
SPILL CONTAINMENT TRAY
(Always set your Experimentation Station on the tray.)

Written by Paul Beck

Calcium chloride (10 grams) 
Phenol red solution (59 ml)
Calcium hydroxide (10 grams)
pH test strips (20) 

CHEMICALS:

EXPERIMENTATION 
STATION

Cylinder
BEAKER

PIPETTE

Cap
Plunger

C2
Container 2

V1
Valve 1

V3
Valve 3

V2
Valve 2

C3
Container 3

C4
Container 4

C5
Container 5 ERLENMEYER

FLASK

PETRI DISH
AND LID

KEEP STRIPS IN THE PLASTIC  BAG 
AND AWAY FROM LIQUIDS!

WARNING • Not suitable for children under 8 years. For use under 
adult supervision.

• Contains some chemicals which present a hazard to health.
• Read the instructions before use, follow them and keep 

them for reference.

• Do not allow chemicals to come into contact with any part 
of the body, particularly the mouth and eyes.

• Keep small children and animals away from experiments.
• Keep the experimental set out of reach of children under 

8 years old.

       WARNING— 
This set contains chemicals that may be harmful 
if misused. Read cautions on individual containers 
carefully. Not to be used by children except under 
adult supervision.

Prepare to amaze your friends and family 

with SCIENCE! Investigate fluid dynamics 

and chemical reactions with experiments 

like The Pop Push Challenge, Spud Bubbles, 

Super Fizz, Visible Vapor, and Foaming 

Pink Volcano. Demonstrate the power of 

pressure with Gravity-Defying Water, 

The Amazing Breathing Marshmallow, 

and Super Squeeze. But don’t stop there! 

Develop your own labs and “tricks” to 

perform with the custom Experimentation 

Station. The pressure’s on!

C1
Container 1

See back cover for 
assembly instructions.

#ULTIMATESECRETFORMULALAB
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INGREDIENTS USED IN SOME OF THE EXPERIMENTS:
• Active dry yeast

• Alum powder (find with spices)

• Ammonia (adult assistance required)

• Baking soda

• Carbonated water

• Diet and regular cola

• Dish soap

• Epsom salt

• Food colors

• Fresh marshmallows

• Hydrogen peroxide solution (3%)

• Lemon juice

• Milk

• Raw potato

• Red or purple cabbage

• Salt

• Sugar

• White vinegar (distilled)

BEFORE YOU START EACH EXPERIMENT
Read the instructions all the way through. Make sure 
you have all the ingredients and equipment you need. 
For many of the experiments you’ll need extra tools 
or other household items. For some activities you’ll 
need an adult assistant. 

HERE ARE SOME ACTIONS YOU’LL BE DOING 
WITH THE MOVING PARTS OF THE LAB.

Plunger up

Valve open

Tube up Tube down

Plunger down

Valve closed

CLEANING YOUR EXPERIMENTATION STATION
• There are several ways to clean your station. See Lab 

14 for how to clean all the beakers and tubes using the 
station itself.

• Container 5 lifts out easily.
• Containers 3 and 4 unscrew, and the tubes between 

C3, C4, and C5 can be removed and rinsed.
• You can remove C5 and then tip the station over the 

sink and rinse out C1 and C2.
• Avoid using oils, powders, or sticky substances in 

Containers 1–4, as these ingredients can coat the 
insides of the tubes. 

SAFETY RULES 
• Read these instructions before use, follow them and keep them 

for reference.
• Keep young children, animals and those not wearing eye protection away 

from the experimental area.
• Always wear eye protection.
• Store this experimental set out of reach of children under 

8 years of age.
• Clean all equipment after use.
• Make sure that all containers are fully closed and properly stored 

after use.
• Ensure that all empty containers are disposed of properly.
• Wash hands after carrying out experiments.
• Do not use any equipment which has not been supplied with the set 

or recommended in the instructions for use.
• Do not eat or drink in the experimental area.
• Do not allow chemicals to come into contact with the eyes or mouth.
• Do not replace foodstuffs in original container. Dispose of immediately.

ADVICE FOR SUPERVISING ADULTS
Read and follow these instructions, the safety rules, and the first aid information, 
and keep them for reference.
• The incorrect use of chemicals can cause injury and damage to health. Only 

carry out those experiments which are listed in the instructions.  
• This experimental set is for use only by children over 8 years.
• Because children’s abilities vary so much, even within age groups, supervising 

adults should exercise discretion as to which experiments are suitable and safe 
for them. The instructions should enable supervisors to assess any experiment 
to establish its suitability for a particular child.

• Discuss the warnings and safety information with the child or children before 
commencing the experiments. Particular attention should be paid to the safe 
handling of acids and alkalis.

• The area surrounding the experiment should be kept clear of any obstructions 
and away from the storage of food. It should be well lit and ventilated and close 
to a water supply. A solid table with a heat resistant top should be provided.
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GENERAL FIRST AID INFORMATION
• In case of eye contact: Wash out eye with plenty of water, holding eye 

open if necessary. Seek immediate medical advice.
• If swallowed: Wash out mouth with water. Drink some fresh water. Do 

not induce vomiting. Seek immediate medical advice.
• In case of inhalation: Remove person to fresh air.
• In case of skin contact and burns: Wash affected area with plenty of 

water for at least 10 minutes.
• In case of doubt, seek medical advice without delay. Take the 

chemical and its container with you.
• In case of injury always seek medical advice.

CHEMICAL HANDLING
• Calcium hydroxide can cause burns on the skin and eyes. 

Keep calcium hydroxide powder safety sealed and wipe up 
any spills immediately.

• Wash hands thoroughly after using all chemicals, and keep hands 
away from the eyes and mouth.

• The chemicals provided in this kit may be diluted in water by an adult 
and flushed down the drain.

• Dispose of used chemicals and ingredients.

POISON CONTROL CENTERS
Fill in the telephone number of the nearest poison control center or 
hospital  in case of intake by accident of dangerous substances:

DANGER
CAUSES SKIN IRRITATION

CAUSES SERIOUS EYE DAMAGE
MAY CAUSE RESPIRATORY 

IRRITATION
AVOID BREATHING DUST

WEAR PROTECTIVE GLOVES/EYE 
PROTECTION/FACE PROTECTION.

IF IN EYES: RINSE CAUTIOUSLY WITH 
WATER FOR SEVERAL MINUTES. 

REMOVE CONTACT LENSES, 
IF PRESENT AND EASY TO DO. 

CONTINUE RINSING.

CALCIUM HYDROXIDE

WARNING
CAUSES SERIOUS EYE IRRITATION

IF IN EYES: RINSE CAUTIOUSLY 
WITH WATER FOR SEVERAL 

MINUTES. REMOVE CONTACT 
LENSES, IF PRESENT AND EASY TO 

DO. CONTINUE RINSING.

CALCIUM CHLORIDE

WARNING
IRRITATING TO EYES, 

RESPIRATORY SYSTEM AND SKIN.

PHENOL RED SOLUTION

BEST PRACTICES 
• Always place the Experimentation Station 

on the Spill Containment Tray.
• Keep workspace clean and organized.
• Keep containers and tubes clean.
• Measure chemicals over the sink or tray. 
• Close chemical containers as soon as 

you’ve measured out the ingredients.
• Chemicals are to be used only as directed 

in the experiments.
• Keep chemicals away from small children.
• Wipe up powders and liquids immediately.
• Clean up liquid spills on floors immediately.
• Keep paper towels handy.
• When you’re done experimenting for the day, 

thoroughly clean the plastic pieces and allow them 
to dry. Leave C3 and C4 off so the tubes can dry out.

ADULT 
ASSISTANCE 

REQUIRED

NOTE TO PARENTS
Look for this symbol on the following Labs:
5, 17, 23, 28, 29, 30, 31, 33, 34, 38, 39, 40.
Your child will need your assistance for these experiments.

