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C 

0 

ENCOUNTER THE PHENOMENON 

Why is the water glowing? 

0D Ask Questions 
Do you have other questions about the phenomenon? If so, add them to the driving 

question board. 

m:mJ Claim, Evidence, Reasoning 

Make Your Claim Use your 

CER chart to make a claim 

about why the water is 

glowing. 

Collect Evidence Use the 

lessons in this module to 

collect evidence to support 

your claim. Record your 

evidence as you move 

through the module. 

Explain Your Reasoning You 

will revisit your claim and 

explain your reasoning at the 

end of the module. 

C, GO ONLINE to access your CER chart and explore resources that can help you collect

evidence. 

LESSON 1: Explore & Explain: 

Defining Oxidation and 

Reduction 

change: -1 reduction 

I 
change: +1 oxidation ! i'

+1-1 0 +1-1 0 

2KBr(aq) + Cl2(aq) --+ 2KCl(aq] + B,i(aq 

I + 

LESSON 1: Explore & Explain: 

Oxidation Numbers in Redox 

0 Smithsonian

Additional Resources 

Inspire Chemistry 9-12 Student Edition 3
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C 

0 

ENCOUNTER THE PHENOMENON 

Where do cameras 
get their power? 

0D Ask Questions 
Do you have other questions about the phenomenon? If so, add them to the driving 

question board. 

m:mJ Claim, Evidence, Reasoning 

Make Your Claim Use your 

CER chart to make a claim 

about where cameras get 

their power. 

Collect Evidence Use the 

lessons in this module to 

collect evidence to support 

your claim. Record your 

evidence as you move 

through the module. 

Explain Your Reasoning You 

will revisit your claim and 

explain your reasoning at the 

end of the module. 

0 GO ONLINE to access your CER chart and explore resources that can

help you collect evidence. 

0 Smithsonian

LESSON 1: Explore & Explain: LESSON 1: Explore & Explain: Additional Resources 

Redox in Electrochemistry Voltaic Cells and Energy 
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C 

0 

ENCOUNTER THE PHENOMENON 

What is fueling this natural fire? 

0D Ask Questions 
Do you have other questions about the phenomenon? If so, add them to the driving 

question board. 

em Claim, Evidence, Reasoning 

Make Your Claim Use your 

CER chart to make a claim 

about what is fueling this 

natural fire. 

Collect Evidence Use the 

lessons in this module to 

collect evidence to support 

your claim. Record your 

evidence as you move 

through the module. 

Explain Your Reasoning You 

will revisit your claim and 

explain your reasoning at the 

end of the module. 

0 GO ONLINE to access your CER chart and explore resources that can

help you collect evidence. 

0 Smithsonian

LESSON 1: Explore & Explain: LESSON 2: Explore & Explain: Additional Resources 

Hydrocarbons Properties of Alkanes 
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60 Inspire Science, Student Edition, Grade 12



Inspire Chemistry 9-12 Student Edition 61



62 Inspire Science, Student Edition, Grade 12



Inspire Chemistry 9-12 Student Edition 63



64 Inspire Science, Student Edition, Grade 12



Inspire Chemistry 9-12 Student Edition 65



66 Inspire Science, Student Edition, Grade 12



Inspire Chemistry 9-12 Student Edition 67



68 Inspire Science, Student Edition, Grade 12



Inspire Chemistry 9-12 Student Edition 69



70 Inspire Science, Student Edition, Grade 12



Inspire Chemistry 9-12 Student Edition 71



72 Inspire Science, Student Edition, Grade 12



Inspire Chemistry 9-12 Student Edition 73



74 Inspire Science, Student Edition, Grade 12



Inspire Chemistry 9-12 Student Edition 75



76 Inspire Science, Student Edition, Grade 12



Inspire Chemistry 9-12 Student Edition 77



78 Inspire Science, Student Edition, Grade 12



Inspire Chemistry 9-12 Student Edition 79



80 Inspire Science, Student Edition, Grade 12



Inspire Chemistry 9-12 Student Edition 81



82 Inspire Science, Student Edition, Grade 12



Inspire Chemistry 9-12 Student Edition 83



84 Inspire Science, Student Edition, Grade 12



Inspire Chemistry 9-12 Student Edition 85



86 Inspire Science, Student Edition, Grade 12



Inspire Chemistry 9-12 Student Edition 87



88 Inspire Science, Student Edition, Grade 12



Inspire Chemistry 9-12 Student Edition 89



90 Inspire Science, Student Edition, Grade 12



Inspire Chemistry 9-12 Student Edition 91



92 Inspire Science, Student Edition, Grade 12



Inspire Chemistry 9-12 Student Edition 93



94 Inspire Science, Student Edition, Grade 12



Inspire Chemistry 9-12 Student Edition 95



96 Inspire Science, Student Edition, Grade 12





S
hu

tt
er

st
oc

k 
/ 

M
ic

he
le

B

0695-0695_CHEM_NA_S_CH21_MO_138115.indd 07/01/19 08:49PM0695-0695_CHEM_NA_S_CH21_MO_138115.indd 07/01/19 08:49PM

SUBSTITUTED  
HYDROCARBONS AND 
THEIR REACTIONS

Program: HSS_NA Component: CO
PDF Pass

Vendor: Lumina Chapter: 21

C
op

yr
ig

ht
 ©

 M
cG

ra
w

-H
ill

 E
du

ca
tio

n

98 Inspire Science, Student Edition, Grade 12



0696-0696_CHEM_NA_S_CH21_IP_138115.indd 07/01/19 10:15AM

SUBSTITUTED HYDROCARBONS AND THEIR REACTIONS

ENCOUNTER THE PHENOMENON

Where do natural and synthetic 
dyes get their colors?

 Ask Questions
Do you have other questions about the phenomenon? If so, add them to the driving 
question board.

CER  Claim, Evidence, Reasoning
Make Your Claim Use your 
CER chart to make a claim 
about where natural and 
synthetic dyes get their color.

Collect Evidence Use the 
lessons in this module to 
collect evidence to support 
your claim. Record your 
evidence as you move 
through the module.

Explain Your Reasoning You 
will revisit your claim and 
explain your reasoning at the 
end of the module.

 GO ONLINE to access your CER chart and explore resources that can 
help you collect evidence.

LESSON 2: Explore & Explain: 
Alcohols, Ethers, and Amines

LESSON 1: Explore & Explain: 
Functional Groups 

Additional Resources
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Figure 1 All of these items contain 
at least one of the functional groups 
that you will study in this module. 
For example, the fruit and flowers 
have sweet-smelling aromas that are 
due to ester molecules.

Functional Groups
You read previously that in hydrocarbons, carbon atoms are linked only to other carbon 
atoms or hydrogen atoms. But carbon atoms can also form strong covalent bonds with 
other elements, the most common of which are oxygen, nitrogen, fluorine, chlorine, 
bromine, iodine, sulfur, and phosphorus.

Atoms of these elements occur in organic substances as parts of functional groups. In 
an organic molecule, a functional group is an atom or group of atoms that always reacts 
in a certain way. The addition of a functional group to a hydrocarbon structure always 
produces a substance with physical and chemical properties that differ from those of 
the parent hydrocarbon. All the items—natural and synthetic—in Figure 1 contain 
functional groups that give them their individual characteristics, such as smell.

 Disciplinary Core Ideas  Crosscutting Concepts  Science & Engineering Practices3D THINKING
C C C

SE
P DCI

COLLECT EVIDENCE
Use your Science Journal to 

record the evidence you collect as 
you complete the readings and 
activities in this lesson.

INVESTIGATE 
 GO ONLINE to find these activities and more resources.

 Virtual Investigation: Functional Groups
Use models to compare and contrast the functional groups of organic compounds in relation 
to the outcome of simple chemical reactions.
 Identify Crosscutting Concepts 
Create a table of the crosscutting concepts and fill in examples you find as you read.

LESSON 1
ALKYL HALIDES AND ARYL HALIDES

FOCUS QUESTION

How does a hydrocarbon’s properties change if you replace 
one of the hydrogens with a chlorine or fluorine atom?
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You can see the names of a few types of organic compounds that contain several 
important functional groups in Table 1. The symbols R and R' in the general formulas 
represent carbon chains or rings bonded to the  functional group. An * represents a 
hydrogen atom, carbon chain, or carbon ring.

Keep in mind that double and triple bonds between two carbon atoms are considered 
functional groups even though only carbon and hydrogen atoms are involved. Investi-
gating new structures requires a detailed examination of different materials, the struc-
tures of different components, and the connections of components to reveal their 
function. By learning the properties associated with a given functional group, you can 
predict the properties of organic compounds for which you know the structure, even if 
you have never studied them.

Organic Compounds Containing Halogens
The most simple functional groups can be thought of as substituent groups attached to 
a hydrocarbon. Recall that a substituent group is a side branch attached to a parent 
chain. The elements in group 17 of the periodic table—fluorine, chlorine, bromine, and 
iodine—are the halogens. Any organic compound that contains a halogen substituent is 
called a halocarbon. If you replace any of the hydrogen atoms in an alkane with a 
halogen atom, you form an alkyl halide. 

Table 1 Organic Compounds and Their Functional Groups
Compound Type General Formula Functional Group
Halocarbon R—X (X = F, Cl, Br, I) Halogen

Alcohol R—OH Hydroxyl

Ether R—O—R' Ether

Amine R—NH2 Amino

Aldehyde

C22_004A-904239

O

C H*
Carbonyl

Ketone

C22_005A-904239

O

C R'R
Carbonyl

Carboxylic acid

C22_006A-904239

O

C OH*
Carboxyl

Ester

C22_007A-904239

O

C* O R
Ester

Amide

C22_008A-904239

O

C
*

* *N
Amide

Get It?
Identify the types of organic compounds that contain a carbonyl group.
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An alkyl halide is an organic compound containing a halogen atom covalently bonded 
to an aliphatic carbon atom. The first four halogens—fluorine, chlorine, bromine, and 
iodine—are found in many organic compounds. For example, chloromethane is the alkyl 
halide formed when a chlorine atom replaces one of methane’s four hydrogen atoms, as 
shown in Figure 2.

An aryl halide is an organic compound containing a halogen atom bonded to a benzene 
ring or other aromatic group. The structural formula for an aryl halide is created by first 
drawing the aromatic structure and then replacing its hydrogen atoms with the halogen 
atoms specified. Remember that a benzene ring is represented as a hexagon (for the six 
carbon atoms that make up the ring) with a circle inside it (for the cloud formed by the 
three delocalized pairs of electrons). Replacing one of the hydrogens with chlorine 
results in chlorobenzene, as shown in Figure 3a.

