
Chemistry of Living 
Systems

 The California state animal, the grizzly 
bear, and human beings are composed of the same type of molecules. In fact, 
all living things are composed of similar chemical compounds.

 What molecules do you think bears and humans have in 
common?

Bear Necessities of  LifeBear Necessities of  Life

418

All living things share a 
common set of chemical 
elements that make up 
most cell molecules.

LESSON 1
Chemistry of Life

 Living 
organisms are made of 
molecules formed pri-
marily of carbon, hydro-
gen, nitrogen, oxygen, 
phosphorus, and sulfur.

LESSON 2
Carbon Compounds

 Organic 
molecules of various 
sizes, shapes, and chemi-
cal properties are based 
on carbon. 

LESSON 3
Compounds of Life

 Large bio-
molecules include pro-
teins, nucleic acids, 
carbohydrates, and lipids.

6.b, 6.c

3.c, 6.a, 6.b

6.c, 9.c
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Start-Up Activities

419

What is a life chemical?
Chemical changes are 
essential parts of the 
chemistry of life. Is it 
possible to observe 
chemical changes and 
their products?

Procedure 
1. Read and complete a lab safety form.

2. Collect a plain wood splint and a burned 
wood splint, a new birthday candle, and 
a burned birthday candle.

3. Draw a line on a piece of white paper 
with each wood splint and the wicks of 
each candle.

4. Observe the differences in the lines on the 
paper with a hand lens.

Think About This
 Evaluate The black substance that made 
lines on the paper is composed of carbon. 
Where was this carbon before it turned 
black?

Visit        to:

▶ ▶ view

▶ ▶ explore Virtual Labs

▶ ▶ access content-related Web links

▶ ▶ take the Standards Check

 STEP 1 Collect  two sheets of paper and 
layer them about 2 cm apart vertically. 
Keep the left edges even.

 STEP 2 Fold  up the bottom edges of the 
paper to form 3 equal tabs. Crease the 
fold to hold the tabs in place.

 STEP 3 Staple  along the fold. Label as 
shown.

Substituted 
Hydrocarbons Make the 
following Foldable to 
explain the functional 
groups of substituted 
hydrocarbons.

Using What You Know 
As you read Lesson 2, explain how each 
group forms, describe its properties, and 
give examples for each functional group. 

6.b
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Learn It! Summarizing helps you orga-
nize information, focus on main ideas, and reduce the 
amount of information to remember. To summarize, 
restate the important facts in a short sentence or para-
graph. Be brief and do not include too many details.

Practice It! Read the text on page 422 
under the heading Elements of Life. Then read the sum-
mary below and look at the important facts from that 
passage.

These elements are carbon, hydrogen, 
nitrogen, oxygen, phosphorus, and sulfur.

All living organisms obtain these ele-
ments from their environment.

These elements go through natural cycles 
and they are reused over and over.

Many elements that are cycled are cycled 
as part of a compound.

Most of Earth’s biomass is com-
posed of six elements.

Important Facts

Summary

GetGet  ReadyReady  toto  ReadRead

420

Summarize

Apply It! Practice summarizing 
as you read this chapter. Stop after each lesson 
and write a brief summary.
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Target Your Reading
Use this to focus on the main ideas as you read the chapter.

1  Before you read the chapter, respond to the statements 
below on your worksheet or on a numbered sheet of paper.

• Write an A if you agree with the statement.

• Write a D if you disagree with the statement.

2  After you read the chapter, look back to this page to see if 
you’ve changed your mind about any of the statements.

• If any of your answers changed, explain why.

• Change any false statements into true statements.

• Use your revised statements as a study guide.

Reread your summary to 

make sure you didn’t 

change the author’s original 

meaning or ideas.

 1  Living things are primarily made of six elements.

 2  Carbon is the only element that goes through a cycle 
between living and nonliving organisms.

 3 Human blood contains a small percentage of water.

 4 Ice is more dense than liquid water.

 5  Water is a polar molecule.

 6 Carbon molecules have three-dimensional shapes.

 7  A compound that contains only hydrogen and carbon 
is called a hydrocarbon.

 8  The suffix in the name of a hydrocarbon indicates the 
type of bonds found in the compound.

 9 Nucleic acids are found only in plants.

 10  Lipids, proteins, and carbohydrates are examples of 
biomolecules.

Before You Read
A or D

Statement After You Read
A or D

Print a worksheet of
this page at:
 .ca8.msscience.com

http://ca8.msscience.com


LESSON 1
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Chemistry of Life 
Living organisms are made of molecules formed 

primarily of carbon, hydrogen, nitrogen, oxygen, phosphorus, 
and sulfur.

Real-World Reading Connection Think of things you have 
been doing today: eating, breathing, moving, and reading. All of 
these activities involve atoms and chemical reactions. Even when 
you are sitting still, atoms in your body are rearranging into dif-
ferent combinations of molecules.

Elements of  Life
The basic elements that you need to live are the same basic 

elements found in all living things. It may surprise you to learn 
that the number of elements found in all living things is quite 
small. More than 96 percent of your body is made of just four 
elements, as shown in Figure 1. These elements are carbon, 
hydrogen, oxygen, and nitrogen. Sulfur and phosphorus also are 
found in your body in small amounts. These six elements make 
up most of Earth’s biomass. Biomass is the total mass of all liv-
ing matter. Living matter, which includes all plants and animals, 
gets these elements from the environment. These elements flow 
through the environment in natural cycles.

Reading Guide

What You’ll Learn

▼ List the six elements that 
can combine in many 
different ways to make up 
most of the molecules in 
living things.

▼ Describe how carbon, 
nitrogen, and phosphorus 
go through natural cycles.

▼ Explain why water is 
important to life.

Why It’s Important
The basic elements that are 
needed to keep humans alive 
are also needed to keep 
plants and animal alive.

Vocabulary
biomass
polar molecule
nonpolar molecule

Review Vocabulary
element: a substance that 
cannot be broken down into 
simpler substances (p. 195) 

Figure 1 The human body 
is composed of primarily four 
elements: oxygen, carbon, 
hydrogen, and nitrogen.

  Science Content 
Standards

6.b Students know that living organisms 
are made of molecules consisting largely 
of carbon, hydrogen, nitrogen, oxygen, 
phosphorus, and sulfur. 
6.c Students know that living organisms 

have many different kinds of molecules, 
including small ones, such as water and salt, 
and very large ones, such as carbohydrates, 
fats, proteins, and DNA.
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Figure 2 Carbon and 
oxygen are cycled 
through the environment 
by natural processes.

Explain what roles humans 
have in the carbon cycle.

Cycles in Life
The flow of matter through a food web is part of the natural 

cycles of carbon, nitrogen, and phosphorus. Hydrogen, oxygen, 
and sulfur flow through food webs too. They are included in the 
molecules that flow through these natural cycles. Notice how often 
oxygen is attached to molecules containing carbon in the carbon 
cycle shown in Figure 2. 

The Carbon Cycle
The carbon cycle, shown in Figure 2, shows how carbon and 

oxygen cycle through an ecosystem. Plants obtain carbon in the 
form of carbon dioxide from the atmosphere to make carbon-
based sugar molecules. Plants use sugars to store energy and to 
provide energy for growth and other cellular processes. When ani-
mals eat plants, they obtain carbon that is needed for cellular pro-
cesses in their bodies. As they digest these foods, they breathe out 
carbon dioxide as a waste product. Carbon compounds are passed 
from animal to animal when one animal eats another. 

 Some carbon also cycles when fossil fuels such as coal and nat-
ural gas burn, as shown in Figure 2. Fossil fuels are carbon com-
pounds buried deep underground that formed millions of years 
ago from living organisms. During burning, fossil fuels undergo a 
chemical reaction and are changed to carbon dioxide and water 
vapor. The carbon dioxide is released into the atmosphere and 
absorbed by plants, as shown in Figure 2.

 
How is carbon used in the bodies of animals and 
where is it obtained?

