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Get to the heart of  
“Why learn Chemistry?”

Students will think like chemists to create real-world 
solutions for projects in the World of Chemistry 
Activity Guide, Florida Edition activities inspire group 
discussions to help students get to the deeper 
meaning and importance of chemistry concepts.

Students use chemistry knowledge to design, build, and 
test solutions during four activity challenges.

Activate student  
curiosity and thinking 
with National Geographic 
Explorers and visuals 
that tell the story 
of how chemistry is 
critical to daily life. 
Each lesson provides 
multiple opportunities 
for students to build 
problem-solving skills 
through the exploration 
of science.

PUT STUDENTS AT THE CENTER 
OF CHEMISTRY LEARNING



Authentic National Geographic Experiences
World of Chemistry, Florida Edition makes chemistry real for students through the stories 
of scientists and National Geographic Explorers who show diverse perspectives in solving 
problems and overcoming challenges. National Geographic images and data complete the 
story, opening the world of chemistry to all students.

Inspire students with stories from National Geographic Explorers who show how 
chemistry can solve human issues like water and air pollution, ecosystem damage, and 
energy production. 

ORGANIC  
CHEMISTRY

CHAPTER 20

CHAPTER 20 ORGANIC CHEMISTRY736

20_736-737_SE_CO_16127.indd   736 5/18/20   6:43 AM

PREREADING QUESTIONS

Did you know that nearly all of the plastic-based 

materials you use come from the same sources as 

gasoline, natural gas, and other fuels? Petroleum-

based polymers—plastics derived from fossil fuel 

resources—are everywhere. They are in synthetic 

rubbers, like those used to make an inflatable kayak. 

They are used to produce carbon fiber composites 

for making boat paddles. The nylon used to make a 

winter coat, the polyester filling used to line it, and 

the polyvinyl chloride (PVC) used to make waterproof 

footwear are all examples of polymers developed 

from carbon compounds.

Organic chemistry, the study of carbon-based 

materials, plays a vital role in our quest to 

understand living systems. Beyond that, the synthetic 

fibers, plastics, artificial sweeteners, and medicines 

that we use often are products of industrial organic 

chemistry. Finally, the energy we rely on so heavily 

to power our civilization is currently based mostly on 

the combustion of organic materials found in coal 

and petroleum.

20.1 What do you know about methane, 
propane, and butane?

20.2 What are some uses for petroleum?

20.3 What first comes to mind when you hear 
the term polymer?

National Geographic Photographer Paul Nicklen photographs glacial 
ice from an inflatable kayak in Skagway, Alaska.
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EXPLORERS AT WORK

CHAPTER 10 ENERGY340

Thinking Critically
Evaluate As you read the chapter, gather evidence 
to explain how energy resources are used to do 
work. If energy is neither created nor destroyed, 
why are our sources of energy limited?

The Republic of Mali is a landlocked country in West 
Africa. It is the continent’s eighth-largest country 
and the 24th-largest in the world. The majority 
of the nation’s landscape is part of the Sahara 
Desert, making it one of the hottest countries in 
the world. Mali gets most of its energy from the 
combustion of coal and firewood, which has caused 
the rapid depletion of the country’s limited forested 
land. Because Mali is surrounded on all sides by 
other countries, imported fuels must travel great 
distances and are extremely expensive. More 
than 95 percent of the country’s rural population 
does not have access to electrical power. National 
Geographic Explorer Ibrahim Togola is using 
community entrepreneurship programs to solve 
these problems by harnessing the country’s vast 
supply of renewable energy resources, particularly 
solar power.

Togola is the founder of Mali-Folkecenter Nyetaa 
(MFC), a nonprofit organization that focuses on 
renewable energy, environmental protection, and 
climate change issues in Mali and West Africa. 
Togola and his team provide many programs to 
train the citizens of Mali to operate and maintain 
energy resources within their communities. MFC 
has also worked with the government of Mali to 
make renewable energy more affordable. Solar and 
biofuel energy systems have provided electrical 
power to homes, schools, health centers, and 
public squares in rural communities across the 
country. Access to electricity means improved 
access to clean drinking water, as well.

A reliable electrical power supply brings other 
economic benefits. For example, farmers can now 
dry grains for storage. Other perishable foods can 
be refrigerated to prevent spoilage. This helps 

keep prices lower, which benefits consumers. 
MFC provides farmers with loans to obtain this food 
processing equipment. The organization has also 
helped farmers establish biodiesel crops, such as 
the jatropha plant, for producing electrical energy. 
Biodiesel has now also become a valuable export.

Togola’s organization has also established a 
program that teaches local women to build 
environmentally-friendly cookstoves. These 
stoves use half as much firewood as traditional 
stoves and therefore decrease deforestation 
caused by harvesting firewood. MFC also supports 
communities by assisting in the development of 
agricultural forestry. The cultivation of economically 
useful trees combats further depletion of forested 
land. In addition, MFC helps plant new trees to 
restore previously deforested areas.

Togola’s work continues to help rural 
Malians, but its impact can be felt globally. 
MFC’s local successes serve as a model and 
inspiration, and have influenced international 
policymakers worldwide.

with National Geographic Explorer Ibrahim Togola

Energizing Mali

To COMP/DSN:

10_340-341_SE_EAW_16127.indd   340 5/15/20   9:52 AM

EXPLORERS AT WORK 341

Ibrahim Togola

Togola’s Mali-Folkecenter Nyetaa organization 
assists rural Malians in establishing solar 
energy systems and teaches community 
members how to use environmentally-friendly 
cookstoves (above).

10_340-341_SE_EAW_16127.indd   341 5/15/20   9:52 AM

LIQUIDS AND 
SOLIDS
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PREREADING QUESTIONS

You have only to think about water to appreciate 

how different the three states of matter are. In cold 

climates, water can be found in all three states as ice, 

liquid water, and vapor in the air. Animals that live in 

the Arctic and the Antarctic rely on both the sea and 

sea ice to survive. Penguins feed on fish that live in 

the water. They also feed on krill and other organisms 

that live on the underside of floating ice. 

The molecules in ice are arranged differently than the 

molecules in liquid or gaseous water. The structure 

of ice not only gives it its solidity, but also makes it 

less dense than liquid water. This means ice floats on 

water instead of sinking. This property allows animals 

like penguins to live in areas that have sea ice. There 

has been a significant reduction in sea ice over the 

past few decades. This decline is threatening the 

habitats of many animals that rely on ice to survive.

14.1 At a molecular level, how do gases, 
liquids, and solids compare?

14.2 What is meant by the boiling point of a 
liquid?

14.3 What does it mean for a liquid to 
evaporate?

Ice, the solid form of water, is an essential part of this 
penguin’s habitat.
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ENGAGE STUDENTS WITH  
REAL-WORLD CHEMISTRY STORIES

FIGURE 1-16 
Community members harvest seaweed from an MPA 
biofence farm in the Philippines.

