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2B: The Chemical Formula
What is a chemical formula, and how is it used?
Paper, glass, plastic, metal, skin, leaves, etc. are all matter. Although different
substances are made of different combinations of elements, there are only 92
elements on Earth from which all substances are made. In fact, only six elements
make up almost everything around us. How does such incredible variety come
from only a few elements? Compare elements to letters in the alphabet. How do
so many words come from only 26 letters? The answer for matter is very similar,
and the chemical formula is how we “spell” all the different kinds of matter with
the same few elements.

Materials
• Molecular
model kit
• Calculator
• Periodic table

Part 1: Setting up your model
Look at the molecular model kit. Assign
colors to the different atoms, and write
them down in the table on the right. Make
sure you have at least the following four:
carbon, oxygen, hydrogen, and nitrogen.
One color in particular should be assigned
to a specific element. Which one and why?

Part 2: Making some models and “spelling” them
1. Pick any four atoms. Use the plastic
bonds to connect them.
2. Draw the molecule you have made in the
diagram below.
3. Use the yellow and blue boxes to work
out the chemical formula for your
molecule.
4. Write the completed formula on the line.

A NATURAL APPROACH TO CHEMISTRY

SL-NAC-2B18C

11

Investigation 2B:

The Chemical Formula

Part 3: Bigger molecules
1. Using six atoms, build a molecule with two pairs. A pair is two of the same atom.

2. Using six atoms, build a molecule that has three of the same type of atom

Part 4: Reflecting on what you learned
a.

How many atoms in total are there in a glucose molecule?

b.

Write the chemical formula for glucose.

c.

Methane has the chemical formula CH4. Draw a possible chemical
diagram for a methane molecule. (Hint: Carbon makes four bonds
with other atoms.)

d.

Write a chemical formula for a molecule that has four hydrogen
atoms, two carbon atoms, and two oxygen atoms.

Part 5: Rules for bonding atoms
In most situations, elements tend to form a specific number of bonds when they make molecules. For
example, each carbon atom needs to make four bonds, a nitrogen atom needs to make three, and an oxygen
atom needs to make two. This is one of the most important ways the elements are different from each other.
They are different because they form different numbers of bonds with other elements.
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Molecules can have single bonds, double bonds, and even triple bonds! Here are some examples of each.

Let’s reassign the colors and set up the rules for bonding a few elements

1. Build one possible structure for each of the following molecules. Make sure you follow the rules
for how many bonds connect each atom.
2. Draw a possible structural diagram for each molecule you build. There may be many possible
structures for each molecule.
3. Leave the “formula mass” lines blank until the next step.
NH3

Diagram

Formula mass
____________

CO2

Diagram

Formula mass
____________
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Diagram

Formula mass
____________

CCl2F2

Diagram

Formula mass
____________

CH3OH

Diagram

Formula mass
____________

C6H6

Diagram

Formula mass
____________

H2CO3

Diagram

Formula mass
____________

HCN

Diagram

Formula mass
____________
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Part 6: The formula mass
The formula mass follows these rules:
1. Each atom has a unique mass.
2. The masses are different for atoms of different elements.
3. Each molecule must also have a mass that depends on both its chemical formula and the mass of
its individual atoms.

The chart is now expanded to include the average mass of each atom in atomic mass units (amu). An
atomic mass unit is roughly equal to the mass of a single hydrogen atom. Carbon is about 12 times as heavy
as hydrogen, oxygen is about 16 times as heavy, and so on.

Use your diagrams and chemical formulas to calculate the mass of each of the molecules you built. Record
the masses under the chemical formulas. You can use the diagram below as an example for one of them.

