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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.

Hil I'm Andee. I’'m your other fellow

’ researcher.
Take acloser 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

Unboxing the Atoms
Here are the 16 elements included in the Happy Atoms system.
Note: Depending on which Happy Atoms set you have, you may
b not have all 16 of these atoms. The quantities of the atoms vary
fromsetto set.Refertotheseparate KitContentssheet.
Hydrogen Helium
v L i pE ,[

£
Lithlum Beryllium Carbon  HMitrogen  Osxygen  Fluorine

R

3 Sllicon  Phosphorus  Sulfur Chlorine
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Installing the App

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

mAlternatively, youcan scanthe QR
code to theright toopen 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.

When you have found the Happy Atoms
app, tap the "Get” or “Instal!” button to
download and install iton your device.
The app is free to download and install.

After the app has finished installing, tap
the appicon to open it. Now you are ready
tostartusing the app.

Using the App

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

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.

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!
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Happy Atoms

Device Requirements
as of the time of printing of this manual:

-iPad 2 (orlater)oriPhones{or later)
runningiOsS 8 {or later);or

+tabletor smartphone running Android 4.4
(orlater) with 2GB RAM minimum, dual-
core processor, and built-in camera




Next, the app takes you through some

. . . - @ | Callorate Device
calibration steps for your device’s built-in = *
camera, so that it can function as a molecule et i
scanner . ‘ ‘
‘:_z.-: o WndePoger  Hahom Flaen Argan
Note

Inorder for the molecule scanner to wark
properly, you must place your built molecules
on a white surface.Depending on whichHappy ==
Atoms setyou have,itmay have come with i, gt o
a white storage bagthatdoublesas a white
scanning mat or a white piece of paper. You can
place your molecules on the included bag or
paper,oron yourown white surface, suchasa
white table ortable cloth.

Anotherimportant factor in getting your
molecules to scan properly is the light levef,
The molecule scanner works best in bright,
indaor lighting. It will not work as well in dim
lighting orvery brightdirect sunlight. If you are
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having trouble getting the app to recognize your 2
molecules, try adjusting thelight fevef and the k - o -
white background surface. fANoLa WP Hydrogen ®rien

° Place the Helium, Neon, and Argon atoms on a
white surfaceand clickthe cameraicon an the
right side of the screen to take a picture of them.
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Next you will calibrate the camera by making
and scanning your first molecule.

° Follow the step-by-step assembly instructions
toassemble twao Hydrogen atoms and one
Oxygenatomintoamolecule.Thenscanit.

After successfully scanning, click “Discover” to
learnwhat molecule you made.

° 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 clickon a territory to open step-by-step building
instructions fora specific molecule.

Ultimately, your goal is to build and discover alf
of the molecules suggested by the app, to complete
the molecule map. You can also go into Harper and
Andee’s labs tocomplete a series of tasksin the
guided lesson plans.




About the Hoppy Atoms System

Happy Atomsis a partdigital, 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 followingis an
overview of the physical atom models. If you
are already familiar with other molecular
modellng systems, it is especiaily important
to understand the unique way atoms and
bonds arerepresented In the Happy Atoms
system.

Thearmsrepresentthe valenceelectrons
of theatom.{Valenceelectronsare
explained later on in this manual )

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 electronsinvolvedinasingle
covalent bond. The ball-and-stickmodel
representsasinglecovalentbond using
just one arm to represent two electrons.

The flexible arms make it possible to
model double bonds.

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

Happy Atomsisalsoabletorepresent
ionicbonding. Theelementsin the first
two groups have cleararms andno
magnetic bonding sites, toshow how

they give up, rather than share, electrons.

o The magneticconnections 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 feef how the
magnets and arms resist being pulled
apart when bonds break.

