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chapter
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T his book teaches chemistry with 

stories because stories provide rele-  

vance and context to this sometimes complex topic. 

Our first story takes us to India, where a wedding is about to take 

place and the bride is preparing. On this day before her wedding, 

she is devoting all of her time not to the food or the music or the 

venue for the wedding, but to tattoos. She waits patiently as intricate 

tattoos that she has designed are applied to her hands and feet. 

These tattoos (see photo on p. 2) are made with henna, also called 

mehndi, a reddish brown pigment that wears off of the skin within a 

few weeks. The henna is not just beautiful, it is also thought to have an-

tiseptic properties that keep the bride healthy. It is also believed to be a 

powerful aphrodisiac.

Several steps are involved in making henna tattoos. First, the 

henna is obtained from the Lawsonia inermis bush by soaking its 
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chapter 1 the story of chemistry

leaves in lemon juice. Then, when it is applied, the henna attaches 

to substances in skin. Finally, as the decorated skin is exposed to air, 

the henna turns darker in time for the ceremony. In each of the three 

steps in this henna tattoo process, chemistry is involved. A colored 

substance is extracted from a plant with the aid of lemon juice, the 

substance binds to specific structures in the skin, and then the sub-

stance changes color in air. Chemistry, chemistry, and chemistry. 

As this story demonstrates, chemistry is not limited to beakers 

and laboratory benches. Chemistry occurs wherever substances 

are, whether henna is being prepared for a wedding or a 

fuel is being burned in an engine. Wherever something is 

rusting, exploding, glowing, rotting, or dissolving, some 

chemistry is going on. And, as we will see, an understand-

ing of these chemical processes is useful no matter who 

you are or who you plan to be. Perhaps most important, 

though, an understanding of chemistry will make you a 

better-informed citizen and help you to cast thoughtful votes on 

topics such as the environment, public health, food, and energy. 

In this first chapter, we explore the process of science and what 

scientists do on a day-to-day basis. Then you will learn how they 

disseminate their work and how others are encouraged to challenge 

it. Finally, you will learn to use some tools that all scientists must 

master and see how scientists evaluate the information that they 

collect.  

•
2
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31.1	 THE	SCiENTiFiC	METHoD

1.1 The Scientific Method
This	book	will	help	you	understand	current	science-related	issues.
Major changes in the way people think about nature can alter the course of history. 

The twentieth century saw significant, world-changing advances in our under-

standing of nature, especially the characteristics of matter, the tangible material 

that makes up the universe and everything in it. careful scientific work revealed 

the structure of the atom, the smallest unit of matter that cannot be broken down, 

except in nuclear reactions. One discovery followed quickly upon the last, until our 

understanding of the atom was completely new. These scientific advances were 

made using a method of inquiry that scientists have developed and tweaked over 

centuries of experimentation. (We explore this method of inquiry—the scientific 

method—later in this section.) 

In the middle of the last century, our newfound understanding of the 

atom led us to the point where we could use nuclear reactions to split it. 

This knowledge eventually brought World War II to a dramatic end, when 

the United States developed the first atomic bombs and dropped them 

on the Japanese cities of hiroshima and Nagasaki in the summer of 1945  

(Figure 1.1). Since then, our understanding of the atom has allowed us 

to tap its energy for peaceful uses, such as the generation of electrical en-

ergy in nuclear power plants. chapter 11, “Nukes,” will explore the topic of 

nuclear reactions.

Because nuclear power plants produce dangerous waste products, 

however, the use of nuclear energy for power has been, and continues to 

be, one of the most divisive areas of public debate. We must decide if the 

power we get from nuclear plants is worth the risk of producing the haz-

ardous waste. countries all over the world that rely on nuclear power, such 

as France, hungary, South Korea, and Belgium, have had to ask and an-

swer tough questions. Do our power plants put people at risk from poten-

tially faulty waste receptacles? From sabotage by terrorists? From power 

plant accidents? 

Some of these complex questions were answered for the government 

of Germany after an earthquake that reached 8.9 on the richter scale was 

followed by a devastating tsunami on the northeast coast of Japan. The tsu-

nami severely damaged the Fukushima power plant on March 11, 2011, 

and the release of radioactive substances increased the tsunami’s death 

toll, which eventually rose to more than 15,000. In the wake of this disas-

ter, the German government decided that, even though German nuclear 

power plants are not vulnerable to a tsunami, the facilities are not worth 

the risk they pose to the citizens of their country. By German government 

decree, by the year 2022, every nuclear power plant in Germany will be 

closed.  

If you were a German citizen, how would you feel about this decision? Do you 

live near a nuclear power plant now? Do you benefit from the low-cost energy it 

provides? You may someday need to weigh in on questions like these, and that’s 

one of the reasons it is useful to know how science works. reading this book will 

help you develop the critical thinking skills you will need to form an educated 

Figure 1.1 The Intensity of an Atomic 
Bomb
The	blast	from	the	Hiroshima	bomb	created	
enough	light	to	make	an	imprint	of	a	valve	handle	
on	the	wall	of	the	building	behind	it.	The	bomb	fell	
on	August	6,	1945.
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4 chapter 1 the story of chemistry

opinion about questions like these. In your lifetime, there will be many issues that 

will force policymakers and the public to decide how far our knowledge should be  

allowed to take us. That is part of what this book is about: providing you with some 

of the fundamentals necessary to understand scientific issues. 

can you understand a newspaper article discussing a topic such as nuclear 

power? Do you know how to inform yourself about issues concerning the environ-

ment? can you spot a ruse designed to influence you to buy a dubious product? 

hopefully, after reading this book, your answers to these questions will be yes, and 

taking this course will help you learn to intelligently evaluate issues and products 

and come to conclusions that fit your beliefs and your way of life. and ultimate-

ly the approach used in this book, which teaches you chemistry by showing you 

chemistry, will make you a better voter, parent, employee, and citizen.

Scientists	follow	a	system	of	peer	review	and	reproducibility.
One question people may hear in public debate is, “Should scientists be permitted 

to pursue any avenue of research they choose?” Should researchers be permitted 

to clone any organism or create any molecule, regardless of the dangers that organ-

ism or molecule might pose? Should governments take control of the natural pro-

gression of science? What is the natural progression of science? how do scientists 

decide what is important to study, which questions should be answered, and which 

should be ignored? 

The questions a scientist chooses to work on can depend on several things. 

First, as the natural momentum of scientific research rolls along, scientists often 

are tempted to try answering the next logical question. For example, if energy re-

search progresses to a point where a new fuel source is discovered, a logical next 

step is to find out as much as possible about this fuel. a second criterion a scientist 

often uses for selecting a research project is how important the topic is to the well-

being of the human race. 

each scientist usually addresses only a very small part of a larger problem. For 

example, consider a chemist who is trying to figure out why a certain substance 

in aerosol cans harms the environment. This chemist may decide to change the 

compound slightly to see if the adverse effects still occur. a second chemist work-

ing independently on the same problem may try to figure out what other, more 

benign substances can be substituted in the aerosol formulation. a third chemist 

may study how that substitute substance affects the chemistry of natural waters. as 

experiments are completed, each scientist submits his or her findings to a scientific 

journal. The journal editors then send out the findings for extensive peer review, 

and other scientists evaluate it (Figure 1.2). 

peer reviewers scrutinize the data to be sure that the experiments are designed 

properly and the most logical conclusion is reached. Sometimes the peer review-

ers may repeat the experiment to verify that the results are reproducible in another 

laboratory. If the work is determined to be acceptable, it is published and becomes 

available to the wider scientific community. 

The three scientists working on the questions relating to aerosol cans and the 

environment can then read one another’s findings in the literature and update 

their own experimental designs accordingly. In this way, small, incremental gains 

NOT FOR SALE

© Roberts & Company Publishers, ISBN 978-1936-221-394, due August 1, 2014. For examination purposes only.



51.1	 THE	SCiENTiFiC	METHoD

are made toward a broader understanding of the original question. Breakthroughs 

happen and make way for newer breakthroughs. This whole approach to doing sci-

ence—including peer review and verification of reproducibility—is how science 

gets done, and notable findings eventually filter out to the public. 

