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Climate change is one of the biggest problems our planet faces,
caused by too many greenhouse gases (GHGs) in the atmosphere.
The most important GHG produced by humans is carbon dioxide
(CO2). To slow down global warming, we need to reach net zero
CO2 emissions by balancing the amount of CO 2 we release with the
amount we remove. One exciting way to help us to do this is by
turning CO 2, often seen as waste, into useful products and energy. To
make this possible, scientists use special substances called catalysts .
In this article we show how some amazing materials like zeolites
and OMS (ordered mesoporous silica) can act as catalysts to help
transform CO 2 into valuable products and energy, opening up a new
way to protect our planet and helping to �ght climate change.
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ROLE OF GREENHOUSE GASES

Greenhouse gases (GHGs) in the atmosphere help control Earth's
temperature and climate. They act like a blanket, keeping Earth war m
enough for life ( Figure 1A). Without GHGs, the Earth would be freezing,
and humans, animals, and plants would not be able to survive.

Figure 1

Figure 1

(A) GHGs in the
atmosphere help to
control the Earth's
temperature. (B)
Human activities like
consumption,
production and
transportation are
adding more and more
CO2 to the
atmosphere, leading to
an increase in the
global Earth's surface
temperature. Balancing
the amount of CO 2 is
possible by
decarbonization
processes that allow a
return to a favorable
global Earth's surface
temperature. (C)
Decarbonization
process involves taking
directly CO 2 from air or
from the fumes
released by factories.
This CO2 can be stored
underground or used
as a building block to
create useful products
(Figure credit: Pablo A.
Ramos).

The main GHGs are water vapor (H 2O), carbon dioxide (CO 2), and
methane (CH 4). These gases have naturally existed for millions of
years, and they all play a role in making life possible. However ,
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human activities like consumption such as the use and such as the
use and spending of goods, services and activities in order to sa tisfy
human needs, production of goods in factories, and many forms o f
transportation are adding more and more GHGs to the atmosphere
(Figure 1B). This leads to increase global Earth's surface temperature
in�uencing on climate change, which harms ecosystems, reduces
biodiversity, and causes problems like acidic ocean waters, whi ch
threaten the entire food chain ( Figure 1A).

CO2: THE MAIN GREENHOUSE GAS

CO2 is the most important GHG produced by humans. It remains
in the atmosphere for a long time, hundreds or even thousands of
years. Natural processes called carbon sinks can remove CO 2 from the
air (Figure 1B). For example, photosynthesis, which is the way plants
absorb CO2 and convert it into oxygen and food, is a carbon sink.
Natural absorption of CO 2 by the oceans and geological processes
such as absorption of CO 2 by rainwater or reaction with rocks and soil
to form new minerals over thousands of years are other examples o f
carbon sinks.

Unfortunately, however, these natural processes are not fast eno ugh
to absorb the additional CO 2 that humans are continually adding to
the atmosphere.

WE NEED TO ACT NOW!

Scientists agree that to stop global warming, we must reach what is
called net zero CO2 emissions by 2050. Net zero means balancing

NET ZERO

Means to balance a
scale. If we add
something, we have to
subtract the same
amount to maintain the
value, i.e., the balance
is zero.

the amount of CO 2 we release with the amount we remove from the
atmosphere, so no extra CO 2 builds up. But reaching “zero emissions”
is extremely di�cult. Think about how much we depend on cars,
planes, factories, and even electricity, which often generate CO 2.
So, we have to explore solutions to remove CO 2 that is already in
the air.

DECARBONIZATION APPROACHES

Scientists have been working for several decades on various stra tegies
to reduce CO 2 emissions and to remove it from the atmosphere—a
process known as decarbonization (Figure 1C). One approach is

DECARBONIZATION

Means stopping the
increase in the amount
of carbon in the air.

based on directly capturing CO 2 from the fumes released by factories
and storing those gases, in a process called sequestration . For CO2

SEQUESTRATION

Means catching and
keeping in storage.

storage, permanent reservoirs are used, such as deep undergr ound
geological formations, like depleted oil and gas reservoirs o r saline
aquifers. Another method of decarbonization is to plant trees to cr eate
woodlands or to replant forests that have been cut down.
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Furthermore, over the last 20 years, scientists have been explor ing
an exciting new method of decarbonization: using CO 2 as a building
block to create useful products and energy.

WHY USE CO2 TO MAKE USEFUL PRODUCTS?

Carbon (C) is one of the most important building blocks of life. It is
found in all living or formerly living things, like plants, ani mals, and even
in your food. Carbon is also in many man-made products we use ever y
day, like plastics, furniture, clothing, paints, medicines, co smetics, and
fuels. What makes carbon so special is its ability to form strong b onds
with itself and with other elements like oxygen (O), nitrogen (N), and
sulfur (S). These strong bonds allow the creation of all kinds of natural
and man-made materials ( Figure 2A).

