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Polymer demonstrations have become increasingly
important within science, technology, engineering, and math B e
education curricula. These demonstrations not only afford the “
opportunity to introduce students to polymers but also provide an
avenue to educate students about the impact polymers have on the
planet. Despite the educational value and recreational enjoyment
polymer demonstrations can provide, there are serious health and
environmental hazards associated with some of the historically
common polymer demonstrations that should be addressed. This J
Perspective describes the benefits and consequences of the
historically common polymer “slime” and “silly putty” demon-
strations and then details alternatives that can replace them.
Finally, a Methods section of healthier and safer polymer demonstrations with detailed protocols is included.
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hazardous chemicals, and the experimental procedures are

Since the introduction of the first synthetic polymer— updated to include those less-hazardous chemicals. In most

Bakelite—in 1907, synthetic polymers and plastics have become
commonplace in the daily lives of billions of people around the
globe due to their wide-ranging properties and utility.' From the
pipes in massive buildings to corrective eyewear, polymers have
become a necessary addition to the global landscape.”” In recent
years, the downside and dangers of specific classes of polymers
have been increasingly made known to both the scientific
community and the general public.”* For example, Geyer et al.
reported that, between the years 1950 and 2015, 6.3 Billion
Metric Tons of plastic waste was produced, but only 9% of that
waste has been recycled.4 Furthermore, 60% of all plastics ever
produced are currently in landfills or can be found as waste
elsewhere in the natural environment.* This waste can do
environmental damage,2 and it is also a threat to human health.’

As the world grapples with the problem of plastic waste,
concerted efforts to utilize “green” methods in the making,

instances this means repackaging old experiments utilizing
different reagents, but in some instances it may mean a total
discontinuation of a popular polymer demonstration. Included
in the group of polymer demonstrations whose use warrants
reconsideration is the making of slime. Although there has been
a massive effort to improve recycling behaviors and to make
polymers from less hazardous and more sustainable sources,"’
the common slime demonstrations have remained a staple for
those seeking to introduce polymers in educational settings
despite their inherent dangers.

Herein, a Perspective is written to urge a movement by the
STEM education community toward polymer demonstrations

that still provide effective educational polymer demonstrations

processing, reuse, and/or disposal of polymer materials are being
pursued. To this end, Paul Anastas and John Warner devised 12
Principles of Green Chemistry.® Included in these principles are
core ideals of preventing waste, carrying out less hazardous
syntheses, and making use of renewable feedstocks. From a
science, technology, engineering, and mathematics (STEM)
education standpoint, in order to achieve such goals a rethinking
of historically common polymer STEM education demonstra-
tions is necessary.”® For this purpose, the Green Reagents and
Sustainable Processes (GRASP) approach has been devised.”
GRASP is a method in which hazardous chemicals within
common experiments are identified and replaced with less-
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but also have a minimal negative impact on human health and
the environment. This Perspective includes a Methods section
that contains protocols for select polymer demonstrations that

can be performed with grade-school students.
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Figure 1. (a) Reaction mechanism for Borax Slime (Adapted with permission from ref 18. Copyright 2015 John Wiley and Sons). (b) An image of

Borax Slime dyed green.

The term “slime” is sometimes used interchangeably with the
term “silly putty.” The trademarked toy Silly Putty belongs to
Crayola LLC, and the product was originally developed as part
of a program to find a cheaper substitute for rubber during
World War IL'" Although the components used to make slime
can also be used to make silly putty, silly putty is commonly
understood to be thicker, less stretchy, and less sticky than slime.
The playtime material known as slime was first introduced by the
Mattel Company in the 1970s."”~"* It quickly became a popular
toy, being found prominently placed on store shelves at major
retailers as well as on several popular children’s television shows
such as Nickelodeon’s “You Can’t Do That On Television” and
“Double Dare.” With recipes similar to that of Mattel’s toy,
making slime with and for children also became increasingly
common within recreational and educational settings. Recently,
on various social media platforms there has been a massive
increase in videos and content that feature step-by-step
instructions on how to make various types of homemade
slime, with more than 1.2 million slime recipe videos featured on
YouTube by 2017.">'°

