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Introduction and Purpose
This guide serves as a tool for educators (high school teachers, lecturers, coordinators) and researchers
(professors, post-doctorate researchers, PhD students) in the bio-nano science field who would like to
conduct bio-nano activities and experiments for school students (primary and secondary school).
This guide is a collection of successful experiments that has been conducted by the ARC Centre of Excellence
in Convergent Bio-Nano Science and Technology (CBNS) across different states during outreach activities,
such as science demonstrations during National Science Week and school visits by CBNS researchers.
The aim of this guide is to:
• collate useful and successful
experiments ran by CBNS as
a collective resource
• expand on the teaching and learning
experience provided by CBNS
researchers in outreach programs
• provide a guide for educators
(school teachers and program
coordinators) to incorporate
bio-nano science experiments
in their school curriculum

The guide has been
divided into three parts:

Part 1: Worksheets
The worksheets are designed as simple exercises
teachers could use as part of their lesson plan.

Part 2: Group Activities/Games
In this part, teachers can find group activities for students that do not
require any laboratory consumables (e.g. chemicals, etc). These activities
have been designed to provide students with a fun learning experience.

Part 3: Laboratory Experiments
In this section, some examples of bio-nano experiments that teachers
can carry out in their school laboratory are illustrated. All chemicals
and apparatus that are required have been included in each
experiment, followed by a brief description of the activity
and methods.
Note: It is of the teacher’s responsibility to ensure that all
experiments are conducted safely, according to safety
guidelines of their respective school laboratory.
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Part 1: Worksheets
BIO-NANO SCIENCE ON A POSTER
Background: Bio-nano science involves the understanding of living processes on a very small scale. Through
this knowledge, it is possible to harness bio-nano science for a range of applications, including disease
detection, developing new medicines and understanding mechanisms of harmful viruses and bacteria.
Key focus points that must be addressed:

Activity: Create an A3 poster
to show how one specific
application of bio-nano
science is being used to
treat or diagnose disease.
Example: ‘Using gold nanoparticles
in treating lung cancer.’ (Be sure
to come up with your own)

1. Development:

a. Describe the use of bio-nano science for this specific application
b. How was this science or technology developed?
2. Application & limitation:

a. How can/is this bio-nano science applied within society?
b. What are its potential limitations and how can these be overcome?
3. Influence:

a. How does this bio-nano science and technology impact society?
b. What are the expected and unexpected benefits of this scientific
knowledge?
4. Communication & Collaboration:

a. How have scientific findings been communicated for this application?
b. How has national/international collaboration aided discovery for
this scientific investigation?

Assessment criteria:
Criteria

Weight

Description of bio-nano science application

10

Summary of development process

10

Influence of application

10

Overall scientific quality

10

Visual appeal

10

Total

50
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BIO-NANO CLASSROOM QUIZ
Task: Answer the following questions to put your bio-nano knowledge to the test!
1. What is the approximate diameter of a DNA molecule?
a. 1 Micron
b. 10 Angstroms
c. 2.5 Nanometres
2. How many nanometres are there in a metre?
a. One billion
b. One hundred
c. One million
3. At the nanoscale a material can have different properties
compared to its bulk form.
a. True
b. False
4. “Lab-on-a-chip” is a device that can be used for the
diagnosis of disease.
a. False
b. True
5. Describe nanotechnology.

6. You would have heard the phrase, “your body is a LIVING bio-nano factory”. Provide one example of nanomaterials found in
your body and explain their role/significance.