Chemistry in Your World

Developing Smart 
Solutions to Ocean Plastic
Discarded fishing nets have 
become a global issue as a source 
of plastics in our oceans. This 
issue is particularly problematic in 
coastal communities in Southeast 
Asia, where families depend on 
fishing for survival. Residents often 
have no sustainable way to dispose 
of used nets. Nets discarded into 
the ocean can damage coral reef 
habitats while continuing to entrap 
and kill fish and other animals in 
the ecosystem.
 National Geographic Explorer 
Heather Koldewey is working to 
provide innovative solutions to 
this problem in the Philippines. 
With her award-winning project 
Net-Works, she has developed 
a community-based solution for 
collecting discarded fishing nets. 
Taking advantage of plastic’s 
versatility, the nets retrieved by 
local community members can 
be recycled into high-quality 
nylon yarn. The yarn is used to 
make carpet tiles that are sold 
around the world. This provides a 
new source of income to coastal 

communities while helping to 
remove the discarded nets from 
the environment. So far, the 
organization has helped to collect 
over 224 metric tons of fishing 
nets—enough to circle the world 
more than five times!
 The organization is also helping 
communities to establish Marine 
Protected Areas (MPAs), no-fishing 
zones in order to protect natural 
resources and endangered coral 
reef, seagrass, and mangrove 
habitats. Sustainable seaweed 
farms have been established to 
double as “biofence” barriers 
that surround the MPAs. The 
seaweed serves as another source 
of income for communities. 
Carrageenan, an extract harvested 
from the seaweed, can be sold 
and processed to make bioplastics 
and gels used in cosmetics, 
foods, and pharmaceuticals. The 
new seaweed farms have also 
contributed to the improvement of 
seaweed harvesting practices in 
the global market.
 Net-Works successfully 
prototyped the first large-scale 
community-based MPA that was 
able to replenish fish stocks in the 

area. Plans for additional large 
community MPAs are underway. 
So far, their work has improved the 
marine environment for more than 
64,000 people in the region.
 Koldewey’s work continues 
to expand into additional 
communities in other areas such 
as Cameroon. While the solutions 
address societal needs on a local 
scale, they also help maintain 
the oceans for the rest of the 
planet—proof that a complex global 
challenge truly can be solved with 
smart thinking and a systematic 
approach.

FIGURE 1-15 
 National Geographic Explorer  
Heather Koldewey
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Chemistry in Your World features 
real-world applications of chemistry 
in a variety of fields.
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Molar Volume  It is useful to define the molar volume of a gas as the volume 
occupied by 1 mole of the gas under certain specified conditions. Properties 
of gases are often given at 0 °C and 1 atm. These conditions are called 
standard temperature and pressure (abbreviated STP). 
 For 1 mole of an ideal gas at 0 °C (273 K) and 1 atm, the volume of the gas given 
by the ideal gas law is

V 5
nRT

P
5

11.00 mol2 10.08206 L # atm/K # mol2 1273 K2
1.00 atm

5 22.4 L

The molar volume of an ideal gas is 22.4 L at standard temperature and 
pressure. In other words, 22.4 L contain 1 mole of an ideal gas at STP. 

FIGURE 13-22 
An inflated air bag contains nitrogen gas.

Chemistry in Your World

The Chemistry of Air Bags
In addition to seat belts, air bags 
are an important component of 
automobile safety. Frontal air bags 
were first widely adopted in U.S. 
vehicles in 1987 and have saved 
over 50,000 lives since then. 
 Air bags, which are stored 
within the car’s steering wheel, 
dashboard, seats, or roof panels, 
are designed to inflate within about 
40 milliseconds in the event of a 
crash, cushioning the occupants 
against impact. The bags then 
deflate immediately to allow vision 
and movement after the crash. 

Air bags are activated when a 
sensor designed to detect severe 
deceleration sends an electrical 
signal to ignite a detonator cap. 
The detonation causes sodium 
azide (NaN3) to decompose 
explosively, forming solid sodium 
and nitrogen gas:

2NaN3(s) S 2Na(s) 1 3N2(g)

 This system works very well and 
requires a relatively small amount 
of sodium azide (100 g yields 
56 L N2(g) at 25 °C and 1.0 atm).
 When a vehicle with air bags 
reaches the end of its useful life, 
the sodium azide present in the 

activators must be disposed of 
properly. Sodium azide, besides 
being explosive, is toxic.

Gas Stoichiometry: Calculations Involving Gases at STP
Calculate A sample of nitrogen gas has a volume of 1.75 L at STP. How many moles 
of N2 are present?

Solution
Where Do We Want To Go?

• Amount of N2 5 ? mol
What Do We Know?

• V 5 1.75 L at STP
• 1 mol 5 22.4 L at STP

How Do We Get There?
We could solve this problem by using the ideal gas equation or by using the molar 
volume of an ideal gas at STP. Because 1 mole of an ideal gas at STP has a volume of 
22.4 L, a 1.75-L sample of N2 at STP contains considerably less than 1 mole. We can 
find how many moles by using the equivalence statement

1.000 mol 5 22.4 L at STP

Example 13.15
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Rules for Naming Alkanes

1. Find the longest continuous chain of carbon atoms. This chain (called the 
parent chain) determines the base alkane name.

2. Number the carbons in the parent chain, starting at the end closest to any 
branching (the first alkyl substituent). When a substituent occurs the same 
number of carbons from each end, use the next substituent (if any) to 
determine from which end to start numbering.

3. Using the appropriate name for each alkyl group, specify its position on the 
parent chain with a number.

4. When a given type of alkyl group occurs more than once, attach the 
appropriate prefix (di- for two, tri- for three, and so on) to the alkyl name.

5. The alkyl groups are listed in alphabetical order, disregarding any prefix.

Livestock and Methane 
Production
Methane is the second-biggest 
factor in greenhouse gas 
emissions. Though methane has 
a much shorter lifetime in the 
atmosphere than carbon dioxide 
(the most common greenhouse 
gas), it is much more efficient at 
trapping radiation. It has a global 
warming potential 28 times greater 
than that of carbon dioxide when 
compared over the course of a 
100-year period.
 The production and transport of 
petroleum and other fossil fuels 
often release methane. Another 
significant but often overlooked 
source of methane emissions is 
the agricultural industry. Livestock 
such as cows, sheep, and goats 
produce large volumes of methane 
as microbes in their guts break 
down nutrients during digestion. 
This methane is mostly released 
when the animals burp, sending it 
into the atmosphere.

