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DIGITAL AND PHYSICAL CHEMISTRY SET



Dear Parents and Teachers,

Happy Atoms provides a fun and intuitive way 
for children to jump into chemistry education 
by building models of molecules and then 
learning about these molecules by scanning 
them with the app to identify them. The app 
uses a special image recognition program 
to identify the molecules. The app will guide 
your children through the assembly of many 
of the most important molecules in chemistry. 
As your children build different molecules, 
they will probably have questions about the 
patterns that they find. The purpose of this 
manual is to get you and your children started 
with the Happy Atoms building system and 
app, and also to provide some additional 
chemistry lessons and experiments that can 
be done using Happy Atoms.

This manual also provides some ideas for 
ways that Happy Atoms can be used to teach 
fundamental topics in chemistry that are 
typically covered at the middle school level. 
The manual provides ways to connect the 
insights learned from using both the digital 
and physical components of Happy Atoms 
to what students are already learning in the 
chemistry classroom and chemistry labs.

We hope you and your chemistry students 
have a lot of fun with Happy Atoms!

A Word to Parents and Teachers

NOTE! The additionally required items 
are highlighted in italic script in the 
individual experiments. Before starting 
the experiments, carefully read through 
everything that will be required and make 
sure to have all the materials ready.

Safety Information

 WARNING — This product 
contains small magnets. Swallowed 
magnets can stick together across 
intestines causing serious infections and 
death. Seek immediate medical attention 
if magnets are swallowed or inhaled. 

The magnets are securely embedded in 
the large plastic atoms. If the product 
should break and release the magnets, 
dispose of them immediately. Keep the 
loose magnets away from young children.

Do not put the magnets near computers 
and other electronic devices that can 
be harmed by magnetic fields. Data loss 
and equipment damage could occur! 
When using the product with tablets 
and smartphones, it is best to keep the 
magnets at least a few inches away from 
the devices.

WARNING! Not suitable for children under 
3 years. Choking hazard — small parts 
may be swallowed or inhaled.

Keep the packaging and instructions as 
they contain important information.

Store the atom models and experiment 
materials out of the reach of small 
children. 
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ChlorinePhosphorus

Helium

Neon

Argon

FluorineOxygen

Sulfur

Carbon

Silicon

NitrogenBeryllium

Hydrogen

Magnesium

Lithium

Sodium

Here are the 16 elements included in the Happy Atoms system.
Note: Depending on which Happy Atoms set you have, you may 
not have all 16 of these atoms. The quantities of the atoms vary 
from set to set. Refer to the separate Kit Contents sheet.

Welcome to the World of Happy Atoms!

Unboxing the Atoms

Hello there. I’m Harper. I’ll be one of your 

research colleagues as we explore the world of 

Happy Atoms together! 

Please start by installing the app. Follow the 

instructions on pages 2 and 3 to get started with 

the Happy Atoms system.

Hi! I’m Andee. I’m your other fellow 

researcher.

Take a closer look at the atom models 

that came inside your Happy Atoms 

kit box. What do you notice about 

them? You can read more about the 

Happy Atoms system on page 4. 
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Installing the App

1a  �Open the App Store or Google Play on 
your tablet or smartphone. Search for the 
“Happy Atoms” app.

1b  �Alternatively, you can scan the QR 
code to the right to open the Happy 
Atoms product web page. Scroll to the 
“Download the App” section of the page. 
There you can find buttons to open the 
Happy Atoms app store pages.

2  �When you have found the Happy Atoms 
app, tap the “Get” or “Install” button to 
download and install it on your device. 
The app is free to download and install.

3  �After the app has finished installing, tap 
the app icon to open it. Now you are ready 
to start using the app. 

Using the App

The Happy Atoms app is designed to guide 
you through the process of using the Happy 
Atoms system: Building molecules, scanning 
molecules to discover them, learning about 
the molecules you discover, and conducting 
the guided research tasks. Here are some 
helpful tips to get you started.

1  �When you open the app for the first 
time, you are asked to select which 
specific Happy Atoms set you have. 
This customizes the experience to be 
compatible with your set.

2  �You are then welcomed aboard The 
Nucleus, the name of your flying scientific 
ship, by Harper and Andee, your research 
colleagues. With this ship and Harper and 
Andee’s guidance, you can navigate the 
world of Happy Atoms! 

Device Requirements
Check the app stores for details.

Happy Atoms

Getting Started with Happy Atoms
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3  �Next, the app takes you through some 
calibration steps for your device’s built-in 
camera, so that it can function as a molecule 
scanner.

Note 
In order for the molecule scanner to work 
properly, you must place your built molecules 
on a white surface. Depending on which Happy 
Atoms set you have, it may have come with 
a white storage bag that doubles as a white 
scanning mat or a white piece of paper. You can 
place your molecules on the included bag or 
paper, or on your own white surface, such as a 
white table or table cloth.
	 Another important factor in getting your 
molecules to scan properly is the light level. 
The molecule scanner works best in bright, 
indoor lighting. It will not work as well in dim 
lighting or very bright direct sunlight. If you are 
having trouble getting the app to recognize your 
molecules, try adjusting the light level and the 
white background surface.