The	scientific	method	tests	scientific	hypotheses.
The general approach to scientific experimentation used worldwide is the scientif-
ic method. Let’s look at an example of how it works. Suppose you are having coffee 

at a bookstore. You overhear a debate about whether a piece of toast accidentally 

knocked off a kitchen table lands more frequently buttered side up or buttered side 

down. You know that the prevailing consensus is that toast always lands buttered 

side down, but you are not convinced that it’s true. 

You decide to perform a series of exhaustive bread and toast experiments in 

your kitchen. You begin by formulating a hypothesis, which is an initial best guess 

about some question concerning nature.

Your Hypothesis: The top side of a slice of bread or toast  
knocked off a kitchen table always lands facing the floor.

It’s important to note that a scientific hypothesis is different from other kinds 

of hypotheses because it can be tested by experiment. If you ever take a class in 

philosophy, you may be asked to discuss some hypothesis about the meaning of 

life, say, or the existence of an afterlife. This type of hypothesis is not a scientific 

hypothesis, because it cannot be tested by experiment. 

Figure
01.03
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Figure 1.2 The Peer Review Process
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6 chapter 1 the story of chemistry

There are eight recurring themes that are woven throughout the book. (You 

can find a list of all eight themes at the front of the book on p. xv.) The first of these 

themes is highlighted in the margin. The recurring themes are fundamental con-

cepts about chemistry, or about science in general, that will come up repeatedly as 

you read and learn about the topics in this book. Because they are important, each  

recurring theme is highlighted in the text near the discussion it accompanies. all 

the recurring themes for each chapter are also listed in the material at the end of 

the chapter.

to prepare your kitchen-laboratory, you stock up on bread and butter and then 

set to work. Done correctly, your experiments should convince even the most stub-

born skeptic. to that end, it’s important to anticipate every objection that might 

arise when you unveil your results. Therefore, you 

design an experiment to include every combina-

tion of buttered and unbuttered bread and toast, as 

shown in Figure 1.3. 

The obvious way to begin your experiment is by 

pushing slices off a typical kitchen table. Because 

table height might be an important factor, you mea-

sure the height of yours. having decided to start 

with buttered toast, you then slide a slice, buttered 

side up, off the table. You repeat the experiment 19 

more times and record your results. to be as consis-

tent as possible, you try to use the same force and 

wrist motion each time. 

You’re not finished yet, however. You repeat 

your experiment with unbuttered toast, buttered 

bread, and unbuttered bread, doing 20 trials each 

time and recording the results. With the buttered 

bread, you again begin with the buttered side up. 

With the unbuttered bread and unbuttered toast, 

you put a tiny spot of red ink on one side and make it 

the side that initially faces up in each trial. You also 

try the experiment with tables of different heights 

to see if it affects your results. after five hours of 

flinging toast and bread off of tabletops, you have 

all your data.

Question 1.1 Which of these statements are scientific hypotheses? (a) people get sun-

burns when they are exposed to yellow light. (b) every human being has a soul. (c) You 

can drive from chicago to philadelphia in 12 hours while obeying the posted speed limits. 

Answer 1.1 choices (a) and (c) are scientific hypotheses because they can be tested. 

choice (b) is a hypothesis but not a scientific one, because it cannot be tested. 
For more practice with problems like this one, check out end-of-chapter Question 3.

Follow-up Question 1.1 In the toast experiment, why is it important to test bread that 

is buttered and unbuttered?  
•

Figure 1.3 Toast and the Scientific Method
This	kitchen-based	experiment	tests	the	hypothesis	that	the	top	of	a	piece	of	
toast	always	lands	facing	the	floor.

       recurring theme 
in chemistry 1
Scientists worldwide use the 
scientific method as a basis for  
experimentation and deduction. 
The scientific method is based  
on the principles of peer review 
and reproducibility.
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A	theory	is	a	well-substantiated	and	tested	hypothesis.
Your data reveal the following facts:

1. With the buttered side initially facing up, both buttered toast and buttered 

bread land buttered side down 90% of the time from your kitchen table. 

2. If the toast and bread are unbuttered, the side of the bread that is initially fac-

ing up, as indicated by the red dot, ends up facedown. 

3. table height does matter. Slices that fall from tables only slightly taller than 

your kitchen table land buttered/red-dot side up, and slices that fall from 

extremely tall tables land buttered/red side down. 

Your hypothesis was right! Buttered bread lands buttered side down 90% of the 

time. But, you reason, the butter does not cause the bread/toast to land buttered 

side down. even without butter, the side that initially faces up is the one that hits 

the floor. and, whether the bread is toasted or not is irrelevant. What is relevant is 

the table height. 

Now you are ready to propose a theory, which is a detailed explanation of 

the experimental results. having observed that each slice rotates as it falls, you 

formulate the following theory: table height determines how many rotations can 

be completed before the slice hits the floor. Your recommendation to the clumsy, 

buttered-toast-eating public is this: eat your toast at a slightly taller table. This but-

tered toast example may be tongue in cheek, but it demonstrates how a theory can 

develop from a testable hypothesis.

a theory can never be proved. Did we prove anything with our toast “experi-

ments”? can a scientist ever prove something by experimentation? The answer to 

all these questions is no. a theory provides the latest and best interpretation of ex-

perimental results, but theories are not inherently provable, because the next set 

of experiments may show that the theory is wrong. In other words, a theory is a 

hypothesis that has been found to be true in the most recent experiments. Next 

year, for example, someone may devise a new method of measurement that could  

possibly shed more light on the question and give researchers an opportunity to 

use a different set of experiments to test the hypothesis. Thus, we can say that evi-

dence supports a theory, and we can say that evidence disproves a theory, but we 

cannot say that evidence proves a theory. 

Question 1.2 Describe the difference between the words hypothesis and theory in science. 

Answer 1.2 In science, a hypothesis is a best guess or preliminary prediction of the 

outcome of one or more experiments. You start with a hypothesis and then test it to 

determine if the data you collect supports it or not. a theory explains the data that are 

collected, whether from one experiment or several. 

For more practice with problems like this one, check out end-of-chapter Question 2.

Follow-up Question 1.2 complete the sentence with one of the choices provided. 

a scientific theory is (a) true forever, no matter what (b) subject to revision with further 

experimentation (c) an observation about nature. 
•
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8 chapter 1 the story of chemistry

Scientists	create	models	that	make	experimental	 
data	easier	to	understand.
In chemistry, it’s sometimes useful to represent atoms as balls connected by sticks. 

But remember that a ball-and-stick structure like this is a model invented by scien-

tists to classify and organize matter. Models are representations of reality and a way 

of understanding nature. after reading this 

book, you may find yourself picturing atoms 

as balls connected to one another by sticks. 

Keep in mind, though, that these balls and 

sticks are models, not reality. 

advances in computer technology have 

brought models from balls and sticks to beau-

tiful three-dimensional graphics. With the 

storage space and processing speeds avail-

able today, a reasonably priced computer 

can display magnificent, elaborate chemical 

structures containing hundreds of thousands 

of atoms (Figure 1.4). With today’s comput-

ing power, computational chemists often de-

sign experiments that are done completely 

on a computer, not in a laboratory. every 

year, more and more experiments like this are 

performed on computers, and this capability 

can save months of work in the laboratory. 

are computational chemists subject to 

the same rules of peer review and reproduc-

ibility as chemists who work in laboratories 

and wear white coats? certainly. The funda-

mental ideas behind the scientific method 

apply to every corner of the scientific com-

munity, even corners that are utterly virtual. 

The scientific method works because every piece of data is criticized and questioned. 

Findings that survive this process become the new benchmarks until the next piece 

of information that supersedes or clarifies what came before is determined, and new 

benchmarks are set. That is the way science happens.

1.2  Coming	to	Terms	with	the	Very	Large	 
and	the	Very	Small

Scientific	notation	allows	us	to	work	with	really	large	 
and	really	small	numbers.
a small glass of water like the one depicted in Figure 1.5 contains about 7.9 ×1024  

water molecules. (a molecule is a collection of atoms that are connected to one 

another. In chapter 4, “Bonds,” this term is defined in a formal and detailed 

Figure 1.4 A Computer Model of a Complex Substance 
This	substance	contains	hundreds	of	thousands	of	atoms.	Each	ball	in	this	computer	
model	represents	one	atom.	

       recurring theme 
in chemistry 2
Things we can see with our eyes 
contain trillions upon trillions 
of atoms. Atoms are much too 
small to view with the naked 
eye.