 The thought of burping cows 
may seem humorous, but these 
emissions have a serious impact 
on the environment. As global 
demand for livestock resources 
has increased in recent years, 
agricultural methane emissions 
have also increased significantly.
 Scientists are currently working 
on solutions to reduce livestock 
methane emissions. One area of 
research has involved modifying 
cows’ diets to produce less gas. 

Another has involved breeding 
cows that are genetically 
predisposed to have fewer of the 
methane-producing microbes 
in their digestive systems. 
Researchers think it could be 
possible to selectively breed 
livestock until agricultural methane 
emissions are a problem of the 
past.

Chemistry in Your World
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A Case Study at the end 
of each chapter takes an 
in-depth look at a real-
world issue or topic related 
to the chapter content. 
Each Case Study culminates 
with a student activity.

Case Study

FIGURE 8-16 
Flint residents attended a 
congressional hearing on the Flint 
water crisis in 2016 (left). One 
woman holds up a bottle of Flint 
tap water. While lead and bacteria 
are not visible contaminants, 
other contaminants from the pipe 
corrosion (right) have turned the 
water brown. The lead pipes in Flint 
were corroded by acidic water. 

The Flint Water Crisis

In 2014 the city of Flint, Michigan, 
changed the source of its drinking 
water from Lake Huron and the 
Detroit River to  water from the 
Flint River. By using the new water 
source, Flint no longer had to pay 
Detroit for access, which made 
the water less expensive. But 
the change came with a hidden 
cost. Detroit carefully treated its 
drinking water to remove harmful 
contaminants. The water from 
the Flint River did not receive 
the same treatment. It was also 
more acidic. 
 Flint, like many older cities, had 
lead pipes in their water delivery 
network. Prior to 2014, the water 
Flint was using was treated with 
phosphate corrosion inhibitors, 
which produce phosphate ions 
(PO4

32) in solution. Phosphates 
react with lead to form lead(II) 
phosphate (Pb3(PO4)2), which 
creates an insoluble crust on the 
inside of the pipes. This crust 
reduces the amount of lead that 
comes into contact with the 
water. When the source of water 
was changed, officials did not 
use any corrosion prevention. 
The protective crust broke down, 
allowing lead to leach into the 
water supply.
 The more acidic water also 
reacted with the exposed lead 

pipes. It corroded, or slowly 
broke down, the lead in the 
pipes. Corrosion happens when 
oxidants, or substances that can 
gain an electron in a chemical 
reaction, pull electrons away from 
the lead in the pipes. In Flint, 
dissolved lead from the corroded 
pipes steadily built up in the 
water until it reached dangerous 
levels. The Environmental 
Protection Agency’s limit for 
acceptable level of lead in water 
is 15 parts per billion (ppb). In 
Flint, lead levels were greater 
than 2000 ppb in some samples.
 The corrosion and loss of the 
protective crust affected iron pipes 
as well. Water drawn from natural 
sources is often treated with 
chlorine (Cl2) to kill bacteria such 
as E. coli, some strains of which 
can cause severe gastrointestinal 
infections. Elemental chlorine 
in solution kills bacteria quickly 
and makes water safe to drink. 
The oxidation of exposed iron in 
the pipes by chlorine in the water 
reduced elemental chlorine to 
chloride ions (Cl2), which are not 
as effective in killing bacteria. 
As a result, levels of bacteria 
skyrocketed. Flint residents began 
complaining that they were getting 
sick. City officials told them to boil 
their water to kill the bacteria. 

They still had not recognized the 
source of the problem.
 The cause of the crisis was 
first identified not by scientists, 
but by a citizen named LeeAnne 
Walters. She knew something 
was wrong with the water, so she 
got the city to test it. She learned 
that the lead levels were very 
high. She contacted scientists 
at Virginia Polytechnic Institute 
and State University. Walters 
collected hundreds of samples 
throughout the city for them to 
test. They found that the pipes in 
the city were so badly corroded 
that they needed to be completely 
replaced. In the meantime, 
residents had to use bottled water 
for drinking, bathing, and cooking. 
 In October 2015, the city 
switched its water supply back to 
Detroit’s system. In 2016, the city 
started a program to replace the 
lead pipes with copper ones.

Evaluate Solutions Research the 
use of lead pipes in public water 
systems. What trade-offs did 
people consider when deciding 
on pipe materials? How did these 
considerations change as we 
learned more about the health 
risks involved? 
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Plastics Waste Management: 1960–2015
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Case Study

FIGURE 20-17 
This graph shows how the plastic produced 
in the United States ended its life cycle as 
the generation of plastic waste skyrocketed 
in the second half of the 20th century.

Solving the Plastic Problem

The strength of the carbon–carbon 
bonds that make up the polymer 
chains in plastics makes them 
difficult to biodegrade. This makes 
plastic-based products very 
durable. It also means that plastic 
objects can take more than 450 
years to decompose. Once plastic 
is in the environment, it remains 
there for a long time. This has 
serious implications: more than 
40 percent of plastic items are 
used just once and then thrown 
away. This leads to overflowing 
landfills and contaminated 
waterways. Scientists estimate 
that more than eight million tons 
of plastic waste end up in the 
oceans each year, posing a threat 
to hundreds of species of marine 
animals.
 Scientists and engineers are 
working to develop solutions to 
decrease the problems caused 
by plastic’s durability. One easy 
solution is reuse and recycling. 
Plastic objects can be reused 
rather than thrown away. Some 
types of plastic can be recycled 
up to six times instead of being 
discarded in a landfill. Plastics 
that cannot be reused or recycled 
can be combusted to generate 

energy. Unfortunately, less 
than 20 percent of the plastic 
generated globally gets recycled, 
and an even smaller percentage is 
recycled in the United States.
 One alternative to petroleum-
based plastics are bioplastics, 
plastics that are made from 
renewable biomass resources. 
Source materials for such 
plastics include corn starch, 
vegetable oils, food waste, 
and agricultural waste. Many 
bioplastics degrade more 
easily than traditional plastics. 
However, experts debate their 
usefulness as a solution to the 
problem of global plastic waste. 
Growing plants for bioplastics 
may reduce crops grown for food 
resources. Packaging made from 
biodegradable plastic also has a 
much shorter shelf life. For these 
and other reasons, bioplastics 
have not been widely embraced 
as an alternative to petroleum-
based polymers.
 Another solution being 
investigated involves the use of 
plastic-eating bacteria. Scientists 
have isolated a strain of bacteria 
that is able to digest polyethylene 
terephthalate (PET), a plastic 

in single-use beverage bottles. 
These bacteria appear to have 
evolved to produce an enzyme 
able to break down PET. Scientists 
think this enzyme could be used 
for “bio-recycling.” Much further 
study must be completed before 
this is considered a wide-scale 
solution.
 Decreasing our dependence 
on plastic packaging seems to be 
the only feasible way to reduce 
plastic pollution globally. In the 
meantime, experts agree that the 
best current solution to the plastic 
problem is to reuse and recycle 
the plastic we already have.