7. Provide an example of the use of nanoparticles in addressing current health challenges.

8. Discuss some of the current challenges with the use of nanotechnology.

*Please refer to the back of the guide for answers.
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Part 2: Group Activities/Games
AMAZING GUT GAMES
The small intestine is part of the digestive system and is about 6 metres long. Its job is to absorb nutrients from
what we eat through small finger-like protrusions called villi. Thanks to the villi the small intestine has a surface
area about the size of a football oval! Peristaltic waves of the intestine (a Mexican wave in your body) pushes
the contents along the tube with 1 wave taking about 9 seconds. The intestine is covered by a layer of mucus
which protects it, but it also affects how nutrients/drugs are absorbed.
Our research develops mini models of the
intestine in which cells in a 3D channel
can experience conditions similar to the
real living gut. Called Intestine-on-a-chip,
it is a microchip embedded with tiny
hollow tubes that are lined with human
intestinal cells, through which nutrients,
infection-causing bacteria, and oral drugs
can be studied. Another important aspect
of our work is in designing drug delivery
systems, which make the medication
we take more efficient and more easily
absorbed in our body. We will briefly
explain the drug absorption process (with
an emphasis on the intestine) and how
we design new smarter medicines.
The benefits of this research will
decrease the dependence on animal
testing and time/cost for developing
drugs. It will improve our understanding
of drug absorption and knowledge on
pathogen invasion in the gut and on
intestinal diseases, helping us design
better drugs.

Activity 1: Amazing gut race
A modified version of a roll-and-move board game – where students play
as ‘nanoparticles’ travelling along the gut and learning about different
obstacles they face with drug delivery.

Instructions
Roll the dice and move the corresponding number of squares. When you
land on a coloured square pick up a card corresponding to that colour.
Brown corresponds to the esophagus; green corresponds to the stomach
and blue the small intestine. The aim of the game is to land on a red ‘M’
cell. These cells are special absorptive cells found in the small intestine.
Materials:
• Original board game
• Dice
• Player tokens
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Whoops. The researchers
forgot to load you with the
drug! Go back to the start

You won second prize in
a drug loading contest.
Move forward 5 spaces.

Good news! You were
ingested with food.
Move forward 4 spaces.

Oh no! You got coughed up.
Move back 4 squares.

Whoops.
You have poor drug loading.
Go back to the start.

Oh no! You got coughed up.
Move back 4 squares.

Congratulations. You are
riding the peristaltic wave.
Move forward 6 spaces.

Whoops. The researchers
forgot to load you with the
drug! Go back to the start

Congratulations. You are
riding the peristaltic wave.
Move forward 6 spaces.
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Whoops. You dissolved
in the stomach acid.
Move back 3 spaces.

Whoops. You dissolved
in the stomach acid.
Move back 3 spaces.

Congratulations. Your
acid-resistant coating
helped you move
4 squares forward.

You released your cargo
too early. Go back to
the start.

Congratulations. You
received special packaging
to help you through.
Move to square 27.

Congratulations. You
received special packaging
to help you through.
Move to square 27.

You found a stomach ulcer
caused by Helicobacter
pylori. Go back 3 spaces.

Digestive enzymes
destroyed your cargo.
Go back to the start.

Whoops. You dissolved
in the stomach acid.
Move back 3 spaces.
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You got stuck in a piece
of corn and couldn’t be
absorbed. Move back
4 spaces.

Good news! You received
a targeted coating.
Move forward 3 spaces.

Can you see the M-cell?
Move forward 1 space.

High fibre meal caused
some strong peristaltic
movements. You were
carried to square 52.

You got stuck in a piece
of corn and couldn’t be
absorbed. Move back
4 spaces.

Digestive enzymes
destroyed your cargo.
Go back to the start.

Whoops. You got stuck
in the mucus. Miss a turn.

Good news! You received
a targeted coating.
Move forward 3 spaces.

Oh no!
You have been excreted
out to the large intestine.
Go back to the start.

Activity 2: Find your target (cell pong game)
Another game to further explain the concept of targeted drug delivery to students.
Nanoparticles are represented by ping pong balls and students will have to target
different organs and cells or cell organelles. Researchers are working on targeted
cancer nanomedicines that can target specific tissues and cells, which helps reduce
unwanted side effects.

