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Many marine animals can make their own light by a process
known as bioluminescence.
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The Science of Slime!

It oozes. It’s goopy. Sometimes it’s liquid, sometimes solid.
Learn about viscosity, Newtonian, and non-Newtonian fluids,
but most of all, enjoy yourself! Plus an activity—make slime.
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pyre. Find out how cinnamon’s uses and value have changed
over time.
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What is the most deadly poison in the world?
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Question From the Classroom
PHOTODISC

By Bob Becker

Q:What is the most deadly poison in the world?
The answer to your question depends on
how you define “poison” and what you mean
by “most deadly”. You might be tempted to
define a poison as being any chemical that
can cause death, but this is probably not a
very good definition. It would have to include
water, since drowning accounts for nearly
4,000 accidental deaths each year in the
United States, yet it is doubtful that anyone
would ever think of water as a poison, since
we need to drink it for our very survival!
Webster’s defines poison as “a substance that
through its chemical action usually kills,
injures, or impairs an organism.” This definition rules out water but certainly includes a
vast number of compounds for which human
exposure, even at very low levels, can be fatal.
The words “most deadly” are also open
to interpretation. Does this refer to the substance that is responsible for the most deaths
each year, or the substance that requires the
smallest dose to cause death? If one is referring to the substance that causes the most
deaths worldwide each year, the poison would
have to be tobacco. It has been estimated that
500,000 people die each year of tobaccorelated illnesses in the United States alone,
and 4–5 million worldwide. No other poison
even comes close to these numbers.
Tobacco is a chronic poison;
repeated exposure to it over the
long term kills. If one
decides to ignore the actual
death toll caused by a poison and focus instead on its
sheer potency, then we need
to learn how acute toxicity is
measured. The most common method for identifying the
toxicity of a substance is LD50,
which stands for lethal dose–50%.
The LD50 indicates the mass of the poison
per kilogram of body weight necessary to kill
50% of a given population. Because individu-

als in any population will have a range of tolerance levels to any given toxin, it would be
difficult to quantify LD100 (the dose that would
kill 100% of the population). LD50 serves as a
sort of average lethal dose. It is important to
point out that these toxicity tests are not conducted on humans (obviously), but instead on
laboratory animals such as rats and rabbits.
One could certainly question how ethical such
research is, or even how applicable it is to
humans. Who’s to say that a substance lethal
to rats would necessarily have the same effect
on humans?
Nevertheless, LD50 yields valuable information, especially when it comes to making
decisions about what compounds to allow in a
certain insecticide or building materials. It is
also important to point out that the LD50 of a
substance depends quite a bit on the route of
exposure: by inhalation (breathing in), absorption (through the skin or eyes), oral ingestion
(swallowed), intravenous (injected into the
vein), intramuscular (injected into the muscle), subcutaneous (injected under the skin),
or intraperitoneal (injected inside the membrane that lines
the interior wall
of the abdomen).
If one
looks up the
LD50 for
arsenic, for
example, it is
listed as ORLRAT LD50 763 mg/kg
and IPR-RAT LD50 13
mg/kg. This means
that a rat ingesting
763 mg (about 3/4
of a gram) of arsenic
per kilogram of its body
weight would have a 50:50 chance
of dying. A rat having only 13 mg of arsenic
injected intraperitoneally would have this
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same risk. If this can be applied to average
(75 kg) humans, it would take 57,000 mg (57
g, about 2 oz) of ingested arsenic to kill off an
average human. As it turns out, compounds
of arsenic are considerably more lethal than
the element itself. The ORL-RAT LD50 for
diarsenic pentoxide (As2O5) is only 8 mg/kg—
meaning that it would only take 600 mg (0.6
g, about half the mass of a dollar bill) of
ingested As2O5 to kill off a 75 kg human.
As2O5 is toxic, but dioxin (often labeled
the world’s most deadly poison) is about 400
times more deadly. With an ORL-RAT LD50 of
only 20 µg/kg, it would only take about 1.5
mg (the mass of this “O” if you cut it out of
this magazine page) to kill an average human.
In comparison, the nerve gas VX has an
absorption LD50 of 60 µg/kg.
Ricin, a protein found in castor beans
that’s been associated with recent acts and
threats of terror, has about the same toxicity
level as dioxin. But all of these toxins would
be considered “lightweights” compared to
the protein-based botulin toxin, produced
by botulinum bacteria and associated with
botulism, the most severe form of food poisoning. It’s arguably the most deadly poison
in the world. With an LD50 in the range of
5–50 ng/kg, it is nearly 1000 times as toxic
as dioxin.