Naming halocarbons
Organic molecules containing functional groups are given IUPAC names based on their 
main-chain alkane structures. For the alkyl halides, a prefix indicates which halogen is 
present. The prefixes are formed by changing the -ine at the end of each halogen name 
to -o. Thus, the prefix for fluorine is fluoro-, chlorine is chloro-, bromine is bromo-, and 
iodine is iodo-. The chain is numbered to give the lowest number at the first point of 
difference, as shown in Figure 3b. Notice that the prefix di- in 1,2-difluoropropane 
indicates that the molecule has two hydrogen atoms replaced by fluorine atoms.

C22_010A-904239

Chloromethane

Cl C H

H

H

Figure 2 Chloromethane is an alkyl halide that is used in the manufacturing 
process for silicone products, such as window and door sealants.

a b

C22_011A-904239

Cl
Chlorobenzene

Figure 3 These organic molecules are halides, as indicated by the halogen atoms 
represented in these structures. The name of an organic halide includes a prefix 
based on the halogen’s name. C22_012A-904239

C C

H

H

H

H

FH

Fluoroethane

C22_013A-904239

C

H

H

C C

F

H

H

H

FH

1,2-Difluoropropane
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C22_016A-904239

I

I

Br
1-Bromo-3,5-diiodobenzene

Figure 4 Organic molecules containing functional groups are named based on their main-chain structure 
using IUPAC conventions.

If more than one kind of halogen atom is present in the same molecule, the atoms are 
listed alphabetically in the name. Note how the alkyl halide in Figure 4a is named.

Similarly, the benzene ring in an aryl halide is numbered to give each substituent the 
lowest position number possible. If numbering is identical in two directions, give the 
lowest position number to the substituent that will be first in the name, as shown in 
Figure 4b.

EARTH SCIENCE    Connection  Alkyl halides are widely used as refrigerants. 
Until the late 1980s, alkyl halides called chlorofluorocarbons (CFCs) were widely used 
in refrigerators and air-conditioning systems. Because of their role in damaging the 
ozone layer, CFCs have been replaced by HFCs (hydrofluorocarbons). Molecules of 
hydrofluorocarbons contain only hydrogen atoms and fluorine atoms bonded to carbon 
atoms. One of the more common HFCs is 1,1,1,2-tetrafluoroethane, also called R134a.

C22_014A-904239

C1

Br

H

C2 C3

F

H

Cl

H

C4

H

H

HH

1-Bromo-3-chloro-2-fluorobutane

C22_015A-904239

F
Fluorobenzene

ba

Get It?
Infer why the lowest possible position number is used to name an aryl halide 
instead of using a randomly chosen position number.

PRACTICE Problems 
Name the alkyl or aryl halide whose structure is shown.
 1. 

C22_017A-904239

C

H

H

C

F

H

C

F

H

C H

H

H

H

2. 

C22_018A-904239

C

Cl

H

C

H

H

C

H

H

C

H

H

C H

Br

H

H

3. 

C22_019A-904239

Cl
Br

Br

 ADDITIONAL PRACTICE
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Properties and uses of halocarbons
It is easiest to talk about properties of organic compounds containing functional 
groups by comparing those compounds with alkanes, whose properties you have 
already studied. Table 2 lists some of the physical properties of certain alkanes and 
alkyl halides.

Compare the boiling points and densities of methane and chloromethane in Table 2. 
Next, compare the boiling points and densities of pentane and 1-chloropentane. Note 
that each alkyl chloride has a higher boiling point and a higher density than the alkane 
with the same number of carbon atoms. 

Now compare the boiling points and densities of the halogen-substituted pentanes. 
Note that the boiling points and densities increase as the halogen changes from fluorine 
to chlorine, bromine, and iodine. This trend occurs primarily because the halogens from 
fluorine to iodine have increasing numbers of electrons that lie farther from the halogen 
nucleus. These electrons shift position easily and, as a result, the halogen-substituted 
hydrocarbons have an increasing tendency to form temporary dipoles. Because the 
dipoles attract each other, the energy needed to separate the molecules also increases. 
Thus, the boiling points of halogen-substituted alkanes increase as the size of the 
halogen atom increases.

Organic halides are seldom found in nature, although human thyroid hormones are 
organic iodides. Halogen atoms bonded to carbon atoms are more reactive than the 
hydrogen atoms they replace. For this reason, alkyl halides are often used as starting 
materials in the chemical industry. Alkyl halides are also used as solvents and cleaning 
agents because they readily dissolve nonpolar molecules, such as greases. 

Table 2 A Comparison of Alkyl Halides and Their Parent Alkanes

Structure Name Boiling 
Point (°C)

Density (g/mL)  
in Liquid State

CH4 methane –162 0.423 at –162°C 
(boiling point)

CH3Cl chloromethane –24 0.911 at 25°C 
(under pressure)

CH3CH2CH2CH2CH3 pentane 36 0.626

CH3CH2CH2CH2CH2F 1-fluoropentane 62.8 0.791

CH3CH2CH2CH2CH2Cl 1-chloropentane 108 0.882

CH3CH2CH2CH2CH2Br 1-bromopentane 130 1.218

CH3CH2CH2CH2CH2I 1-iodopentane 155 1.516

Increases Increases

Get It?
Explain the relationship between the number of electrons in the halogen and the 
boiling point.

Program: HSS_NA Component: Lesson 
PDF Pass

Vendor: Lumina Chapter: 21

C
op

yr
ig

ht
 ©

 M
cG

ra
w

-H
ill

 E
du

ca
tio

n

104 Inspire Science, Student Edition, Grade 12



sa
na

pa
dh

/i
S

to
ck

ph
ot

o/
G

et
ty

 Im
ag

es

0697-0702_CHEM_NA_S_CH21_L01_138115.indd 07/01/19 01:51PM0697-0702_CHEM_NA_S_CH21_L01_138115.indd 07/01/19 01:51PM

Figure 5 Polytetrafluoroethene (PTFE) is made up of hundreds of units. PTFE 
provides a nonstick surface for many kitchen items, including bakeware.

Figure 5 shows an application of polytetrafluoroethene (PTFE), a 
plastic made from gaseous tetrafluoroethylene. A plastic is a 
polymer that can be heated and molded while relatively soft. 
Another plastic commonly called vinyl is polyvinyl chloride 
(PVC). It can be manufactured soft or hard, as thin sheets, or 
molded into objects.

C22_020A-904239

C

F

F

PTFE

Get It?
Explain why alkyl halides are often used in the chemical 
industry as starting materials instead of alkanes.

Check Your Progress
Summary
• The substitution of functional 

groups for hydrogen in 
 hydrocarbons creates a wide 
variety of organic compounds.

• An alkyl halide is an organic 
compound that has one or 
more halogen atoms bonded to 
a carbon atom in an aliphatic 
compound.

Demonstrate Understanding
4. Compare and contrast alkyl halides and aryl halides.
5. Draw structures for the following molecules.
 a. 2-chlorobutane  c. 1,1,1-trichloroethane
 b. 1,3-difluorohexane d. 1-bromo-4-chlorobenzene
6.  Define functional group and name the group present 

in each of the following structures. Name the type of 
organic compound each substance represents.

 a. CH3CH2CH2OH  d. 

C22_024A-904239

O

CH3C OH b. CH3CH2F
 c. CH3CH2NH2

7.  Evaluate How would you expect the boiling points of 
propane and 1-chloropropane to compare? Explain 
your answer.

8.  Interpret Scientific Illustrations Examine the pair of 
substituted hydrocarbons shown, and decide whether 
it represents a 
pair of optical 
isomers. Explain 
your answer.

C22_025A-904239

Go online to follow your personalized learning path to review, practice, 
and reinforce your understanding.
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Alcohols
Many organic compounds contain oxygen atoms bonded to carbon atoms. Because an 
oxygen atom has six valence electrons, it commonly forms two covalent bonds to gain a 
stable octet. An oxygen atom can form a double bond with a carbon atom, replacing two 
hydrogen atoms, or it can form one single bond with a carbon atom and another single 
bond with another atom, such as hydrogen. An oxygen-hydrogen group covalently 
bonded to a carbon atom is called a hydroxyl group (–OH). An organic compound in 
which a hydroxyl group replaces a hydrogen atom of a hydrocarbon is called an alcohol. 
As shown in Table 3, the general formula for an alcohol is ROH. Table 3 also illustrates 
the relationship of the simplest alkane, methane, to the simplest alcohol, methanol.

Ethanol and carbon dioxide are produced by yeasts when they ferment sugars, such as 
those in grapes and bread dough. Ethanol is found in alcoholic beverages and medicinal 
products. Because it is an effective antiseptic, ethanol can be used to swab skin before 
an injection is given. It is also a gasoline additive and an important starting material for 
the synthesis of more complex organic compounds.

C22_026A-904239

Methane (CH4) Methanol (CH3OH)

Alkane Alcohol

OH

H

H

H

H C OH

H

H

H C

Table 3 Alcohols
General Formula Simple Alcohol and Simple Hydrocarbon

ROH 

R represents carbon chains or rings 
bonded to the functional group

LESSON 2
ALCOHOLS, ETHERS, AND AMINES 

FOCUS QUESTION

How does adding -OH or -NH3 change the properties of a 
hydrocarbon?

 Disciplinary Core Ideas  Crosscutting Concepts  Science & Engineering Practices3D THINKING
C C C

SE
P DCI

COLLECT EVIDENCE
Use your Science Journal to 

record the evidence you collect as 
you complete the readings and 
activities in this lesson.

INVESTIGATE 
 GO ONLINE to find these activities and more resources.

 ChemLAB: Observe Properties of Alcohols
Obtain, evaluate, and communicate information to model the relative strength of 
intermolecular forces of alcohols to describe and predict chemical reactions.

 Identify Crosscutting Concepts
Create a table of the crosscutting concepts and fill in examples you find as you read.
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C22_027A-904239

Ethanol Water

Figure 6 shows a model of an ethanol molecule and a model of a water molecule. As 
you compare the models, notice that the covalent bonds from the oxygen in ethanol are 
at roughly the same angle as the bonds around the oxygen in the water molecule. 
Therefore, the hydroxyl groups of alcohol molecules are moderately polar, as with water, 
and are able to form hydrogen bonds with the hydroxyl groups of other alcohol mole-
cules. Due to this hydrogen bonding, alcohols have much higher boiling points than 
hydrocarbons of similar shape and size.