Evaluate Solutions 
Research the plastic disposal 
systems in your community. Then 
prepare an informative brochure 
or website proposing how the 
plastic recycling program in 
your school or community could 
be improved.

Source: U.S. Environmental Protection Agency, “Plastics: Material-Specific Data”
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TAKE STUDENTS ON A 
CHEMISTRY JOURNEY

Hands-on labs, investigations, projects, and digital simulations provide experiences to 
move students towards true understanding. Students apply 3-dimensional practices, 
collect and analyze data, and think creatively to solve chemistry problems.

CHAPTER 6 INVESTIGATION

Decomposing Copper Oxide
Metals react with oxygen in the air to form metallic oxides. The 
process of rusting, for example, involves the reaction of iron 
and oxygen. As you learned in Chapter 5, many metals can 
form more than one type of cation. For example, copper (Cu) 
can form Cu1 ions or Cu21 ions in ionic compounds. You will be 
given a sample of copper oxide and will determine whether it is 
copper(I) oxide or copper(II) oxide.

Objective
In this investigation you will heat copper oxide powder in the 
absence of oxygen to form copper metal. From the masses of 
the original copper oxide and the copper metal you obtain, you 
can calculate the percent by mass of copper in the original 
compound. By comparing your result to the percent by mass of 
copper in copper(I) oxide and copper(II) oxide, you can decide 
which compound was the starting material.
Ask Questions How is copper oxide formed from copper 
metal? What is the formula of the copper oxide used in this 
investigation?

Prelaboratory Assignment
Read the entire investigation before you begin.
Plan Your Investigation
 1. Calculate the percent copper by mass in copper(I) oxide.
 2. Calculate the percent copper by mass in copper(II) oxide.

Materials
safety goggles copper oxide powder
lab apron  balance
test tube (13 3 100 mm) Bunsen burner
ring stand matches
test tube clamp for ring stand 2-holed rubber stopper 

fitted with glass tubing
rubber tubing

Safety
   

 1. Safety goggles and a lab apron must be worn at all times 
in the laboratory.

 2. You will work with a flame in this investigation. Tie back 
hair and loose clothing.

 3. Do not drop matches into the sink. Dispose of burned 
matches in the trash can after they are cool.

Procedure
 1. Accurately determine the mass of your test tube.
 2. Measure between 3.00 and 4.00 g of copper oxide 

powder, and place it in the test tube. Be sure to record the 
actual mass of copper oxide used.

 3. Clamp the test tube to the ring stand so that the tube is 
slightly angled. Make sure there is a thin coating of copper 
oxide on the test tube and that the copper oxide is away 
from the mouth of the test tube.

 4. Assemble the apparatus as shown in Figure 1. The gas 
should flow through the test tube and into the Bunsen 
burner. Have your teacher approve your setup before you 
proceed.

Copper
oxide
powder

Rubber
stopper

Rubber
tubing

To gas jet
Glass
tubingTest tube clamp

Test tube

Ring stand

Bunsen
burner

FIGURE 1 Apparatus for Decomposing Copper Oxide

 5. Light the Bunsen burner.
 6. Use the hottest part of the flame to heat the copper oxide 

in the test tube. Move the burner back and forth over the 
length of the test tube containing the copper oxide. Make 
sure to keep the flame away from the rubber stopper.

 7. Continue heating until all the copper oxide has reacted.
 8. Allow the test tube and contents to cool in the absence of 

oxygen (move the burner from under the test tube, but 
allow the flame to continue burning until the tube has 
cooled completely).

 9. Accurately measure the mass of the test tube and copper. 
Determine the mass of copper formed.

Cleaning Up
  

 1. Clean up all materials and return them to the proper 
locations.

 2. Dispose of the copper as instructed by your teacher.
 3. Wash your hands before leaving the laboratory.

Data/Observations
 1. What is the mass of copper that reacted?
 2. What is the mass of copper oxide produced?
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Na+

Na+

Na+ Na+

Na+Na+

Cl–Cl–

Cl–

Cl–

Cl–

Cl–

Some substances exist as a collection of ions rather than as separate molecules. For 
example, ordinary table salt, sodium chloride (NaCl), is composed of an array of Na1 
and Cl2 ions. No NaCl molecules are present. In some books the term formula 
weight is used instead of molar mass for ionic compounds. However, in this book 
we will apply the term molar mass to both ionic and molecular substances.
 To calculate the molar mass for sodium chloride, we must realize that 1 mole of 
NaCl consists of 1 mole of Na1 ions and 1 mole of Cl2 ions.

1 mol Na+

1 mol Cl−1 mol NaCl

Na+

Cl−

Therefore, the molar mass (in grams) for sodium chloride represents the sum of the 
mass of 1 mole of sodium ions and the mass of 1 mole of chloride ions.

 mass of 1 mol Na1  5 22.99 g
 mass of 1 mol Cl2  5 35.45 g

mass of 1 mol NaCl 5 58.44 g 5 molar mass
The molar mass of NaCl is 58.44 g. It represents the mass of 1 mole of sodium 
chloride.

The mass of the electron 
is so small that Na1 and 
Na have the same mass 
for our purposes, even 
though Na1 has one 
fewer electron than Na. 
Also, the mass of Cl 
virtually equals the mass 
of Cl2 even though it has 
one more electron than 
Cl. In 1 mole of NaCl, the 
number of electrons is 
the same as the number 
of electrons in 1 mole of 
Na atoms and 1 mole of 
Cl atoms.

Hands-on Chemistry 

Relative Masses
Materials
cotton balls
paper clips

rubber stoppers
balance

Procedure
1. Obtain cotton balls, paper clips, and rubber stoppers 

from your teacher.
2. Devise a method to find the average mass of each of 

these objects. Discuss this method with your teacher.
3. Copy the table onto your paper. Determine the average 

mass of each object. Record the average mass of each 
of the objects in your table.

Mass of one object Relative mass of one object Mass of n objects

cotton balls g lb

paper clips g lb

rubber stoppers g lb

Analysis
1. Compare Give the lightest object a relative mass of 

1.0 in your table. Determine the relative mass of the 
remaining objects, and record these in your table.

2. Calculate How many of the lightest object would 
you need to have a pound of that object? Call this 
number n.

3. Calculate If you had n of each of the other objects, 
how much would each sample weigh? Fill these 
numbers into your table.