H20 molecule
with single bonds

COz molecule with
double bonds

N2 molecule with
atriple bond

NacCl molecule:
an ionicbond




Here is an overview of the app features to help
you get started.
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Molecular Scanner

Use your tablet or smartphone’s
camera toscan and identify the
molecules you build, Afterscanning,
theyare unlocked onthe molecule
map.

Molecule Mop

This map shows all themolecules you
have discovered and gives you hints
forbuilding new molecules. As you
discover molecutes, more hintsare
revealed.

@ Molecular Examination
Tap a molecule’s hexagon on the
molecule map to learn factsaboutit,
including its composition, systematic
name, and how it existsin our world.

Step-by-Step Assembly
When you need help assembling

a specific molecule, assembly
instructions can be accessed by
tapping anundiscovered molecule on
the map.

0 Periodic Table

Learnmore about the atomsthat
make up the Happy Atomssystem in
the periodic table view.

Guided Research

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

@ The Nucleus

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

et

Troubleshooting Tips

If you are having trouble using the app

or getting the moleculescanner 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 appinformation.

n



What Is a Happy Atom?

What do you think would happen if you took an
object, such as a piece of paper,and splititin
half repeatedly? Do you think you could do that
forever? Or would you eventually reach a point
atwhichyou could nolonger 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
anatom.An atom is the smallest particle ofa
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. Elementsare atoms that all have the
same number of protons, and usually the same
number of neutrons and electrons. An element
canrefertoone atom witha specific number of
protons, ora 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 anatom, whichis called
the nucleus. Protons are positively charged
while neutrons are uncharged or neutral.
Electrons are negatively chargedandare 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 betweenatoms.
Atomsbond 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
theoutermostelectrons around an atom.

___ ¥alence Blecirons

Sincethearmsonly represent the valence
electrons, most elements have agreater total
number of electrons than the number of arms
on their Happy Atoms model. For example,
sulfuractually has 16 electrons. The reason the
sulfur Happy Atom only has six valence electron
armsis because only thevalenceelectronsare
used when atomsbond, so you don’t need the
other electrons to make molecules with sulfur.
Maybe you noticed thatsulfur and oxygen have
the same number of valence electrons, but that
sulfuris a larger atom. This is because it has more
total parts; it has alarger nucieus and more
electronsorbiting thatnucleus. You can explare
this more inthe experiment on page 8.

Theletterson the nucleus represent the
atomic symbols for the different elements.

Anelementisthesimplest formofa
substance. It cannot be broken down by
chemical means. Forexample, 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 Russianchemist Dmitrl Mendeleev
found thatif you order the elements based
onthe number of protonsin their nucleus, the
elements form groups that have similar chemical
characteristics. Thisarrangement is known as
the periodic table. The number above the atomic
symbol foreachelement is the atomic number
and is equal to the number of protonsin the
nucleus of the element. The rows of the periodic
tableare called periods. The columns are called
groups.




The Discovery of the Atom

Anatom is a million times smalier than the width
of a human hair. Because individual atoms are
too small to see with our eyes arid 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
alsoamodel! Models enable us tounderstand
something, even if the modelisn’tentirely
accurateinall ways Happy Atormsis a model
because we’re not showing all of the electrons
an atom has, only the relevantones for gur
medel. Here you will learn about some different
atomic models.

John Dolton’s Billiord Ball Model

In the early 1800s, john Daltondeveloped an
atomic theory to explainscientific findings
related tohow elementscombined together.
Daltonvisualized atoms as neutrally charged
billiard balls,

J. J. Thomson's Plum Pudding Model

1n 1897, . ). Thomson discovered that atoms have
small negative particlescalled electrons using

a device cailed acathode ray tube. But, since
atoms are neutially charged, Thomsonreasoned
that atoms must have positiveparticlesinside
them too. Thomson proposed that atoms are
clouds with positive and negative particles
spread eveniy throughout, like the plumsin a
Christmas pudding. Thisis why Thomson’s model
isoftencalledtheplum pudding model.