NOT FOR SALE

© Roberts & Company Publishers, ISBN 978-1936-221-394, due August 1, 2014. For examination purposes only.



91.2	 CoMiNg	To	TErMS	WiTH	THE	VEry	LArgE	AND	THE	VEry	SMALL	

way. For now, all you need to know is that a 

water molecule includes three atoms, and 

it’s extremely small.) Because water mol-

ecules are extremely small, we can rightly as-

sume this glass contains an enormous num-

ber of them. But how large is the number  

7.9 ×1024, and why do we write it using a power 

of 10? 

When a number is exceedingly small or 

large, scientists use scientific notation for 

convenience. For example, to express the num-

ber 457,000 in scientific notation, we move its 

decimal point to the location that results in a 

number between 1 and 10, which in this case is 

4.57. We refer to this as the number part. Next, 

we express the number of places we moved 

the decimal point as 10 raised to that power:  

4.57 × 105. We refer to this as the exponential 

part (pronounced ex-po-NEN-shul).

When we start with a large number and 

move the decimal point of the original number to the left, as we did here, the ex-

ponent is positive. When we start with a number that is less than 1, we move the 

decimal point to the right to obtain a number between 1 and 10. In these cases, 

the exponent is negative because the number is small. For example, 0.000 004 57 

becomes 4.57 × 10−6.

Let’s return to our glass of water molecules. We now know that the notation  

7.9 × 1024 represents a very, very large number of water molecules. In this example, 

the decimal point of the original number has been moved 24 places to the left of its 

original location, like this: 

7,900,000, 000,000,000,000,000,000 � 7.9 � 1024

�e same number
in scienti
c notation

A very large number

Original position
of decimal point

Question 1.3 Label each of the following numbers in scientific notation as either “very 

large” or “very small.”: (a) 7.70 × 1028 (b) 5.41 × 10−11 (c) 4 × 10–9 (d) 3.1 × 1012

Answer 1.3 choices (a) and (d) are very large numbers because they have positive ex-

ponents. The numbers in (b) and (c) are very small numbers because they have negative 

exponents.

For more practice with problems like this one, check out end-of-chapter Questions 9 and 10.

Follow-up Question 1.3 For each of the following large numbers, determine what 

the value of the exponent is when the number is expressed in scientific notation:  

(a) 5,100,000 (b) 1,000,000,000,000 (c) 3000 (d) 1,234,567 
•

Figure 1.5 Molecules in a Glass  
of Water 
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natureBox • Alien	Bacteria	and	the	Scientific	Method

rosie redfield is a detective, of sorts. She 
starts with a mystery that has not been 
solved…yet. Then she asks a question 
about the mystery, a question that can 
be answered with facts. She collects 
evidence, evaluates that evidence, and 
draws conclusions from it. Finally, she 
attempts to solve the mystery by us-
ing those facts. If the mystery remains 
unsolved, then she asks the next logical 
question, until she cracks the case. Is 
rosie redfield a homicide detective or a 
police investigator? No, she is a scientist 
(Figure 1A). But in many ways her job is 
similar to a police detective’s, as you are 
about to see.

New scientific findings often do not 
make their way into the public sphere. But 
every now and then, a scientific discov-
ery is so astonishing, it makes headlines 
everywhere. That’s what happened on 
December 2, 2010, when a press confer-
ence was called at the National aeronau-
tics and Space administration (NaSa) 
headquarters in Washington, D.c. For 
days, rumors of something big had been 
bouncing around the astronomy com-
munity; blogs predicted that there might 
be news of life on one of the moons of 
Saturn. There was a buzz of excitement  
as the NaSa scientists took the stage. 

The scientists announced that  
NaSa researchers had discovered a 
bacterium—a one-celled organism— 
in a california lake that could survive 
in arsenic-laden water. Why was this 
obscure bacterium such a big deal? It 
was a big deal, NaSa said, because these 
remarkable little organisms actually live 
on arsenic, and arsenic is known to be 
very toxic to many life-forms. In fact, 
NaSa claimed that the bacteria could 
swap arsenic for phosphorus, a critical 
part of the scaffolding that holds to-
gether the genetic material of all known 
living things. (Genetic material stores 
an organism’s hereditary information.) 
This was indeed big news because there 
never has been evidence to show that 

the phosphorus in our genetic 
material can be replaced by 
anything, let alone arsenic! 
a wave of excited electronic 
chatter reverberated through 
the scientific community. ar-
senic can replace phosphorus? 
really? 

What made this announce-
ment so exciting was its im-
plication that living among us 
is an organism that originally 
may have come from a place 
where arsenic is used as the 
basis for living things. Wild 
speculation ensued: had alien 
life-forms been living in a lake 
in california, and we were only 
now learning of their exis-
tence? If this were true, then 
could other, more sinister alien 
life-forms be living on earth 
with us? 

enter rosie redfield, our 
scientist-detective. She wanted 
to know this: Is it actually 
possible to replace the phosphorus in 
these cells for something else? Suspect-
ing that this claim was false, she asked a 
question—“how did NaSa arrive at its 
results?”—and she decided to answer it. 
Then she did what scientists do: she used 
the scientific method. 

She wanted to test the hypothesis 
that the NaSa scientists had tested, 
starting from scratch. She repeated their 
experiments and she scrutinized their 
methods, and here is what she found: 
The experiments performed by the NaSa 
scientists did not provide the evidence 
needed to support their conclusions. 
They had not followed the scientific 
method carefully, and their work was not 
reproducible. NaSa had cut corners, and 
soon everyone knew it. 

Other groups of scientists weighed in 
as the story unfolded. Working in their 
own labs and thinking hard about the 
problem, they posted their latest findings 

and insights on blogs around the clock. 
every new blog post within the scientific 
community was a new morsel of infor-
mation for everyone to digest. It was an 
exciting time for those involved. In fact, 
more than anything, this story may have 
demonstrated the power of social media 
in addressing a pressing issue. accord-
ing to redfield, “Scientists are much 
more able to communicate with people 
we don’t know and to learn from people 
we’ve never met.” 

after this flurry of scientific detective 
work, the mystery was solved. people  
can rest easy knowing that bacteria with 
arsenic-based genetic material are not 
known to exist after all. Indeed, as far as 
we know, every organism on earth does, 
in fact, have phosphorus, not arsenic, in 
its genetic material. happily, the funda-
mental tenets of chemistry regarding the 
role of phosphorus have not been violated 
by alien bacteria in a california lake. 

Figure 1A Rosie Redfield: Detective  
and Troublemaker

 •
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There	are	two	rules	to	remember	when	using	scientific	notation.
Figure 1.6 summarizes scientific notation. The first rule is that whenever we write 

a number in scientific notation, the “number part” must be equal to or greater than 

1, and it must be less than 10. We place the decimal point right after the first digit—

which is 7 in the preceding example (7.9). Note that we do not move the decimal 

point one place to the left of the first digit (0.79) or one place to the right (79). We 

must always have a number between 1 and 10.

here is the second rule: whenever we write a number in scientific notation, the 

“exponential part” is the number 10 raised to the number of positions we moved 

the decimal point. In our example, the power is +24, and so the number is written 

7.9 × 1024. remember that the exponent is positive for big numbers (greater than 

one), and negative for small numbers (less than one). In 1.24 × 10–26, for example, 

the negative exponent tells us that the decimal point has been moved to the right 

of its original position: 

0.000 000 000 000 000 000 000 000 0124 � 1.24 � 10–26

Original position
of decimal point

�e same number
in scienti�c notation

A very small number

Figure 1.6 Using Scientific Notation

5, 6 30,0 0 0. 5.6 3 10 
6�

0.0 0 0 0 0 1 1.5 2 2 10 
–6�52 2
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12 chapter 1 the story of chemistry

wait a minute . . .
How do I enter scientific notation into my calculator?

You will save time and keystrokes if you learn to use scientific notation with 

your calculator. Dozens of calculator brands are available, but most scien-

tific calculators have a button marked as EE or EXP or ×10y (Figure 1.7). 

to enter a number written in scientific notation, enter the decimal number, 

press the EE/EXP/×10y key, and then enter the exponent. For example, for  

1.24 × 10−26 you enter 1.24, then ee/eXp/×10y, then 26, then the key that 

makes the number negative, which sometimes looks like this: +/−. (The sub-

traction key looks like this: −. It does not change the sign of a number.)