SECRET FORMULA LAB



4 5

Gravity-Defying
  Water

• Experimentation Station

1. Slowly and gently press down on the plunger. 
2. Now open any valve and try pushing the plunger.

• Experimentation Station

1. With one hand holding the cylinder, 
 slowly pull up on the plunger. 
 (Don’t try to force it, because you can’t!)

SPACE

AIRAIR

• C5 container 
• Water
• Petri dish lid

?With all the valves closed, pull the plunger from 
the bottom of the cylinder to the top. Hold a container of water upside 

down without spilling any!

• Plunger down, all containers empty, 
 all valves closed.
• Open any valve.
• Pull the plunger all the way to the top 
 (but not out of the canister).
• Close the valve. All valves should be closed now.

• All containers empty, all valves closed.
• Open any valve.
• Push the plunger all the way down.
• Close the valve. • Take C5 out of the rack.

Air is a gas that’s made up of different molecules. In a gas, the molecules move farther and farther apart until something stops them.
When you close all the valves, the air inside the 
cylinder is trapped. When you press down on the plunger, you’re pushing the air molecules closer together. But with nowhere to go, the air pushes back. At some point, the pushing power of the air won’t let you press the plunger down any more.

Atmospheric pressure pushes on all sides of 

the container, including the lid on the bottom. 

At 14.7 pounds per square inch, the force of 

the air pushing up on the lid is much greater 

than the force of the water pushing down, so 

the water stays where it is.

(Try this over a sink first.)
1. Fill C5 with water. 
2. Turn the petri dish lid 
 upside down and 
 put it on top of the 
 water-filled container.

3. Hold the lid tightly in place with your 
 hand and turn the container over. 

4. Let go of the lid.  If you did it right, 
 the lid stays on and the water stays inside!

When you pushed the plunger down when 
a valve was open, you pushed the air out of 
the cylinder. When you closed the valve and 
tried to pull the plunger up, you couldn’t. 
That’s because you were trying to create 
space inside a container with nothing in it, 
not even air. In other words, a vacuum. But 
air pressure outside the cylinder is pushing 
with enough force to keep you from moving 
the plunger.

What’s happening...

What’s happening...

What’s happening...

Air Pressure
Air pressure is the pushing force of air. 

If you compress air, the pressure gets 

higher. Higher air pressure 

pushes with more force.

You live under a layer of 
air that extends all the way 
to the edge of space. Even 
though you can’t see it, air 
has weight—and it’s pushing 
on you, and on everything 
else, from all sides. The mass 
of air above you weighs over 
2,000 pounds (960 kg) ! This is 
called atmospheric pressure.

No way out!

No
way out!

Plunger 
pushes down...

Cylinder full 
of air

Cylinder is empty

...air inside 
pushes back.

Air Force Feeling  
Pressured

MAGIC?

Water

Science!

With all the valves closed, press the plunger 
from the top of the cylinder to the bottom.

YOU’LL NEED:
YOU’LL NEED:

YOU’LL NEED:

THE SETUP: THE SETUP:

THE SETUP:

WHAT YOU DO:

WHAT YOU DO: WHAT YOU DO:

LAB

01
LAB

02
LAB

03

No  
way out!

Plunger

Petri dish lid

C5

2,000
POUNDS
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Pressure removed –
marshmallow expands

ADULT 
ASSISTANCE 

REQUIRED
MICROWAVE

More air pressure –
marshmallow shrinks

A.

A.

B.

B.

CAUTION:
The marshmallow will be very hot.

Don’t touch it!

COLD AIR HOT AIR

The Amazing 
Breathing
Marshmallow!

The Amazing  Expanding  
Marshmallow!

Super Squeeze

• Adult assistant (required!)
• Another fresh marshmallow
• Paper plate or dish
• Microwave oven

eat the marshmallow!
Let the marshmallow

cool, then eat it.

For EXTRA bonus points, 

split the marshmallow with

your adult assistant.

1. Put the marshmallow on the plate inside the 
microwave oven.

2. Have your assistant microwave the marshmallow 
on high power for 10–20 seconds.

3. Watch through the window. If you can’t see 
what’s going on, wait for the timer to stop, then 
open the door immediately.

You’re seeing air pressure in action. Marshmallows are full of tiny air pockets. Pulling up on the plunger removes some of the pressure inside C2. This makes  the pressure inside the marshmallow higher than the air in the container, so the air pockets expand and the marshmallow puffs up. (Remember, those air molecules love to move apart every chance they get.) Pushing down on the plunger has the opposite effect.

That marshmallow got HUGE! That’s because 

gases (like air and water vapor) expand when 

they’re heated. The microwave heats up water 

and air inside the marshmallow. When these 

gases start expanding, they push against their 

tiny air pockets inside the marshmallow. This 

puffs up the marshmallow.

What’s happening...

What’s happening...

Bonus Reward:
Bonus Reward:

YUMMM!

With all the valves closed, can you squeeze 
water to fit into a smaller space?

What’s the Matter?
Matter is anything that is made of atoms and molecules. 
Gases and liquids are two main states of matter—the third 
state is solids. The different states of matter depend on 
the strength of the forces between the molecules.

Solid: 
Molecules are bound 

tightly together. 
Solids have a fixed 
volume and shape. 

Liquid: 
Forces between 

molecules are weaker 
than in solids. Liquids 
have a fixed volume, 

but their shape is 
fluid and depends 
on their container. 

Gas: 
Forces between 

molecules are weak. 
Gases have no fixed 

shape or volume.

YOU’LL NEED:

WHAT YOU DO:

LAB

04
LAB

05
LAB

06

To empty the 
cylinder, open V1 
and press on the 
plunger. When the 
water is back in C1, 
pick up the station 
and pour the 
water back into 
the beaker.

• Experimentation Station
• A fresh marshmallow (a small 

partially blown up balloon 
also works.)

• Small piece of paper

• Plunger down, containers 1  
and 2 dry and empty,  
all valves closed.

• Crumple up the paper and put 
it in C2. Put the marshmallow 
on top of the paper. (This keeps the marshmallow 
from being sucked into the valve.)

• Snap the cap on.

1. Open V2.
2. Slowly pull up on the plunger as you watch 
 the marshmallow. Does it get a little bigger? (A.)
3. Push down GENTLY on the plunger while 
 holding the lid in place. (B.) 
 What happens to the marshmallow now? 
4. Try making the marshmallow “breathe” by 
 moving the plunger slowly up and down.

If the seal of the cap 
is not tight enough, 
stretch a piece of plastic 
wrap over C2, then snap 
on the cap.

YOU’LL NEED:

THE SETUP:

WHAT YOU DO:

Pushing the plunger down too hard raises the 
pressure so high it pops the top off of C2. 

• Experimentation Station
• Water
• Beaker

1. Gently push down on the plunger. (B.) 
(Don’t force it, because it won’t move!)

• All containers empty, 
plunger down, 
all valves closed.

• Fill C1 with water.

• Open V1.

• Hold the cylinder in one hand and 
pull up on the plunger with the other. 
Pull most of the water into the 
plunger cylinder, leaving a little in C1 
(to make sure no air gets in). (A.)

• Close V1.

YOU’LL NEED:

THE SETUP:

WHAT YOU DO:

Unlike gases, liquids can’t be 
compressed—not even a little bit. That’s 
one of the differences between these 
two states of matter.

What’s happening...

C2
C1

V1

V2
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Use air pressure to move water. Move water from C2 to C1 without using the plunger.

Move water uphill using the plunger.

Mighty Air Level OffHigh & 
Low

• Experimentation Station
• Water & food coloring

• Plunger down, all valves closed. 
• Fill C2 with water & add a drop 

of color.
• Snap the cap onto C2.

(FLEW-id die-NAM-iks)

A. B.Cap on! Cap off !

1. Open V1 and V2. Does the water flow? (A.) 
2.  Now take the cap off of C2. (B.)  
     The water will flow quickly into C1.

Fluids in Motion
Gases and liquids (two of the three main 
states of matter) have something in 
common—they flow. The study of fluids 
and how they move and behave is called 
fluid dynamics.

With the cap on C2, there was no way 
for air to get in, so any flow of water 
out of the bottom would create a 
vacuum in that container. The air 
pressure in C1 and in tubes 1 and 2 kept 
the water from flowing out of C2. When 
you took off the cap, air could get into 
C2 as the force of gravity pulled the 
water into the tubes and C1. The water 
flowed until the levels and pressure 
were equal on both sides.

