T-Shirt Tie-Dye

dm PROPERTIES OF MATTER yﬁﬂlc SOLUBILITY
Estimated Time © Setup: 5 minutes; Procedure: 15 minutes

OVERVIEW

Students draw colorful designs on fabric and transform them into a permanent tie-dye pattern
using rubbing alcohol.

In this activity, students explore that some solutes are only soluble in specific solvents. In this
case, students draw designs on a T-shirt using permanent marker, which is not soluble in water.
But when rubbing alcohol is added to the design, the ink easily dissolves and spreads
throughout the fabric. Once the shirt is dry, the permanent tie-dye design of the markers will
remain on the shirt even after washing!

INQUIRY QUESTIONS

Getting Started:
What happens if a dye is absorbed by a solid?

Learning More:
How can we dissolve “permanent” dyes?

MATERIALS

For one setup:

White T-shirt or fabric swatches
(10 x 10 cm or larger)

Permanent markers of assorted
colors

Isopropyl rubbing alcohol
(70% or stronger)

Cup with at least an 8-cm wide
opening

Eye dropper or pipette

Rubber band

Cup of water

Optional materials:
Bounty® paper towels

Diving Deeper:
On a molecular level, what factors determine solubility?

ACTIVITY NOTES

This activity is good for:

CONTENT TOPICS
This activity covers the following content topics: properties of matter, solubility, mixtures,
absorption, polarity, diffusion

This activity can be extended to discuss: chromatography, separation techniques

NGSS CONNECTIONS

This activity can be used to achieve the following Performance Expectations of the
Next Generation Science Standards:

2-PS1-2: Analyze data obtained from testing different materials to determine which
materials have the properties that are best suited for an intended purpose.

5-PS1-3: Make observations and measurements to identify materials based on their
properties.

MS-PS1-1: Develop models to describe the atomic composition of simple molecules
and extended structures.
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Individuals
Advanced students

Safety Tips & Reminders:

Permanent marker can easily stain
clothing or skin. We recommend using
gloves and an apron or lab coat for this
activity and putting a plastic tablecloth
or newspaper over the work area.

The T-shirt pieces will take some time
to dry; do not remove them from the
cups until they are completely dry.
Rubbing alcohol is poisonous if
swallowed, flammable, and emits
fumes once opened—which is why we
recommend using pipettes and not
having open containers! Be sure to do
this activity in a well-ventilated area
and with adult supervision.

If you don't want to use a whole
T-shirt, you can use white fabric
squares to demonstrate this activity.
Review the Safety First section in
the Resource Guide for additional
information.
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ENGAGE %

Use the following ideas to engage your
students in learning about solubility:

Show a video of the tie-dying
process. Students can take notes on
how it is done, what is done to create
different patterns, the chemistry of
the dyes, and how they might
preserve the colors on the fabrics.

Start with a problem: You
accidentally got permanent marker
on your clothing! How can it be
removed or made less noticeable?
Students can try different solvents
and see what works best.

Hand out fabric squares with spots
of permanent marker already drawn
in the middle. Layer the different
permanent marker colors on these
spots beforehand, and see if
students can guess which colors are
present. They can test their
predictions in the activity as the
colors move and spread.

See more ideas for engagement in the
Solubility Background section! You can
also look at the Elaborate section of
this activity for other ideas to engage
your students.

EXPLORE 4

Procedure:
1. Place a single layer of T-shirt or fabric square over the mouth of the cup.

2. Stretch the fabric so it is taut and secure it to the cup with a rubber band over
the opening.

3. Using the permanent markers, draw designs onto the fabric over the opening.

4. Using the eye dropper or pipette, place 5-10 drops of water on the design.
Observe and record what happens.

5. Repeat steps 1-3 with a new area of the shirt or a new fabric square. This time,
use the eye dropper to place 5-10 drops of alcohol at a time on the new design.
Observe and record what happens.

N~

Notes#'

Fun Facl H#1

If you ever have a dried-out

permanent marker, it can be revived
by dipping the tip in alcohol!
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DATA
COLLECTION
& ANALYSIS @

Analyze and discuss the results
of this activity using the following
questions:

» What happens when a marker is
used to draw on a T-shirt or fabric
square?

* Make a prediction: What will
happen if water is added to the
design? What about alcohol?

» What happens to the ink designs
when you add drops of water?

» What happens to the ink designs
when you add drops of alcohol?

* Did the water and alcohol cause
similar or different changes?
Why do you think they behaved
that way?

Notes ¢

EXPLAIN ®

What’s happening in this Activity?
First review the Solubility Background section to gain a deeper understanding of the
scientific principles behind this activity.

Permanent markers—also known as “waterproof markers”—contain dyes composed of a variety
of compounds that form a permanent surface layer when writing. Unlike regular markers, which
can be removed from clothing and skin with soap and water, permanent markers are only
removable with certain organic solvents and cleaners.

When you touch the tip of a marker to a T-shirt, you will see the marker “bleed” into the fabric.
If you look closely, you can watch as it spreads thread-by-thread from the tip of the marker to
the surrounding area of the fabric. This process is called absorption, which is when atoms or
molecules are taken in by another substance; the latter substance can be a solid, liquid, or gas.
The absorbed substance is spread throughout the absorbing matter, like when a kitchen sponge
soaks up water. In the activity, the dye in permanent markers was absorbed by the T-shirt, but
the colors only spread a limited distance at first.

Solubility is a physical property that describes the ability of one substance (the solute) to
dissolve in another substance (the solvent) to create a uniform solution. A substance that
dissolves in another substance is soluble in that substance. If a substance does not dissolve
in another substance, it is insoluble. For example, salt is soluble in water, but butter is insoluble
in water.