Perhaps the most basic and common slime recipe is one that can
be made from polyvinyl alcohol (PVA), sodium tetraborate, and
water (Figure 1). This product is sometimes referred to as
Flubber but is herein referred to as Borax Slime.'>"”"® The PVA
is obtained via polyvinyl acetate from “Elmer’s Glue” or “school
glue.” Sodium tetraborate, commonly called borax, is typically
acquired from specific household cleaning agents. Although the
ratios and reagent amounts used vary and are left up to the
discretion of the person making the slime, making Borax Slime
commonly requires adding borax to water in one container and
separately adding school glue to water in another container. The
borax solution and the glue solution are then combined and
stirred until a uniform polymer material is formed (i.e., Borax
Slime). Adjusting the ratios of the reagents gives slimes that vary
in character from slippery and runny to stiff and taut. In addition
to the borax, glue, and water, it is common to add water-based
food coloring to dye the slime any desired color (Figure 1).
Making this glue-based borax slime has become so popular
that in 2017 Newell Brands, which owns Elmer’s glue, had to
increase production of the glue due to consumer demand."” Asa
result, it is common to find school glue for making slime being
sold in dedicated sections of arts and crafts shops and toy
sections at department stores as well as from online distributors.
There are countless variations of the Borax Slime polymer
synthesis, some of which include borax from sources other than
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household cleaners, such as contact lens solution. Additionally,
homemade slime recipes may include shaving cream, shampoo,
baking soda, dish detergent, toothpaste, glitter, iron shavings,
glow-in-the-dark dyes, and shiny or glow-in-the-dark microbe-
ads.

From an educational standpoint, there are numerous valuable
concepts relevant to polymer science that can be demonstrated
by making Borax Slime."” The setting of the slime is indicative of
a two-dimensional linear polymer being transformed into a
three-dimensional network polymer upon addition of the borax.
The chemical mechanism of borax cross-linking can lead to
further exploration and a discussion of appropriate cross-linker-
polymer combinations. Viscosity and other rheological proper-
ties can be studied through straightforward experiments in
which students vary the amounts of borax and glue and evaluate
the products.'” These types of hands-on learning examples are
especially effective in teaching young students how to tailor
reaction conditions to get the material property that they want:
in this case, elastic or oozy. Hydrogen bonding plays a major role
in the formation of Borax Slime, and this fact can be used as a
means to discuss intermolecular forces and/or bond strengths.
Finally, for more advanced students, the physics of fluid flow can
be introduced by explaining that Borax Slime is a shear-
thickening non-Newtonian fluid. Along with a discussion of
what it means for a fluid to be non-Newtonian, the different
categories of non-Newtonian fluids (e.g, shear-thickening,
shear-thinning, thixotropic) can be described, and real-world
examples of these types of fluids (e.g,, corn starch in water,
ketchup, yogurt) can be highlighted.

Unfortunately, for all the many wonderful educational aspects
about making Borax Slime, there are significant consequential
downsides to making it. There is a growing body of research that
shows health consequences of making Borax Slime, including
contact dermatitis and pediatric burns in children.”’*® For
example, playing with slime was determined to be the cause of
pruritic rash and skin discoloration of a healthy 4-year-old
child.*” The symptoms lasted for several days after contact with
the slime, and required a topical steroidal treatment to remedy.””
In another more severe instance, a 10-year-old child exhibited
blisters on the child’s hand and fingers that grew progressively
worse during the course of several days after making Borax
Slime.”® The blisters resulted in limited motion in the child’s
fingers. Ultimately an operation to apply cadaver skin was
needed to repair the damage done to the child’s hand and
fingers. Borax is often noted as the likely cause for these types of
injuries due to its pH of 9 being great enough to cause skin
burns.””** Although useful as a detergent, borax is not designed
to be extensively handled by people and has itself been linked to
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allergic reactions in people outside of the context of making
slime.”” Even more concerning, borax is listed as a category
H360 health hazard in the Globally Harmonized System of
Classification and Labeling of Chemicals (GHS) list. This
classification means that borax is a threat to fertility and
pregnancy according to the GHS.”” Thus, it has been
recommended that gloves be worn when making and handling
Borax Slime. Despite this recommendation, it is common for
Borax Slime to be made with large groups of children without the
use of gloves.

There have been modifications to the Borax Slime protocol
that eliminate borax.’ However, not only is the borax within the
slime a threat to cause physical harm, but also the glue itself is a
threat to cause physical harm. This is because glue can contain
Kathon, which is a combination of methylchloroisothiazolinone
and methylisothiazolinone. These compounds are known
contact allergens and irritants that can cause chemical
burns.?>*”" Therefore, the continued use of PVA in these
types of borax-less slimes still results in polymers with a notable
hazardous component. Although most occasions in which
children make Borax Slime end without physical harm to the
children, there have been enough reports of these adverse
occurrences to warrant significant concern among parents,
educators, and polymer scientists.””