4. Analyze Determine which columns correspond to the 
chemical terms “atomic mass” and “molar mass.”

5. Interpret Which number represents “Avogadro’s 
number”?

CHAPTER 6 CHEMICAL COMPOSITION202

To COMP/DSN:
In the Hands-on Chemistry Analysis question 2, 
fix the widowed “n.”
—MCS 2/12/20
done 02/28/2020 ds

06_188-220_SE_CL_16127.indd   202 5/15/20   8:33 AM

3   Visit NGL.Cengage.com/FL-Science to learn more.

http://NGL.Cengage.com/FL-Science


EXPLORERS AT WORK

CHAPTER 19 RADIOACTIVITY AND NUCLEAR ENERGY706

Thinking Critically
Evaluate As you read the chapter, gather evidence 
to explain how nuclear reactors work. How could 
nuclear power be used as a replacement for 
traditional fossil fuels? Is nuclear power a sensible 
large-scale solution to the world’s growing power 
needs?

We have known for nearly a century that nuclear 
reactions can be harnessed as a tremendous 
source of energy. Nuclear power plants operate 
similarly to traditional fossil fuel plants. The 
heat from a reaction is used to generate steam. 
The steam then powers a turbine that produces 
electrical power. There has been a decrease in 
the use of nuclear power in the United States 
over recent decades. This is due to the availability 
of relatively affordable power from natural gas, 
as well as societal concerns over the safety and 
environmental impacts of nuclear power. National 
Geographic Explorer Leslie Dewan is hoping 
to rejuvenate the nuclear industry and change 
society’s perceptions of nuclear power.

Nearly all nuclear reactors in operation today are 
based on the same general process: The energy 
that results from nuclear reactions in solid pellets 
of uranium oxide is used to boil water and generate 
steam that powers an electrical turbine. However, 
some of the earliest nuclear reactor designs used 
uranium dissolved in molten salt. Heat from nuclear 
reactions in the molten salt mixture can then be 
used to produce steam and generate electricity. 
Dewan and a team of engineers have developed 
the design for modern molten salt reactors that 
would decrease waste production, improve safety, 
and increase the efficiency of nuclear power. In 
traditional reactors, the waste products of the 
nuclear reaction build up in the fuel elements 
over time. This buildup decreases the efficiency 
of the reaction. The metal structure that holds the 
uranium oxide in place is also gradually damaged 
as the reaction progresses. The fuel in a traditional 
reactor can only remain in use for about four years, 
after which it must be discarded.

In a molten salt reactor, the waste products of the 
reaction can simply be filtered out of the liquid 
solution. Because the uranium is suspended in 
a liquid instead of being held in place by metal, 
structural damage is minimized. This means the 
fuel can be used for decades, so much more of the 
available energy can be extracted before disposing 
of the uranium. The result is that far less nuclear 
waste is generated in the process.

Molten salt reactors are also potentially safer than 
traditional reactors. Traditional reactors operate 
at extremely high pressures. The rare catastrophic 
explosions that have occurred at nuclear plants 
are usually the result of the release of built-up 
pressure. The sudden release sprays nuclear waste 
into the surroundings. Molten salt reactors operate 
at atmospheric pressure, making them less likely 
to release waste into the environment should an 
accident occur.

Dewan and the team have made their research 
available to the public with the hope that it will 
inspire a new generation of nuclear engineers. 
“Climate change is real,” she says. “Novel nuclear 
technologies present the best way to address the 
issue, by rapidly expanding carbon-free energy at 
scale and making fossil fuels a thing of the past.”

with National Geographic Explorer Leslie Dewan

Improving Nuclear Power
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Leslie Dewan has worked to develop 
novel designs for safer, more efficient 
nuclear power plants.

An architectural rendering of a molten salt reactor 
illustrates the power plant’s proposed design.  
Inset: A cross section shows the reactor vessel, fuel salt 
pumps, heat exchangers, and the steam generator inside 
the plant.
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What Do  
We Know?

Related facts we 
know that provide a 

starting point.

How Do We 
Get There?

The program provides 
tools to students for 

taking what we know and 
moving through towards 

the solution goal. 

Does It  
Make Sense?

Test that the solution 
is reasonable based 
on what we know.

Students practice deeper Depth of 
Knowledge with critical thinking 
questions throughout the program to 
challenge and extend learning.

Guidance

A four-step problem solving approach is introduced to 
consistently guide students to understand what chemistry 
problems require to get to a solution that makes sense.

Prepare students for college and careers by setting a foundation 
in World of Chemistry for students to think critically about 
chemistry and science issues and to practice strategies for 
solving problems inside and outside the chemistry classroom.

BUILD STUDENT PROBLEM-SOLVING 
SKILLS AND STRATEGIES

 51. What is the difference between the atomic number and 
the mass number of an element? Can atoms of two 
different elements have the same atomic number? 
Could they have the same mass number? Explain.

 52. Which subatomic particles contribute most to the 
atom’s mass? Which subatomic particles determine the 
atom’s chemical properties?

 53. Is it possible for the same two elements to form more 
than one compound? Is this possibility consistent with 
Dalton’s atomic theory? Give an example.

 54. Write the simplest formula for each of the following 
substances, listing the elements in the order given.
 a. a molecule composed of one carbon atom and two 

oxygen atoms
 b. a compound consisting of one aluminum atom for 

every three chlorine atoms
 c. perchloric acid, which consists of one hydrogen 

atom, one chlorine atom, and four oxygen atoms
 d. a molecule composed of one sulfur atom and six 

chlorine atoms
 55. List the charges of the ions formed from atoms in each 

of the groups.

Metals

Nonmetals

a

c d

b

 a. _________
 b. _________
 c. _________
 d. _________

 56. An ion has a charge of 22 and 18 electrons. From 
which atom does this ion form?

 57. Consider the chemical reaction as depicted below. 
Label as much as you can using the terms atom, 
molecule, element, compound, ionic, gas, and solid.

Na
Na

ClCl

Cl−Cl−
Na+ Na+

+

 

 58. Use the following figures to identify the element or ion. 
Write the symbol for each, using the A

ZX format.
 a. 

  

Nucleus

11 electrons

11 electrons

11 protons
12 neutrons

Nucleus

11 protons
13 neutrons

 b. 

  

Nucleus

11 electrons

11 electrons

11 protons
12 neutrons

Nucleus

11 protons
13 neutrons

 c. 

  

Nucleus

12 electrons

12 protons
12 neutrons

 59. Choose the statement that best answers this question: 
If all atoms are composed of the same subatomic 
particles, why do different atoms have different 
chemical properties?
 a. The number and arrangement of the electrons 

matter most because the electrons of the atoms 
intermingle when atoms combine to form molecules.

 b. The number and arrangement of the electrons 
matter most because the electrons of the atoms are 
located in the nucleus, and the nucleus is involved 
in chemical reactions.

 c. The number and arrangement of the protons matter 
most because the protons of the atoms intermingle 
when atoms combine to form molecules.

 d. The number and arrangement of the protons matter 
most because the protons of the atoms are located 
in the nucleus, and the nucleus is involved in  
chemical reactions.