A NATURAL APPROACH TO CHEMISTRY

15

Investigation 2B:

16

Notes and Calculations

A NATURAL APPROACH TO CHEMISTRY

Appendix A: Table of the Elements and Periodic Tables

Table of the Ele

158

ments and Periodic Tables
A NATURAL APPROACH TO CHEMISTRY

Name:________________________________Section:_________Date:_______

18C: Building an Amino Acid Chain
How are amino acid molecules connected to form a protein? What type of
chemical bond joins amino acids together?
Proteins are required for almost all chemical reactions that
take place in our bodies, and they are formed from amino
acids. In this investigation, we will build amino acid molecules
and connect them together to form a chain. Our protein chain
will have eight amino acids along with a start and stop
sequence. Real proteins are at least 100 amino acids long! We
will also “read,” or decode, what the amino acid sequence is
and determine what it “says.”

Materials
• Molecular modeling set
• Amino acid chart (see p. 586 of
textbook or handout)

Proteins are produced during the process of translation. Translation takes place using a type of RNA called
messenger RNA, because it carries the message of what type of protein sequence to make. Messenger RNA
gets its “directions” from DNA. DNA is where the genetic code for protein synthesis comes from, but the
directions are carried by the messenger RNA to the place where the proteins are made.

Part 1: Assembling amino acids
The amino acids you will assemble are: valine, leucine,
asparagine, aspartic acid, glycine, alanine, serine, and cysteine.
The start sequence is ATG, and the stop sequence is TAG.
1. Build four different amino acids in your group of four
students.
2. Now two groups can join up so that together you will
have eight amino acids.

Part 2: Building a protein chain
3. Connect your amino acids, forming peptide bonds as shown below. Follow the sequence:
start/valine/serine/cystine/asparagine/glycine/alanine/serine/alanine/valine/aspartic acid
/leucine/flycine/aspartic acid/stop. One water molecule is removed for each peptide bond formed.

4. Record the name of each amino acid as it is joined, so that you can check the “sequence” of the
chain that is forming.
5. Each person takes a turn adding their amino acid to the chain and forming a peptide bond.
6. Continue until the sequence is finished. Several groups may have made the sequence. It should be
the same, if it is bonded correctly.
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Part 3: Understanding an amino acid sequence
The names of the amino acids you made are specified by three
codons. Codons are made up of a sequence of three of the four
nitrogenous bases: A (adenine), G (guanine), U (uracil), and
C (cytosine). A codon sequence carried by RNA “spells” the amino
acid sequence.
1. Compare the following codon sequence to your amino acid
chain sequence.
AUG/GUG/AGC/UGC/GAC/GGC/GCA/AGC/GCA/GUG/
AAC/CUA/GGC/AAC/UAG.
Use the wheel shown to help you.
2. How does your amino acid chain compare to this
sequence? Explain.

Read the wheel from
inside to outside

Part 4: Thinking about it
1. Look carefully at the amino acids that were used to make the protein. See if you can determine
whether they are acidic, basic, or neutral amino acids.
2. What you have made is called the primary structure of a protein. The primary structure dictates
how the amino acid folds and/or coils to take its shape. What intermolecular forces are
responsible for the tertiary structure of a protein?
3. The side chains play an important role in protein chemistry. How would you predict the polar
amino acids to orient themselves in an aqueous environment, like that in our bodies?
4. In contrast, how would you predict the nonpolar amino acids to orient themselves?
5. Look carefully at the protein chain constructed by your class. Can you imagine that proteins are
made up of a minimum of 100 amino acids? Think about what this must mean at the molecular
level. Write down a few of your thoughts about this.
6. What does it mean when the genetic code is said to be “degenerate?”
7. How do proteins “facilitate” chemical reactions? What can they do?
8. By studying the fossil record, scientists have observed changes in amino acids over time. These
observations have led to the theory of the “molecular clock.” This theory is used to classify
organisms and establish relations among them. Do some research on this topic and answer the
following questions:
a. What is the scientific basis for the theory of the molecular clock?
b. What are the limitations of this theory?
c. Is the theory of the molecular clock well accepted by scientists?
d. What does the theory of the molecular clock tell you about the scientific process?
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