ACADEMIC VOCABULARY
cycle (SI kuhl)
(noun) a recurring sequence 
of events
In the water cycle, water is 
moving between Earth and the 
atmosphere.




Figure 3 The nitrogen 
cycle continuously cycles 
nitrogen so that it can be 
used by living organisms.

Explain what role nitrogen-
fixing bacteria have in the 
nitrogen cycle.
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The Nitrogen Cycle
Figure 3 shows how nitrogen cycles through living and nonliving 

parts of the environment. Although the atmosphere is 78 percent 
nitrogen, most plants cannot use this source of nitrogen. Certain 
types of bacteria, called nitrogen-fixing bacteria, live in  soil and 
convert nitrogen in the air into nitrogen compounds that plants 
can use. Plants then absorb the nitrogen compounds as nutrients 
from the soil. The nitrogen is used to make compounds that are 
used to form plant cells and for cellular processes. Nitrogen com-
pounds pass through the food web from producers to consumers 
when consumers eat the plants. Nitrogen also passes through a 
food web when a consumer eats another consumer. Decomposers 
also play a role in the nitrogen cycle, as shown in Figure 3. Decom-
posers break down nitrogen compounds found in dead organisms.

The Phosphorus Cycle
Phosphorus (FAHS frus) is another element that cycles through 

living and nonliving parts of the environment. Natural processes 
make phosphorus available to living organisms by breaking down 
rocks that contain phosphorus. The roots of plants absorb small 
particles of phosphorus from the soil. The plants use phosphorus 
to make molecules needed by the plants. Consumers get phospho-
rus by consuming plants or by consuming other organisms that 
have eaten plants. 

SCIENCE USE V. COMMON USE 
process
Science Use a series of actions, 
changes, or functions bringing 
about a result. The carbon 
cycle is a natural process that 
results in the reuse of the ele-
ment carbon. 
Common Use to handle 
through a routine set of 
procedures.  The students did 
not understand the teacher’s 
process for grading research 
papers.




Figure 4 This sample of human 
blood has been separated into its 
two primary components—red 
blood cells and plasma. Plasma is 
90 percent water, which gives 
blood its fluid properties.
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Water and Living Organisms
Carbon, nitrogen, and phosphorus are important elements that 

make up living tissue. However, living organisms cannot survive 
without water. In fact, an individual cell is about 70 percent water 
by weight, and the human body is about 60 percent water by 
weight. Essentially all of life’s processes, such as the absorption of 
nutrients and the elimination of wastes, occur in a water mixture.

The Importance of Water 
In organisms, such as humans, the bloodstream carries dis-

solved nutrients to cells. The bloodstream also carries waste prod-
ucts away from the cells. This is possible because the liquid 
portion of blood, called plasma, is 90 percent water. Figure 4 
shows the plasma in separated human blood. The fluid properties 
of water enable blood to flow through the body. Water is also used 
in plants to transport nutrients. Like blood, plant sap is mostly 
water. Even tiny, single-celled organisms are dependent upon water 
for survival. Many single-celled organisms cannot live unless they 
are in a wet environment. Water is used by these tiny organisms 
to move nutrients into the cell and move waste out of the cell.

Explain the importance of water to living organisms.

Water and Life on Other Planets
Because water is essential for life on Earth, scientists use the 

existence of water as an indicator of life on other planets. One of 
the missions of the Mars Rover was to determine whether water 
was present on Mars. Scientists knew that if water was present on 
Mars, it was possible for life to exist there. Evidence collected sug-
gests that Mars once had liquid water. However, no evidence of life 
was found.

How much 
water is in 

celery?

Procedure
1. Place a celery stick in 

a sealable plastic 
sandwich bag.

2. Use a pencil or a rolling 
pin to squeeze the 
water out of the celery.

Analysis
1. Estimate the amount of 

water that was squeezed 
out of the celery.

2. Infer why water is 
important to the sur-
vival of the celery plant.

6.c
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Table 1 Properties of Water 

Property of Water Example of a Benefit to Life

Hydrogen bonds hold water molecules 
together.

Leaves pull water upward from the roots; seeds swell and 
germinate; small insects can walk on water.

Hydrogen bonds absorb heat when they 
break and release heat when they form, 
minimizing temperature changes.

Water stabilizes the temperature of living organisms and the 
surrounding environment; this keeps the temperature from 
changing quickly, such as when the Sun sets or when living 
organisms are exposed to hot or cold temperatures.

Many hydrogen bonds must be broken for 
water to evaporate.

Evaporation of water, or sweating, cools body surfaces when 
water pulls heat from the body as the hydrogen bonds break.

Water molecules in ice are spaced farther 
apart than the molecules in liquid water.

Because ice is less dense than water, ice forms a protective, 
insulating layer on top of lakes and rivers. The liquid water 
below the ice keeps fish and other organisms alive.

Water is a polar molecule making ions and 
other polar molecules soluble in water.

Many kinds of ions and molecules can move freely in and out 
of cells in a water solution, allowing many chemical processes 
to occur in living organisms.
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Life-Sustaining Properties of Water
Water has unique properties that make it essential for life. These 

properties are due to the structure of the water molecule. Water is 
a polar molecule. A polar molecule is a molecule that has a posi-
tive end and a negative end because of unequal sharing of elec-
trons. A nonpolar molecule is a molecule that shares electrons 
equally and does not have oppositely charged ends. Figure 5 shows 
the molecular structure of a water molecule. Notice that the 
exposed electrons of the molecule give one side of the water mole-
cule a slightly negative charge. The hydrogen nuclei give the other 
side of the water molecule a slightly positive charge. 

Hydrogen Bonding Individual water molecules act like tiny 
magnets. The positive end of one molecule attracts the negative 
end of another polar molecule. And the negative end of one mole-
cule attracts the positive end of another polar molecule. This weak 
attraction between water molecules is called hydrogen bonding. 
Hydrogen bonding gives water molecules many unique properties 
that are essential for life. Table 1 explains some of these properties.

 Table 1 Choose three properties of water and explain 
why it benefits living organisms.

Dense Liquid If you have ever seen ice floating on top of a lake, 
you have seen another characteristic of water. Because ice is less 
dense than water, it can form a protective layer, protecting organ-
isms from freezing temperatures.

WORD ORIGIN
polar
 from Latin polus; means 
directly opposite

�-

H H

O

�+ �+

Figure 5 Water is a polar 
molecule. 

Explain how this structure is 
related to hydrogen bonding.
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LESSON 1 Review
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What You Have Learned
You have read that most of Earth’s biomass is composed pri-

marily of six elements—carbon, hydrogen, nitrogen, oxygen, phos-
phorus, and sulfur. All living organisms obtain these elements 
from their environment. These elements go through natural cycles 
where they are used and reused by organisms. Other elements are 
cycled because they are found in compounds that are part of natu-
ral cycles.

Water’s unique properties make it essential for life. All life pro-
cesses occur in water mixtures. The hydrogen bonding between 
water molecules causes it to stabilize temperatures of living things. 
Water’s lesser density as a solid than as a liquid allows it to insulate 
bodies of water. 

Science nline
For more practice, visit Standards 
Check at  .

Summarize
Create your own lesson sum-
mary as you write a script for 
a television news report. 

1. Review the text after the 
red main headings and 
write one sentence about 
each. These are the head-
lines of your broadcast. 

2. Review the text and write 
2–3 sentences about each 
blue subheading. These 
sentences should tell who, 
what, when, where, and 
why information about 
each red heading.