 Often, when students arrive at a number in a calculation that is incorrect 

by a factor of 10, it’s because they enter the 10 part of 10−26 instead of just the 

−26 part. (Doing so multiplies the decimal number by an extra 10.) It is not 

necessary to enter the number 10 when you use the EE/EXP/×10y key.

 You will sometimes see numbers in scientific notation where the first 

number is 1. In writing such a number, the 1 is often omitted for conve-

nience. So, writing 1 × 10−19 is the same as writing 10–19. to enter the num-

ber 10−19 into your calculator, however, you must include the 1: enter 1, then  

ee/eXp/×10y, then −19. •

1. Enter the number part

2. Press the exponent key, which can look

 like

3. Enter the exponent                      then the key

 that makes the number negative, which

 sometimes looks like this:

 (�e subtraction key, which looks like

 this            , does not change the sign of

 a number.)

How to enter the number 1.24 � 10–26

or EXP or x10yEE

EE

Figure
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Figure 1.7 Entering a Number in Scientific Notation into a Calculator

Question 1.4 Write these numbers in scientific notation: (a) 0.000 0345 (b) 9,080,000  

(c) 0.2

Answer 1.4 (a) 3.45 × 10–5. Move the decimal point five places to the right, so the expo-

nent is negative and this is a small number. (b) 9.08 × 106. Move the decimal point six plac-

es to the left, so the exponent is positive and this is a large number. (c) 2 × 10−1. Move the 

decimal point to the right by one place. however, scientific notation is not typically used 
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for numbers this close to 1, because it is more straightforward to write 0.2 than to write  

2 ×10−1. Scientific notation is usually reserved for very large and very small numbers.

For more practice with problems like this one, check out end-of-chapter Questions 11 and 15.

Follow-up Question 1.4 What is incorrect about the number 88.6 × 105? 
•

1.3  Metric	Units,	Conversion	Factors,	 
and	Dimensional	Analysis

Chemists	work	with	very	large	numbers	of	atoms	 
because	atoms	are	very	small.
as our discussion of scientific notation has made clear, molecules and atoms are 

exceedingly small. They are so small, in fact, that microscopes with the necessary 

resolution to view images of single atoms have become available only recently. Fig-
ure 1.8a is an image from such a microscope, a SteM (scanning tunneling electron 

microscope), at extraordinarily high resolution. In this microscopic image, images 

of individual atoms are visible. each pink circle encloses a ring of six atoms. The 

rings are interconnected in a honeycomb pattern, just like the hexagons in an au-

thentic bee-made honeycomb in Figure 1.8b. But there is a big difference between 

these two kinds of honeycomb: we can fit more than 10,000,000 of the hexagons 

from Figure 1.8a across one hexagon in Figure 1.8b. That’s how small an atom is. 

The diameter of one of the atoms in Figure 1.8a is about 0.000 000 000 08 me-

ters. Using scientific notation, we can express the diameter of that atom as 8 × 10−11 

m. In this section of the chapter, we introduce a second tool for managing really 

large and really small numbers: the metric system.

Figure 1.8 Honeycombs
(a)	This	honeycomb	is	a	STEM	image	of	atoms	arranged	in	hexagons,	circled	in	pink.	The	vertex	of	each	
hexagon	is	one	atom.	The	diameter	of	each	hexagon	is	about	3	× 10–10	meters.	(b)	A	honeycomb	made	by	
bees.	The	diameter	of	one	hexagon	is	about	a	half	a	centimeter,	which	is	equal	to	0.005	meters.	
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14 chapter 1 the story of chemistry

The	metric	system	is	an	agreed-upon	method	of	measurement	
used	around	the	globe.
If you’ve ever tried to convert tablespoons to cups or ounces to pounds, then you 

can appreciate the beauty of a system of units based on multiples of 10. The metric 
system is such a system, and it is used to express measured quantities like time 

and length. converting a length from meters to centimeters requires multiplying 

by 100, which is the same as moving a decimal to the right two places. Because the 

metric system is logical and straightforward, scientists worldwide use it. 

Back in 1960, members of the scientific community came together to decide 

on some ways to standardize the metric system. They created an internationally 

agreed-upon version of the metric system, which they 

called the Système International (SI). In this book, we 

will use the metric units that most chemists use every 

day. These come mostly from the SI system, with a few 

exceptions. here, this system of units is called simply 

“the metric system.” 

In the metric system, each type of measurement, 

such as length or volume, has a base unit. Table 1.1 

lists the base units used in this book. In the metric sys-

tem, units that are multiples of 10 of each base unit 

are created by adding a prefix to the name of the base 

unit. Table 1.2 (p. 14) lists the prefixes and the letter 

used to designate each one. 

Table 1.2 Metric Prefixes

Metric Prefix
Symbol 
or Letter 

Quantity in One Base Unit  
(see Table 1.2 for a list of base units) Example 

tera– t 1/1,000,000,000,000 or 10−12 There are 1,000,000,000,000 meters in 1 tetrameter 
(tm).

giga– G 1/1,000,000,000 or 10−9 There are 1,000,000,000 bytes in 1 gigabyte (Gb).

mega– M 1/1,000,000 or 10−6 There are 1,000,000 grams in 1 megagram (Mg).

kilo– k 1/1000 or 10−3 There are 1,000 meters in 1 kilometer (km).

base unit 1

deci– d 10 There are 10 deciliters (dL) in 1 liter.

centi– c 100 There are 100 centimeters (cm) in 1 meter.

milli– m 1000 or 103 There are 1000 milliseconds (ms) in 1 second.

micro– μ 1,000,000 or 106 There are 1,000,000 microliters (μL) in 1 liter.

nano– n 1,000,000,000 or 109 There are 1,000,000,000 nanograms (ng) in 1 gram.

pico– p 1,000,000,000,000 or 1012 There are 1,000,000,000,000 picomoles (pmol) in  
1 mole.

femto– f 1,000,000,000,000,000 or 1015 There are 1,000,000,000,000,000 femtoseconds (fs) in  
1 second.

Table 1.1 Base Unit

Physical Quantity Name of Base Unit Abbreviation

Number of entities mole mol

Length meter m

Mass gram g

Volume liter L

temperature degrees celsius °c

time second s

Information storage byte b
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here’s an example of how to use these two tables: In this book the base unit 

used for length is the meter, and its abbreviation is m. One length unit that is a 

multiple of the meter is the kilometer. table 1.2 tells us that the letter representing 

kilo– is k, and so the abbreviation for kilometer is km. We can combine any of the 

base units in table 1.1 with any prefix in table 1.2 to make a metric system unit, like 

this: femtosecond (fs); nanogram (ng); megamole (Mmol); picoliter (pL). 

In table 1.2, each prefix, when combined with a base unit, gives a larger quan-

tity than the prefix below it. For example, a gigabyte is larger than a megabyte and a 

microgram is larger than a picogram. Notice, too, that the base unit—for example, 

the meter, liter, mole, and so on—occupies one horizontal row in the center of the 

table. This is a point of reference for the rest of the table. For example, 1 gigaliter 

contains 1,000,000,000 liters, and 1 liter contains 1000 milliliters. Thus, a gigaliter is 

larger than a liter, the base unit, and a milliliter is smaller than a liter. 

Question 1.5 Which of the following is not a legitimate metric unit? (a) picopound  

(b) femtosecond (c) nanomole (d) terayard

Answer 1.5 answers (a) and (d) do not include any of the base units in table 1.2. There-

fore, these are not valid metric system units.

For more practice with problems like this one, check out end-of-chapter Question 21.

Follow-up Question 1.5 Which unit in each pair represents a greater quantity?  