Figure 2

Figure 2

(A) Carbon can form
strong bonds with
other elements,
creating many natural
and man-made
products. (B) Breaking
the strong bonds of
CO2 to free up the
carbon and oxygen
atoms can allow those
atoms to be
recombined to
produce new products.
You can think of this
like breaking apart Lego
pieces to create new
structures.

CO2, the gas we usually think of as waste, is actually a great source
of carbon. Therefore, scientists are �nding ways to take the carbon
locked up in CO 2 and use it to make useful things ( Figure 2B).

WHY IS IT HARD TO TRANSFORM CO 2?

CO2 is a super stable molecule. Its carbon (C) and oxygen (O) atoms
are tightly bonded together, like LEGO pieces �rmly clicked togeth er.
Breaking these bonds and rearranging the atoms to create new
molecules requires a lot of e�ort, which means that the chemical
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transformation of CO 2 into something new is a big challenge. To
overcome this barrier and make this process easier and faster, c hemists
use powerful tools called catalysts .

CATALYST

Is a special substance
that accelerates
chemical reactions
without being used up.
Catalysts encourage
molecules to lock
together and form new
products by reducing
the e�orts needed for
the reaction.

CATALYSTS CAN HELP WITH DECARBONIZATION

A catalyst is a substance that speeds up chemical reactions without
being used up or changed. Catalysts encourage molecules to lock
together and form new products by reducing the e�orts needed for
the reaction. Catalysts have special parts called active sites . TheseACTIVE SITES

Are like little shapes in
which the catalyst and
the molecules �t
together perfectly. This
is when the reaction
takes place and the
molecules are
transformed into
something new.

are like tiny pockets or shapes where the catalyst and the molecules
that are reacting �t together perfectly, like puzzle pieces. When the
molecules �t into the active sites, the reaction happens, and the
molecules are transformed into something new. The active site mak es
the reaction faster and easier, without running out, so it can keep
helping over and over ( Figure 3A).

Figure 3

Figure 3

(A) Catalysts have
active sites, which are
special parts where the
catalyst and the
molecules to be
reacted �t together
perfectly like puzzles
pieces. (B) Catalysts not
only make reactions
easier and speed them
up but also direct them
along selective
pathway to obtain the
desired products. (C)
Catalysts like zeolite
and OMS have tiny
pores and channels
that act like a
molecular sieve and
can choose which
molecules to trap and
react based on their
molecular size, and
drive the reaction
toward the preferred
products.

Good catalysts do not just speed up reactions—they also direct
the reactions to make the “right” products and avoid unwanted
production of unnecessary by-products ( Figure 3B). This property,
called selectivity , is key to making chemical processes more e�cient

SELECTIVITY

Catalysts not only
accelerate reactions,
but also direct them to
obtain the right
products and avoid the
production of
unnecessary
by-products. This
property is called
selectivity.

and eco-friendly.

Catalysts can have di�erent forms and state, can therefore be solid s
or liquids. Solid catalysts are easier to work with because they
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can be easily separated from liquid mixtures by �ltration, the sam e
way we separate pasta from water using a strainer. By making the
transformation of molecules like CO 2 more e�cient, catalysts save
energy, reduce costs, and help lower CO 2 emissions.

CATALYSTS IN DAILY LIFE, SCIENCE, AND INDUSTRY

Catalysts are all around us. For example, we have natural catalysts
called enzymes in our bodies, which act as natural catalysts, hel ping
to break down food into nutrients. Similarly, the yeast used in baki ng
bread and biscuits acts as a catalyst to create the tiny bubbles that he lp
the dough rise and become �u�y.

Scientists have made great discoveries in recent decades and h ave
learnt how catalysts work. They explored the in�uence of catalysts
on reaction conditions (e.g., heat, time, and ingredients) and ra te.
Moreover, the advances in technology and devices allow to study
and monitor reactions at incredibly small scales, down to the leve l of
molecules (microscope), nanostructures (1000 times smaller) or even
single atom [ 1].

Catalysts are powerful tools that help chemists overcome the
challenges of transforming molecules such as CO 2 into useful
products—all while saving energy and sources, reducing CO 2
emissions, and protecting the planet [ 2]. Today, catalysts play a crucial
role in producing over 80% of products we use, making them vital fo r
industry and the economy. In the future, catalysts will be even more
important for creating clean water, renewable energy, sustainabl e food
supplies, and eco-friendly products.

But catalysts are not just tools for chemists, they are amazing tool s for
building a better world.

