
CHEMISTRY
The central and most important branch of science

A course by Science Mom & Math Dad

don’t be ridiculous.

Without physics you

wouldn’t even have a

planet to live on!

that’s your best argument

for geology? Really? You just

proved that there’s nothing

more important than

Psychology.

Most central

science!?!? That

would clearly be

biology.

Rocks are

awesome!

Math is obviously

the most important.

Complain all you

want - this class is

dedicated to me!!!
chemistry

is # 1



Date Topic NGSS (if applicable) Page(s)
Week 1 Tuesday, Sept 1 The story of the atom 5-PS1-1 1-2

Thursday, Sept 3 Elemental, dear Watson! 3-4
Friday, Sept 4 Hands-on Activity: Modeling Clay Orbitals 5-6

Week 2 Tuesday, Sept 8 A noble quest 7-10
Thursday, Sept 10 Why share electrons? 5-PS1-3 11-12
Friday, Sept 11 Hands-on Activity: Edible Experiments 13-16

Week 3 Tuesday, Sept 15 Element, mixture, compound 17-18
Thursday, Sept 17 What is radioactivity? 19-20
Friday, Sept 18 Gameshow review

Week 4 Tuesday, Sept 22 Conservation of matter 5-PS1-2 21-22
Thursday, Sept 24 Physical reactions 5-PS1-4 23-24
Friday, Sept 25 Hands-on Activity: Time to Fizz 25-26

Week 5 Tuesday, Sept 29 Chemical reactions part 1 5-PS1-4 27-29
Thursday, Oct 1 Chemical reactions part 2 5-PS1-4 30
Friday, Oct 2 Hands-on Activity: Lemon or Vinegar Battery 31-32

Week 6 Tuesday, Oct 6 How does a toaster work? 4-PS3-2, 4-PS3-4 33-34
Thursday, Oct 8 The building block of life 4-PS4-3 35-36
Friday, Oct 9 Gameshow review

Week 7 Tuesday, Oct 13 Where does fuel come from? 4-ESS1-1, 4-ESS3-1 37-39
Thursday, Oct 15 What is fire really? 40
Friday, Oct 16 Hands-on Activity: Build a Levee 4-ESS3-2 41-42

Week 8 Tuesday, Oct 20 The chemistry of lava 43
Thursday, Oct 22 Acids and bases 44
Friday, Oct 23 Gameshow review

Week 9 Tuesday, Oct 27 Why do we chlorinate pools? 45
Thursday, Oct 29 Photosynthesis 5-PS3-1, 5-LS1-1 46
Friday, October 30 Hands-on Activity: Frankenseeds 47-48

Week 10 Tuesday, Nov 3 All about the sugars 49
Thursday, Nov 5 Why can’t you eat books? 50-51
Friday, Nov 6 Gameshow review

Fall 2020 schedule:

The gameshow reviews are interactive and best when attended live (10:00-10:45 a.m. Pacific /
1:00-1:45 p.m. Eastern time). If you can’t attend live, it is recorded and you can watch the replay
afterward. The questions used during the gameshow will also be emailed to all participants and
can be used as a traditional assessment.

Have questions? Contact jenny@science.mom



Date Topic NGSS (if
applicable) Page(s)

Week 11 Tuesday, Nov 10 Lipids! 52
Thursday, Nov 12 Chemistry in real life: amazing plankton 53
Friday, Nov 13 Hands-on Activity: Plant Propagation 54-55

Week 12 Tuesday, Nov 17 How things glow in the dark 56
Thursday, Nov 19 From cells to colonies 4-LS1-1 57
Friday, Nov 20 Gameshow review

Week 13 Tuesday, Nov 24
Thanksgiving break - No classThursday, Nov 26

Friday, Nov 27
Week 14 Tuesday, Dec 1 The nitrogen cycle 5-LS2-1 58

Thursday, Dec 3 Chemistry in real life: water reclamation 59
Friday, Dec 4 DIY Water Filter 60

Week 15 Tuesday, Dec 8 Fireworks and lab safety 61
Thursday, Dec 10 Gameshow review
Friday, Dec 11 Gameshow review

YOUR DOODLE SPACE

You will see boxes like this through out the notes. Use them to draw your favorite
moment from class, to write down something cool you learned, or for plain old-

fashioned doodling. If you’d like to share your doodle work with Science Mom and Math
Dad, take a picture and then tag us on social media, or email it to art@science.mom



September 4 - Modeling Clay Orbitals

• Toothpicks
• Modeling clay or play dough (7 different colors)

September 18 - Edible Experiments

• Granulated Sugar (at least 7 cups)
• Kool-aid packets
• Cake pop sticks or string
• A ruler
• 2 pint-size mason jars with lids OR cups and rubber bands
• Coffee filters or paper
• 2 Microwavable popcorn packets

September 25 - Time to Fizz!

