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FOREWORD

This Teacher Activity Guide has been prepared as part of Project WATER {Weter Awareness
Through Education and Research}, the school program of East Bay Municipal Utility District,
Oakland California. The goals of Project WATER are:

1. To develop an APPRECIATION of water’s life-sustaining role in humanity’s survival
and an AWARENESS of the limitations of its supply.

2. To acquire KNOWLEDGE of water, its physical properties and its uses in our
environment,

3. To identify the PROBLEMS relating to water and its use.

4. To select SOLUTIONS, after examining the alternatives, which take into
consideration both immediate and long-ferm effects.

5. To demonstrate the APPUCATION of knowledge and skills in functional water
problem-solving.

The Further Adventures of Captain Hydro comic book, first introduced in 1977, is available to
reacquaint the students with Captain Hydro as he continues his battle with the Water Bandit. Using
Further Adventures as a “walk-in” activity provides an opportunity for the teacher fo review previous
instruction about water that the students may recalt from The Official Captain Hydro Water
Conservation Workbook and other sources.

A Teacher's Guide for The Further Adventures of Captain Hydro with lessons concentrated in
World History and Geography of Ancient Civilizations continues io be used in Social Science class-
es. The intent of Water Magic, however, is to infroduce students in grades six through nine to water
and some of its properties through scientific concepts. Some of the lessons also deal with reactions
and interactions involving water that take place within the human body.

The concepts developed through the activities in this Guide align with the confent matrix con-
tained in the California State Science Framework. Portions of the Framework which are addressed,
relative to grades six through nine, are:

1) What is matter and what are its properties? (pg. 43)

2} What are the basic units of matter? (pg. 45)

3) What principles govern the interactions of matterg (pg. 47)
4) What happens when substances change? {pg. 50

5) What are cells and the functions of their component structures? (pg. 127)



INTRODUCTION TO THE GUIDE

We live on a “water planet”. Over 71% of the earth is covered by water, existing in three
states of matter. Water is found as solid water (ice) in snowpacks, glaciers, and the polar ice
caps. Itis found in a liquid state in lakes, sireams, rivers, oceans and seas. It is also found in a
gaseous state as water vapor, in the envelope of air surrounding the earth.

Even given the enormous quantity of water on our planet, the amount of fresh water available
for use is surprisingly low. Ninety-seven percent of the water on earth is found as salt water in the
oceans and seas. Another two percent is frozen, in glaciers and polar ice caps. This leaves @
mere one percent as “fresh” water in rivers, lakes, underground aquifers, and related sources.
However, even this mere one percent is not entirely “available”. Some of it is underground and
obtaining it is not economically feasible. “Water, water everywhere, but not,..”

Living, as we do, on a watery planet, it is not surprising that water is a major component of
our bodies. Much of each individual body cell, within the various tissues, is water, Bone fissue
has the least water, with an average of 20%. Brain fissue is comprised of 85% water. In all,
about two-thirds of our total body weight is water, equaling about 50 quarts in the average
adult person.

Given that such a large percentage of our bodies is water, it is easy fo understand the impor-
tant role it plays in maintaining life. We need water for our survival. However, how much does
the average person know about this important ingredient of life, or fully appreciate it for the
remarkable substance that it is2 The infent of this Teacher Activity Guide is to describe and
demonsrate some of the unique atiributes of water and to show how @ variety of forces and
substances interact with it.
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World’s Most Basic Building Blocks

What's the matter? Everything is matter! The word
maiter is used as a scientific term to denote any-
thing that takes up even the smallest amount of space «
(has volume} and that exhibits even the smallest
amouni of weight {has mass). A car, a pencil, and
water are all examples of matter.

Tiny particles called atoms are the building
blocks of ali matter. These atoms are far too small fo see with conventional light microscopes.
However, by using electron beams and sophisticated electron microscopes, scientists are getting
their first actual glimpses of atoms.

Atoms combine to produce all known substances. A subsiance which is made of only ore type
of atom is termed an element. About 90 different elements are known to occur naturally. Other
elements have been produced in laboratories. Living things are primarily made of four elements:
carbon, hydrogen, oxygen, and nitrogen.

Fach element has been given a one- or two-letter chemical symbol. Often the symbol is part
of its name: hydrogen’s symbol is {H}, helium's is {He), chlorine’s is {Cl}. Some atoms, however,
have a symbol which does not show direct relationship to the English name for the eiement, such
as iron (Fe), sodium {Na), and gold {Au}.

All known elements have been organized, by symbol, in a chart called the Periodic Table of
the Elements. This table is especially useful in studying the relationships that exist between differ-
ent elements, and in predicting how they will react with each other.

Atoms combine with other atoms to form molecules and compounds. An example of a mole-
cule is the oxygen molecule we breathe, which is made of two oxygen atoms bonded together.

Water is a molecule in which two hydrogen aioms combine with one oxygen atom. Water is aiso
termed o compound, because it is composed of more than one kind of atom in a given proportion.

To identify the formation of molecules and compounds from combina-

fions of atoms, their symbols are combined, often with numbers, in a
chemical formula. The symbols denote which atoms have com-
bined, the numbers indicate when more than one of a cerfain atom
is involved. NaCl is the chemical formula for table salt. One sodi-

um atom {Na} and one chlorine atom (Cl) bond to make a salt
molecule. The chemical formula for water is HoO. The literal
inferpretation of this formula is Hydrogen (2 of them} Oxygen.
The chemical formula for glucose, a simple sugar produced
by plants, is C¢H;20. This means that 6 carbon atoms,
12 hydrogen atoms, and 6 oxygen atoms have combined
to produce one glucose molecuie.



There are three basic forms that all matter commonly takes on earth. They are referred to as
the three states of matter. These states include solid, liquid, and gas. Temperature regulates
the state of matter of a particular
item. This is the case because all
molecules are in constant motion.

As temperatures rise, molecules

Mﬁmﬁm&w ‘ move more and faster; as tempera-
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move less. If the temperature
becomes high enough, the atoms
in an item move so much that they
spread out to the point that the item
becomes a gas. If its temperature becomes
low enough, the item’s molecules compact and it becomes a
solid. In between those exiremes, the item will be a liquid.
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A fourth state of matter is plasma, which only exists at extremely high temperatures. Plasma
is a state of matter in which individual atoms have broken down 1o their component parts of bare
nuclei and free electrons. The matter making up the sun and other stars is in a plasma state.



TITLE:

A Recipe For Water

KEY QUESTION AND OVERVIEW: “What’s In Water?”

The lasson Tozuses on the concept that all matter is composed of atoms which combire fo farm moiecules. b particula, attention is drawn te
the fact that water is o compound composed of three atoms. Stigents use melecuiar medels fo illustrate that two hydrogen ctoms combine
with one axygen atom fo produce one water molecule. This is reflected by ;0 £s the melgcular formule for water.

OBJECTIVES:
Students will damonstrate an understeading of ctoms as the strucrurai besis of all matter.
Students will, througn medels, cembine ctoms to foem spectfic molecules.

Students wiil show an understanding of chemical fermulas ¢s reflections of the component
narts of molecuies and compounds.

MATERIALS:

Per student: ot of scissors
atom sheet
red and veliow markers o crayons
8 beads

MANAGEMENT SUGGESTIONS:

This acfivity has students coloring and cutting out poper models of atoms. They then combine these atom models to make molecules. Some
students may fes! shet e cclering and cutting ore foo “juvenile”. Reassure *hem thet fhe resulting models ciearly illusteate ctomic concepts
end in mary resoects cre preferable o the “gumdrop” medels commonly used, of this 'eve, to teach thase concepts.

The celor-coding is done prior to <uffing the medels out. This makes the <oloring sasier; i oiso meas students do not aeeg 1o color carefully
“Inside the fings”.

Seme stucents wil want fo stick e otom models zogather with fhe brads right gerny. For this reason, it is suggested that the brads be held
pack until the appropriate time according to the aciivity fiow.

The chemical bonding concepts in this lesson are intoduced in o very basic form. Electrons and their telationship to bonding are not mentioned.
Bonding types, including douhie bonds, cre not mentiened. The design of this lesson is simply to introduce very basic atomic informetion as it
relates fo the water molecule.

& Have the students save the atom and molecules models for reference and use with
other lessons in this series (particularly Presto - Peroxide Becomes Water)

ACTIVITY

1. Introduce atomic size. Al mafteris mode cf sub-microscopic particies <alled atoms. Stucents can be given o vague idec
of atomic size by being told that 90 billion billian (90,000,000,000,000,000,000) atoms can be found in a single drop of water.

2. Explain atomic models. Sincs atoms are foo small fo be seen, scientists use models to represent them and study
them. Today's activity will utilize paper models of atoms which are two-dimensional. Actually, atoms are spherical, resulfing in molecules some-
what like o group of balls pushed tightly together. These facts need to be made clear fo the students.

3. Pass out materials. Give each studsnt scissors, markers, end studenr sheets. Hove the students color-code the atom mod-
ls First. ScienfiSic convention hos designated fiydsegen - yeliow, oxygen - red, and coxben - biack. These paper afom mode's should be similarly
color-coded by the students prior to utting them out.

4. Introduce hydrogen. Onc the aiom motels ars cut cut, direct the students to ho'd up one fydragen atom. “Black dots
on the afom represent piaces where tat crom wanfs to atiech to (bord with) ancther srom”. Ask the students how many dofs the hydrogen
has (7). Exnlcin that each hydrogen atom hes ane place where it will g:ab onto angther ctom.



5. Make hydrogen molecule. fach student holds up o hydrogen atom in each hend.
They then align the dofs with the atoms overlapping, but not directly stacked on top of each other. If they were
fhen to toke a brad end connect the two hydrogen atom models through their dots, they would have produced o
hydrogen moleculs. (Do not have them actually use the brads vet.)

6. Explain chemical symbols and formulas. The chemicl symbol for hydrogen is H. The chemical for-
mula for the hydrogen molecule they made is H,. This can be vesbalized by students new to the concept by H (2 of them). The “of them”
will be dropped by students os they gain mastery of the system of chemical formula wiiting.

7. Introduce oxygen. Students hold up an oxygen atom model and find ifs bonding spots (2). Oxygen has two
spats where it will attach to another atom. Direct students to align the dot pairs of one oxygen atom with the pairs on another.
This produces an oxygen molecule (0,) model.

8. Make an Ho0O molecule. Each student gefs 4 brads and makes a molecule of H0. £
Do not show how it's done or that it takes two hydrogens and ene oxygen, but rather let them construct it
on their own.

9. Construct an HoO4 molecule. The students put together an H,0,
molecule. This is hydrogen peroxide , which is o household cleansing agent for wounds. Two
shapes can occur with this moleculs. From current student knowledge, both are equally cor-
rect. However, in realify, one is the actual shape, based on the fact that the two hydregen
atoms will try to get as far from each other as they can.

REVIEW AND REFLECTION:

1. Without using brads, have the students quickly hold up representative afoms ond mofecules
as the teacher calfs them out.

2. Tell students that C is the chemical symbol for carbon. Ask them to tell which atoms ond how many of each are involved in the
molecule CH,,0,. & carbon atoms, 12 hydrogen atoms, and 6 oxygen atoms.

3. I 90 hillion billion atoms are in a drop of pure water, how many water molecules ore in that drop? 30 biflion billion.
4. Have the students canstruct an O molecule.

5. The formula for carbon dioxide is CO,; the formula for methane gos is CH,.
How many bonding spots does o carbon atom (C) have? 4.