Instructions
Place the picture boards so that the different organ/cellular levels are progressively
harder to target. Students will have to throw ping pong balls (‘nanoparticles’) at the
liver tumour, once they have hit the target they then need to move to the cellular
level and target the cancer cells. After hitting the cancer cells the student then
moves to the sub-cellular level to target specific parts of the cell and kill the cancer.
Materials:
• Original picture boards in the shape of different target organs
• Ping Pong Balls
• Cups or holders to capture ‘particles’
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Targeting tumor in the liver
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Cellular level – Targeting cancer cells
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Subcellular level – targeted delivery
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ENDOCYTOSIS: A JOURNEY TO THE CELL!
Have you ever wondered how particles can get inside the cell, without rupturing its membrane? Cells have
bulk transport mechanisms, termed “endocytosis”, to uptake large particles by engulfing them with their
membrane. There are different endocytosis pathways, but all of them follow a similar basic process. First, the
cell membrane forms a pocket around the material. The pocket then buds off inside the cell to form a vesicle,
or fuse, with the membrane to move the substance across.
Endocytosis is important for the uptake of drugs and nanoparticles. Once the
material internalises, it might be degraded in vesicles, or it can escape from
vesicles to cytoplasm. It is important to design the nanoparticles in a way that
after internalisation, they escape from the vesicle and go to the cytoplasm to
release their cargo.
Our researchers have developed many sensors to track the nanoparticle’s
journey inside the cells. These sensors work like a GPS and give us the exact
location of the nanoparticles! We can design them to fluoresce when they arrive
at our site of interest; for example, in this diagram the sensor is designed to emit
red fluorescent when the nanoparticle escapes from the vesicle to the cytoplasm.
We have also made a virtual reality (VR) model of the cells using serial images
captured by electron microscopy. This 3D model allows us to explore and
interact with a “real” cell.

Activity 1: Nanoparticle vs Cell
Instructions
1. Have the class stand to form 2 groups:
– Group 1, “nanoparticle” group: have a group of 2-3 students to
stand in a small circle and hold hands.
– Group 2, “cell” group: have the students stand in a large circle
and hold hands to form a cell membrane.
2. Now ask the nanoparticle group to enter the cell.
Cell group should not let go of each other’s hands.
The nanoparticle group can’t bend down or
jump inside the large circle! The cell group
can’t raise their hands! Tell the students
they will need to work together
cooperatively to accomplish this task.
3. Give the students about 5-10 minutes
to try, before going to activity 2.
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Activity 2: Virtual Reality
Watch the VR videos of cellular uptake of materials in the links below. Then, ask the students to repeat activity 1 and
play the endocytosis.
Movie 1. The cell paddock puts the user on the surface of the cell and demonstrates different mechanisms by which
nanoparticles can be internalised into cells. http://bit.ly/JTCCpaddock
Movie 2. The cell cathedral takes the user inside the cell and allows them to explore some key cellular compartments,
including the mitochondria (red), lysosomes (green), early endosomes (light blue) and the nucleus (purple).
http://bit.ly/JTCCcathedral
Note: Our award-winning Journey to the Centre of the Cell PC-VR experience is also available for free download at
https://3dval.itch.io/jtcc. This VR is designed for the HTC Vive but is also compatible with other SteamVR headsets
(eg. Oculus Rift).
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Part 3: Laboratory Experiments
SWEET SELF-ASSEMBLY
This activity showcases the creation of macrocapsules using self-assembly techniques, giving you an idea of
how scientists create nanomaterials for drug delivery.
Alginate Beads
Sodium alginate, a seaweed extract, is a common thickening agent found in
products such as syrups, ice cream and fruit filled snacks. Alginate molecules
are long and stringy and have multiple negative ions. Sodium (Na+) bonded
to the alginate has a positive charge, which balances out the negative charge
of the alginate. When the sodium alginate solution is dropped into a bath of
calcium chloride (a type of salt), the calcium ions (Ca2+) replace the sodium
ions due to the result of a chemical reaction. This reaction causes the long
chains of alginate molecules to form a gel and self-assemble creating capsules
or beads. This process is used extensively in molecular gastronomy, a new
branch of cooking. In molecular gastronomy, chefs will mix a variety of flavours
to create “fake caviar.”