(a) 1 nanoliter or 1 milliliter (b) 1 microgram or 1 femtogram (c) 1 picosecond or  

1 millisecond  
•

Conversion	factors	are	fractions	that	express	the	same	value— 
in	different	units—on	the	top	and	bottom.
The base units in table 1.1 express the type of quantity being measured, for ex-

ample, grams for mass or liters for volume. (We discuss many of these base units in 

more detail as we move through this chapter.) Metric prefixes modify the base unit 

to indicate a quantity that is larger or smaller. For example, table 1.1 shows that  

1 meter (m) is equivalent to 1000 millimeters (mm). In other words, a millimeter 

is smaller than a meter, and there are 1000 of them in 1 meter. We can express this 

relationship by linking the units with an “equals” sign: 

1000 mm = 1 m

In addition to writing these values next to each other separated by an equals 

sign, we can write them in fraction form. The value on one side of the equals sign 

becomes the numerator (the top), and the value on the other side of the equals sign 

becomes the denominator (the bottom). It does not matter which value we put on 

the top or bottom. Thus, we can write the following:

1000 mm OR1 m
1 m

1000 mm

We call these fractions conversion factors because they allow us to convert 

from one metric unit to another. any fraction is equal to 1 when the numerator 

is equal to the denominator. So each conversion factor is equal to 1 because the 
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numerator and denominator represent the equivalent quantities but with different 

units. here is the conversion factor that relates meters to millimeters again:

1000 mm1 � �1 m
1 m

1000 mm

The metric system was designed to be easy to use; everything is based on mul-

tiples of 10. even though you may be able to convert between metric units in your 

head, other units can be more challenging to convert. happily, the method called 

dimensional analysis allows you to convert any unit to any other unit, no matter 

how complicated the units are. 

Let’s consider one straightforward example of dimensional analysis in which 

we convert from one unit of length—the meter—to another—the nanometer. In the 

honeycomb-like SteM image shown in Figure 1.8a, the distance from one side of 

one hexagon in the honeycomb pattern to the other side is about 0.000 000 000 3 

meters. We can use dimensional analysis to express this distance with a less zero-

laden number, by converting it to a metric unit such as nanometers. 

 We start by writing a conversion factor that gets us from one unit to the 

other. table 1.1 tells us that 1 meter is equivalent to 1 billion nanometers, which 

means that: 

1,000,000,000 nm
OR1 m

1 m
1,000,000,000 nm

Because our goal is to change meters (m) to nanometers (nm), we use the conver-

sion factor on the left. Now we multiply the measured number with the unit we 

wish to convert—0.000 000 000 3 m—by the conversion factor, and we get: 

1,000,000,000 nm
� 0.3 nm 0.000 000 000 3 m � 1 m

We can express the distance across a hexagon as 0.000 000 000 3 meters—the 

number we started with—or as 0.3 nm. We also could have chosen to convert our 

original quantity to femtometers or micrometers, for example. all are valid ways 

to express the same distance, and the flexibility of using different prefixes with the 

base unit “meter” allows us to choose how we express it. Of course, we could also 

elect to use our other method, scientific notation, to express the original quantity: 

3 × 10−10 m. These are all valid ways to express the same length. 

Question 1.6 In 2009, Michael phelps was the first man to swim 100 meters with the 

butterfly stroke in under 50 seconds. his time was 49,820 milliseconds. convert this time 

to seconds using the following conversion factor:

1 s
1000 ms

Answer 1.6 1 s � 49.82 s49,820 ms � 1000 ms

For more practice with problems like this one, check out end-of-chapter Question 28.

Follow-up Question 1.6 at the 2012 Olympic Games in London, USa swimmer  

Missy Franklin swam the 200-meter backstroke in 124,000,000 μs, a new world record. 
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(recall that μs is the symbol for a microsecond.) express Missy’s time in seconds using 

the following conversion factor: 

 
1 s

1,000,000    s�  
•

1.4 The	Metric	Epicurean
There	are	several	legitimate	ways	to	express	 
volume	and	temperature.	
Many years from now, kitchens in the United States and the United Kingdom may 

be the last places on earth where the metric system is not the accepted and pre-

ferred system of measurement. english measuring devices such as cups, teaspoons, 

and tablespoons are old friends, and many cooks would balk at the idea of trading 

them in for metric measures. although we may find the metric system lurking in 

the refrigerator—those 2-liter bottles of soda—the old standbys quart and gallon 

are still the most frequently seen volume units in the United States. 

Figure 1.9 is a recipe for metric brownies. everything in the recipe is expressed 

in metric units. at first glance, it may look more like a chemistry laboratory man-

ual than a recipe for brownies. to bake these in our own kitchen, we need choco-

late, butter, eggs, vanilla extract, flour, walnuts, and sugar, as well as the following  

english-to-metric conversions and a clear understanding of dimensional analysis: 

454 g = 16 ounces 

1 L = 1.0567 quarts 

1 cm = 0.394 inches 
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Figure 1.9 Recipe for 
Metric Brownies
in	this	recipe,	all	quantities	are
given	in	metric	units	rather	than	
English	units.
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18 chapter 1 the story of chemistry

Figure 1.10 How Much Is  
a Milliliter?
A	milliliter	is	approximately	the	 
same	volume	as	the	part	of	your	 
pinkie	fingertip	that	is	covered	by	 
the	fingernail.

1 cm

1 cm
1 cm

1 mL = 1 cm3 = 1 cc
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When making metric brownies, we use the volume 

unit milliliter (mL) to measure out the sugar, flour, and 

walnuts. We know from table 1.1 that the base unit for 

volume is the liter, a common metric unit. Volume is 

three-dimensional, and so it can also be expressed in 

units of length cubed. Thus, the milliliter can be de-

fined as 1 cubic centimeter (cm3), a volume about the size of your pinkie fingertip 

(only the part that’s covered by the fingernail, as shown in Figure 1.10). an alterna-

tive abbreviation for cubic centimeter, one you might see in nonscientific writing, 

is cc; so 1 mL = 1 cm3 = 1 cc. These are just different ways of expressing the same 

volume.

Question 1.7 referring to table 1.1, write a conversion factor that relates the liter to 

each of the following units: (a) the femtoliter (b) the milliliter (c) the nanoliter 

Answer 1.7  

(a) 1,000,000,000,000,000 fL
OR1 L

1 L
1,000,000,000,000,000 fL

(b) 
1000 mL

OR1 L
1 L

1000 mL

(c) 
1,000,000,000 nL

OR1 L
1 L

1,000,000,000 nL

For more practice with problems like this one, check out end-of-chapter Questions 23 and 24.

Follow-up Question 1.7 express the number of nanoliters in 1 liter using scientific 

notation. 
•

In our recipe for metric brownies, the unit used for the oven temperature is °c, 

which is the symbol for degrees celsius. The Celsius temperature scale is a suitable 

scale for most scientific work. It is based on assigning 0°c as the melting point of 

water and 100°c as its boiling point. This scale serves as a good universal standard 

because almost everyone has access to water, and water is essentially the same sub-

stance in Malaysia or Mali or Michigan. In the United States, though, we frequently 

use the Fahrenheit temperature scale for nonscientific work, and so we sometimes 

need to convert temperatures between celsius and Fahrenheit. The following equa-

tion converts a temperature in degrees Fahrenheit to one in degrees celsius:

5 (°F � 32)°C � 9

The conversion from degrees celsius to degrees Fahrenheit is:

9 (°C) � 32°F � 5

If we are making metric brownies and our oven temperature should be 163°c, but 

our stove dial shows degrees Fahrenheit, we set the dial to:

9 (163°C) � 32 � 293 � 32 � 325°F5

This book uses the celsius scale when referring to temperature measurements. 
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wait a minute . . .
Why do the answers to some questions have more decimal places than others?

The formal rules for deciding how many digits belong in a measured number 

are called the rules for significant figures. In this book, those rules are always 

followed. however, your professor may or may not require that you learn 

these rules and know how to apply them. Therefore, the detailed rules for sig-

nificant figures are given in appendix a. •

Question 1.8 express the temperature −152°c in degrees Fahrenheit. Is this tempera-

ture much hotter or much colder than ambient temperatures on earth?

Answer 1.8  9 (�152°C � 32) � �242°F5

 That’s pretty cold! The lowest temperature recorded on earth was −128.6°F  

in Vostok, antarctica, on July 21, 1983.
For more practice with problems like this one, check out end-of-chapter Question 38.