What’s happening...

LAB

07
LAB

08
LAB

09
YOU’LL NEED:

THE SETUP:

WHAT YOU DO:

• Experimentation Station
• Water & food coloring

• Plunger down, all containers empty, 
all valves closed.

• Unscrew C3 and fill it half full of water. Add 
1 drop of food coloring, and screw it back on. 

• Hold C3 with one hand and use your other 
 hand to pull the LEFT tube above the water 
 level. Push the RIGHT tube to the bottom.
• Hold C4 and pull both tubes in C4 to the top.

A.

3 tubes up

1 tube down

1. Open V1.
2. Pull up on the plunger to fill the cylinder with air.
3. Close V1 and open V3. (A.)
4. Push down on the plunger.

YOU’LL NEED:

THE SETUP:

WHAT YOU DO:

The water in C3 was pushed through the tube into 

C4. That’s because the exit tube from C3 is at the 

bottom, under water. So when you push air into the 

container there’s nowhere for the air to go. That 

causes the air pressure to increase, pushing the 

water through the tube and out of the container.

What’s happening...

• Experimentation Station
• Water & food coloring

• Plunger all the way down. If you need to 
move it, open the plunger valve (V3) first.

• Close all valves.

• Fill C1 with water. Add a drop of color. (A.)

B.

A.

C.

1. Open V1.

2. Pull up on the plunger until all the water 
    goes into the cylinder. (B.)
3. Close V1 and open V2.
4. Press down on the plunger to fill C2. (C.)
5. Close V2.

As you pull up on the plunger, you’re creating an area 

of low air pressure inside the cylinder. The higher air 

pressure on the outside pushes the water from C1 into 

the cylinder. When you close V1, the water can’t flow 

back to C1.

When you push down on the plunger, the pressure 

inside the cylinder is higher than on the outside. The 

higher pressure pushes the water uphill into C2.

What’s happening...

YOU’LL NEED:

THE SETUP:

WHAT YOU DO:

Leave the water in C2 and make 
sure all the valves are closed for 
the next experiment.

Did you notice?
There’s still water in C2. Compare the water 
levels in C1 and C2. The level is the same 
across both containers. That’s because of 
the Principle of Communicating Vessels. This 
principle says that liquids in interconnected 
containers will tend to go to the same level. 
Try it! If you move the plunger up and down, 
the water in containers 
1 and 2 will stay at the 
same level.

C1

C1

C2

C2

V3

V1

C4C3

V1

V1

V2

V2
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Move water from C1 to C5 — without filling C3 and C4!

• Plunger down, all containers empty,  
 all valves closed. 

• All tubes in C3 and C4 at the 
 bottom position, like this:

• Fill C1 with water & add a drop 
 of color.

• Plunger down, all containers empty, 
 all valves closed.
• Add 60 ml of water to C1. Add a 
 drop of color.
• Pull all tubes in C3 and 
 C4 to the top of 
 their containers:

• Plunger down, all containers empty,  
 all valves closed.
• Add 20 ml of water to C1. 
 Add a drop of color.
• Push both tubes in C3 down. 

As you saw in Lab 10, when the tubes are at the bottom (in C3) and water covers the tube openings, the air inside the container can’t get out. That means the container is completely full and nothing else can go in it.  In Lab 11, you saw that when the tubes are at the top, the water can push aside the air in the containers (the air moves through the tubes) and the container can fill with water.This Lab combines Labs 10 and 11: the water from the cylinder is pushed all the way to C4, because C4 has a way for the air to escape to make room. 

When the tube openings are at the top, the 
air can escape as the water pushes it out of 
the container.

What’s happening...

What’s happening...

No Room
For Water

Air Space

• Experimentation Station
• Water & food coloring

• Experimentation Station
• Water & food coloring

• Experimentation Station
• Water & food coloring

1. Open V1.
2. Pull the plunger up. (A.)
3. Close V1 and open V3.
4. Gently push the plunger down. The water goes 
 to C5 without filling up C3 and C4! (B.)

If all the water didn’t go into C5 the first time, try this:

5. Close V3 and open V1.

6. Pull up on the plunger to fill the cylinder with air.

7. Close V1 and open V3.

8. Press down on the plunger.

Repeat steps 5–8 until all the water is in C5.

• Pull both tubes of C4 up.

1. Open V1
2. Pull the plunger up to fill the cylinder 
 with water.
3. Close V1.
4. Open V3.
5. Gently push the plunger down.

1. Open V1 and pull the plunger up. (A.)
2. Close V1, open V3, and gently push the 
 plunger down. (B.)

extra CHALLENGE:

Push water from C1 into 
C3 and C4.

Fill C4 without filling C3!
No Room  For Air

The water can’t fill up C3 and C4 because 

those containers are already full of air. When 

the water covers the tube openings, there’s 

no way for the air to escape. The air pressure 

keeps the water from rising any higher.

What’s happening...

LAB

10
LAB

11
LAB

12
YOU’LL NEED:

YOU’LL NEED: YOU’LL NEED:

THE SETUP:
THE SETUP: THE SETUP:

WHAT YOU DO:

WHAT YOU DO:

WHAT YOU DO:

Can you move the water back 
through the system to C1? Try 
pulling up on the plunger.

B.

A.
A.

B.

All tubes down

All tubes up

Tubes upTubes down

V1

V3

V1

V1

V3

V3

C1

C1

C3

C3

C3

C4

C4

C4

C3 C4

C5

C1
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Move water through every container—C1 
through C5—one at a time!

The Grand Pressure Challenge

• Experimentation Station
• Water

• Experimentation Station
• Water

• Plunger down, all containers empty, 
 all valves closed.
• Measure 50 ml of water into C1.
• Left-hand tubes in C3 and C4 up, 
 right-hand tubes in C3 and C4 down.

• Plunger down, all valves closed.
• All tubes in C3 and C4 up.
• Fill C1 and C2 with water. (A.)

1. Open V1 and fill the cylinder with water. (B.)
2. Close V1 and open V3.
3. Gently push the plunger all the way down. (C.)
4. Close V3.
5. If there’s water left in C1, repeat steps 1–4.
6. Open V2 and fill cylinder with water. (D.)
7. Close V2 and open V3.
8. Push the plunger all the way down. (E.)
9. Close V3.
10. If there’s water left in C2, repeat steps 6–9.
11. Push the right tubes in C3 and C4 down. (F.)
12. Open V1 and fill the plunger cylinder with air.
13. Close V1 and open V3.
14. Gently push the plunger all the way down.
15. Close V3
16. Repeat steps 12–15 until all tubes and containers are 
  empty. As the last step, you’ll have to empty C5 by hand.

1. Open V1 and pull the plunger up to 
 pull water into the cylinder. (A.)
2. Close V1 and open V2.
3. Push the plunger slowly to move the water to C2. (B1.)
4. Pull the water back into the cylinder. (B2.)
5. Close V2 and open V3.
6. Push down on the plunger to fill C3. (C.)
7. Close V3, open V1, and fill the cylinder with air. (D.)
8. Close V1 and open V3.
9. Press down on the plunger to push the water from 
 C3 to C4. Stop when C4 is full. (E.)
10. Close V3, open V1, and fill the cylinder with air again.
11. Close V1 and open V3.
12. Press down on the plunger to push the water into C5. (F.)

You’re done!

Where’s that assistant when 
you need them???

The Clean Machine

?

LAB

13
LAB

14
YOU’LL NEED:

YOU’LL NEED:

THE SETUP:
THE SETUP:

WHAT YOU DO:

WHAT YOU DO:

A. A.B1.

B.

D.
C.

C.

D.

E. F.

E.

F.

BONUS CHALLENGE:
Do all the steps in 
reverse to move the 
water back to C1.

B2.

Tubes up

Tubes down All tubes up

All tubes up

Right tubes down

There are several ways to clean your Experimentation 
Station. This method pushes water through every piece.