• 6 Alka-Seltzer tablets
• 6 bottles of soda in plastic containers with narrow tops. Any size and
type will work, but I recommend 16 oz coke bottles (because Coke is
slightly more carbonated than other sodas). Be sure to save the bottles
when finished because they will be used twice in this experiment and
again in the December 4th water filtration experiment.
• Baking soda
• 3 packages of Pop Rocks candy
• 6 Balloons (standard 9 inch size)
• A funnel (to help get baking soda inside the balloon)
• Food Coloring
• Vinegar
• Vegetable oil (a whole bottle)

October 2 - Lemon or Vinegar Batteries

• Citrus fruit such as lemons OR a potato OR vinegar and an empty
ice cube tray
• An LED diode
• Copper penny, wire, or copper sheets
• Galvanized nail or zinc sheets
• Alligator clips
• Scissors or knife

Supply List for Friday Hands-on Activities:



October 16 - Build a Levee

• A rectangular Tupperware container (or a glass pan)
• Duct tape
• A plastic bag
• Fine-grained building materials (1 cup flour mixed with 1 Tbsp cocoa powder)
• Course grained building materials (beans, nuts, or dried fruit)
• Water
• (Optional) legos or other small items to represent the town

October 30 Frankenseeds

• Cardboard egg carton(s)
• Paper towels
• An empty bread or produce bag
• At least 6 types of seeds from the kitchen (could include rice, beans, lentils, chia
seeds, walnuts, sunflower seeds, almonds, peanuts, flax seeds quinoa, or seeds
from inside foods like apples, peas, avocados, pears, oranges, kiwis, or cucumbers)

November 13 - Plant Propagation

• One root vegetable (such as a carrot, beet, turnip, radish, or rutabaga)
• One tuber (sweet potato, potato, ginger, or turmeric)
• A pineapple
• 3 cups (drinking cups will work fine)
• Toothpicks

December 4 - DIY Water Filter

• Two plastic 12 or 16 oz bottles (can reuse the ones from Sept 25)
• Scissors (some adult supervision may be needed when cutting the bottles)
• Sand
• Gravel
• Activated charcoal
• Coffee filters
• A small square of cotton fabric or a couple of cotton balls



ATOMThe story of the
What are things really made of?

infinit
e, uncr

eated
,

and uncutt
able.

atomos!

there are
more than

4 elements!

all the positive charge, all the mass!

negative charge
and super small

the reason for isotopes!

elec
tro

ns

are
amazing

!

THE ELECTRON

NEUTRON

THE NUCLEUS

ORBITALS!

y

z

x

u d
d
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Welcome to the Elemental Cafe
1.

2.

3.

How to order an element:
Choose the number of protons*

NUMBERS ABOVE 90 ARE NOT SERVED.
LIMITED AVAILABILITY.

*
**

Make it an isotope!
Adjust the number of neutrons

Make it an ion!**
Adjust the number of electrons

CARBON 14

Remarkably
stable!

6 PROTONS
8 NEUTRONS
6 ELECTRONS

Daily Special I’ll have A

Number Two.

What can I

get you?

uh, i don't

know.

helium? sure! do

you want two

neutrons or

three?

two neutrons will be $5.

three is $5,000.

two

neutrons

please!

elements are made

of different atoms

the atom isn't the

smallest particle

1803
JOHN DALTON

SOLID SPHERE PLUM PUDDING

electrons are

negatively charged

had no nucleus

1904
J.J. THOMPSON

PLANETARY

positive charge

in the nucleus

didn't predict

Electron behaviors

1911
RUTHERFORD

BOHR

electrons have

distinct energy levels

did not explain

larger atoms

1913
NIELS BOHR

DRAW THE DIFFERENT
MODELS IN THESE BOXES!