3. Include descriptive details 
in your report, such as 
names of reporters and 
local places and events.

4. Present your news report 
to other classmates alone 
or with a team.

Standards Check

Using Vocabulary

1. Describe a polar molecule. 6.c

2. Use the term biomass in a 
sentence. 6.b  

Understanding Main Ideas

3. Organize Information Copy 
the graphic organizer below 
and fill in one fact from the 
lesson about the element or 
compound listed. 6.b, 6.c   

Substance Description

Carbon

Nitrogen

Phosphorus

Water

4. Describe the importance of 
water to living organisms. 6.c

5. Which is one of the six ele-
ments that make up most of 
Earth’s biomass?

A. copper

B. nitrogen

C. potassium

D. selenium 6.b

Applying Science

6. Design an experiment that 
determines the density of 
water and the density of ice.
 6.c  

7. Defend the concept of search-
ing for water on planets to 
determine whether or not they 
can support life. 6.c

ELA8: LS 2.1

ca8.msscience.com
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LESSON 2

Figure 6 Carbon and other elements form many 
compounds, including the compounds found in the 
horns, muscles, skin, and hair of these sheep.

Carbon Compounds
Organic molecules of various sizes, shapes, and 

chemical properties are based on carbon. 

Real-World Reading Connection Have you ever read about 
a comic-book superhero changing a lump of coal into a dia-
mond? Comic-book stories such as this are fictional, but the 
real-life examples of carbon are just as amazing.

Organic Compounds 
Except for water and salts, most compounds in living cells are 

organic compounds. The skin, hair, horns, and tissues of the 
bighorn sheep in Figure 6 also are made of organic compounds. 
An organic compound is a compound that contains the element 
carbon. There are so many different types of carbon compounds 
that an entire branch of chemistry is devoted to them—organic 
chemistry. All organic compounds contain carbon atoms. How-
ever, not all compounds that contain carbon are organic. For 
example, carbon dioxide contains carbon but it is not an 
organic compound.

Reading Guide

What You’ll Learn

▼ Explain why carbon is able 
to form many compounds.

▼ Describe molecular shapes 
of carbon compounds.

▼ Identify functional groups 
in organic compounds.

Why It’s Important
Living organisms are made of 
carbon compounds.

428 Chapter 10 • Chemistry of Living Systems

Vocabulary
organic compound
hydrocarbon 
saturated hydrocarbon
unsaturated hydrocarbon
functional group
amino acid 

Review Vocabulary
covalent bond: a chemical 
bond that forms when 
atoms share electrons 
(p. 225)

  Science Content 
Standards

3.c  Students know atoms and molecules 
form solids by building up repeating 
patterns, such as the crystal structure of 
NaCl or long-chain polymers.
6.a  Students know that carbon, because of 

its ability to combine in many ways with 
itself and other elements, has a central role 
in the chemistry of living organisms.
6.b  Students know that  living organisms 

are made of molecules consisting largely of 
carbon, hydrogen, nitrogen, oxygen, 
phosphorus, and sulfur. 
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Lesson 2 • Carbon Compounds 429

Carbon Bonds
Carbon is a unique element because of the type of bonds it can 

form. Carbon can form four covalent bonds with other elements 
and with other carbon atoms. Carbon can form short chains, long 
chains, branched chains, and rings. Figure 7 shows a few examples 
of the millions of carbon molecules that exist. Just as the structure 
of the compounds varies, so do the properties. 

Another unique property of carbon is its ability to form double 
and triple bonds. Notice the double bonds in ethylene and vanillin 
shown in Figure 7. Ethyne, or acetylene, shown in Figure 7, is an 
example of a molecule with a triple bond.

 Figure 7 Identify each compound that contains a 
single bond, a double bond, and a triple bond.

Vanillin

Figure 7 Carbon has a central role in the chemistry of living 
things because of the different types of bonds it can form.

Methane Ethylene

Ethyne
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Hydrocarbons
One of the most common elements bonded to carbon is hydro-

gen. Molecules that contain only carbon and hydrogen atoms are 
called hydrocarbons. The simplest hydrocarbon is methane. 
Recall that methane contains one carbon atom and four hydrogen 
atoms. Figure 8 shows the structure of four simple hydrocar-
bons—methane, ethane, propane, and butane. Notice the differ-
ences in their structures.

Figure 8 How many carbon atoms are in propane?

Naming hydrocarbons Not all hydrocarbons are as simple as 
methane, ethane, and propane. Because carbon bonds easily to 
other atoms, it can form long chains and complicated ring struc-
tures. Many of these molecules also contain double and triple 
bonds. The type of bonds found in a hydrocarbon is one way in 
which they are classified. A saturated hydrocarbon is a compound 
that contains only single covalent bonds between carbon atoms. 
An unsaturated hydrocarbon is a compound that contains at least 
one double or triple covalent bond between carbon atoms, such as 
ethylene or ethyne. The structure of the molecule determines the 
name of the hydrocarbon. Figure 9 illustrates how hydrocarbons 
and other organic compounds are named. 

 Figure 9 Explain how the name cyclopentane was 
derived.

WORD ORIGIN
saturate
 from Latin saturatus; means to 
fill, drench

Figure 8 Methane, ethane, propane, and butane are four 
of the simplest hydrocarbons and organic compounds.
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Visualizing Organic Chemistry Nomenclature

PREFIXES The prefix of the name for an 
organic compound describes how the carbon 
atoms in the compound are arranged. Organic 
molecules that have names with the prefix 
cyclo– contain a ring of carbon atoms. For 
example, cyclopentane contains five carbon 
atoms all joined by single bonds in a ring.

SUFFIXES The suffix of the name for an organic com-
pound indicates the kind of covalent bonds joining the 
compound’s carbon atoms. If the atoms are joined by 
single covalent bonds, the compound’s name will end in 
–ane. If there is a double covalent bond in the carbon 
chain, the compound’s name ends in –ene. Similarly, if 
there is a triple bond in the chain, the compound’s name 
will end in –yne.

Figure 9
More than one million organic com-
pounds have been discovered and 
created, and thousands of new ones 
are made in laboratories every year. 
To keep track of these carbon-con-
taining molecules, the International 
Union of Pure and Applied Chemistry, 
or IUPAC, devised a special naming 
system (a nomenclature) for organic 
compounds. As shown here, different 
parts of an organic compound’s 
name—its root, suffix, or prefix—
give information about its size and 
structure.

ROOT WORDS The key to every 
name given to a compound in 
organic chemistry is its root 
word. This word tells how many 
carbon atoms are found in the 
longest continuous carbon chain 
in the compound. Except for 
compounds with one to four 
carbon atoms, the root word is 
based on Greek numbers.

Carbon 
Atoms

Name Molecular Formula

1 Methane CH4

2 Ethane CH3CH3

3 Propane CH3CH2CH3

4 Butane CH3CH2CH2CH3

5 Pentane CH3CH2CH2CH2CH3

6 Hexane CH3CH2CH2CH2CH2CH3

7 Heptane CH3CH2CH2CH2CH2CH2CH3

8 Octane CH3CH2CH2CH2CH2CH2CH2CH3

9 Nonane CH3CH2CH2CH2CH2CH2CH2CH2CH3

10 Decane CH3CH2CH2CH2CH2CH2CH2CH2CH2CH3

Contributed by National Geographic



Figure 10 Functional 
groups change the prop-
erties of hydrocarbons. 

Explain how the substitution 
of the hydroxyl group for 
hydrogen changed the proper-
ties of the hydrocarbon.
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Substituted Hydrocarbons
Carbon and hydrogen make up the basic structure of most 

organic compounds. However, organic compounds can contain 
other elements as well. Oxygen, nitrogen, phosphorus, and sulfur 
are examples of elements that can form chemical groups called 
functional groups. A functional group is a group of atoms that 
replaces a hydrogen atom in organic compounds. Organic com-
pounds that contain functional groups are called substituted 
hydrocarbons. 

Hydroxyl Group 
One common type of functional group is the hydroxyl group. A 

hydroxyl group contains an oxygen atom and a hydrogen atom 
covalently bonded to one another, as shown in Table 2. A hydro-
carbon substituted with a hydroxyl group is called an alcohol. Iso-
propyl alcohol is propane with the functional group –OH added to 
the center carbon atom in the compound. Isopropyl alcohol, or 
rubbing alcohol, kills bacteria and other potentially harmful 
microorganisms. 

Functional groups change the properties of the original hydro-
carbon, as shown in Figure 10. Hydrocarbons do not dissolve in 
water. Rubbing alcohol is 70 percent isopropyl alcohol and 30 percent 
water. The addition of the functional group to propane creates a 
liquid that is soluble in water.

