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We invite you to help with an
experiment being done across the
entire country. Using supplies fromhome, school, and this booklet, youcan do an experiment and add yourdata to our nationwide analysis of
water hardness.

C:heck out the activities in this
booklet, and look closely on
page 6 for details of this
nationwide experiment.
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So hard that at the end of the day you're dripping oa+
sweat, you're dirty, disgusting, and sorne people v,ar,riee? Rawly? Dayq

61/Avner?even say you stink?
All you really need (and want) is a hot shower

or bath with lots of sudsy soap bubbles. You
grab your favorite bar of soap and jump in.
The water is hot and you start to scrub, but

Your suds are duds! Your bubbles have
troubles! Your soap has no hope!
What's going on ?

Your problem is not difficult
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Ms. Screech is a Dr Ami is new and
strange and enthusiastic is a bit odd. He
chemistry teacher. She leaches science and
a

41 art and his classeslways tries to get
everyone involved and are never baring.
likes to keep close tabs

, He loves doing
on all her kids. She is messy experiments
very helpful and messier

and will make sure paintings. He is
students clean up atter also a bit eta
themselves. She loves to practical joker so

garden and drive her little don't turn your back
blue sporty convertible. on him.
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Avogadro likes to count
stuff anything and

everything. He has
counted so many things,
(more than a googol)
that he is afraid of
losing track. He
recently started to count
atoms and molecules
and has named a new
counting unit alter
himself he calls it the

"mole" and it is a very,
very, very, large number.

Nancy recently
moved from the
neighborhood.
She still stops
by to play or
do same

chemistry once
in a while and
is always ready

to lend a hand
when needed. She

laves dancing and
alligators.
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THE FACTS
What is Hard Water?
Water that has a hard time making a lather when it
mixes with soap is called hard. Hard water contains a
lot of calcium and/or magnesium that is picked up when
the water flows over or through limestone or some other
rock that has a lot of calcium or magnesium.

Soap contains long, chainlike molecules that have one
end that interacts with water and another end that
interacts with dirt and oil to remove them from your skin
and clothes. When soap interacts with water, the end that
interacts with dirt and oil spreads out, moving away from
the water. That spreading is the bubbles that you see.

But if the water contains calcium or magnesium, the
soap molecules interact with the calcium and the
magnesium before they interact with the water, resulting
in scum. Soap scum is soap molecules clumping together.
As a result, the soap does not spread out like it does
when it interacts with water. So, we can't make bubbles
with hard water solutions.

Hard water is bad in your home because it combines
with soap to make a scum or film that you can see as a
bathtub ring or white crust on the showerhead. Soap
scum also sticks to clothes making them look dirty

Mice
Mike is the new Shirley is always
guy and is trying smiling. She
to remember knows everything

everybody's and is always
name. He's a willing to lend a
nice guy but helping hand.
kind of klutzy. She likes going
He likes all to restaurants for
kinds of bugs dinner She is
and reading especially helpful

science fiction. to the new kids
assisting them to get

settled.
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SUPPLIES: EPSOM SALTS, MEASURING SPOONS, A CUP, BAR OF SOAP

1. Mix 1 tablespoon of Epsom salts in 250 mL (1 cup) of warm
tap water. Look on the label; it has magnesium sulfate
one of the main culprits (along with calcium carbonate) in
hard water.

2. Now, grab a bar of soap and wash your hands. Be sure
to make a good lather with lots of bubbles. Then, rinse
your hands get all the soap off them.

3. Ask a partner to pour some of the Epsom salts and
water solution into your hands now try making a

lather with the bar of soap like you did before
YUK! Just a little magnesium sulfate can make a
big difference.

4. Try mixing 1 teaspoon of Epsom salts
with 1 cup of water, and see if you can

make a lather.

5. What is the minimum amount
of Epsom salts that you can mix

with a cup of water and still not
make a lather?

- If 6e asks me ml
es:ame ovw more +;me

I WM scream

Note: Be sure to
wash your hands
with soap and tap
water after finishing
the experiment.
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Jim lives in another
neighborhood but
still comes around
to play and help
out. He's very
creative and is
always coming up
with wild new

ideas for things to
do. He likes dogs,
cars, and his pet

boa constrictor,
Sgueezum.

Cheryl is always there
when you need a friend.
She knows everyone.
When she's not playing
with the kids, sheS talking
on the phone to someone
from another state. She
loves to travel and has

been to so many places that
she's lost track. She recently

learned she is moving and is
real excited about the chance to

make more Iriends.
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If we really want to get our clothes or bodies clean with soap, we have
to have water and bubbles. The more bubbles, the cleaner we get!

Let's do a simple experiment to see which makes more bubbles;
hard or soft water. first, gather all the Supplies listed. Once
you have everything, jump down to Experiment #2.

SUPPLIES:

2 LARGE CONTAINERS FOR MIXING, 1 L (4 CUPS)

2 CLEAR SODA BOTTLES WITH CAPS, ABOUT 600 mL (20 OZ.)

SMALL PIECE OF CHALK ABOUT 2.5 CM (1 IN.)