Beyond the health concerns, there are substantial environ-
mental concerns related to Borax Slime waste. Although the
Borax Slime polymer network can be decomposed by adding hot
water to it,"” the disposal of homemade slimes like Borax Slime
typically consists of throwing the slime in the trash, meaning that
the components go unrecycled. The amount of slime being
made and later thrown away is not insignificant, as evidenced by
posted YouTube videos featuring children as well as adult
YouTube influencers throwing away gallons and gallons of slime
by combining several pounds of slime that they made in the past
that they no longer play with or have use for. These videos are
sometimes accompanied by attempts to dissolve the slime with
acidic solutions like vinegar and/or lemon juice in order to
recover additives like beads, and so the slime can be “properly”
disposed of. Despite these disposal efforts, almost all of the
components still end up as waste in trash containers, and any
acidic dissolving solutions also tend to become waste. The
damage this slime waste produces is further complicated by the
various additives (e.g., glitter and microbeads) that they release
into the environment as they decompose in landfills. Both glitter
and microbeads have been shown to be harmful to the
environment and particularly to sea animals.”*’* It is also
worth noting that, while making these slimes is popular with
children, making slime is often unpopular with the adults that
care for the children because slime can stain walls, damage
furniture, get stuck in carpet, and get tangled in hair, and the
slime fabrication processes waste valuable household items.

With polymers being so prevalent, the opportunity to expand the
library of common polymer demonstrations certainly exists. Not
only can numerous other demonstrations be used, but all of
them can be far less hazardous to the health of people and the
environment. Beginning with Alginate Slime, the contents below
highlight multiple viable alternatives to detrimental common
polymer demonstrations (Table 1). Each alternative poses a
minimal threat to human health or the environment, while yet
presenting several key polymer-related educational opportuni-
ties.
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Table 1. Primary Reagents for Educational Topics That Can
Be Used in Safer Polymer STEM Demonstrations

primary reagents educational topics reference(s)
sodium alginate, calcium lactate replacement reactions, 35,36
tissue engineering
sodium alginate, chitosan bioplastics, green 37
chemistry
water, corn starch non-Newtonian fluids, 43,44
rheology
gummy candy, corn starch, biopolymers, polymer 45—48
powdered sugar, cooking oil fillers
oranges, lemon juice, white sugar,  waste valorization, 51
ethanol rheology

One alternative to Borax Slime uses sodium alginate cross-
linked with calcium lactate (or calcium chloride) in water, and it
is designated “Alginate Slime” herein (Figure 2).”***® Sodium
alginate is extracted from brown seaweed and has been used in
numerous creative educational applications™*> ™" as well as a
food additive more generally. In the laboratory, calcium lactate
can be obtained by combining lactic acid with calcium
complexes such as calcium carbonate. From a consumer
perspective, calcium lactate is also a food additive and is
sometimes used as a calcium supplement. Both sodium alginate
and calcium lactate can be purchased in various grocery stores or
online, where they are sometimes packaged together. The
procedure to make Alginate Slime only requires dissolving
sodium alginate in water and, in a separate container, dissolving
calcium lactate in water. The gel (i.e.,, Alginate Slime) forms
upon the addition of the sodium alginate solution to the calcium
lactate solution. The gel formation occurs as a result of the
interaction of the divalent calcium ions with guluronic acid
residues from the sodium alginate.”***” This interaction
features calcium ions encapsulated by two guluronate helix
chains in what is described as the “egg-box model.”* The clear
transparent Alginate Slime product can be altered by adding
food coloring to the sodium alginate precursor solution.
Depending on the method used to introduce the sodium
alginate solution into the calcium lactate solution during the
Alginate Slime synthesis, the resulting gel can take the form of a
large bulk mass, spherical squishy balls, or stringy slime worms.
Because the components are naturally occurring, damage to the
environment is expected to be minimal, and the Alginate Slime
can even be eaten. The Alginate Slime polymer network can also
be decomposed upon addition of a trisodium citrate solution.