Critical Thinking
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Thinking Critically
Evaluate As you read the chapter, gather evidence 
to explain how nuclear reactors work. How could 
nuclear power be used as a replacement for 
traditional fossil fuels? Is nuclear power a sensible 
large-scale solution to the world’s growing power 
needs?

We have known for nearly a century that nuclear 
reactions can be harnessed as a tremendous 
source of energy. Nuclear power plants operate 
similarly to traditional fossil fuel plants. The 
heat from a reaction is used to generate steam. 
The steam then powers a turbine that produces 
electrical power. There has been a decrease in 
the use of nuclear power in the United States 
over recent decades. This is due to the availability 
of relatively affordable power from natural gas, 
as well as societal concerns over the safety and 
environmental impacts of nuclear power. National 
Geographic Explorer Leslie Dewan is hoping 
to rejuvenate the nuclear industry and change 
society’s perceptions of nuclear power.

Nearly all nuclear reactors in operation today are 
based on the same general process: The energy 
that results from nuclear reactions in solid pellets 
of uranium oxide is used to boil water and generate 
steam that powers an electrical turbine. However, 
some of the earliest nuclear reactor designs used 
uranium dissolved in molten salt. Heat from nuclear 
reactions in the molten salt mixture can then be 
used to produce steam and generate electricity. 
Dewan and a team of engineers have developed 
the design for modern molten salt reactors that 
would decrease waste production, improve safety, 
and increase the efficiency of nuclear power. In 
traditional reactors, the waste products of the 
nuclear reaction build up in the fuel elements 
over time. This buildup decreases the efficiency 
of the reaction. The metal structure that holds the 
uranium oxide in place is also gradually damaged 
as the reaction progresses. The fuel in a traditional 
reactor can only remain in use for about four years, 
after which it must be discarded.

In a molten salt reactor, the waste products of the 
reaction can simply be filtered out of the liquid 
solution. Because the uranium is suspended in 
a liquid instead of being held in place by metal, 
structural damage is minimized. This means the 
fuel can be used for decades, so much more of the 
available energy can be extracted before disposing 
of the uranium. The result is that far less nuclear 
waste is generated in the process.

Molten salt reactors are also potentially safer than 
traditional reactors. Traditional reactors operate 
at extremely high pressures. The rare catastrophic 
explosions that have occurred at nuclear plants 
are usually the result of the release of built-up 
pressure. The sudden release sprays nuclear waste 
into the surroundings. Molten salt reactors operate 
at atmospheric pressure, making them less likely 
to release waste into the environment should an 
accident occur.

Dewan and the team have made their research 
available to the public with the hope that it will 
inspire a new generation of nuclear engineers. 
“Climate change is real,” she says. “Novel nuclear 
technologies present the best way to address the 
issue, by rapidly expanding carbon-free energy at 
scale and making fossil fuels a thing of the past.”

with National Geographic Explorer Leslie Dewan

Improving Nuclear Power
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Where Do We 
Want To Go?

Clearly state the 
problem in terms of 

the goal or what 
we’re trying to do.

4



Simulations

Students have a variety of ways to apply their problem-solving skills with practice 
problems, group discussion activities, and online practice in the MindTap platform.

Team Learning Worksheet questions are designed for students to work in groups to explain their 
reasoning for answers and solutions. These require discussion and a true depth of understanding to 
explain and provide details and examples to support claims.

The eBook content 
is enhanced with 
embedded videos, 
simulations, and 3D 
molecular model viewers 
as well as highlighting 
and note-taking tools.

Investigate how the enthalpies of a series of 
reactions can be added together according to Hess’s 
law. Determine the enthalpy for the formation of 
tin(II) bromide and titanium tetrachloride from tin(II) 
chloride and titanium(II) bromide.

APPLICATION OF HESS’S LAW

Built for the students and 
educators of Florida. WIth 
100% coverage of the NGSSS 
(Next Generation Sunshine 
State Standards for 
Science), all students will be 
equipped for success.

5   Visit NGL.Cengage.com/FL-Science to learn more.

http://NGL.Cengage.com/FL-Science


Stirring
rod

Ring stand

Ring

250-mL
beaker

Wire gauze

Bunsen burner

 7. Using the tongs, quickly transfer the metal from the 
boiling water to the calorimeter. Cover the calorimeter.

 8. Gently stir the water in the calorimeter for several 
seconds. Do not use the thermometer to stir.

 9. Record the highest temperature reached.
 10. Repeat these steps two more times.

Cleaning Up 
 1. Return your metal sample and foam cups to your teacher.
 2. Return all materials to their proper locations.
 3. Wash your hands thoroughly before leaving the laboratory.

Data/Observations
Fill in a table similar to the one shown:

Trial 1 Trial 2 Trial 3

mass of metal

mass of water  
(calorimeter)

initial temperature  
of metal

initial temperature  
of water (calorimeter)

final temperature  
of water (calorimeter)

CHAPTER 10 INVESTIGATION

Test Your Metal
The specific heat capacity is the amount of energy required to 
change the temperature of 1 g of a substance by 1 °C. Each 
substance has a unique specific heat capacity.

Introduction
In this lab you will use a determination of the specific heat 
capacity to identify an unknown metal.
Ask Questions What is the identity of the metal you are given?

Prelaboratory Assignment
Read the entire investigation before you begin. Use the given 
specific heat capacities as a reference for your analysis.

Specific Heat Capacities (J/g•°C)
H2O(l): 4.184 Sn: 0.2271 Al: 0.8910
Zn: 0.3882 Pb: 0.1280 Cu: 0.3844 

Plan Your Investigation
 1. How will you know the final temperature of the metal?
 2. Why will you use a hot water bath to heat the metal?
 3. Why would you measure the volume of the water in the 

calorimeter when you need to know the mass of the water 
for the calculations?

Materials
safety goggles graduated cylinder
lab apron Bunsen burner
2 foam cups (nested)  tongs
2-hole lid for nested foam cups stirring rod
ring stand and ring thermometer
wire gauze water
matches unknown metal

Safety   
 1. Wear safety goggles and a lab apron at all times in 

the laboratory.
 2. Thermometers are fragile. Be careful when handling them, 

and never use a thermometer as a stirring rod. If you are 
using a mercury thermometer and it breaks, notify your 
teacher immediately. Mercury vapors are poisonous.