YOUR NOTES:
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FILL IN THE BLANKS USING THESE WORDS:

negative
orbitalspositive

nucleus nucleus
nucleusno
118

neutrons
protons matter

element

have a .

charge and occupy spaces

around the nucleus known

as . they don't

add any real mass to

the atom.

electrons

have a .

charge and exist in the

. of the atom.

the number of protons

determines which

element the

atom is.
.

is made of atoms.

atoms are the smallest

piece of an .

that still behaves

like that element.

.

atoms are

mostly made of

empty space. all of

their mass is in the

the .

.

the nucleus
of the atom contains

. and . .

but not electrons.

.

an element
cannot be broken

into simpler substances

by chemical reactions.

there are .

known elements.

protons

are variations of the

same element that have a

different number of neutrons.

isotopes

neutrons
have .

charge and exist in

the of the

atom. they are about

the same size as

protons.

helium also helium

all

YOUR NOTES:
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The is the

average number of __________
and ____________.

The tablePERIODIC
Pretty much the Coolest chart ever

i wonder what would

happen if i dropped a piece

of sodium into water?

aughhhhh!

ARRANGING ALL OF THE ELEMENTS BY NUMBER CREATES A REALLY WIDE TABLE. SO THIS BLOCK
(THE LANTHANIDES AND ACTINIDES) IS USUALLY SHOWN BELOW THE REST OF THE ELEMENTS.

every single element!
THE PERIODIC TABLE C

6

Carbon
N

7

Nitrogen
O

8

Oxygen
F

9

Fluorine
Ne

10

Neon

Ti
22

Titanium

V
23

Vanadium

Cr
24

Chromium

Mn
25

Manganese
Fe

26

Iron

Co
27

Cobalt

Ni
28

Nickel

Cu
29

Copper
Zn

30

Zinc
Ga

31

Gallium
Ge

32

Germanium
As

33

Arsenic
Se

34

Selenium

Al
13

Aluminum

Si
14

Silicon

P
15

Phosphorus

S
16

Sulfur

Cl
17

Chlorine

Ar
18

Argon

Br
35

Bromine
Kr

36

Krypton

Zr
40

Zirconium
Nb
41

Niobium
Mo
42

Molybdenum
Tc

43

Technetium
Ru
44

Ruthenium

Rh
45

Rhodium
Pd

46

Palladium

Ag
47

Silver
Cd
48

Cadmium
In

49

Indium
Sn

50

Tin
Sb

51

Antimony
Te

52

Tellurium
I

53

Iodine
Xe

54

Xenon

Hf
72

Hafnium
Ta

73

Tantalum
W

74

Tungsten
Re

75

Rhenium
Os
76

Osmium
Ir

77

Iridium
Pt

78

Platinum
Au

79

Gold
Hg
80

Mercury
Tl

81

Thallium
Pb

82

Lead
Bi

83

Bismuth
Po

84

Polonium
At

85

Astatine
Rn

86

Radon

Rf
104

Rutherfordium
Db

105

Dubnium
Sg

106

Seaborgium
Bh

107

Bohrium
Hs

108

Hassium
Mt

109

Meitnerium
Ds

110
Rg

111

RoentgeniumDarmstadtium
Cn

112

Copernicium
Nh

113

Nihonium
Fl

114

Flerovium
Mc
115

Moscovium
Lv

116

Livermorium
Ts

117

Tennessine
Og

118

Oganesson

He
2

Helium

B
5

Boron

La
57

Lanthanum
Ce
58

Cerium
Pr

59

Praseodymium
Nd
60

Neodymium
Pm
61

Promethium
Sm
62

Samarium
Eu

63

Europium
Gd
64

Gadolinium
Tb

65

Terbium

Dy
66

Dysprosium
Ho
67

Holmium
Er

68

Erbium
Tm

69

Thulium
Yb

70

Ytterbium
Lu

71

Lutetium

Ac
89

Actinium
Th

90

Thorium
Pa

91

Protactinium
U

92

Uranium
Np

93

Neptunium
Pu

94

Plutonium
Am
95

Americium
Cm
96

Curium
Bk

97

Berkelium
Cf

98

Californium
Es

99

Einsteinium
Fm
100

Fermium
Md

101

Mendelevium
No
102

Nobelium
Lr

103

Lawrencium

Li Be

H
1

Hydrogen

Lithium Beryllium

Na
11

Sodium
Mg

12

3 4

Magnesium

K
19

Potassium
Ca

20

Calcium
Sc
21

Scandium

Rb
37

Rubidium
Sr

38

Strontium
Y

39

Yttrium

Cs
55

Caesium
Ba

56

Barium

Fr
87

Francium
Ra

88

Radium

it's like they're all related. . .

