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Chapter 1 Overview

Students are familiar with many everyday changes that matter undergoes, in both living and 
nonliving things. They observe substances changing naturally and they participate in changing 
other substances themselves. Students may also be quite familiar with atoms and molecules. Too 
often, however, students do not share scientists’ ideas about an “atom rearrangement model” when 
it comes to explaining the changes they witness on a daily basis. Chapter 1 helps students develop 
the concepts that diff erent substances have diff erent characteristic properties because 
they are made up of diff erent arrangements of atoms and that new substances form 
during chemical reactions because atoms making up molecules of the reactants 
rearrange to form molecules of the products.  

Lesson 1.1 provides students with an opportunity to observe changes in matter that makes up 
both living and nonliving things. Students are asked to try to identify similarities in these changes 
(e.g., new materials form or “grow,” the matter of new materials comes from other materials, and 
the weight of the new matter increases as it “grows”), but they will have numerous opportunities 
throughout the unit to revisit and revise their ideas as they learn more concretely how these 
changes are similar. 

Lesson 1.2 transitions students from changes in complex mixtures of substances or materials that 
make up living things to three examples of pure substances reacting in simple systems that will be 
used to illustrate and help students generalize important concepts about chemical reactions. Students 
gather fi rsthand observations of samples of reactants, chemical reactions, and samples of the 
products and examine data to form the generalization that diff erent substances have diff erent sets of 
characteristic properties that can be used to tell one substance from another. Students are introduced 
to criteria for judging the quality of explanations and use the criteria to evaluate and construct 
evidence-based explanations to support claims that new substances form during these changes.

Lesson 1.3 revisits the same three chemical reactions introduced in Lesson 1.2 but focuses 
students on observing changes in the amounts of starting and ending substances as the reaction 
proceeds, specifi cally that as the amounts of the ending substances forming increase, the amounts 
of starting substances decrease. From their observations, students should infer that the ending 
substances probably come from the starting substances.

Lesson 1.4 investigates why, for each change, the ending substances have diff erent properties 
from the starting substances. Students examine models to visualize diff erences in the type of atoms, 
number of each type, and how the atoms are arranged in diff erent substances and generalize that 
whenever substances have diff erent properties they are made up of diff erent arrangements of 
atoms. Students also begin making sense of the three reactions in terms of the types of atoms and 
molecules that make up the ending substances as compared with starting substances from which 
they are made.

Lesson 1.5 is a structured modeling activity with LEGO bricks that guides students in developing 
the concept that atoms making up molecules of the reactants are rearranged to form the molecules 
of products during chemical reactions. Students are introduced to the role that models can play 
in supporting explanations. The activity focuses on the iron rusting reaction and the reaction 
between baking soda and vinegar and to having students expand their explanations to include what 
is happening to the atoms and molecules to account for the production of ending substances with 
diff erent properties.
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Lesson 1.6 applies the overarching concepts about chemical reactions to the formation 
of very large molecules (polymers) from small molecules (monomers). Students examine 
characteristic properties of the monomers and the polymer and use ball-and-stick models to 
model the atom rearrangement that occurs when nylon and water molecules are formed from 
hexamethylenediamine and adipic acid monomers. Typical of polymerization reactions that 
students will encounter in Chapters 3 and 4, nylon formation involves the rearrangement of only a 
few atoms as the monomers are linked and water molecules are formed.

Chapter 1 Background Knowledge for Teachers

The Three Chemical Reactions for Chapters 1 and 2
Three chemical reactions are the backbone of the fi rst two chapters: the reaction between baking 
soda and vinegar, between iron and oxygen, and between hexamethylenediamine and adipic acid.  
Students investigate these chemical reactions in depth—from both macroscopic and microscopic 
perspectives. Chapter 1 focuses on how the rearrangement of the atoms making up the molecules 
of the starting substances can explain the production of substances with diff erent properties: atom 
rearrangement produces diff erent molecules, giving the products diff erent properties from the 
starting substances. Chapter 2 focuses on helping students understand that if atoms are merely 
rearranged, the type and number of atoms does not change (atoms are conserved); therefore, the 
total mass does not change (total mass is conserved). It also helps students reconcile conservation 
ideas with changes in mass of a system: While atoms are not created or destroyed, the mass being 
measured may change if atoms enter or leave the system. The Chapter 2 Background Knowledge 
document contains discussion of mass for each chemical reaction. 