V1

V2

V3

C1
C2

C3
C4

C5

V1
V2

V3

C1 C2

C3 C4
C5

important:
Empty out C5 whenever 
it gets full.
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See if bubbles can push water from C4 to C5!

Break bonds to make bubbles!The Pop Push Challenge

• Experimentation Station
• Water & food coloring
• An unopened bottle or 
 can of carbonated water or club soda.

• Erlenmeyer flask
• An unopened bottle or can of diet cola
• Salt
•  Petri dish
• A sheet of paper
• An empty sink• Plunger down, all containers empty,  

all valves closed.
• Fill C4 with water. Add a drop of color.
• Pull both tubes in C3 up.
• Push both tubes in C4 down.

1. Unscrew C3 and fill it with carbonated 
 water or club soda. Screw it back on tightly.
2. Watch C4. You should see bubbles 
 coming out of the tube.
Over the next 10 or 15 minutes, all the 
 water will be pushed from C4 into C5!

Soda gets its fizz from a gas called carbon 
dioxide (CO2) that’s dissolved in the liquid under 

pressure. When the drink is released from its 
pressurized can, the gas starts to come out of 

the solution in the form of bubbles. As more 
and more gas escapes into C4, the pressure 
increases and pushes the water into C5.

What’s happening...

Soda
Fountain

Diet

1. Pour 100 ml of cola into the Erlenmeyer flask. 
You may have to do this in small steps to keep 
the foam from overflowing. 

2. Put the flask in the sink.

3. Measure 1 tablespoon (15 ml) of salt into the 
bottom of the petri dish.

4. Roll the paper into a cone. The narrow end 
should be just a little smaller than the mouth 
of the flask.

5. Using the cone as a funnel, dump the salt into 
the flask all at once. Watch the bubbles!

1. Have your adult assistant peel and chop up some of the potato 
into very small pieces. You don’t need a lot. This step has to be 
done right before the experiment. Pre-chopped potato won’t 
work. (Note: that’s because once you cut it, it starts to oxidize, 
and oxidized potato won’t cause the necessary reaction.)

2. Unscrew C3 and fill it about 2/3 full with potato pieces. Add a 
drop of yellow color.

3. Measure 40 ml of hydrogen peroxide into C1.
4. Open V1 and pull the hydrogen peroxide into the cylinder.
5. Close V1 and open V3.
6. Gently press the plunger. Stop when C3 is full. 
7. Close V3. Watch the bubbles and tubes in C4 and C5!

In a soda, the CO2 and water molecules  
bond together. To create bubbles, the two 
molecules need to separate. The tiny pits 
and rough surfaces on the salt crystals 
provide places for the CO2 to separate and 
turn into gas—a process called nucleation. 
When you drop the salt into the soda, 
millions of bubbles form around the salt 
grains in a fraction of a second. More 
bubbles form around those bubbles, and 
you get a fountain of foam.

What’s happening...

(new-clee-A-shun) (CAT-uh-lace)

Spud Bubbles

• Adult assistant (required!)
• Experimentation Station
• Hydrogen peroxide solution (3%) 
 (concentration should not exceed 1 mol/L)
• A raw potato
• Water & food coloring (blue and yellow)
• Knife

Create bubbles of oxygen with 
a chemical reaction!

• Plunger down, all containers empty,  
all valves closed.

• Pull both tubes in C3 up.
• Push both tubes in C4 down.
• Unscrew C4and fill it with water. Add a drop of 

blue color.

This same process is happening in the famous 

experiment where you drop Mentos candy into a diet 

cola. The candy has thousands of tiny pits; perfect sites 

for CO2 bubbles to form and escape. The nucleation 

happens so quickly that you get a powerful blast of 

soda that shoots very high (and is very messy)!

LAB
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YOU’LL NEED: YOU’LL NEED:YOU’LL NEED:

THE SETUP:

THE SETUP:

WHAT YOU DO:

WHAT YOU DO:

WHAT YOU DO:

hydrogen peroxide
40 ml

The fizzing bubbles in this 
experiment are formed by a 
chemical reaction involving 
hydrogen peroxide and an enzyme in the potato called catalase. 
In a chemical reaction, molecules get broken apart or combined to form different molecules. Here, 
hydrogen peroxide molecules 
are broken apart into water and oxygen molecules. 

What’s happening...

Tubes up

Tubes down

Club Soda

Water

V1

V3

C1

C3
C4

C3

C3

C3

C4

C4

C4

C5

C5

ADULT 
ASSISTANCE 

REQUIRED
SHARP
KNIFE

Tubes up
Tubes down
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Put a small amount of each 

test solution in the labeled cups. 

You’re ready to start testing!

SOLUTION ACID BASE

Baking soda

Cola
Dish soap

Hydrogen peroxide

Lemon juice

Vinegar

Milk

This is a two-part experiment:
Create solutions and then test them.

The Basic Acid Tests

• Erlenmeyer flask

• Small paper cups—one for each test substance. 
 Glass or ceramic cups will work, too.

• Marker or pen

• Tape (if using glass or ceramic cups)
• Baking soda solution (See recipe below.)
• Cola
• Dish soap solution (See recipe below.)
• Hydrogen peroxide solution
• Lemon juice
• Vinegar
• Milk

• Petri dish
• Pipette
• pH test strips
• Writing paper
• Pen or pencil
• Glass of water to clean the pipette.

• Petri dish
• pH test strip
• Pipette
• Glass of water (to rinse out pipette)
• The test solutions and chart from Lab 18

For each of the test solutions:

1. Put a pH strip in a clean, dry petri dish.

2. Use the pipette (make sure it’s clean!) to put a few drops of 
 the test solution on the strip. 

3. Does the paper turn red? If so, you’ve found an acid. Put a 
 check mark in the “acid” column on the log sheet.

4. Does the paper turn green or blue? If so, you’ve found a 
 base. Put a check mark in the “base” column on the log sheet.

5. Squirt any leftover test solution back into its cup.

6. Clean the petri dish and the pipette. 

7. Repeat steps 1–6 for each solution on your list.

baking soda

lemon juice

dish soap
vinegar

hydrogen
     peroxide

cola
milk

Baking soda solution 
Add 1 teaspoon  (5 ml) of baking soda to 30 ml of 
water in the flask. Swirl until the soda is dissolved.

Dish soap solution 
Add a few drops of dishwashing liquid to 30 ml of 
water in the flask. Swirl to mix.

Most liquids belong to one of two groups: acids and bases. 
The groups are like opposites. When mixed together, acids 
and bases react chemically. Acids and bases can be strong 
or weak. The strong ones, like battery acid and lye (a strong 
base) can cause serious injury.

Indicators
A chemical that changes color when exposed to a specific 
type of compound is called an indicator. The yellow pH 
strips in your kit are indicators of both acids and bases. 
Acids will turn the strips red. 
Bases will turn the strips green or blue. 
The strips won’t react if a liquid is 
neutral—neither acid nor base.

Make a test log sheet. You’ll use this for the next experiment, too.
1. Divide the paper into three columns labeled “Solution,” “Acid,” and “Base.”
2. Write the names of the test substances in the left-hand column.

Acid
 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Base
Water

Acid/Base 
Free Play

1. Put a test strip in the petri dish.
2. Referring to the chart you filled out in Lab 18, use the 
 pipette to put a few drops of an acid on the strip.
3. Rinse out the pipette, then drop one of the bases on 
 the same strip. 
4. Rinse out the pipette, then drop another one of the 
 solutions on the strip.
5. Keep experimenting with acids and bases on the strip!

LAB
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YOU’LL NEED:
PART 1

PART 2

YOU’LL NEED:

HOW TO CLEAN THE PIPETTE:

WHAT YOU DO:

SOLUTION RECIPES

YOU’LL NEED:

WHAT YOU DO:

Label the cups with the names 
of the test solutions (see below). 
If you’re using glass or ceramic 
cups, write the name on a piece 
of tape and stick it to the cup.