WHITE VINEGAR

COMMERCIALLY AVAILABLE WATER SOFTENER*

LIQUID HAND SOAP

(BE SURE TO USE SOAP AND NOT DETERGENT!**)

MEASURING CUPS AND MEASURING SPOONS

*Check the laundry
supply aisle at your grocery store.

Tetergent has chemicals called
surfactants that make it possible to get
bubbles in soft and hard water. Read
the label and you will find phrases
such as anionic or cationic surfactants.
Be sure that you use soap for these
activities.

1. Using one of the large containers, dissolve the chalk in 30 mL
(2 tablespoons) of vinegar. Let this sit for at least 10 minutes.
Watch the solution. Record anything that you observe.

2. Add 750 mL (about 3 cups) of water to the dissolved chalk.
This is your artificial hard water solution; it contains dissolved calcium
from the chalk. Label this "Hard Water."

3. Using only one of the unused test strips from page 6, determine the
hardness of your hard water solution (you will need the other strips for
other experiments). Dip test strip into your water sample for 1 second.
After waiting 15 seconds, compare the color on the strip with the colors
on the reference chart on page 6. Record this value.

Hard Water Solution

4. Put 250 mL (1 cup) of the artificial hard water solution into the other
large container. (Be careful that any undissolved chalk is left in the hard
water container.) Add 250 mL water and 4 tablespoons of water-
softening agent. Stir well and wait for at least 10 minutes. (Don't worry
if all of the water-softening agent does not dissolve.) This is your
softened water solution. Label this "Soft Water."

5. Using a second test strip, determine the hardness of your softened
water solution as you did in step 3. Record this value.

Softened Water Solution

6. Now, test how easily you can make suds using the two solutions.
Carefully add 250 mL of the artificial hard water solution to one of your
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empty soda bottles. Add 250 mL of softened water to the
other soda bottle. Be sure to label the bottles. Add two
drops of liquid hand soap to each bottle. Put caps on the
bottles and shake them. Record your observations.

Did the artificial hard water solution make bubbles?

Did the softened water solution make bubbles?

Which solution made more bubbles?

In which solution did the bubbles last longer?

CELEBRATING

125
TEARS

INNOVATION
I TECHNOLOGY&

RESPONSIBLE CARE'

AT WORK
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THE FACTS
What's Happening?
When you added vinegar to the chalk, you probably saw
some bubbles. These bubbles formed because of a chemical
reaction between the vinegar (acetic acid) and the chalk
(calcium carbonate). This chemical reaction produces
calcium ions (that's what makes water hard) and carbon
dioxide gas (the bubbles you may have seen).

When you added the water-softening agent to the hard
water solution, you added other chemicals that react very
strongly with calcium ions and prevent the calcium from
reacting with the soap. This means that the soap molecules
can interact with the water to form bubbles.

014pittiCE4 and exciting hands-on
Explore mere fun

science activities with the American
Chemical Society's

magazine! for magazine and subscription
information, call 800-201-01123. .0,11

f

To make suds, soap molecules must interact with other
soap molecules. If a lot of soap molecules interact, you can
make a lot of suds. The problem in a hard water solution
is that soap molecules would rather interact with the
calcium than with other soap molecules. So, hard water
solutions don't make a lot of bubbles. By softening the
water, you can make more bubbles. And, because soap suds
interact better with dirt and oil, a water solution with a lot
of bubbles does more cleaning.

Another place you can fmd a lot of calcium is in milk.
Do you think there will be a lot of bubbles if you mix some
milk with some hand soap and shake it? Try it and see.

We've got more
hands-on activities!
for a free catalog
contact the

program at
202-872-4381, or

e-mail: kidseacsarg
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Now you are ready! frograrn

C.)CYou've learned a little about hard water, water softening, and
how to use the test strips. Now we need you to collect a sample of
natural water (NOT tap water) and measure the hardness concentration.
Send us the information about where you collected the water

sample and the hardness concentration, and we will assemble all
the data and share it with other correspondents. This activity will enlist the
talents of thousands of individuals working to achieve a common goal
mapping water hardness across the United States. This type of experiment has

never been done before and is an example of doing research

on a.grandscale,.-_------7

6

47,74

..;q3

1. With the help of an adult volunteer, go out and collect a sample of water from a lake, stream, pond,
river, ocean, well, or any other natural source. You don't need much; 1 cup (250 mL) will be plenty.
Do not use tap water!

2. Using one of the two remaining test strips on this page, determine the hardness ofyour water sample.
All you have to do is dip an unused test strip into your water sample for 1 second. After waiting 15
seconds for the color to develop, compare your test strip with the color chart below. Match the
colors, and you will know the hardness concentration of your water sample.

3. Using this information, fill out the form at the bottom of page 7. Submit the data to us via the World
Wide Web at http://www.acs.org/ncw. (If you don't have Internet access, you can mail or fax the
form to us. Our mailing address and fax number are on the form on page 7.)

We will use all of the data submitted to create a map that illustrates the hardness of natural water
across the United States. You can view and download
the map at http://www.acs.org/ncw on the Internet.

