars," chemical pellets that create
the speciﬁc burst effects. The bursting charge ﬁlls the rest of the space in the shell, smartly
separated from the black powder that propels it into the air. After all, we don't want the shell
to explode immediately.
For a launch, the shell is placed in a mortar, a tube that directs it in the right direction and at
the right angle. When the lit fuse reaches the lifting charge at the base of the shell, the
burning gunpowder provides the momentum for the shell to shoot into the sky. The amount
of gunpowder can control how high the shell ascends.

Meanwhile, an internal fuse—reaching from the lifting charge to the center of the explosive
mass of the shell—has also been lit to time the actual explosion. When the fuse burns to its
end, it ignites the bursting charge, igniting the stars and throwing into the sky. These are the
outward-expanding bursts that we ooh and ah over. The shell burns up, and all that's left to
return to the ground are the charred remains of the paper shell (so don't worry, a properlyexploded ﬁrework won't return to Earth and land on you.)

https://www.popsci.com/explosive-science-fireworks/

The bright spots jettisoning outward are the ignited star pellets, shooting out from the exploding burst charge. GIPHY

Now, let’s look at these bursts themselves. We’ve seen red, white, and blue ﬁreworks on the
Fourth of July, hearts at weddings, even classic characters at Disney’s nightly shows. How do
you control the color and shape of a seemingly unrestrained explosion?
The colors actually come from chemicals in the stars. Some metal compounds emit colored
light when energy is added to them (say, from an explosion). A handy guide to the chemical
rainbow is below:

Red: strontium
Orange: calcium
Yellow: sodium
Green: barium
Blue: copper
Purple: strontium and copper
White: Aluminum or titanium
Blue is one of the most difﬁcult colors to produce, says John Conkling, an adjunct professor
of chemistry at Washington College. Recent advances in ﬁrework chemistry have helped
create more vibrant blue hues (a necessity for a successful display of Fourth of July
patriotism.)

https://www.popsci.com/explosive-science-fireworks/

Next, the fireworks assemble into various shapes and formations through a surprisingly simple technique:
the stars are attached to a piece of paper in the shape of the desired pattern. Trying to make a smiley
face? Just lay down a circle of stars with a few extra in the center to form the facial
features.
“It takes a lot of testing,” Conkling says. “You have to ﬁgure out exactly how to place them
so that the shape or pattern in the sky is what you want it to be.”
Sometimes the way the ﬁrework explodes is also important. Fireworks that just pop in the
air create a very different effect from the ones that crackle as they fade away, or the ones
that slowly fade as they arc through the sky like willow branches. There are a lot of
possibilities for these effects, so the artist determines what they’re trying to see, and go to
the chemist to make it happen, Conkling says.
“Fireworks are our medium, like paint,” says Phil Grucci, president and CEO of Fireworks by
Grucci. “It’s what we use to create images in the sky.”

The Chemistry
Chemistry of Fir
Fireworks
eworks

A ﬁery performance
The next step is to actually design and execute the show. It’s a tall order: it can take months
to design, test, and set up a display, but in just 20 minutes of showtime, it all explodes into
the night sky. There's no trace of the time and manpower that went into it. But in this
business, that’s a sign of success.
Grucci is the ﬁfth generation of six generations that have been involved in Fireworks by
Grucci, a family-owned ﬁreworks company in New York. He’s currently gearing up for their
peak season: the Fourth of July. They have 80 shows planned for the long weekend.

https://www.popsci.com/explosive-science-fireworks/

Clients hire them to orchestrate shows, from purchasing and developing shells to actually
launching them. When they do design a new item, they test it at an R&D facility outside Albany
and manufacture it at a leased army ammunition plant in Radford, Virginia (“Military
explosives have had a great synergy with pyrotechnic manufacturing,” Grucci says.)
Next, the designers go to the site to look at the space they’re working with: Is there water?
Are there buildings? Some sites are stranger than others; Fireworks by Grucci did a show in
Dubai off the side of the Burj Khalifa, the tallest building in the world. The site details are put
into a design software, and then custom 3D visualization software is used to simulate the
design and timing of the ﬁreworks. They can preview everything from height to color, even
smoke. Grucci thinks of individual ﬁreworks as a cast of characters, and the process of
designing a show requires casting these characters into roles that appear at different times
and interact, all on a massive stage — the sky. It takes about two hours to design each
minute of the ﬁreworks show (so to plan a typical 20 minute show, it takes 40 hours, roughly
one workweek.)
With their vision in mind, the pyrotechnicians from Fireworks by Grucci are able to actually
set up the routine. Performances have a minimum of three pyrotechnicians, but the crew
can often have upwards of 250. Computers handle the launch—ﬁreworks haven’t been
manually launched since 1980s, when fuses were ﬁrst linked to a switch. Now, networks of
computers precisely time the launches. “There are a lot of moving parts to get to the point
where you’re ready to push the ‘go’ button,” Grucci says. And with 80 shows happening
rapid-ﬁre over just four days, it’s sure to be a busy weekend for them. At least you can sit
back and relax under the illuminated sky.

The future is bright
What could ﬁreworks look like the future? Well, looking back at their history, they might not
change much: Conkling says that ﬁreworks have fundamentally remained the same over
their millennia-long history, though advances in chemistry have made new effects and
brighter colors possible. Fireworks by Grucci's "pixel bursts," for example, use microchips to
control the height of the explosion. Researchers are also trying to make ﬁreworks less smoky
and more environmentally friendly. Grucci is looking into developing a new case that looks
like plastic, but is actually a starch-based polymer that will biodegrade more quickly.
“It’s an absolutely intriguing area of science,” Conkling says. “The sky’s the limit.”