Here’s a scary fact:
Ever hear of “BOTOX” injections?
Doctors actually use very dilute
solutions of botulin toxin to paralyze
facial muscles and remove
facial wrinkles!

PHOTODISC

DIGITAL VISION

A:

The Science of Slime!
By Brian Rohrig

I

It oozes between your fingers when you pick it
up, yet doesn’t stick to your skin. It comes in
a variety of colors, usually green. At times it
acts like a liquid, but at other times it appears
to be a solid. It can be made to glow in the
dark, or fluoresce under a black light. What is
this strange substance? If you guessed slime
(or simply read the title), you are correct!
Making slime is an annual tradition for
many high school chemistry students. It is
also a very popular activity that high school
students can do with younger children. There
are numerous ways to make slime, but the
end result is always a cool concoction that
can provide hours of fun, act as a great stress
reliever, and provide a platform for learning
many important chemical principles.

What is slime?
For our purposes, slime will be defined
as any non-Newtonian fluid. If this term
sounds hopelessly technical, please read on—
it is actually quite simple to understand! To
understand what this term means, it is important to examine the theories of Isaac Newton
(1642–1727), one of the greatest scientists
who ever lived. He made many revolutionary
discoveries in the fields of mathematics,
motion, and gravity. But he also did a lot of
work with fluids.

Newtonian fluids
and viscosity
Newton observed that the viscosity of
fluids is affected only by temperature. Viscosity refers to a fluid’s resistance to flow. The
more viscous a substance, the slower it flows.
Ketchup is more difficult to pour than water,
because ketchup is more viscous. And peanut
butter is more viscous than ketchup. It is
important not to confuse viscosity with density. Oil is usually more viscous than water,
yet oil is less dense and floats on top of water.
If a fluid is heated, it tends to become
less viscous, and if cooled, it tends to become
more viscous. The colder the temperature, the
more viscous the fluid becomes, hence the
saying “slower than molasses in January”. As
the temperature drops, your car may be
more difficult to start because the
engine oil has become more viscous.

viscous liquid. Another way to test for viscosity is to pour two liquids simultaneously
through two small-mouthed funnels. The
more viscous fluid will take longer to pass
through the funnel.

Testing for
viscosity
A simple way to test for viscosity is
to take two tall graduated cylinders containing equal volumes of two liquids. If you
simultaneously drop a ball bearing in each
cylinder, the one that takes the
longest to fall will be the more
ChemMatters, DECEMBER 2004 13

Although the precise definition is somewhat complex, liquids that pour and behave
like water, oil and alcohol, for example, are
called Newtonian fluids. Some liquids, however, do not obey Newton’s model of viscosity, because their viscosity can be affected by
factors other than temperature. These fluids
are termed non-Newtonian fluids. It’s not that
Newton didn’t understand how fluids behave.
It’s likely that he never had the opportunity to
observe any fluids that behaved otherwise.
The viscosity of a non-Newtonian fluid
can generally be affected by the application of
what is called a shear stress. Examples of
shear stresses are squeezing, stirring, agitating, or applying mechanical pressure to the

surface of a fluid. Any of these things can
greatly affect the viscosity of a non-Newtonian
substance. But you can agitate water (a Newtonian substance) all day long, and its viscosity will not be affected. Put another way: you
can stir a beaker of water for hours and when
you are finished, it won’t flow any better or
worse than if you hadn’t stirred it.