Chemists use suffixes in the names of substituted hydrocarbons 
to indicate the functional group found in a compound. If the 
hydroxyl group is present in a compound, the name of the com-
pound usually ends in –ol to indicate that it is an alcohol. Isopro-
pyl alcohol also is known as propanol. The –ol suffix indicates that 
it is an alcohol.

ACADEMIC VOCABULARY
substitute (SUB stuh 
toot)
(verb) to take the place of 
another 
The mechanic substituted the 
new tire for the flat tire. 
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Table 2 Functional Groups

Suffix Type of 
Compound

Functional 
Group

Examples

–ol alcohol

–oic carboxylic acid

–amine amine
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Carboxyl Group
Another functional group found in substituted hydrocarbons is 

the carboxyl group. A carboxyl group contains a carbon atom, two 
oxygen atoms, and a hydrogen atom, as shown in Table 2. The 
carbon atom is bonded to one of the oxygen atoms with a double 
covalent bond. 

Acids that have a carboxylic acid functional group are called 
carboxylic acids. Aspirin, which is used as a pain reliever, is a 
carboxylic acid. Figure 11 shows the molecular structure of aspirin.

Other carboxylic acids include many pheromones. Pheromones 
are chemical compounds used by animals to communicate. When 
an ant finds food, it leaves behind a pheromone trail that other 
ants can follow to the food source. The toxin in ant stings is the 
carboxylic acid formic acid.

Carboxylic acids are also found in foods that you eat. Vinegar 
found in salad dressings contains acetic acid, which forms during 
the fermentation of many liquids, such as grape juice and apple 
juice. Citrus fruits, such as lemons, contain citric acid. Cheese, 
buttermilk, and yogurt contain lactic acid, which is formed during 
the fermentation of milk products.

Table 2 Identify the elements in a carboxyl group.

Figure 11 Aspirin 
is an organic acid. 
Notice the high-
lighted carboxylic 
acid group.

Illustrated Table Organize information about 
functional groups at . ca8.msscience.com
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Amino Group
Another common functional group found in living organisms is 

the amino group. The structure of the amino group is shown in 
Table 2. The amino group contains a nitrogen atom and two 
hydrogen atoms. The nitrogen atom is attached to a carbon atom 
to form a substituted hydrocarbon. The two hydrogen atoms are 
attached to the nitrogen atom.

Compounds that contain the amino group are called amines. 
Histamine, a hormone that sometimes causes watery eyes and 
sneezing, is an amine. Several of the B vitamins are amines. 
These include vitamin B1 and vitamin B6. Vitamin B1 is called 
thiamine (THI uh mun). Vitamin B6 is called pyridoxamine 
(pihr uh DOKS uh meen). Notice that these two vitamins have 
the suffix –amine in their names, which indicates that the com-
pounds contain the amino functional group.

What is the chemical structure of an amine?

Amino Acids
Some compounds can contain both an amino group and a car-

boxylic group. Compounds that contain both of these functional 
groups are called amino acids. An amino acid is a member of a 
class of organic compounds that are the basic building blocks 
of proteins. Because they contain both amino groups and car-
boxyl groups, amino acids are both amines and carboxylic acids. 
Figure 12 shows how these functional groups are arranged around 
a central carbon atom.

Twenty common amino acids can combine in various ways to 
make different protein molecules, much like the 26 letters in the 
alphabet can be used to make many different words. Your cells can 
make 11 of the 20 common amino acids. The other nine amino 
acids must be obtained from your diet.

Modeling 
Organic 

Compounds

Procedure 

1. Complete a lab safety 
form.

2. Your teacher will pro-
vide you with gum-
drops and toothpicks. 

3. Create a tetrahedral 
gumdrop model of 
methane to match the 
drawing in Figure 13. 
Use dark gumdrops for 
carbon, white gum-
drops for hydrogen, 
and toothpicks for 
bonds.

4. Create gumdrop mod-
els of ethylene and 
ethyne to match the 
drawings in Figure 13.

5. Rotate the gumdrop 
models in a variety of 
ways and observe simi-
larities and differences 
among the models.

 Analysis
1. Explain why three-

dimensional models 
are an important tool.

2. Identify the com-
pounds as saturated or 
unsaturated. Explain.

3. Explain why the meth-
ane model has more 
hydrogen atoms per 
carbon atom than 
either ethene or 
ethyne.

Figure 12 Glycine is one of the 20 
common amino acids. Look at the 
chemical formula to identify the amino 
group and the carboxylic acid group.

6.a
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Amino Acids and Proteins
Amino acids make up proteins, which make 

up living organisms and control many of their 
functions. There are fiberlike proteins, called col-
lagen, that make up the bone, skin, tendons, and 
cartilage. Another fiberlike protein, keratin, 
makes up the outermost layer of skin and hair, 
scales, hooves, nails, and feathers. The protein, 
fibrinogen, is a protein found in the blood that 
aids in the clotting of blood. Hemoglobin is a 
protein found in the blood that carries oxygen to 
the cells in the body. Other proteins control cel-
lular processes, contract muscle tissue, and fight 
viruses and bacteria that invade the body.

Shapes of  Molecules
Scientists use models like the ones shown in 

Figure 13 to study and explain the shapes of mole-
cules. The best way to learn about the three-
dimensional shapes of molecules is to make your 
own molecular models, like those shown in 
Figure 13. These are just three of the many possi-
ble shapes that molecules can have.

Tetrahedral
Methane is an example of a molecule that has 

a tetrahedral shape, as shown in Figure 13. A tet-
rahedral is shaped like a pyramid. The bonds 
around each carbon atom all have single bonds 
that form the molecule. 

Planar
Figure 13 shows the arrangement of atoms in a 

molecule of ethylene. The arrangement of hydro-
gen atoms around each carbon atom is a flat, tri-
angular arrangement. Because all six atoms lie in 
the same plane, it is a planar molecule.

Linear
The bottom illustration of Figure 13 shows 

ethyne as an example of a linear carbon com-
pound. In ethyne (HC�CH), the two carbon 
atoms are linked by a triple bond. Carbon diox-
ide (O=C=O) is also a linear molecule. 

Describe a tetrahedral shape.

Linear

Tetrahedral

Planar

Figure 13 Using models of molecules 
helps scientists understand the arrange-
ment of atoms and helps scientists under-
stand the chemical and physical properties.
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Science nline
For more practice, visit Standards 
Check at  .

Summarize
Create your own lesson 
summary as you organize 
an outline. 

1. Scan the lesson. Find and 
list the first red main 
heading.

2. Review the text after 
the heading and list 2–3 
details about the heading.

3. Find and list each blue 
subheading that follows 
the red main heading.

4. List 2–3 details, key terms, 
and definitions under 
each blue subheading.

5. Review additional red 
main headings and their 
supporting blue subhead-
ings. List 2–3 details about 
each.

What do you know about 
carbon compounds?

 You have read that carbon forms the basis of life because it 
forms many different organic molecules of various sizes, shapes, 
and chemical properties. Carbon compounds that contain only 
carbon and hydrogen are hydrocarbons. Groups of atoms, called 
functional groups, often replace one or more hydrogen atoms in a 
hydrocarbon. These substituted hydrocarbons form alcohols, car-
boxylic acids, amines, and amino acids. Substituted hydrocarbons 
form many of the molecules that are essential for life.

ca8.msscience.com

Standards Check

Using Vocabulary

1. Distinguish between a satu-
rated and an unsaturated 
hydrocarbon. 6.a

2. Use the terms organic com-
pound and hydrocarbon in a 
sentence. 6.a

Understanding Main Ideas

3. Organize Copy and fill in 
the graphic organizer below 
to summarize functional 
groups. 6.a

 Functional Groups

Group Structure

Hydroxyl

Carboxyl

Amino

4. Explain why carbon is able to 
form so many compounds.
 6.b

5. Which element is NOT found 
in the carboxylic acid func-
tional group?

A. carbon 6.b
B. hydrogen

C. oxygen

D. sulfur

6. Analyze the shapes of the 
molecules for methane, ethyl-
ene, and ethyne. Explain why 
these molecules have these 
molecular shapes. 6.a

Applying Science

7. Draw a diagram of a hydrocar-
bon that has seven carbons 
and all single covalent bonds. 
What is the name of this 
hydrocarbon? 6.a

8. Defend the concept that 
eating a variety of foods is 
important for a healthful diet, 
using the term amino acids in 
your argument. 6.c

ELA8: R 2.3

http://ca8.msscience.com



Bond Lengths in Organic Compounds
Every organic compound has specific bond lengths and angles between 
the individual atoms of the molecules. Bond length is the distance 
between the nuclei of two bonded atoms. The table below shows the dis-
tance in picometers (1 pm � 10−12 m) between some common bond types.