Directions:
Create a 1 page infographic illustrating how fireworks function. Use color, diagrams/pictures, and brief descriptions to
share the information. You may use a computer program, online program, cut out pictures, or hand draw the
infographic. However you choose to create it, be sure that it looks professional and is informative.
Below are some examples of an infographic.

https://www.popsci.com/explosive-science-fireworks/

Infographic

CHEMISTRY

Why onions make us cry
Scientists discover new clues to the complex steps involved in this common kitchen chemistry

A complex chemical reaction takes place when an onion is cut. The resulting compound is a real tear jerker.
ANGELSIMON/ISTOCKPHOTO

By Lindsey Konkel
October 2, 2017 at 6:00 am

Cut an onion and your eyes may start to burn and tears may run down your face. Scientists
have been investigating why this happens for decades. Now some researchers have uncovered
a new piece of the complex answer. They have figured out how one of the veggie’s eyeirritating compounds forms.
For a common vegetable, the chemistry of onions is surprisingly perplexing, says Eric Block. He
wasn’t involved with the new study. Still, this chemist at the University at Albany in New York,
does know a lot about onion chemistry.

Slice into it and you unleash a chain of chemical reactions, he notes. Stable molecules in the
onion’s tissues transform into a volatile, sulfur-containing gas. This gas reacts with the eyes to
form small amounts of sulfuric acid. Sulfuric acid can lead to itching, burning — and tears.
But the process is more complicated than that. He and other scientists have been struggling to
come up with the full picture for more than 40 years. “The more compounds we discovered, the
more complicated the picture became,” Block says.

Determining the chain reaction
Block has been working on the problem since the 1970s. He determined the structure of one of
the onion’s eye-irritating molecules in 1979. This sulfur-containing chemical is called
lachrymatory (Lak-RIM-uh-tor-ee) factor, or LF. (This comes from the Latin word lacrima, which
means “tear.”)
The structure of any molecule shows the position of the different atoms that make it up. That
structure also shows how the different atoms join together. “Knowing [LF’s] structure gave us
clues about how the molecule formed,” says Block.
He knew that LF must start off as a different
molecule. That’s because it only caused a
tearing of the eyes once the onion’s skin was
broken. He hypothesized that a chemical
reaction must take place as an onion is cut.
Block thought this chemical reaction must
convert a stable molecule into one that could
quickly vaporize and burn the eyes.
Sometimes chemical reactions need a little
help to get started. That’s where enzymes
come in. “Enzymes are amazing molecules,”
he explains. They are nature’s fire-starter.
Enzymes help to jump-start or speed up
chemical reactions.

For years, scientists have studied the onion’s complex
chemistry and how it produces eye-irritating
compounds.
KATARZYNABIALASIEWICZ/ISTOCKPHOTO

Block focused on an enzyme known as alliinase (AL-ee-un-ace). He showed that it helped to
speed up the chemical reaction that converts sulfoxides (Sul-FOX-ides) — stable starter
molecules in the onions — into eye-irritating ones. Certain plants, such as garlic and onions,
make alliinase. It helps make the volatile chemicals that give these foods their savory flavors
and aroma.
Later, in the early 2000s, scientists at a Japanese food company discovered a second important
enzyme in onions. These scientists had been looking for a way to make a tearless onion. They
thought they could do so by keeping alliinase from triggering the reaction that led to sulfuric
acid. But when they isolated alliinase and mixed it with the sulfoxides, nothing happened.
That’s when they discovered LF synthase. The researchers reasoned that alliinase helped to
change the shape of the starter molecule so that the second enzyme could go to work on it. Yet
nobody knew for sure. The structure of that LF synthase was unknown. And without that
information, researchers couldn’t decipher the complete chemical reaction.

Making crystals
Marcin Golczak is a biochemist at Case Western Reserve University in Cleveland, Ohio.
Biochemists study the molecules at work in living things. Golczak and a team of researchers
wanted to know how the eye-irritating LF forms. To do that, they turned LF synthase into a
crystal. Now they could use a technique called X-ray crystallography to map its structure.
First, the researchers mixed the enzyme with an acid. This caused crystals to grow in the
mixture. The researchers froze the crystals in liquid nitrogen. Then they used a special camera
to shoot X-ray beams at the crystals. When those beams hit the crystal, the X-rays scattered. By
measuring the angles of the scattered beams, the researchers could construct a 3-dimensional
picture of the enzyme.
Golczak’s team combined this 3-D picture with the previous research findings of what the
enzyme did. From this, they made a model of what the enzyme looks like. “Science is a building
process. You don’t just discover one thing and then instantaneously know everything about
how it works. There are many layers,” Golczak explains.

Block calls the new study the next logical step in solving a longstanding question. “It’s one
small but critical piece of a puzzle,” he says.
Golczak’s team described what they did in the September 15 issue of ACS Chemical Biology.
As to why onions produce the eye-irritating chemical in the first place, Block says it probably
helps the plant defend itself from predators. The chemicals that hurt human eyes might also
trigger pain in other organisms. This would make the plant less appealing to wildlife, insects
and even some bacteria or fungi.
“It’s an intricate reaction millions of years in the making,” Block says. “You can’t help but be in
awe at the beauty of nature when you start to look at what’s happening around us on the
[chemical] level.”
CITATIONS
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Writing Prompt: What are some of the experiments that were conducted, to determine the chemical reaction
responsible for watery eyes when cutting onions? Explain how this chemical reaction causes eyes to tear up.
From the information provided in this article, what might be a solution to creating an onion that does not cause
one's eyes to cry?

