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Introduction to Nuclear Reactions

In this Investigation, you will play the Nuclear Reactions Game. Read the introduction in your
Investigation book.

Playing Nuclear Reactions

Read about the game in your Investigation book.

Scoring points

Read how points are scored in your Investigation book.

Miscellaneous rules

Miscellaneous rules are found in your Investigation book.

Applying what you learned

There are two basic kinds of nuclear reactions, fission and fusion. Fission splits heavy elements up into
lighter elements. Fusion combines lighter elements to make heavier elements. Both can release energy,
depending on which elements are involved. What element do you get when you fuse lithium-six and
boron-11 together? It is stable or radioactive?

Write down a nuclear reaction using only two elements that would allow you to build fluorine-19
starting with boron-10.

Suppose you split a uranium-238 atom. If you have to break it into two pieces, name two elements that
could be formed. Be sure that your two elements use up all the neutrons and protons in the uranium.
Are either of your two elements stable or is one (or both) radioactive?

18.3 The Periodic Table of Elements Answer Sheet
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Question: What does atomic structure have to do with the periodic table?

i

In this Investigation, you will:

1. Learn about nuclear reactions.
2. Learn how the different elements of the periodic table were formed.

————

This Investigation is a game for two to four players called Nuclear Reactions. In order to win, you wil'
need to become quick to figure out which nuclear reactions will make real atoms. The game is similar-
to the processes by which the elements of the periodic table were created inside stars. At the center of 3
star, nuclear reactions combine atoms to make new elements. We believe all the elements of the :
periodic table heavier than lithium were created inside stars through nuclear reactions. The process
gives off a huge amount of energy and that is why the sun shines. The energy from nuclear reactions in
the sun is what makes life on Earth possible. |

Notice that the elements of the periodic table are arranged by atomic number, from lowest to highest.
The atomic number is equal to the number of protons in the nucleus of an atom. The atomic number
also indicates the number of electrons an atom has. Each element has a unique atomic number.

Isotopes are atoms with the same number of protons, but different numbers of neutrons. Isotopes are’
the same element, but have a different mass number. The mass number indicates how many protons:
and neutrons are in the nucleus of the isotope. The periodic table below shows the mass numbers of the.
stable isotopes of each element.

Introduction to Nuclear Reactions

If you were to add one, two or four extra

neutrons to lithium-7 you would have O (Eyf"%f,ﬂ)o”s \,Eviﬁhsp:;ﬁ; Ztr?g[s
created lithium-8, lithium-9, and lithium-11, Protons olays one car per
respectively. Each of these isotopes of (red) ——— turn, drawing a new
lithium is radioactive. These means that the 7 /__\) one to replace it.
atomic force in the nucleus (called strong ) (blue) S

nuclear force) is not strong enough to hold X% ‘
these atoms together. The nuclei of these . : ' !
atoms fly apart.

The goal of Nuclear Reactions is to earn
points by creating atoms that are stable (not
radioactive) and neutrally charged (not
ions). Remember that ions are atoms that
have different numbers of protons and
electrons so they have a charge.

Each player starts with 8 protons, &
electrons, and 8 neutrons in their pocket of
the Atomic Building Game board. The game
will last for about a half-hour. The first
player to 20 points wins.




Playing Nuclear Reactions

To begin play, each player is dealt five cards from the deck
of Nuclear Reactions cards These are held and not shown
to anyone else.

Players take turns, choosing which card to play each turn,
and adding or subtracting particles from the atom as
instructed on the card. For example, playing an "Add 2
Electrons" card would mean you place two yellow marbles
in the atom.

Sub-atomic particles that are added or subtracted from the
atom must come from, or be placed in your own pocket.
You may not play a card for which you do not have the
right marbles. For example, a player with only 2 protons left cannot play an “Add 3 Protons” card.
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Each time you play a card, draw a new card from the deck so you always have five cards. Played cards
can be shuffled and re-used as needed

Scoring points

1. The number of points scored depends how many of the conditions below are satisfied by the atom
you create. You can use the periodic table to determine strategy and points. In particular it is useful
to know which cards to play to get to stable isotopes, neutral atoms, or stable and neutral atoms.

The Conditions = @O0O@ Blue
+ GO0 Red
Yellow 00060 = = @OLOE Red

foE S

Condition #1: The number of protons (red marbles) matches the atomic
number. "

Condition #2: The number of protons (red marbles) plus the number of
neutrons (blue marbles) equals one of the correct mass numbers for the
element of Rule #1. This creates a stable nucleus.

~ Condition #3: The number of electrons (yellow marbles) equals the
' number of protons (red marbles). This creates a neutral atom.

You score 1 point if your move creates or leaves a stable nucleus. For example, you score 1 point by
adding a neutron to a nucleus with 6 protons and 5 neutrons. Adding a neutron makes a carbon 12
nucleus, which is stable. The next player can also score a point by adding another neutron, making
carbon 13. Points cannot be scored for making a stable nucleus by adding or subtracting electrons,
because electrons do not live in the nucleus! To get the nucleus right you need to satisfy conditions #1
and #2.

You score 1 point for adding or taking electrons or protons from the atom if your move creates or
leaves a neutral atom. A neutral atom has the same number of electrons and protons. Because neutrons
have no charge, points cannot be scored for neutrality by adding or subtractmg neutrons. Getting the
electrons and protons to balance satisfies condition #3.
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You score 3 points (the best move) when you add or take particles from the atom and your move
creates a perfect, stable and neutral atom. Both adding and subtracting can leave stable, neutral atom;,
For example, taking a neutron from a stable, neutral carbon 13 atom leaves a stable, neutral carbon 17
atom, scoring 3 points. You get 3 points if your turn makes an atom that meets all 3 conditions.

n Miscellaneous rules

Taking a turn ¢
When it is your turn you must either !
1. Play a card and add or subtract marbles from the atom. |
2. Trade in your cards for a new set of five. «
Trading in cards |

You may trade in all your cards at any time by forfeiting a turn. You have to trade all your cards in at'
once. Shuffle the deck before taking new cards.

Using the periodic table i
All players should be allowed to use the special periodic table of the elements (on the next page) inthe
course of the game. ' ‘

The marble bank
You may choose to play two versions of the marble bank.

Version 1: Players may take marbles from the bank at any time so they have enough to play the game. |

Version 2: Players must lose a turn to draw marbles from the bank, and may draw no more than 5 total,
marbles (of any colors) in one turn. ‘

a Applying what you learned

Nuclear Fusion Nuclear Fission

8+®-Q

H*+ H* = He'+ energy

+®
UBS —> X'+ 5+ n+energy

a. There are two basic kinds of nuclear reactions, fission and fusion. Fission splits heavy elements up into
lighter elements. Fusion combines lighter elements to make heavier elements. Both can release energy,
depending on which elements are involved. What element do you get when you fuse lithium six and
boron 11 together? It is stable or'radioactive?

b. Write down a nuclear reaction using only two elements that would allow you to build Fluorine 19
starting with Boron 10.

c.  Suppose you split a uranium 238 atom. If you have to break it into two pieces, name two elements that

could be formed. Be sure that your two elements use up all the neutrons and protons in the uranium.
Are either of your two elements stable or is one (or both) radioactive?
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