Common Bond Type
Bond Bond Length (pm)
H–H 74

C–C 154

C�C 134

C–H 109

H–N 101

C–N 147

A molecule of ethene is shown below. 

Example
Ethene is composed of two carbon atoms and four hydrogen atoms. 
The carbon atoms are joined by a double bond. Each carbon atom is 
bonded to two hydrogen atoms. What is the bond length of H–C–H?

What you know:   the bond length of C–H

What you need to find:  the number of C–H bonds 

 • H–C–H is composed of two C–H bonds.
 • The bond length for each C–H is 109 pm.
 • 2 � 109 pm � 218 pm

Answer: The bond length of H–C–H is 218 pm.

Practice Problems
1.  What is the bond length of the double bond, C�C, in the eth-

ene molecule?

2.  What is the bond length of the ethene molecule?     

Science nline
For more math practice, 
visit Math Practice at 
ca8.msscience.com.
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6.a, 6.b
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Compounds of Life 
Large biomolecules include proteins, nucleic 

acids, carbohydrates, and lipids.

Real-World Reading Connection In an automobile assem-
bly line, factory workers build auto parts from smaller compo-
nents. The parts are then put together to make a car. Like an 
industrial assembly line, living organisms build cellular mole-
cules from smaller components and then put the molecules 
together to make cells. 

Polymers
If you have ever placed a sandwich in plastic wrap, you have 

used a polymer by using the plastic wrap. A polymer is a large 
molecule formed from smaller molecules called monomers. A 
monomer is a small molecule that forms a link in a polymer 
chain and can be made to combine with itself repeatedly. The 
plastic wrap that you use to wrap your sandwich is a synthetic 
polymer. Synthetic polymers are human-made polymer com-
pounds that are not found in nature. Natural polymers, such 
as those shown in Figure 14, are made by living organisms. Nat-
ural polymers include proteins, complex carbohydrates, and 
nucleic acids. 

Reading Guide

What You’ll Learn

▼ Describe the composition 
of biomolecules.

▼ Classify the major types 
of large, complex, organic 
molecules found in cells.

▼ Explain the roles of 
organic and other 
compounds in the body.

Why It’s Important
All living organisms contain 
similar biomolecules.

Vocabulary
polymer
monomer
synthetic polymer
natural polymer
biomolecule 
lipid
nucleic acid
carbohydrate

Review Vocabulary
compound: a pure 
substance that contains two 
or more elements (p. 218)

Figure 14 Peacock feathers 
and human hair are two exam-
ples of natural polymers.

  Science Content 
Standards

6.c  Students know that living organisms 
have many different kinds of molecules, 
including small ones, such as water and salt, 
and very large ones, such as carbohydrates, 
fats, proteins, and DNA.
9.c  Distinguish between variable and 

controlled parameters in a test. 
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Table 3 Biomolecules and 
Polymer Biomolecules

Biomolecules Biomolecules 
that Are 
Polymers

lipids proteins

proteins carbohydrates

carbohydrates nucleic acids

nucleic acids

Lesson 3 • Compounds of Life 439

Biological Molecules
The human body is made up of between 60 

and 80 percent water. The rest of the human 
body is composed of carbon and non-carbon 
compounds. All living organisms share the same 
few monomers that make up large natural poly-
mers. A large organic molecule found in living 
organisms is called a biomolecule. Examples of 
biomolecules include lipids, proteins, carbohy-
drates, and nucleic acids, as shown in Table 3. 
Recall that amino acids are the monomers that 
make up proteins. Sugars are the monomers that 
make up complex carbohydrates. Nucleotides are 
the monomers that make up nucleic acids. 

In addition to the three natural polymers—
proteins, carbohydrates, and nucleic acids—there 
is a fourth type of large molecule in living organ-
isms–lipids. A lipid is a biological compound, 
including fats and oils, that is not soluble in 
water. It contains carbon, hydrogen, and oxygen.

Nucleic Acids
A nucleic acid is a biomolecule that is found in 

all plant and animal cells. RNA and DNA are 
examples of nucleic acids that store cellular infor-
mation in cells in the form of a code. Recall that 
DNA, or deoxyribonucleic acid, is the genetic 
material of living organisms and is located in 
each cell. The DNA in your cells determines your 
eye color, hair color, and every other feature of 
your body. A single DNA molecule can contain 
millions of atoms. Recall that RNA, or ribonu-
cleic acid, is a nucleic acid that forms a copy of 
DNA for use in making proteins. 

DNA and RNA are composed of monomers 
called nucleotides, shown in Figure 15. Nucleic 
acids consist of three parts: a five-carbon sugar, a 
group called a phosphate group that contains 
phosphorus, and a base called the nitrogen group 
that contains nitrogen. All nucleotides contain 
the same phosphate group, but the sugar- and 
nitrogen-containing group varies.

 
What elements compose nucleic 
acids?

WORD ORIGIN
lipid
 from Greek lipos; means fat, 
grease

Figure 15 Nucleic acids are polymers formed 
from nucleotide monomers.




Lipids
Have you ever shaken a bottle of Italian salad dressing to mix 

the oil and vinegar? If so, you have seen a lipid. Recall that a lipid 
is not soluble in water and contains carbon, hydrogen, and oxygen. 
Like hydrocarbons, lipids are nonpolar molecules. Lipids that con-
tain phosphorus are important components of cell membranes. 
Lipids are also used to store energy in cells.

Lipids can be saturated or unsaturated. A saturated fat has only 
single bonds between its carbon atoms. Saturated fats, like the 
bacon shown in Figure 16, are solid at room temperature. An 
unsaturated fat has at least one double bond between carbon 
atoms. The olive oil in Figure 16 is an unsaturated fat. Unsaturated 
fats are liquid at room temperature. A polyunsaturated fat, such as 
sunflower oil and corn oil, has several double bonds between car-
bon atoms.

Carbohydrates
Glucose, sucrose, starch, and cellulose are examples of carbohy-

drates. A carbohydrate is an organic compound used by cells to 
store and release energy. Carbohydrates contain carbon, hydrogen, 
and oxygen. About 1–2 percent of the mass of your cells is carbo-
hydrates. Complex carbohydrates are polymers made from sugar 
monomers. Complex carbohydrates are used to create plant-cell 
walls and to store energy in all living organisms. Three main com-
plex carbohydrates are cellulose, starch, and glycogen. Cellulose is 
the fiber in wood and cotton. Starch is used by plants to store 
energy. It is part of many foods, such as pasta, rice, potatoes, 
bread, and tortillas, shown in Figure 17. Glycogen is a polymer 
used by animals to store energy.

440 Chapter 10 • Chemistry of Living Systems

Figure 17 Tortillas 
contain carbohydrates 
in the form of starch.

Figure 16 Bacon fat 
contains saturated fat, 
and olive oil contains 
unsaturated fat.
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Proteins
A protein is an organic polymer made of 

amino acid monomers. Figure 18 shows the gen-
eral structure of an amino acid. Notice that 
amino acids are made of an amino group, a car-
boxyl group, and another group called a side 
chain. The side chain is also referred to as an R-
group because it is the only group that is differ-
ent in all the 20 amino acids. The variable side 
chain, or R-groups, can be single hydrogen 
atoms or complex double-ring structures.

