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When you feel cold, you might put on a wool sweater to stay warm.
But on a rainy day, you might want to make your outer layer a
waterproof shell, like a rain jacket. In both cases, you are protecting
yourself from the surrounding environment (cold or rain), and the
clothes you choose will depend on the weather outside. Now, what
if we wanted to protect very tiny particles, called nanoparticles, in a
similar way? Instead of clothing, we have to use a coating—a layer of
another material that protects the particles from their environment.
But it would be even better if this coating could be “smart” and
change in response to the surrounding environment! In this article,
we will tell you how a smart coating made out of silica (sand) can
protect nanoparticles more efficiently, so that they can be used in
many different applications, like delivering medicines to where they
are needed in the body.
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NANOPARTICLES

Tiny particles that are
extremely small, often
at the scale of
nanometers (billionths
of a meter).

SILICA

A compound made up
of silicon and oxygen,
often found in nature
as quartz or sand. It is
used in various forms in
technology

and industry.

Figure 1

(A) Nanoparticles are
often very sensitive and
can break down under
environmental
conditions like too
much moisture or too
much heat. (B)
Substances like silica
can be used to create
“coats” for
nanoparticles, to
protect them from their
surroundings and help
them to do their jobs
better.

WHY DO TINY PARTICLES NEED COATS?

Have you ever heard of the word “coating”? A coating is a protective
layer that you put on something to keep it safe and protected from
the surroundings. For instance, you might put a coat of sunscreen on
your skin to protect it from the sun’s rays, or a layer of frosting on
a cake to protect it from drying out (and to make it more delicious).
These are things that we can easily see and touch with our eyes
and hands. But did you know that scientists can also use coatings
for things that are way too tiny to see, like super tiny particles called
nanoparticles [1]?

Nanoparticles are so small that they cannot be seen by our eyes,
but they play incredibly important roles in medicine, electronics, and
even in food. For example, in medicine, nanoparticles can help deliver
drugs exactly where they are needed in the body. Nanoparticles
can be made of several types of substances, including metals like
silver or gold; special plastics; or even tiny, hollow structures called
carbon nanotubes.

So, why do these tiny particles need coats? Nanoparticles can be
very delicate and easily damaged (Figure 1A). By giving them a tough
outer layer, scientists can protect them from being damaged, making
them stronger and more useful (Figure 1B). One type of coating
that scientists are super excited about is made of silica. Silica coats
can protect nanoparticles like a superhero’s armor [2]. For example,
when exposed to heat, like a sunny day, these coatings can act like
a protective shield—the same way you might put on a sunhat or
sunscreen to stay safe from the sun.
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Figure 1

WHAT IS SILICA?

Think about sand at the beach. It is made up of tiny pieces called
grains. Now, if you could see the building blocks of sand grains—the
molecules that make them—you would see silicon dioxide, the
scientific term for silica [3]. Silica is found all over in nature, in
things like rocks, plants, and even in bacteria. For example, bacteria
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PH

A measure of how
acidic or basic a
solution is. It ranges
from O to 14, with
lower values being
acidic, higher values
being basic, and 7
being neutral.

have some very clever ways to put a coat of silica on themselves,
which helps them to adapt and thrive in challenging environments,
such as extreme heat or other hazardous conditions. There are also
tiny living organisms called diatoms, which are a type of plankton
that have intricate shells made of silica, and silica sponges, which
create amazing shapes out of this substance. We got our inspiration
to make silica coats for nanoparticles based on these amazing
natural creations.

But why does silica make such a great coating? One reason is that silica
generally does not undergo chemical reactions with other molecules,
which makes it stable. But even better, silica can team up with other
substances to make materials with new, useful properties.

MAKING SILICA COATS “SMART”

Our curiosity about silica led us to explore ways to enhance silica
coatings, giving them remarkable abilities. We think of these as “smart”
coatings because they can change depending on the environment.
Imagine Iron Man’s suit, which just vanishes when he needs it to. In
the same way, smart silica coats can be removed when we want them
to be, revealing the nanoparticles underneath.

Why would we want to remove a silica coat from a nanoparticle?
Well, for example, imagine a nanoparticle designed to deliver a
medicine. The silica coat acts as a protective layer during transport,
ensuring the medicine reaches its destination intact. However, once
the nanoparticle reaches its target, we might want to remove the silica
coat to allow efficient release of the medicine.

But, removing the silica coats from nanoparticles is usually not easy,
because they are so stable. It typically requires the use of a powerful
solution known as hydrofluoric acid (HF). HF is an extremely dangerous
substance, posing risks not only to the coated nanoparticle but also to
the scientists handling it—and HF definitely cannot be used to remove
coats from nanoparticles in the human body! So, how do we safely
remove the coats from nanoparticles so that they can do their jobs?
We decided to try to develop a smart silica coating that can be easily
removed without using any harmful solutions, such as HF.

CREATING ACID-SENSITIVE SMART COATS

Out of all the exciting ways we could choose to make our silica
coatings smart, we decided to look at pH. pH measures the acidity or
basicity of a substance. Lemon juice tastes sour because it has a low
pH, meaning it is acidic. On the other end of the scale, substances with
a high pH are basic, like baking soda or ammonia. Some liquids, like
milk or pure water, are neither acidic nor basic—they are neutral.
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POLYSTYRENE

A type of plastic that
can be formed into
various shapes. In this
context, it's used as a
model or template for
creating silica coatings
on nanoparticles.

