Teacher’s Notes for Experiments on Acids and Bases

Upper Elementary

To Make Indicators

Cabbage Juice is an indicator of pH. Although it can’t be used to determine exact pH, it can distinguish between

3.

4.

acid (pH of 0 to 6), neutral (pH near 7), and base (pH of 8 to 14).

acid neutral base
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If the indicator turns the solution red or pink, the solution is an acid.

A purple solution indicates that it is neutral, neither an acid nor a base.
If the indicator turns the solution blue or green, the solution is a base.

CHOP one large red cabbage into small pieces. Note: Blackberries, red onions, or even hibiscus flowers can
be used as a substitute.

SIMMER the cabbage pieces until the water turns a deep shade of purple.
ALLOW the water to cool.

REFRIGERATE when not in use.

Phenolphthalein Testing Solution, a clear solution, turns pink when added to a base. (Experiment #2)

1.

2.

Finely CRUSH a laxative such as Ex-Lax.
ADD laxative powder to rubbing alcohol in a sealable jar.
SHAKE vigorously.

LABEL the jar.

Mystery Solutions for Experiments #1 and #2

500 mL water 500 mL water + 500 mL sugar 500 mL water + 500 mL baking soda

500 mL vinegar 500 mL water + 50 mL milk of magnesia 250 mL lemon juice

500 mL water + 125 mL salt 500 mL of tonic water

Mix up and label the mystery solutions so you know what they are. When the children are doing the experiment,
pour quantities into unmarked containers.
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Experiment #1

Students will understand the concepts of categorizing and sorting. This is essential in reinforcing the
concepts of physical characteristics and chemical characteristics. Remember that the concept you want to have
students understand is that physical changes allow the substance to maintain its original characteristics. However,
chemical changes create a new substance that has new characteristics and sometimes new physical characteristics.

Experiment #2

The cabbage juice indicator will detect acids and bases, by turning pink with acids, remaining purple with
neutrals, and blue or green with bases.

Experiment #3

pH paper is made from lichen, a plant material that is sensitive to acids. Acids when placed in water, give a
pH of less than 7. The definition of an acid is a compound that donates a hydrogen ion to a base. PH stands for the
French term pouvoir hydrogene which may be thought of in English as hydrogen power.

Experiment # 4

Since the “ink” is an acid, and dissolved in water, it “disappears” when dry, but “reappears” when sprayed
with indicator.

Experiment #5

Soaps are alkaline so therefore work well with acidic particles. For this reason the water with the baking
soda will work best, followed by the club soda. The bubbles in the club soda help to lift the stain but may not affect
it at all. The vinegar will not help lift the stain at all.

Experiment #6

Often the name-brand products we buy are more expensive because of the cost of advertising. While
different brands may yield different results, generally it is not more cost effective to buy the name-brand.

Experiment #7

Acid rain has been a problem for many years. It came to the forefront as a result of air pollution and it
continues to be a problem especially when it comes to preserving artifacts that have been around since ancient
times. Marble is especially vulnerable to acid rain. In ecological terms, many of the lakes and the life that lives in
those lakes are particularly vulnerable to acid rain.

The lakes that contain carbonated rocks tend to have their acidity level changed less than those that contain non-
carbonated rocks.

Although this experiment is designed to take place in the classroom, it can be taken outdoors and students
can visit different lakes while they take samples and measure acidity levels.
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The skills that you are trying to reinforce in this lab are observation, recording, and investigative learning.
Try to get the students to observe what is around the lake and the land formations that make the lake. Many
students will focus solely on the lake and ignore what is around them.

Since carbonate minerals such as limestone or marble will react with the acid rain, they will tend to neutralize it.
On the other hand, lakes that do not have these minerals near them will be “flooded” with acid rain thus changing
the acidity level of the water.

The reaction formula is as follows:

CaCoO, +2H", = Ca?@9+H,0 +CO

3 (s) 2(g)

CaCO, which is readily found in marble or limestone will react with the Hydrogen in acid rain (H*), this will result in
calcium (Ca**), water (H,0) and carbon dioxide (CO,) which is a gas.

The picture on this lab sheet shows the results that acid rain has on the plants that surround a lake.