Proteins are not random arrangements of 
amino acid monomers. The amino acids that 
make up individual proteins have specific 
arrangements. The instructions for building pro-
teins from amino acids are stored in the DNA of 
a cell. The various arrangements of amino acids 
give proteins specific properties.

 
What functional groups compose 
proteins?

Other Elements in 
the Human Body

In addition to carbon molecules, living organ-
isms contain minerals, which are also elements. 
Living organisms obtain these elements from their 
diet. Figure 19 shows the function that sodium, 
which is found in table salt or NaCl, has in living 
organisms, including humans. Figure 19 also 
shows the source and function of other elements 
that are required by most living organisms.

 Figure 19 Choose three minerals and 
describe in your own words the source 
from your diet and their function in 
your body.

WORD ORIGIN
protein
 from Greek proteios; means the 
first quality

ACADEMIC VOCABULARY
random (RAN dum)
(adjective) lacking a definite 
plan, purpose, or pattern. The 
dog ran in a random manner. 

Figure 18 Amino acid monomers 
form proteins.

Figure 19 Even though minerals make up 
only a small percentage of the mass of a human 
body, they are essential for many functions.




LESSON 3 Review

What have you learned 
about biomolecules?

You have read that many of the molecules in living cells are 
large biomolecules. These biomolecules include lipids, proteins, 
carbohydrates, and nucleic acids. Nucleotides are the building 
blocks of nucleic acids. Sugars are the building blocks of carbohy-
drates. Amino acids are the building blocks of proteins.

Lipids are another group of biomolecules that are found in 
living organisms. Lipids, or fats, can be saturated or unsaturated. An 
unsaturated fat has at least one double bond in its structure. Satu-
rated fats contain only single bonds between the carbon atoms.

Living organisms also need minerals to support their cellular 
functions. These minerals are found in the nutrients that organ-
isms eat or absorb.
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Science nline
For more practice, visit Standards 
Check at  .

Summarize
Create your own lesson 
summary as you write a 
newsletter. 

1. Write this lesson title, 
number, and page num-
bers at the top of a sheet 
of paper. 

2. Review the text after 
the red main headings 
and write one sentence 
about each. These will be 
the headlines of your 
newsletter. 

3. Review the text and write 
2–3 sentences about each 
blue subheading. These 
sentences should tell who, 
what, when, where, and 
why information about 
each headline.

4. Illustrate your newsletter 
with diagrams of impor-
tant structures and pro-
cesses next to each 
headline. 

ca8.msscience.com

Standards Check

Using Vocabulary

1. Distinguish between a carbo-
hydrate and a protein. 6.c

2. In your own words, write the 
definition of biomolecule. 6.c

Understanding Main Ideas

3. Organize Copy and fill in the 
graphic organizer below to 
summarize one additional fact 
about each biomolecule. 6.c

Compounds of Life

Biomolecule Fact

Lipids

Carbohydrates

Proteins

4. Explain What roles do nucleic 
acids, lipids, carbohydrates, 
and minerals have in the 
human body? 6.c

5. Which is NOT found in a 
nucleic acid?

A. amino group 6.c
B. carboxylic acid

C. hydroxyl group

D. phosphate group

6. Draw the following biomole-
cules and label the functional 
groups for each: nucleic acids, 
fats, carbohydrates, and 
proteins. 6.c

Applying Science

7. Evaluate Many athletes eat 
carbohydrates several days 
before a competition to 
increase the energy storage in 
their bodies. Discuss the 
advantages and disadvantages 
of this practice. 6.c

ELA8: W 2.1

http://ca8.msscience.com
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Which fat is healthy for you?
The fats and oils in your diet are lipids. Eating the right kinds of 
fats and oils makes a difference in your long-term health. A diet 
rich in saturated fats has been linked to heart disease and stroke. 
A diet rich that is rich in unsaturated lipids has been linked to 
people with good health. This data table includes the composi-
tion of a few fats and oils that many people eat daily.

Data
The table shows the percentage of saturated and unsaturated 
fatty acids present in various lipids.

 Percent Fatty Acid Present in Lipids

Lipid Saturated Unsaturated Other 
fatty 
acids

Palmitic 
fatty 
acid

Stearic 
fatty 
acid

Oleic 
fatty 
acid

Linoleic 
fatty 
acid

Butter 27 12 29 2 30

Beef fat 24 19 43 3 11

Soybean oil 11 4 24 54 7

Olive oil 13 3 71 10 3

Source: Food Fats and Oils, ninth edition. Institute of Shortening and Edible Oils. 

Data Analysis
1. Calculate  the percentage of saturated fatty acids in each lipid. 

2. Graph  the percentage of saturated fatty acids for each type of lipid. 

3. Identify  the lipid that contains the least percentage of saturated fats. 

4. Select  the lipid that is best for a heart-healthy diet.

 
Science Content Standards

6.c  Students know that living organisms have many different kinds of molecules, including small 
ones, such as water and salt, and very large ones, such as carbohydrates, fats, proteins, and DNA.
9.e  Construct appropriate graphs from data and develop quantitative statements about the 

relationship between variables.
MA8: ALG 6.0  
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 Data Table

Substance Interaction 
with Water

Interaction 
with Alcohol

Salt

Oil

Detergent/oil

Problem
Living systems are composed of many substances including water, 
salts, and lipids. Many cellular processes in the body occur 
because of polarity. Water and salts are polar substances. Lipids 
are nonpolar. Detergents are large molecules that have a polar 
end and a nonpolar end. How does the polarity of a molecule 
affect the processes in a living system?

Collect Data and Make Observations

1. Read and complete a lab safety form.
2. Copy the data table below in your Science Journal.
3. Pour 50 mL of water into one 250-mL beaker. Label the beaker. 

Pour 50 mL of rubbing alcohol into the other beaker. Label the 
beaker.

4. Add about 0.3 g of salt to each beaker and gently swirl both 
beakers for 30 s.

5. Record your observations in the data table.
6. Empty and rinse the beakers with water. Refill them as in 

step 3.
7. Using a dropper, add ten drops of vegetable oil to each beaker, 

and record your observations.
8. Add five drops of dish detergent to each beaker and gently 

swirl for 30 s.
9. Record your observations.

Polarity and Living Systems

Safety Precautions

WARNING: Rubbing 
alcohol is flammable.

Materials
250-mL beakers (2)
water
rubbing alcohol
table salt
dropper
vegetable oil
liquid dishwashing
 detergent
graduated cylinder
balance

  Science Content 
Standards

6.c Students know that living organisms 
have many different kinds of molecules, 
including small ones, such as water and salt, 
and very large ones, such as carbohydrates, 
fats, proteins, and DNA.
9.c Distinguish between variable and 

controlled parameters in a test.
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Analyze and Conclude

1. Compare and contrast  how salt, oil, and deter-
gent reacted in the water and alcohol.

2. Explain  why the salt readily dissolved in the water 
but not in the rubbing alcohol.

3. Explain  why the oil did not dissolve in or mix with 
the water.

4. Distinguish Which were the variables and which 
were the controlled parameters in this investiga-
tion?

5. Infer The plasma membrane surrounding cells is 
composed of a sandwich of molecules that have a 
polar end and a nonpolar end. The polar ends 
form the outside layer of the membrane and the 
nonpolar ends are on the inside layer of the mem-
brane. Infer how this structure is beneficial to the 
transport of materials in and out of the cell.

6. Think Critically Living systems have detergentlike 
molecules in them. Based on your observation of 
the detergentwater-oil mixture, what role(s) might 
these detergentlike molecules play in a living sys-
tem?

7. Think Critically Blood contains water, salts, lip-
ids, and detergentlike molecules. Determine which 
of these compounds would be suspended and 
which would form a solution with the blood.

Communicate

Research  the structure of the plasma membrane. 
Find out the role that polarity plays in transporting 
materials into and out of the cell. Create visual aids 
and present a short report to your class.