Baking Soda and Vinegar

The reaction between vinegar (acetic acid, HC2H3O2) and baking soda (sodium bicarbonate, NaHCO3) 
actually involves two steps—an acid-base reaction followed by a decomposition reaction. When 
vinegar and baking soda are mixed, hydrogen ions (H+) from the acetic acid in vinegar react with the 
bicarbonate ions (HCO3

–) from the baking soda to form a new chemical called carbonic acid (H2CO3):

H+ (aq) + HCO3
– (aq)  →  H2CO3 (aq)

The carbonic acid formed then decomposes into carbon dioxide gas (CO2) and water (H2O). It is 
carbon dioxide gas that you see bubbling as soon as you mix baking soda and vinegar together.

H2CO3 (aq) → H2O (l) + CO2 (g)

The following chemical equation describes the net reaction between vinegar and baking soda that 
forms soluble sodium acetate (NaC2H3O2), water, and carbon dioxide gas:

HC2H3O2 (aq) + NaHCO3 (s) → NaC2H3O2 (aq) + H2O (l) + CO2 (g)

Intended observations: Students are expected to see gas bubbles forming, hear fi zzing, and 
feel increased gas pressure in the container when the clear, colorless liquid and white powder are 
mixed. Students may also observe a diminished odor if enough of the vinegar is consumed during 
the reaction. 

Rationale for including this reaction: This acid-base neutralization reaction provides an 
example of non-gaseous reactants yielding gaseous products. It is used in Chapter 2 to provide 
evidence that gases have mass, because students can observe that the mass of the container 
decreases when gas is allowed to escape.

Chapter 1 Overiew
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Steel Wool (Iron) and Air (Oxygen)

Steel wool is made mostly of the element iron (Fe). To prevent the iron from rusting, steel wool is 
made with an oil-based coating, which can be removed with vinegar or heating. The rusting of iron 
is a complex electrochemical process that begins with the transfer of electrons from iron to oxygen 
and involves multiple oxidation/reduction and acid-base reactions. The products of rust formation 
depend on the amount of oxygen and water present (i.e., FeO in oxygen-depleted conditions, Fe2O3 
in oxygen-rich conditions). The following chemical equation is commonly used to represent the 
process overall, leaving out various intermediate products that occur temporarily along the way: 

4 Fe (s) + 3 O2 (g) → 2 Fe2O3 (s)

The reaction of Fe and O2 is relatively slow but is speeded up by water and ions, which is why 
cars rust when in contact with salted roads. Given suffi  cient time and oxygen, any iron sample 
will eventually covert completely to rust. The Fe2O3 rust product is a delicate and brittle reddish-
brown solid that breaks apart with the slightest touch. This change in texture often leads to 
misconceptions that rusting causes a decrease in mass (which is what happens when rust falls off ), 
as opposed to the increase in mass caused by chemically combining iron and oxygen.

Intended observations: Students should observe rust products that form on steel wool. By 
carrying out the reaction in a fl ask sealed with a balloon, they will also have evidence that a gas 
in the fl ask is involved in the reaction (i.e., the balloon is pushed or inverted into the fl ask as the 
oxygen in the air is used, causing the pressure inside the fl ask to decrease). Trace amounts of water 
speed up the reaction but is regenerated at the end, so the amount doesn’t change from start to 
fi nish. Because the rusting reaction releases heat, the water may vaporize during the reaction and 
then condense once the reaction is complete. Students may think that water is a product, but the 
water was there from the start. Point this out to focus students’ attention on the overall reaction.  

Rationale for including this reaction: In Chapter 1, rusting provides an example of a gaseous 
reactant yielding a solid product. This is analogous to photosynthesis reactions that “fi x” gaseous 
carbon dioxide from the air to form solid glucose for building plant materials. 

Hexamethylenediamine and Adipic Acid

Nylon is formed at the interface of two non-mixing liquids—a diamine, hexamethylenediamine 
(NH2(CH2)6NH2) and a diacid, adipic acid (HOOC(CH2)4COOH). When the fi lm is drawn or 
spooled from the interface of the two liquids, a thread of nylon polymer forms. This thread is 
composed of huge numbers of polymer molecules that are cross-linked together. 