The ATOMIC NUMBER

CHEMICAL SYMBOL

ELEMENT NAME
ATOMIC MASS

is the number of __________

5

Boron
10.81

B

hold on, the same

thing happened

with potassium

and lithium.

LITHIUM

SODIUM

POTASSIUM

WATERPHOBIA FAMILY REUNION

4



PLAY DOUGH
1 cup flour
1/3 cup salt
3/4 cup water
3 Tbsp lemon juice
1 Tbsp cooking oil
Food coloring

Hands-on Activity

ORBITALS

modeling clay orbitals!
MATERIALS:

Clay or play dough in

seven different colors

Toothpicks

protons neutrons first orbital

1s the first two
electrons go here

where an electron is

most likely to be

~ Instructions on page 6 ~

2s the next two
electrons go here

And last of all 2pz

second orbital more orbitals!

1s 2s 2px 2py 2pz

y

z

x

Don't have modeling clay?
No problem! Make play
dough using this recipe:

Mix the flour and salt together in a
bowl. Heat the water to boiling and
add the oil and lemon juice. Then
mix all the ingredients together. For
best results, mix in a pot over the
stovetop until mixture is thick (about
1 minute).

Let sit and cool for a few minutes
before kneading. Add another
spoonful of flour if the dough is too
sticky. Kool-aid drink packets can
be used instead of food coloring.

SALT
FLOUR

OIL LEMON
JUICE

Then 2px
and 2py

5



modeling clay orbitals continued...

1 proton

0 neutrons

1 electron

HYDROGEN
2 proton

2 neutrons

2 electron

HELIUM
3 proton

3 neutrons

3 electron

LITHIUM

6 proton

6 neutrons

6 electron

CARBON
9 proton

9 neutrons

9 electron

FLUORINE
10 proton

10 neutrons

10 electron

NEON

WARNING! VERY REACTIVE
ORBITAL INCOMPLETE

WARNING! VERY REACTIVE
ORBITAL INCOMPLETE

WARNING! VERY REACTIVE
ORBITAL INCOMPLETE

CONGRATULATIONS!
YOU ARE REMARKABLY STABLE

CONGRATULATIONS!
YOU ARE REMARKABLY STABLE

CONGRATULATIONS!
YOU ARE MODERATELY STABLE

INSTRUCTIONS:
Shape the colors of clay that represent neutrons and protons into small spheres and put them
together to make the nucleus. Then cover the nucleus in layers of clay to represent the orbitals.
Use the images below to guide you in making models of a hydrogen, helium, lithium, carbon,
fluorine, and neon atom. Partially-filled orbitals can be represented by moulding half of the orbital.
Use toothpicks to attach the p-orbitals.
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Your notes:

FILL IN THE BLANKS USING THESE WORDS:

alkali
metals halogens periodic

element full
bond

reactive

An ____________ with a full shell is stable. It is not interested in reacting with
other elements. But if it gets too large, then that “turtle” is no longer very happy,
even though it has a full shell.

The column where all the elements have _______ shells of electrons is called the
noble gases. Next to the noble gases
are the ______________, If these
elements gain one more electron, then
they have a full shell. If the
___________ ___________ lose
one electron, then they have a full
shell. Both groups or families of
elements are very ______________.
They want to __________ with other
elements and fill their shells!
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This isn’t
working
anymore!

Life with a
full shell is

great!

A full shell of electrons is like a happy turtle - unless it gets too big.

An almost-full shell of electrons is

like a firecracker ready to explode!



1%

The elements in this family are called the “Noble gases.” At
room temperature, all of them are colorless, odorless, and
tasteless. They hardly ever form bonds or react with anything!
Can you draw lines to match each element with it’s fact box?

NOBLEA Quest!

He
2

Helium
4

Ne
10

Neon

131.24

83.80

39.95

20.18

222

Ar
18

Argon

Kr
36

Krypton

Xe
54

Xenon

Rn
86

Radon

This gas is sometimes used in high-powered lasers.

This gas glows bright
white when electricity
passes through it. If
cooled to a liquid, it’s
so dense that granite
would float on it.