Also, because of polarity and hydrogen bonding, ethanol is completely miscible with 
water. In fact, once they are mixed, it is difficult to separate water and ethanol com-
pletely. Distillation is used to remove ethanol from water, but even after that process is 
complete, about 5% water remains in the ethanol-water mixture.

On the shelves of drugstores, you can find bottles of ethanol labeled denatured alcohol. 
Denatured alcohol is ethanol to which small amounts of noxious materials, such as 
aviation gasoline or other organic solvents, have been added. Ethanol is denatured in 
order to make it unfit to drink. 

Because of their polar hydroxyl groups, alcohols make good solvents for other polar 
organic substances. For example, methanol, the smallest alcohol, is a common indus-
trial solvent found in some paint strippers, and 2-butanol is found in some stains and 
varnishes.

Figure 6 The covalent bonds from oxygen 
have approximately the same bonding angle 
in ethanol and water.

Get It?
Explain the difference in boiling points between alcohols and hydrocarbons of 
similar shape and size.

ACADEMIC VOCABULARY
bond
to connect, bind, or join 
An oxygen atom bonds to two carbon atoms in an ether.
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Figure 8 Alcohols can include one or more hydroxyl groups.

Note that the names of alcohols are based on alkane names, like the names of alkyl 
halides. For example, CH4 is methane, and CH3OH is methanol; CH3CH3 is ethane, and 
CH3CH2OH is ethanol. When naming a simple alcohol based on an alkane carbon chain, 
the IUPAC rules call for naming the parent carbon chain or ring first and then changing 
the -e at the end of the name to -ol to indicate the presence of a hydroxyl group. In 
alcohols of three or more carbon atoms, the hydroxyl group can be at two or more 
positions. To indicate the position, a number is added, as shown in Figure 7.

Now look at Figure 8a. The compound’s ring structure contains six carbons with only 
single bonds, so you know that the parent hydrocarbon is cyclohexane. Because an –OH 
group is bonded to a carbon, it is an alcohol and the name will end in -ol. No number is 
necessary because all carbons in the ring are equivalent. This compound is called 
cyclohexanol. It is a poisonous compound used as a solvent for certain plastics and in 
the manufacture of insecticides.

A carbon chain can also have more than one hydroxyl group. To name these compounds, 
prefixes such as di-, tri-, and tetra- are used before the -ol to indicate the number of 
hydroxyl groups present. The full alkane name, including -ane, is used before the prefix.

Figure 8b shows the molecule 1,2,3-propanetriol, commonly called glycerol. It is an 
alcohol containing more than one hydroxyl group. Glycerol is often used as an anti-
freeze and as an airplane deicing fluid.

C22_029A-904239

Cyclohexanol

OH

C22_030A-904239

1,2,3-Propanetriol (glycerol)

C

H

OH

C

H

OH

C

H

OH

HH

a b

a b

Get It?
Explain why 4-butanol and 3-butanol are not the correct names for the  
compounds in Figure 7.

Get It?
Explain why numbers are not used to name the compound shown in Figure 8a.

C22_028A-904239

1-Butanol

C1

H

OH

C2 C3

H

H

H

H

C4

H

H

HH

2-Butanol

C1

H

H

C2 C3

H

OH

H

H

C4

H

H

HH C22_028A-904239

1-Butanol

C1

H

OH

C2 C3

H

H

H

H

C4

H

H

HH

2-Butanol

C1

H

H

C2 C3

H

OH

H

H

C4

H

H

HH

Figure 7 The names of alcohols are based on alkane names.
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Ethers
Ethers are another group of organic compounds in which oxygen is bonded to carbon. 
An ether is an organic compound containing an oxygen atom bonded to two carbon 
atoms. Ethers have the general formula ROR’, as shown in Table 4. The simplest ether is 
one in which oxygen is bonded to two methyl groups. Note the similarity between 
methanol and methyl ether shown in Table 4.

The term ether was first used in chemistry as a name for ethyl ether, the volatile, highly 
flammable substance that was commonly used as an anesthetic in surgery from 1842 
until the twentieth century. As time passed, the term ether was applied to other organic 
substances having two hydrocarbon chains attached to the same oxygen atom.

Because ethers have no hydrogen atoms bonded to the oxygen atom, their molecules 
cannot form hydrogen bonds with each other. Therefore, ethers are generally more 
volatile and have much lower boiling points than alcohols of similar size and mass. 

Also because of the lack of hydrogen atoms bonded to the oxygen atom, ethers are 
much less soluble in water than alcohols. Ethers have no hydrogen to donate to a 
hydrogen bond with a water molecule. However, the oxygen atom of the ether can act 
as a hydrogen bond receptor for the hydrogen atoms of water molecules.

Table 4 Ethers
General Formula Methanol and Methyl Ether

ROR´ 
 

where R and R´ represent 
carbon chains or rings 
bonded to functional 

groups

C22_031A-904239

Methyl ether
bp = −25°C

Methanol
bp = 65°C

Examples of Ethers

C22_032A-904239

Cyclohexyl ether

O

C22_033A-904239

Butyl ethyl ether

CH3CH2 O CH2CH2CH2CH3

C22_034A-904239

Propyl ether

CH3CH2CH2 O CH2CH2CH3

C22_035A-904239

Ethyl methyl ether

CH3CH2 O CH3

Get It?
Infer why ethyl ether is undesirable as an anesthetic.
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When naming ethers that have two identical alkyl chains bonded to oxygen, first name 
the alkyl group and then add the word ether. Table 4 shows the structures and names of 
two of these symmetrical ethers, propyl ether and cyclohexyl ether. If the two alkyl 
groups are different, the groups are listed in alphabetical order and then followed by 
the word ether. Table 4 contains two examples of these asymmetrical ethers, butyl ethyl 
ether and ethyl methyl ether.

Amines
Amines contain nitrogen atoms bonded to carbon atoms in aliphatic chains or aromatic 
rings and have the general formula RNH2, as shown in Table 5.

Chemists consider amines to be derivatives of ammonia (NH3). Amines are considered 
primary, secondary, or tertiary amines depending on whether one, two, or three of the 
hydrogens in ammonia have been replaced by organic groups.

When naming amines, the –NH2 (amino) group is indicated by the suffix -amine. When 
necessary, the position of the amino group is designated by a number, as shown in the 
examples in Table 5. When only one amino group is present, the final -e of the root 
hydrocarbon is dropped, as in 1-butanamine. If more than one amino group is present, 
the prefixes di-, tri-, tetra- and so on are used to indicate the number of groups.

The amine aniline is used in the production of dyes with deep shades of color. The 
common name aniline is derived from the plant from which it was historically obtained. 
Cyclohexylamine and ethylamine are important in the manufacture of pesticides, 
plastics, pharmaceuticals, and rubber that is used to make tires.

All volatile amines have odors that humans find offensive, and amines are responsible 
for many of the odors characteristic of dead, decaying organisms. Two amines found in 
decaying human remains are putrescine and cadaverine. Specially trained dogs are used 
to locate human remains using these distinctive odors. Sniffer dogs are often used after 
catastrophic events and in forensic investigations.

Get It?
Infer how an understanding of amines might be useful in developing dyes like the 
ones in the module opener.

C22_036A-904239

NH2

Cyclohexylamine

C22_037A-904239

Ethylamine

CH3CH2

NH2

C22_038A-904239

Aniline
NH2

C22_039A-904239

1,1,4,4-Butanetetraamine

CHCH2CH2CH

NH2

NH2

NH2

NH2

C22_040A-904239

1,3-Propanediamine

CH2CH2CH2

NH2 NH2

Table 5 Amines
General Formula

RNH2
where R represents a carbon chain or ring bonded to the functional group

Examples of Amines
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Figure 9 These oil-field workers are drilling for petroleum. 
A single oil well can extract more than 100 barrels per day.
Explain the relationship between petroleum and synthetic 
organic compounds.

Substitution Reactions
From where does the immense variety of 
organic compounds come? Amazingly enough, 
the ultimate source of nearly all synthetic 
organic compounds is petroleum. The oil-field 
workers shown in Figure 9 are drilling for 
petroleum, which is a fossil fuel that consists 
almost entirely of hydrocarbons,  especially 
alkanes. How can alkanes be converted into 
compounds as different as alkyl halides, 
 alcohols, and amines?

One way is to introduce a functional group 
through substitution, as shown in Table 6. 
A substitution reaction is one in which one 
atom or a group of atoms in a molecule is 
replaced by another atom or group of atoms. 
With alkanes, hydrogen atoms can be replaced 
by atoms of halogens, typically chlorine or 
bromine, in a process called halogenation. 
One example of a halogenation reaction, 
shown in Table 6, is the substitution of a chlorine atom for one of ethane’s hydrogen 
atoms. Figure 10 on the next page shows another halogenated  hydrocarbon commonly 
called halothane  (2-bromo-2-chloro-1,1,1-trifluoroethane), which was first used as a 
general anesthetic in the 1950s.

Equations for organic reactions are sometimes shown in generic form. Table 6 shows 
the generic form of a substitution reaction. In this reaction, X can be fluorine, chlorine, 
or bromine, but not iodine. Iodine does not react well with alkanes.

Table 6 Substitution Reactions
Generic Substitution Reaction
R–CH3 + X2 → R–CH2X + HX

where X is fluorine, chlorine, or bromine 

Example of General Substitution Reaction 
(Halogenation)

C2H6 + Cl2 → C2H5Cl + HCl
Ethane    Chloroethane

General Alkyl Halide-Alcohol Reaction
R–X + OH– → R–OH + X–

Alkyl halide     Alcohol

Example of an Alkyl Halide-Alcohol Reaction
CH3CH2Cl + OH– → CH3CH2OH + Cl–

Chloroethane         Ethanol

General Alkyl Halide-Ammonia Reaction
R–X + NH3 → R–NH2 + HX

Alkyl halide     Amine

Example of an Alkyl Halide-Ammonia Reaction 
CH3(CH2)6CH2Br + NH3 → CH3(CH2)6CH2NH2 + HBr

1-Bromooctane        1-Octanamine

Get It?
Draw the molecular structure of halothane.
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Further substitution
Once an alkane has been halogenated, the 
resulting alkyl halide can undergo other types 
of substitution reactions in which the halogen 
atom is replaced by another atom or group of 
atoms. For example, reacting an alkyl halide 
with a basic solution results in the replace-
ment of the halogen atom by an –OH group, 
forming an alcohol. An example of an alkyl 
halide- alcohol reaction is shown in Table 6. 
The generic form of the alkyl halide-alcohol 
reaction is also shown in Table 6.