EXTENSIONS:

1. The unstable ozone molecule is en important part of our atmosphere. It is also a cause of great concern. Have students research infor-
mation about the ozone layer, its importance, and the domage being done to it

2. Have students research the composition of air. Many people think of oxygen molecules (0;) as air molscules. Oxygen is one component
of air. Al is actually a mixture of many different molecules. Most of the air molecules are nitrogen; only % of them are oxygen.
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Water Sticks To Water

Water sticks to water. This important property of water, termed
cohesion, results from each water molecule being attracted to, and
actually attaching to, other water molecules near it. This attraction is
due to the properties of the atoms in the water molecule.

Every atom has a very small, dense, cenfral nucleus. The nucleus contains profons
with a positive charge. This nucleus is surrounded by a cloud of electrons which have
a negative charge. The positive charge of the nucleus and the negative charge of the
electrons are generally the same strength, balancing each other out. Particles called
neutrons, also within the nucleus, have no charge.

A water molecule is composed of two hydrogen atoms and one oxygen atom bonded
together. Each hydrogen atom has one proton in its nucleus and a single electron in its cloud:
the oxygen atom has eight protons and eight electrons. When hydrogen atoms bond to an OoxXy-
gen afom, hydrogen’s negatively-charged electrons are attracted to oxygen’s strongly-positive
nucleus. Consequently, the electrons end up spending most of the fime around the oxygen. Electron
rearrangement leaves the hydrogen atoms with a partial posifive charge from their unattended
nuclei. It also gives the oxygen atom a partial negative charge from the excess of electrons,

The water molecule, therefore, becomes a “pelar” molecule, with positive and negative
ends. A positive oxygen end of one water molecule is affracted to, and binds fo, a negative
hydrogen end of another water molecule. This hydrogen io oxygen bonding is referred to as a
hydrogen bond. This attractive binding doesn’t result in a larger molecule. It does, howaver,
account for water’s cohesive property.

Cohesion
is an important
factor in the
formation of o 4{

raindrops. When =4

water evaporates, indi- W«{/
vidual HyO molecules Jw
“lump” into the air. When a
molecule of water comes into con-
tact with a particle in the air (dust,
smoke, salt crystal) the molecule
adheres to it. As other water molecules
make contact with the water on the parti-
cle, they are bound to it by cohesion. Soon
the wet particle becomes a drop of rain.
When the drop becomes large enough,

it falls as rain.

1
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Cohesion also acts at water’s surface, where it is given the fifle surface tension. Water mol-
ecules on the surface have nothing attracting them from above. They are bonded to the side and
below. This creates a relatively sirong “film” on the top of the water. The ability of some insects fo
skim across the top of water is a result of surface tension. It also allows a carefully placed needle
to float on water’s surface.

Temperature and molecule movement are related. All molecules are moving.
Temperature affects the amount of, and speed of, that molecular movement. The warmer a sub-
stance is, the faster the molecules move. The colder the substance, the less its molecules move.
The amount of movement in water’s molecules affects the degree of cohesion that can take place.

Another imporfant property of water is adhesion, in which a substance’s molecules are
attracted to molecules of a different substance. Adhesion takes place under many circumstances,
involving many different molecules. Adhesion takes place between glue and paper. Adhesion
holds bubbles of gas against the inside of a glass of soda. Adhesion of water to glass will also
will be shown with an activity in the extension portion of this lesson,



TITie:  Berry Basket Boats

KEY QUESTION AND OVERVIEW:
“How can an item float that’s heavier ; AT '
than water?” i) el g

The lesson illustrates cohesion, ane of water's unigue properties. ¢ '
Cohesion is the atiraction between molecules of the same substance. S Tva, -
Surface fension is evidence of cahesion on water's surface, causing water ~ oG

to behave as if there was an invisible film on it

Students float berry boskets on water gradually adding to the mass of the baskets
unfil, overcoming the surface tension of the water, the baskets sink. Students
will repeat the experiment, using room fempeiature water, ice water, and hot water.

A related property of water is adhesion, which is the aftraction between unlike molecules,
such as water’s attraction to glass. Adhesion is demonstrated in one of the extension activities.

OBJECTIVES:

Students will define cohesion as a property of water in which water molecules form polar bonds to other water molecules around them.
Students will demonstrate cohesion and surface tension by flovting objects heavier than water on its surface.

Students will compare the cohasive behavior of water at various temperatures.

Students will connect the cohesive nature of water to the condensation of rain drops in the water cycle.

MATERIALS:

Per class:  Enough woter of three different femperatures (room temperature water, ice water, and hot water) to ploce
at least 1 in a basin for each team.

Per team of 2 - 4 students:

0 generous supply of paper towels or cloth towefing

1 basin or ather small container {af least 5” square and 2" deep)
1 plastic strawberry basket

25 large paper clips (or other items of similar mass)

1 data sheet

1 thermometer

MANAGEMENT SUGGESTIONS:

Tap water will work for this experiment, but best resulfs are achieved using pure water. Tap water contains salfs and other minerals dis-
solved in it. These addifional molecules in the water interfere with the ability of the water molecules fo bind to each other, It is suggested
that students” hands be clean and free from soap,

Students need to carefully and gently place each paper clip into the basket. Dropping the paper clips, being carelessly rough, or jarring the
desk will affect the outcome of the experiment.

After a basket sinks, both it and its paper clip load need to be thoroughly dried before they are reused in another experimental trial.
Students need to count the paper dlips as they go. The clip that causes the boat fo sink doesn’t count.



ACTIVITY

1. Review the water molecule. Al matter consists of tiny particles called afems. Hydrogen ard oxygen cre examples
of fypes of atoms (elements). Atoms combine fo form molecules and compounds. Water is ¢ compound composed of fwo hydrogen ctoms ond
one oxygen afom. Watex's chemical symbot {H;0) shows this reiafionship.

2. Introduce atomic nucleus and electrons. iliafoms have o cloud of negatively-charged electrans cround
o positively-charged center, or nucleus. Hydrogen nas one electron araund its rucleus, oxygen hos eight.

3. Explain water’s polar nature. When hydrogen cnd oxygen combine fo make water, their cormhbined electrans
spend most of the time cround the oxygen atom. This recrrangement gives the oxygen end of the moiecule ¢ negafive cherge. 1 also leaves
the hydrogen ends with a positive charge. The woter mofecule then hes o polar nature: negafive o the cxygen end cnd positive on the hydro-
gen ends. Opposites offract.

4. Introduce the activity. Tell the students thot today fhey will experiment to find the maximum rumber of paper clips @
bery basket boat can hold before it sinks. The activity wilt be done with room femperature water, ice water, anc hot water. {The intent is to
have the students experience the cohesive force of water before they are directly introduced fo the concept of cohesion.)

5. Pass out materials. The besins for floating the basket boats should he placed in a steble
location and be protected from bumping or jorting during The activity.

6. Begin the activity. Each feam puts ot least n inch of racm fempersiure water
into the basin, measures the temperature of the water, and records the resulf o the data sheet.
Students gently lower the berry basket onfo the water, so it Boats. Finaily, they corefuily place puper
dlips into the hesket, counting s they go, until the basket sinks. This process is repeated three times,
each tria! recorded, and an average computed and recorded.

7. Discuss student results. Teoms will have varying results, depending on the technique and the
care observed during the activity. Have each tecm share their dcta and eater the doss data on the Teom femperature grash on their data sheet.
Ask for student input regarding why the bosket wus able fo floct with extra mass in it.

8. Explain cohesion. Oppasites nifrect. V/hen the positive hydroger snd of one wuter molecule comes info confact with the
negative oxygen end of another woter molecue, they bind together. The cciion is similar to opposite gnds of two mognats heing drowm
fogether. This bonding “holds water molecules togather”.

9. Explain surface tension. The cohesive attraction hetween water molecules is strongest ot the surface, wecfing
something acting similar to @ thin film. The berry basket boat is hegwy enough to sink. Howrever, the warer molecules on the surface are
holding fightly fo each other. The boat is not heavy enough in any one place ta push the molecules cpart so that it can go under.

10. Students explain cohesion. Intheirown words on the dula sheef, students write o senfence, explainirg scientifi-
cally why the busket floated.

11. Repeat activity using ice water. Students now repeat the activity steps, using vry cold water (ice yiater)
o float he basket baats. The information is shared os a ciass ond recorded on the ice wafer graph.

12. Repeat activity using hot water. The acfivity steps ore repected once agein, using not water. The resuits
of this step are not entered on o graph. instead, sfudents answer the question regarding temperature’s offect an cohesion af the bottom of
the dotu sheet.

13. Discuss temperature, molecule movement, and cohesion. Al molecles ore moving.
The warmer molecules are, the faster they move. The more and faster they are moving, the herder i is going fo be for them to he citrecied fo
ench other. The warmer water is, the less cohesion it will exhibit. The oppesite is, of cavise, true s the femperature of the water decreases.

14. Relate cohesion to raindrop formation. ‘/hen waes malectles i the oir come inse contect with tiny
particles of dust, salt crystals, or other substance in the air, the molecules cdhere to it. As other water moiecuies conttct the water or the
1

particle, they bind ta it by cohesion. As more waer molecules are added, the wet perticle hecomes ¢ drop of rain. When the drop becomes
large enough, it falls os rain.

15. Clean up. Retieve the materiols. Muke sure o leave the paper clips out fo dry as they will rust if ieft wet in 0 tiosed container.



REVIEW AND REFLECTION:

1. What are the component paits of an atom? A nucleus containing protons end neutrons, with o cloud of elecirons around it,

2. Describe the charges involved with different parts of a water molecule. Positive af the hydrogen ends, negative of the oxygen end.
3. Exoctly how does cohesion relafe to the formation of raindrops? See feacher background or #13 of the activiy.

4. How is cohesion different from surface tension? /t's not. Surface tension is simply cohesion acting ot the surface fevel. If there’s
a difference, i¥'s relative strength. At the surface, the binding between water molecules is somewhat stronger than below the surface.

5. How would the world be different if water did not stick to water?

EXTENSIONS:

1. As o demonstration or separate class activity, do o frial berry bosket float using water
that has soap in it. How does this affect the results?

2. As a demonstration, or short student acfivity, float @ small needle on water’s sur-
face. Lay a very small piece of cheap tissue on the surface of o glass or bowl of water.
Gently place a smalf sewing needle on the tissue. As adhesion draws water into the
fissug, it sinks. The needle remains on the surface, held up by water's surface tension,

3. Have students predict how many drops of water can be placed on o penny, using a water
dropper (eyedropper). After recording their predictions, have the students gently drop water onfo
the penny, counting the drops.

4. An example of adhesion can be done with two glass microscope slides. Tape a short loop

of thread or floss to the middle of each slide. Wat the ather side of each slide and press them together. Now, pull on the thread loops fo
fry fo separate the two slides. Adhesion between the glass and the water will bond the unif together, meking them difficult to separate.

15



BERRY BASKET BOATS
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Why does the basket Hoat?
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Soap Interferes With Water

Water molecules stick together. The ferm for this attraction between
molecules of the same substance is cohesion. A related term, adhesion,
is applied when molecules of different substances are attracted to each
other. Soap causes water molecules to quit sticking to each other. Soap
does this by interfering with water’s cohesive nature, so that water can
then devote itself more to its adhesive nature. The importance of water’s
adhesive nature is in its ability to “wet” things. To clean an item, water
needs to get the item, and the dirt on it, “wet”. However, water’s
attraction to iiself is stronger than its attraction to other things.
Therefore, we need to cancel out some of water's attraction to itself
[cohesion), so that it can exhibit increased attraction to dishes,
hands, clothes, and dirt {adhesion). Scap does this.