Experiment #8

The main purpose of this lab is to find out the color variations of different plant extracts under acidic or
basic conditions.

For hundreds of years, chemists have used natural color indicators to determine acid or basic conditions.
Long before litmus paper was invented plant extracts were used as indicators. Today we are mostly familiar with
the red cabbage as a natural indicator. However, almost any highly-colored fruit or vegetable or flower will act as
an acid-base indicator.

SAFETY NOTE:

Make sure your students have chemical splash goggles available. Ammonia and its vapors can irritate or
damage the eyes. Use ammonia only in a well-ventilated area. Should contact with the eyes occur, rinse with water
for 15 minutes and seek medical attention. If you have any students who wear contact lenses, make sure that they
are taken off during the time work is performed with ammonia.

From the list below, decide which vegetables, fruits, or flowers you want to use in order to make your indicators.
Squash or rip up berries, petals or stems and place them in a zip-lock bag. Add enough hot water so that your plant
material is completely soaked. Seal the bag and knead it. Make sure you rub the contents together so that the
plant dyes are released. Once that is completed, make a small opening in your bag so that the juice can come out,
and pour itin a jar. Keep the plant material in the bag.

Roses, violets, primroses, hydrangeas, cherries, beets, blueberries, turnip skins, plum skins, radish skins, rhubarb
skins, red grapes, red wine, or grape juice concentrate.

To make the baking soda solution, mix 1 tablespoon of baking soda to 1 cup of water. Stir the contents until they
are completely dissolved.

Experiment #9

Having the right pH is very important in growing plants. Under normal conditions, soils have a pH between
4.5 and 8.5. On the lower end, only a few plants can tolerate acidic soils. Likewise, soils over 7.5 tend to be too
alkaline or “sweet” for most plants. The majority of crops, gardens, and flower beds have a pH of around 6.5 to 7.
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Your local hardware store or garden center has kits that measure pH levels of the soil. However, if you
have litmus paper in your classroom, feel free to use that as well.

Preparation:

It is important that you remove the CO, from the water you will use in this experiment. If you do not do
this, then the CO, that will be present will lower the pH level and the results you get will not be accurate. To do
this take the distilled water and boil it. This removes the CO, gas which is in the solution. Once you have boiled
the water, store it in a sealed container in order to keep out the CO,.

Experiment #10

Acids react with carbonate compounds to produce salt, water, and carbon dioxide. How vigorously a
reaction is depends on the intensity of the base and acid. In this experiment, your students will be using a rather
mild acid such as the acetic acid found in vinegar. The acid will be reacting with the calcium carbonate, CaCO3, that
is found in the egg shell.

The reaction looks as follows:

CaCo, ., +2HC,H,0, . = Ca(C,H,0

3(solid 2 37 2(aq

| +H,0 + CO

Z)Z(aq 2(gas)

If this experiment is done correctly the egg shells will disappear and the egg will be left inside its membrane.
Acetic acid is not strong enough to harm the egg membrane. The students can touch the eggs, but make sure they
are careful not to break the membrane.

Experiment #11
SAFETY NOTE:
Make sure your students have chemical splash goggles available.

Alcohol vapors can catch on fire. Make sure your students do not breathe or have their face over the
beaker they are heating.

Soap is made from fats and alkaline solutions. However, there are many kinds of fats, both animal and
vegetable. Although animal fats tend to be solid at room temperature, most plant fat is liquid. When it comes to
making soap though, any kind of fat will do!

Alkaline solutions all contain a metal and a hydroxide ion. The most common bases are those produced
by the reaction of a group | metal plus water. These are water-soluble and can be used to make extremely strong
solutions. Lye or drain cleaner is the most common alkali compounds that can be easily found and used.

Up until to about 100 years ago, most people made their own soap. To do this they often used household
waste products such as solid animal fats that were left over from cooking. To this they would add a potash solution
from wood ashes.