Reacting an alkyl halide with ammonia (NH3) 
replaces the halogen atom with an amino 
group (–NH2), forming an alkyl amine, also 
shown in Table 6. The alkyl amine is one of 
the products produced in this reaction. Some 
of the newly formed amines continue to react, 
resulting in a mixture of amines.

Figure 10 Halothane was introduced into medicine in the 
1950s as a general anesthetic for patients undergoing surgery.

Go online to follow your personalized learning path to review, practice, 
and reinforce your understanding.

Check Your Progress
Summary
• Alcohols, ethers, and amines 

are formed when specific 
functional groups substitute for 
hydrogen in hydrocarbons.

• Because they readily form 
hydrogen bonds, alcohols have 
higher boiling points and 
higher water solubilities than 
other organic compounds.

Demonstrate Understanding
 9.   Identify two elements that are commonly found in 

functional groups.
10.   Identify the functional group present in each of the 

following structures. Name the substance represented 
by each structure.

  a. 

C22_042A-904239

NH2

CH3CHCH3

 b. 

C22_043A-904239

OH

  c. 

C22_044A-904239

OCH3 CH2CH2CH3

 11.  Draw the structure for each molecule.
  a. 1-propanol  c. propyl ether
  b. 1,3-cyclopentanediol  d. 1,2-propanediamine
12.   Discuss the properties of alcohols, ethers, and  

amines, and give one use of each.
13.  Analyze Based on their structures, which compound 

is likely more water-soluble? Explain your reasoning.
  

C22_045A-904239

OCH3 CH3 

C22_046A-904239

OH

CH3CH2
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Organic Compounds Containing  
the Carbonyl Group
The arrangement in which an oxygen atom is double-bonded to a carbon atom is called 
a carbonyl group. This group is the functional group in organic compounds known as 
aldehydes and ketones.

Aldehydes 
An aldehyde is an organic compound in which a carbonyl group located at the end of a 
carbon chain is bonded to a carbon atom on one side and a hydrogen atom on the other. 
Aldehydes have the general formula *CHO, where * represents an alkyl group or a 
hydrogen atom, as shown in Table 7.

Table 7 Aldehydes
General Formula Examples of Aldehydes

*CHO

*represents an alkyl group or a 
hydrogen atom

Carbonyl group

C22_047A-904239

O

C
C22_048A-904239

Methanal
(formaldehyde)

O

C HH

C22_049A-904239

Ethanal (acetaldehyde)

OH

CC

H

H H

C22_051A-904239

Cinnamaldehyde

C

H

C

H

C H

O

C22_050A-904239

Benzaldehyde

C

H

O

OH

C

H

O

Salicylaldehyde

FOCUS QUESTION

How do hydroxyl groups and carbonyl groups functionally 
compare?

LESSON 3
CARBONYL COMPOUNDS

 Disciplinary Core Ideas  Crosscutting Concepts  Science & Engineering Practices3D THINKING
C C C

SE
P DCI

COLLECT EVIDENCE
Use your Science Journal to 

record the evidence you collect as 
you complete the readings and 
activities in this lesson.

INVESTIGATE 
 GO ONLINE to find these activities and more resources.

  ChemLAB: Make an Ester
Construct and explanation for the function of the compound created by a simple chemical 
reaction.
 Identify Crosscutting Concepts
Create a table of the  crosscutting concepts and fill in examples you find as you read.
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Aldehydes are formally named by changing the final -e of the name of the alkane with 
the same number of carbon atoms to the suffix -al. Thus, the formal name of the com-
pound methanal, shown in Table 7, is based on the one-carbon alkane methane. 

Because the carbonyl group in an aldehyde always occurs at the end of a carbon chain, 
no numbers are used in the name unless branches or additional functional groups are 
present. Methanal is also commonly called formaldehyde. Ethanal has the common 
name acetaldehyde. Scientists often use the common names of organic compounds 
because they are familiar to chemists.

An aldehyde molecule contains a polar, reactive structure. However, like ethers, alde-
hyde molecules cannot form hydrogen bonds among themselves because the molecules 
have no hydrogen atoms bonded to an oxygen atom. Therefore, aldehydes have lower 
boiling points than alcohols with the same number of carbon atoms. Water molecules 
can form hydrogen bonds with the oxygen atom of aldehydes, so aldehydes are more 
soluble in water than alkanes but not as soluble as alcohols or amines.

Formaldehyde has been used for preservation for many years, as shown in Figure 11. 
Industrially, large quantities of formaldehyde are reacted with urea to manufacture a type of 
grease-resistant, hard plastic used to make buttons, appliance and automotive parts, and 
electrical outlets, as well as the glue that holds the layers of plywood together. 

The other aldehydes shown in Table 7 occur naturally. Benzaldehyde and salicylalde-
hyde are two components that give almonds their natural flavor. Cinnamon is a spice 
that comes from the bark of a tropical tree. Its distinctive aroma and flavor are produced 
largely by cinnamaldehyde.

Figure 11 A water solution of formaldehyde was used in 
the past to preserve biological specimens. However, 
formaldehyde’s use has been restricted in recent years 
because studies indicate it might cause cancer.

Get It?
Identify two uses for aldehydes.
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Table 8 Ketones
General Formula Examples of Ketones

where R and R´ represent carbon 
chains or rings bonded to 

functional groupsC22_053A-904239

O

C R'R

C22_054A-904239

2-Butanone
(methyl ethyl ketone)

O

C C C H

H

H

H

H

H

H

H C

2-Propanone
(acetone)

O

C C H

H

H

H

H

H C

Ketone
A carbonyl group can also be located within a carbon chain rather than at the end. A 
ketone is an organic compound in which the carbon of the carbonyl group is bonded to 
two other carbon atoms. Ketones have the general formula shown in Table 8. The 
carbon atoms on either side of the carbonyl group are bonded to other atoms. The 
simplest ketone, commonly known as acetone, has only hydrogen atoms bonded to the 
side carbons, as shown in Table 8.

Ketones are formally named by changing the -e at the end of the alkane name to -one, 
and including a number before the name to indicate the position of the ketone group. 
In the previous example, the alkane name propane is changed to propanone. The 
carbonyl group can be located only in the center, but the prefix 2- is usually added to 
the name for clarity, as shown in Table 8.

Ketones and aldehydes share many chemical and physical properties because their 
structures are similar. Ketones are polar molecules and are less reactive than aldehydes. 
For this reason, ketones are popular solvents for other moderately polar substances, 
including waxes, plastics, paints, lacquers, varnishes, and glues. 

Like aldehydes, ketone molecules cannot form hydrogen bonds with each other but can 
form hydrogen bonds with water molecules. Therefore, ketones are somewhat soluble 
in water. Acetone is completely miscible with water.

Get It?
Identify How many hydrogen atoms are bonded to the carbon atom in the  
carbonyl group of a ketone? 

Get It?
Explain why the name of a ketone will not use the prefix 1- to indicate the location 
of the carbonyl group.
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A carboxyl group is usually represented in condensed form by writing –COOH. For 
example, ethanoic acid can be written as CH3COOH. The simplest carboxylic acid 
consists of a carboxyl group bonded to a single hydrogen atom, HCOOH, shown in 
Table 9. Its formal name is methanoic acid, but it is more commonly known as formic 
acid. Some insects produce formic acid as a defense mechanism, as shown in Figure 12.

Carboxylic acids are polar and reactive. Those that dissolve in water ionize weakly to 
produce hydronium ions, the anion of the acid in equilibrium with water, and the 
unionized acid. The ionization of ethanoic acid is an example.

CH3COOH(aq) + H2O(l) ⇋ CH3COO–(aq) + H3O
+(aq)

Ethanoic acid (acetic acid)   Ethanoate ion (acetate ion) 

Carboxylic acids can ionize in water solution 
because the two oxygen atoms are highly 
electronegative and attract electrons away 
from the hydrogen atom in the –OH group. 
As a result, the hydrogen proton can transfer 
to another atom that has a pair of electrons 
not involved in bonding, such as the oxygen 
atom of a water molecule. Because they 
ionize in water, soluble carboxylic acids turn 
blue litmus paper red and have a sour taste.

Table 9 Carboxylic Acids
General Formula Examples of Carboxylic Acids

where * represents a hydrogen 
atom, carbon chain, or ring 

bonded to the functional group
C22_055A-904239

O

C OH*

C22_056A-904239

O

C OH

H

H

H C

Ethanoic acid (acetic acid)

C22_057A-904239

Methanoic acid (formic acid)

O

C O HH

Carboxylic Acids
A carboxylic acid is an organic compound that has a carboxyl group. A carboxyl group 
consists of a carbonyl group bonded to a hydroxyl group. Thus, carboxylic acids have 
the general formula shown in Table 9. One diagram shown in Table 9 is the structure of 
a familiar carboxylic acid—acetic acid, the acid found in vinegar. Although many carbox-
ylic acids have common names, the formal name is formed by changing the -ane of the 
parent alkane to -anoic acid. Thus, the formal name of acetic acid is ethanoic acid.

Get It?
Explain Stinging ants use formic acid, or methanoic acid, as a defense 
mechanism. How is the name methanoic acid derived?

Figure 12 Stinging ants defend themselves 
with a venom that contains formic acid.
Identify another name for formic acid.

Program: HSS_NA Component: Lesson
PDF Pass

Vendor: Lumina Chapter: 21

C
op

yr
ig

ht
 ©

 M
cG

ra
w

-H
ill

 E
du

ca
tio

n

116 Inspire Science, Student Edition, Grade 12



0710-0717_CHEM_NA_S_CH21_L03_138115.indd 26/11/18 10:25PM0710-0717_CHEM_NA_S_CH21_L03_138115.indd 26/11/18 10:25PM

Table 10 Esters
General Formula Examples of an Ester

C22_059A-904239

Ester group

O

OC* R

C22_060A-904239

Propyl ethanoate
(propyl acetate)

Ethanoate group Propyl group

Ester group

C

O

OCH3 CH2CH2CH3

Organic Compounds Derived  
from Carboxylic Acids
Several classes of organic compounds have structures in which the hydrogen or the 
hydroxyl group of a carboxylic acid is replaced by a different atom or group of atoms. 
The two most common classes are esters and amides.

Esters 
An ester is any organic compound with a carboxyl group in which the hydrogen of the 
hydroxyl group has been replaced by an alkyl group, producing the arrangement shown 
in Table 10. The name of an ester is formed by writing the name of the alkyl group 
followed by the name of the acid with the -ic acid ending replaced by -ate, as illustrated 
by the example shown in Table 10. Note how the name propyl results from the struc-
tural formula. The name shown in parentheses is based on the name acetic acid, the 
common name for ethanoic acid.