First, a word about the soap molecule’s appearance. At one
end of a typical soap molecule (often called the head) are two oxy-
gen atoms and a sodium atom. This “head end” is polar. The rest of
the molecule (often called the tail} is a non-polar hydrocarbon
chain, composed of 12 1018 carbon atoms connected to hydrogen
atoms. Because they are composed of two distinct and differently
acting parts, soap molecules have a “split personality”. The head is

atfracted to water; the tail repels water. The soap molecule’s size,
polar nature, and split personality set the stage for soap’s unique
role as a cleansing agent.

To break surface tension, soap's relatively large molecules get between the water
molecules, reducing their attraction to each other. The surface tension of soapy water is only
about ! the strength of the surface tension of plain water.
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WATER AND sgAP . L
. Coud solve in water, washing with water alone does

litfle good. This is where soap comes in. The

4 / / / a To dispose of dirt, soap utilizes its split
() personality. Since grease and oil do not dis-
/

polar head dissolves in water, since water itself
is also polar. The hydrocarbon chain tails,
which are repeiled by water, are attracted to
grease, oil, and dirt. As millions of soap mole-
cules stick their tails into a glob of grease, they
“pincushion” it. The polar head ends of each
molecule, which stick out of the grease ball,

take on a negative charge. This gives the

grease droplet a negatively-charged surface.
It then, repels all the other similarly charged “pincushioned” globs of grease. The result is that large
giobs of grease are broken info tiny droplets, which then spread out and go down the drain.

This action by soap, producing finy droplets of grease or oil in water, is an example of emulsifica-
tion. An emulsion is a mixture of liquids in which tiny droplets, containing many molecules of one
liquid are evenly distributed throughout another liquid. This differs from a solution, in which indi-
vidual molecuies of a substance are distributed throughout a liquid. Sugar water is an example of
a solution, wherein the sugar molecules disperse evenly throughout the water. Mayornaise is an
example of an emulsion, containing droplets of vegetable oil.

Temperature affects interactions between molecules. All molecules move. As molecules
become warmer, they move more; as they cool down, they move less. Of course the more molecules
move, the greater will be their opportunities to inferact with each other.

Of final note in relation to the following activity, is the colloidal nature of milk. A colloid is o
substance made of insoluble particles suspended in a fluid. In size, the particles of a colloid are
larger than those in a solufion, but not so large that they will eventually settle to the bottom, as those
in a suspension will do. As a ¢olioid, milk affects the interaction of soap and water molecules.
The particles in milk interfere with the movement of the soap molecules placed into it. This causes
the action of the soap on the water to remain localized, instead of affecting the whole container
immediately.



TITLE:

Milk Storms

OVERVIEW AND KEY QUESTION:
“Why do we use soapy water to wash?”

This lesson concerns the use of soap to break the cohesive attraction between water molecules.
The activity centers on having the students put single drops of soap into o shallow plate of
milk with food coloring drops in it. Temperature is introduced as a variable.
The results are graphed and the datc analyzed.

OBJECTIVES:
Students will define cohesion and adhesion as two of water’s unique properties.
Students will illustrate the breaking of water cohesion by the use of soap.

Students will time and graph the effect of temperature changes on water cohesion
strength within milk.

MATERIALS:
Per class: 1 gallon 2% low fot milk container for disposing of used milk

heat source to worm the milk ice contuiner in which to cool milk
dock with a second hand that enfire class can see

Per student team of four:

Activity [ 1 coated paper plate or similar confainer (at least 7* diameter/%4" deep)
access fo food coloring (3 different colors are hest)
small (3 oz) cup of Dove dishwashing socp labeled “mystery liquid” (other brands may work)
dropper to use for soap onfy cup of milk (6-8 0z)

Activity If J coated paper plates {similar to those used in Activity 1)
small {3 oz) cup of Dove dishwashing soap with dropper
small (3-5 oz} cup for milk transfer
access fo food coloring (3 different colors are best)
thermometer naper towels for clean-up
cup of milk (6-8 o0z) 4 data sheets

MANAGEMENT SUGGESTIONS:

It's not unusual for some students at any particular grade to be unfamiliar with the use of droppers. Initial instruction should be given
in dropper use. “Dip the drapper end into the liquid, squeeze the bulb once, release the bulb, remove the dropper end from the liquid,
and gently squeeze the bulb to release single drops.”

Remind the students to use the materials during the activity only as described. There should be no squirting, tasting the milk, etc.

It is important that the dropper used for transferring the soap be used only for soop. It must not contaminate the food colorings
or milk sources.

The activity plate for each team may be placed on o larger (9”) paper or plastic plate to minimize messes and facilitate clean-up.
Inifially, do not identify the dishwashing liquid or explain soap’s role in breaking water's cohesive nature.

Prior to Activity I, plan for and set up the “milk station”. It consists of four containers of milk at differing remperatures (very coid,
cool, room, very warm).
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ACTIVITY

20

1. Review cohesion. ‘Vcter molecules are ciiracted to each other dus to their polar nature. Lerger molecules are not created
by this attraction. The result is, however, ¢ relctively strong bonding betzreen adjocent water melecuies.

2. Introduce adhesion. fisleculss of orie substance ore often attracted to molecules of o different substance. Water experi-
ences odhesion when it comes irto confact with ¢ paper towel. The water molecules are attvacted fo the paper molecules und the water is
“ahsorbed” by the paper toweling.

3. Distribute materials for Part | of the activity, Each siudent team receives a plote end cup of room
tempercture milk. All teams have accass o facd ccloting, an unlobeled container of Dove disheeshing liguid {the mystery liquic), and a dropper.

4, Begin Part 1. Students cerefully pour " - 2" milk into their plate. They then add a drop
of each of 3 - 4 different food colorings to the milk. The drops should be spread as far apart from each
other o the plate as is possible. Students are not to use 3 - 4 drops of each color. They reed 1 drop
each of 3 - 4 different colors.

5. Add one drop of mystery liquid. Students place one drop of the “mys-
tery liguid” into the milk anywhere ori the plate. They observe the interaction taking place, which will be
o general mixing of the milk and food coloring.

6. Continue Part 1. When the mixing aciion in the milk stops, students skould add another single drop of seap to ¢ different
area on the plate. This procedure can continug through several “mystery solution” applicctions.

7. Class discussion about Part L. Two seporafe questions cre cddressed:
1} What s the “mystery liquid”? Dove dishwashing liquid. {Studenis often think it is o head lotion.)

25 What is happening in the picte? The cohesive attraction of the water molecules is being broken, causing the movement observed
in the mitk. Somehow, the scap must be causing this.

8. Discuss the soap molecule and its affect on water’s cohesion. i socp molecule is

a 'ong chain of carbon atoms, with hycrogen atoms cttechad to them. At ane erd of the chain {the hect} are tv7o oxygan cioms end a sodium
atom. This “head end” is polar and is ctiracted to the poler weter melacule, but repelled from other soap molecules. As soap is added fo water,
the relatively lorge soop molecules come between the woter molecules, interfering with the cohesive atfraction bstwesn them.

9. Introduce Part II. The students wil explore the relationship betsrsen tempereture ard the movement of the colered milk
caused by soap.

10. Distribute new materials for Part 1l of the activity. Each studert leam receives 3 plates;
access to food coloring ; o container of Dove dishwashing liguid with a dropper;  thermometer; a cup to fransfer milk; and o dota sheet.

11. Introduce the “milk station”. Refer to Managsment Suggestions to prepare the milk station. Explein to sfu-
dents thek a member of each tecm will come to the milk statior and get o cup of their designated temperaswe milk for ach rial of the
aetivity. They will use the thermometer to determine the temparcture of their milk.

12. Designate team temperatures. Forcloss of 32, there willbe 8 teams of four students. Tesignate twa feoms
for sach of the four temperatures {coid, coo!, reom, and warm). it's best thet no two adjscent teams be assigned the seme temperature.

13. Begin the activity. The student deta sheefs will lead the students fhrough the cctivity. Each student team wili repeat the
aciivity thrae fimes with their designated temperature of mitk. The object will be to record the period of ime movement is odserved after the
intracuction of a soap drog into the milk and foed coloring. The teacher wl monitor the progress. Students will compute the overage omount
from the results of the three trials.

14. Share results as a class. Through directed discussion, the data from each team will be shared. Each student will
record this informetion on the deta sheet.

15. Discuss the relationship between temperature and molecule activity. For mole-
cules to interack, they must come into contact with each other. All molecules are moving. The more rpidly they move, the more opportunity
they w#ill hove to come into contact with ecch other and interact. Temperature affects ow much, and hos repidiy, molecules move. The colder
— the slower cnd less; the wiarmer — the faster ond more.

16. Clean up.



REVIEW AND REFLECTION:

1. What is the difference between cohesion and adhesion? Cohesion is molecules of the same kind sticking to each ather, Adhesion
involves molecules of different kinds.

2. How do cohesion and adhesion allow a free to pull water up to its top branches? Adhesion pulls the woter up inside the roofs, trunk
and branches. Cohesion allows the water being drawn up through adhesion fo pull other water along with it.

3. What is soap’s role in helping water to dean things? Soap causes water fo lose some of iis cohesive nature, so that it more freely
utilizes its adhesive nature.

4. How did femperature affect the experiment results? Higher temperature caused o faster reaciion, which took fass time fo complefe.

5. If you hed only water (no soap) fo clean with, why might hot water dean better than cold water? The water molecules would be
moving more. They would be less able fo hold onto each other and more fikely to come into contact with dirt

EXTENSIONS:

1. Repeat Part Il of the experiment, investigating different milk types rather than different femperatures of milk. Suggestions might
include non-fat, 1%, 2%, and whole.

2. As a demonstration, attempt fo float o berry basket in water to which soap has been added.
3. Find out how many drops of water will pile up on a penny that hos o litle soup on it

4. Sprinkle pepper on o shallow bow! of water. Touch some soap to the water at one side
of the bowl.
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MILK STORMS

TEAM #

CHECK ONE

MILK - ICE COLD REFRIGERATOR TEMP. ___
ROOM TEMP. VERY WARM

Record how long movement lasts once a drop of scap is added.

: ! | . [ FINALRESUTS |
! TEMPERATURE ! 15T TRY | 2N TRY 3RO TRY " AVERAGE TIME

CLASS RESULTS

' AVERAGED | |
| TEMPERATURE  TEAM RESULTS | FINAL AVERAGE |

TEAM

ICECOD | | |
TEAM 1

TEAM 2

REFRIGERATED | ‘

j
e — — —]]
]
1
J

ROOM TEMP.,
TEAM 5

TEAM 6 ! ‘

TEAM 7

TEAM 8

| VERY WARM | ‘ ‘
|
|
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Soap Spheres And Rain Balls

Three primary concepts are covered within this informational
page: the structural composition of soap bubbles; the inevitable
shape of free-floating soap bubbles; and the natural shape
faken by a raindrop. The basis for these concepts will be
shown to be both scientific and mathematical.

Strong cohesion is one of water’s unique properties.
Each polar water molecule sticks to the other water molecules
near it. This results in a fairly tightly-bound unit. In fact,
water molecules have such a strong attraction to each other
that bubbles can’t be blown from water. As a water film begins
stretching out to enclose some air, the molecules pull together
and effectively return the water to a compact unit.

Soap molecules are also polar, with a “head” end that's
aftracted to water and the hydrocarbon tail end that's repelled by
water. Soap molecules come between the water molecules. In this way,
soap interrupts cohesion between water molecules. This action allows
water to “stretch out”.

When soap is added to water, the soap molecules form a layer on the surface of
the water. Their polar heads stick into the water and their tails stick up into the air. Soap
molecules that can’t become part of the layer on the top, gather as minute balls in the
water with their tails pointing inward. This ball of soap molecules is called a micelle.
Micelles help clean clothes, dishes, and hands by picking up fat and grease.