The Gold Foll Experiment

The next great leap inunderstanding the atom
came from the work of Ernest Rutherford, Hans
Geiger,and Ernest Marsden in 1909. They senta
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
particlesscattered. They observed thatmost of
the particles passed through the gold foil, while
afew 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 therewas
asmall concentrated mass of positive charge in
the atom.

Alpha parlicle source

Gold leaf

The Quontum Atom

From the work of many scientists, such as
Schrodinger, Helsenberg, and 8ohr, the atom is
now known to consist of a nucleus with protons
and neutrons, and electrons movingaround in
orbitals. However, the electrons don’t revolve
around the nucleus like solid planets. Electrons
aremore like a cloud around the atom, with
areas where the electrons are more likely to
beandareas wheretheyare lesslikely tobe.
Electrons havecharacteristics of both waves and
particles.




1. Exploring Atoms
and Elements

Arrange the Happy Atoms into groups
based on the diameter of the nucleusand
the number of valence electrons {arms)
eachatom has.

What patterns do you notice about the
number of arms each element has?

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

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 toright on
the periodic table, until you reach the column
farthesttotheright. Thispatternreflects 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 tipsonthearmsare the
valence electrons As you already learned,
electrons are small negativelycharge particles
that arelocatedin sheilssurrounding the
nucleus.Thevalenceelectronsare usually
the electrons that are in the shells that are
farthest from the nucleus. m

Thevalence electrons areinvolved in Hoppy Atoms

the formation of chemical bonds between

atoms. Whenatomsshare electrons, it is called

H
bonding. In some bonds, the electronsin the =
bond do not attach to just one nucleus but are ..

rathershared 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.

fa 5"1



Molecule 2

2. Covalent Bonds )

Whatisa molecule? A moleculeis simply two
or moreatomsthatarechemically bonded
together. Chemists use aspecial notation to
write down the elements thatare in aspecific
molecule.This is called a chemical formula.
Theatomic symboi{suchasH, N, F,orCl)

for each element présentin the molecule is
includedintheformula. Asubscript number
afteran element’s atamic symbol indicates
how manyatoms of that element arein the
molecule. If thereis no subscript number, then
it means that there is only one atom of that
element in themolecule. For example, water
is written as H,0, which indicates that there
aretwo hydrogens and one oxygen in that
molecuie.

Folliow the assemobly instructions below
and on the next page to build molecules
What do you notice about how the atoms
combine together?

Now look at the number of magnets on
the sphere of the atoms.
What do you think the magnets on the
spheresrepresent?

Count the number of magnets and arms
thatthe carbon, nitrogen, oxygen, and
fluorine atoms have

Doyou notice a pattern?

Molecule 1
0 @‘
bt o
a Note

It is best to disassemble the molecule
* - . w » .
when you are done using it. We do not
recommend leaving the mofecules in
° double bonds or triple bonds for a long
time, as thestress on the arms may
permanently deform them.
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Molecule 3

Molecule 4

Now Scan Your Molecules!

After you have assemblad your
molecules, open the Happy Atoms
app and scan them with the molecule
scanner Once the app identifies a
mofecule and you discover what it

is, the molecule gets placed on the
molecule map, From the moiecule
map, you can tap to examine the
molecule to learralf aboutit.

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 cne
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
fluorineadd upto eight. Why eight?

From the previcusexperiment, you
noticed that the elements in the column
farthest to the right on the periodic table
{Helium, Neon, and Argen) 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 elementsis called the
noble gases. The noble gases rarely bond with
ctherelements because they eachalready
have a full outer shell of valence electrons.
Chemistry teachers often say that atoms
are "happiest” when they havea fullvalence
sheil. Thisis why we named thissystem Happy
Atoms!

Becausethe elementsin the other groups
of the periodic table do not have filled valence
shels they want to complete their valence
shells by gainingor losing electrons.