From an educational standpoint many of the same concepts
that have been historically taught alongside making Borax Slime
can also be taught when making Alginate Slime. For example,
similar to the transformation of poly(vinyl alcohol) from a linear
two-dimensional polymer into a three-dimensional network
polymer upon addition of the borax cross-linker, sodium alginate
is a linear two-dimensional polymer that is converted into a
three-dimensional network polymer once calcium lactate is
introduced. Also, the cross-link density is affected by the amount
of calcium lactate used, and this impacts the viscosity of the
Alginate Slime. An additional teaching point that making
Alginate Slime provides is the concept of replacement reactions,
because the calcium ions are replacing the sodium ions during
the Alginate Slime formation process. Furthermore, it is known
that alginate gels are pH-responsive and that the interaction of
alginate with calcium salts is pH -sensitive.""** This pH-
responsive nature of alginate opens the door for experiments in
which strong acidic liquids (e.g., lemon juice) can be introduced
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Figure 2. (a) The basic scheme for Alginate Slime formation (Adapted with permission from ref 36. Copyright 2019 American Chemical Society). (b)

Picture of Alginate Slime dyed pink.

as one of the reagents, and students can attempt to make
Alginate Slime. The presence of the strong acid limits calcium’s
ability to cross-link the alginate, resulting in slimes that are softer
than when the reaction solution has a more basic pH. This
presents the opportunity to teach about cross-linker (ie.,
calcium ion) inhibition due to the low pH protonation of the
alginate by the acid. Finally, for advanced students, the
differences between the dynamic-covalent Borax Slime and the
supramolecular Alginate Slime networks can be explored in
greater depth.

One notable difference between Borax Slime and Alginate
Slime that can be used as a teaching tool is in their non-
Newtonian character. Borax Slime is shear-thickening, which
means that it hardens and behaves like a solid when a force is
applied to it, while Alginate Slime is shear-thinning, which
means it behaves more like a liquid when a force is applied to it.
As these teaching points highlight, there is no loss in educational
value in moving from making harmful Borax Slime to making
safer Alginate Slime.

A well-known alternative to making Borax Slime is the addition
of water to corn starch in certain proportions to make a slime
that is sometimes referred to as “Oobleck” (Figure 3)."> Oobleck
is a shear-thickening non-Newtonian fluid that creates an
opportunity to teach about rheology and the physics of fluid flow
as a broader concept.”** Oobleck is easy to make, and it can

Figure 3. Oobleck slime.

readily serve as either a teaching tool or a recreational activity. Of
critical importance is the fact that the corn starch used can be
recovered by drying out the Oobleck, making the corn starch
available for reuse later, thus decreasing the waste from making
this type of slime.

In addition to the aforementioned edible Alginate Slime, there
are numerous other types of edible “slimes” that can be made
from various confections including gummy candies, marsh-
mallows, or peanut butter.*~** The recipes to make these types
of slime often require the use of vegetable oil, corn starch, and/
or powdered sugar to alter the properties (e.g., viscosity) of the
final product. The use of these types of slime may be more
recreational than educational, but there are polymer education
angles that can be discussed. For example, additives and fillers
that alter polymer properties like tackiness can be discussed
alongside industrial examples like additives and fillers that are
used to make different types of rubber (a very common
polymer). Lessons with undergraduate-level students could be
focused on the gelatin used to make gummy candies. Gelatin is
commonly derived from collagen, which is a polymer. This angle
opens the door for discussions of polymers in biological systems
and where biological polymers are used in the food industry.
Although it is not advisible to consume large quantities of these
edible confection-based slimes due to their sugar content, the
waste level and negative environmental impact is mitigated by
the fact that these slimes are edible and compostable.

Departing from the theme of making slime as a means to
introduce polymers to students, there are other demonstrations
that can be performed and important concepts that can be
addressed therein. For example, making simple glues is a way in
which students can learn about the importance of adhesives in
their daily lives, while also learning about polymers (see
Methods). As previously mentioned, gelatin is derived from the
polymer collagen. Combining gelatin with sugar and water in
certain proportions results in a sticky substance that can be used
as an adhesive. Discussions about adhesive polymers affords the
instructor the opportunity to discuss fluids that are polymers.
Also, the time-dependent behavior of this and other glues can be
discussed, as glues can harden on various time scales.