Make sure your hands are clean and dry when 
you touch the test strips. You might want to cut 
the strips in half, just so you can do more tests! 
If you run out of pH strips, you can buy more 
online, and some drugstores carry them.

pH
The strength of an acid or base is given by a measurement called pH. 
The pH scale goes from 0 to 14. Chemicals with a pH of 7 are neutral, 
neither acidic nor basic. Chemicals with a pH below 7 are acids. 
Those with a pH above 7 are bases. Very low pH means a very 
strong acid. Very high pH means a very strong base.

important:
Be sure to rinse out your flask after 
making each of these. You don’t want to 
contaminate your solutions.

To clean the pipette, press the bulb and place 
the tip into a glass of clean water. Release the 
bulb, filling the pipette with water. Remove the 
pipette and hold it over the sink. Squeeze the 
bulb. Repeat until the pipette is completely clean.
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Clear to color and back again.

• Plunger down, containers 1 and 2 
 empty and dry, all valves closed.

• Add a little water to C3 and C4, just 
 enough to cover the ends of the tubes.

• All tubes down.
• Pour 20 ml of water into the beaker. 
 Add  1/2 teaspoon (2.5 ml) of baking 
 soda. Stir to mix. 
. Pour the solution into C1.
• Measure 50 ml of water into the flask. 
 Add 5 drops of phenol red solution and 
 swirl to mix. Pour the solution into C2.

• Clean the pipette thoroughly by sucking 
 up water and squirting it out.

• Squirt 2 pipettes full of white vinegar into C5.

Phenol red is a base indicator. It turns pink in the 

presence of bases like baking soda. But it only 

stays pink as long as there is a base present. Adding 

vinegar to the soda neutralizes the base, so the 

pink color goes away.

What’s happening...

Disappearing
Act

• Experimentation Station
• Erlenmeyer Flask
• Beaker
• Pipette
• Phenol red solution* 
 (from your kit)
• White vinegar
• Water
• Measuring spoon 
• Baking soda
• Glass of water for rinsing pipette

• Erlenmeyer flask
• Pipette
• Phenol red solution* 
 (from your kit)
• Baking soda
• White vinegar
• Measuring spoons
• Glass of water for rinsing pipette

• Adult assistant (required!)
• A closed bottle of 
 household ammonia.
• Phenol red solution* (from your kit)
• A cotton swab

1. Make sure the ammonia bottle 
 is closed.

2. Dip one end of a cotton swab into 
 the phenol red solution bottle. Recap the bottle.

3. Have your adult assistant open the ammonia 
 bottle and hold the swab over  the opening. 
4. Watch for a color change. The swab 
 turns bright red very quickly.

5. Close the bottle immediately.

For clues to how this trick 

works, do the next experiment 

(Your Basic Indicator).

Your Basic  Indicator

1. Add 1 pipette full of phenol red solution to 
 50 ml of water in the flask, then swirl to mix. 
 Clean the pipette (see Lab 18).
2. Add 1/4 teaspoon (1 ml) of baking soda and 
 swirl again. Notice the color change.
3. Squirt 3 pipettes full of vinegar into the flask.  
 Observe the results.

Prove that gases expand—fast!Blushing bases!

Visible Vapor

The phenol on the swab is reacting to the fumes. 

Household ammonia is a base. The invisible (but very 

smelly) fumes that evaporate from the bottle are also 

basic. The fumes are a gas, so this lab is a visible, real-

life example of gas molecules expanding quickly out of 

their container. 

What’s happening...

LAB
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22
YOU’LL NEED: YOU’LL NEED: YOU’LL NEED:

THE SETUP:

1. Open V2 and pull the liquid from 
 C2 into the cylinder.
2. Close V2 and open V1.
3. Gently press down on the plunger. 
 Presto! The color changes.
4. Pull the liquid back into the cylinder.
5. Close V1 and open V3.
6. Press down on the plunger to send 
 the liquid all the way to C5.
Otserp! (That’s presto backward.) 
 The color goes away.

WHAT YOU DO:

WHAT YOU DO:

WHAT YOU DO:

important:

important:

caution:

Before you start, make 
sure the beaker, flask, 
and all containers in 
the lab apparatus are 
completely rinsed out. 
Leftover chemicals can 
spoil the trick.

Make sure all your 
equipment is completely 
rinsed out before you start.

Keep your eyes, nose, and 
mouth away from the 
open ammonia bottle.

Did you notice?
Mixing an acid and a base together causes a chemical reaction. 
If all of both chemicals get used up in the reaction, the 
resulting solution is neutral. If there is some acid left over, the 
solution is acidic. If there’s some base left over, it’s basic. 
Stick the end of a pH test strip in the 
solution and see what color it turns.

All tubes down

Baking soda
solution Phenol red

solution

White 
vinegar

Water in bottom

C1
C2

C3 C4

C5

ADULT 
ASSISTANCE 

REQUIRED
CHEMICALS

NOTE: Concentration 
of ammonia should not 
exceed 2 mol/L.

*Refer to page 2 for 
safety information.*Refer to page 2 for safety information. *Refer to page 2 for safety information.

YUK!
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02:00

Make your own color-changing indicator solution 
from cabbage and water! Test for acids.

Cabbage Water 
Indicator

• Adult assistant (required!)
• 4 or 5 leaves of red or 
 purple cabbage (raw)
• Water
• Microwaveable measuring cup  
 or mixing bowl
• Colander or strainer
• A second bowl to hold your 
 strained indicator solution
• Microwave oven

• Erlenmeyer flask
• Pipette
• Cabbage water indicator 
 (If you haven’t made this yet, see Lab 23.)
• White vinegar

• Erlenmeyer flask
• Cabbage water indicator
• Baking soda
• Measuring spoons

1. Tear the cabbage leaves into small pieces.
2. Put the torn-up leaves in the measuring cup or 
 mixing bowl and add enough water to cover them.
3. Have your adult assistant heat the container 
 on high power for two minutes or until the water 
 just starts to steam, whichever comes first.
4. Let the container stand for at least ten minutes, 
 until it is cool enough to touch.
5. Take the cooled container out of the microwave 
 and strain the liquid into the second bowl. You can 
 toss the cabbage leaves in the compost or garbage.
6. Your indicator solution is ready to go! You can 
 keep it for several days in the refrigerator. It smells 
 pretty cabbagy, so store it in a closed container.

The dark red or purple color of the cabbage 
comes from a pigment called anthocyanin. 
This pigment changes color when it is 
mixed with an acid or a base. The pigment 
turns pink in response to acids like vinegar. 
The stronger the acid, the pinker it gets. 
(Adding more vinegar to the juice increases 
the concentration of acid.)

The anthocyanin in the cabbage water turns blue-green in response to bases like baking soda. 
Since the cabbage solution turns different colors for acids and bases, it’s called a universal indicator.

What’s happening...
What’s happening...

If you don’t have a 
microwave, you can have an 

adult boil the leaves for a few 
minutes. Or you can place 

the torn leaves in a zip-close 
plastic bag with some water 

and crush the leaves with your 
hands. The color of the liquid 

won’t be as dark, but it will still 
work for the experiments.

In the 
Pink

1. Measure 50 ml of cabbage water into the flask.

2. Fill the pipette with vinegar.

3. Add vinegar to the flask a few drops at a time until 
 you’ve emptied the pipette. Watch what happens.

4. Add more vinegar to the flask to make 
  the color change even more.

1. Put 50 ml of cabbage water in the flask.
2. Add 1/4 teaspoon (1 ml) of baking soda and swirl to mix. 
 Watch what happens.
3. Add more baking soda to change the color even more.

Test for bases.

Basic 
Blue Here’s a color-changing science trick 

to amaze your friends.

•  Plunger down, all containers empty, 
 all valves closed.
• All tubes up.
• Measure 30 ml of vinegar into C1.
• Fill C3 halfway with cabbage water. 
 Screw the lid on tightly.
• Put 1 tablespoon (15 ml) of water in  
 C4 and mix in 1/2 teaspoon (2 ml) of  
 baking soda. Screw the lid on tightly.

WHAT YOU DO:
1. Open V1 and pull the vinegar into 
 the cylinder.
2. Close V1 and open V3.
3. Slowly push the vinegar into C3.
4. Watch what happens in C3 and C4.