Some important carboxylic acids, such as oxalic acid and adipic acid, have two or more 
carboxyl groups. An acid with two carboxyl groups is called a dicarboxylic acid. Others have 
additional functional groups such as hydroxyl groups, as in the lactic acid found in yogurt. 
Typically, these acids are more soluble in water and often more acidic than acids with only a 
carboxyl group.

Get It?
Evaluate Using the information presented, explain why carboxylic acids are 
classified as acids.

SCIENCE USAGE v. COMMON USAGE
class 
Science usage: a group, set, or kind that share  
common traits 
Esters are a class of organic molecules.
Common usage: a group of students that meet at 
regular intervals to study the same subject 
Students meet for chemistry class during fourth period.

 CROSSCUTTING CONCEPTS 
Structure and Function Figure 13 on the next page illustrates 
two natural occurrences of esters. In a chart, list the functional 
groups you have learned in this module. For each, provide an 
example of a naturally occurring molecule that contains the 
functional group. Gather evidence that reveals each molecule’s 
properties and function.
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Amides 
A second class of compounds derived from carboxylic acids is amides. An amide is an 
organic compound in which the –OH group of a carboxylic acid is replaced by a nitrogen 
atom bonded to other atoms. The general structure of an amide is shown in Table 11. 
Amides are named by writing the name of the alkane with the same number of carbon 
atoms, and then replacing the final -e with -amide. Thus, the amide shown in Table 11 is 
called ethanamide, but it can also be named acetamide from its common name, acetic acid.

Table 11 Amides
General Formula Examples of Amides

C22_066A-904239

O H

H

H

CC

H

H N

Ethanamide (acetamide)

C22_065A-904239

Amide group

O

C*
*

*
N

C22_067A-904239

Acetaminophen

OH

CC

H H

H N OH

C22_062A-904239

Methyl hexanoate

O

OCH3(CH2)4C CH3

C22_064A-904239

Ethyl butanoate

O
OCH3CH2CH2C CH2CH3

Figure 13 Esters are responsible for the flavors and aromas of many fruits. The aroma of strawberries is due 
in part to methyl hexanoate. Ethyl butanoate contributes to the aroma of pineapple. Most natural aromas and 
flavors are mixtures of esters, aldehydes, and alcohols.

Esters are polar molecules and many are volatile and sweet-smelling. Many kinds of 
esters are found in the natural fragrances and flavors of flowers and fruits, as shown 
in Figure 13. Natural flavors, such as apple or banana, result from mixtures of many 
different organic molecules, including esters, but some of these flavors can be imitated 
by a single ester structure. Consequently, esters are manufactured for use as flavors 
in many foods and beverages and as fragrances in candles, perfumes, and other 
scented items.

Get It?
Describe how an amide differs from a carboxylic acid.
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The amide functional group is found repeated many times in natural proteins and some 
synthetic materials. For example, you might have used a nonaspirin pain reliever 
containing acetaminophen. In the acetaminophen structure shown in Table 11, notice 
that the amide group connects an alkyl group and an aromatic group. 

One important amide is carbamide (NH2CONH2), or urea, as it is commonly known. 
Urea is an end product in the metabolic breakdown of proteins in mammals. It is found 
in the blood, bile, milk, and perspiration of mammals. When proteins are broken down, 
amino groups (NH2) are removed from the amino acids. The amino groups are then 
converted to ammonia (NH3) molecules that are toxic to the body. The toxic ammonia is 
converted to nontoxic urea in the liver. The urea is filtered out of the blood in the 
kidneys and passed from the body in urine.

Because of the high nitrogen content of urea and because it is easily converted to 
ammonia in the soil, urea is a common commercial fertilizer. Urea is also used as a 
protein supplement for ruminant animals, such as cattle and sheep. These animals use 
urea to produce proteins in their bodies.

Condensation Reactions
Many laboratory syntheses and industrial processes involve the reaction of two organic 
reactants to form a larger organic product, such as the aspirin shown in Figure 14. This 
type of reaction is known as a condensation reaction.

Figure 14 To synthesize aspirin, two organic molecules are combined in a condensation reaction to form a 
larger molecule.

Get It?
Identify Examine the structural formulas of ethanamide and acetaminophen in 
Table 11. What components do the molecules share that allow each compound to 
be classified as an amide?

Get It?
Identify an amide that is found in the human body.

C22_068A-904239

H

Salicylic acid Acetic acid Acetylsalicylic acid
(aspirin)

Water

OH → +  H2OHO CCH3

C

H

H
H O

O

OH

CCH3

OH
O

C

H

H
H O

OH
+
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Go online to follow your personalized learning path to review, practice, 
and reinforce your understanding.

Check Your Progress
Summary
• Carbonyl compounds are 

organic compounds that 
contain the C=O group.

• Five important classes of 
organic compounds containing 
carbonyl compounds are 
aldehydes, ketones, carboxylic 
acids, esters, and amides.

Demonstrate Understanding
14.   Classify each of the carbonyl compounds as one of 

the types of organic substances you have studied in 
this lesson.

  a. 

C22_069A-904239

O

O

CCH3CH2 CH3

 c. 

C22_071A-904239

O

  b. 

C22_070A-904239

O

CH3CH2CH2C NH2

 d. 

C22_072A-904239

O

CH3CH2CH2CH

15.   Describe the products of a condensation reaction 
between a carboxylic acid and an alcohol.

16.   Determine The general formula for alkanes is CnH2n+2. 
Derive a general formula to represent an aldehyde, a 
ketone, and a carboxylic acid.

 17.  Infer why water-soluble organic compounds with 
carboxyl groups exhibit acidic properties in solutions, 
whereas similar compounds with aldehyde structures 
do not exhibit these properties.

In a condensation reaction, two smaller organic molecules combine to form a more 
complex molecule, accompanied by the loss of a small molecule such as water. Typically, 
the molecule lost is formed from one particle from each of the reactant molecules. In 
essence, a condensation reaction is an elimination reaction in which a bond is formed 
between two atoms not previously bonded to each other.

The most common condensation reactions involve the combining of carboxylic acids with 
other organic molecules. A common way to synthesize an ester is by a condensation 
reaction between a carboxylic acid and an alcohol. Such a reaction can be represented by 
the following general equation.

RCOOH + R′OH → RCOOR′ + H2O

Get It?
Identify the atoms lost from each particle in the condensation reaction for the 
synthesis of aspirin shown in Figure 14. Then, identify the small molecule lost in 
the reaction and the new functional group that forms.
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Classifying Reactions of Organic Substances
Organic chemists have discovered thousands of reactions by which organic compounds 
can be changed into different organic compounds. By using combinations of these 
reactions, chemical industries convert simple molecules from petroleum and natural gas 
into the large, complex organic molecules found in many useful products—including 
lifesaving drugs and many other consumer products as shown in Figure 15. 

You have already read about substitution and condensation reactions. Two other 
important types of reactions by which organic compounds can be changed into differ-
ent compounds are elimination reactions and addition reactions.

Figure 15 Many consumer products, such as plastic containers, fibers in ropes 
and clothing, and oils and waxes in cosmetics, are made from petroleum and 
natural gas.

FOCUS QUESTION

What are some reactions typical of organic compounds?

LESSON 4
OTHER REACTIONS OF ORGANIC COMPOUNDS

 Disciplinary Core Ideas  Crosscutting Concepts  Science & Engineering Practices3D THINKING
C C C

SE
P DCI

COLLECT EVIDENCE
Use your Science Journal to 

record the evidence you collect as 
you complete the readings and 
activities in this lesson.

INVESTIGATE 
 GO ONLINE to find these activities and more resources.

 Inquiry into Chemistry: Synthesizing Aspirin
Plan and carry out an investigation to demonstrate the stability and changes required to 
describe and predict chemical reactions, like aspirin.
  Review the News
Obtain information from a current news story about new organic reactions. 
Evaluate your source and communicate your findings to the class.
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Elimination reactions 
One way to change an alkane into a chemically reactive substance is to form a second 
covalent bond between two carbon atoms, producing an alkene. Forming double bonds 
from single bonds between carbon atoms is an elimination reaction, a reaction in which 
a combination of atoms is removed from two adjacent carbon atoms, forming an addi-
tional bond between them. The atoms that are eliminated usually form stable molecules, 
such as H2O, HCl, or H2.

Ethene, the starting material for the playground equipment shown in Figure 16, is 
produced by the elimination of two hydrogen atoms from ethane. A reaction that 
eliminates two hydrogen atoms is called a dehydrogenation reaction. Note that since 
atoms are always conserved in a chemical reaction, the two hydrogen atoms form a 
molecule of hydrogen gas.

C22_075A-904239

EtheneEthane

→ + H2

H

H

H

H
CC

H

H

C H

H

H

H C

Alkyl halides can undergo elimination reactions to produce an alkene and a hydrogen 
halide, as shown here.

R—CH2—CH2—X  →  R—CH=CH2  +  HX 

Alkyl halide       Alkene   Hydrogen halide

Likewise, alcohols can also undergo elimination reactions by losing a hydrogen atom 
and a hydroxyl group to form water. 

Figure 16 Low-density polyethylene 
(LDPE) is made from gaseous ethene 
under high pressure in the presence of a 
catalyst. LDPE is used for playground 
equipment because it is easy to mold into 
various shapes, it is easy to dye into many 
colors, and it is durable. The name 
polyethylene comes from ethylene, which 
is the common name for ethene.

Get It?
Define elimination reaction in your own words.
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An elimination reaction in which the atoms removed form water is called a dehydration 
reaction. In the dehydration reaction, the alcohol is broken down into an alkene and 
water, as shown below.

C22_076A-904239

Alkene WaterAlcohol

→ + H2O
R

H

H

H
CC

H

H

C OH

H

H

R C

The generic form of this dehydration reaction can be written as follows.

R—CH2—CH2—OH → R—CH=CH2 + H2O

Addition reactions 
Another type of organic reaction appears to be an elimination reaction in reverse. An 
addition reaction results when other atoms bond to each of two atoms bonded by 
double or triple covalent bonds. Addition reactions typically involve the carbon atoms 
in the double bonds in alkenes or triple bonds in alkynes because molecules and ions 
that attract electrons can form bonds that use some of the electrons from the multiple 
bonds. Adding H2O, H2, HX, or X2 to an alkene, as shown in Table 12, is common.