4  �Place the Helium, Neon, and Argon atoms on a 
white surface and click the camera icon on the 
right side of the screen to take a picture of them. 

5  �Next you will calibrate the camera by making 
and scanning your first molecule.

6  �Follow the step-by-step assembly instructions 
to assemble two Hydrogen atoms and one 
Oxygen atom into a molecule. Then scan it.

7  �After successfully scanning, click “Discover” to 
learn what molecule you made. 

8  �Click “Examine” to learn about the molecule.

Now that you know the basic process for making, 
scanning, and identifying a molecule, try following 
the hints on other territories to build new molecules. 
Or click on a territory to open step-by-step building 
instructions for a specific molecule. 
	 Ultimately, your goal is to build and discover all 
of the molecules suggested by the app, to complete 
the molecule map. You can also go into Harper and 
Andee’s labs to complete a series of tasks in the 
guided lesson plans.
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Happy Atoms is a part digital, part physical 
system for teaching chemistry. The digital 
component is an educational app. The physical 
component is set of atom models representing 
16 different elements. The following is an 
overview of the physical atom models. If you 
are already familiar with other molecular 
modeling systems, it is especially important 
to understand the unique way atoms and 
bonds are represented in the Happy Atoms 
system.

1  	�The arms represent the valence electrons 
of the atom. (Valence electrons are 
explained later on in this manual.) 

2  	�Unlike a ball-and-stick atomic modeling 
system, Happy Atoms uses two arms to 
represent a single bond. By representing 
electrons this way, we believe students 
will better understand that there are two 
valence electrons involved in a single 
covalent bond. The ball-and-stick model 
represents a single covalent bond using 
just one arm to represent two electrons.

3  	�The flexible arms make it possible to 
model double bonds. 

4  	�By using six arms, even triple bonds can 
be modeled.

5  	�Happy Atoms is also able to represent 
ionic bonding. The elements in the first 
two groups have clear arms and no 
magnetic bonding sites, to show how 
they give up, rather than share, electrons. 

6  	�The magnetic connections offer an 
embodied, tactile experience of bonding: 
Energy is released when bonds form, 
while energy is required to break bonds. 
Students feel how the magnets and arms 
easily pull themselves together when 
forming bonds. They also feel how the 
magnets and arms resist being pulled 
apart when bonds break.

About the Happy Atoms System

1

2

4

N2 molecule with 
a triple bond

H2O molecule 
with single bonds

CO2 molecule with 
double bonds

NaCl molecule: 
an ionic bond
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Here is an overview of the app features to help 
you get started.

1  Molecular Scanner
Use your tablet or smartphone’s 
camera to scan and identify the 
molecules you build. After scanning, 
they are unlocked on the molecule 
map.

2  Molecule Map
This map shows all the molecules you 
have discovered and gives you hints 
for building new molecules. As you 
discover molecules, more hints are 
revealed.

3  Molecular Examination
Tap a molecule’s hexagon on the 
molecule map to learn facts about it, 
including its composition, systematic 
name, and how it exists in our world.

4  Step-by-Step Assembly
When you need help assembling 
a specific molecule, assembly 
instructions can be accessed by 
tapping an undiscovered molecule on 
the map.

5  Periodic Table
Learn more about the atoms that 
make up the Happy Atoms system in 
the periodic table view.

6  Guided Research
Head into Harper and Andee’s labs 
for guided lessons. Can you complete 
all the tasks they give you?

7  The Nucleus
The bridge of the Nucleus, your 
research vessel, is your home 
screen in the app. Tap the discovery 
map console to see your progress 
throughout the game.

Overview of App Features

Troubleshooting Tips
If you are having trouble using the app 
or getting the molecule scanner to 
recognize your molecules, please visit 
thamesandkosmos.com on the web and 
click Support. There you will find a section 
of our Knowledge Base dedicated to helping 
you use Happy Atoms, with up-to-date 
troubleshooting tips and app information.
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Valence Electrons

Nucleus

Atomic Symbol

Periodic Table of Elements
Main Groups

Sub Groups (Transition Elements)

Main Groups

IIIAIIA

IIIB IVB VB VIB VIIB VIIIB IB IIB

IA

Period 1

Period 2

Period 3

M Shell

Period 4

N Shell

Period 5

O Shell

Period 6

P Shell

Period 7

Q Shell

Lanthanides

Actinides

L Shell

K Shell

IVA VA VIA VIIA VIII

Symbol
Nonmetals

Metalloids

Metals

Atomic Number

Atomic Mass in u
NameHydrogen

1.008

H
1 

Lithium
6.94

Li
3 

Sodium
22.99

Na
11

Sodium
22.99

Na
11

Beryllium
9.01

Be
4

Scandium
44.96

Sc
21

Titanium
47.88

Ti
22

Vanadium
50.94

V
23

Chromium
52.00

Cr
24

Iron
55.85

Fe
26

Cobalt
58.93

Co
27

Nickel
58.69

Ni
28

Copper
63.55

Cu
29

Boron
10.81

B
5

Oxygen
16.00

O
8

Fluorine
19.00

F
9

Neon
20.18

Ne
10

Argon
39.95

Ar
18

Krypton
83.80

Kr
36

Xenon
131.29

Xe
54

Radon
(222.02)