 3. You will work with a flame in this lab. Tie back hair and 
loose clothing.

 4. Do not drop matches into the sink. Dispose of burned 
matches in the trash can after they have cooled.

Procedure
 1. Find the mass of your metal sample. Record this value.
 2. Place one foam cup into the other. This is your calorimeter.
 3. Measure 75.0 mL of water and place it in your calorimeter. 

Record the temperature of the water.
 4. Set up the ring and ring stand, and place the 250-mL 

beaker on the wire gauze as shown in Figure 1.
 5. Add about 100 mL of water to the beaker and place the 

metal in the water.
 6. Use a Bunsen burner to heat the water to boiling. Allow 

the metal to remain in the boiling water for at least 
three minutes. Record the temperature of the water.

FIGURE 1 
Apparatus for boiling water

CHAPTER 10 ENERGY376
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checkpoint In Example 9.8, how can CuO be limiting if we started with a greater mass 
of CuO than NH3?

 

Therefore, 1.59 moles of CuO is required to react with 1.06 moles of NH3, but 
only 1.14 moles of CuO is actually present. So the amount of CuO is limiting; 
CuO will run out before NH3 does. 
 Note that CuO is limiting even though the original mass of CuO was much 
greater than the original mass of NH3.

Step 4  CuO is the limiting reactant, so we must use the amount of CuO in calculating 
the amount of N2 formed. Using the mole ratio between CuO and N2 from the 
balanced equation, we have

1.14 mol CuO 3
1 mol N2

3 mol CuO
5 0.380 mol N2

Step 5  Using the molar mass of N2 (28.02 g), we can now calculate the mass of N2 
produced.

0.380 mol N2 3
28.02 g N2

1 mol N2
5 10.6 g N2

Practice Problem 9.8
Calculate Lithium nitride, an ionic compound containing the Li1 and N32 ions, is 
prepared by the reaction of lithium metal and nitrogen gas. Calculate the mass of 
lithium nitride formed from 56.0 g of N2 gas and 56.0 g of solid Li in the following 
unbalanced reaction:

Li(s) 1 N2(g) S Li3N(s)

Hands-on Chemistry Minilab

The Nuts and Bolts of Stoichiometry
Materials
a cup of nuts and bolts

Procedure
1. Obtain a cup of nuts and bolts from your teacher.
2. The nuts and bolts are the reactants. The product 

consists of two nuts on each bolt. Make as many 
products as possible.

Results/Analysis
1. Analyze Using N to symbolize a nut and B to symbolize 

a bolt, write an equation for the formation of the 
product. Pay attention to the difference between a 
subscript and a coefficient.

2. Count How many nuts did you have? How many bolts?
3. Count How many products could you make?

4. Evaluate Which reactant (nut or bolt) was limiting? 
How did you make this determination?

5. Evaluate Was the limiting reactant the one that 
originally had fewer or more pieces?

6. Predict The average mass of a bolt is 10.64 g, and the 
average mass of a nut is 4.35 g. Suppose you are given 
“about 1500 g” of bolts and “about 1500 g” of nuts. 
Answer the following questions:
a. How many bolts are in “about 1500 g”? How many 

nuts are in “about 1500 g”?
b. Which reactant is limiting? Why is there a limiting 

reactant, given that you have equal masses of 
each?

c. Was the limiting reactant the one that had fewer or 
more pieces? Compare this answer to your answer 
in question 5. What does it tell you?

d. What is the largest possible mass of product? How 
many products could you make?

e. What is the mass of the leftover reactant?

SECTION 9.3 323
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Additional hands-on labs and projects 
are available for download from the 
teacher Companion Site including 
Chapter Labs, Classroom Activities and 
Projects, and the Team Learning 
Worksheet activities.

The work of Engineers 
is highlighted in 

“Exploring Engineering” 
articles at the 
beginning of some 
chapters and in 

“Chemical Engineering” 
features throughout 
the program. 
Engineering Practices 
are detailed in 
Chapter 1 and are 
applied by students 
in labs and 
Investigations.

Student materials include chapter Minilabs, a full 
Investigation lab for each chapter, and four large scale 

engineering projects in the Activity Guide.

HANDS-ON CHEMISTRY 
AND ENGINEERING 
PROJECTS

Shifts in science teaching mean more 
active student learning through Science and 
Engineering Practices. World of Chemistry 
offers a wide range of activities, labs, projects, 
and investigations to keep students applying 
chemistry knowledge and building hands-on 
problem-solving skills.

CHAPTER 20 ORGANIC CHEMISTRY738

EXPLORING ENGINEERING

Applying Chemistry
Analyze Choose a body part for which an implant 
or prosthesis might be needed and define some 
criteria and constraints that the replacement 
materials must meet. Research and evaluate a 
polymer as a potential material for this application. 
In your analysis, identify the factors in your 
decision and include any trade-offs you considered.

For every object we use, the properties of the 
materials from which it is made determine how 
the item functions. Materials scientists study the 
properties of a wide variety of materials, including 
the concrete, steel, and glass in buildings, the 
metals in vehicles, the numerous materials in 
microchips and electronic devices, and the many 
different kinds of plastics found in the modern 
world. Materials engineers assess the properties 
that a material should have in order to perform a 
specific function. They also test different materials’ 
abilities to fulfill these criteria. Materials scientists 
and engineers use chemistry to develop novel 
materials based on their desired properties. 

The modern field of biomaterials engineering 
focuses on materials that interact with biological 
systems, such as those used in medical implants 
and prostheses. Any material that is intended 
to function within or in contact with the human 
body must meet some primary criteria: it must 
be sterilizable and hypoallergenic, it should not 
degrade with use over time, and it cannot be toxic 
or otherwise damaging to the body. 

For a specific application, engineers work 
with medical researchers to define additional 
requirements for the biomaterial. If the material 
is used to replace a particular body part, it will 
need to have the same shape and similar physical 
properties as the original body part so that it can 
perform the same function. A nonreactive metal 
such as titanium or the alloy cobalt-chromium is 
employed in weight-bearing applications. Plastics 
and other carbon-based compounds are preferred 

in situations where the material needs to provide 
cushioning, minimize friction between parts, or be 
able to change its shape. Materials that are used to 
repair injured body parts are engineered to adhere 
to and support living tissue, and sometimes even to 
disintegrate as the surrounding tissue heals.

More recent advances in biomaterials engineering 
apply the technology of 3D printing with 
combinations of biological and synthetic materials 
to design implants that mimic the structures 
and behaviors of components such as muscle, 
cartilage, bone, and organ tissues at a cellular 
level. These materials are often better tolerated 
by the immune system than traditional implant 
materials. Additionally, the resulting tissue can 
regenerate and grow with the user’s body, and 
it will not need to be replaced due to wear and 
tear. 3D-printed tissues can also be used to make 
prosthetics patterned from the user’s own body 
parts that look and feel realistic. The “ink” for these 
tissues is typically made with large molecules 
called polymers. The durability, chemical stability, 
relatively low cost, and variety of textures of 
polymers make them ideal for these applications.