Making soap was long and hard work. First the fat had to be rendered, that is melted and filtered to
remove any non-fat solids. Then the potash solution was added to the hot fat. Since water and oil do not mix, this
mixture had to be continuously stirred and heated sufficiently to keep the fat melted. Slowly a chemical reaction
called soaponfication would take place between the fat and the hydroxide which resulted in a liquid soap. When
the fat and water no longer separated, the mixture was allowed to cool. At this point, salt [sodium chloride] was
added to separate the soap from the excess water. The soap came to the top, was skimmed off, and placed in
wooden molds to cure. It was often aged many months to allow the reaction between the fat and hydroxide to
run to completion. Poorly-made soap could contain excess alkali and could dry and chap people’s skin.
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Acid, Base, or Neutral
Solutions

Prediction Actual

. acid, base, id, base,
Name of solution neutral . What happened to the paper? ool

red blue

10.

Conclusion
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Teacher’s Notes for Experiments on Physical Changes

Upper Elementary

Experiment #1

Whether a material expands or contracts when it is warmed depends on its entropy. The entropy of a
specific substance is a measurement of the “organization” of the molecules. When they are disordered, the entropy
is high. Heating the rubber band causes middle sections of the molecules to become excited and “wiggle”, much
like a string of beads. If you wiggle the middle of the beads, the ends of the string come closer together. In this
experiment the molecules of rubber become shorter as the rubber is heated, causing the stretched rubber band to
contract.

Experiment #2

There is no chemical change since no bonds were broken or formed at a molecular level. The weight of the
sugar and salt solutions should be identical. This is a physical change since the sugar or salt could be removed from
the water by evaporation or boiling.

Experiment #3

The idea behind this experiment is to show the students that there was a chemical change that took place.
Not only did the appearance of the substances changes but so do their chemical characteristics. The acid reacted
with the iron found in the steel wool. Bonds were broken in order for the iron acetate to be formed. New bonds
were formed when the green blob appears, once you add the ammonia.

Experiment #4

Matter can exist in three forms: solid, liquid, and gas. In this activity, we want the students to understand
the relationship that exists among the atoms of each of these three forms.

In solids, the atoms are highly ordered and packed tightly next to each other. Solids maintain their form. Liquids
have their atoms ordered, but are not held together as tightly as those of the solid. This is why liquids take the form
of whatever container they are in. This is also the reason why liquids are able to flow. (An interesting sidebar to this
is the concept that glass is a liquid even in its cooled state. Glass is capable of “flowing”, however, it flows so slowly
that that its movement is insignificant). Gases have no order in the way that their molecules move or exist.

This experiment is good introduction to the concept of melting point and boiling point. Students should
discover that the melting point is the temperature at which a solid turns to liquid. On the other hand the
temperature at which a liquid turns to vapor is called the boiling point.

When trying to discover these concepts, probe the students to make careful observations. A very
interesting phenomenon occurs when changing states. The temperature will not rise until all of the substance from
the initial state is in the new state. Therefore, when liquid water begins to boil (100 degrees Celsius) it will remain
at that temperature until all of the water has changed to gas.




Experiment #5

Water appears dirty because of the particles that are found suspended in it. These particles can easily be
removed from the water by the use of a filter. The key idea behind this experiment is for the students to understand
that there is an order in the way that particles are removed. The largest particles are removed first, followed by the
second largest, and so on.

In this experiment, it is important for the students to understand that all the changes which are taking place
are physical changes. There are no chemical changes taking place here. Furthermore, this type of filtration does
not remove chemical contaminants that are found in the water; neither will it remove microscopic particles which
remain suspended.

NOTE: Stress that no one under any circumstances should try to drink the water after it has been filtered.

Experiment #6

Liquid starch and glue go through a chemical reaction and have as a result the creation of a totally different
substance. What the students will observe here is indeed a chemical reaction. The new substance will not only have
a different appearance but it will also have different chemical characteristics than either one of the two substances
that created it.

Most students have experienced this type of goop creation. However, there is great mystery in this new
substance. Chemists refer to goop as a “non-newtonian” liquid. The reason for this name is because this substance
has qualities that are both liquid and solid. The suspended particles that are found in goop act one way when they
are under stress or pressure and a different way when they are allowed to flow freely.

NOTE: Make sure that the liquid starch is added to the glue and water mixture very slowly. If the goop is too
sticky or runny then add more starch and continue to mix.