Rn
86

Ununoctium
(294)

Uuo
118

Ununseptium
Unknown

Uus
117

Lutetium
194.97

Lu
71

Ytterbium
173.04

Yb
70

Thulium
168.93

Tm
69

Erbium
167.26

Er
68

Holmium
164.93

Ho
67

Dysprosium
162.50

Dy
66

Terbium
158.93

Tb
65

Gadolinium
157.25

Gd
64

Europium
151.97

Eu
63

Samarium
150.36

Sm
62

Promethium
144.91

Pm
61

Neodymium
144.24

Nd
60

Praseodymium
140.91

Pr
59

Cerium
140.12

Ce
58

Lanthanum
138.91

La
57

Lawrencium
(262.11)

Lr
103

Nobelium
(259.10)

No
102

Mendelevium
(256.09)

Md
101

Fermium
(257.09)

Fm
100

Einsteinium
(252.08)

Es
99

Californium
(251.08)

Cf
98

Berkelium
(247.07)

Bk
97

Curium
(247.07)

Cm
96

Americium
(243.06)

Am
95

Plutonium
(244.06)

Pu
94

Neptunium
(237.05)

Np
93

Uranium
(238.03)

U
92

Protactinium
(231.04)

Pa
91

Thorium
232.04

Th
90

Actinium
227.03

Ac
89

Ununhexium
(292)

Uuh
116

Ununpentium
(288)

Uup
115

Ununquadium
(289)

Uuq
114

Ununtrium
(284)

Uut
113

Ununbium
(285)

Uub
112

Roentgenium
(262)

Rg
111

Darmstadtium
(2269)

Ds
110

Meitnerium
(2269)

Mt
109

Astatine
(209.99)

At
85

Polonium
(208.98)

Po
84

Bismuth
208.98

Bi
83

Lead
207.2

Pb
82

Thallium
204.38

Tl
81

Mercury
200.59

Hg
80

Gold
196.97

Au
79

Platinum
195.08

Pt
78

Chlorine
35.45

Cl
17

Bromine
79.90

Br
35

Iodine
126.90

I
53

Tellurium
127.60

Te
52

Sulfur
32.07

S
16

Phosphorus
30.97

P
15

Silicon
28.09

Si
14

Aluminum
26.98

Al
13

Selenium
78.96

Se
34

Arsenic
74.92

As
33

Helium
4.00

He
2

Nitrogen
14.01

N
7

Carbon
12.01

C
6

Zinc
65.37

Zn
30

Gallium
69.72

Ga
31

Germanium
72.61

Ge
32

Manganese
54.94

Mn
25

Yttrium
88.91

Y
39

Zirconium
91.22

Zr
40

Niobium
92.91

Nb
41

Molybdenum
95.94

Mo
42

Technetium
97.91

Tc
43

Ruthenium
101.07

Ru
44

Rhodium
102.91

Rh
45

Palladium
106.42

Pd
46

Silver
107.87

Ag
47

Cadmium
112.41

Cd
48

Indium
114.82

In
49

Tin
118.71

Sn
50

Antimony
121.75

Sb
51

Magnesium
24.31

Mg
12

Potassium
39.10

K
19

Calcium
40.08

Ca
20

Rubidium
85.468

Rb
37

Cesium
132.91

Cs
55

Francium
(223.02)

Fr
87

Radium
(226.03)

Ra
88

Dubnium
(262.11)

Db
105

Seaborgium
(263.12)

Sg
106

Bohrium
(262.12)

Bh
107

Hassium
(265)

Hs
108

Rutherfordium
(261.11)

Rf
104

Barium
137.33

Ba
56

Hafnium
178.49

Hf
72

Tantalum
180.95

Ta
73

Tungsten
183.85

W
74

Rhenium
186.21

Re
75

Osmium
190.2

Os
76

Iridium
192.22

Ir
77

Lanthanides
(see below)

57-71

Actinides
(see below)