Self-Assembly and Nanotechnology
Self-assembly is a process by which molecules and cells organise themselves
into functional structures. This happens millions of times a day in a variety of
ways. In fact, all living things, including human beings, contain structures that
are self-assembled. A prime example in humans is the construction of DNA
(our genetic makeup). Genetic codes and sequences guide the process
of self-assembly, which occurs under specific conditions. Nanotechnologists
use self-assembly for the creation of nanocapsules, which is a nanoparticle
with an outside shell and hollow interior. The interior can be filled with several
different substances. These nanocapsules, also referred to as “smart drugs”,
can be used to create a more targeted drug delivery system.
We have used microfluidic devices in the lab to make alginate nano- and
microparticles in a controlled way for drug delivery. These particles are formed
by a pinched flow (pressure at the pinch segment) of sodium alginate (and
cargo i.e. a drug) with oil, which causes tiny droplets of alginate to form.
The bollard design causes rapid mixing in the micron scale channel which
means the particles end up being the same size (which is important for drug
formulation). The droplets then leave the device and enter the calcium chloride
bath (just like at the macro stage) where the drops harden into particles.

Self-assembled alginate beads
(microcapsules).

Alginate nanoparticles containing a cancer
drug within their hallow interior.

Microfluidic device design used at the
University of South Australia for fabrication
of nanoparticles and microparticles.
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Activity 1: Sweet Self-assembly
Materials:
• Sodium alginate solution (1/2 teaspoon in 1 cup of water) coloured with food
colouring
• Calcium chloride solution (3/4 teaspoon in 2 1/4 cup of water)
• Saturated sodium chloride solution (excess sodium chloride in water)
• Strainers
• Bowl (or cup)
• 1 mL pipettes (or plastic syringe)

Instructions
1. Fill a small bowl with the calcium chloride solution and place the strainer on top of it,
ensuring the strainer is immersed in the solution.
2. Using a 1 mL pipette, draw up some of the coloured alginate solution of your choice.
3. Add drops of the coloured alginate solution into the strainer sitting in the bowl of
calcium chloride solution.
4. See the magic happen instantly! You will see the alginate self-assemble into
alginate macrocapsules! Try squirting the solution to make alginate worms!
5. Take the alginate macrocapsules out of the solution to touch and feel them! They
will burst if you squeeze them! The macrocapsules have a hollow liquid interior.
Scientists can load drugs inside these macrocapsules to make smart medicines!
6. Drop the alginate macrocapsules into the saturated
sodium chloride solution to reverse the reaction
and watch the macrocapsules dissemble
and fall apart.
Reference:
http://bit.ly/cbnssweetassembly
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SLIMY BUGS AND SUPER DRUGS
Bacteria are everywhere!
Bacteria are very small (<5 micrometres) and grow profusely everywhere,
especially on the human body. While the good bacteria keep us alive, there
are many bacteria that pose a huge threat to human health. Detergents and
antibiotics are used to fight bacteria but unfortunately, a lot of antibiotics don’t
work anymore. This is because of antimicrobial resistance, where bacteria
outsmart currently available antibiotics.