Polymers can be used to teach about osmosis and diffusion
through a simple demonstration using gummy bear candies. In
this demonstration, a gummy bear candy is placed in a liquid
(e.g., water) and allowed to soak in the liquid for several hours.
Once a certain amount of time has passed, the gummy bear will
increase in size if it is permeable to the liquid it was submerged
in. The polymer angle relies on the fact that gummy candies are
largely made of gelatin, which is permeable to certain liquids.
The gummy candies increase in size due to osmosis. Osmosis is a
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passive transport process by which a solvent can move from an
area of high concentration into an area of low concentration by
passing through a semipermeable membrane. Polymers that
function as semipermeable membranes have tremendous
importance in the real world, including in drug delivery and
water purification applications.*””" Submerging the gummy
bears in different solvents and then carefully measuring and
comparing the sizes highlights how effective semipermeable
membranes can be at filtering various solvents. The educational
discussions can be extended by defining diffusion and comparing
diffusion with osmosis. Yet again the use of gelatin allows for the
various discussions previously mentioned.

Waste valorization is the process of recycling waste materials
and repackaging them into more useful materials that contribute
back to society and/or the environment. A principle of waste
valorization is that items historically seen as waste can be
converted into items that have a greater value after their initial
use than the amount of energy it took to produce them for their
initial purpose. There are a number of accessible demonstrations
that can be performed with students that demonstrate and teach
about this important means for decreasing waste. This includes
an undergraduate-level synthesis focused on making a polymer
sol—gel from citrus fruit components and sugar.”’ Oranges are
common across a broad geographic portion of the planet, and
processing them for human consumption (e.g., juice) results in
the disposal of their peels as waste. In bulk, orange peel waste
poses a threat to the environment and, in particular, to
groundwater resources. This is in part due to the low pH that
orange peel waste produces. Although orange peels are
commonly disposed of as waste, they are composed of many
valuable components (e.g, sugar, pectin, D-limonene), and
valorizing this resource could decrease the groundwater
contamination and greenhouse gas production where citrus
waste is prevalent. In this experiment, students learn how to
extract pectin from the orange peels and combine the pectin with
a sugar solution to make marmalade. The polymer angle that can
be explored with this process comes from the presence of pectin
in the orange peels. Pectin is a polysaccharide that is used as a
gelling component in the production of jelly. The process of
making the marmalade includes opportunities to discuss the
effect of acidic solutions on sugar extraction as well as rheology
and non-Newtonian fluids as it pertains to gelation chemistry.
Finally, a side benefit of performing this polymer demonstration
is that the students can enjoy eating the oranges while collecting
the orange peels. Although best suited for undergraduate-level
students, the citrus sol—gel polymer synthesis represents a
process that informs about natural and renewable resources,
while demonstrating how these resources can be used to make
useful materials. As more researchers give thoughtful consid-
eration to creating polymer demonstrations that are not harmful
to the body or the environment, a greater library of these types of
“green” alternatives are likely to be reported and implemented at
all levels of polymer education.

Included in this Methods section are select demonstrations/experi-
ments that can be used to introduce various polymer-related concepts.
Although informative at any age, the target age group for these examples
is from S to 12 years old.

Safety. Neither eye protection nor gloves are required. Be careful
not to get the electrical socket for the electric blender wet. The final

71

product is edible and can be decomposed upon the addition of
trisodium citrate solution.
Potential Discussion Topics

1. Green polymers

2. Single-replacement reactions
3. Tissue engineering

4. Non-Newtonian Fluids

S. Rheology/Viscosity

Items Needed

e 1 cup of water in a small container

® 4 cups of cold water in a large container
e FElectric blender

® 1/4 teaspoon sodium alginate

e 1 teaspoon calcium lactate

e Food coloring (optional)

Procedure. Add 1/4 teaspoon of sodium alginate to the small
container with 1 cup of water in it. Stir this solution vigorously with the
electric blender until the sodium alginate dissolves. Separately, add 1
teaspoon of calcium lactate to the large container that has 4 cups of cold
water in it, and stir until the solution is clear. Dip a spoon/ladle into the
sodium alginate solution until the spoon/ladle is nearly full with the
sodium alginate solution. Slowly submerge the spoon/ladle that is
holding the sodium alginate solution into the calcium lactate solution.
Leave the spoon/ladle containing the sodium alginate solution
submerged in the calcium lactate solution for at least 15 s. Finally,
slowly empty the contents of the spoon/ladle into the calcium lactate
solution. The Alginate Slime can now be retrieved from the large
container with bare hands or kitchen utensils. For the optional use of
food coloring, add a food coloring to the sodium alginate solution prior
to submerging the sodium alginate into the calcium lactate. Note: Using
an electric blender mitigates the difficulty of dissolving sodium alginate
in water. This difficulty can also be mitigated by warming the water in
the small container prior to adding the sodium alginate, making sure
that the water does not boil. For large groups (>1S students) this
demonstration may work best by breaking the group into smaller
groups (e.g., three groups of five students) and then placing a bowl of
sodium alginate and calcium lactate solutions at each table. This
procedure can be completed in ~10 min.