Follow-up Question 1.8 The temperature on a hot July day in Las Vegas reaches 

115°F. What is this temperature in degrees celsius?  
•

We	use	the	gram	when	we	measure	mass	and	 
the	second	when	we	measure	time.
Let’s look once more at our metric brownie recipe. The butter and chocolate amounts 

are expressed in grams. recall from table 1.1 that in this book, grams are the base 

unit for mass, the quantity of matter contained in an object. as with all other metric 

units, we can manipulate this one using metric prefixes. For example, if we decide to 

make 10 recipes of brownies, we need 2260 g of butter. We can express this mass in 

kilograms by using the conversion factor 0.001 kg = 1 g from table 1.2:

0.001 kg
� 2.26 kg butter2260 g butter �

1 g

Likewise, if we decided to make one brownie (which no one would ever want 

to do), we would need:

226 g butter
� 9.0 g butter1 brownie �

25 brownies

In this case, we used the fact that 25 brownies are made with 226 grams of butter to 

create a conversion factor. 

The only unit in our recipe we have not discussed yet is the unit for time. hap-

pily, most of the world uses a similar system for expressing time. The official metric 

unit is the second, and larger and smaller units can be made from it. Units like the 

millisecond (ms), microsecond (μs), and nanosecond (ns) are all legitimate ways 

to express time. For longer lengths of time, minutes, hours, and years are common-

ly used, too. 
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Question 1.9 Before you leave for college, you get some news about your roommate, 

who is from France, a country that uses the metric system. he tells you in an e-mail that 

his weight is 69.0 kg. Given that the average man in France is 1.75 meters or 5 ft 9 in. tall, 

is your new roommate thin or heavy? You may use the following conversion factor in 

your calculation:

2.20 lb
1 kg

Answer 1.9 Use dimensional analysis to convert from metric units to english units:

2.20 lb � 152 lb69.0 kg �
1 kg

Your new roommate is quite thin!
For more practice with problems like this one, check out end-of-chapter Question 37.

Follow-up Question 1.9 Find the height, in meters, of a young giraffe that is 10.2 feet 

tall by using the following conversion factor: 

 

1 meter
3.28 feet  

•

wait a minute . . . 
Aren’t mass and weight the same thing?

No, mass and weight are not the same thing, although the terms are often used 

interchangeably in everyday conversation. Mass, as we discussed earlier in this 

chapter, is the amount of matter contained in something. Weight, on the other 

hand, is related to the force that an object feels from the pull of gravity. Mass is 

used by scientists because it does not change when you move an object from a 

place where it feels the pull of gravity (for example, on earth) to a place where 

it feels less gravity (for example, on the Moon; Figure 1.11) or no gravity at all. 

So if you travel to the Moon, where the pull of gravity is about one-sixth of that 

on earth, your weight drops, but your mass is still the same (unless you have an 

aversion to space food). •

Mass = 180 lbs/82 kg
Weight = 180 lbs/82 kg

Mass = 180 lbs/82 kg
Weight = 30 lbs/14 kg
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Figure 1.11 Mass and Weight: 
Not the Same Thing
on	Earth,	weight	results	from	
the	pull	of	gravity.	on	the	Moon,	
where	there	is	much	less	gravity,	
the	weight	of	an	object—in	this	
case	an	astronaut—is	less	than	it	is	
on	Earth.	However,	because	mass	
relates	to	the	amount	of	matter	
contained	in	something	or	some-
one,	it	is	the	same	in	both	places.	
The	mass	of	the	astronaut	does	not	
change;	her	weight	does.
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1.5 Juggling	Measured	Numbers	
We	can	evaluate	precision	and	accuracy	for	any	repeated	 
measurement	that	has	a	known	standard.
We now know how scientific experiments are planned and how results are ex-

pressed in metric units. We know how to convert those units to more practical 

units or to scientific notation, if necessary. We also understand that reproducible 

results are valued in the scientific community, and 

that one scientist’s data are often checked or repeat-

ed in other laboratories by other scientists. In addi-

tion to these useful skills, we need to know how to 

tell whether data are valuable or not. When an ex-

periment is done well, what exactly does that mean? 

certainly, it means that measurements have been 

made in a meticulous way, but experiments can be 

meticulous to different degrees. 

Scientists use two complementary terms to de-

scribe the worth and quality of data. The term pre-
cision refers to the closeness of measured values to 

one another. as an example, let’s consider a series 

of actual experiments that were performed to deter-

mine the average distance that a cookie is dunked 

into a cup of tea in Great Britain (where they refer to 

cookies as biscuits). In this experiment, a special cup 

with gradations on the inside was used to determine 

how much liquid tea was displaced when a cookie 

was dunked (Figure 1.12).

Table 1.3 includes the recorded data for successive measurements on the 

height of tea displaced by a dunked cookie, in centimeters, from one experiment. 

Which trial is most precise? all three give the same average value, but trial 

a is most precise because the measured values are closest to one another. This is 

evident from the range of values at the bottom of the table. as we go from a to B to 

c, the values become less precise. That is, they are more widely scattered around 

the average value. 

7
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Figure 1.12 Tea and Cookies
When	a	cookie	is	dunked	into	tea,	the	level	of	the	tea	rises.	This	cup	can	be	
used	to	measure	how	much	the	level	rises,	in	centimeters,	when	a	cookie	is	
dunked.

Table 1.3 Tea displacement

Trial A  
(centimeters)

Trial B  
(centimeters)

Trial C  
(centimeters)

Measurement 1 3.4 4.0 5.0 

Measurement 2 3.3 2.9 2.4 

Measurement 3 3.4 2.7 3.5 

Measurement 4 3.5 3.7 2.2 

Measurement 5 3.2 3.5 3.7 

average 3.4 3.4 3.4 

range 3.2–3.5 2.7–4.0 2.2–5.0 
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What could cause three measurements of the same thing to have different lev-

els of precision? In this case, it’s possible that the three measuring cups had scales 

of differing fineness. It’s also possible that three different people performed these 

measurements. Maybe the person who measured the values in trial c needs a 

new pair of glasses? Maybe the person who measured the values in trial a is a tea  

volume-measuring expert? 

all this brings us to an important lesson in experimental design: it is important 

to keep the conditions as uniform as possible from one measurement to the next. 

The same person using the same measuring device will provide the most consistent 

results.

Question 1.10 For the tea-and-cookie experiment, table 1.3 indicates that each of the 

trials gave the same average value, in the end. If the same number results from each 

group of measurements, why are the three groups of measurement not equally precise?

Answer 1.10 even though the same average number is obtained for each trial, the 

range of answers is different. For trial a, each measurement was closer to the average 

value than each measurement in trials B and c. Therefore, trial a was more precise than 

either trial B or trial c. 

For more practice with problems like this one, check out end-of-chapter Question 48.

Follow-up Question 1.10 referring again to table 1.3, express the average measured 

value for trials a, B, and c in millimeters. 
•

Accuracy	describes	the	closeness	of	a	measurement	 
to	a	known	value.
 For the preceding experiment about tea, we cannot evaluate accuracy, which tells 

us how close a number is to a known and accepted standard value. Why can’t we 

evaluate accuracy in this case? Because there is no known standard to use for com-

paring the measured values. So let’s look at a slightly different experiment, one that 

has the benefit of a known standard, something for which some characteristic, 

such as mass or length, is known very precisely. 

Imagine that our standard is a 5.0000-gram sample of a metal that has been 

calibrated by a team of very careful scientists at the National Institutes for Stan-

dards and technology. We plan to use this sample of metal as a standard to cali-

brate three balances that we have in our laboratory. Table 1.4 lists the masses for 

our 5.0000-gram sample of metal from our three balances.

Because we have a known standard—5.0000 grams—we can compare the av-

eraged measured values to it, and we can draw conclusions about the accuracy of 

these trials. Of our three balances, Balance III is most accurate because its average 

value, 5.0017 g, is closest to the standard. Balance II ranks second in accuracy, and 

Balance I ranks last. 

Now let’s evaluate the precision. The values from Balance III are tightly grouped 

together, and all of the values average to a number close to the standard. Thus, we 

can say that Balance III is both accurate and precise. Balance I is less accurate than 

Balance II, and its precision is lower because the Balance I values span a larger 
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range than the values for Balance II. Thus, we say that Balance I is less accurate and 

less precise than Balance II. Both I and II need a tune-up to reach the levels of ac-

curacy and precision of Balance III.

In this example, the balances are high-end, state-of-the-art instruments that 

report to four decimal places for every measured mass. The number of decimal 

places we report for a given measurement depends on the measuring device we 

use. We can report more decimal places with a sophisticated analytical balance 

worth $10,000 than we can with a $10 balance from the grocery store.