The reaction between one hexamethylenediamine monomer and one adipic acid monomer is shown 
below:

C6H16N2 + C6H10O4 → C12H24O3N2 + H2O

Many chemical reactions that form polymers, including nylon and biological polymers, also 
produce water. Often this type of chemical reaction occurs between two or more diff erent carbon-
based small molecules (monomers) that will alternate in the polymer chain. Each monomer 
has specifi c functional groups (arrangements of atoms) at both ends of the molecule—either a 
carboxylic acid group (COOH) or an alcohol group (OH) and/or an amine group (NH2) that allow it 
to link to other monomers of the growing polymer chain. 

Toward High School Biology – Understanding Growth in Living Things Teacher Edition
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During the chemical reaction, an OH from one monomer reacts with an H from another monomer 
to form a water molecule and a longer polymer as shown below.

Because each end of a monomer can react, long polymers can form. As each monomer is added to a 
growing polymer chain, a water molecule is produced.

Intended observations: Students should observe the formation of a white fi brous solid (nylon) 
from two clear, colorless liquids. Students should also observe that as the nylon is formed the 
amount of the liquids in the beaker decreases.

Rationale for including this reaction: The formation of nylon from hexamethylenediamine 
and adipic acid is an example of the formation of polymers from monomers through chemical 
reactions in which only a limited number of atoms rearrange. Polymer formation is key to 
understanding the formation of protein- and cellulose-based body structures through the 
polymerization of amino acids and glucose, respectively.

Chapter 1 Prerequisite Knowledge for Students

Lessons 1 and 2 provide entry points for most students, despite their prior knowledge. However, 
the chapter assumes that students know that all matter is made up of atoms. (The lessons will 
develop the idea that atoms can link together to form a variety of diff erent molecules.)

Although the unit does not emphasize physical changes, students will learn that because atoms 
do not rearrange to form new molecules during physical changes, such changes are not chemical 
reactions.  

C6H16N2

(hexamethylene- 
diamine)

C6H10O4

(adipic acid)
N and C 
connect 

monomers

H and OH 
form water

Chapter 1 Overiew
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Chapter 1 Commonly Held Student Ideas and Misconceptions

Researchers have documented many incorrect ideas that students commonly have about chemical 
reactions. This document provides a brief summary of most of the more common incorrect ideas, 
but it is not exhaustive. Listen for these ideas in your class, but also for other variants that your 
particular students may have. Actual student responses will usually be shorter and less precise than 
those listed here. The descriptions here are meant to fully explain the nature of the incorrect idea 
and to highlight what is unsaid as much as what is said.

Some students have trouble distinguishing between atoms and molecules, and are often imprecise 
in the language, referring generally to “atoms and molecules.” Students may say:

• Atoms are “in” matter (rather than “make up” matter).
• Atoms and molecules are basically the same—they are all just very small particles. 

• Molecules make up atoms. 

Some students have trouble distinguishing one substance from another based on their 
characteristic properties. Students may say:

• If two substances share one characteristic property, then they must be the same 
substance.
• If most of the listed characteristic properties are the same, the substances must be the 
same.
• Substances can change their characteristic properties but still remain the same substance.
• The properties of a substance are determined (only) by the types of atoms that make up 
the substance (with no reference to the number of atoms or the way in which the atoms 
are arranged into molecules.)
• Two substances that are made up of molecules that have the same number of the same 
types of atoms are the same substance (regardless of how the atoms are arranged.)

Many students use incorrect criteria for deciding whether or not a chemical reaction has occurred. 
Students may say:

• Whenever matter changes, it is a chemical reaction.
• Chemical reactions happen whenever you combine two substances/chemicals. 
• Chemical reactions always have two reactants (A + B → C     OR     A + B → C + D).
• Chemical reactions are irreversible changes. If you can “change it back,” it is not a 
chemical reaction.
• If there are “chemicals” (judged based on their chemical names) involved, it must be a 
chemical reaction. 
• A change of state is a chemical reaction. 
• Whenever a gas forms, it is a chemical reaction.
• If heat is involved, it is a chemical reaction. 
• If it has explosions, smoke, or color changes, it is a chemical reaction. Less visible changes 
are not chemical reactions. 

Many students may also have diffi  culty understanding how the products relate to the reactants of a 
chemical reaction. Students may say:

• The products do not form from the reactants. The reactants disappear and the products 
appear.

Toward High School Biology – Understanding Growth in Living Things Teacher Edition
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• The products are just mixtures of the reactants, not totally new substances. 
• The products are the same substances as the reactants, just with different properties. 