The vinegar (an acid) in C1 turned the 
cabbage water in C3 bright pink. The baking 
soda (a base) in C4 flipped the balance to 
base, and the indicator turned violet. 

What’s happening...

Science Magic!

• Experimentation Station
• Cabbage water indicator
• White vinegar
• Baking soda
• Measuring spoons

LAB
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25

YOU’LL NEED:
YOU’LL NEED: YOU’LL NEED:

YOU’LL NEED:

WHAT YOU DO:

WHAT YOU DO:

WHAT YOU DO:

THE SETUP:

Is cabbage water 
an acid or a base?
Test the cabbage water 
with a pH strip.

QUICK 
BONUS LAB

You may have noticed some 
fizziness in the pipes and test 
tubes. More on that in Lab 27.

All tubes up

White 
vinegar

Vinegar

(an-tho-SIGH-uh-nin)

Baking soda
solution

Cabbage
water C4C3

C1

ADULT 
ASSISTANCE 

REQUIRED
MICROWAVE
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1. Plunger down, all containers empty,  
 all valves closed.

2. Add 1 teaspoon (5 ml) of baking soda to 
 30 ml of water in the Erlenmeyer flask and 
 swirl to dissolve the soda. It’s okay if the 
 mixture is a little cloudy.

3. Pour the baking soda solution into C2. Add 1 
 drop of yellow color.

4. Measure 30 ml of vinegar into C1. Add a drop 
 of blue color. (A.)
5. Open V1 and pull all the vinegar 
 into the  cylinder. (B.)
6. Close V1 and open V2.

7. Press slowly on the plunger and 
 watch what happens! (C.)

Vinegar is acetic acid, diluted with water. 
Baking soda, or sodium bicarbonate, is a 
base. When you mix them, the acid and base 
neutralize each other in a chemical reaction. 
One of the products of the reaction is carbon 

dioxide (CO2) gas. The gas escapes from the 
solution as fizzy bubbles.

What’s happening...

• Experimentation Station
• Erlenmeyer flask
• Vinegar
• Baking soda
• Water & food coloring (yellow and blue)

• Adult assistant (required!)
• 1 teaspoon (5 ml) calcium hydroxide* powder 
 (from your kit)
• A two-liter soda bottle with cap, empty 
 and rinsed out (a jar with a lid also works)
• Water
• Sheet of paper

1. Roll the paper into a cone. The narrow end should 
 be just a little smaller than the mouth of the bottle.
2. Using the cone as a funnel, pour the spoonful of 
 calcium hydroxide into the soda bottle. Seal the bottle 
 of calcium hydroxide and wash your hands thoroughly.
3. Fill the soda bottle with water. Leave a couple of empty 
 inches at the top.
4. Screw on the cap and shake the bottle to dissolve the  
 chemical. The solution will be cloudy.
5. Place the bottle next to the lab station and let it sit 
 overnight. The solution will clear, leaving a small layer 
 of sediment at the bottom. Your limewater is ready to go!If the fizz starts to 

overflow, ease off on 

the plunger.

Super Fizz
The Ultimate Secret Formula Lab version
of a well-known chemical reaction! Make a different kind of indicator.

Limewater has to sit overnight, 
so do this a day ahead.

Limewater
Indicator Solution

LAB

27
LAB

28
YOU’LL NEED:

YOU’LL NEED:

WHAT YOU DO:

WHAT YOU DO:

Is limewater an acid or a base?
Squirt a pipette full of limewater into some 
cabbage water, or test it with a pH strip or 
phenol red solution. You’ll get a clear answer!

QUICK BONUS LAB
Keep your limewater in a 
sealed bottle. The solution 

gets cloudy if exposed to the 
carbon dioxide in the air.

When you’re done with the 
labs that use limewater, pour it 

down the drain.

For the next few experiments you’ll need a batch 
of limewater. The “lime” in limewater doesn’t 

mean the fruit. It’s a compound called calcium 
hydroxide, also known as pickling lime.

DO NOT DRINK!
Label the bottle: Calcium Hydroxide

DO NOTDO NOT inhale calcium hydroxide 
or drink limewater solution.

Wash your hands thoroughly 
after measuring the powder.

Wipe up spills immediately with 
a paper towel.

A. B.

C.

Baking soda
solution

V1

V2

Vinegar

C2

C1

ADULT 
ASSISTANCE 

REQUIRED
CHEMICALS

*Refer to page 2 for 
safety information.

important:
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This project will take your breath away.

• Plunger down, all containers empty,  
 all valves closed.
• All tubes in C3 and C4 up.
• Measure 30 ml of vinegar into C1.
• Put 1/2 teaspoon (2.5 ml) baking soda in C3.
• Measure 50 ml of limewater into C5. (A.) 1. Plunger down, all containers empty,  

 all valves closed.
2. All tubes up.
3. Measure 50 ml of limewater into C5.
4. Measure 20 ml of warm (not hot) water into 
 the Erlenmeyer flask.
5. Measure 1/2 teaspoon (2.5 ml) EACH of yeast 
 and sugar into the flask.
6. Swirl the flask to mix everything well. 
 (You may smell the scent of fresh bread.)
7. Put the yeast and sugar mixture into C3.
8. The yeast will start to froth and expand. 
 After a while you’ll see gas bubbling into C5.
9. Leave the experiment going for a while. Come back 
 and check the limewater in 20-30 minutes. You should 
 see a cloudy solution, showing that the gas is CO2.

CO2 Detector

• Adult assistant (required!)

• Erlenmeyer flask

• Limewater*

• Drinking straw

• Adult assistant (required!)
• Experimentation Station
• White vinegar
• Baking soda
• Limewater*

• Experimentation Station
• Erlenmeyer flask
• Sugar
• Active dry yeast (check the date 
 on the package to make sure it’s 
 still good)
• Limewater*
• Water
• Measuring spoons

1. Pour limewater into the flask.

2. While you watch, have your 
 adult assistant blow through 
 the straw into the limewater 
 for 60 seconds.

The CO2 in your assistant’s  breath reacts 
with the calcium hydroxide to make water 
and calcium carbonate—a compound found 
in bones, eggshells, chalk, and limestone. 
Calcium carbonate is a solid, so it stays 
suspended in the liquid like chalk dust, 
turning the liquid cloudy. 

The limewater turned cloudy, so you’ve confirmed the identity of the gas 
produced by the reacting vinegar and 
baking soda. It’s CO2.

Yeast is a living, single-celled 
organism that “eats” sugar and 

“burps” CO2 gas and alcohol. In bread, 

this gas goes into the tiny air spaces 

in the dough and makes it rise.

What’s happening...

What’s happening...

What’s happening...

Identify the gas!

(What a surprise!)
(NOT!)

Second Fizz

1. Open V1 and pull the vinegar into the 
 plunger cylinder.
2. Close V1 and open V3.
3. Slowly push the plunger to send the vinegar to C3.  
 Watch it fizz! (B.)

4. As the gas bubbles through C5, the limewater 
 will turn cloudy.
5. If you want to test it, dip the end of a pH strip into 
 the limewater, or add a few drops of phenol red solution 
 into the cloudy limewater. 

Bread Bubbles
This experiment will get a rise out of you!

LAB
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YOU’LL NEED:

YOU’LL NEED: YOU’LL NEED:

WHAT YOU DO:
THE SETUP:

WHAT YOU DO:

WHAT YOU DO:

DO NOT DRINK!
limewater solution.

Clean the 
containers and 
tubes well when 
you’re finished.

Your body uses the oxygen you breathe to turn 
nutrients into energy. In the process, a waste 
gas called carbon dioxide (CO2) is formed. 
Breathing out pushes the CO2 out of your lungs. 
By blowing into the tube, your assistant was 
adding CO2 to the limewater. Limewater is 
used as a CO2 indicator—it turns cloudy in the 
presence of carbon dioxide. 

# Try not to let the liquid overflow into C4. 

(It’s okay if foam and some liquid ends up there.)

If you haven’t made this yet, see Lab 28.If you haven’t made this yet, see Lab 28.

If you haven’t made this yet, 
see Lab 28.

The limewater turns cloudy!