The chemical and physical structure of soap and water dictates the formation of soap
bubbles. When air is blown through a solution of soapy water, a thin film develops, forming
bubbles. The film is a soap and water “sandwich”, composed of a layer of water molecules,
bordered on both sides by layers of soap molecules with their tails sticking out into the air.

Soap bubbles have fairly long “lives”. This happens because the water, that would

o ' evaporate, is “sandwiched” between layers of soap, which do not evapo-
- | "(/, - 7 rate. Why don’t bubbles last indefinitely? One reason lies in the fact that the
BRI s water molecules within the soap layers are drawn together by cohesion, and

'l// " drawn down by gravity. As the water layer drains out from between the polar
.35\\ soap molecules at the top of the bubble, the soap “heads” of the two layers repel
each other. The bubble bursts.

23



24

Soap bubbles, floating freely in the air, are spheres. Why?2 This question is tackled by first con-
sidering two-dimensional geometric shapes. When we compare a variety of two-dimensional geo-
metric shapes, all having the same perimeter, a circle is found to encompass the greatest area.

In other words a round rug which measures 8 feet around its edge, will cover more floor than a
square rug which is 2 feet on each side, making it also 8 feet around its edge.

This amazing fruth transfers from two-dimensional shapes to three-dimensional shapes.
A sphere holds more inside of it than any other shape made from a given amount of material.
The bubble takes on a spherical shape for two reasons. First, the molecules in the bubble film pull
together, producing the most economical surface area possible. Also, the air molecules trapped
inside the film move rapidly and randomly. They push on the film, making the largest centainer
possible. A sphere allows for more room inside for the least amount of material outside. Therefore,
the container that results must be a sphere.

Raindrops also assume spherical shapes. Water drops, drawn as illusirations, are usually
shown in a classic “teardrop” shape. That is the shape of water just as it pulls away from a water
faucet or eyedropper. However, as the drop begins to fall ireely, it takes on the shape of a perfect
sphere. Similarly, as water vapor in the air forms rain, the molecules are drawn tightly together by
cohesion. The rain drop assumes the most economical shape possible — a perfect sphere.



TITLE: Qreat Balls of Water

KEY QUESTION AND OVERVIEW: “What Shape Is
A Rain Drop?”

Using a line of o given length, a circle will contain the largest area of any geometric shape
the line can make. Similarly, a sphere will hove more space inside it than any other tree-
dimensionat shape made from a fixed amount of building material. Using graph paper,
measured lengths of pipe cleaner or string, and adjustable wire hubble wands, stu-
dents explore these geometric facts. They then use this knowledge fo explain the
constant spherical nature of bubbles and raindrops.

OBJECTIVES:

Students will demonstrate the relationship between area and geometric shape
through the use of a fixed-length of pipe cleaner or string and graph paper.

Students will observe and describe the consistent spherical shape of bubbles.
Students will identify a sphere as the shape taken by various natural objects, including rain drops.

MATERIALS:
Per student team of 2 - 4:
Part | length of pipe clsaner or substitute (25 cm or longer)
activify sheet ruler plate
Part il 9 o0z cup of soap bubble solution paper fowels

MANAGEMENT SUGGESTIONS:

A recipe for a bubble solution, recommended by the Exploratorium in Son Francisca, is % cup of Dawn dishwashing liquid in a gallon of
water. One tablespoon of glycerin (available at any drug store) can be added for increased bubble strength. The bubble solufion should
be aged for about ¢ week for best results.

It is important that students view all the acfivities cs science investigations. Time should be spent explaining “bubble rules” for Part |l:
1) No bubble popping  2) No blowing bubbles at other students 3} No intentiona, unnecessary messes.

The graph paper on the activity quide is constructed of 1 cm grids.

ACTIVITY

1. Distribute materials for Part I. Each team receives an activity sheet, a ruler, and a length of pipe cleaner
(string, or easily bent wire, may be subsfituted). The objectives of the acfivity are not shared with the students af this time. The goal is fo
have the students discover independently that o circle is the most economical geometric shape.

2. Explain the general flow to the activity. Teoms measure a length of pipe cleaner and secure the ends
fogether. They carefully bend the pipe cleaner into three different shapes (square, triangle, and circle). The triangle and rectangle will hove
stiaight sides and sharp corners. The circle will be os smooth and round as possible. Teams will place the shapes on graph paper and accu-
rafely record the areas of each.

3. Measure the pipe cleaner. tuchteam meosures a 20 cm length in the middle of the pipe cleaner. A mark is
made af each end of the measured length. The two marks are carefully brought into contact and the pipe cleaner is twisted togethier where
the merks meet. This results in a loop, with two ends sticking out like o handle.
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4. Make a square. The pine deaner loop is carefully bent info o square o other recangle). The sides of the square are
straightened and the corrers are sherply bent into right engles.

5. Directly measure the area of the square. The pipe cleaner square is placed on the graph paper sec-
tion of the data sheet. The square’s edges ore cligned with the graph peper. Tne sections of groph poper within the boundaries of the square
cre *hen corefily counted. (A rule might be that any 7% section or larger within the outline of the saucre is counted as ¢ section.) The num-
her of greph sections is recorded. The length and width of the square cre ciso recorded o the date sheet.

6. Mathematically find the area of the square. Studenis use fic rectongie orea formula {length X
width) to calceicte the area of the square, which they record.

7. Repeat steps 4 - 6, making a triangle. it this point, the acivity can remain Teacher directed, or can be
more student sctivated, depending or the class. Physically counting the grid sections within the triangle will be more difficult thap for the
sguare. The methematicel method for finging oreq of ¢ frigngle is explained to the students. it is found by multiolying * the bese length
times the height {2 bh}.

[T 1] T 8. Repeat steps 4 - 6 making a circle. Agin this may, o mey not,

be teccher directed. Counting the grid sections will be difficuit for the circle. There will be meny partial
sections within the circle corfines. Stedents should be encouraged to be as accurcte as possibie in

their tatly. The formuia for mathemctically finding the orec of ¢ circle is the radius (% the dicmeten),

O T fimes the radius, fimes pi (3.14}. Students need to measure corefully ccross the widess possible spn
| e | of the circle to cscertain the diameter. They will then, of course, use only = of this dicmeter in the
; calcuiation.

2 9. Discuss the results. Tie line that made each shape was the stme, but the area
SRR —  inside each shape varied. It s found that a circle encompusses ¢ larger aree thon eithier of the other

| two shapes. This would be trug rio matter what other shapes were compared fo the crcie. A dircle has
; p

¢ larcer crea thor any other geomeiric shape with the same fength perimeter.
10. Pass out materials for Part I. The teams are given ¢ cup of soap hubble solutior;, ¢ plete fo set it on, and
caper toweling. They use these and the pine clecner 7o make bubbis wends.
11. Discuss and begin Part 1. Hove sach student bend - of the pipe cleaner in'c o circle. Tne othe: end acts as o
hendle. They uss these meterials to blow bubbles, which il be spherical in shape. Aflow a few minutes Yor bubble blowing.
12. Explain soap’s role in bubbles. Soop causcs water to lose some of s cohesion so that it wiil “sretch out”.
Soap melectle layers olso “sandwich” o water molecule laysr hetwzeen them so thot the woter doesn’t evopozate, cloving the hubhle to
resist popping. Whan the water drains out from betwieen the polar soap molecuie layers, ey repal each other, aad the bubbla pops {se
hackgrourd for o mere in-cepth explanation).
13. Change wand shape. e stutenis clter the shape of the cpening of the bubble wand opening and blow bubbles
using these new shapes. The stutlents are encourcged fo try squere and Hicnguier shaped openings.

14. Discuss the results of bubble blowing. Allbihbies, freely ficating in the cir, become spheres. There
are no hubdle cubes, bubble nyramids, or bubhies of nebutous shape. All are perfect spheres. Agcin, a <ircle hes a larger infernc! ared than
any other geometric shape with the scme iength perimeter. The seme result happens in three dimensions. A sphere holds more inside of it
than, any other three-dimensional geometric shape with the same cutsice crea. The bubble iuice pulis together to make ¢ fight fiim. The gir
inside the bubhle pusnes on the fim fo achieve the largest spece inside. & sphere contains ihe largest emount of spoce for its cutside surface.

15. Apply spheres to raindrops. Confrory to pictures often dresn by arfists, raindrops ere elso perfect spheres oS
they fall through th cir. The same s tue of teardrops, dog drool drops, end leaky faucet dreps. When ¢ droplet of water is pulling nway
from an ebject such as a foucet, @ “fail” of water is strefched out from the object. However, us the liquic crop becemes free within the air
it takes on the most economical three-dimensionci shape possible — a sphere.



REVIEW AND REFLECTION:
1. Why can't bubbles be blown using only water? Water can't stretch out to make o bubble; ifs cohesion is too strong.

2. It o square piece of cloth and o round piece of cloth each cover the some amount of desk, which cloth has o larger perimeter?
If they both had the same perimeter, the circle would have o larger area. Therefore, sinca they have the same orea, the square must
have the larger perimefer,

3. If a certain amount of wood and other building materials was used fo make the lorgest shelter possible, what would be the shelter's
shape? The structure would be spherical. Howsves, a fiat floor is desirable, so it would be @ half sphese.

4. Mustrate, on the board or paper, the formation of a drop of water os it leaves an eyedropper and then hits the ground.
See illustration in the reading.

5. Why daes u sleeping dog curl up info a tight ball when it's really cold outside? With its body in more of a sphere shaps, less outside
surface is exposed to the cold

EXTENSIONS:
1. Students might research R. Buckminster Fuiler, the pioneer of the geodesic dome.

2. Put several separate drops of colored salad off on the surface of water in o glass or bowl. The drops will all pull together o form o
round drop. Very slowly, pour rubbing alcohel into the glass unfil it covers the salad oil drops. The drops become spheres.

3. Pour warm water info a glass. Pour a layer of warm cooking oil on top of the water. Carefully place 3 drops of food coloring info the
layered mixture. The food coloring will sink through the cooking oil and gather at the surface of the water, It eventually breaks through
the oil /water interface and spreads out into the water.

4. Research the variety of organisms in nature that have taken o spherical shope. Exampies found will include some cacti, seq vrchias,
Volvox and ather protozoans.
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GREAT BALLS OF WATER

PERIMETER | | | NUMBER OF |
SHAPE ! LENGTH . DIMENSIONS FORMULA | COMPUTATION | MATH RESULT | GRAPH SE(TlUNS!
L L x W=
| 20cm _X_=_
%% AREA
SASE
20 em £bh hoox_ =
HEIGHT
T NIAMETER 3M4x_ x__
20 em DIAMETRR | 5 _
RADIUS p—

Order the shapes by most o least area.

MOST

LEAST
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The Matter With Density

Matter is defined as anything that has mass
(heaviness) and occupies volume {tokes up space). =g
Matter can be described and categorized by a
variety of physical properties, including color, odor,
and hardness. Other physical properties are the tem-
perature at which an item boils or freezes, the ability
to conduct heat, the capability to conduct electricity,
and the density of the item.

Density deals with how “much” of something is in a given space. Matter is defined as any-
thing that has mass and occupies volume; density measures the compaciness of matter by dividing
an item’s mass by its volume (Density = m/V).

To say that something is dense is to say that it is closely packed, such as a “dense stand of
frees”. The word density deals with how closely the component parts of @ volume are compacted
together.