ELA8: W 2.3
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Like the scientist in the photo, Krishna Foster is an 
atmospheric chemist. Her research on the chemical 
composition of our atmosphere and sunlight’s effects 
on it took her to the Arctic. She spent many months 
conducting tests on gases related to the ozone layer. 
Many atmospheric chemists are currently doing 
studies trying to determine what is happening with 
global warming.

Something in the Air…

Now, Spit!
Fast, safe, and cheap saliva tests may soon replace blood 
tests. Scientists at Oregon Health and Science University 
of Dentistry are using Multidimensional Protein Identifi-
cation Technology, a method that uses spectrography 
and chromatography to identify protein “markers” in 
saliva that indicate the presence of disease. With this 
technology, testing for some cancers or diabetes would 
only require a patient to spit in a cup or lick a swab!

How do you think saliva testing might change our 
lives? Visit TechnologyTechnology at ca8.msscience.com to 
find out more about this test. Write 200–300-words 
about how saliva testing might change lives.

Visit CareersCareers at ca8.msscience.com to learn 
more about what atmospheric chemists do. Write 
a 500–700-word essay about how the work that 
atmospheric chemists do is important to us all.

ELA8: W 2.2

(t)John Beatty/Photo Researchers, (b)Markus Matzel/Peter Arnold, Inc
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What do you mean 
by that?

What would the world be like if scientists had no com-
mon language? For example, if you discovered a new 
molecule and named it “Fluffy,” no one would under-
stand what is was. But if you named it cyclopentane, 
scientists around the world would know its exact struc-
ture and composition. Cyclo means ring of carbon atoms. 
Pentane means a five-carbon compound with all single 
bonds. Thus, cyclopentane is a five-carbon compound 
joined by single bonds in a ring. Since 1919, scientists 
have followed rules for naming compounds. This process 
was determined by a single organization—the IUPAC 
(The International Union of Pure and Applied Chemistry).

Labeling Trans Fat
You probably heard a lot about healthy vs. 
unhealthy fats. That’s when food companies 
had to start including amounts of trans fat 
on nutrition labels. The new labeling require-
ment was partly the result of a 2003 lawsuit 
brought against a food company asking 
them to stop selling cookies to California’s 
children. The lawsuit was dropped when the 
food company voluntarily started making 
cookies with a healthier kind of fat.

Create alternative, descriptive names for hydrogen, 
oxygen, and water. Have a classmate suggest some-
thing else that your new name might refer to.

Visit SocietySociety at ca8.msscience.com to 
see the difference in molecular structure 
between unhealthy trans fat and healthier, 
unsaturated cis fat. Draw a diagram of 
each in your Science Journal. 

(t)International Union of Pure and Applied Chemistry, 
(b)Maximillion Stock Ltd/SPL/Photo Researchers

http://ca8.msscience.com
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CHAPTER

Interactive Tutor 

 
All living things share a common set of chemical elements that make up most 
cell molecules.

Standards Study Guide

Lesson 1 Chemistry of Life 

Living organisms are made of molecules formed 
primarily of carbon, hydrogen, nitrogen, oxygen, phosphorus, 
and sulfur.
• Living organisms are made of molecules consisting largely of carbon, 

hydrogen, nitrogen, oxygen, phosphorus, and sulfur.

• The elements that make up living things flow through the environment 
in natural cycles.

• Water is essential for all living organisms because most of life’s 
processes require water.

• biomass  (p. 422)
• nonpolar molecule  (p. 426)
• polar molecule  (p. 426)

Lesson 2 Carbon Compounds 

Organic molecules of various sizes, shapes, and 
chemical properties are based on carbon.
• Carbon has a central role in the chemistry of living things because of its 

ability to form bonds with itself and other elements.

• The names of organic compounds are derived from the structure of the 
compound.

• Many organic molecules in living systems contain functional groups.

• Scientists use models to understand the shape of molecules and their 
properties.

• amino acid  (p. 434)
• functional group  (p. 432)
• hydrocarbon  (p. 430)
• organic compound  (p. 428)
• saturated hydrocarbon  (p. 430)
• unsaturated hydrocarbon  (p. 430)

Lesson 3 Compounds of Life 

Large biomolecules include proteins, nucleic 
acids, carbohydrates, and lipids.
• Living organisms are composed of biomolecules including proteins, 

carbohydrates, nucleic acids, and lipids.

• DNA and RNA are nucleic acids composed of nucleotides.

• Lipids are classified as saturated or unsaturated.

• The three main complex carbohydrates are cellulose, starch, and 
glycogen.

• Proteins are made of amino acid monomers.

• The human body contains many elements that support life functions.

• biomolecule  (p. 439)
• carbohydrate  (p. 440)
• lipid  (p. 439)
• monomer  (p. 438)
• natural polymer  (p. 438)
• nucleic acid  (p. 439)
• polymer  (p. 438)
• synthetic polymer  (p. 438)

ca8.msscience.com

Download quizzes, key 
terms, and flash cards from 
ca8.msscience.com.

6.b, 6.c

3.c, 6.a, 6.b

6.c, 9.c

http://ca8.msscience.com
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CHAPTER

Linking Vocabulary and Main Ideas
Use vocabulary terms from page 448 to complete this concept map.

Using Vocabulary
Fill in each blank with the correct vocabulary term.

 9. A(n)      is a molecule that has a positive 
end and a negative end because of unequal shar-
ing of electrons.

10. The total mass of all living matter is     .

11. Molecules that contain only carbon and hydro-

gen are called     .

12. A large molecule formed from smaller molecules 

called monomers is a(n)     .

13. A(n)      is a compound that contains at 
least one double or triple covalent bond between 
carbon atoms.

14. A(n)      is an organic compound used by 
cells to store and release energy.

15. A polymer that is humanmade and not found in 

nature is a(n)     .

16. A group of atoms that replaces a hydrogen atom 

in organic compounds is called a(n)     .

17. The basic building blocks of proteins 

are     .

Standards Review

Visit ca8.msscience.com for:
 ▶  ▶ Vocabulary PuzzleMaker
 ▶  ▶ Vocabulary eFlashcards
 ▶  ▶ Multilingual Glossary

contain

Biological Molecules 
used by Living Systems

carbon 
compounds

which are

which are

3. 

such as

4. 5. 6. 7. 

water

which is a

2. 

1. 

which contain

oxygen

which can be

8. unsaturated

http://ca8.msscience.com
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CHAPTER

Standards Review 

Standards Review

ca8.msscience.com

Understanding Main Ideas
Choose the word or phrase that best answers the 
question.

1. What are the elements that make up most of 
Earth’s biomass?
A. carbon, calcium, magnesium, hydrogen, and 

oxygen
B. oxygen, hydrogen, carbon, nitrogen, phos-

phorus, and sulfur
C. carbon, hydrogen, iron, sodium, phosphorus, 

and potassium
D. oxygen, nitrogen, hydrogen, phosphorus, and 

calcium   6.b

2. How does carbon move from animals to plants 
in the carbon cycle?
A. animals eating plants 
B. decomposition
C. photosynthesis 
D. respiration   6.b

3. Plants obtain carbon, oxygen, and hydrogen from 
photosynthesis. 

  Which molecule supplies hydrogen to plants?
A. carbon dioxide
B. glucose
C. methane
D. water   6.b

4. What do ethane and ethylene have in common?
A. They are biomolecules.
B. They have the same functional group.
C. They are hydrocarbons.
D. They are substituted hydrocarbons. 6.a

5. Which elements compose bones and teeth?
A. carbon and magnesium
B. carbon and phosphorus
C. sodium and potassium
D. calcium and phosphorus  6.c