89-103

Strontium
87.62

Sr
38

What do you think would happen if you took an 
object, such as a piece of paper, and split it in 
half repeatedly? Do you think you could do that 
forever? Or would you eventually reach a point 
at which you could no longer split the paper 
because it would cease to be a piece of paper?
	 From experiments, scientists have 
theorized that there is a “smallest particle” that 
all matter is made up of, which they have called 
an atom. An atom is the smallest particle of a 
material that still retains the properties of that 
material. Scientists have also discovered that 
atoms are made up of three subatomic particles 
called protons, neutrons, and electrons. 
	 The numbers of protons, neutrons, and 
electrons determine the characteristics of an 
atom. Elements are atoms that all have the 
same number of protons, and usually the same 
number of neutrons and electrons. An element 
can refer to one atom with a specific number of 
protons, or a group of atoms that all have the 
same number of protons (also called the atomic 
number).
	 Protons and neutrons are bound tightly 
together in the center of an atom, which is called 
the nucleus. Protons are positively charged 
while neutrons are uncharged or neutral. 
Electrons are negatively charged and are located 
outside the nucleus in orbitals. In Happy Atoms, 
the plastic sphere represents the nucleus, while 
the arms represent the valence electrons.
	 Valence electrons are the electrons that 
are involved in chemical bonds between atoms. 
Atoms bond when they share electrons, or 
when one atom gives an electron to another 
atom. When two or more atoms bond, they form 
molecules. You can think of valence electrons as 
the outermost electrons around an atom. 

	 Since the arms only represent the valence 
electrons, most elements have a greater total 
number of electrons than the number of arms 
on their Happy Atoms model. For example, 
sulfur actually has 16 electrons. The reason the 
sulfur Happy Atom only has six valence electron 
arms is because only the valence electrons are 
used when atoms bond, so you don’t need the 
other electrons to make molecules with sulfur. 
Maybe you noticed that sulfur and oxygen have 
the same number of valence electrons, but that 
sulfur is a larger atom. This is because it has more 
total parts; it has a larger nucleus and more 
electrons orbiting that nucleus. You can explore 
this more in the experiment on page 8. 
	 The letters on the nucleus represent the 
atomic symbols for the different elements. 
	 An element is the simplest form of a 
substance. It cannot be broken down by 
chemical means. For example, a bar of pure 
gold contains only gold atoms. There is no 
way to break the gold atoms down into other 
substances. What differentiates an atom of one 
element from an atom of another element are 
the numbers of protons in their nuclei.
	 The Russian chemist Dmitri Mendeleev 
found that if you order the elements based 
on the number of protons in their nucleus, the 
elements form groups that have similar chemical 
characteristics. This arrangement is known as 
the periodic table. The number above the atomic 
symbol for each element is the atomic number 
and is equal to the number of protons in the 
nucleus of the element. The rows of the periodic 
table are called periods. The columns are called 
groups.

What Is a Happy Atom?
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The Gold Foil Experiment
The next great leap in understanding the atom 
came from the work of Ernest Rutherford, Hans 
Geiger, and Ernest Marsden in 1909. They sent a 
beam of alpha particles (a neutron and proton) 
through a thin layer of gold foil that was only a 
few atoms thick, and measured how the alpha 
particles scattered. They observed that most of 
the particles passed through the gold foil, while 
a few were deflected backward. As most of the 
alpha particles passed through the gold foil, 
this suggested that most of the atom was empty 
space. However, the few particles that were 
deflected backward suggested that there was 
a small concentrated mass of positive charge in 
the atom.

The Quantum Atom
From the work of many scientists, such as 
Schrödinger, Heisenberg, and Bohr, the atom is 
now known to consist of a nucleus with protons 
and neutrons, and electrons moving around in 
orbitals. However, the electrons don’t revolve 
around the nucleus like solid planets. Electrons 
are more like a cloud around the atom, with 
areas where the electrons are more likely to 
be and areas where they are less likely to be. 
Electrons have characteristics of both waves and 
particles.

An atom is a million times smaller than the width 
of a human hair. Because individual atoms are 
too small to see with our eyes and too small to 
manipulate with our hands, many different ways 
of representing the atom, called atomic models, 
have been developed over time. Happy Atoms is 
also a model! Models enable us to understand 
something, even if the model isn’t entirely 
accurate in all ways. Happy Atoms is a model 
because we’re not showing all of the electrons 
an atom has, only the relevant ones for our 
model. Here you will learn about some different 
atomic models. 

John Dalton’s Billiard Ball Model
In the early 1800s, John Dalton developed an 
atomic theory to explain scientific findings 
related to how elements combined together. 
Dalton visualized atoms as neutrally charged 
billiard balls.

J. J. Thomson’s Plum Pudding Model
In 1897, J. J. Thomson discovered that atoms have 
small negative particles called electrons using 
a device called a cathode ray tube. But, since 
atoms are neutrally charged, Thomson reasoned 
that atoms must have positive particles inside 
them too. Thomson proposed that atoms are 
clouds with positive and negative particles 
spread evenly throughout, like the plums in a 
Christmas pudding. This is why Thomson’s model 
is often called the plum pudding model.

He

Alpha particle source

Gold leaf

The Discovery of the Atom
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1  �	�Arrange the Happy Atoms into groups 
based on the diameter of the nucleus and 
the number of valence electrons (arms) 
each atom has.  
What patterns do you notice about the 
number of arms each element has? 

2  �	�Now place your atoms on the periodic 
table poster.  
What patterns do you notice about the 
number of arms and the position of the 
element on the periodic table? 