Density is expressed in grams per cubic centimeter {g/cm3). The density of water is used
as a standard; water has a density of 1 g/cm3 at 4° C. Some other densities are listed in g/cm3

below:
Gases Liquids Solids
Helium 0.00018 Gasoline 0.446 Pine Wood 0.50
Oxygen 0.00143 Mercury 13.6 Aluminum 2.70
Carbon dioxide 0.00198 Gold 19.3

The density of a substance may be used to help identify it or verify its purity. A story about
King Hieron ill and the scientist Archimedes will illustrate. The king had given a jeweler some
gold to make a crown. When the crown arrived, the king suspected that silver, a less valuable
metal, had been substituted for some of the gold. The king asked Archimedes to investigate.
Archimedes decided to measure the crown to see if its density matched that of pure gold. Since
the crown was an irregular shape, Archimedes devised a “new” way to measure its volume, and
in a related fashion, its density. He submerged the crown into a full container of water, caught the
water that spilled out of the container, and then measured the volume of water that overflowed.
This displaced volume of water equaled the crown'’s volume and was compared to the mass of
the crown. Archimedes discovered that the crown had a lesser density than pure gold, and had,
therefore, been tampered with.

Modern tests use density to measure preduct purity. Anlifreeze concentration in automobile
cooling systems and acid concenfration in car batteries are monitored by making density calcula-
tions, using a hydrometer.
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The density of water increases when salt is added. Therefore, ocean waler is more dense than
river water. As river and ocean water meet, the intermediate density mixture is termed brackish
water. The mixing zone between the Sacramento River and the Pacific Ocean generally occurs
between Antioch and the Suisun Bay. Local aquatic biologists term this zone the “entrapment zone”
for the fact that it is the area richest in aquatic life and therefore best for collecting samples of
aquatic animals.

Water's density also changes with temperature. Warm water is more dense than cold water. Cargo
ships crews must take into account the variety of densities of salt water, fresh water, warm water, and
cool water. To facilitate safe loading, there is a series of lines painted on the outside of the ship’s hull.
These lines show the various safe loading levels for safe travel in the various types of water.

Environmental problems are affected by density differences. When an oil tanker is wrecked at
sea much of the oil, being iess dense than the water, floats on top of the water. The result is a
devastating oil “slick”.

TF iropica! fresn water
F frash water
tropics
S summer
W wintar

WNA  winter North Atlantic




TITLE:

Density Detectives

KEY QUESTION AND OVERVIEW:
“Can the density of water be changed?”

The lesson consists of an experimental series of activities using six colored solutions of salf water hav- e
ing differing densifies. Students, in feams of three, are given random sets containing three of fhe six /
liquids. They layer these in a straw until they have them correctly arranged with the most dense on

the bottom and the least dense on top. Intrateam collaboration occurs, with the resulting data

then shared at the class level. The final dlass gool is to order the enfire set of six liguids on a

confinuum from least dense to most dense.

OBJECTIVES:
Students will define density and use the formula for density.

Students will relate density to the act of floating or sinking in water.
Students will analyze personally gathered dat and data gathered by the class to evaluate the refative densities of six fiquids.

MATERIALS:

Per laboratory exercise:

For demonstration:
3 9 0z clear plastic cups quart of motor il
water balance and masses

For activity:  food coloring ~ green, yellow, red, orange, blue
non-iedized salt

For the recording of classroom data:
overhead projector and colored pens, chatkhoard and colored chalk,
or large sheet of paper and cofored markers or subsfitute

Per team: poperplate work sheet
2 - 3 drinking straws paper fowel
crayons of colored pencils
% oz empty plosfic cup for waste water disposcl
three 9 oz cups of differently colored water (see management section)

MANAGEMENT SUGGESTIONS:

As advance preparation, the instructor makes 24 quarts each of six different colors of water. To achieve the first five colors, add enough
faod coloring to five different containers of water (red, orangs, yellow, green, and blue) to make each olor fairly dark. Test the colors by
layering them in o straw before the lesson to assure good confrast between the colors. To make purple, add red and blue food colorings to
fthe sixth confainer of water. To make each solution the correct density, add the following grams of nen-idized salt to each color:

Green — 750g, Yellow — 600g, Red — 450g, Purple — 300g, Orange — 150g, Blue — Og. Prepare the colored water cups for each team
prior to the activity. Each cup will have about 2%5” of liuid in it. To assure the correct number of cups of ecch color, prepare 8 green,
? yellow, 8 red, 7 purple, 8 orange, and 8 blue Cups.

Practice the technique of drawing water info the straw and then sealing the straw with o finger or thumb. Dip the straw %" into a liquid.
Seal the upper end of the straw with a finger or thumb. Remave the straw from the liquid while keeping the finger in pluce. Lower the
sealed straw 1" into the second liquid, release the thumb from the opening, reseal the opening, and again withdraw the strow from the
liguid. Become familiar with this easy technique before the activity so it can be explained to students.



ACTIVITY
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1. Review matter. Meiter is anything end everything that takes up even g fitfle space {has volume) and has even the
sfightest amount of heaviness (has mass;.

2. Explain density. Al moter has mass ard volume.These fio chasscheristics can he related fo ench other ond used fo
describe one of matfer's physica! cheracteristics — density. Density is “how much of somesiing s in a given space”. An easy exemple of
density change involves o focf of Sread. ¥ o cne peund louf of brecd is sgueezed into o hail helf its origingl size, if stll weighs one pound.
Howrever, it is only haif as lorge. Therefore, its density is gredter; the same amount of “siufé” {bread) is in a smaller volume. Another
example can he given using frees on an acre cf land. if ¢ woman buys an care of land that hes two hundred trees growing on it ond she
plonts 100 more frees, the forast on thet acre wili be more dense. * Is the scme size piece of tond, but there are more frees on it.

Density is found by dividing an item’s mess by its volume {D=m/V) and recorded in groms per cubic centimeter (g/cmé).
6 d

3. Relate water as a standard of density. Fvery cubic centimeter of water weighs 1 gram. The density

of water is 1 cram per cubic centimater. This 31 retio, end the impartance of water in floating vs sinking situations, coniributes to water os
g | g

the standerd of density meastrement. (An incidental note: o miiliter {mi] is the scme as 0 cubic centimeter.)

4. Demonstrate the comparative densities of water and motor oil. The students are
asked which is hecvier (more dense), a quart of water or ¢ guart of oil? To aid the students in their decision, the instructor pours an equol
omaue of ench liquid inte separate cups. The oil, heing more thick, will appear relofively more heavy. Once the students have responded as
to which Tiguid they believe is more heavy, the fic cups ore ploced en separote sices of the brlance for mass comparison. Surprisingly, the
water will he e hegvier {more dense!. Some of the il end water can then be noured into the third cup to illustrate thot the least dense
figuid wil rise fo the top. The fact thiat oilis fess dense thon water can then ke relcted to off spills.

5. Explain the activity. The oil and woter cemanstration Nustrated that not all figuids have the same density. The fol-
lowing student acfivity is a scientific invesfigation to rank several differently colosed liquids according fo their relative densities. Each team
will compare the densities of three of the six liquids. The information from each tegm will then be shared with the entire cluss. Using the
combined infarsmation from alt the groups, each team will order the entire sef of six fiquids by increasing density.

The density of the liquids will be compared by putfing the liquids fogether info a strow. if they are ordered correctly in the straw, with the
most ense on the battom and the least dense on fop, the fiquids will remain separated in the straw. If they are incorrecfly nlaced in the
straw by density, they will mix fogesher.




6. Explain the method of filling the straws. T put a liquid into
the straw, lower the straw %4 into the liquid. Seal the upper end of the straw with o finger or
thumb. Carefully remove the straw from the liquid, while continuing to seal the straw’s end. To put £
a second liquid ino the straw with the first, lower the siillsealed straw 17 info the second liquid. fr
Release the seal on the straw end;: the second liquid will be drawn info the straw with the first. Bt
Reseal the strow and withdraw it from the second fiquid. Both liquids will now be in the sealed
strow. If the least dense liquid was put into the siraw first, it will have been pushed up by

the entry of the second liquid. There will he two seporately colored layers. If the most dense
liguid was placed in the straw first, the two fiquids will have mixed fogether and be an inter-
mediate color. To put the third liguid in the straw, lower the straw with iwo correctly placed

colors 1)4" into the third liguid, release the seal and reseal. (The leas} dense liquid must be s i I
put in the straw first). ‘

7. Distribute the materials. Student fsams can be identified by number.
To give three calors to each team and also evenly distribute the colors, give each team the following
color combinations:

Team  Color Team  Color feam  Color Team  Color Team  Color
] G0B 5 ORB 8 YBR 11 0YB 14 YOR
? YBP b BPG 9 GPY 12 BRG 15 RBP
3 ROG 7 GOY 10 POG 13 GPY 16 GYR
4 POY

8. Begin the activity. The students are reminded ahout the method of getting the three liguids into the straw,
The students are also reminded ahout putting the calor they think will be least dense into the straw first. s g fingl note before beginning,
the sudents are directed to place used samples info the waste cup. They are also reminded to keep the original solutions unpolluted.

9. Retrieve materials. #s soon os each team discovers the order of their liquids according to relative density, they
should return the materials fo the central materils sfation. Otherwise, unproductive play will result.

10. Sharing data with the class. & membes of gach team comes to the boord or overhead and records, in
color, the order of the liquids according to relative densities. They are reminded that the color representing the most dense fiquid is
recorded on the bottom.

~
(hﬁhﬁfhhrl—mrﬁrﬁfm

..____._._______.._____.__._________

UL L UL

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 14

L | | | | | ]
L LEAST DENSE —> MOST DENSE )

11. Interpreting the class data to order all six liquids by density. Usingthe
combined data gathered by ol the teams, each individual team will record its hypothesis regarding the most dense liquid, the least dense
liguid, and the order of those liquids in between. (most - green, yellow, red, purple, orange, blue - least)

The students are told that salf has been added fo alf the liquid solutions except blue. They should also note that the more salt that was
added, the more dense that liquid became, with the green solution having had 750 grams of salt odded,
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REVIEW AND REFLECTION:

1. What does density meosure? If measuies how much material imess] is in a cerfain sized contoiner [or volume!.

5 410 em? block of copper weighs 99 grams. What s the density of copper? P=m/V D =99/ 10m* =707 g/cmé
Actualty copper’s density is 9.93 g/tm-. '

3 Which is more dense, see water or fresh wter? The activity should have proven that the more salfy water is, the mere danse it is.
Sap water i more dense 1o fresh worer, with ¢ density of 1.03.

4, The foliowing densities cre given in gra/ams: iron- 7.9, gold - 19.3, mercury - 13.6. A hecwy fron har ond o goid ting were both pleced
in ¢ targe bowi of mercury. hot hoppened o the by end the ring? Mercury is ¢ figuid, so the bor fioated ang the ring sank.

5. § ciear soiid block of motier hos ¢ density of 17, Wilit flact or sink when ploced in weter? it will floar. Weter hes density of 1.0.
Therefore the cloar block is less dense. The cleor Siock is ice, which does fave o density of 917

EXTENSIONS:

1. Gather o balance, some masses, 25 pennies minted before 1982, and 25 pennies minted affer 198Z. Hove the students weigh the pre-

82 and nost'87 pennies seperately end record the rasults. They will actice o discrepant esult. The pennles rinted before 1982 are heovier
(heve mose moss) then those minted cfter 1982. All tne pennies have the same volume, i¥s the density that is different. In 1982, the govers-
ment stopped moking pennies out 6f Copper, aifich has @ density ¢f 9.93 g/am3. Since then, pennies cre made orimerily of zing, with just o
+hin conper cogting. Zin has ¢ density of 7.14 g/cmd,

9 isk sudents i they hynothesize thet ¢ can of diet Pepsi and ¢ ccn of ragular Pepsi have fhe same volume? Placs each ir o container of

weter. The diet sago vl float.