Biofilms
While bacteria have become smarter, some have adapted to exist in
populations/communities where they don’t just grow as single cells. They
normally live in communities called biofilms where they are protected by slime.
Because of the slime and the community network of bacteria, our antibiotics
rarely work on biofilm bacteria, leading to life-long infections! Biofilms are
everywhere (e.g. on your teeth) and cause infections in wounds, sinuses,
bones, and lungs. Our research is focused on developing new medicines to
kill biofilms. We formulate old and new antibiotics using nanomedicine, which
can efficiently improve the activity against biofilms.
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Bacterial biofilm with protective slime

Experiment 1
Growth on Agar Plate
Lysogeny broth (LB) with 3% salt content (25 mL in each petri dish),
composed of:
• Yeast extract

5g

• Agar

15 g

• Tryptone

10 g

• NaCl

30 g

• Water

1L

1. Retrieve a small amount of V. fischeri from -80°C stock and streak
out on an agar plate, prepared using the above composition.
2. Incubate the plates for 24-36 hours for peak luminescence.
Note: Incubation on bench (room temperature) in dark setting
was optimal previously.

Growth in Broth
LB Broth (Double Strength, no salt)
NaCl solution – 4% final concentration
1. Inoculate 1-2 colonies for bacteria from the agar plate in the broth.
2. Incubate for 24-36 hours at 25°C (Do not put-on shaker).
Note: Luminescence of bacteria in broth is dependent on volume of broth,
optimal volumes are 200 mL in a 500 mL vessel. If cultured broth is 2 days
old, add 50 mL of fresh broth to the bottle and incubate for 4 hours.

Experiment 2
Bacteria are ubiquitous – meaning they can be found
everywhere. In this experiment, you will be doing a swab
test on item that we touch every day from different
locations and streak them on an agar plate to see the
different types of bacteria present on these surfaces.
Don’t be surprised by the types of bacteria you can
find on the surface of your phone!

3. Incubate the plate upside down at 37°C and observe
the growth of bacteria after 2-3 days.

Instructions

To make this experiment even more interesting, you can
collect samples from the same location after sanitising
the surface to compare the effect of antibacterial wipes/
sanitiser on bacterial growth. To do this, you can divide
your agar plate in two parts (before and after sanitising).
After finishing step 2, use an antibacterial wipe to wipe
down the surface of interest. Using a different sterile
cotton swab, collect a sample on the cleaned surface and
streak out gently on the other half of your agar plate.

Prepared Tryptic Soy Agar Petri Dishes (can be readily
purchased online)
Sterile cotton swabs
1. Lightly dampen a clean cotton swab with water and
roll it on surface of interest (door knobs, bathroom
sink, phone case, etc.). Ensure the entire cotton swab
has been in contact with the surface area of interest.
2. Using the ‘contaminated’ cotton swab, lift the lid of a
clean agar plate and lightly streak a pattern (squiggly
line) across the plate. Replace the lid and label the
plate with your name, item tested and date.

4. Make observations of what you see in your agar plates
and compare your results with your friends. Which
locations has the most abundant bacterial growth?

Bonus:

Is there a difference in bacterial growth before and after
sanitising the surface? Discuss your results.
Note: Ensure all cotton swabs and petri dishes are
disposed appropriately.
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IT’S A BIO-NANO WORLD!
Bio-nano is all around us and is becoming increasingly used in everyday life. Hydrophobic nano-coatings are
used in everyday applications (e.g. mobile phones and clothing) as well as in research applications such as
device fabrication and drug formulation.
Hydrophilic or ‘water loving’ are polar or charged molecules
which are attracted to water e.g. alcohol.
Hydrophobic or ‘water repelling’ are non-polar molecules
which are not attracted to water e.g. oil.
Surfaces are classified depending on their contact angle,
which is a measurement of the interaction energy between
the surface and the liquid.
Nano-structured surfaces can have peculiar wetting
properties. The interplay of chemistry and nano-topography
produces a superhydrophobic effect. Scientists are
engineering materials to be superhydrophobic and require
less cleaning for everyday applications such as paints,
coatings, textiles and solar panels using nanoparticles.
These nano-coatings may also be used for mobile phones
and shirts, protecting them from getting wet!
Altering the hydrophobicity is also important for many
research applications. As “like dissolves like”, if a drug is
hydrophobic, it will not dissolve in the aqueous contents of the
body. This means that it will not be available for absorption into
the blood stream and therefore, will not have its desired effect.
To improve the performance of drugs, we can first dissolve
them in a hydrophobic carrier, such as oil. The drug no longer
needs to dissolve in water, it can rapidly be absorbed into
the blood stream, where it can now work much faster.
You can show the students some everyday objects
and examples seen in nature and animals that involve
nanoscience and explain how they work. You are able to
show examples of different hydrophobic and hydrophilic
surfaces and how we use nanoscience to change it. You
can demonstrate how hydrophobic nano-coating can
waterproof t-shirts and mobile phones.

