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In chemistry classrooms when we begin teaching students about atomic theory and the
parts that make up an atom, rarely do we use labs to illustrate the concepts that we are
presenting to them. Most labs or inquiries that would be possible to demonstrate this are
either too time consuming, expensive or beyond the level of our high school students. Due to
this, most of what we do is based on models, lectures and visuals; and students get very little
opportunity to discover for themselves the fundamentals of the structure of atoms. One such
concept that gets rapidly introduced and then is just taken for fact is the octet rule. As teachers
of chemistry, we typically talk about the octet rule for less than half of a period and then move
on. However, an activity that I developed allows students to find the octet rule out for
themselves in an inquiry activity.
Ahead of time the teacher must prepare cardstock “atoms” that students will use in
their pairs. You can choose a variety of atoms but a word of caution that all of the atoms and
combinations that you forecast should only be able to single bond. So, decide what molecules
and atoms that you would like your students to be able to experiment with. Make sure that
each set is the same and make enough so that every pair or trio in your class will have a set to
work with. Then, build the atoms which consist of 7cm x 7cm pieces of cardstock which have
the atomic symbol written on one side. Once you have all of the pieces of cardstock cut out and
labeled, use a push pin to create holes around the edge for the valence electrons that you will
be adding to the atom. For example, to create the holes for oxygen you would place a pair of
holes at the top of the card near the edge and a pair of holes at the bottom of the card. Then on

either side you would place one hole near the edge, for a total of six holes for the six valence
electrons that oxygen contains. Once holes have been placed for the correct number of valence
electrons in the Lewis dot structure format, use paperclips and run them through each hole
that an atom has. For electrons that are in pairs the paperclip wires should all remain “closed”
and for single electrons the wire on the outside edge should be opened so that it forms an
“open” hook. The atom cards could also be laminated to increase the life of the cards from
activity to activity.
Once all of the atoms have had paperclips attached through the appropriate holes and
are either kept closed or are opened, the sets are ready to be used. The objective is for
students to build a molecule where all of the open hooks make one connection and they do this
until all of the open hooks are occupied. So, oxygen has two open hooks that can bond and
once both hooks have been connected to two other open hooks the molecule is complete.
Valence Electrons

Paired Electrons (Closed)

Unpaired/Bonding Electrons

When introducing this activity to students the first thing that the instructor should have them
do in their pairs or trios is to have a data collector divide a piece of paper into two halves. On
the left-hand side they should title the column as “number of valence electrons before
connections” and the right-hand side should be labeled as “number of valence electrons after
connections”. This way students will record how many valence electrons each atom has before
it makes connections and how many it has after making connections. The instructor should
then go on to explain the rules of the activity and model for the students how the atoms work.
Rules:
• Each “open” paperclip can only make one connection.
• There can’t be two paperclips attached to one “open” connection
• All of the “open” paperclips must make a connection for an atom/molecule to be
complete
• In the right-hand column record how many valence electrons an atom has before it
makes connections (e.g., an oxygen has 6 paperclips/valence electrons)
• After making all of the connections it can make, record how many valence electrons an
atom has in the left-hand column (e.g. oxygen would have its original six valence
electrons plus two more valence electrons from the connections is makes for a total of
eight valence electrons).
Through the course of the activity students should realize that all atoms end up with
eight valence electrons after making all of their connections. The exception being hydrogen
which has two. If you include noble gases then this would work also, they just wouldn’t make
any connections in the activity. Allow students to take ten to fifteen minutes to work with their
set of atoms and make different combinations of molecules. Once they have had time, bring the
class back together and begin a discussion where you ask students what patterns they observed
in the activity. From this they should all realize that atoms end up with either eight or two
electrons. The instructor can then give this rule a name and tell them that they just explored

the octet rule. This can then lead into how hydrogen is an exception to the octet rule and why
noble gases don’t react with other atoms.
This activity is meant to be an introduction into bonding and how the octet rule plays a
part in bonding. This could be done in middle school, high school and could even be adapted to
work with double bonds as well. There are many ways that the activity could be modified to
work in other aspects of bonding and chemical reactions and even periodic table trends. The
main objective of this activity, however, is to introduce inquiry into a concept that is typically
just told to students during direct instruction with very little time spent on it and allow them an
opportunity to discover one of the fundamental rules in chemistry.
A note about NGSS:
This activity would fall under the NGSS standard of HS-PS1-1, seen below.
HS-PS1-1. Use the periodic table as a model to predict the relative properties of elements based on the
patterns of electrons in the outermost energy level of atoms. [Clarification Statement: Examples of
properties that could be predicted from patterns could include reactivity of metals, types of bonds
formed, numbers of bonds formed, and reactions with oxygen.] [Assessment Boundary: Assessment is
limited to main group elements. Assessment does not include quantitative understanding of ionization
energy beyond relative trends.]

Specifically, students would already have completed the PS1.A core disciplinary idea about the
structure of the atom. In addition to this, they would have already studied the periodic table
and how we use it to find information about atoms and the trends that are part of it. This would
then lead into a unit on bonding which is the next core idea. This activity would take place at
the start of the bonding unit as the octet rule is the basis for all bonding occurring between
atoms. Then from here the activity would set up students to learn about ionic and covalent
bonding and then after that chemical reactions.

Another part of this activity, is that it uses the NGSS Science and Engineering practices of
modeling by having the students model the octet rule as they are discovering it for themselves.
They are then using the model to predict the relationship between two atoms in a bond.
Furthermore, they are engaging in the crosscutting concept of using patterns. In the activity
they are discovering that when atoms bond they either end up with 8 valence electrons or 2
and through using this pattern they can construct the octet rule for themselves.

Example Template for Oxygen

O
The circles are where the holes would be punched and the paperclips added to the card. The
two holes at the top and the two holes at the bottom would have “closed” paperclips to
represent paired electrons. The single holes on either side would have “open” paperclips to
represent unpaired electrons that are available to bond.
A note on the creation of the activity:
I created this activity through the coursework in my MAT program. In my science methods
course we were tasked with teaching an inquiry activity to the class and I developed this activity
after thinking back on my own high school and college chemistry experiences with bonding and
the octet rule. I realized that I had never discovered the rule for myself but that it was just
presented to me with little time spent going through the octet rule and was something that we
just accepted and then continued to use for the rest of the year and through college. So, going
off of my own experiences and those of my students, I took the opportunity in my science
methods class to create an activity that would give students a chance to develop an
understanding of the octet rule for themselves.