3  �	�Examine the metal tips on the arms.  
What do the metal tips on the arms of the 
different atoms represent? 

Explanation
The number of arms that the elements have 
increases as you move from left to right on 
the periodic table, until you reach the column 
farthest to the right. This pattern reflects the 
organized way in which atoms hold electrons 
and the way in which electrons fill up empty 
spots around atoms’ nuclei. You will learn 
more about this in Experiment 2. 
	 The metal tips on the arms are the 
valence electrons. As you already learned, 
electrons are small negatively charge particles 
that are located in shells surrounding the 
nucleus. The valence electrons are usually 
the electrons that are in the shells that are 
farthest from the nucleus.
	 The valence electrons are involved in 
the formation of chemical bonds between 
atoms. When atoms share electrons, it is called 
bonding. In some bonds, the electrons in the 
bond do not attach to just one nucleus but are 
rather shared between the nuclei of the two 
atoms. In other bonds, one atom gives up an 
electron to another, and the atoms are held 
together by opposing charges.

Hands-On Experiments

1. �Exploring Atoms  
and Elements

8
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What is a molecule? A molecule is simply two 
or more atoms that are chemically bonded 
together. Chemists use a special notation to 
write down the elements that are in a specific 
molecule. This is called a chemical formula.  
The atomic symbol (such as H, N, F, or Cl) 
for each element present in the molecule is 
included in the formula. A subscript number 
after an element’s atomic symbol indicates 
how many atoms of that element are in the 
molecule. If there is no subscript number, then 
it means that there is only one atom of that 
element in the molecule. For example, water 
is written as H2O, which indicates that there 
are two hydrogens and one oxygen in that 
molecule.

1  	�Follow the assembly instructions below 
and on the next page to build molecules. 
What do you notice about how the atoms 
combine together?

2  	�Now look at the number of magnets on 
the sphere of the atoms.  
What do you think the magnets on the 
spheres represent? 

3  	�Count the number of magnets and arms 
that the carbon, nitrogen, oxygen, and 
fluorine atoms have.  
Do you notice a pattern?

2. Covalent Bonds

H

HH

HH HH

C

C

H

H

H

H

H H

H

C

H

H H

H

C

H

1

2

3

Molecule 1

Molecule 2

1

2

3

Note 
It is best to disassemble the molecule 
when you are done using it. We do not 
recommend leaving the molecules in 
double bonds or triple bonds for a long 
time, as the stress on the arms may 
permanently deform them.
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Explanation
The magnets represent the number of 
electrons that an element needs to fill its 
outer valence shell. The metal tips on the arms 
that represent the valence electrons of one 
atom magnetically attach to these bonding 
sites on other atoms. You also saw that the 
number of arms and the number of magnets 
for the elements carbon, nitrogen, oxygen, and 
fluorine add up to eight. Why eight?
	 From the previous experiment, you 
noticed that the elements in the column 
farthest to the right on the periodic table 
(Helium, Neon, and Argon) do not have arms 
or magnets. This means that these atoms are 
not able to bond with other elements to form 
molecules. This group of elements is called the 
noble gases. The noble gases rarely bond with 
other elements because they each already 
have a full outer shell of valence electrons. 
Chemistry teachers often say that atoms 
are “happiest” when they have a full valence 
shell. This is why we named this system Happy 
Atoms!
	 Because the elements in the other groups 
of the periodic table do not have filled valence 
shells they want to complete their valence 
shells by gaining or losing electrons. 
	 This explains the bonding behavior of the 
different elements. For example, it is easier for 
a sodium atom to lose one electron, having the 
same number of electrons as neon, instead of 
gaining seven electrons. It is easier for oxygen 
to gain two electrons than it is to lose six 
electrons. This behavior is summarized in the 
chemistry rule of thumb called the octet rule.

C

O CC

O OC

C OO C OO

N

NN

NN NN

1

1

2

2

3

3

4

Molecule 3

Molecule 4

Now Scan Your Molecules!

After you have assembled your 
molecules, open the Happy Atoms 
app and scan them with the molecule 
scanner. Once the app identifies a 
molecule and you discover what it 
is, the molecule gets placed on the 
molecule map. From the molecule 
map, you can tap to examine the 
molecule to learn all about it.
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There are three common states of matter: 
solids, liquids, and gases. You are probably 
familiar with the three states of water: ice, 
liquid water, and water vapor. 
	 How do you get ice to change into liquid 
water and then into water vapor? By adding 
heat! In this experiment you will learn how 
adding heat changes how the molecules in 
water behave.

1  	�Follow the assembly instructions to the 
right to build three water molecules.

2  	�Squish the water molecules into a tight 
pile. This is how the molecules in solid ice 
behave. They are tightly packed together 
and are not able to move around much. 

3  	�Lay the water out on a flat surface, such 
as desk, and slide the atoms around. This 
represents how the water molecules 
move in liquid water. The molecules are 
able to move past each other, but are still 
constrained to the container that they 
are in.