The dye in permanent markers is soluble in certain solvents, like rubbing alcohol. When rubbing
alcohol is added, the dye dissolves within the alcohol. As the T-shirt absorbs the alcohol and
it travels though the shirt material, the dye from the permanent marker moves a farther distance
as well. This is because the dye is dissolved in the alcohol, which pulls the dye throughout the
shirt as it spreads. When the alcohol evaporates, the dye remains spread throughout the T-
shirt. The T-shirt can then be washed without changing the pattern because the dye from the
permanent marker is still not soluble in water.

On the other hand, washable markers are soluble in water, meaning that they dissolve in water.
If you tried to tie-dye a T-shirt with washable markers, the colorful design would be washed
away once the shirt was washed. The dye in permanent markers like the ones used in this
activity is insoluble in water. This is why you did not see any change when you dropped water
on the first design: the water moves through the cloth, but the dye stays in place.

Diving deeper into solubility, we may wonder why some dyes are soluble in water and some
are only soluble in alcohol. The reason for this is based on polarity, which describes how
charges are distributed throughout a molecule. If a molecule is polar, there are slight
positive and negative charges on opposite ends of the molecule. (Think of it like the North
and South Poles of the Earth!) This is because electrons are shared unequally throughout
the molecule. An example is a water molecule (H,0) where the oxygen has more electrons
than the hydrogen atoms, so the molecule has slight charges on each end: negative near
the oxygen, and positive near the hydrogens. Rubbing alcohol—isopropyl alcohol or
ethanol—has a different molecular structure than water, so its charges are distributed
throughout the molecule in a different way. Although isopropyl alcohol is polar, it is not as
polar as water.

In chemistry, “like dissolves like,” meaning that nonpolar solutes can be dissolved by
nonpolar solvents, and polar solutes can be dissolved by polar solvents. A nonpolar solute
cannot be dissolved by a polar solute, and vice versa. Washable marker ink is polar, so it
can be dissolved by water, which is also polar. Permanent marker ink is dissolved by a
solvent that is closer to its polarity than water is, such as alcohol.
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EXPLAI N ® continued

Differentiation for
Younger or More
Advanced Students

You can differentiate this activity for
students of different grade levels by
focusing on the concepts outlined below.

GETTING STARTED

For younger students, emphasize
the following concepts:

« Solutions and mixtures

* Process of absorption - one
substance is taken in by another

* Basics of solubility

DIVING DEEPER

For more advanced students,
emphasize the following concepts:
* Solubility - dissolving solutes in
solvents
* Factors affecting solubility,
including polarity of solutes and
solvents
* Polarity and molecular structures
of molecules

Notes ¢

ELABORATE ©

Elaborate on your students’ new ideas and encourage them to apply them to different
situations. The section below provides some alternative methods, modifications, and
extensions for this activity.

* If you do not wish to do a T-shirt tie-dye experiment, you can simply use a
Bounty® paper towel to achieve the same results and teach the same lesson.
Simply lay the paper towel on a surface that will not be ruined by the ink and make
a design. Then, add the alcohol and observe. Likewise, smaller pieces of cloth can
be used to create bandanas or wrist bands.

* Want the fabric to dry faster? Set up a fan station in the room or have students put
their designs next to the windowsill.

* What do you think would happen if you used washable markers instead of
permanent markers, and why? Try it out, using both alcohol and water for solvents.

* Test how different colors respond to the alcohol. Set up the experiment in different
parts of the shirt or various fabric squares and try one color in each: draw the same
design, let it dry, and then add the same amount of alcohol to each example.
Do the colors move differently? Why do you think that happens?

* Try the experiment again using different types of solutes (markers). Which markers
can be absorbed by water only? Alcohol only? Both alcohol and water? Neither
alcohol nor water? Why?

* As the colors spread, did any separate into more than one color? Look closely at
the different edges. If so, what colors? Why do you think this happens?

* Why do some dyes separate into different colors? Check out the Mysterious
Mixtures Activity Guide and learn more about this process!
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CHEMISTRY EVALUATE

I N ACTI O N 9 * There are lots of other “hacks” on how to remove permanent marker from a variety
Share the following real-world connections of surfaces. Students can look up each technique and present the science of the
with your students to demonstrate how removal to the class, along with a demonstration!

chemistry is all around us. . .
* Ask students to research different common clothing dyes. Where do they come from?

Real-World Applications How are they applied to materials? How do we ensure they don’t come off after each
wash? How can detergents effectively remove dirt without removing dyes?

Have you ever accidentally drawn on
a whiteboard with a permanent
marker instead of a dry erase marker?
You can remove the permanent
marker by simply coloring on top of it
with a dry erase marker! Some of the
components from the dry erase
markers dissolve the components
from the i —
permanent

marker,

making it

easy to

remove the

permanent

marker

drawings >
from the NOtes 4

board.

Fun Facl H2

The smell of rubbing alcohol might bring back some memories of the doctor’s

office: it is used to clean the skin before an injection or taking blood. This is
because it kills bacteria on contact, making it safe to do an injection
without pushing bacteria into the bloodstream. Because of its disinfectant
properties, rubbing alcohol is used in a number of cleaning products.

There are many different
types of paint. In the past,
the most common type of
paint used in art was
oil-based, which contains
a high amount of organic,
nonpolar solvents and is
not soluble

in water.

Careers in Chemistry

e Chemists can develop paints and dyes
with various properties by changing their
composition. Water-based paints and
dyes are easily washable and removable.
On the other hand, oil-based paints and
dyes can have water-resistant qualities
that can be useful for painting buildings,
walls, and everyday objects to make
them water-proof.
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