Students also commonly have misunderstandings about what happens to the atoms and molecules 
during a chemical reaction. Students may say:

• The atoms of the reactants are transformed into other types of atoms to form the 
products. For example, an oxygen atom could become a carbon atom.
• All the atoms must rearrange (none can maintain attachments) for a chemical reaction 
to occur.
• During a chemical reaction, the molecules of the reactants stay the same and just stick 
together at their ends to form one big molecule, which is the product. 

• The molecules of any one product must include every type of atom from the reactants. 

Chapter 1 Overiew
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Toward High School Biology – Understanding Growth in Living Things Teacher Edition

Lesson Guide
Chapter 1, Lesson 1.1

Changes in Living and Nonliving Things

Focus: This lesson focuses students’ attention on changes that occur in living and nonliving 
things, encouraging them to consider what these changes have in common. For example, students 
might notice that in both nonliving and living systems new materials form or “grow,” the “stuff ” of 
new materials comes from other materials, and the weight of the new stuff  increases as it “grows.”  
Students will have numerous opportunities throughout the unit to revisit and revise their ideas as 
they learn more concretely how these changes are similar. 

Key Question: How are changes in the matter that makes up living and nonliving things similar?

Target Idea(s) Addressed
Note: The lesson serves to promote and elicit students’ thinking about similarities in the changes 
that occur in living and nonliving things. There are no target ideas or science practices specifi cally 
addressed in this lesson, but the phenomena related to changes in matter will contribute to 
students’ understanding of how new substances form during chemical reactions.  

Materials
Activity 1:   Videos: Puppy Grows Into a Dog, Corn Growth, Spider Spinning Silk, 

Hexamethylenediamine and Adipic Acid
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Chapter 1 – Lesson 1.1

Phenomena, Data, or 
Models

Intended 
Observations

Purpose Rationale and Notes

Activity 1

Time-lapse 
photography of dog 
growth and corn 
growth. Video of a 
spider spinning a web 
and video of nylon 
formation.

Changes occur in 
living and nonliving 
things. During these 
changes the following 
happens:

• New materials are 
made (e.g., fur, skin, 
bones, and muscle) as 
a puppy grows.

• New materials are 
made (e.g., leaves, 
stem, fruit) as a corn 
plant grows.

• New materials are 
made from other 
materials (e.g., nylon 
thread is made from 
the liquids in the 
beaker that are used 
up and spider silk is 
made from substances 
in the spider’s body).

To focus students’ 
attention on 
similarities in the 
changes that occur in 
living and nonliving 
things.

Identifying similarities 
in the changes that 
occur in living and 
nonliving things
may suggest to 
students that changes 
occurring in both 
living and nonliving 
things are guided
by the same 
“fundamental 
principles” of science.

Some students may 
struggle to make
the connections we 
identifi ed in the 
intended observations. 
Do not make the 
connections for them
at this point. They 
will have numerous 
opportunities 
throughout the unit 
to revisit and revise 
their ideas as they 
learn more concretely 
how these seemingly 
unrelated changes are 
connected through 
fundamental chemical 
principles.
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Toward High School Biology – Understanding Growth in Living Things Teacher Edition

Lesson 1.1—Changes in Living and Nonliving Things

What do we know and what are we trying to fi nd out?
Everything in the world—both things that are alive and things that aren’t—is made of 
“stuff ” that is changing all of the time. Scientists call this “stuff ” matter. For example, a 
bicycle is matter, and when it is left outside, it becomes covered with rust, which is also 
matter. Matter changes when a baker makes a cake from fl our, sugar, eggs, baking powder, 
and butter. Students mix vinegar with baking soda and change these ingredients into a 
foaming “volcano.” Wood burns in a campfi re and turns to ashes. Scientists in the lab 
combine diff erent substances to create new products. 

Living things are also made of matter, and most of them—including you—change as they 
grow and repair their bodies (see the color version of Figure 1.1 that your teacher will 
project). A small puppy grows into a big dog. A tiny seed sprouts a seedling that then grows 
into a giant sequoia tree. The skin on your fi nger heals around a cut. A lizard regrows a tail 
that it lost to a predator. 

Figure 1.1. Changes in Matter

You can probably think of many more examples of how matter changes. But how do these 
changes happen? Do living and nonliving things change in the same way? 

To answer these questions, we need to understand more about the “stuff ” that makes up living 
and nonliving things and how it changes. In this lesson, you will observe some of these changes 
and begin thinking about the Key Question (there is no need to respond in writing now).

Key Question: How are changes in the matter that makes up living 
and nonliving things similar? 

SE p. 2
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