TRANSMISSION
ELECTRON
MICROSCOPE (TEM)

A powerful microscope
that uses electrons
instead of light to
visualize extremely
small objects, providing
high-resolution images.

Figure 2

A silica coating can be
used to build a shield
around nanoparticles.
The more silica we add,
the thicker the coating
becomes. The bottom
images show what the
nanoparticles looked
like using TEM.

PH-SILANE

A special compound
designed to make silica
coatings responsive to
changes in pH.

We decided to make a smart silica coating that changed in response
to changes in pH. When adding a drop of an acidic substance like
lemon juice, poof, the silica coating disappears! This is an important
goal because it allows us to precisely control the behavior of the
coating based on the environmental conditions. This disappearance
is due to the disintegration of the silica at low pH, revealing the
core nanoparticles. For example, inside the cellular compartments,
such as endosomes and lysosomes, the environment tends to be
more acidic. In the context of drug delivery using nanoparticles, the
ability of the coating to respond to changes in acidity inside these
cellular compartments is valuable for targeted and controlled release
of medicines.

For our experiment, we started with spherical nanoparticles made
out of a substance called polystyrene (PS), which is a kind of
plastic. First, we practiced coating these nanoparticles with a regular
silica coating, without any special changes. Before adding the
silica, we coated the polystyrene nanoparticles with a sticky helper
substance that helps the silica stick to them like glue. Then we
looked at these coated particles using a powerful microscope called
a transmission electron microscope (TEM). This allowed us to see
these tiny particles, which are 1,000 times smaller than the diameter of
a hair. When we looked at the images, we saw that most particles had
a coating that got thicker as we used more silica, and the coating was
smooth and even (Figure 2). The coated nanoparticles had the same
sphere shape as the uncoated particles.

More Silica = Thicker Coat!

Medium Silica

Low Silica

High Silica

Figure 2

Once we knew how to make this regular silica coating on polystyrene
nanoparticles, we wanted to make the coating smart. So, we added
a new compound to our mixture, which we will call pH-silane, for
simplicity. This compound is important for making the silica coating
responsive to pH changes. We mixed pH-silane, the silica coating,
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Figure 3

To create a “smart”
coating for
nanoparticles that is
sensitive to low pH, we
combined
nanoparticles, silica,
and a substance called
pH-silane. (A) These
nanoparticles looked
different from those
coated with silica
alone—they had a
bumpy, raspberry-like
appearance. (B) When
we added an acidic
solution to these
particles, their
protective coats
disintegrated. This told
us we had successfully
created “smart”
nanoparticles that
“took their coats off”
when the pH was low.

and our nanoparticles together. When we looked at the nanoparticles
using TEM, they looked different. Instead of a smooth, even silica
coating, our nanoparticles looked like raspberries (Figure 3A)! We also
checked to make sure the pH-silane was incorporated into the silica
coating, and it was.

Coating Disappears with Sourness

Silica + pH-silane

Figure 3

OUR NANOPARTICLES TOOK THEIR COATS OFF!

Then came the fun part—testing! We put our particles in water with
different pH levels. We tried pH 5.0 (acidic) and pH 7.4 (the neutral
control). We watched closely to see how the particles changed. In
the acidic solution, the special silica coating started to disappear
(Figure 3B). But at neutral pH, the coating stayed strong. When we
checked other nanoparticles that did not have the pH-silane mixed
with silica, their coatings did not change at all at pH 5.0. This means
that our new particles are “smart” and can lose their coats when the
pH changes.

WHY IS THIS RESEARCH IMPORTANT?

In our exciting journey, we developed a new and super cool technique
to remove a protective silica coating from nanoparticles. Our work
is an important step toward creating “smart” nanoparticles that can
respond to changes in their environments. These smart silica coatings
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can both protect the nanoparticles and help them to work better. In
our case, coatings that change in response to pH can help medicines
work better by ensuring controlled and targeted release. For instance,
inside certain cellular compartments where the environment is more
acidic, the smart silica coating can facilitate the precise release of
therapeutic agents, enhancing the effectiveness of drug delivery.

Other smart nanoparticles may be designed with coats that allow
them to glow in the dark, or even release tiny surprises! We are at
the beginning of a big adventure with these smart coatings, and,
in the future, they could help solve many important problems in
the world of science and medicine. So, our research is not just
about tiny particles—it is about making things smarter and better
for everyone!
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AARIT, AGE: 10

Greetings from Aarit, one of the Young Reviewers at Frontiers. | love my role as a
Young Reviewer because | get to learn about new discoveries. | enjoy math the most,
and geometry is my favorite. Geography is my other favorite subject. | love traveling
and exploring- particularly visiting all the natural and human-made wonders of the
world. | play violin and a bit of piano. Watching soccer and reading jokes are my
favorite pastimes.

GAGAN, AGE: 10

My name is Cagan. | am in fifth grade. Some of the things | enjoy doing are reading,
playing football and basketball, science, ancient languages, and computer science.
| love reading adventure novels, especially the Harry Potter book series. | played the
piano for 4 years, now | am interested in other instruments. | love nature, plants, and
animals.

CAGLA, AGE: 9

My name is Cagla, | am in the third grade. Things | like to do are gymnastics, reading,
painting, and listening to music. | enjoy science fiction and fantasy books. | did ballet
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