When electricity passes
through this colorless gas,
it can glow a bright red-
orange color. It’s often
used in signs.

3rd most abundant gas
in our atmosphere! It
makes up 1% of the
air you breath.

Second most abundant
element in the universe!
Created in our sun and
sometimes found in
balloons.

This element used to be
mixed into paints to make
them glow in the dark, but
then it was banned from
paint because it’s
radioactive.

9



HalogensThe
REACTIVE &

DANGEROU
SThe elements in this family are called the “halogens.” At

room temperature, the first three (fluorine and chlorine) are
gasses with strong unpleasant smells. Breathing too much
of them is toxic and they are all flammable and corrosive
(will destroy or damage other substances). Can you draw
lines to match each element in this family with it’s fact box?

Used to treat water in
swimming pools.

Salts of this element
were once used as
sedatives.

Can strengthen tooth enamel.

Lack of this element in
a person’s diet can
cause a goiter: a huge
overgrown thyroid that
sticks out the from the
neck.

Rarest of the naturally occurring
elements, this radioactive element will
only be around for a few hours, but
while it is, it can do impressive
damage. If you had more than few
molecules of this element, they’d
immediately be vaporized by the heat
of their own radioactivity.

What made

that big

bump on

your neck?

I didn’t eat

enough of

a certain

element.

Z
Z Z

F
9

Fluorine

Cl
17

Chlorine

210

126.91

79.80

35.45

19.0

Br
35

Bromine

I
53

Iodine

At
85

Astatine

10



Your notes:

ELECTRONS
Makes atoms
HAPPY!

SharingCHEMICAL BONDS

11

YOUR DOODLE SPACE
Draw your favorite moment from class or write a cool fact!

chlorine

Both need
electrons here

to be happy!

I need a
buddy now!

Electrons really like to be in pairs. Fluorine,
which is crazy reactive, has nine electrons,
leaving one of them unpaired. Neon - a noble
gas - has ten electrons, each of them paired in
different “shells” or orbitals around the nucleus.

By themselves, chlorine and sodium
are both “unhappy” because they

have unpaired electrons.

IONIC BOND: a chemical bond where an electron is
transferred from one atom to another.

This creates IONS with opposite charges,
and opposites attract!

But if sodium gives it’s lonely electron to
chlorine, then they’re both happy. They’ve
formed an ionic bond! Other atoms solve
the same problem by sharing electrons.

fluorine

Sodium

Sodium chloride

neon
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Covalent BOND: a chemical bond where electrons are Shared between two atoms. Sometimes the electrons
are shared equally, and other times one atom (we’re talking about you, oxygen!) Will be a bit greedy.

Your notes:

I need a
buddy!

Me too!

A single oxygen atom
so miserable, it’s rarely seen,
and when it does go out, it
does a lot of damage.

Another miserable
lonely oxygen atom

In this one we’ve drawn the electrons
differently so you can better appreciate

what happens next!
Oxygen gas - formula O2Since they share two pairs of electrons,

we call this a “double” bond!

N2 - atmospheric nitrogenSince they share two pairs of electrons,
we call this a “double” bond!

A single oxygen atom Two hydrogen atoms

A molecule of water!

Waaah!

I’m not
happy over

here!

Me neither!

A single nitrogen atom

One oxygen + 2 hydrogens = H2O

A single nitrogen atom

Life isn’t
fair!

waaaah!

Are the electrons
actually. . . Happy?

Nothing can
break us
apart!

Best friends
forever!

It’s amazing!

complain

moan
groan



LEAD Pb
82

At room temp:

Hazard rating:

SOLID. The metal is a silvery blue color and can be either
shiny or dull.

Caution! Poisonous. Can cause permanent nerve and brain
damage. Take care that old pipes (which contain lead) don’t
leach it into the water.

Other: Used in plumbing, bullets, and to make radiation
shields. Few things are as good as lead at absorbing
dangerous radiation.

I’m super useful! But

also highly

poisonous.

Make

your ow
nElement Cards!

Name Chemical

symbol

In it’s pure form,

is this element

completely safe,

mildly dangerous,

toxic, or

radioactive? A note about how

humans use the

element, where it’s

found, or any

other cool fact

you discovered.

Is your element a

solid, liquid, or

gas at room

temperature?