This explains the bonding behavior of the
different elements. For example, it is easier for
asodium atomto lose one electron, having the
same number of electrons as neon, instead of
gainingseven electrons. It is easier for oxygen
to gain two electrons than it is to [ose six
electrons. This behavioris summarizedinthe
chemistry rule of thumb called the octet rule.



3. States of Matter

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.

Howdo you getice to change into liquid
water and then into water vapor? By adding
heat! In this experiment you will learn how
adding heatchanges how the molecules in
water behave.

n Follow the assembly instructions to the
rightto build threewater molecules.

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

Lay the waterout on a flat surface, such
as desk, and slide theatomsaround. This
represents how the water molecules
movein liquid water. The molecules are
able to move past each other, but are still
constrained to the container thatthey
arein.

Now hold a water moleculein each hand.
Move them around rapidly in theair. This
represents how water molecules behave
whentheyare inthe gasphase.The
molecules are able to move freely in all
directions.

Woater as o Palar Maolecule

Animportant property of wateris 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
atomis a muchlargeratomthanthe
two hydrogens. The oxygen atom has
eight protons and eight neutrons while
each hydrogen only has one of each. The
electrons thataresharedin the covalent

t W

bond are pulled more :
by the oxygen, so they J
spend a littlemore time nearthe £
oxygenatomthannear ®hehydrogens.
This makes the oxygen s ideslightly more
negative {because elect #ons are negative),
while the end with the w ydrogen atoms
becomes slightly more positive.

Thishasanimportantinfluenceon the
way that waterinteract s with other ions, as
youwilllearninthenex t experiment.




4. lonic Bonds

You will need: a drinking glass, water, table
saft,and aspoon

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

Follow the assembly instructions to the
right to build a sodium chloride molecule
{NaCl). Build a water molecule {(H,0) as
youdidin Experiment 3.

What do you notice about the bond
between the sodium and chiorine atoms?
How does this bond compare to the bond
between the hydrogens to the oxygenin
the water molecule?

e

Explanation

The bond between the sodium and chlorine
atomsis not a covalent bond like you built in
Experiment 2.1t isan ionic bond. In a covalent

bond, both nuclei share two valence electrons. o o ¢ : i
Inanionic bond, one atom gives an electron [ e » []
to another atom (A). The atom that has lost an f / P
electron (in this case, the sodium atom) now .0 o s e '\E,v‘ s
has a positive charge because the atom has e ° L P
one more proton than it haselectrons(B). The N e ] d
atomthat receives theelectron(in this case, »
the chlorine atom) now has anegative charge, 4 —_ .
because the atom has one more electron than L 3 e 9~ e
it has protons (C). The two charged atoms, e * Y . \
called ions, then come together because de 00| 000 (G eee
opposite charges attract. L -

What does ionic bonding have to do e . ° .\0/.'

with the saltdissolvingin water? Because a : .\
wateris a polar molecule, the slightly more
positive hydrogens of the water molecules are

attracted to the negatively charged chloride Did you know?

ions. While the partial negatively charged “Sodium chloride™ is what is knownasa

oxygen is attracted to the positively charged systematic name for NaCl. Thereis also

sodium ion. Thus, when the table salt is added anothername for this molecule that you

to the water, the water molecules are able are probably more familiarwith: table

tosurround and pull apart the sodium and salt.“Tablesalt” is the common name. The

chloride ions, dissolving the salt! systematicname, justas the name implies,
comes from a system of rules used to name
molecules.

12



5. Acids and Bases

A. Making Red Cabbage Indicator

You will need: a smafl red cabbage, knife,
cooking pot, stove, spoon, water, strainer, glass
jai, label, pen

Chop up the leaves of a small red
cabbage.

Place the chopped cabbage in a cooking
potand add enough water to completely
submerge the cabbage.

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 letit cool.

After the pot has cooled, use the strainer
toseparate the cabbage from the liquid,
keeping theliquid.

Store theliquidinasmallclean glassjar.
Attachalabel to thejar.