Although the goop is nontoxic and is completely safe, students should refrain from eating it.

Experiment #7

The process that the students will be observing is definitely a chemical change. Copper is oxidized in the
presence of air. This process is accelerated by the presence of an acid, in this case the vinegar. Oxidation is a process
where one substance combines with oxygen. The most common form is the burning of something. Yet, another
form of oxidation that everybody is familiar with is rust.

The chemical reaction that is going to be taking place in this experiment is described by the following
formula:

C o) - CuO

l'I(solid) + 2(gas) (solid)

Copper Oxygen black copper oxide

The reaction that is shown here is not the one that produces the green color that copper usually has and we are
familiar with. At first, Copper Il oxide is black. The students should be able to see this within one hour after they
have begun the experiment. Copper Il oxide is not a stable compound, so it undergoes other reactions very easily. In
this case, it will react with the vinegar which is an acid. It is this reaction that produces the green copper Il hydroxide
that will be visible on the penny.




Teacher’s Notes for Experiments on States of Matter

Upper Elementary

Introduction
Experiments 1,2,3
All of these experiments are to lead the children to the idea that chemistry

is based on inference. Scientists are unable to see at the molecular level, so they
must infer, based on cause and effect relationships.

States of Matter

Experiment 1

This experiment is demonstrating that not only changes in heat will modify
solids, but also pressure. This is significant in rock formation as well.

Experiment 2

The molecules in a solid are tightly knit together. As the temperature
changes in a solid to a liquid, those bonds begin to change, and the solid changes
to a liquid. Not all substances have the same melting point.

Experiment 3

Solids take up less space than a liquid since the molecules are more tightly
packed together.




Experiment 4

Water is unusual. As it freezes, the water expands and becomes less
dense. In the case of water, the bonds between the molecules in the solid are
less tightly packed than when it is a liquid. Therefore, it expands when it is a
solid. This is why water pipes often crack in the winter, but the flow of water does
not happen until the water begins to melt!

Experiment 5

This experiment introduces the children to the concept of a control. They
will be comparing the freezing point of a pure substance (straight water) to
various solutes of different strengths. This procedure is often used in laboratories
to decide the appropriate strength needed, as in laundry detergents, insecticides,
etc.

Experiment 6

The smaller the surface area, the quicker a solute will dissolve. For this
reason, super fine sugar is often used to sweeten cold drinks.

Experiment 7

The boiling point of a liquid is different than the melting point. Since liquids
can change states at any time depending on the conditions they are found in, it
is important that students understand the difference between boiling point and
melting point.

Once a liquid has reached its boiling point, students should realize that
the temperature no longer continues to rise. It is interesting to use a graph
to demonstrate how the temperature changes. Once boiling point has been
reached, the students will see a flat line being reached in the graph and no matter
how much longer they continue to boil the liquid, the line will stay the same.

Different liquids have different boiling points. One of the more interesting
experiments is to add alcohol into the water and observe how the boiling
temperature of the liquid changes.

Exercise caution when dealing with alcohol and open flames.




Experiment 8

Students will observe that just as solids have different densities so do
liquids. The heavier liquids (or those whose molecules are closer together) will
settle first and so on.

Although this experiment has the students add each layer carefully, allow
the students to see what happens if they mix the liquids. Note that there will be
a definite separation of the various liquids; however, some droplets of a lighter
liquid might become trapped inside the heavier liquids. Build on that concept,
but try to let the students understand the idea of density and what makes a
substance denser than another.

Experiment 9

As the water temperature of water decreases the molecules begin to
assume a position that will ultimately match that of its crystalline structure.
Once water has reached 0 degrees Celsius, then water becomes ice and the
water molecules have achieved a crystalline state. At that particular point, the
molecules have a solid state. Students will come to realize that the lower the
temperature the more difficult it is for the dye to move around the water because
the water molecules do not move as fast. As the temperature of water rises so
does the movement of the molecules, thus allowing the dye molecules to move
faster and causing the water to assume the color faster.

Experiment 10

The drops of colored ink will sink to the bottom and remain there for a
while. When the students come back after 24 hours, the water will be completely
infused with the ink and will have an even-colored look.