All tubes up

C5 tube down

vinegar

limewater

30 ml

50 ml

A.

B.

Baking soda

V1

V3

C1

C4

C5

C3

Yeast 
solution

Limewater

*Refer to page 2 for 
safety information.*Refer to page 2 for safety information.*Refer to page 2 for safety information.

C4

C5

C3

ADULT 
ASSISTANCE 

REQUIRED
CHEMICALS

ADULT 
ASSISTANCE 

REQUIRED
CHEMICALS

ADULT 
ASSISTANCE 

REQUIRED
CHEMICALS
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Cooling
Things Down

• Beaker
• White vinegar
• Baking soda
• Bowl
• Thermometer (optional)

(en-doe-THER-mik) (ex-oh-THER-mik)

When baking soda and vinegar are mixed, 

the interaction between the molecules 

absorbs heat energy. A process that absorbs 

heat is called endothermic. You’ve felt an 

endothermic process at work if you’ve ever 

used an instant cold pack.

When calcium chloride dissolves in 
water, the interaction between the 
molecules releases energy in the form 
of heat. A process that releases heat 
is called exothermic.

What’s happening...
What’s happening...

This reaction is pretty cool!

• Close all valves.
•  Both tubes in C4 up.
•  Left tube in C3 up. Right tube down.
• Measure 1/2 teaspoon (2.5 ml) of baking soda into C4.
• Measure 50 ml of limewater into C5.

• Pour about 25 ml of vinegar into the beaker.
• Holding the beaker over a bowl, pour 
 the vinegar onto your hand and note 
 the temperature of the liquid.
• Pour the vinegar back into the beaker.
• Holding the beaker over the sink, add 
 about 1 teaspoon (5 ml) of baking soda 
 to the vinegar.
• Let the mixture fizz a little, then pour 
 the liquid over your hand again. 
 What do you notice about the temperature? 
 Is it cooler?

1. Measure 10 ml of water into the beaker.
2. Add 1 teaspoon (5 ml) of calcium chloride 
 to the water in the beaker.

3. Hold the beaker in the palm of your hand as you 
 swirl the solution. Can you feel the beaker getting warmer?
4. Add a pipette full of phenol red solution to the solution in 
 the beaker. The solution turns pink, showing that 
 calcium chloride is a base. 
5. Pour the pink solution into C3, and screw C3 firmly 
 into place for the next experiment.

Things get a little warm in this experiment.

Heating
Things Up

• Adult assistant (required!)
• Experimentation Station
• Beaker
• Calcium chloride* (from your kit)
• Phenol red solution* (from your kit)
• Water
• Thermometer (optional)

People often sprinkle 
calcium chloride 

pellets on icy roads 
and sidewalks. The 

exothermic reaction 
melts the ice and snow.

1. Open V1 and fill the plunger cylinder with air. (A.)
2. Close V1 and open V3.

3. Very slowly press down on the plunger to push the 
 calcium chloride-phenol red solution from C3 to C4. (B.)
4. Watch what happens in C4, C5, and the tube to C5. 
 STOP! Don’t pull the 
 solution in C5 back 
 through the tube! 
 The limewater will coat 
 the inside of the tube 
 with a chalky, white film.

• Adult assistant (required!)

• Experimentation Station with calcium chloride-phenol 
 red solution from Lab 33 in C3

• Baking soda

• Limewater*

Color-Changing 
Fizz! Calcium chloride gets 

down to basics.

LAB
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34
YOU’LL NEED:

YOU’LL NEED:

YOU’LL NEED:

THE SETUP:

WHAT YOU DO:

WHAT YOU DO:

WHAT YOU DO:

If you have a thermometer, record 
the temperature of the vinegar 

before the experiment and again 
after you add the baking soda.

If you have a thermometer, record 
the temperature of the water in 

the beaker before the experiment. 
Record the temperature again after 

you add the calcium chloride.caution:
Be sure to re-seal the calcium 
chloride bottle before going on.

Tubes up

C5 tube down

Tube down
Limewater

50 ml

A.

B.

Calcium chloride-
phenol red solution 
from Lab 33

Baking 
soda

V1

V3

C3 C4

C5

Clean the tubes and 
containers when you’re 
done. If there’s a white 

film in any of the 
containers or tubes, ask 
your adult assistant to 
clean them thoroughly 
with a vinegar solution, 

then wash and rinse 
them well.

The solution fizzes and turns orange in C4. Both calcium 

chloride and baking soda are bases, but when they 

react, the resulting solution is no longer basic. The 

carbon dioxide from the chemical reaction bubbles  

into the limewater in C5, making it cloudy, And since 

limewater is a base, the resulting solution turns pink!

What’s happening...

*Refer to page 2 for safety information.

If you haven’t made this yet, see Lab 28.

*Refer to page 2 for 
safety information.

ADULT 
ASSISTANCE 

REQUIRED
CHEMICALS

ADULT 
ASSISTANCE 

REQUIRED
CHEMICALS
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• All containers empty, plunger down, 
all valves closed.

• Measure 100 ml of cold tap water into C1.

• Measure 100 ml of hot tap water into C2.

• All containers empty, plunger down, 
all valves closed.

• Measure 30 ml of water into both C1 and C2.

1. Add a drop of red food coloring 
 to each container.

2. Watch the color spread through 
 the water. Observe any differences 
 between the two containers.

3. Now add a drop of blue to each 
 container and observe again. 
 The contrast between blue and red 
 makes the effects easier to see.

1. Add a drop of red food coloring to C1.
2. Add a drop of yellow to C2.
3. Open V2 and pull the yellow water into the cylinder.
4. Close V2 and open V1.
5. Slowly push the water into C1. 
 Notice how the color changes.
6. Rinse out the containers and tubes.
7. Repeat the experiment with red in C1 and blue in C2.  
8. Rinse out the containers and tubes.
9. Repeat the experiment with yellow in C1 and blue in C2.
You’ve just created the three secondary colors!  

See diffusion in action!

Go with the Flow

• Experimentation Station
• Red and blue food coloring
• Water

Diffusion is the movement of a liquid or 
gas from an area of high concentration 
(that is, where there are a lot of 
molecules of it) to an area of low 
concentration. The food color diffuses 
from its concentrated drop out into 
the water, until it is evenly spread 
throughout. Molecules move more 
quickly as their temperature increases, 
so diffusion happens faster in warm 
water than in cool water.

The baking soda and dish soap in C5 are both bases, so the phenol 

red solution in the water turned pink when it touched them. The 

vinegar is an acid (which would normally turn the phenol back to 

yellow, but we added red coloring) that fizzed when it reacted with 

the baking soda. When dish soap joined the party—BAM! Pink foam!

What’s happening... What’s happening...

What’s happening...

Color Mixer

• Experimentation Station
• Red, yellow, and blue food coloring
• Water

Turn three colors into six!

This one’s messy—but fun!

Foaming Pink 
Volcano

• Experimentation Station
• Phenol red solution* 
 (from your kit)
• Pipette
• Water
• White vinegar
• Baking soda
• Red coloring
• Dish soap (liquid)
• Bowl that fits under C5 to catch spills

• Plunger down, all containers empty, 
all valves closed.

• All tubes in the down position.
• Put 30 ml of vinegar into C1. Add 3 

drops of red food coloring.
• Put 30 ml of water and 5 drops of 

phenol red solution into C2.
• In C5, mix 1 tablespoon (15 ml) baking 

soda, 2 drops liquid dish soap, 2 
teaspoons (10 ml) of water.

• Place the bowl under C5. (A.)

You’ve probably seen a color wheel. It has 

the same colors of the rainbow laid out next 

to each other in the same order: red, orange, 

yellow, green, blue, violet. All the colors you 

can see can be made by mixing these colors 

in different amounts. Red, yellow, and blue 

are called the primary colors of pigment. 

All colors are made from these three. When 

you mix equal amounts of any two primary 

colors, you get the three secondary colors: 

orange, green, and violet. 