4  	�Now hold a water molecule in each hand. 
Move them around rapidly in the air. This 
represents how water molecules behave 
when they are in the gas phase. The 
molecules are able to move freely in all 
directions.

3. States of Matter
O

1

2
H

O

3
H

O

H4
H H

O

H H

O

Water as a Polar Molecule

An important property of water is that it 
is a polar molecule. This means that one 
side of the molecule has a slight positive 
charge while the other has a slight negative 
charge.
	 Water is polar because the oxygen 
atom is a much larger atom than the 
two hydrogens. The oxygen atom has 
eight protons and eight neutrons while 
each hydrogen only has one of each. The 
electrons that are shared in the covalent 

bond are pulled more 
by the oxygen, so they 
spend a little more time near the 
oxygen atom than near the hydrogens. 
This makes the oxygen side slightly more 
negative (because electrons are negative), 
while the end with the hydrogen atoms 
becomes slightly more positive.
	 This has an important influence on the 
way that water interacts with other ions, as 
you will learn in the next experiment.
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You will need: a drinking glass, water, table 
salt, and a spoon

1  	�Mix the table salt and water in the 
drinking glass with the spoon.  
What do you observe happening?

2  	�Follow the assembly instructions to the 
right to build a sodium chloride molecule 
(NaCl). Build a water molecule (H2O) as 
you did in Experiment 3.

	� What do you notice about the bond 
between the sodium and chlorine atoms? 
How does this bond compare to the bond 
between the hydrogens to the oxygen in 
the water molecule?

Explanation
The bond between the sodium and chlorine 
atoms is not a covalent bond like you built in 
Experiment 2. It is an ionic bond. In a covalent 
bond, both nuclei share two valence electrons. 
In an ionic bond, one atom gives an electron 
to another atom (A). The atom that has lost an 
electron (in this case, the sodium atom) now 
has a positive charge because the atom has 
one more proton than it has electrons (B). The 
atom that receives the electron (in this case, 
the chlorine atom) now has a negative charge, 
because the atom has one more electron than 
it has protons (C). The two charged atoms, 
called ions, then come together because 
opposite charges attract. 
	 What does ionic bonding have to do 
with the salt dissolving in water? Because 
water is a polar molecule, the slightly more 
positive hydrogens of the water molecules are 
attracted to the negatively charged chloride 
ions. While the partial negatively charged 
oxygen is attracted to the positively charged 
sodium ion. Thus, when the table salt is added 
to the water, the water molecules are able 
to surround and pull apart the sodium and 
chloride ions, dissolving the salt!

Did you know? 
“Sodium chloride” is what is known as a 
systematic name for NaCl. There is also 
another name for this molecule that you 
are probably more familiar with: table 
salt. “Table salt” is the common name. The 
systematic name, just as the name implies, 
comes from a system of rules used to name 
molecules.

4. Ionic Bonds
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A. Making Red Cabbage Indicator
You will need: a small red cabbage, knife, 
cooking pot, stove, spoon, water, strainer, glass 
jar, label, pen

1  	�Chop up the leaves of a small red 
cabbage.�

2  	�Place the chopped cabbage in a cooking 
pot and add enough water to completely 
submerge the cabbage.

3  	�Place the pot on the stove. Set the stove 
burner to high and bring the contents of 
the pot to a boil. Let it boil for about 15 
minutes. Then, remove it from the heat 
and let it cool.

4  	�After the pot has cooled, use the strainer 
to separate the cabbage from the liquid, 
keeping the liquid.

5  	�Store the liquid in a small clean glass jar. 
Attach a label to the jar.

Explanation
Red cabbage contains substances called 
anthocyanins, which are pigmented (colored) 
molecules. By cutting up the cabbage and 
boiling it, you broke down the cabbage tissue 
that contained the anthocyanins, turning the 
water purple. In the solution, the anthocyanins 
can easily move around and react to chemicals 
added to the solution.

B. Identifying Bases
You will need: a teaspoon of baking soda, a 
quarter cup of water, red cabbage indicator

1  	�Mix the teaspoon of baking soda into the 
quarter cup of water.

2  	�Add red cabbage indicator to the mixture 
of baking soda and water. Record your 
observations.

Explanation 
The systematic name for baking soda is 
sodium bicarbonate. You observed that when 
you added the red cabbage indicator to the 
mixture of baking soda and water, the red 
cabbage indicator changed to a green color. As 
with the table salt, this is due to the way that 
sodium bicarbonate interacts with water.

C. Modeling It with Happy Atoms

1  	�Follow the assembly instructions to 
build one sodium bicarbonate (NaHCO3) 
molecule. Build one water molecule (H2O) 
as you did in Experiment 3.

	� What do you notice about the bond 
between the sodium atom (Na) and the 
oxygen (O)?

5. Acids and Bases
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Did you know? 
The substances on the left side of the 
chemical equation are called the reactants, 
and the substances on the right are called 
the products.