The atoms and molecules of substances are constantly in motion. As the
ink droplets enter the water, they are quickly pushed to the bottom of the jar and
retain their shape to a certain extent. However, given enough time the ink will
be spread around the water because the water molecules themselves will begin
pushing and moving the ink molecules.




Experiment 11

As the water molecules come together, they form pockets, or open spaces
between them.

Open Space

Open Space

Because the alcohol molecules are smaller, they are able to fit inside the open
spaces. Although you have added a total of 400 mL of liquid into the measuring
jar, the combined volume of the two liquids will not be seen that way. The idea is
to show students that liquids have molecules that move much more freely than
solids do.

Experiment 12

Since molecules in a gas are further apart than they would be in liquid form
or solid form, they are able to take up more space. One of the characteristics of
gas is that the molecules will move around to occupy all of the space they are




given.

In this experiment, you will be mixing bicarbonate of soda and vinegar,
which will release carbon dioxide. Carbon dioxide is a gas and it will behave as a
gas by having its molecules expand to fill all available space.

Experiment 13

During the 18™ century, many scientists conducted numerous experiments
in order to find out what it is that a flame needs in order to keep burning. The
experiment here is a classic one and very much enjoyed by students.

You will need to affix the candle in the shallow bowl for the children. To do
this simply light the candle and allow a few drops of hot wax to fall to the bottom
of the plate. Once you have done that and the dropped wax is still hot place the
bottom of the candle on the melted wax and allow it to solidify. This will keep the
candle in place as the children begin their experiment. Note. Hot wax can cause
burns if it comes in contact with the skin. It is strongly advised that you
oversee this procedure or actually perform it for the students.

The idea behind this experiment is to show the students that fire needs
oxygen in order to keep burning. As the candle burns it uses up the trapped
oxygen that is found in the jar that is over it. Once the oxygen is entirely used up,
the candle no longer burns.

You can also talk about what elements are formed as the candle melts and
burns. In this case, as the candle wax melts it releases carbon and hydrogen.
The hydrogen combines with remaining oxygen and soon there will be no more
oxygen available in the jar and the flame goes out.

Experiment 14

The idea behind this experiment is to show kids that gases do have a
mass. In this particular case the gas that is given off from the combination of
bicarbonate of soda and vinegar is carbon dioxide. Carbon dioxide is heavier
than air. A balloon that is filled with carbon dioxide will never rise.

Because CO, happens to be heavier than air it can actually be “poured”
into the plastic bag and therefore will cause the balance to tilt.

Experiment 15

When fire extinguishers were first invented the theory behind them was to




produce carbon dioxide. Since carbon dioxide is heavier than air which contains
oxygen, when you would aim the fire extinguisher towards the base of the fire, the
CO, would take the place of the oxygen displacing it further up.

The idea behind this experiment is to show kids that a fire needs oxygen in
order to burn.

Experiment 16

As air molecules become heated their energy increases which in turn
translates to the fact molecules begin to move faster. Because gas molecules
will expand to take up all available space, they will in turn begin moving faster
bumping into the walls of the bottle and the balloon. This, in turn, causes the
balloon to inflate. Since hot air is lighter than cold air the number of molecules in
the balloon will increase, as compared to those found in the bottle.

Modern-day hot air balloons are based on this theory. Heating the air in the
balloon cause it to float into the air and thus rising. When the handler wants to
bring the balloon back down to earth, they turn the fire off causing the air to cool
down, and thus bring the balloon down.

Experiment 17

No two substances with mass can occupy the same space. Since the
nozzle of the funnel is sealed around the bottle, it prevents air from entering or
exiting the bottle. The only opening will be through the funnel. However, when
the funnel is filled up with water, the air that is inside the bottle has no way of
escaping. It in turn pushes up from the bottom. Furthermore, the water molecules
at the entrance of the nozzle are held together by surface tension. Unless there is
a break, the two substances will remain where they are.

The straw acts as this break. The minute that it breaks through the water it
allows the air to exit through it. Since water is heavier than air, it will take its place
inside the bottle. The air, in turn, will be displaced and exit through the straw.