Table 12 Summary of Addition Reactions
Reactant Alkene Addition Reactant Product

C22_077A-904239

R

H
CC

H

R'

Water (hydration) 

C22_078A-904239

H

OH

Alcohol 

C22_082A-904239

OH

H

C R'

H

H

R C

Hydrogen (hydrogenation) 

C22_079A-904239

H H

Alkane 

C22_083A-904239

H

C R'

H H

H

R C

Hydrogen halide 

C22_080A-904239

H X

Alkyl halide 

C22_084A-904239

H

C R'

H X

H

R C

Halogen 

C22_081A-904239

XX

Alkyl dihalide 

C22_085A-904239

H

C R'

XX

H

R C
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A hydration reaction, also shown in Table 12, is an addition reaction in which a hydro-
gen atom and a hydroxyl group from a water molecule add to a double or triple bond. 
The generic equation shown in Table 12 shows that a hydration reaction is the opposite 
of a dehydration reaction.

A reaction that involves the addition of hydrogen to atoms in a double or triple bond is 
called a hydrogenation reaction. One molecule of H2 reacts to fully hydrogenate each 
double bond in a molecule. When H2 adds to the double bond of an alkene, the alkene 
is converted to an alkane. 

Catalysts are usually needed in the hydrogenation of alkenes 
because the reaction’s activation energy is too large without 
them. Catalysts such as powdered platinum or palladium 
provide a surface that adsorbs the reactants and makes their 
electrons more available to bond to other atoms. Hydrogena-
tion reactions are commonly used to convert the liquid unsatu-
rated fats found in oils from plants such as soybean, corn, and 
peanuts into saturated fats that are solid at room temperature. 
These hydrogenated fats are then used to make margarine and 
solid shortening. 

Alkynes can also be hydrogenated to produce alkenes or 
alkanes. One molecule of H2 must be added to each triple 
bond in order to convert an alkyne to an alkene, as shown 
here.

R—C≡C—H + H2 → R—CH=CH2

After the first molecule of H2 is added, the alkyne is converted 
to an alkene. A second molecule of H2 follows the hydrogena-
tion reaction.

R—CH=CH2 + H2 → R—CH2—CH3

In a similar mechanism, the addition of hydrogen halides to 
alkenes is an addition reaction useful to industry for the 
production of alkyl halides. The generic equation for this 
reaction is shown below.

R—CH=CH—R′ + HX → R—CHX—CH2—R′

Oxidation-reduction reactions 
Many organic compounds can be converted to other compounds by oxidation and 
reduction reactions. For example, suppose you want to convert methane, the main 
constituent of natural gas, to methanol, a common industrial solvent and raw material 
for making formaldehyde and methyl esters.

Real-World Chemistry
Polycyclic Aromatic  
Hydrocarbons (PAHs)

BIOLOGICAL MOLECULES Hydrocarbons 
composed of multiple aromatic rings are 
called PAHs. They have been found in 
meteorites and identified in the material 
surrounding dying stars. Scientists 
simulated conditions in space and 
found that about 10% of the PAHs were 
converted to alcohols, ketones, and 
esters. These molecules can be used to 
form compounds that are important in 
biological systems.

Get It?
Identify the reaction that is the reverse of a hydrogenation reaction.
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The conversion of methane to methanol can be represented by the equation shown in 
Table 13, in which [O] represents oxygen from an agent such as copper(II) oxide, 
potassium dichromate, or sulfuric acid. What happens to methane in this reaction? 
Before answering, it might be helpful to review the definitions of oxidation and reduc-
tion. Oxidation is the loss of electrons, and a substance is oxidized when it gains oxygen 
or loses hydrogen. Reduction is the gain of electrons, and a substance is reduced when 
it loses oxygen or gains hydrogen. Thus, methane is oxidized as it gains oxygen and is 
converted to methanol. Of course, every redox reaction involves both an oxidation and 
a reduction; however, organic redox reactions are described based on the change in the 
organic compound.

Oxidizing the methanol shown in Table 13 is the first step in the sequence of reactions 
that can be used to produce an aldehyde, which are also shown in Table 13. For clarity, 
oxidizing agents are omitted. Preparing an aldehyde by this method is not always a 
simple task because the oxidation might continue, forming the carboxylic acid.

Table 13 Oxidation-Reduction Reactions
Oxidation of an alkane to an alcohol

C22_086A-904239

→

Methane Methanol

H

C

H

H H + [O]

H

OC

H

H H

A sequence of oxidation reactions

C22_087A-904239

Oxidation

(loss of
hydrogen)

→
Oxidation

(gain of
oxygen)

→
Oxidation

(loss of
hydrogen)

→

Methanol
(methyl alcohol)

Methanal
(formaldehyde)

Methanoic acid
(formic acid)

Carbon dioxide

H

C

H

H OH

O

CH H

O

CH OH CO O

Oxidation of two isomers

C22_088A-904239

Oxidation

(loss of
hydrogen)

→

1-Propanol

OH

C

H

H CH2 CH3 + [O]

Propanal

O

CH CH2 CH3

C22_089A-904239

Oxidation

(loss of
hydrogen)

→

2-Propanol

OH

C

H

CH3 CH3 + [O]

2-Propanone

O

C CH3CH3

Get It?
Identify Use Table 13 to identify two possible products that are produced when 
the aldehyde is further oxidized.
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Get It?
Write the equation using molecular structures like those in Table 13 for the  
formation of propanoic acid.

However, not all alcohols can be oxidized to aldehydes and, subsequently, carboxylic 
acids. To understand why, compare the oxidations of 1-propanol and 2-propanol, shown 
in Table 13. Note that oxidizing 2-propanol yields a ketone, not an aldehyde. Unlike 
aldehydes, ketones resist further oxidation to carboxylic acids. Thus, while the propanal 
formed by oxidizing 1-propanol easily oxidizes to form propanoic acid, the 2-propanone 
formed by oxidizing 2-propanol does not react to form a carboxylic acid.

How important are organic oxidations and reductions? You have seen that oxidation 
and reduction reactions can change one functional group into another. That ability 
enables chemists to use organic redox reactions, in conjunction with the substitution 
and addition reactions you read about earlier in the module, to synthesize a tremendous 
variety of useful products. On a personal note, all living systems—including you—
depend on the energy released by oxidation reactions. Of course, some of the most 
dramatic oxidation-reduction reactions are combustion reactions. All organic com-
pounds that contain carbon and hydrogen burn in excess oxygen to produce carbon 
dioxide and water. For example, the highly exothermic combustion of ethane is 
described by the following thermochemical equation.

2C2H6(g) + 7O2(g) → 4CO2(g) + 6H2O(l)    ΔH = -3120 kJ

As you read previously, much of the world relies on the combustion of hydrocarbons as 
a primary source of energy. Our reliance on the energy from organic oxidation reactions 
is illustrated in Figure 17.

Predicting Products of 
Organic Reactions
The generic equations representing the  
different types of organic reactions you have 
learned—substitution, elimination, addition, 
oxidation-reduction, and condensation—can be 
used to predict the products of other organic 
reactions of the same types. For example, 
suppose you were asked to predict the product 
of an elimination reaction in which 1-butanol  
is a reactant. You know that a common  
elimination reaction involving an alcohol is  
a dehydration reaction.

The generic equation for the dehydration of an alcohol is as follows.

R—CH2—CH2—OH → R—CH=CH2 + H2O

To determine the actual product, first draw the structure of 1-butanol. Then use the 
generic equation as a model to see how 1-butanol would react.

Figure 17 People around the world depend on the oxidation 
of hydrocarbons to get to work and to transport products.
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Check Your Progress
Summary
• Most reactions of organic 

compounds can be classified 
into one of five categories: 
substitution, elimination, 
addition, oxidation-reduction, 
and condensation.

• Knowing the types of organic 
compounds reacting can 
enable you to predict the 
reaction products.

Demonstrate Understanding
 18.  Classify each reaction as substitution, elimination,  

addition, or condensation.
 a. 

C22_093A-904239

CH3CH CHCH2CH3 + H2 → CH3CH2 CH2CH2CH3

  b. 

C22_094A-904239

CH3CH2CH2CHCH3

OH

CHCH3 + H2OCH3CH2CH→

 19.  Identify the type of organic reaction that would best 
accomplish each conversion.

   a. alkyl halide → alkene c.  alcohol + carboxylic acid  
→ ester

   b. alkene → alcohol d.  alkene → alkyl dihalide
20.  Complete each equation by writing the condensed 

structural formula for the most likely product.
   a. 

C22_095A-904239

CH3CH CHCH2CH3 + H2 →

   b. 

C22_096A-904239

CH3CH2CHCH2CH3 + OH− →

Cl
 21.  Predicting Products Explain why the hydration reaction 

of 1-butene might yield two products, but the hydration 
reaction of 2-butene yields only one.

Go online to follow your personalized learning path to review, practice, 
and reinforce your understanding.

The generic reaction shows that the —OH and a H— are removed from the carbon chain. 
Finally, draw the structure of the likely products, as shown in the following equation.

CH3—CH2—CH2—CH2—OH → CH3—CH2—CH=CH2 + H2O

1-Butanol         1-Butene

As another example, suppose that you wish to predict the product of the reaction 
between cyclopentene and hydrogen bromide. Recall that the generic equation for an 
addition reaction between an alkene and an alkyl halide is as follows.

R—CH=CH—R′ + HX → R—CHX—CH2—R′

First, draw the structure for cyclopentene, the organic reactant, and add the formula for 
hydrogen bromide, the other reactant. From the generic equation, you can see that a 
hydrogen atom and a halide atom add across the double bond to form an alkyl halide. 
Finally, draw the formula for the likely product. The correct equation is as follows.

C22_092A-904239

Cyclopentene Hydrogen bromide Bromocyclopentane

HBr →
Br

+
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CH3

O

n
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The Age of Polymers
The compact discs shown in Figure 18 contain polycarbonate, which is made of 
extremely long molecules with groups of atoms that repeat in a regular pattern. This 
molecule is an example of a synthetic polymer. Polymers are large molecules consisting 
of many repeating structural units. In Figure 18, the letter n beside the structural unit of 
polycarbonate represents the number of structural units in the polymer chain. Because 
polymer n values vary widely, molecular masses of polymers range from less than 
10,000 amu to more than 1,000,000 amu. A typical chain in nonstick coating on skillets 
has about 400 units, giving it a molecular mass of around 40,000 amu.

Figure 18 Compact discs are made of polycarbonate 
and contain long chains of the structural unit shown.

LESSON 5
POLYMERS

FOCUS QUESTION

Why are polymers so important for modern materials?