If you don't have access to the Internet, send us a self-

addressed stamped
business envelope,
and we will send you
a copy of the map that
you can share with-
your parents, teacher,
or keep for yourself.
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THE FACTS For best results, use by 8/98.

The Chemistry of the Test Strip
On each test strip there is a chemical that reacts with calcium and magnesium
to produce a new compound that is orange. If only a small amount of calcium
or magnesium is in the test sample, only a small amount of orange chemical
is produced. When the amount of calcium and/or magnesium increases,

the orange chemical increases.

COLOR CHART Dip the test strip in water tor 1 second. Shake off the excess
water. Wail 15 seconds. Compare color of test strip to color chart below.

0 50 120 250 425

7-771:
Soft Hard

.1

Very Hard
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The test strip indicates the
amount of calcium and
magnesium present in the
solution by measuring the
orange chemical
produced.
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Chemical Society and haS been :Celebrated
since PISZ in the.paSUL.,, 1unteers
across the country have Ipr ad )he'word that
chemiStry iszfUnl4nd tha
EcheMistey. ThriOngh Mgt; st..-0 acti I' h
denionstrationiiii'oltiii'm,.;S.I194,,,'cr.VaYrilleiteysiocf oetrnheicral

., .1- ,

events, kids of,all ages:.109141`!' n '.chemistr' '.,-.,,
*.



4u Ammo^. I wosicler
if it's safe leas,o1 over

like this with Cheryl
hehiticl me?

wasuler suset,
will realize Oa+ I ffvc
a worm dewy, t.t sh'sr

T L., 00 14

{1 t) i) 1

11111
mn.

Nasicy must he
crazy leas,0+9 over +he

Stream like this with me
6004 s,er.

s4

oss

Mae

00,4°

00-

6r.S

vorgier f. DorotiN
vfoot o9kr 90+
r Start WO way'?

worgler ;f fl,e cute
tadpoles ;s, thic jar

will affect the pv+come
of the ev.reriment

r
12: A TA
Your Name (optional)

Your ZIP Code (needed)

Your Age (optional)

Source of water sample:

CILake C1Stream/River ClOcean CiWeIl ClOther

Concentration of hardness ions:

0 0 0 50 0 120 CI 250 CI 425

Submit on the WWW at:

http://www.acs.org/ncw
Or Matt to: MCW American Chemical Society,
1155 Sixteenth Street, NW, Washington, DC 20036

Or Fax to: 202-833-7722

rhanks for Year taelp
Celebrate 111CW

tievemher 1992
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Rock formations called stalactites
and stalagmites result when hard
water drips from the ceiling of a
cave. As the water evaporates, the
calcium carbonate hardens. If
the water drips slowly, a
stalactite will form hanging
from the roof of the cave
and a stalagmite will form
on the floor of the cave.

With the assistance of
an adult volunteer, you
can simulate the formation
of stalactites and
stalagmites by using
Epsom salts.

L-p LI; ff .

SUPPLIES: EPSOM SALTS, A CUP, GLASSES,
PAPER CLIPS, UNWAXED COTTON STRING,

ALUMINUM FOIL

1. Measure 2/3 cup of Epsom salts into
250 mL (1 cup) of hot tap water.
Be careful not to burn yourself.

2. Divide the solution into two small glasses
or jars. Put a large paper clip onto each
end of a 30-cm (12-inch) piece of cotton
string.

3. Soak the string for 5 minutes in one of
the containers of Epsom salts solution.

4. After spreading foil on your work
surface, hang the wet string between
the two containers as illustrated.

5. After about 30 minutes, you should
see a stalactite growing from the

string and a stalagmite
Note: Be sure to growing under the string.
wash your hands Leave the set-up
with soap and tap
water after finishing overnight and look at
the experiment, the results in the

morning.

gow manl atoms?
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THE FACTS

What's Happening?
The solution you made is supersaturatedthere is more
magnesium sulfate dissolved in the solution than should be
possible at room temperature. How can that be?

Remember that we used hot water for this experiment.
By using hot water instead of cold water, we were able to
dissolve more magnesium sulfate. As the solution drips
from the string, the water evaporates and the magnesium
sulfate that remains solidifies and creates the stalactite
and stalagmite. As the magnesium sulfate crystallizes, we
see the results of the evaporation process.

You may be able to see this in your home on the
showerhead. After the shower is turned off, hot water
remains in and on the showerhead. As the drops cool, the
chemicals crystallize leaving a white deposit. This is the
same thing happening in the experiment above. Based on
information contained in this booklet, how would you
remove the deposits from the showerhead?

The activities described in this booklet are intended for school children
under the direct supervision of adults. The American Chemical Society
cannot be responsible for any accidents or injuries that may result from
conducting the activities without proper supervision, from not specifically

following directions, or from ignoring the cautions contained in the text.

All of the activities in this booklet have been reviewed for safety by

Dr Jack Breazeale, Safety Consultant, Mt. Pleasant, SC.

Visit the National Chemistry Week web site at:
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