3 Test anch colored solution o find which cre or ones will couse o qolf bell or hard beiled egg o fiect. Try different brands of golf bails for
some intaresting resulfs.
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A Catalyst Makes Water Faster

36

Water is involved in many chemical
reactions within the human body. In
a chemical reaction, matter
changes from one substance with

certain properties fo one or more other
substances with new properties.
Chemical reactions can also release energy.
An example of a reaction within the human
body is shown when two hydrogen peroxide
molecules [H,O5) come apart and the atoms
rearrange into one water molecule {HO)
and two oxygen {O) molecutes.

The Law of the Conservation of Matter states that atoms are neither created nor
destroyed in a chemical reaction, they are simply rearranged. This means that there are the same
kinds and number of atoms in the molecules that react in a reaction as there are in the molecules
that are produced.

There are three ways to make a reaction occur faster or sooner. One way is to increase the
conceniration of molecules. The more molecules, the greater the chance they will react with each
other. Another way is to heat the molecules so they collide with greater speed and force. The third
way is to add a catalyst.

A catalyst is a substance that speeds up a reaction, but is not consumed in the reaction.
It generally works because it provides an alternative reaction pathway that requires less energy.
When a catalyst is added, the reaction then has a “choice” of pathways fo take to completion.
The reaction takes the easier pathway, coming to completion socner.

Enzymes are catalysts that act within living things. Enzymes are protein molecules and are
usually very specific about which reactions they affect. Examples of enzymes are: peroxidase,
typically found in plants; and catalase, which is found in the blood and liver of animals. Both
enzymes facilitate the rapid breakdown of hydrogen peroxide molecules info water molecules and
oxygen molecules.

Hydrogen peroxide {H,05) is a foxic by-product produced in various living organisms,
including humans. Since peroxide is foxic, it must be broken down by catalase into safe and usable
substances [water and oxygen}.



One of the important components of the catalase molecule is an iron atom (Fe]. Iron will
break down peroxide by itself. However, whereas one molecule of catalase will decompose
83,000 molecules of Hy,O, in one second, it would take the iron atom, working alone, 300
years to do the same thing.

When hydrogen peroxide is put on a wound, the HyOy comes into contact with catalase.
This contact initiates a rapid breakdown of the peroxide info water and oxygen. The oxygen
molecules combine to form bubbles, which rise to the top of the liquid and burst. This bubbling
action mechanically cleanses the wound of germs and dirt.

Additionally, as the hydrogen peroxide molecule comes apart in the reaction, free radicals
are formed. A free radical is an atom or group of atoms with a single, unpaired electron. The

imporfance of having an unpaired electron is that free radicals “attack” germs for their electrons.

As this happens, germs are destroyed.

One drawback is that the hydrogen atoms don’t “care” where they go for electrons.
Consequently, they also attack healthy body cells and kill them. However, this loss of body
cells is far outweighed by the cleansing of the wound and killing of the associated germs.
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Presto! — Peroxide Becomes Water

KEY QUESTION AND OVERVIEW:

“Why do we put hydrogen peroxide on a wound?” o
: . . . o i -SoLumion OF
Students use the cotalyst present in carros, pofatoes, bananas, ond liver to stimulate the recction IYDROGEN
that changes hydrogen peroxice info water und oxygen. Several scientific concepts ore covered ROX[DE

within the spcn of this actiiry. Primariy, a chemical reaction invoiving hydrogen peroxide
hecoming water and oxygen is shovm and modeled, Secondarily, the rolc of catolysts
in “acilitcting chemico! reactions is explored. Finclly, this is ol connected fo
enzymes cs biologice! catalysts tnd the reasering behind the medical use
of hydrogen peroxide.

OBJECTIVES:
Students will mocel and describe the decompositior: of irydrogen peroxide into water and oxygen.

Students will compare the effect on the hydrogen peroxide reacfion rcte of the catulysts from a variety of plont materials.
Studarts will relcte the hreakdown of hydregen peraxide to the cleansing and trectment of wounds.

MATERIALS:
Per class session:
5 pint bottles of 2% hydrogen peroxide {available ot drug stores;
1 potato 1 hananc 1 carrot
chout 2 oz chopped or biended liver {see management suggestions)
Per team of 2 - 4 students
1 dete sheet for each student
1 cocted poper plote o plastic picte
5 small cisar plestic cops 19 oz of smailer)
atom modeis produced by the students during Lesson !

MANAGEMENT SUGGESTIONS:

The otom cnd molectle models from Lesson T will now be needed. They should have been soved by the students or teacher for use in this lesson.
it thin paper plates are used, it is adviscble to use ¢ double shickness. This helps keep any spillec liquid from soaking thraugh and also adds
more fgidity ot Ciean-up time.

The liver is best prepered by puzchesing beef fvar from the local sunermarket, plecing it into @ hlender with some water, and letting the blender
e for ¢ few minutes, or until the result s the consistency of very soft pucding.

The omeunt of Yydrogen peraxide fisted in the materic!s secfien assumes fe lesson wilt be performed by teams consisfing of two students.
IF tesms of four students cre orgenized, ony half as much hydrogen peroxice will ba necessery.

it is importcnt to Use ciear Cps, S0 that students cen see the reaction ecsily.
Cut & portion of ecch vegetebis into very sme! cubss, less then 1<m on @ side.

ir inferasting dimension is odded if the nomes of fhe vegetabies and fiver ere tcken off the data sheet prior fo distribution to the students.
The stedents hvpothesize chout the identity of the maferiais as they use them, ard record the names on the data sheet cs they are verified.



ACTIVITY

1. Review atoms and molecules. Al matferis composed of infinitesimally smafl particles called atoms. These
atoms combine in predictable ways to form molecules and compounds. The ctoms used in @ previous lesson were hydrogen and oxygen.
Modols of these atoms were used fo construct mofecule models of hydragen, oxyaen, wafer, and hydrogen peroxide.

2. Introduce chemical reaction. A molecles collide with each other, their atoms may break apart ond recorn-
bine to form different molecules with different properties. The term for this molecular recombination is chemical reaction. During the
reaction, energy is often released,

3. Students model the H205 reaction. The siudents locate the paper
models of the hydrogen peraxide molecule they made in the first lesson. Students are then orge-
nized info teams of two. The teams are directed to take the peroxide molecule models apart, com-
bine the atoms, and construct as many of the other molecules they hove already worked with as
possible. (Seme students may make two Hy molecules and two 0y molecules. Howsver, the
intended result is that they make two Hy0 molecules and ane 07 molecule.)

4. Explain the hydrogen peroxide reaction. hiydrogen peroxide
is faitly unsteble as o melecula. It wilf undergo o reaction fo produce water and 0Xygen as soon gs possible.

3. Distribute materials for the activity, Each team of two students should receive ¢
data sheet for each shudent, o plate, and 3 cups with approximately 2 oz of hydrogen peroxide in each cup. The cups
sould be placed on the plate to confain possible spills. Each feam also receives o cwhe each of banana, potato, and carrot,

6. Explain the flow of the activity. During this activity, pieces of several different fruifs and vegetables wil
be placed info cups of hydrogen peroxide. Observations will be made regarding ony ectivity that takes place within each cup.

7. Distribute vegetable pieces and begin Part | of the activity. ach feam receives
one pigce of each vegetable. They refer to the data sheet to complete the first pert of the activity, which consists of placing a piece of
each vegetable info o cup of peroxide, observing the reaction that tokes place, and recording the results.

8. Discuss the reactions. It must be understood that a reaction actually begar es soon as hydrogen peroxide was
poured info each cup. But, the reaction takes pluce at such o slow rate that it’s not readily noticeabls.
However, by placing a piece of vegetable in each cup, the reaction rate was increased. Recorded ohservg-
tions would include the formation of bubbles, different sized bubbles produced by different vegetables,

differing rates of bubhle formation, movement of the vegefable pieces, and the formation of foam on the

top of the peroxide.

9. Student hypotheses and discussion of catalysts. isa dass dis-
cussion, students should hypothesize about why the vegetable pieces caused the peroxide to react faster.

(There must be “something special” in each vegefable that breaks up hydrogen peroxide. Also, there is more
of this “someihing” in some vegefables than in ofhers. This “special something” is o catalyst.) Heat speeds
up the peroxide reaction by cousing the molecules to move around more, and move faster, bumping info each
other more frequently and violently. Sunlight also speeds up the reaction, which explains why peroxide is pro-
fected by packaging it in opague brown hottles. Agents which inifiate or speed up chemical reactions are called
catalysts. Each of the vegetables used in the activity contains a catalyst called peroxidase which speeds up the
changing of peroxide info water and oxygen.

10. Begin Part Il of the activity. Each team removes the cups from activity Part | from the plate. Fach team
receives @ cup containing about 2 oz of peraxide and o different <up confaining a very smalf (size of o quorter) portion of blended fiver.
These two cups are placed on the plate. The feams are then instructed to pour the peroxide into the fiver, observe any reaction,

and record their observations on their dota sheets.

11. Discuss the resulis. The liver produced o much more dramatic reaction with the peroxide then any of the vegeta-
bles. The human body produces hydragen peroxide os o foxic waste product. The liver contains o catclyst called catoluse that breaks
down hydrogen peroxide. Cataluse rids the body of hydrogen peroxide and produces water and oxygen molecules which the body can
use. Catalase is carried throughout the body by the blood. Therefore, hydrogen peroxide rapidiy decomposes whenever it comes info
contact with liver or blood.
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12. Make the connection to the medical use of hydrogen peroxide. When hydrogen
neroxide is put on o wound, cotolcse in the blood causes the perexide to rapidly change into water and oxygen. This produces a bubbiing
action which physicall decnses the wound. Acdifionally, us the peroxide breaks down, free radicals ore formed. These free radicals need elec-

trons end “attack” germs fo get the electron. This “attock” destroys the germs. Unfortunately, healthy body cells are alse attecked and killed.
Forfunately, the end result is that the germs are destoyed and the body repais itself, including replecing the body cefls lost to the peroxide.

REVIEW AND REFLECTION:
1. Describe, using words or chemice! symbols, the decomposition of hydrogen peroxide. H,0, breoks down to make Hy0 ard 05,

7. Define and compare cetalysts ond enzymes. A catalyst is @ substance that initiafes or speeds up a chemical reaction, but fsn’t used up in
the reaction. An enzyme is a catalyst produced by a living organism.

3. Describe the apparent strengths of enzymes in plants compered to enzymes in animals. The experimest showed o much stranger enzyme
in the liver than in any of the plont maferials.

4. Hypothesize chout why peroxide is used by some people as a mouthwash and is an ingredient in some of the new foothpastes? It attacks
and kills germs in the mouth in the same viay g with injuries fo the body.

5. h miner is tranped deep in a cave. Help is almost there, but sha is running out of oxygen. All she hus with her is: o knife, @ broom, a barrel
of hydrogen peraxide, 30 candles, some mafches, o Hashlight, her pet monkey, and o bag of potafces. What can she possibly do to save her
iite? Kil the monkey; hie’s competing for oxygen. Don’t light any matches or candles; they will use oxygen. Pee! soms potatoes and drop them
in the barrel of frydrogen peroxide to preduce oxygen. Breathe slowty.

EXTENSIONS:

1. Versally rmodsi the concept of cafelyst by talking about reactions hetwseen poople. An exemple might be two peaple thet are on the verge
of getting into on crgument. A third person comes clong and bumps one of the two into the other. The reaction begins. Howsver, that third per-
son who did the bumping isn'T a part of the argument. He or she just acted cs a catalyst to initiate the reaction. That person can go off and
stort another reaction between twe different pecple who cre ready fo argue. Additionaily, the catayst in this example (in foct, all catalysts)
con't stait o reaction that isn't cirecdy on the verge of happaning. In response fo the bumping, there could be just some polite apologies and
acceptances. Catalysts cen only iritiats reactions that will eventually happen on their awn onyway.