 Disciplinary Core Ideas  Crosscutting Concepts  Science & Engineering Practices3D THINKING
C C C

SE
P DCI

COLLECT EVIDENCE
Use your Science Journal to 

record the evidence you collect as 
you complete the readings and 
activities in this lesson.

INVESTIGATE 
 GO ONLINE to find these activities and more resources.

 Laboratory: Polymerization Reactions
Obtain, evaluate, and communicate information to identify patterns in the chemical 
reactions that produce polymers and polyesters.

 Identify Crosscutting Concepts
Create a table of the crosscutting concepts and fill in examples you find as you read.
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Before the development of synthetic polymers, people were limited to using natural 
substances such as stone, wood, metals, wool, and cotton. By the turn of the twentieth 
century, a few chemically treated natural polymers such as rubber and the first plastic, 
celluloid, had become available. Celluloid is made by treating cellulose from cotton or 
wood fiber with nitric acid.

The first synthetic polymer, synthesized in 1909, was a hard, brittle plastic called 
Bakelite. Because of its resistance to heat, it is still used today in stove-top appliances. 
Since 1909, hundreds of other synthetic polymers have been developed. Because of the 
widespread use of polymers, people might refer to this time as the Age of Polymers.

Reactions Used to Make Polymers
Polymers are relatively easy to manufacture. Polymers can usually be synthesized in one 
step in which the major reactant is a substance consisting of small, simple organic 
molecules called monomers. A monomer is a molecule from which a polymer is made.

When a polymer is made, monomers bond together one after another in a rapid series 
of steps. A catalyst is usually required for the reaction to take place at a reasonable 
pace. With some polymers, such as polyester fabric and nylon, two or more kinds 
of monomers bond to each other in an alternating sequence. A reaction in which 
monomer units are bonded together to form a 
polymer is called a polymerization reaction.  
The repeating group of atoms formed by the 
bonding of the monomers is called the struc-
tural unit of the polymer. The structural unit of 
a polymer made from two different monomers 
has the components of both monomers.

Low-density polyethylene (LDPE), which is 
synthesized by polymerizing ethene under 
pressure, is used to make children’s toys and 
playground equipment, as shown in Figure 19. 
Ethene can also be made into ethylene glycol, 
which is the starting point for polyethylene 
terephthalate (PETE). PETE can be made into 
bottles or spun into fibers. As a fiber, it is 
called polyester.

Figure 20 on the next page shows highlights of 
polymer development that led to the Age of 
Polymers. Although the first synthetic polymer 
was developed in 1909, the industry did not  
flourish until after World War II.

Get It?
Compare and contrast a monomer and 
a structural unit of a polymer.

Figure 19 Polyethylene is a nontoxic, unbreakable polymer that 
is used to make toys and playground equipment for children.
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1 2

3

4

6

5

7 8

6 1959  Spandex, an elastic fiber, is 
commercially produced.

7 1988  The world’s first polymer 
banknote is issued by the Reserve 
Bank of Australia. By 1996, all 
Australians use plastic money.

5 1939–1945  During World War II, 
nylon is allocated solely for military 
items such as parachutes, tents, 
and ponchos.

4 1909  The first plastic made from 
synthetic polymers, Bakelite, is 
developed.

1 1840s  Physicians begin using ether 
as an anesthetic during surgery.

2 1865  The structure of benzene is 
proposed. It becomes the basis for the 
production of aromatic compounds.

3 1899  Aspirin is widely distributed 
by physicians as a pain treatment.

8 2016  Researchers in Japan 
develop a new process for the 
self-assembly of polymer brushes. 
Polymer brushes coat the surface 
of a material and give it specific 
properties, such as low friction.

The Age of Polymers

Scientists working to understand the structure 
and properties of organic compounds have 
developed products that a	ect people 
everywhere. Their contributions helped usher 
in the Age of Polymers.

Figure 20 
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nHOOC (CH2)4 COOH + nH2N (CH2)6 NH2 (CH2)4 NH (CH2)6 NH + nH2O

Adipic acid 1,6–Diamino hexane Nylon 6,6
nC

O

C

O

→

Addition polymerization
In addition polymerization, all of the atoms present in the monomers are retained in 
the polymer product. When the monomer is ethene, an addition polymerization results 
in the polymer polyethylene. Unsaturated bonds are broken in addition polymerization, 
just as they are in addition reactions. The difference is that the molecule added is a 
second molecule of the same substance, ethene. Note that the addition polymers in 
Table 14 on the next page are similar in structure to polyethylene. That is, the molecular 
structure of each is equivalent to polyethylene in which other atoms or groups of atoms 
are attached to the chain in place of hydrogen atoms. All of these polymers are made by 
addition polymerization.

Condensation polymerization
Condensation polymerization takes place when monomers containing at least two 
functional groups combine with the loss of a small by-product, usually water. Nylon and 
a type of bulletproof fabric are made this way. Nylon was first synthesized in 1931 and 
soon became popular because it is strong and can be drawn into thin strands resem-
bling silk. Nylon 6,6 is the name of one type of nylon that is synthesized. One mono-
mer is a chain with the end carbon atoms being part of carboxyl groups, as shown in 
Figure 21. The other monomer is a chain having amino groups at both ends. These 
monomers undergo a condensation polymerization that forms amide groups linking the 
subunits of the polymer, as shown by the tinted box in Figure 19. Note that one water 
molecule is released for every new amide bond formed.

Figure 21 Nylon is a polymer consisting of thin strands that resemble silk.

Get It?
Infer What must be present in a monomer that is used in an addition polymeriza-
tion reaction?

 STEM CAREER Connection 
Organic Chemist
Are you intrigued by the wide range of molecules that contain carbon and the variety of 
chemical structures they have? Organic chemists study the properties and reactions of 
molecules that contain carbon. Sometimes they design new compounds that have unique 
properties. Some organic chemists work on applications for these new materials, such as 
pharmaceuticals or plastics. Organic chemists have at least a bachelor’s degree in 
chemistry or a related field. Research jobs require a master’s degree or Ph.D.
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Table 14 Common Polymers

Polymer Applications Structural Unit

Polyvinyl 
chloride (PVC)

Plastic pipes, meat wrap, 
upholstery, rainwear, 
house siding, garden hose

C22_102A-904239

Polyvinyl chloride

C C

H

Cl

H

H

C C

H

Cl

H

H

C C

H

Cl

H

Hn

Polyacrylonitrile Fabrics for clothing and 
upholstery, carpet

C22_103A-904239

CH2 CH

C N n

Polyvinylidene 
chloride

Food wrap, fabrics 

C22_104A-904239

C

Cl

Cl n

CH2

Polymethyl 
methacrylate

“Nonbreakable” (acrylic 
glass) windows, inexpen-
sive lenses, art objects 

C22_105A-904239

CH2 C

CH3

C

O

CH3O

n

Polypropylene 
(PP)

Beverage containers, 
rope, netting, kitchen 
appliances

C22_106A-904239

CH2 CH

CH3

n

Polystyrene (PS)  
and styrene 
plastic

Foam packing and 
insulation, plant pots, 
disposable food contain-
ers, model kits 

C22_107A-904239

H

C

H

C

n
H

Polyethylene 
terephthalate 
(PETE)

Soft-drink bottles, tire 
cord, clothing, recording 
tape, replacements for 
blood vessels

C22_108A-904239

H

C

n
H

H

C

H

C

O

C

O

OO

Polyurethane
Foam furniture cushions, 
waterproof coatings, parts 
of shoes

C22_109A-904239

C CNH NHCH2 CH2 CH2 CH2O O
n

O O
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Figure 22 Plastic lumber is made from recycled plastic,  
such as used soft-drink bottles, milk jugs, and other polyeth-
ylene waste.

Properties and Recycling of Polymers
Why do we use so many different polymers 
today? One reason is that they are easy to 
synthesize. Another reason is that the starting 
materials used to make them are inexpensive. 
Still another, more important, reason is that 
polymers have a wide range of properties. 
Some polymers can be drawn into fine fibers 
that are softer than silk, while others are as 
strong as steel. Polymers do not rust like steel 
does, and many polymers are more durable 
than natural materials such as wood. Fencing, 
decking materials, and benches made of 
plastic, like the one shown in Figure 22, do not 
decay and do not need to be repainted.

Properties of polymers 
Another reason why polymers are in such great demand is that it is easy to mold them 
into different shapes or to draw them into thin fibers. It is not easy to do this with 
metals and other natural materials because they must be heated either to high tempera-
tures, do not melt at all, or are too weak to be used to form small, thin items.

As with all substances, polymers have properties that result directly from their molecu-
lar structure. For example, polyethylene is a long-chain alkane. Thus, it has a waxy feel, 
does not dissolve in water, is nonreactive, and is a poor electrical conductor. These 
properties make it ideal for use in food and beverage containers and as an insulator in 
electrical wire and TV cable.

Polymers fall into two different categories, based on their melting characteristics. 
A thermoplastic polymer is one that can be melted and molded repeatedly into shapes 
that are retained when cooled. Polyethylene and nylon are examples of thermoplastic 
polymers. A thermosetting polymer is one that can be molded when it is first prepared, 
but after it cools, it cannot be remelted. This property is explained by the fact that 
thermosetting polymers begin to form networks of bonds in many directions when they 
are synthesized. By the time they have cooled, thermosetting polymers have become, in 
essence, a single large molecule. Bakelite is an example of a thermosetting polymer. 
Instead of melting, Bakelite decomposes when overheated.

Recycling polymers
The starting materials for the synthesis of most polymers are derived from fossil fuels. 
As the supply of fossil fuels becomes depleted, recycling plastics becomes more import-
ant. Recycling and buying goods made from recycled plastics decreases the amount of 
fossil fuels used, which conserves fossil fuels.

Get It?
Compare and contrast thermoplastic and thermosetting polymers.
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Currently, about 5% of the plastics used in the United States are recycled. Plastics 
recycling is difficult due to the large variety of polymers. Thermosetting polymers are 
more difficult to recycle than thermoplastic polymers because only thermoplastic 
materials can be melted and remolded repeatedly. Usually, the plastics must be sorted 
by composition. Separating plastics can be time-consuming and expensive. The stan-
dardized codes shown in Figure 23 were developed by the plastics industry and the 
government to provide a quick way for recyclers to sort plastics. 

C22_115A-904239

PETE
Polyethylene
terephthalate

HDPE
High–density
polyethylene

V
Vinyl

LDPE
Low–density
polyethylene

PP
Polypropylene

PS
Polystyrene

OTHER
All other
plastics

1 2 3 4 5 6 7

Figure 23 Codes on plastic products aid in recycling because they identify the composition of the plastic.