Explanation
The bond between the sodium and oxygen 
in the sodium bicarbonate molecule is an 
ionic bond. As you learned in the previous 
experiment, water is a polar molecule. This 
means that when sodium bicarbonate is 
added to water, the oxygen of the water 
molecule is attracted to the sodium ion while 
the hydrogens are attracted to the oxygen 
ion of the sodium bicarbonate molecule. 
Thus, the water molecules are able to pull the 
sodium ion off of the oxygen. This only occurs 
in a small number of sodium bicarbonate 
molecules as the bond between the sodium 
and oxygen is actually quite strong.

The valence electron of the sodium ion stays 
with the oxygen when this happens so the 
sodium ion has a positive charge while the 
oxygen has a negative charge.
	 The sodium bicarbonate then pulls a 
hydrogen ion from a water molecule to replace 
the sodium ion. This forms a new molecule 
called carbonic acid along with a hydroxide 
ion (OH–), and a sodium ion (Na+). This can be 
written as a chemical equation like this:

 

Water + Sodium bicarbonate C Carbonic acid + Hydroxide ion + Sodium ion

A molecule that releases a hydroxide ion (OH–) 
is called a base. When a base is added to red 
cabbage indicator, the hydroxide ions cause 
the anthocyanins to change color to a blue or 
greenish color.

D. Identifying Acids 
You will need: a teaspoon of vinegar, red 
cabbage indicator

1  	�Add red cabbage indicator to the 
teaspoon of vinegar. Record your 
observations.

Explanation
Vinegar contains between 5–20% acetic acid. 
When acetic acid is added to water a small 
number of acetic acid molecules give up a 
hydrogen ion (H+) forming a new molecule 
called acetate and a hydronium ion (H3O+). This 
can be represented by this chemical equation:

 

Acetic acid + Water C Acetate + Hydronium ion 

E. Modeling It with Happy Atoms

1  	�Assemble an acetic acid molecule and 
a water molecule. This time, use the 
assembly instructions in the app if you 
need help building the acetic acid. Use 
the molecules you assembled to go 
through the steps in the reaction above.

Explanation
A substance that releases a hydrogen ion (H+) 
is called an acid. The hydrogen ions cause the 
anthocyanin molecules in the red cabbage 
indicator to turn a reddish color.
	 There are many different molecules 
that are acids and bases, which have very 
important uses. For example, the acid in your 
stomach is used to digest food!
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1  �Build one methane molecule (CH4) as you 
did in Experiment 2. Build two oxygen 
molecules (O2) by attaching two oxygen 
atoms to each other with a double bond.

        Methane              +         2 Oxygen                       C                   Carbon dioxide                    +              2 Water

is because when bonds are formed, energy 
is released. Conversely, energy is required 
to break bonds. So, a chemical reaction will 
always be accompanied with an overall energy 
change — energy will either be released or 
energy will be absorbed. 
	 A reaction that releases energy is called 
an exothermic reaction, while a reaction 
that absorbs energy is called an endothermic 
reaction.
	 You might be familiar with the more 
common form of methane: natural gas. Natural 
gas is used to heat homes and cook food on 
gas stoves. The reason that methane is useful 
for this purpose is because when natural gas 
is burned in air it releases a lot of energy. 
Now you know that this energy comes from 
the rearrangement of bonds in the methane 
molecule, and you have held a model of it in 
your own hands!

6. �Combustion 
Reactions

+

+ +
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2  �Rearrange the atoms in the molecules to 
form one carbon dioxide molecule and 
two water molecules using the following 
chemical equation:

Explanation
As you learned in Experiment 2, the 
subscript after an element’s atomic symbol 
tells you how many of that specific type of 
atom there are in a molecule. For example, 
the four in CH4 tells you that there are four 
hydrogen atoms in a methane molecule. 
	 In a chemical equation, when 
a number is in front of a molecule it 
represents the number of molecules 
involved in the chemical reaction. The 
2 in front of the O2 indicates that two 
oxygen molecules react with one methane 
molecule (CH4). These numbers are 
necessary since atoms are not created 
or destroyed. You have to have the same 
number and types of atoms on one side of 
the chemical equation as on the other.
	 Describe what is happening with the 
atoms and electrons in this reaction. Was it 
easier to pull a hydrogen off of the methane 
molecule or to add the hydrogens to the 
oxygen atoms?
	 A chemical reaction transforms one 
set of molecules into another as bonds 
between atoms are formed and broken. 
You felt that it was easier to connect the 
atoms together than to pull this apart. This 
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Using Happy Atoms in the  
Chemistry Classroom

Teachers: After going through this manual, 
we hope you have some ideas about how to 
use Happy Atoms in your classroom. Here is 
how Happy Atoms satisfies the performance 
expectations for the Next Generation Science 
Standards (NGSS). This text is adapted from the 
public domain document titled A Framework 
for K-12 Science Education.

Elementary School

Starting in 5th grade, students are able to 
describe that matter is made of particles too 
small to be seen through the development of 
a model.