Superhydrophobicity is found in Nature (Lotus Effect®)
such as in legs of a water strider, or the wings of a butterfly.
Lotus-effect has revealed the presence of nanocrystals on
the leaf surface.

Activity
Materials:
• Different hydrophobic and hydrophilic surfaces: glass slide, uncoated plastic,
petri dish, parafilm coated petri dish, petri dish covered in aluminum foil
• Different food colouring and water
• Plastic Pasteur pipettes
• Nano shirt (can be purchased online)
Method:
1. Display the different surfaces and the nano-shirt.
2. Allow the students to drop the food coloring onto the
different surfaces and ask them to guess which one
is most hydrophobic.
Note: If the shirt becomes too wet, it will ‘saturate’ and no
longer work. You will need to wait for it to dry.
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NYLON ROPE TRICK
This experiment serves to demonstrate the production of synthetic polymers, which are used to produce
nanomedicines. In this experiment, an interfacial polymerisation is conducted between decanedioyl dichloride
in cyclohexane and 1,6-diaminohexane in water. Since the cyclohexane and water are immiscible, the reaction
occurs at the interface between the layers, which is the only point where the chemicals necessary to produce
nylon can interact and react to form the nylon polymer. This boundary layer can be extracted into an extremely
long thread – the ‘nylon rope’.
Safety:
This practical experiment utilises
moderately corrosive chemicals that
can cause irritation to the skin and
respiratory tract if handled improperly.
Students conducting this experiment
should be instructed to always wear
appropriate personal protective
equipment (PPE) consisting of nitrile
gloves and safety glasses. This
experiment should be done in a
well-ventilated area, or a fume cabinet,
away from any ignition sources.
Waste Disposal:
Waste solutions should be added to
separately labelled waste containers
and disposed of in accordance with
your local regulations.

Activity
Materials:
• 25 mL beaker

• 50 mL of deionised water.

• Tweezers

• Optional:
– Retort stand with clamp
– Plastic pasteur pipettes

• 2.2 g of 1,6 diaminohexane
• 1.5 g of decanedioyl dichloride
• 50 mL of cyclohexane
Method:

1. Dissolve 2.2 g of 1,6-diaminohexane in 50 mL deionised water.
– Optional: Add food colouring to this solution to make the nylon thread
coloured!
2. Dissolve 1.5g of decanedioyl dichloride in 50 mL of cyclohexane.
3. Pour 5mL of the 1,6-diaminohexane solution into a 25 mL beaker.
4. Carefully pour or pipette 5 mL of the decanedioyl dichloride solution
onto the top of the 1,6-diaminohexane solution. The layers should remain
separate.
– Optional: Place the beaker into the retort stand and clamp.
5. Using tweezers, reach into the beaker and grab the layer where the
water and cyclohexane form a boundary, gently pulling this layer upwards
and out of the beaker. This should form a thin thread of nylon that can be
wound around the tweezers.
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INSTANT SNOW
The instant snow experiment allows us to explain the concept of absorbent polymers as well as their use in
everyday life applications. This experiment involves adding water to the cross-linked molecules of the sodium
polyacrylate polymer, and observing the formation of small, fluffy clusters that do not cling to surrounding
clusters and appears as a powdery snow. Depending on the quality of the polymer used, sodium polyacrylate
can absorb as much as 1000x its mass in water!
This experiment can be used to explain
the concept of hydrogen bonding,
since hydrogen bonding between
the water molecules and the sodium
polyacrylate is what causes the large
increase in volume via absorption.