Safety. Neither eye protection nor gloves are required.
Potential Discussion Topics

1. Non-Newtonian Fluids
2. Rheology/Viscosity

Items Needed

e 1 cup corn starch

e 1/2 cup room-temperature water
e Large bowl

e Food coloring (optional)

Procedure. Add 1 cup of corn starch to alarge bowl. Add 1/2 cup of
room-temperature water to the corn starch in the bowl. Mix the water
and corn starch together by hand or with a kitchen utensil (e.g., spoon).
Food coloring can be added to the water to give the Oobleck any
desired color. The corn starch can be recovered by evaporating the
water from it. This procedure can be completed in ~5 min.

Safety. Burn hazard (items heated in the microwave will be very hot
for several minutes). Safety glasses recommended.
Potential Discussion Topics
1. Polymer materials in food science
2. Biopolymers
3. Polymer fillers
4. Chemistry of sugars
Items Needed

o 1 cup of gummy worm/bear candies
e Cooking oil
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Figure 4. Making Gummy Candy Slime.
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Figure S. Making Marshmallow Slime.
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Figure 6. Gummy Bear Osmosis demonstration.
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Procedure. Place 1 cup of gummy candy into a microwaveable
mixing bowl (Figure 4). Place the bowl with the gummy candy in a
microwave, and microwave for ~30 s (or until gummy candy has
softened significantly). Remove the bowl with the gummy candy from
the microwave, and allow the gummy candy to cool for a few minutes.
Using a nonstick spatula, blend in 2 tablespoons of corn starch. Also add
1 tablespoon of powdered sugar, and blend it in with the nonstick
spatula. Add small amounts (1 teaspoon or less) of cooking oil to aid in
the mixing. Once the gummy candy has cooled enough, knead it by
hand to more thoroughly blend the components together. More
cooking oil can be added to keep the gummy slime stretchy. The final
product can be eaten, and leftover material can be composted. This
procedure can be completed in ~25 min.

Marshmallow Slime

Safety. Burn hazard (items heated in the microwave will be very hot
for several minutes). Safety glasses recommended.
Potential Discussion Topics

1. Polymer materials in food
2. Chemistry of sugars

Items Needed

e 1 and 1/2 tablespoons corn starch

e 1 and 1/2 tablespoons cooking oil

e 10 large marshmallows (or 1 cup mini-marshmallows)
e Large mixing bowl

o Nonstick spatula

e Food coloring (optional)

e Powdered/Confectioners’ Sugar (optional)

Procedure. Place 10 large marshmallows into a microwaveable
mixing bowl (Figure S). Add 1 and 1/2 tablespoons of cooking oil to the
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mixing bowl. Place the bowl with the marshmallows in a microwave, and
microwave for ~30 s (or until marshmallows have softened
significantly). Remove the bowl with the marshmallows from the
microwave, and allow the marshmallows to cool for ~2 min. Using a
nonstick spatula, blend in 1 and 1/2 tablespoons of corn starch. Food
coloring (2—4 drops) can be added after the corn starch is added and
while the marshmallows are still soft. After a few minutes, the
marshmallows should be cool enough to be handled by hand, and the
food coloring can be blended in more thoroughly. To alter the
consistency of the marshmallows, a little corn starch can be added as the
blending process continues. As an alternative (or in addition) to the
corn starch, powdered sugar can be added to alter the consistency of the
marshmallow slime. The final product can be eaten, and the leftover
material can be composted. This procedure can be completed in ~20
min.