Your element’s

avatar! It can

look like

anything you’d

like. Be creative

and have fun!

Choose four elements to study. Research them and draw cards for them on the blank
templates on the next page (you can print more pages to make more if you’d like!) Be
sure to look up the chemical symbol and atomic number of your element. Research how
your element behaves at room temperature and give it a hazard rating too. Then draw
an avatar (it can look like anything! Be creative and have fun designing your cards.

13



At room temp:

Hazard rating:

Other:

At room temp:

Hazard rating:

Other:

At room temp:

Hazard rating:

Other:

At room temp:

Hazard rating:

Other:

14



Prepare the sticks or string by getting them wet and
rolling them in dry sugar.

Bring the water to a boil, then add the sugar and stir
well. Reduce the heat and continue cooking until
the solution turns clear and all the sugar is
dissolved.

Pour the powder from one Kool-Aid packet into
each mason jar.

Very carefully, pour the sugar solution into the
mason jars and stir well to make sure that the Kool-
Aid mixes in.

Use the clothes pins or coffee filter to suspend the
stick in the center of the jar.

Let the jars sit for 2 to 8 days. Crystal formation
takes time, be patient!

ROCK CANDY
2 pint sized mason jars
(Or other heat-proof container)
1 cup water
3 ½ cups sugar
2 Kool-Aid packets

Hands-on Activity
Edible experiments - rock candy!

MATERIALS:

kool-aid packets

(0.13 ounces

unflavored)

Coffee filter method

Clothes pin method

Rock candy stick,

skewer or String
Clothes pins

Mason jars

(Or other

heat-proof

container)

sugar

Don't have Kool-Aid?
No problem! Use food

coloring to color the crystals.

Kool-Aid

1

2

3

4

5

6

15



The science behind the treat:
When sugar dissolves into water it forms
a MIXTURE - the sugar is still there and
the water is still there. New molecules
have NOT been formed. But the sugar
molecules are attracted to the water and
visa versa. When the water is HOT, it can
hold more sugar than when it is cool. If
you add as much sugar as the water can
“carry” when it’s hot, then as it cools the
sugar will “come out” of the water and
you’ll see crystals form. If the sugar
crystals grow slowly, you end up with
larger crystals. If the sugar crystals grow
quickly, they’re smaller.

Troubleshooting tips:
What if there are no crystals on your stick? First, did you “seed” it by getting it wet and
rolling it in dry sugar before-hand? This really helps! Second, sometimes the crystals
take DAYS (up to 7 or 10) to form. If your first batch isn’t working, you can try again
and increase the amount of sugar (add an extra cup). The hardness of your water and
measuring error can make a difference. If you don’t see crystals after 14 days,
probably best to try again with a fresh batch and add some extra sugar this time.

Edible experiments continued . . .

16

Do you think you could also make salt crystals using the same recipe? Why or why not?

How did your crystals turn out? Did you see a difference between the size and shape of the
crystals in different jars? How long did it take before your rock candy started growing?

YOUR DOODLE SPACE
Draw your favorite moment from class or write a cool fact!



Element

A molecule of

Helium

A molecule of

Oxygen

A molecule of

Gold

A molecule of

water

Write down

whether each of

these is an

element or

compound!

Element Element compound

When more than one
element combines to form

a molecule, it’s called a
____________. A

__________ has different
molecules that are not
bonded together.

A ___________ is a group of
atoms that are bonded
together. Molecules can be

made of the same
___________ or they
can be made from

different
elements.

__________ __________ __________ __________

A molecule of

Nitrogen

A molecule of

ammonia

A molecule of

vinegar

A molecule of

Iron
17

Element vs Mixture vs Compound
FILL IN THE BLANKS USING THESE WORDS:

molecule compoundelementmixture



Element,
Isotope,
or Ion?