Middle School

The performance expectations in PS1: Matter 
and its Interactions help students to formulate 
an answer to the question, “How do atomic 
and molecular interactions explain the 
properties of matter that we see and feel?” by 
building an understanding of what occurs at 
the atomic and molecular scale. 
	 In middle school, the PS1 Disciplinary 
Core Idea from the NRC Framework is broken 
down into two sub-ideas: the structure and 
properties of matter, and chemical reactions. 
By the end of middle school, students will 
be able to apply understanding that pure 
substances have characteristic physical and 
chemical properties and are made from a 
single type of atom or molecule. They will 
be able to provide molecular level accounts 
to explain states of matters and changes 
between states, that chemical reactions 
involve regrouping of atoms to form new 
substances, and that atoms rearrange during 
chemical reactions. In the PS1 performance 
expectations, students are expected to 
demonstrate proficiency in developing and 
using models.

High School

The performance expectations in PS1: 
Matter and its interactions help students 
formulate an answer to the question, “How 
can one explain the structure, properties, and 
interactions of matter?” 
	 The PS1 Disciplinary Core Idea from the 
NRC Framework is broken down into three 
sub-ideas: the structure and properties of 
matter, chemical reactions, and nuclear 
processes. Students are expected to develop 
understanding of the substructure of atoms 
and to provide more mechanistic explanations 
of the properties of substances. Chemical 
reactions, including rates of reactions and 
energy changes, can be understood by 
students at this level in terms of the collisions 
of molecules and the rearrangements of 
atoms. Students are able to use the periodic 
table as a tool to explain and predict the 
properties of elements. Using this expanded 
knowledge of chemical reactions, students 
are able to explain important biological 
and geophysical phenomena. Phenomena 
involving nuclei are also important to 
understand, as they explain the formation and 
abundance of the elements, radioactivity, the 
release of energy from the sun and other stars, 
and the generation of nuclear power. Students 
are also able to apply an understanding of the 
process of optimization in engineering design 
to chemical reaction systems. The crosscutting 
concepts of patterns, energy and matter, 
and stability and change are called out as 
organizing concepts for these disciplinary core 
ideas. In the PS1 performance expectations, 
students are expected to demonstrate 
proficiency in developing and using models, 
planning and conducting investigations, using 
mathematical thinking, and constructing 
explanations and designing solutions; 
and to use these practices to demonstrate 
understanding of the core ideas.

Guidance for Teachers
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Atom: the smallest unit of matter; the smallest 
unit of an element that still exhibits the same 
properties as that element 

Atomic model: a way of representing the 
atom and molecules based on their behaviors 
and properties that enable people to better 
understand them

Atomic orbital: a mathematical function that 
describes how likely an electron is to be in a 
specific region of space around the nucleus of 
an atom

Atomic symbol: a one- to three-letter code for 
each element

Chemical formula: a special notation for 
writing down the elements that are in a 
specific molecule

Chemical reaction: a process that transforms 
one set of molecules into another by breaking 
and reforming chemical bonds

Chemistry: the scientific study of the 
composition, structure, properties, and 
changes of matter

Combustion reaction: exothermic reaction 
between a fuel and an oxidant, usually 
atmospheric oxygen

Covalent bond: a chemical bond in which both 
nuclei share two valence electrons

Electron: subatomic particle with a negative 
charge

Element: the simplest form of a substance that 
cannot be broken down by chemical means

Endothermic reaction: a reaction that absorbs 
energy from its surroundings

Glossary

Exothermic reaction: a reaction that releases 
energy

Group: one column in the periodic table

Indicator: a chemical compound that changes 
color to indicate pH

Ion: an atom or molecule in which the total 
number of electrons does not equal the total 
number of protons

Ionic bond: a chemical bond in which one 
atom gives up an electron to another atom, 
resulting in one atom having a positive charge 
and the other atom having a negative charge. 
The opposite charges then cause the atoms to 
attract each other

Molecule: two or more atoms held together by 
chemical bonds

Neutron: a subatomic particle with no net 
electric charge

Period: one row in the periodic table

Periodic table of elements: an orderly 
arrangement of the elements organized by 
their properties

pH: a numeric scale used to measure the 
acidity or basicity of a substance

Proton: a subatomic particle with a positive 
electric charge

State of matter: a distinct form of matter

Valence electron: the electrons involved in 
bonding; usually the outermost electrons 
around the nucleus
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Kosmos Quality and Safety

More than one hundred years of expertise in 
publishing science experiment kits stand behind 
every product that bears the Kosmos name. 
Kosmos experiment kits are designed by an 
experienced team of specialists and tested with the 
utmost care during development and production. 
With regard to product safety, these experiment 
kits follow European and US safety standards, as 
well as our own refined proprietary safety 
guidelines. By working closely with our 
manufacturing partners and safety testing labs, 
we are able to control all stages of production. 
While the majority of our products are made in 
Germany, all of our products, regardless of origin, 
follow the same rigid quality standards.
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