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
waterpurple.in the solution, theanthocyanins
caneasilymove around and react to chemicals
added to the solution.

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

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

Add red cabbage indicator to the mixture
of bakingsoda and water. Record your
observations.

Explonation

The systematic name for baking sodais
sodium bicarbonate. You observed that when
you added the red cabbage indicator to the
mixture of baking sodaand water, thered
cabbageindicator changed to a green color. As
with the table salt, thisisduetothe way that
sodium bicarbonate interacts with water.

C. Modeling It with Happy Atoms

Follow the assembly instructions to
build one sodium bicarbonate (NaHCO3)
molecule. Build one water molecule {H,0)
asyou did in Experiment 3.

what do you notice about the bond
between the sodium atom (Na) and the
oxygen {0)?

13
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Explanation

The bond between thesodium and oxygen

in thesodium bicarbonate molecule isan
ionicbond.Asyoulearnedinthe previous
experiment, water is a polar molecule. This
means that when sodium bicarbonate is
added to water, the oxygen of the water
moleculeis attracted to the sodium ion while
the hydrogens are attracted tothe oxygen
ion of the sodium bicarbonatemolecule.
Thus, the water molecules are able to pull the
sodium ion off of the oxygen. This only occurs
in a small number of sodiumbicarbonate
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
writtenas achemicalequationlike this:

-

+  NeHco,

HO
water + Sodium blcarbonate - Carbonle acld + ydroxldelan « Sgdlum lon

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

_.th o — @
% HCO, + NeOH

D. Identifying Acids
You will need:ateaspoon of vinegai, red
cabbageindicator

Add red cabbage indicator to the
teaspoonofvinegar.Record your
observations

Explanation

Vinegar contains between 5-20% acetic acid.
When acetic acid isadded to water a small
number of acetic acid molecules give up a
hydrogenion (H*} forminga new molecule
called acetate anda hydroniumion {Hy©). This
can be represented by this chemical equation:

e 3 MELEE S P

CHCOOH  + CHCO, + RO

.,.’.
HQ —

Aceticacid + Water — Acetate + Hydronjum ion
E.Modeling [t with Happy Atoms

Assemble an aceticacid molecule and
awater molecule. This time, use the
assembly instructionsin the app if you
need help building the aceticacid. Use
the molecules you assembled to go
through the stepsin the reaction above.

Explanation

Asubstance that releases a hydrogenion (H*}
is called an acld. The hydrogenions cause the
anthocyanin moleculesin the red cabbage
indicatortoturn areddish color.

There are manydiiferent molecuies
that are acids and bases, which have very
important uses. For example, the acid in your
stomachis used to digest food!

Did you know?

The substances on the left side of the
chemical equation are called the reactants,
and the substances on therightare called
the praducts.



6. Combustion

Reactions

Build one methane molecule {CH,) as you
did inExperiment 2. Build two oxygen
molecules {0,) by attaching two oxygen
atoms to each other with adouble bond.

20

2

Methane +  20xygen

Explonation

As you learned in Experiment 2, the
subscript afteran element’s atomic symbol
tells you how many of that specific type of
atomthere are in a molecule. For example,
the fourin CH, tells you thatthereare four
hydrogen atoms in a methane molecule.

In a chemical equation, when
anumberisin front of a molecule it
represents the number of molecules
involved in the chemical reaction. The
2in front of the O, indicates that two
oxygen molecules react with one methane
molecule (CH,). These numbersare
necessary since atoms are not created
or destroyed. You have to have the same
number and types of atomson oneside of
the chemical equation asonthe other.

Describe what is happening with the
atoms and electrons in thisreaction. Was it
easierto pullahydrogen off of the methane
molecule or toadd the hydrogens to the
oxygen atoms?