C
6

Carbon

CARBON 12

6 protons
6 neutrons
6 electrons

CARBON 14

6 protons
8 neutrons
6 electrons

+2 neutrons

BORON 10

NITROGEN 14

5 protons
5 neutrons
5 electrons

protons
neutrons
electrons

+1 neutron

N
7

Nitrogen
O

8

Oxygen
F

9

Fluorine
Ne

10

Neon

Ni
28

Nickel

Cu
29

Copper
Zn

30

Zinc
Ga

31

Gallium
Ge

32

Germanium
As

33

Arsenic
Se

34

Selenium

Al
13

Aluminum

Si
14

Silicon

P
15

Phosphorus

S
16

Sulfur

Cl
17

Chlorine

Ar
18

Argon

Br
35

Bromine
Kr

36

Krypton

Pd
46

Palladium

Ag
47

Silver
Cd
48

Cadmium
In

49

Indium
Sn

50

Tin
Sb

51

Antimony
Te

52

Tellurium
I

53

Iodine
Xe

54

Xenon

Pt
78

Platinum
Au

79

Gold
Hg
80

Mercury
Tl

81

Thallium
Pb

82

Lead
Bi

83

Bismuth
Po

84

Polonium
At

85

Astatine
Rn

86

Radon

He
2

Helium

Li
3

Lithium

H
1

Hydrogen

Be
4

Beryllium B
5

Boron

Each of the atoms below is
going to gain or lose protons,
neutrons, or electrons. Write
down what the atom will be

after that change!

HYDROGEN 1
(Also called protium)

HYDROGEN ION

1 protons
0 neutrons
1 electrons

-1 electron
7 protons
7 neutrons
7 electrons

protons
neutrons
electrons

+1 proton1 protons
0 neutrons
0 electrons

+

HELIUM 4

2 protons
2 neutrons
2 electrons

+1 proton

OXYGEN 16

8 protons
8 neutrons
8 electrons

protons
neutrons
electrons

protons
neutrons
electrons

+1 electron

HELIUM 4

2 protons
2 neutrons
2 electrons

-1 proton

COPPER 63

29 protons
34 neutrons
29 electrons

protons
neutrons
electrons

+1 protonprotons
neutrons
electrons

FLUORINE 18

9 protons
9 neutrons
9 electrons

+1 proton

COPPER 63

29 protons
34 neutrons
29 electrons

protons
neutrons
electrons

protons
neutrons
electrons

+1 neutron

18



130

120

110

100

90

80
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50

40

30

20

10

10 20 30 40 50 60 70 80 90 100

Calc
ium40

20 p
20 n

Iron56

26 p
30 n

Silver107

47 p
60 n

Gold197

79 p
118 n

Plu
tonium244

94 p
130 n

protons

neutrons

1:1 ratio

Help! I’ve

been shot in

the leg.

Too bad.

We’ll have

to amputate.

Actually- last

week I saw this

new research

about x-rays.

We could use

them to see

the bullet so

we can take it

out!

Stay here for

45 minutes and

don’t move. Did it work?

It did! We can take

the bullet out and

you can keep your

leg!

Overly

positive.

Thorium

Helium
Wow. How do

you feel now?

Still unstable. I’ll

turn into 7 more

different elements

before I reach lead.

Unstable atoms decay. They split apart to
form new elements. You might think that an
equal number of protons and neutrons would
be the most stable situation, but look at this
graph and you’ll see that’s not the case!
Hydrogen is most stable with no neutrons
and large elements like gold need many
more neutrons than protons.

HI URANIUM!

HOW’S IT

GOING?

LOOK OUT!

HEY WATER. I’M

FEELING TERRIBLE.

MY NUCLEUS IS

UNSTABLE AND I’M

ABOUT TO DECAY.

Your notes:

THE STORY OF THE FIRST MEDICAL X-RAY
Dec 25, 1895, Montreal Canada
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What is RADIOACTIVITY?
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Not harmful Will damage your dna

NATURAL
Radiation is

That doesn’t mean
it’s good for you.

POISON
It’s the DOSE

that makes the

Anything can be toxic if there is

too much of it. Even water or

oxygen. With radiation, the thing

that really matters is how much.The sun and cosmic rays soil and plants

Uranium

in rocks

Potassium 40

Radium

thorium

barium
Outer Space

is radioactive!

Your notes:

All of these types of energy are called “radiation”

A
re

ba
nana

s RADIOACTIVE?

There’s
enough
potassium-40
in bananas to
make them slightly
radioactive. On
average, they contain
a dose of 0.01 μSv
radiation.

93%
of the

potassium
we find on
Earth has 39
neutrons and 39
protons. 0.12% of the
potassium has 40
neutrons, which
means it’s radioactive!

To get
radiation
poisoning
from bananas,
you’d need to eat
900 pounds (410 Kg)
per day. If you managed
to eat that many bananas,
radiation would be the least

of your problems.
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