Activity
Materials:
• Sodium Polyacrylate
• Food Colouring

• 250 mL Beaker or
Disposable Cup

• Water

• Plastic Spoon

Method:
Add a small amount of sodium polyacrylate into a beaker or cup
(approximately 1 tablespoon). If coloured snow is desired, simply add a few
drops of food colouring directly to the sodium polyacrylate and mix well.
Add one cup of water to the beaker containing the sodium polacrylate and
mix well to combine.

COATING OF OBJECTS WITH METAL-PHENOLIC FILMS
A simple experiment demonstrating the fast (less than 1s) coating of everyday objects with a purple, 10 nm
metal-phenolic film. This is achieved by simply dipping any object into a tannic acid solution followed by
addition of iron chloride solution into the tannic acid solution. The mixture instantly becomes purple as the
metal-phenolic nanocomplexes form and deposit on the object. Porous objects like paper will become purple,
but non-porous objects like glass won’t show the color at all because the nanofilm is too thin to be seen by
the naked eye. An indirect way to see the nanofilm on glass, is to put a drop of water on the glass, and if the
water spreads easily, the nanofilm is present.

Activity
Materials:
• Tannic acid solution (roughly
40 mg/mL)
• Iron (III) chloride solution
(roughly 10 mg/mL)

• Water
• 250 mL Beaker or
Disposable Cup
• Objects to be coated

Method:
Add the tannic acid solution into a beaker or cup, and then place the
object in. Add an equal amount of iron chloride solution and mix. The
metal-phenolic film is deposited instantly. Remove the object from the
beaker and rinse with water. You can try to dip objects into the purple
metal-phenolic solution, or use it as an ink (see next page).
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USING METAL-PHENOLIC NETWORKS AS INK
Metal-phenolic solution can be used as an ink for writing with Pasteur pipettes used as the ‘pen’. This has
historical tie-ins as Newton and Galileo would have used similar inks and it is a really easy way to see the use
of nanomaterials in everyday life.

Activity
Materials:
• Tannic acid solution (roughly 40
mg/mL)
• Iron (III) chloride solution
(roughly 10 mg/mL)

• Water
• 250 mL Beaker or Disposable
Cup
• Paper

Method:
Mix equal amounts of tannic acid solution and iron chloride solution (or use
the left-over solution from the experiment above). The metal-phenolic ink
is ready to be used for writing and drawing. But be careful
because ancient inks are a lot harder to
write with than modern inks!
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NANOPARTICLE MATERIALS AT A TINY SCALE – FERROFLUIDS
Ferrofluid is made of iron oxide (Fe3O4) nanoparticles (NPs) but how do they defy gravity, and what makes
them so spikey? The liquid becomes highly magnetised in the presence of a magnetic field. Ferrofluids take a
distinctive ‘spikey’ shape due to the small size (only 10-20 nm) of the magnetic nanoparticles. Once the field
is turned off, the particles return to a random alignment.

Ferrofluid in action

The benefits of this research:
In medicine, ferrofluids are used as contrast agents for
Magnetic Resonance Imaging (MRI) and can be used for
cancer detection. The ferrofluids are composed of iron oxide
nanoparticles and are called SPIONs, for “Superparamagnetic
Iron Oxide Nanoparticles”.

Activity
Materials:
• Ferrofluid
• Strong magnet
• Long test tube or vial
Caution: ferrofluids easily stain surfaces and are
difficult to remove from skin and fabrics. Keep
ferrofluid off the magnets.