Question 1.11 consider the distribution of holes on each of the targets shown here.  

(a) Which have high precision? (b) Which have high accuracy? (c) Which have both 

high accuracy and high precision?

Answer 1.11 targets a and c are very precise because they have holes clustered close 

together. targets b and c are accurate because they have an average value near the bull’s-

eye. target c is both accurate and precise.

For more practice with problems like this one, check out end-of-chapter Question 50.

Follow-up Question 1.11 Is there a known standard associated with targets like those 

shown in Question 1.11 above?  
•

Table 1.4  Mass Measurements from Three Balances

Mass from  
Balance I (grams)

Mass from  
Balance II (grams)

Mass from  
Balance III (grams)

Measurement 1 5.4403 5.0009 4.9988

Measurement 2 5.3344 4.8992 4.9907

Measurement 3 4.6677 5.1200 5.0120

Measurement 4 4.8009 5.0130 5.0066

Measurement 5 5.2230 4.8895 5.0004

average 5.0933 4.9845 5.0017

range 4.6677–5.4403 4.8895–5.1200 4.9907–5.0120

a b c d
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ToP SToRY How do We Measure sea Level?

THEgreenBEAT  •  news about the environment, chapter one edition

The 2006 movie The Day After Tomor-
row stars Dennis Quaid as a climatolo-
gist whose warnings about the dangers 
of climate change are not heeded. The 
politicians and others who ignore him 
regret that, of course, as the effects of a 
warming planet play out in an impres-
sive series of eco-disasters, including a 
cataclysmic deluge of Manhattan that 
results from rising sea levels. 

The movie is hollywood excess at its 
grandest but, over the past several years, 
the world has begun to see real-life, 
tangible effects of rising sea levels on our 
warming planet (Figure 1.13). We use 
the term global warming to describe 
the increasing temperatures on earth 
that result from human activities such 
as the burning of coal to heat homes or 
the burning of gasoline in cars. We use 
the term climate change to describe the 
effects of global warming, such as rising 
sea levels and disappearing islands. We 
will explain these terms in much greater 
detail in future chapters and future 
Green Beat boxes. chapter 12, “energy, 
power, and climate change,” is devoted 
entirely to these topics. 

at the time of this writing, several is-
lands have been completely covered with 

water as a result of rising sea levels. an 
Internet search of “disappearing islands” 
brings up websites that track the islands 
that are at highest risk of disappearing 
and documents the most recent evacua-
tions from inhabited islands that flood. 

What will a map of the world look 
like in 50 years, when sea levels have 
risen, erasing islands and changing our 
coastlines? We can find maps online 
that show such predictions, although 
these predictions depend largely on the 
precision of sea level measurements. 
and the measurement of sea level is not 
as easy as walking to the shore and look-
ing at where the sea meets the land. 

 The level of the sea is constantly 
changing because high and low tides 
each happen twice per day. Sea level is 
also affected by shifting weather pat-
terns as well as seasonal changes. Thus, 
no single measurement of sea level is 
very useful; data must be collected and 
averaged over years. In fact, sea level 
measurements traditionally have been 
averaged over 19-year spans.

 part of the problem with tracking sea 
level is the precision of the measuring 
devices researchers use. traditionally, 
a tide gauge has been used to measure 

sea level at shorelines. But even the best 
tide gauges are precise to only ±1 cm. 
That means that a tide gauge can make 
measurements in whole numbers of cen-
timeters, but it cannot measure to tenths 
of a centimeter. 

 a consortium of scientists at NaSa 
and at cNeS, the French space agency, 

Figure 1.13 Disappearing Islands
This	photo	shows	Baa	Atoll	in	the	Maldives,	
off	the	southern	tip	of	india.	These	islands	are	
among	the	next	expected	to	succumb	to	rising	
sea	levels.	

Human	beings	use	common	sense	to	interpret	results	from	
calculators	and	scientific	instruments.
When conducting experiments, scientists make every effort to be consistent and 

to follow some simple rules. They keep careful records, perform multiple trials in 

every experiment, use instruments that are properly calibrated, and agree upon 

internationally acceptable units of measure. 

Despite these efforts, though, mistakes are made, often with disastrous results. 

a disastrous measuring blunder occurred when the Mars Climate Orbiter, sent into 

space in 1999, simply disappeared. The calculations made to determine how to 

track the orbiter were done by combining measurements from navigation teams 

in colorado and california. as it turns out, one team was using english units while 

the other was using metric. So the lesson here is this: whether you’re measuring 

spacecraft orbits at NaSa or the parameters for dunking cookies in Great Britain, 

be scrupulous in your experimental design, keep track of units, and—perhaps most 

of all—use common sense to look critically at your own data. 
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Chapter	1	Themes	and	Questions	
•

 
recurring themes in chemistry chapter 1

recurring	theme	1		 Scientists	worldwide	use	the	scientific	method	as	a	basis	for	experi-
mentation	and	deduction.	The	scientific	method	is	based	on	the	principles	of	peer	review	
and	reproducibility.	 (p.	6)

recurring	theme	2	 Things	we	can	see	with	our	eyes	contain	trillions	upon	trillions	of	
atoms.	Atoms	are	much	too	small	to	view	with	the	naked	eye.	 (p.	8)

A	list	of	the	eight	recurring	themes	in	this	book	can	be	found	on	p.	xv.

Answers to Follow-Up QUestions

Follow-Up Question 1.1: because you want to know if the butter affects the results. 

Follow-up Question 1.2: (b) subject to revision with further experimentation.  

Follow-up Question 1.3: (a) 6 (b) 12 (c) 3 (d) 6. Follow-up Question 1.4: The number 

part of this expression is not between 1 and 10. The correct way to write it is  

8.86 × 104. Follow-up Question 1.5: (a) 1 milliliter (b) 1 microgram (c) 1 milli second.  

Figure 1.14 Rising Sea Level Measurements 
This	graph	shows	how	sea	level	gradually	has	increased	from	1992	to	2012.	

are working on more sophisticated 
ways to measure sea level. One ap-
proach uses a satellite named Jason-2, 
whose orbit—and therefore its exact 
altitude—is tracked very precisely. Using 

complex measurements, the satellite 
tells the scientists how far it is located 
from the ocean’s surface. With this data, 
the scientists are able to pinpoint the 
sea’s level to ±1 mm, which is ten times 

more precise than a tide gauge. Figure 
1.14 shows the sea level readings from 
Jason-2 (shown in yellow) and its two 
predecessors, Jason-1 (green) and TO-
PEX (red), over a span of 20 years.

 Question 1.12 roughly how much 

deeper was the sea in 2012 compared 

to 2004? express your answer in 

millimeters.

Answer 1.12 The depth of the sea 

is tracked on the vertical axis, which 

has units of millimeters. The differ-

ence between the 2012 value (about 

54 millimeters) and the 2004 value 

(about 28 millimeters) is about 26 

millimeters.

Follow-up Question 1.12 roughly 

how much deeper was the sea in 

2008 compared to 2002? express your 

answer in millimeters. 
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26 chapter 1 the story of chemistry

Follow-up Question 1.6: 124.06 seconds. Follow-up Question 1.7: There are  

109 nL in 1 liter. Follow-up Question 1.8: 46 degrees celsius. Follow-up Question 1.9:  

3.11 meters. Follow-up Question 1.10: 34 mm. Follow-up Question 1.11: Yes, the 

known standard for a target is its bull’s-eye. Follow-up Question 1.12: about  

20 mm deeper.

End-of-Chapter	Questions
Questions are grouped according to topic and are color-coded according to diffi-

culty level: The Basic Questions, More Challenging Questions, and The Toughest 

Questions. 

The Scientific Method
1. In your own words, explain why it is incorrect to refer to a theory as being proved.

2. true or false? hypotheses and theories are really the same thing. Both tell you 

the expected outcome of a series of scientific experiments.

3. Which of the following statements are not scientific hypotheses? 

 (a) Santa claus exists.

 (b) The growth of corn in Iowa depends on the amount of rain that falls.

 (c) Theft is immoral.

 (d) The bark of a specific tree is poisonous to mice.