6. Which biomolecules are not natural polymers?
A. complex carbohydrates
B. lipids
C. nucleic acids
D. proteins    6.c

7. Which is NOT a characteristic of water?
A. Hydrogen bonding holds water molecules 

together.
B. Water stabilizes the temperature and environ-

ment of living organisms.
C. The solid form of water, ice, is more dense 

than liquid water.
D. Water molecules form solutions with many 

polar molecules and ions. 6.c

8. Which molecule contains a triple carbon-to-
carbon bond?
A. methane 
B. ethylene
C. propene 
D. ethyne   6.a

9. This illustration is an organic compound.

  Which type of organic compound is shown 
below?
A. alcohol 
B. amine
C. amino acid 
D. carboxylic acid   6.c

10. How many carbon atoms are there in a butane 
molecule?
A. 1
B. 2
C. 3
D. 4    6.a
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Applying Science
11. Describe two properties of water and explain 

how each property benefits life.  6.c

12. Predict what might happen to life on Earth if 
all the carbon dioxide were removed from the 
atmosphere.  6.a

13. Relate the density of water and ice to its impor-
tance to living organisms. 6.c

14. Compare and contrast saturated and unsatu-
rated hydrocarbons.  6.a

15. Infer why life is based on carbon even though 
carbon is not the most abundant element on 
Earth.  6.a

16. Relate how carbohydrates, proteins, and lipids 
are important to body functions.  6.c

17. Explain why proteins are important to your diet.  
  6.c

18. Analyze What do complex carbohydrates, pro-
teins, and lipids have in common?  6.c

19. Explain how hydrogen bonding in water is 
important to fish living in a large lake in the 
mountains in northern California. 6.c

20. Identify the type of organic compound below 
and explain how you identified it. 6.c

21.  Have students write a news report describing 
proteins, carbohydrates, and lipids, and their 
roles in the body. ELA8: W 1.1

Cummulative Review
22. Describe three regions of the periodic table that 

share similar properties.  7.a

23. Explain why adding sugar to iced tea is a physi-
cal change.  7.c

Applying Math

Use the table below to answer questions 24–26.

   

 Common Bond Type

Bond Bond Length (pm)

H–N 101

C–C 154

C–H 109

C=C 134

24. Ammonia has the formula NH3. It has three 
H–N bonds. What is the bond length for three 
H–N bonds? 

25. Methane has the formula CH4. It has four 
C–H bonds. What is the bond length for four 
C–H bonds? 

26. Propene has the formula C3H6. The molecule 
is shown below.

 What is the bond length of the entire 
molecule?
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Standards Assessment

 1  Which chemical formula below represents an 
amino acid?

A CH3COOH 6.b

B CH3NH2

C NH2CH2COOH

D CH4 

 2  Which molecule stores energy in the cells? 

A lipids 6.c

B proteins

C nucleic acids 

D carbohydrates 

 3  Ethamine is a substituted hydrocarbon. 

 What functional group is on this compound?

A alcohol  6.a

B amine 

C carboxylic acid 

D amino acid 

 4  Amino acids combine to form large organic 
polymers known as 

A carbohydrates. 6.c

B proteins.

C biomolecule. 

D nucleotides. 

 5  Which formula represents an alcohol? 

A CH3COOH  6.a

B CH3OH 

C CH3NH2 

D CH4 

 6  Organic compounds such as fats are called 

A lipids.  6.c

B proteins. 

C carbohydrates. 

D nucleic acids. 

 7  A model of methane is shown below. 

 What is the shape of this molecule?

A bent  6.a

B planar 

C linear 

D tetrahedral 

 8  What are the small units that make up poly-
mers called? 

A monomers  6.c

B isomers 

C plastics 

D carbohydrates 
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9  Compounds that contain the element carbon 
are called  

A organic compounds.  6.a

B polar molecule. 

C nonpolar molecule.

D hydrocarbon. 

10  Which chemical formula below represents an 
amine?  

A CH3COOH 6.c

B CH3NH2

C NH2CH2COOH

D CH4 

11  Which molecule is NOT a biomolecule? 

A lipid 6.c

B nucleic acid

C carboxylic acid

D protein

12  Based on its root name and suffix, what is the 
chemical formula of propyne? 

A H-C�C-CH3 6.a

B CH3-CH2-CH3

C H2C�CHCH3

D HC�CH 

13  Compounds that contain the elements carbon 
and hydrogen are called

A hydrocarbon.  6.a

B polar molecule. 

C nonpolar molecule.

D organic compound. 

14  Which elements are important in making up 
living tissue? 

A carbon, nitrogen, calcium 6.b

B phosphorus, carbon, calcium

C carbon, nitrogen, phosphorus

D nitrogen, phosphorus, calcium 

15  The total mass of all living matter is  

A biomass. 6.b

B biomolecule.

C  monomer.

D organic compound.

Use the figure below to answer questions 16 and 17. 

16  What is the name of this compound? 

A pentane 6.a

B pentene

C cyclopentane

D cyclopentene

17  What is the chemical formula for this com-
pound? 

A C5H12 6.a

B C5H10

C C5H8

D C5H14
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Nonfiction

Oxygen (Sparks of Life: Chemical Elements that Make Life Possible), by Jean Blash-

field, is the story of one of Earth’s most abundant elements. This book contains dis-

cussions of oxidation, ozone, respiration, and photosynthesis. Color photographs 

and diagrams make the content easier to understand. The content of this book is 

related to Science Standard 8.5.

Nonfiction

The Bone Lady: Life as a Forensic Anthropologist, by Mary Manhein, is a series of 

truthful accounts of how artifacts from a crime scene can be used to reconstruct 

the crime. This book introduces forensic science and crime-solving techniques. The 

content of this book is related to Science Standard 8.6.

Narrative Nonfiction

The Bone Detectives: How Forensic Anthropologists Solve Crimes and Uncover 
Mysteries of the Dead, by Donna Jackson, is the story of mapmaker on a routine 

survey who discovers a human skull. This book introduces the history of foren-

sics and demonstrates how scientists help criminologists solve mysteries. The 

content of this book is related to Science Standard 8.6.

Nonfiction

Hydrogen (Sparks of Life: Chemicals that Make Life Possible), by Jean Blashfield, is 

the story of the discovery of hydrogen, its importance as the “builder of the uni-

verse,” its position on the periodic table of elements, its chemical structure, and its 

common uses. The book includes an overview of some hydrogen uses. The content 

of this book is related to Science Standard 8.7.

Are you interested in learning more about chemical reactions, principles 
of chemistry, and the periodic table? If so, check out these great books.
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Choose the word or phrase that best answers the 
question.

1. Which term best describes a chemical reaction 
that absorbs heat energy?
A. catalytic 
B. exothermic 
C. endothermic
D. acidic 5.c

2. What is the pH of pure water at 25°C?
A. 0
B. 5 
C. 7 
D. 10 5.e

3. Which type of compound is formed when a 
�NH2 group replaces a hydrogen in a 
hydrocarbon?
A. alcohol
B. amine
C. amino acid
D. carboxylic acid 6.a

4. The decomposition of water is shown below.

2H2O � energy → 2H2 � O2 

 What is change in the number of hydrogen 
atoms during the reaction?
A. 0 
B. �4
C. �4
D. �2 5.b

5. Which is a chemical change?
A. Paper is shredded.
B. Liquid wax turns solid.
C. A raw egg is broken.
D. Soap scum forms. 5.a

Write your responses on a sheet of paper.

6. Explain why Lavoisier considered a chemical 
reaction similar to a mathematical equation. 5.b

7. Describe how litmus paper is used to determine 
the pH of a solution.  5.e

8. The illustration below shows benzene (left) and 
cyclohexane (right).
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 Compare and contrast the benzene and cyclo-
hexane molecules. 6.a

9. Explain The reaction of magnesium and oxygen 
gas forms magnesium oxide, MgO. Write the 
chemical equation for this reaction and explain 
the process you use to balance the equation. 5.b

10. Describe biomass. Identify the predominant ele-
ments in Earth’s biomass.  6.b

11. Analyze how a paper chain is a model of a pro-
tein. Describe the importance of proteins in the 
human body. 6.c

12. Explain how the polarity of water molecules 
makes water effective in dissolving ionic 
compounds.  7.c
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