2. ks o demenstration, put some liver in 6 cup of hydrogen peroxide. When the reaction is completed, lower

a glowing wood splint info the mess of bubbles. In response 7o he oxygen content of the bubbles, the splint

will burst into flcme. It can be blown out to the glowing stage aguin and ceignited by lowering it infe the bub-
ble mass. This is o tetermining fest to prove the gas produced during the hydrogen peroxide break-down reac-
tien is oxygen.

3. Amylase is an enzyme, produced in the mouth, which speeds up the breakdown of starch info sugar. Hove
students chew an unschted soda cracker and hold i in their mouth for five minutes. As fime goes by, the stu-
dents will realize that the crocker toste changes from a stasch taste fo o sveet faste. This is due to the gction
of the amylase.

4 Haye students resecrch the use of rennet in the production of cheese. (Rernin is an enzyme found in the
stomachs of calves. It acts to “curdle” milk ond make it portty solid. Rennet is prepared from rennin and is
used to commarcially curdle milk. This partly solidified curdied milk can then be shaped into blocks.
Additionally, bucteria oct on the milk fo turn i into ripe cheese.)




PRESTO!
Peroxide Becomes Water

Name

Include the following in your recorded observafions:
Amount of bubbles produced

Size of bubbles produced

Speed of bubble formation

Movement of vegetable pieces

L N N S

Formation of foam

PART | - Record observations here

CARROT BANANA POTATO

PART I -
| LIVER RANK THE 4 ITEMS
‘ 1. Strongest Catalyst =
‘ L2

3.

| 4. Weakest Catalyst =

Summarize the relationship between a potato (or carrot, banana, or liver), H,0,, and catalysts.
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Water Movement Within You

All organisms are composed of basic living units called cells.
As @ living entity, each cell grows, reproduces, repairs itself, and
performs other life functions. Included in the life functions of each
cell are: taking in nutrients, getting rid of wastes, and maintaining
an adequate water balance.

Each cell is surrounded by a plasma membrane. This mem-
brane separates the living contents, or protoplasm, of the cell from the
“outside world”. The plasma membrane is semi-permeable, meaning that it
allows some, but not all, substances to pass through.

The semi-permeable nature of the cell’s plasma membrane allows it to act as a filter to help regu-
late which molecules are able to pass into, or out of, the cell. Water, a relatively small molecule,
regularly passes through the plasma membrane.

One of the forces that causes molecules to pass into, and out of, cells is the molecules” constant
motion. They hit each other, bounce off, hit again, efc. This constant motion causes molecules to
spread out from each other, especially if the molecules are part of a liquid or gas.

Diffusion is the movement of molecules from an area of high concentration to an area

of low concentration. Eventually the molecules are evenly distributed throughout the entire

area. When a perfume bottle is opened, the perfume molecules diffuse from their con-
centrated state in the bottle to “fill" the surrounding air with fragrance. Diffusion

within the body causes CO, molecules to pass out of cells into blood for disposal
and causes O, molecules to pass from blood info the cells for use. Two special-
ized forms of diffusion are dialysis and osmosis.

Dialysis is the separation of small molecules from large molecules by the filtering
action of a semi-permecble membrane. In dialysis done by artificial kidney machines,
blood is passed across a semi-permeable membrane outside the body. Small waste
products pass from the blood through this membrane into a solution around

the membrane, cleansing the blood.

While dialysis is the diffusion of molecuies that are in a watery medi-
um, osmosis is the diffusion of water only. Osmosis is the diffusion of
water across a semi-permeable membrane from an area of high water concen-

iration to an area of low water concentration {from an area with a lot of water fo
an area with less water).

Water concentration is affected when substances dissolve in water. Each molecule of a dissolved
substance takes away an available space for the water to occupy. Therefore, the more “stuft” that
dissolves in a container of water, the less water can be in that same container. As water moves by
osmosis toward an area of relatively lower water concentration, it is also moving toward an area
of higher “dissolved stuff” concentration.

A2



The effects of osmosis are experienced every fime pizza, or other salty
food is eaten. This food raises the salt concentration of the digestive

fract, conversely lowering the water concentration, Water leaves
body cells by osmosis in response to the lowered water concen-
tration in the digestive tract. The cells send messages to the
brain that they need water. The brain responds by

putting out a general “thirst alarm”. The response to
this alarm is an overwhelming desire to drink water.

Sodium polyacrylate and potassium polyacry-
late are chemicals used commercially to “soak up” water. They are semi-permeable grains with
a high salt content, inducing water to travel by osmosis info each grain. The “salt polyacrylates”
absorb 800 times their weight in pure water or 300 fimes their weight in tap water, which has
some salts in it. Sodium polyacrylate is a major component of disposable diapers, keeping baby
“wetness" far from baby’s delicate skin. Potassium polyacrylate is often mixed with soil, to cap-
fure irrigation water and hold it for plants’ utilization.
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The Wizard of Osmosis

KEY QUESTION AND OVERVIEW: “Why do we drink

\\/////

. . L.
a lot of water after eating peanuts or pizza?”

The foliguing fesson demonstrates osmosis. Osmosis is the movement of waker across a semi- %L ARM
oermeable membrane from an areq of high water concentration {low salt corcentration} fo an arec //// A

of low water concentrafion (high salt concentrotion} . Osmosis s extremely important in the move- / N \\\

ment of water within living organisms.

The main activiry portion of the iesson utifizes pure water, sult, and sod-
um polycerylate or potassism pelyacrylete. Students find that the
polyacrylate will absorh hundreds of times ifs own weight in weter. &= 77
Sodiur polyccrylate is used in disposchle dicpers. Potassium AN ars
solyacrylate is used to capture water in soil for pionts fo ufilize. 4 ‘é{

\ ' 5 . .A‘ 2 o
OBJECTIVES: Cod 3o’ 3
Students will describe the basic structure of a cell. e s
Srudents will define asmosis.

Stydants caclyze e cbsorption cepecity of potassium or sodium polyacrylate.
Students will model *he discovery of sodium polyscrylate and sneculate on the possibie
commercial usss.
MATERIALS:
Per class:  popertowsls 1 qallon pure water
Per team of 3 - 4 students:
coated puper plate plustic spoon
8 6z cup of nure water safety googles for each student

et of disposasle plastic giaves for each studant (evailobie from school cofeferio or district warehouse!
small pile sodium ar potassium polyacrylate fiess tien 1 gm/about % tsp)

MANAGEMENT SUGGESTIONS:

This is o very effective activity iliustreting both osmosis and scientific discovery. However, this activity utilizes white powder. Students should
be cdvised fo fake safety precoutions very serfousiy: 1) no illegal drug infererices by students 2} no horseploy or prectical jokes
3} no ingestion or prefended ingastion cf the powrder.

Cauticn *he students ot to 1ouch the powrdsr of afl 1 it gers on the hands, and the hands rud the eye, the powaer will initate the eye.
L y P y
If some povider does ssmediow get inte the eve, wash the eye for 15 minutes with wafer.

Sodium polyeerylote absorbs water. Protect it from meisture unil it is used.
Yispase of the gel in the ‘rash. Do nof put it down 4 siek; it might clog the pines.

Sedium pelyacryicte is avaliable from Finn Scientific, P.0. 8ox 219, Betavia, . 6G51C, ohene (708} 879-6900.
Pricas quoted cr 6/1 /95 were:

Catalog nurber Amount Price

Wo012 25 grams S 4.80
Wwoo13 100 gross S 8.90
WoC1 4 500 grams 57215

w Please do not be put off by the cautions regarding the activity or the exira effort
required to obtain the polyacrylufe. The activity is definitely worth any time and energy
involved in preparation or presentation.



ACTIVITY

1. Infroduce the concept of cells. il living things (organisims) are made of individudl living compariments
called cells. An Amoeba is only one cel in size; sach human is composed of approximately 100 trillion cells. Each cell s alive, and
therafore has the same basic needs as the organism that it's o part of: the abifity to obtain nourishment, a method of “breathing”, sur-
roundings that ure of a favorable temperature, o way to get rid of wastes, and on adequate supply of water.

2, Define generalized cell structure. There are many different
types of cells in o human body, including skin cells, bone cells, nerve cells, and muscle
cefls. Each type has its own distinctive appearance and job to do.
However, all cells are primarity made from protoplasm, a clear
jelty-like substance. Each compartment of protoplasm (cell) is
surrounded by a delicate, elasfic covering called the plasma
membrane.

3. Explain the plasma membrane.
The plasma membrane separates the cell from the outside world.
Its primary responsibility is to requlate what materiols enfer or leave the
cell. Anything going in or out of the cell must pass through the membrane’s
ultramicroscopic pores. Since not all molecules ore of a size that allows
them to travel through the pores, the plasma membrane is labeled semi-
permeable. Permeable means anything passes through. Impermeable
meons that nothing can pass through.

4. Introduce osmosis. Water, being a relafively smoll molecule, is able fo pass easily through the pores in the mem-
brane. The force that causes water to go through the plasma membrene is water itself. Water fends fo trovel from where it is in high con-
centration to where it is in low concentration. This is called esmosis. An example is shown when o salt and water solution is on one side
of a semi-permeable membrane and pure water s on the other side. The salt water side has less water (part of it is salt) ond so has a
lower water concentration. Water will trovel to this low concentration side from the pure water side.

3. Distribute the activity materials. Foch team of three to four studenis receives o cooted paper plate, o
plastic spoon, an 8 oz clear plastic cup at least % full of pure water, end goggles and disposable gloves for each student.

The teacher then walks around the room persanally plecing o small pile (less than 1 gm or about 1/4 tsp) of the sodium or potassium
polyacrylate in the middle of each teom’s plate. The students are strongly cautioned regurding the experiment and use of the matericls
(see management suggestions).

6. Explain the activity. Fuch teom is o carefully pour a spoonful of water on the pile of powder. Once this is accom-
plished, the teams are directed fo put more spoonfuls of water on the pile, one spoon at a time. They count each spoonful as they go,
untit extra water accumulates around the pile’s edge. Once extro water appears on the plete, they should stop. The instructor confinues
fo circulate around the room, monitoring the students. The final number of spoonfuls indicates the omount of water it took to saturate
the pile of powder.

BEFORE

7. Share and discuss class results. Students may find thet they didn‘t have enough water. The instructor con
decide whether to distribute more water, The pile will have grown dramatically. Discussion regarding the resulfs and speculation about the
identification of the powder will be livefy.

8. Students hypothesize about the composition of the powder. Hopefully the students
will connect the activity with the concept of osmosis. After they relate their ideas and hypotheses, the students can be fold that the pow-
der is sodium polyacrylate, which is o semi-permeable salt grain that will absorb, by osmosis, 800 times its own weight in pure water!
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9. Students speculate on possible uses for the powder. The studants ase rof told what the paly-

aceylate is currently used for {see reading). instecd they are encoureged To view this powder cs something they fust invented in their laborato-
. Now that they have discovered this interesting powder, they need to make some use of it. Their discovery can bring wealth and dlso provide
the public with cn imgortent newr product. But, who wants this new powder? Who needs it? Who will buy it?

10. Relate the actual commercial uses of salt polyacrylates. Sodium polyacrylate and petes-
sium polvacrylote ore used commescially to “soak up” water. Because they cre seri-pexmeable grains with a high salf content, osmosis pulls
weter info each grain. Fach grain wil chsord 800 fimes its weight in pure water. it will chsoih only 300 times its weight in top water, which
has some saits in i, Sediurn polyacrylate Is ¢ mafor component of diapers, where it onfy absorbs 60 fimes its weight in saity urine, but stil
keaps hehy's deficare skin dry. Petassium polyacrylate is mixed with soil to cepture woter gnd hold it for slonts” utilization.  is glso used os

o medium fo germinate seeds end grow seaciing plonts.