Gummy Bear Osmosis

Safety. Gloves are not required. Safety glasses are recommended if
fluids other than water (e.g., rubbing alcohol) are utilized.
Potential Discussion Topics

1. Osmosis and diffusion
2. Polymer membranes in real-world applications

Items Needed

e Gummy bear candies

e Room-temperature water

o Clear transparent container(s)

o Other fluids (e.g, vegetable oil, corn syrup, honey)
Procedure. Using a ruler, measure the height, length, and width of a

gummy bear candy and record these dimensions (Figure 6). Then place

the gummy bear candy in a clear transparent container. Fill the

container with room-temperature water and allow the container to sit at

room temperature undisturbed for a specified amount of time (e.g., 3

h). Once the allotted time has passed, remove the gummy bear candy

from the water and measure its dimensions. Compare the results with
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the initial measurements. A more in-depth variation involves placing
gummy bear candies in differing fluids (e.g., water versus vegetable oil
versus corn syrup) of the same temperature after measuring the
dimensions of each gummy bear candy. In this variation, allow the
gummy bear candies to stay in their respective fluids for the same
amount of time, then measure their dimensions once the allotted time
has passed. Compare the before and after dimensions for each
individual gummy bear—fluid combination, then compare the results
between gummy bear—fluid combinations. This experimental variation
will give some indication as to which fluid the semipermeable gummy
bear candy is most permeable to. The gummy bear candies can be
composted. The time needed to complete this procedure will vary,
based upon the time the gummy bear is submerged in fluid. Allotting at
least 1 h to complete this procedure is recommended.

Homemade Glue

Safety. Neither eye protection nor gloves are required. Although
gloves are not required, they may be advisible due to the sticky nature of
the material being made.

Potential Discussion Topics

1. Adhesives/Glues (both naturally occurring and synthetic)
2. Liquid polymers and viscosity time scales

Items Needed

e 2 teaspoons gelatin

1 teaspoon sugar

2 and 1/2 tablespoons lukewarm water
Small container

Stirring utensil

Measuring spoons
Paper/notecards/card stock

Procedure. Place 2 and 1/2 tablespoons of lukewarm water into a
small container. Also add 1 teaspoon of sugar to the container. Next, stir
in 2 teaspoons of gelatin using your stirring utensil. Stir vigorously until
the mixture thickens and is uniform in texture and appearance (Figure
7). The mixture can then be removed from the container and spread
onto a notecard using a utensil like a butter knife. Place another
notecard on top of the mixture such that the mixture is sandwiched
between two notecards. Firmly press the two notecards together for
~10s. An assessment of the quality of the adhesive mixture can now be
made. The resulting adhesive mixture can be composted. This
procedure can be completed in ~10 min.

B OUTLOOK AND CONCLUSIONS

Replacing common polymer demonstrations that result in
harmful polymer materials (e.g,, the making of Borax Slime)
requires the attention and efforts of polymer scientists at all
education levels and in all polymer science venues. This does not
necessarily mean that harmful demonstrations need to be
disposed of conceptually. Rather, they can sometimes be used as
teaching vehicles to further promote healthier and more
environmentally friendly polymer demonstrations. For example,
an instructor can explain the polymeric transformation of Borax
Slime (i.e., the conversion of a linear polymer into a three-
dimensional polymer) while also explaining the reasons why
making Borax Slime is harmful and why other slime
demonstrations are now being utilized instead. The discussion
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could then be expanded to talk about safety concerns when
handling certain synthetic materials like homemade slime, and a
further discussion about the environmental hazards of glitter and
microparticle additives can be had. And of course, comparisons
between the chemistries used in the syntheses of Borax Slime
and safer types of slime can be discussed and explained.
Fortunately, as this Perspective details, polymer scientists are
indeed devising healthier and more environmentally friendly
means to insert polymer science into educational curricula and
activities.

Note that this Perspective is not written to disparage anyone
who has ever made harmful polymers like Borax Slime, whether
in an educational setting or for fun. Neither is it meant to scuttle
the slime-making fun of the thousands of youngsters who enjoy
“slime time.” This Perspective is written to urge every individual
and institution to move away from making physically harmful,
nonreusable polymers that are environmentally damaging and to
encourage a movement toward making polymer materials that
yet provide educational opportunities while having a minimal
negative impact on human health and the environment. This
focus comes as part of a broader shift in STEM education in
which the fun and engaging science demonstrations also present
opportunities to educate about preserving and protecting the
planet.*”**> Today we know that many types of homemade
polymers (e.g., slimes) can be damaging to both the environ-
ment and to the physical well-being of people who make and
handle them.”* Therefore, it is time to update the polymer
education curriculum by using less harmful polymer recipes.
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