Method:
1. Transfer a small amount (approximately
1-2 mL) of ferrofluid into a glass
tube or vial
2. Using a strong magnet on the
outside of the tube, manipulate
the position of the ferrofluid.
This demonstrates how the
position/arrangement of ferrofluid
is influenced by a magnetic field.
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In electronic devices, ferrofluids are used to form liquid seals
around the spinning drive shafts in hard disks. The rotating
shaft is surrounded by magnets. A small amount of ferrofluid,
placed in the gap between the magnet and the shaft will
be held in place by its attraction to the magnet. The fluid of
magnetic particles forms a barrier which prevents debris from
entering the interior of the hard disk drive.

VIEWING FLUORESCENCE
Fluorescence is the phenomenon where a material absorbs light of a certain colour and then emits light of a
different colour with a longer wavelength.

Difference between fluorescent highlighter ink and regular ink.
Public Domain Image, source: Christopher S. Baird

Different fluorescent compounds.
Image credit: www.chromedia.org

Fluorescent highlighter ink is unusually bright because it converts some of the
incident ultraviolet light that is invisible to humans into visible light. A fluorescent
object looks like it is glowing mysteriously on its own when it is illuminated only by
ultraviolet rays in a dark room (as seen by highlighters containing fluorescent ink).
An incident radiation (such as UV light), excites the atoms in the fluorescent dye,
causing an electron to enter an excited, less stable state. Almost instantly, the
electron returns to its original energy level, emitting a longer wavelength of light
than the incident wavelength, which may be in visible spectrum.
Fluorescent chemicals are also sometimes added to paper, posterboard, paint,
and clothing to make them appear unnaturally bright. Fluorescence in this context
is often informally called “neon colours”.
Applications in bio-nano research and microscopy:
- Fluorescent microscopy
- Flow cytometry
- Detection and tracking of cells/organelles, proteins, RNA & DNA
- Labelling and tracking of nanoparticles

Fluorescent images of antibody stained blood vessels,
fluorescently labelled cancer cells captured on a fluorescent
microscope and immune cells seen by flow cytometry.
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VIEWING FLUORESCENCE (continued)

Activity
Materials:

Method:

• Fluorescent coloured
highlighters

1. To remove dye from the highlighters, remove
the lid and soak the ink tip in a container
of water (see picture below). If water is not
removing the dye, you can also use ~50%
ethanol.

• Glass vial or plastic container
(e.g. 10 mL glass vial or 50
mL specimen pot)
• Water
• UV light or laser pointer (can
be purchased online)
• Tonic water
• Bleach

2. Prepare an approximate 10% solution
of fluorescent dye in water. The original
solution may be too concentrated to
produce the best fluorescent visualisation.
3. Pour some tonic water (contains quinine) into 2 separate vials or containers.
Did you know: in the 1800s quinine was added to tonic water to prevent
malaria in British soldiers stationed in India.
4. Shine a laser pointer/UV light
into the mixtures to see them
glow. You will notice a colour
change between the incoming
light colour, the colour of the
liquid and the outgoing light
colour.
5. For the tonic water, shine a laser
pointer/UV light at both vials.
Add bleach dropwise until the
solution is no longer fluorescent

Fluorescent tonic water with
dropwise addition of bleach. Bleach
is an oxidising agent which breaks
the carbon-carbon double bonds
necessary for fluorescence to occur.
Once these bonds are broken, quinine
can no longer absorb UV light and
emit blue light.

26 Bio-Nano Activity and Practical Guide

Answers to Classroom Quiz
1. (c) 2.5 Nanometers
2. (a) One billion
3. (a) True
4. (b) True
5. The study of extremely small things, at a nanoscale level.
6. Examples could be DNA molecules (carries our genetic
information), exosomes (used for cellular signaling), insulin
(hormone that regulates glucose level in our body), etc.
7. Nanoparticles containing drug for cancer or infectious diseases,
organoid models to understand cellular interaction with
nanomaterials, etc.
8. Nanoscience is still a new and growing field – requires more
research for complete understanding. Our body can naturally
fight nanoparticles delivered which makes it challenging
for the delivery of nanoparticles containing drugs.
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