Go online to follow your personalized learning path to review, practice, 
and reinforce your understanding.

Check Your Progress 
Summary
• Polymers are large molecules 

formed by combining smaller 
molecules called monomers.

• Polymers are synthesized 
through addition or condensa-
tion reactions.

• The functional groups present 
in polymers can be used to 
predict polymer properties.

Demonstrate Understanding
22.  Draw the structure for the polymer that could be 

produced from each of the following monomers by 
the method stated.

 a. Addition  b. Condensation

    

C22_116A-904239

CH

Cl

CH

Cl     

C22_117A-904239

O

C OHCH2CH2NH2

23.  Label the following polymerization reaction as  
addition or condensation. Explain your answer.

C22_118A-904239

CH2 CH →

C N

CH2 CH

C N n

24.  Identify Synthetic polymers often replace stone, 
wood, metals, wool, and cotton in many applications. 
Identify some advantages and disadvantages of using 
synthetic materials instead of natural materials.

25.  Predict the physical properties of the 
polymer that is made from the monomer 
shown. Mention solubility in water, 
electrical conductivity, texture, and 
chemical reactivity. Do you think it will be  
thermoplastic or thermosetting? Give reasons  
for your predictions. C22_119A-904239

CH2 CH

CH3

Program: HSS_NA Component: Lesson 
PDF Pass

Vendor: Lumina Chapter: 21

C
op

yr
ig

ht
 ©

 M
cG

ra
w

-H
ill

 E
du

ca
tio

n

134 Inspire Science, Student Edition, Grade 12



C C C

SE
P DCI

(l
)S

hu
tt

er
st

oc
k 

/ 
Ph

ot
ok

up
, (

r)
S

hu
tt

er
st

oc
k 

/ 
R

ic
h 

C
ar

ey

 ENGAGE IN ARGUMENT 
FROM EVIDENCE 

Research to find out more about the pros 
and cons of biodegradable bioplastics. Form 
teams to debate whether biodegradable 
bioplastics are better for the environment 
than traditional plastics made from petroleum.
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ENGINEERING & TECHNOLOGY

Worldwide, about 300 billion kilograms of 
plastic are produced every year. Historically, 
plastics have been made from petroleum, 
a nonrenewable resource. But within the 
last few decades, new plastics have been 
developed that are made out of plant 
biomass. These plastics are called bioplastics. 
Some bioplastics are also biodegradable 
or compostable, in contrast with traditional 
plastics, which will not degrade for hundreds 
of years.

Promising New Plastics 
from Plant Polymers

Are Bioplastics Eco-Friendly?
Plastics are carbon-based  polymers. They are 
versatile and useful materials, but making, 
using, and discarding plastics comes at a cost 
to the environment.  

First, they are made from petroleum-
based hydrocarbon polymers. Petroleum 
is a nonrenewable, limited resource that is 
becoming increasingly expensive. Second, 
plastic is extremely durable and persists for 
hundreds of years before breaking down. 
Plastic pollution is a pervasive problem, 
especially in Earth’s oceans.

Bioplastics are a technology aimed at solving 
our dependence on petroleum. Bioplastics 
are made from plant-based polymers using 

crops such as corn or sugar cane, which are 
renewable. In addition, some bioplastics are 
compostable or biodegradable under the 
right conditions, such as polylactic acid (PLA), 
which can break down only at temperatures 
of 50°C or more.   

If bioplastics are simply thrown away, another 
problem arises: when bioplastics break 
down in the oxygen-poor conditions found 
in landfills, they produce methane, a potent 
greenhouse gas. And if biodegradable 
bioplastics find their way into the recycling 
stream, they can contaminate the other 
plastics, making the recycled plastic unusable.

Biodegradable bioplastics reduce plastic pollution 
by using plants instead of petroleum.
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 GO ONLINE to study with your Science Notebook.  

Lesson 1 ALKYL HALIDES AND ARYL HALIDES • functional group
• halocarbon
• alkyl halide
• aryl halide
• plastic

• The substitution of functional groups for hydrogen in hydrocar-
bons creates a wide variety of organic compounds.

• An alkyl halide is an organic compound that has one or more 
halogen atoms bonded to a carbon atom in an aliphatic 
compound. 

Lesson 2 ALCOHOLS, ETHERS, AND AMINES • hydroxyl group
• alcohol
• denatured alcohol
• ether
• amine
• substitution reaction
• halogenation

• Alcohols, ethers, and amines are formed when specific functional 
groups substitute for hydrogen in hydrocarbons.

• Because they readily form hydrogen bonds, alcohols have higher 
boiling points and higher water solubilities than other organic 
compounds.

Lesson 3 CARBONYL COMPOUNDS • carbonyl group
• aldehyde
• ketone
• carboxylic acid
• carboxyl group
• ester
• amide
• condensation reaction

• Carbonyl compounds are organic compounds that contain the 
C=O group.

• Five important classes of organic compounds containing carbonyl 
compounds are aldehydes, ketones, carboxylic acids, esters, and 
amides.

Lesson 4 OTHER REACTIONS OF ORGANIC COMPOUNDS • elimination reaction
• dehydrogenation reaction
• dehydration reaction
• addition reaction
• hydration reaction
• hydrogenation reaction

• Most reactions of organic compounds can be classified into one of 
five categories: substitution, elimination, addition, oxidation- 
reduction, and condensation.

• Knowing the types of organic compounds reacting can enable you 
to predict the reaction products.

Lesson 5 POLYMERS • polymer
• monomer
• polymerization reaction
• addition polymerization
• condensation polymerization
• thermoplastic
• thermosetting

• Polymers are large molecules formed by combining smaller 
molecules called monomers.

• Polymers are synthesized through addition or condensation 
reactions.

• The functional groups present in polymers can be used to predict 
polymer properties.

STUDY GUIDE
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GO FURTHER
Based on Real Data*

 Data Analysis Lab

What are the optimal conditions to hydrogenate canola oil?
Because evidence suggests that trans-fatty acids are associated 
with increased risk of heart disease and cancer, the minimum 
amount of trans-fatty acids and the maximum amount of cis-oleic 
acid are desired in edible vegetable oils. Computer models were 
used to simulate processing conditions and to alter eight variables 
to optimize the output of the desirable oil. A small-scale industrial 
plant was then used to confirm the results of the computer 
simulation.
Data and Observations The table shows some of the data from 
this investigation.

CER  Analyze and Interpret Data
1. Calculate the percent yield for each of the trials shown in the table.
2. Claim Which trial(s) produced the highest yield of cis-oleic acid

and the lowest yield of trans-fatty acids?
3. Evidence, Reasoning Explain why the techniques used in this

investigation are useful in manufacturing processes.

Data for Canadian Canola Oil
Computer 
Simulation Experimental

Trial 
Run

trans-
Fatty 
Acids 
(wt. %)

cis-
Oleic  
Acid 

(wt. %)

trans-
Fatty 
Acids 
(wt. %)

cis-
Oleic  
Acid 

(wt. %)
1 4.90 69.10 5.80 70.00
2 4.79 63.75 4.61 64.00
3 4.04 68.96 4.61 67.00
4 5.99 62.80 7.10 65.00
5 4.60 68.10 5.38 66.50

*Data obtained from Izadifar, M. 2005. 
Application of genetic algorithm for optimization of 

vegetable oil hydrogenation process. Journal of  
Food Engineering. 78 (2007) 1–8.

REVISIT THE PHENOMENON

Where do natural and  
synthetic dyes get their 
colors?
CER  Claim, Evidence, Reasoning
Explain your Reasoning Revisit the claim you made when you encountered the 
phenomenon. Summarize the evidence you gathered from your investigations and 
research and finalize your Summary Table. Does your evidence support your claim? If not, 
revise your claim. Explain why your evidence supports your claim.

STEM UNIT PROJECT
Now that you’ve completed the module, revisit your STEM unit project. You will 
summarize your evidence and apply it to the project.

Module Wrap-UpC C C

SE
P DCI THREE-DIMENSIONAL THINKING
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ENCOUNTER THE PHENOMENON 

What molecules are 

essential to life? 

0D Ask Questions 
Do you have other questions about the phenomenon? If so, add them to the driving 
question board . 

Sa9 Claim, Evidence, Reasoning 

Make Your Claim Use your 
CER chart to make a claim 
about what molecules are 
essential to life. 

Collect Evidence Use the 
lessons in this module to 
collect evidence to support 
your claim. Record your 
evidence as you move 
through the module. 

Explain Your Reasoning You 
will revisit your claim and 
explain your reasoning at the 
end of the module. 

�wi 
O GO ONLINE to access your CER chart and explore resources that can 

- help you collect evidence.

0 Smithsonian

LESSON 4: Explore & Explain: LESSON 5: Explore & Explain: Additional Resources 
Nucleic Acids ATP 
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ENCOUNTER THE PHENOMENON 

Where does the Sun get all 
its energy? 

£:ID Ask Questions 
Do you have other questions about the phenomenon? If so, add them to the driving 

] question board. 

� SD Claim, Evidence, Reasoning 

Make Your Claim Use your 
CER chart to make a claim 
about where the sun gets all 
its energy. 

Collect Evidence Use the 
lessons in this module to 
collect evidence to support 
your claim. Record your 
evidence as you move 
through the module. 

Explain Your Reasoning You 
will revisit your claim and 
explain your reasoning at the 
end of the module. 

�wj 
C, GO ONLINE to access your CER chart and explore resources that can help

~ you collect evidence. 

� 
0, 

0 
u 

LESSON 1: Explore & Explain: 
Defining Radioactivity 

0 Smithsonian

LESSON 3: Explore & Explain: Additional Resources 
Nuclear Fusion 
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1. Modulea 18: Redox Reactions: Chapter from Inspire Chemistry 9-12 Student Edition by McGraw-Hill, 2020
2

2. Modulea 19: Electrochemistry: Chapter from Inspire Chemistry 9-12 Student Edition by McGraw-Hill, 2020
24

3. Modulea 20: Hydrocarbons: Chapter from Inspire Chemistry 9-12 Student Edition by McGraw-Hill, 2020   58
4. Modulea 21: Substituted Hydrocarbons and their Reactions: Chapter from Inspire Chemistry 9-12 Student

Edition by McGraw-Hill, 2020   98
5. Modulea 22: The Chemistry of Life: Chapter from Inspire Chemistry 9-12 Student Edition by McGraw-Hill,

2020   138
6. Modulea 23: Nuclear Chemistry: Chapter from Inspire Chemistry 9-12 Student Edition by McGraw-Hill, 2020
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