11. Add salt to the piles. isz demenstration, or continugrion of the activity, ihe teccher should pour o littie tzbie sait on
one pile of saiurcted sodium polyacrylute o on sach team’s pile. The pile vl appear to “melt” es water pours ot of the indivicuei grains in
rasgonss fo the heavy concentration of salt on the outside. Again this s osmosis &f work, with the water geing from on crec of high weter con-
canfation (inside ecch grain} to an arec of igwer woier concentration.

12. Clean up. Studenis shotid be ccutioned against touching any of the povider, wet or dry. They should aiso be remindsd fo
maintcin strict lchoratory discipling. 1t is suggested thot the instructer take fotal charge of disaosing of she niates with the powder. This is
accomplished most ecsily if the instructor circulgtes through the room with o gaibage can that has o plesfic sag firer i it. Each plate can then
he carefulty moved the leust distance dizectty into the can. Gloves should ciso be disposed of. Be sure none of the siudents leaves the room
with, cry of the wet or dry powder. As one last step, huve students wash their hands crd desktops.

REVIEW AND REFLECTION:

1. Describe the insice and surface of o typicct celt. An inside of jefly-like protoplasm. A membrane surface with extremely smoll holes through
which some materigls soss.

2. Explain osmosis. The diffusion of water across o semi-permeable membrane from an ares of high water concentration to cr area of low
woter conceniration.

3. Name one usa for sodium polycerylate? As ar ahsorbant in disposasie digpers.

A, Vi might sicrer relieve thirst better than soca? Soda contains o high sugar concentration. This might encourage water to be pulled oui
of fissue info the digestive fruct, actually increcsing thirst,

5. Why might o person swimming in the acecr: et more thirsty than a person swimming in a luke? Sec wafer has ¢ higher concentration
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of salt than our bodies. Therefore sen water would “pull” water out of our tissues, creating hirst.



EXTENSIONS:

1. Diffusion can be shown by placing one drap of food coloring in a cup of water. Do not stir the food coloring and water in the cup. [n time,
the food coloring will spread out in the cup us the molecules move from the grea of high concentration. The temperature of the water in the
cup can be varied to illustrate how femperature offects the rofe of which molecules move and diffusion occurs.

2. Toillustrote osmosis, use a raw egg. The first step of this demonstration requires that the egg shell
be removad, while keeping the membrane under the shell intact. To accomplish this, sock the egg in
vinegar for o couple days. The vinegar will dissolve the egg shell. but leave the rest of the eqgq
untouched. It may be necessary to change the vinegor once of twice during this process. Once the shell
has been dissolved, place the membrane-covered egg into pure water. The egg will gredually swell os
water enters it by osmosis. Next, plaoce the eqg in corn syrup. Now the egq will shrink s water leaves
the egg through osmosis. (Keep another egg on hand to compore size changes. This “control” egg can
be hard-boiled for safe handling.)

3. Agood “magic” demenstration can be done using sodium polyacrylate in a styrofoam cup. Prior to
the demonstration, place % gm of sodium polyacrylate info the cup. Also, pour some water info g sepa-
rate clear plastic cup. You're ready. Explain fo students that styrafoom cups are designed only to be used
with hot liguids. Cold liquids placed in styrofoam cups will be lost through evaporation. (Of course, the
preceding statement is not trus, but is necessary for the “magic” to work ) Next, pour the water from the
plastic cup into the styrafoam cup that has the polyacrylate in it. Silently count to five while talking about
evaporation, and water, and styrofoam, and.... Then tum the cup upside down over o student. Nothing
comes out! The water has vanished! Actuelly, the water and polyacrylate simply turned fo a gel which is
stuck in the cup. (B sure to dllow sufficient “wait time” for the water and polyacrylate to gel ond fo use 6
styrofoam cup. Other cups lack the roughness on the inside surface which is needed for the gel to stick.)
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REFERENCES

To list and describe ail the available audio-visual and curriculum materials about water and water
science is a task well beyond the scope of this Teacher Activity Guide. The following materials are
included for their quality, recency, and relevance. Educators may also wish te confact their local
water agencies to determine the extent fo which they can provide jocal materials to supplement

the list below.

CURRICULUM MATERIALS

Asimov’s New Guide fo Science. Iscec Asimov, A detziled fegtment of confent thiough ai the disciplines of science by one of
the most prolific writers of il fime. 1984. Busic Books Inc., New York.

Bubbleology. GEfiS Teacher's Guice. This publicction is ang ir: ¢ series of rescuices for teaching activity-baset science and math. The ten sessions for
graces five to nine cover ¢ variety of progressive bubhie building octivities which illustrate the scierce concepts involved in soap films.
tewrance Hall of Sciance, University of Colifornia, Berkeley, CA 94720; 510-642-7771.

California Water Works and Why It Dces. A 15-page color hookiet ir: English o7 Spanish “or gredes three thiough eight which presents
an ouerview of water in Californic, including the need for water conservation. 1978, Departmant of Vater Resources, Fubiications Unit,
PO. Box 942336, Sacramento, CA 94236-G001.

Conceptual Physics. Paui . Hewitt. i very ieadeble book that communicates ohysica! science concep’s through simple fanguage. 1984, Addison-
Wesley Publishing o, Inc.

Dictionary of Science. Dotling Kindersiey Femily Librery. More than 2,000 word entries ore orrenged under 8C main topics.™

Discovering Density. GEiAS Teacher's Guida. This peblicction contains five sessions for graces six o ten which center on  sexies of challenging investi-
qutions info the densiries of liquids. Lowrance Hali of Science, University of Californic, Berkeley, CA 94728; 516-642-7771.

The Dorling Kindersley Science Encyclopedia. Defling Kindersiey Family Library. This single volume cortains 2,000 basic science and
technoiogy ent:ies, arroaged under twelve themes.™

Earth: The Water Planet. i 204-page book with reproducible shee's designed for science teaching in grodes six through ten.
The hook is divided infe ive modules en different aspacts of woter and uses a variety of instructione! methods. 1992 rev. Nefionci Science
Tecchers Association, Publicotion Sules, 1840 Wilson Blvd, Arington, VA 22201-300; 1-800-722-HSTA.

Environmental Education Compendium for Water Resources. i cooperafive presenfation on water curriculum materials by the

Cabifornia Department of Education, California Department of Water Resources and Sonoma Stafe University. 1991. Deoartment cf Vater
Resources, Publications Unit, P.O. Box 942836, Saczamente, CA 94236-0001.

Eyewifness Science — Chemistry,; Eyewitness Science — Matter. Dorling Kincersley Family Library. Twa titles from the famous
Evewitniess series of thematic informafion books.

The Further Adventures of Captain Hydro. & 16-page fulrcoler comic book presenfing Ceptain Hydro in his continuing battle with the Water
Bandit. 1977. East Bay Municipal Utility Districs, P.O. Bax 24055, Ouklond, (A 94623-1055; 510-267-0138.

Minn of the Mississippi; Seabird; Paddle-to-the-Sea. Hoiling C. tolling. These three iiterature hocks are oll fascinating, and packed with
nature! science, socic! science, history and geography. 1975. Trumpet Club, New York.

More About Water: Where It Comes From, Where It Goes. A booklst for gredes five to twielve about the source of EBMUD’s drink-
ing water, how both drinking water and wastewater are trected; and the kinds of careers avaiizhle end ccreer preporation necessory for EBMUD
employees. 1994. East Bay Municipe! Utility District, P.0. Box 24055, Qakland, CA 94623-1055; 51G-287-0138.

The Official Captain Hydro Water Conservation Workbook. This is o 40-page workbook for grodes 5 to 9 that concentrates on
units in science and sacicl science. Incuded are ten pages of comics about Captain Hydro, hero of water conservation. 1992 rev. East Bay
Muricipal Utility Districr, P.0. Box 24055, Oakland, CA 94623-1055; 510-287-0138.

Science Matters. Rosert . Hazen and Jomes Trefill. This book is designed to mcke the recder “scientificolly literate”and covers o wide range of science
foics in a very concise manner. 1991. Doubleday and Co., New York.
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700 Science Experiments for Everyone. Originally published is UNESCQ Science Sourcebook for Science
Teaching. This is a dassic science resource book. It includes everything from how to make simple equipment to o treasury of simple,
but effective, acfivities. Doubleduy and Co., New York.

Soap Films and Bubbles. This publication by Ann Wiebe for Project AIMS is o very comprehensive bubble book. It is full of background information
and hands-on activities integrating math and science for students in grades four to nine. AIMS Educafion Foundation, P.0. Box 8120, Fresno,
(A 93747; 209-255-4094.

The Story of Drinking Water. This 16-page hooklet is targeted for students in grades four through eight, and includes information on ground-
water, water quality, and water conservation. 1990. Americon Water Works Association, 6666 W Quincy Avenue, Denver, CO 80235;
303-794-7711.

Water Wisdom: A Curriculum for Grades Four through Eight. This publication includes three instructionl units with sequential
lessons within each unit. Each unit emphasizes o particulr confent area: science, social science, or literature while drawing from the other
areas. 1990. Alameda County Office of Education, Medic Sales, 313 W Winton Avenue, Hoyward, CA 94544; 510-670-4168.

*To locate an independent distributor, contact Jay Bell ot 209-369-7708.

AUDIO-VISUAL - Most of the films listed below are referenced fo specific lessons in this Guide

Areas, Volumes, Angles. {19 minutes) Great Balls of Water!
This film introduces two- and three-dimension concepts. Handel Film Corporation, 1984.
The Atom, (14 minutes) A Recipe for Water

This film explains how atomic structure determines chemical behavior and describes the historical development of atomic theory and
the evidence on which it is based. (Waorld of Chemistry - A Series) TS, 1992.

Bubbleclogy. {60 minutes) Great Balls of Water! and Milk Storms
Shows how bubbles are used in science experiments to demonstrate chemical composition, surface fension, pressure and volume, among
other concepts. Insights Visual Productions, 1988.

Bubbleology. (14 minutes) Great Balls of Water! and Milk Storms
Explains surfuce tension by experimenting with soap filims and shows how molecules of water on the surface cling to those below,
(3-2-1 Classroom Confact - A Series) PBS Video, 1991.

Catalysts. (14 minutes) Presto - Peroxide Becomes Water
This film examines catalysts and their role in chemical reactions. (World of Chemistry - 4 Series) ITS, 1990.

Heot and Temperature. (25 minutes) A Recipe for Water
Molecules in solids, malecules in liquids, evaporation, condensation, etc. {Fureka! - A Series) TV Ontario, 1981.
Mass and Density. (20 minutes) Density Detectives
Detective Will Sluter, expert on the concepts of mass and density, is called upon fo help students in o science class. AIMS Media, 1986.
States of Matter. (19 minutes) A Recipe for Water
A simulated mystery involving dry ice with experiment on observing its behavior. (Minds-On-Science - A Series) AIT, 1992.
States of Matter. (14 minutes) A Recipe for Water
Demonstrations with gases to use the Kinefic Theory fo explain states of matfer. (World of Chemistry - A Series) ITS, 1990.
Wafer. (9 minutes)
Experiments with water in fruits ond vegetables; simple distillation and filtration methods, how water works. (Science Afliance - A Seiigs)
TV Ontario, 1984.
Water, (26 minutes) The Wizard of Osmosis

Shows the crucial part water plays in the body’s functioning and the system for keeping it in halance. (Living Body - A Series)
Films for the Humanities, 1985,

Water. (14 minutes)
Identifies and discusses the properties and various stafes of water, (World of Chemistry - A Series) ITS, 1990,
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