Achemical reactiontransforms one
set of molecules intoanother as bonds
between atoms are formed and broken.
You feltthatit was easier to connect the
atomstogetherthan to pull this apart. This

1r

Rearrangethe atomsinthe moleculesto
form one carbondioxide moleculeand
two water molecules using the following

chemicalequation:
W&a

X 24,0

o+

+

CO

Carbon dioxide + 2 Water

is because when bonds are formed, energy
isreleased. 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 beabsorbed.

Areaction that releases energy is called
an exothermic reaction, while a reaction
thatabsorbs 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
isburnedinairitreleases alotofenergy.
Now you know that this energy comes from
therearrangement of bondsin the methane
molecule, and you have held a model of it in
your own hands!



Guidance for Teachers

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
publicdomain document titled A Framework
for K-22 Science Education.

Elementary School

Starting in sth grade, studentsare ableto
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 molecularinteractions explain the
properties of matter that we see and feel?" by
building an understanding of what occursat
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
beabletoapply understanding that pure
substances have characteristic physical and
chemical properties and aremade froma
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 expectationsin PS1:
Matterand its interactions help students
formulate an answer to the question, "How
canoneexplain thestructure, properties, and
interactions of matter?"

The PS1 Disciplinary Core {dea 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 todevelop
understanding of the substructure of atoms
and to provide more mechanistic explanations
of the properties of substances. Chemical
reactions, including rates of reactionsand
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 asa tool to explain and predict the
propertiesof 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
arealsoabletoapply an understanding of the
process of optimization inengineering design
tochemical reaction systems. The crosscutting
concepts of patterns, energy and matter,
and stability and change are called out as
organizingconcepts for these disciplinary core
ideas. In the PS1 performance expectations,
students are expected to demonstrate
proficiency in developing and using models,
planningand conducting investigations, using
mathematical thinking, and constructing
explanations and designing solutions;
and to use these practices to demonstrate
understanding of the coreideas.



Glossary

Atom: the smadllest unit of matter; the smaliest
uflit gt @n element that still exhibits the same
propertiesasthatelement

Atomic model: 3 way cf renresenting the
atom and molecu{es based on their behaviors
and properties thatenable peopieto better
understand them

Atomlc orbital: a mathematical function that
describes how likely an electron fstobeina
specificregion of space around the ucleus of
an atom

Atomic symbel: aone to three-letter coda for
eath element

Chemical formula; a special notation for
wWriting down theelementsthatareina
specific moteculs

Chemical reaction: a process that transforms
gneset of moleciles into anather by breaking
andreforming chemical bonds

Chemistry: the scientificstudy of the
composition, stricture, properties, and
changes of matter

Combustion reaction: exothermic reaction
betweerl & ju2lanc an oxidant, usually
atmospheric oxygen

Covalentbond: a chemical bond in which boff
nuclei share twovalence electrons

Electron: subatomic particlewith'a negative
charge

Element: the simplest form of a substance that
canpnhot be braken down by chemical means

Endothermic reaction: a reaction that absorbs
energy fromitssurroundings

Exothermic reaction: a reaction that releases
energy

Group: orecelimn inthe periodic table

{ndicator; a chemical compound tnat chasges
color toindicate.gH

fon: anatem or molecule i which the totai
number of electrons does ot equal the total
number of protons

lonic bend: achemical bond in which one
atom glves up an iectren to daather atom,
resulting in'one atom having a positive charge
andthe otheratomhaving a negative charge
The opposita chargas tfien cause the atoms to
attracteachother

Motlecule: two or more atoms held together by
chemical bonds

Meutran: a stibatomic particie with no net
electric charge

Period: 0ne rowin the periodic table
Parlodic table of elements: an oiderly
arrangement ot the elements organized by

their properties

pH: a numericstale used'to measure the
acidity orbasicity'of a substance

Proton: a subatomic particie with & positive
electric charge

State of matter: a distinct form of matter
Valance electron: the electrons involved in

bonding; usually the outermost efections
arpund thenucleys
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