Using Materials Science and Engineering 

Designing Biocompatible 
Prosthetics
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Cartilage-producing cells 
were combined with a 
silicone polymer to make 
this bionic ear. The metal 
coil detects and transmits 
electrical signals.

A successful prosthetic or implant 
must function as much like the 
original body part as possible.

Different parts of a hip implant are made of different biocompatible materials, including 
metals, plastics, and ceramics, that are chosen based on how well their properties 
mimic those of the body parts they replace.
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1. Describe What are the driving forces that indicate a 
chemical reaction is likely to occur?

2. Predict Use the solubility rules in Table 8-1 or the 
information in Figure 8-3 to predict which of the 
following will be soluble in water:
a. calcium sulfate
b. sodium chloride
c. potassium hydroxide
d. magnesium phosphate

3. Model Consider two separate beakers, one 
containing an aqueous solution of hydrochloric acid, 
the second an aqueous solution of lead(II) nitrate.
a. Draw a diagram of each solution showing the ions 

present.
b. Draw a diagram after the solutions are mixed 

showing what is present.
c. Predict the products for any reaction that occurs.
d. Write a net ionic equation for the reaction.

4. Contrast How is a molecular equation different from 
a complete ionic equation?

5. Describe What is a spectator ion, and what happens 
to it in a net ionic equation?

6. Analyze Consider the following reaction: Aqueous 
sodium sulfate is added to aqueous barium bromide 
to form solid barium sulfate and aqueous sodium 
bromide.
a. Write the molecular equation.
b. Write the complete ionic equation.
c. List the spectator ions.
d. Write the net ionic equation.

 8.1 Assessment

FIGURE 8-6  
Aerial view of a water treatment plant that 
removes phosphorus from wastewater

Treating Wastewater
Excess phosphorus in water can 
disrupt freshwater ecosystems. 
Phosphorus is a nutrient for algae. 
An excess of phosphorus can cause 
high concentrations of algae to 
form. This can kill fish and other 
aquatic life. 
 Wastewater contains significant 
amounts of phosphorus, often in 
the form of phosphate ions. We 
have recently greatly reduced the 
amount of phosphates we use 
in detergents and personal care 
products. However, a significant 
amount of phosphorus still exists 
in wastewater because it is present 
in human and animal waste. Many 
wastewater treatment plants have 
processes to remove phosphorus 
from wastewater before 
releasing the water back into the 
environment.
 Two main methods are used 
for removing phosphates from 

wastewater. One method is to add 
chemicals that precipitate the 
phosphates out of solution. The 
precipitate can be removed using 
physical methods such as filtration. 
Another method for removing 
phosphates is to use bacteria. 
Some types of bacteria use 
phosphorus as a nutrient. These 
bacteria store the phosphates in 
their cells. As bacteria consume 
the nutrients in the wastewater, the 
amount of phosphorus in the water 
decreases. The bacteria are then 
removed from the water.
 Removing phosphorus by 
precipitation is often easier than 
using bacteria. It can give more 
reliable results. It also requires 
less equipment. However, the 
added chemicals can be expensive. 
If a lot of precipitate forms, it may 
be more difficult to dispose of the 
resulting product. Wastewater 
plants consider these and other 

trade-offs in determining the 
processes they use to remove 
phosphorus. Some plants use just 
one method. Others use both, often 
with precipitation used as a backup 
to the bacterial method.

Chemical Engineering 

SECTION 8.1 271

DSN/COMP: 

1. I cannot edit the caption on Figure 8-6. 
Update caption with the following text (no 
period): “Aerial view of a water treatment plant 
that removes phosphorus from wastewater” 
-jrw, 02/10/20
done 02/28/2020 ds
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CONNECT ALL 
STUDENTS IN 
QUALITY LEARNING

Students will enter chemistry classes with 
a wide variety of skills and experience, 
the need for teacher support to meet 
these needs is critical. World of Chemistry 
includes everything teachers need to 
ensure all students can access materials, 
activities, and digital resources for 
mastering chemistry.

Support diverse learners with 
Differentiated Instruction boxes to 
provide leveled support for 
Struggling Students, Advanced 
Learners, and English Learners. 
Meeting Individual Needs notes 
provide strategies for addressing 
math concepts and reading skills 
in the context of chemistry.

7   Visit NGL.Cengage.com/FL-Science to learn more.
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Crosscutting Concepts Boxes 
help teachers deepen students’ 
understanding and connect  
with prior learning. Each 
Scientific Practices or 
Engineering Practices box 
supports the use of the 
chemistry content to engage 
students in these practices. 
Connect to ELA features provide 
strategies for addressing 
Florida’s B.E.S.T. Standards for 
Math and ELA.

COURSE SUPPORT AND  
 TEACHING TOOLS

The wraparound Teacher’s Edition includes Chapter 
Planning Guides summarizing chapter resources 
including support for differentiation, hands-on 
lessons, interdisciplinary and career connections, 
MindTap online learning resources.

Additional downloadable resources include lecture slides, chapter tests, student 
practice pages, chapter summaries in English and Spanish, and the Cognero 
customizable test generator.
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In addition to “checkpoint” 
questions throughout 
the student book and 
chapter review questions, 
a variety of supplementary 
assessment materials 
allow teachers to 
customize the approach 
to ensuring student 
success. Each chapter 
includes a Standardized 
Test Practice assessment, 
a comprehensive Chapter 
Test, and supplementary 
student worksheets 
and activities.

ASSESSMENTS IN A 
VARIETY OF FORMATS

Cognero Test Bank 
is a flexible, online 
system that allows you 
to author, edit, and 
manage test content.

9   Visit NGL.Cengage.com/FL-Science to learn more.
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Get the power of National Geographic 
for all of your core and on-level 
science needs. See our other high 
school solutions for a true National 
Geographic experience.

World of Chemistry, Florida Edition is part of our chemistry 
series to meet the needs of on-level, honors, and AP® 
Chemistry. Help students become expert problem-solvers and 
to think like chemists with our high school chemistry solutions.

Honors AP®

The cornerstone of our chemistry solution is renown authors Steven 
and Susan Zumdahl. The Zumdahl’s and their writing partners use a 
thoughtful approach built on creative problem-solving techniques and 
critical thinking.

For more information, visit 
NGL.Cengage.com/FL-Science

http://NGL.Cengage.com
NGL.Cengage.com/FL-Science
http://NGL.Cengage.com/FL-Science