ZEOLITES AND OMS: POWERFUL CATALYSTS

Zeolites and ordered mesoporous silica (OMS) are special materials

ZEOLITE

Are tiny crystals called
molecular sieves
because of their pores
and channels of
microporous
dimensions that act like
a sieve, selecting which
molecules to trap and
react depending on
their size.

ORDERED
MESOPOROUS
SILICA

Are tiny crystals called
molecular sieves
because of their pores
and channels of
mesoporous
dimensions that act like
a sieve, selecting which
molecules to trap and
react depending on
their size.

mostly made of silica, a substance similar to beach sand. What
makes these materials unique is their amazing structure. They are
like super tiny sponges , full of microscopic pores and channels that
are measured in nanometers (one billionth of a meter) ( Figure 3C).
Because of these tiny openings, zeolites and OMS are also called
“molecular sieves” because they can sort molecules by controll ing
which can pass through them or get trapped inside, based on the size
of the molecules. It is like trying to pass balls of di�erent size s through a
sieve: the smaller ones go through, but the bigger ones do not. In th is
way, these catalysts can choose which molecules to trap and react,
to drive the reaction toward preferred products according to their
molecular size. Zeolites and OMS can have di�erent shapes, typ es, and
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a huge variety of active sites. These adjustable characteristics a llow
scientists to customize their powers.

For over 100 years, zeolites and OMS have been used in industrie s
for all sorts of tasks. They have helped make gasoline, clean wate r,
and puri�ed air. For the past 25 years, we have prepared powerful
catalysts from these materials in our laboratory and used them for
the eco-friendly manufacture of useful products, thus helping to
protect the planet. These incredible materials may be tiny, but the y are
making a big di�erence in solving some of the world's most di�cu lt
challenges.

ZEOLITE AND OMS CAN CONVERT CO 2 INTO USEFUL
PRODUCTS

In our laboratory, we have a lot of experience in the design and
preparation of powerful catalysts from OMS and zeolites. We work on
improving the performance of zeolite and OMS by creating powerfu l
and sophisticated active sites for challenging transformations. These
catalysts help us to transform CO 2 into useful things, like methane,
a fuel that can power homes and vehicles [ 3]. We also explore the
possibility of preparing other valuable products. But in this qu est, we
must be careful that CO 2 conversion does not use too much energy
or too many raw materials, or the reactions can produce more CO 2
than they save! As our work advances, powerful zeolites and OMS
will be game-changers in the mission to recycle CO 2 and turn it into
something valuable.

In conclusion, zeolites and OMS are powerful tools that can be
speci�cally designed to help us turn CO 2 from waste into useful
products and energy. These catalysts are helping us �nd exciting
new ways to reduce CO 2 emissions. However, no single solution is
enough. We must combine e�orts like capturing, reusing, and mo st
importantly producing less CO 2 to protect our planet and create a
better future!
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AKSHARA, AGE: 14
I am a 14 year old who loves science and is enthusiastic to lear n new things!
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ALI, AGE: 13
I am Ali, I am 13 years old, and I like playing video games and having fun with my
friends and family. I am deeply interested in Science and Enginee ring, and I plan to
pursue a doctorate in Chemical Engineering as my career inspirati on and then teach
kids through much simpler ways, may be through new innovations and t ools and
may be only using video games to do math and science.

BILAL, AGE: 15
My name is Bilal. I am deeply interested in medicine and engineering , and I love
research, I am fascinated by how stem cells can repair certain c ells, tissues and
diseases. I am currently working on stem cell model systems. As my l ifelong goal
I plan to pursue medicine but with deep insights and expertise in mathe matics and
engineering.

ELENA, AGE: 14
My name is Elena. I love learning about biology, anatomy and medicin e. My hobbies
and favorite things to do include reading, making jewelry and row ing. I have
competed at 2 National Championships and Head of the Charles Regat ta, placing
top 5. It is a great sport to combine scienti�c and critical thinki ng with athletics. My
favorite classes are Biology and Anatomy and Physiology. I hope o ne day to work in
the medical �eld and do medical research to contribute to my community.

SAMAR, AGE: 8
I am Samar, and I like playing with my friends and making friendship c lubs. I am the
president of a friendship forever club at my elementary school. I l ove going to my
school library and looking at books. On weekends I always push my mom to take me
to our neighborhood libraries as for me it is fun to just look at pic tures in nice books
about sea creatures and oceans. I am fascinated by living syste ms, particularly how
life came into being in oceans and researching on Sharks and Wha les. I love asking
lots of questions to my teachers and parents. I also love Disney w orld and hope to
continue visiting it every year, its lot of fun and inspires me t o dream.
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