Shear thinning
There are two basic behaviors of nonNewtonian fluids. One type is termed shear
thinning. Shear-thinning fluids decrease in
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place a glob of it in your hand and squeeze, it
will become a solid! When you stop squeezing, it will become a liquid again.
If you pour some in a cup
and then poke at it
quickly with your finger,
your finger will bounce
off. But if you poke it
slowly with your finger,
you can easily touch the
bottom of the cup. The viscosity of the
cornstarch–water mixture
increases as the shear
stress increases.
The military and body
armor manufacturers have
actually had some success
exploiting this behavior to develop more comfortable “liquid” body armor. This experimental soft body armor—a combination of the
Shear thickening
bulletproof material Kevlar and a shear-thickening liquid—hardens and resists when hit by
The second type of behavior observed in
a bullet or sharp object.
non-Newtonian fluid is shear thickening.
Another example of a shear-thickening
Shear-thickening fluids increase in viscosity
substance
is Silly Putty. If Silly Putty is pulled
when a shear stress is applied. Quicksand is
apart
slowly,
it can be stretched a great disan excellent example of a shear-thickening
tance.
But
if
you
attempt to pull it apart
substance. If you struggle while caught in
quickly,
it will break. A large
quicksand, it will
shear
stress
makes it more
become more visviscous,
causing
it to break
cous, strengthening
easily.
If
you
hit
a
hunk of Silly
its hold on you and
Putty
quickly
with
a hammer,
making it more diffithe
hammer
will
bounce
off.
cult to escape. If
Yet,
a
ball
of
Silly
Putty
can
trapped in quicksand,
easily be flattened with your
it is best simply to
thumb if the pressure is
relax, since your body
applied slowly. In essence,
is less dense than
large shear stresses cause the
quicksand and will
Silly Putty to become so viseasily float in it.
cous that it acts like a solid.
It is easy to
The synovial fluid in the
make homemade
joints
of your elbows and
quicksand. Add some
knees
is shear thickening.
water to cornstarch
Normally
this fluid is not very
until no dry powder
viscous,
allowing
the joints to
remains. It will look
Slime made from borax and white glue
move
freely.
However,
a sudlike a liquid. But if you shear thickens.
viscosity when a shear stress is applied. A
familiar example of a shear-thinning substance is ketchup. When the ketchup won’t
come out of the bottle, what do you do? You
whack the bottom of the bottle with your
hand until it comes out. Whacking the bottle makes the ketchup move, it becomes
less viscous, and then it flows out of the
bottle faster. Other shear-thinning fluids
include margarine, gelatin, mayonnaise,
honey, mustard, shaving cream, and
Elmer’s glue. The ink used in astronaut
pens, which can write upside down, is a
shear-thinning fluid.
Sometimes these fluids immediately return to their original “thicker”
condition when you stop stirring, but for
other fluids it will take some time. Ketchup,
for example, will take awhile, but will eventually return to its original state.

MIKE CIESIELSKI

Non-Newtonian
fluids and viscosity

www.chemistry.org/education/chemmatters.html

den stress to these joints, such as from a
twist or a blow, will cause this fluid to suddenly become much more viscous. This sudden increase in viscosity will cushion the
blow, protecting the joint from further injury.
As was true for shear-thinning fluids,
some shear-thickening fluids take awhile to
return to their original state after stirring,

while others do it immediately. If a ball of
Silly Putty is left to set on the table for a few
minutes, it will flow into a puddle, becoming
less viscous. Silly Putty, therefore, is actually
a liquid, since it will eventually assume the
shape of its container. Most types of slime are
shear-thickening fluids, as you will see when
you make your own slime.

Two simple polymer cases for shear thickening
and shear thinning.
Shear thickening

Shear removed

Applying a shear force can cause random coils of a polymer to unwind and become entangled
with each other, raising the viscosity. When the force is removed, the polymer returns to the
favored random coil state.

Shear thinning

H

Shear applied

H

Most types of slime, including Silly Putty
and the cornstarch–water slime, are examples
of polymers. A polymer is composed of very
large chains of molecules that are composed
of repeating units known as monomers. A single polymer molecule may comprise hundreds
of thousands of monomers. The monomers
may be identical, or they may vary. Common
synthetic polymers are rubber, plastic, and
nylon. Common natural polymers are starch,
DNA, and some proteins.

Cross-linking—
The key to slime
formation

Shear applied

O

Polymers—
Giant molecules

H

O
H

O

O
Shear removed

Applying a shear force breaks hydrogen bonds (or other secondary structures) and allows the
polymer strands to flow more easily past each other. When force is removed, the hydrogen
bonds between the polymer strands form again.

One variety of slime that can be easily
made in the lab involves the addition of a saturated solution of sodium tetraborate decahydrate (Na2B4O7•10H2O), commonly known as
borax, to a solution of white glue and water.
White glue is an example of a polymer—it is
made of long chains of polyvinyl acetate molecules. These chains slide past one another
fairly easily, enabling the glue to be poured
from the bottle. But when the borax is added
to the glue, a highly viscous, very resilient
form of slime is formed. This slime can be
stretched, pulled, beaten, and shaped.
This type of slime forms as a result of
cross-linking between the protein molecules of
the glue and the borate ions (B(OH)4–) of the
borax solution. Cross-linking involves the formation of bonds that tend to link together large
molecules in such a way that they are no
longer free to slide past one another. The large
protein molecules in the glue already have
trouble moving past each other; the glue has
to be squeezed from the bottle, it doesn’t gush
out. The borate ions link the big molecules to
each other, making even bigger molecules,
and it becomes even more difficult for them to
slide past one another. The result is a tangled
mass that we know and love as slime.
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ACTIVITY
MIKE CIESIELSKI