LAB

35
LAB

36
LAB

37
YOU’LL NEED: YOU’LL NEED: YOU’LL NEED:

THE SETUP: THE SETUP:

THE SETUP:WHAT YOU DO:
WHAT YOU DO:

1. Open V2 and pull the water mixture into the cylinder.
2. Close V2 and open V3.
3. Slowly push down on the plunger. Watch the color 
 in C5 change! (B.)
4. Close V3 and open V1.
5. Pull vinegar into the cylinder.
6. Close V1 and open V3.
7. Slowly push the plunger down. Watch what happens 
 in C5! (C.)

WHAT YOU DO:
Aren’t you glad you put a bowl under there?

Orange

Violet Green

Blue

Red Yellow

A.

B.

C.

All tubes down

vinegar

Water + phenol red solution

Soda solution 
+ soap

30 ml

30 ml

V1

V3

C1
C1

C2C2

C3 C4

C5

V2

*Refer to page 2 for 
safety information.

COLD
HOT
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It’s the saltiest possible solution!

Supersaturated 
Saltwater

• Adult assistant (required!)
• Petri dish
• 1 tablespoon (15 ml) salt
• Small microwaveable bowl
• Stir stick or spoon
• Water
• Microwave oven

1. Measure 60 ml water into the bowl.
2. Ask your assistant to microwave the 
 water on high power for 30–45 seconds.
3. Have your assistant help you take the bowl out 
 of the oven. It will be very hot!
4. Stir all the salt into the water a little at a time. 
 Keep stirring to dissolve as much of the salt as 
 possible. This may take several minutes. It’s okay 
 if there’s some un-dissolved salt left.
5. Set the bowl aside to cool for 15 minutes. The 
 solution will clear, leaving a small amount of 
 salt on the bottom of the bowl.
6. Fill the petri dish with the clear salt solution. 
 Put the lid on and set the dish aside. After a day 
 or so cube-shaped salt crystals will begin to form.

1. Measure 60 ml water into the bowl.
2. Ask your assistant to microwave the water 
 on high power for 30–45 seconds.
3. Have your assistant help you take the bowl out of the 
 oven. It will be very hot!
4. Stir all the Epsom salt into the water. Keep stirring 
 until it dissolves. This may take a few minutes.
5. Set the bowl aside to cool for 15 minutes.
6. Spoon some clear Epsom salt solution into the 
 petri dish. Set the dish aside and dispose of the 
 extra solution (or spoon it into another shallow dish 
 to make more crystals).
7. Over the next day or so, watch the splintery crystals 
 start to grow.

1. Measure 70 ml of water into 
 the bowl.
2. Ask your assistant to microwave the 
 water on high power for 45 seconds.
3. Have your assistant help you take the 
 bowl out of the oven. It will be very hot!
4. Stir the alum into the water. Keep 
 stirring until it dissolves. 
5. Set the bowl aside to cool for 15 minutes.
6. Spoon some of the solution into the 
 petri dish.
7. Set the dish where it won’t be disturbed 
 (a warm, sunny spot is good).
8. Within several hours, you should see 
 large alum crystals forming.

Sodium chloride (salt) 
forms cube-shaped 

crystals.

Magnesium sulfate (Epsom salt) 
crystallizes into long needles.

Alum forms eight-sided crystals.Crystals are solid substances with an 
orderly, repeated pattern of molecules. 
Grainy substances like salt, alum, Epsom 
salt, and sugar are actually made of very 
tiny crystals. If you dissolve these in water, 
eventually you’ll reach a point where 
no more of the substance will dissolve. 
That’s called a saturated solution. But a 
hot liquid can hold more of the dissolved 
substance, called the solute. If you allow 
a hot saturated solution to cool, the extra 
solute stays dissolved. That’s called a 
supersaturated solution. With time, some 
of the water evaporates, and the solution 
can’t hold the extra solute. Molecules 
of the solute fall out of the solution, 
arranging themselves into orderly crystals. 
This process is called recrystallization.

What’s happening...

• Adult assistant (required!)
 • Petri dish
• 4 tablespoons (60 ml) of Epsom salt 
• Small microwaveable bowl
• Stir stick or spoon
• Water
• Microwave oven

• Adult assistant (required!)
• Petri dish
• 1 tablespoon (15 ml) 
 of alum powder
• Small microwaveable bowl
• Stir stick or spoon
• Water
• Microwave oven

Crystal
Splinters

Create splintery crystals of Epsom salt!

Awesome Alum
Grow crystals from powder!

LAB
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YOU’LL NEED: YOU’LL NEED:

YOU’LL NEED:

WHAT YOU DO:
WHAT YOU DO: WHAT YOU DO:

Crystals!
In crystals, the molecules are arranged in a 
regular and repeating order, like lots of identical 
boxes stacked in every direction. Diamonds, 
rubies, and emeralds are crystals—so are 
snowflakes. Each type of 
crystal has its own unique shape.   

Crystals lend themselves to all kinds of 
experimentation. Try these variations:
Instead of tap water, use bottled, 
distilled, or filtered water. 
Try kosher, un-iodized, and iodized salt.
Use a little more or less than the 
recommended amounts of minerals. 
(Spoiler alert: the more alum powder you 
use, the smaller the crystals will be.)
Instead of salt, try growing crystals 
from sugar (use twice as much sugar as 
hot water).

BONUS CRYSTAL LAB

(ree-kris-tull-ih-ZA-shun)

ADULT 
ASSISTANCE 

REQUIRED
MICROWAVE

ADULT 
ASSISTANCE 

REQUIRED
MICROWAVE

ADULT 
ASSISTANCE 

REQUIRED
MICROWAVE



ADULT ASSEMBLY RECOMMENDED FOR STEPS 1 and 2

ADULT ASSEMBLY 
RECOMMENDED

ASSEMBLY INSTRUCTIONS
1. Lay the frame face down on 
a flat surface. Press the three 
supports into the slots on 
the back of the frame.

8. Screw the lids onto 
containers 3 and 4, then press 
the lid clips into the frame.

9. Press the ring clip 
into the frame and set 
container 5 inside.

Lay the 5 tubes on a flat surface 
and arrange them by size. 

3. Stick a non-skid foot 
on each of the contact 
spots provided on the 
bottom of the base.

7. Press the neck of a container down 
over the O-ring of each valve. Snap the 
cap onto container 2.

1. Using two hands, push the end of the shortest tube firmly into valve 1.

2. Press the other end of the tube firmly into the nearest hole on the cylinder nozzle. 

3. Repeat steps 1 and 2 with the short tube and valve 2.

4. Press one of the long tubes firmly into valve 3. Push the other end through the nearest 
grommet on the lid of container 3. Push the end to the bottom of the container. 

5. Press the medium tube through the empty grommet in container 3 and into the 
closest grommet in container 4. Push the tubes to the bottom.

6. Press a long tube through the empty grommet in container 4. Push the tube to the 
bottom on container 4 and place the other end into container 5. 

Set the assembled lab station on the Spill Containment Tray.   

2. Position the legs of the frame over 
the slots in the base and snap the frame 
down hard into the slots. Turn over the 
base and make sure all 7 legs are 
pushed through the slots.

4. Fit one of the 
valves into the 
nozzle of the 
cylinder. The black 
O-ring goes inside 
the nozzle.

The clip on the valve 
should line up with the 
posts on the cylinder.

5. Press the posts on the 
cylinder and the valve clip into 
the holes on the frame.

6.

1.

8. 9.

10.

2. 3.

1.
2.

4.

3.
5.

6.

6. Press a valve (O-ring pointed 
up) into the holes on the frame on 
either side of the cylinder.

7.

4. 5.

TUBES OF SCIENCE!

Black 
o-ring

Note: The fits on the apparatus 
must be tight to maintain 
pressure inside the station. If 
a Lab isn’t working correctly, 
first make sure the hoses, 
grommets, lids, and valves are 
as airtight as possible.

Support

Support

Support

Frame

Base

Feet

Valve

Valve Clip

Lid Clip

Ring Clip
Ring

V1

V3

V2

C3 C4

C5

C1
C2

Container 5

Holes

Posts

Cylinder

Frame

Extend the fun—
You can purchase 
additional tubing 
from hardware or 
pet stores.