How to make slime!
To make a great variety of slime,
use the following procedure. The slime
forms because of cross-linking between
the protein molecules of white glue and
the borate ions of borax.
1. Make a saturated borax solution
by adding 1 g of borax to 25 mL
of water. Stir thoroughly until
the borax has completely dissolved.
2. In a disposable plastic cup, add
50 mL of white glue and 50 mL
of water. Stir thoroughly. (You may use more or less glue, as long
as you maintain a 50:50 ratio between the glue and water.)
3. If desired, add a few drops of food coloring and stir thoroughly.
4. Using an eyedropper, add the borax solution a few drops at a time to
the glue–water mixture and stir thoroughly with a stirring rod. The
slime will collect on the stirring rod. Continue adding the borax solution until most of the glue–water mixture has turned into slime. Be
careful not to add too much borax solution, or the slime will become
too stiff. A good rule of thumb is to quit adding the borax solution
when there is still a little glue–water mixture left in the bottom of the
cup. This way, you will not add too much borax.
5. Remove the slime from the stirring rod with your fingers and work it
with your hands until it is no longer sticky. The more you work it
with your hands, the nicer its consistency. Store it in a Ziploc bag.
6. The excess borax solution can be poured down the drain and the
cups disposed of in the trash.
Try a variation! To make fluorescent slime that will fluoresce brilliantly under a black light, prepare some fluorescent water to use in place of
the ordinary water that is added to the glue. Prepare the fluorescent water by
removing the tip from a fluorescent highlighter and placing it in a beaker containing up to 500 mL of water. After a few minutes, the water will be highly
fluorescent. When this water is used to make slime, the slime will be highly
fluorescent under a black light.

Brian Rohrig is a chemistry teacher at Jonathan Alder High School in Plain City, OH.
His newest book: Pure Slime—50 Incredible Ways to Make Slime Using Household
Substances, can be purchased at www.fizzbangscience.com.
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nutrients and vibrio as paint.
Within 24 hours, the bacteria
multiply exponentially and begin
to emit a blue light. Stick the
dishes to a wall, turn out lights,
and you’ve got a one-of-a-kind art
show!

e hope you’ve just read
about bioluminescence in
“Ocean Biolights”. In April 2002,
a group of researchers and artists
at the Montana State
University hosted
“Bioglyphs”, a unique
exhibition of bioluminescent paintings.
How do you
make a bioluminesLights on
Lights off
cent painting? It
Interested in seeing more
turns out that a bioluminescent
from the exhibition? Visit
bacteria species, vibrio, is up to
http://www.erc.montana.
the task. Artists can create
edu/Bioglyphs/.
designs on petri dishes using

W
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Bioluminescence
Web page
f you are interested in bioluminescent sea creatures, visit the
Bioluminescence Web page at
http://www.lifesci.ucsb.edu/
~biolum/. There are photos,
facts, and in-depth explanations
of bioluminescent organism
chemistry and physiology.

I
MSU-BOZEMAN BIOGLYPHS PROJECT

Bioglyphs: Art and
bioluminescence
combined

Nobel Prize in
Chemistry
he Nobel Prize in Chemistry
for 2004 was recently
awarded to three scientists (two
Israelis and an American) “for the
discovery of ubiquitin-mediated
protein degradation”. The trio

T
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was able to show how cells can
give a “kiss of death” to destroy
unwanted proteins. The discovery
could lead to new medicines for
cancer and other diseases.
Interested in learning more
about past chemistry-prize recipients? Visit http://nobelprize.
org/ to find facts, interviews,
Nobel lectures, and biographies
of famous chemists going back
to 1901. Who won in 1901?
Jacobus Henricus van’t Hoff, “in
recognition of the extraordinary
services he has rendered by the
discovery of the laws of chemical
dynamics and osmotic pressure
in solutions.”

Tell us what
you think
Let us know about the chemistry
that counts in your life.
E-mail your thoughts and
suggestions to
chemmatters@acs.org,
and we’ll use your comments
to make future issues even better.