4. Why is each of the various toast trials discussed in Section 1.1 performed mul-

tiple times? In other words, why is reproducibility an important part of the 

scientific method? 

5. In the buttered toast experiment in Section 1.1, why was it important to put a 

red dot on some pieces of bread?

6. consider the following hypothesis: Microwave ovens heat all foods to the same 

temperature in the same amount of time, regardless of the water content of the 

food. Formulate a series of experiments you could perform to test this hypoth-

esis. Describe the possible outcomes of your experiments. 

7. In your own words, describe the controversy surrounding the NaSa finding 

about bacteria and arsenic discussed in the chapter 1 naturebox. Why was this 

story such big news? how did scientists disprove the theory set forth by NaSa?

8. an old saying asserts that cold water boils more rapidly than hot water.  

Develop a strategy for testing this urban myth, beginning with a hypothesis 

and outlining a series of experiments you could perform to test it. What are 

the possible outcomes of your experiment?
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Scientific	Notation
9. Some of the following numbers are not written correctly in scientific notation. 

Identify those that are incorrect, and write the correct answer for each  

of them.

 (a) 44.5 × 104 

 (b) 3.5555 × 101

 (c) 67.00 × 1012

 (d) 1 × 10−7

10. Some of the following numbers are not written correctly in scientific notation. 

Identify those that are incorrect, and write the correct answer for each of them. 

 (a) 0.5 × 108 

 (b) 0.0007 × 104 

 (c) 7.50 × 10−3 

 (d) 5.1 × 10–3

11. express these numbers in scientific notation. 

 (a) 45,000,000,000 

 (b) 0.000 000 000 000 444 12  

 (c) 13.445  

 (d) 130.000

12. In your own words, explain why scientific notation is used frequently in scien-

tific work. 

13. roughly how many molecules of water are there in a small glass of water like 

the one shown in Figure 1.5? express this value in scientific notation and as a 

number that is not written in scientific notation.

14. convert the following to numbers that are not in scientific notation: 

 (a) 6.5 × 104 

 (b) 4.45 × 10−7 

 (c) 6.000 × 106 

 (d) 1 × 10−19

15. convert the following numbers to numbers that are not in scientific notation: 

 (a) 5.1 × 101 

 (b) 1 × 10−9 

 (c) 2.200 × 1018 

 (d) 9.1 × 103

16. a certain city has a population of 4,500,000 citizens. On average, each person 

has 5.5 × 109 nanoliters of blood. In total, how many nanoliters of blood do all 

the citizens of the city possess? express this number in scientific notation.

CHApTEr	1		THEMES	AND	QUESTioNS 27
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17. Suppose a mountain range is made up of 18 mountains, each mountain has 

8800 trees on it, and each tree has 125,000 leaves on it. how many leaves are 

on all of the trees in the mountain range? express your answer in scientific 

notation.

Fundamentals	of	the	Metric	System
18. In your own words, explain why the metric system is the universal system of 

units used by scientists. What makes it easy to work with compared to some 

other systems of measurement?

19. Using the information in tables 1.1 and 1.2, give the full name for each of 

these abbreviations. 

 (a) μmol (b) fL (c) Mm (d) ds

20. Using the information in tables 1.1 and 1.2, give the full name for each of 

these abbreviations. 

 (a) Gb 

 (b) nmol 

 (c) ts 

 (d) pm

21. Which of the following is not a recognized metric system base unit? 

 (a) ounce 

 (b) gram 

 (c) second 

 (d) mile 

 (e) gallon  

 (f) minute 

22. (a) how many milliters are in 1 liter? 

 (b) how many nanograms are in 1 gram? 

 (c) how many microseconds are in 1 second? (hint: refer to tables 1.1 and 

1.2.) 

23. (a) how many joules are in 1 kilojoule? 

 (b) how many bytes are in 1 megabyte? 

 (c) how many meters are in 1 gigameter? (hint: refer to tables 1.1 and 1.2.) 

24. (a) how many femtomoles are in 1 mole? 

 (b) how many milliliters are in 1 liter? 

 (c) how many seconds are in 1 terasecond? (hint: refer to tables 1.1 and  

1.2.) 
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25. In each pair, indicate which unit is larger. 

 (a) a femtosecond or a millisecond 

 (b) a kiloliter or a nanoliter 

 (c) a megabyte or a gigabyte 

26. In each pair, indicate which quantity is larger. 

 (a) 1000 microseconds or 1 second 

 (b) a megameter or 10 million meters 

 (c) 100 nanoliters or 1 microliter

27. The density of any substance is the amount of mass of the substance con-

tained in a given volume of space. 

 (a)  What metric unit could be used to express the numerator of a density unit? 

 (b) What metric unit could be used to express the denominator? 

 (c) If you know the density of some substance and also know the mass of a 

sample of that substance, what else do you know about the sample? 

Converting	between	Units
28. convert the following masses into kilograms: 

 (a) 2,300,000 grams 

 (b) 5,000 milligrams

 (c) 23,000 micrograms 

 (d) 0.155 megagrams

29. a sumo wrestler has a mass of 140 kilograms. What is his mass in pounds? 

(hint: There are 2.2 pounds in 1 kilogram.)

30. a bottle of soda has a volume of 2.11 quarts. What is the volume of the soda in 

liters? (hint: One liter is equivalent to 1.054 quarts.)

31. There are roughly 20 drops in 1 milliliter. roughly how many milliliters are in 

1 drop?

32. It takes the average Londoner about 5,000,000,000 ns to dunk a cookie into 

tea. how many seconds is this?

33. Which mass is larger: 4.5 g, 0.000 045 kg, or 450,000 μg? Use dimensional 

analysis to defend your choice.

34. The mass of a certain atom is 3.0 × 10−22 grams.

 (a) What is the mass of 1 million of these atoms? 

 (b) Write your answer to (a) using a number that is not in scientific notation. 
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35. You are calling the telephone company to discuss your bill. Your expected 

wait time on hold is 20,000,000,000,000,000,000 fs.

 (a) convert this time to seconds and decide if you would be willing to wait 

this long. 

 (b) What is this length of time in minutes? 

 (c) What is this length of time in years?

36. If you line up atoms so that each atom is touching its two neighbors and the 

diameters form a straight line 1.0 nm long, how many atoms will you have?  

assume that each atom has a diameter of 79 pm.

Applying	the	Metric	System:	Mass,	Volume,	and	Temperature
37. The Olympic marathon distance is 42,195,000,000,000,000,000 fm. express 

this distance using a more reasonable metric unit. (hint: Which metric unit is 

often used to measure race distances?)

38. The temperature of the lava at the Kilauea volcano in hawaii reaches 2120°F. 

convert this temperature to degrees celsius. 

39. a recipe for shortbread cookies tells you to set your oven at 375°F. What is this 

temperature in degrees celsius?

40. an Olympic swimming pool contains about 2.5 million liters of water. express 

this number in kiloliters and milliliters.

41. On a certain September day in Utah, the maximum and minimum tempera-

tures differed by 30°F. express this temperature difference in degrees celsius. 

42. Which of the following objects has the largest mass? Which has the smallest 

mass? 

 (a) a German shepherd that weighs 34 kilograms

 (b) a wheelbarrow that weighs 28,000 grams

 (c) a 0.0300-megagram box of books

 (d) a small pig that weighs 50,000,000,000 micrograms

43. Imagine that you have 27,000 cm3 of water in a big bucket. You pour the water 

into a plastic box. The bottom of the box is 30 centimeters wide and 30 centi-

meters long. how deep is the water in the box, in centimeters?

44. a typical nerve impulse lasts 6.00 ms from start to finish. how many consecu-

tive nerve impulses can occur in 1.00 second?

45. When light enters the eye, a series of chemical processes occur, the first of 

which takes 200 fs. how many of these processes could occur consecutively 

during a 10-second period?
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Accuracy	versus	precision
46. In your own words, explain the difference between precision and accuracy. 

47. consider this statement: Joe uses his bathroom scale to weigh himself every  

20 seconds over a span of 10 minutes. Over this period of time, his mass 

fluctuates by 7 pounds. What can you say about the precision of his bathroom 

scale? 

48. a systematic error may be caused by faulty calibration of a measuring device. 

This results in consistently high or consistently low measured values from that 

device. For example, a laboratory balance is not calibrated properly and it is 

used to make ten consecutive measurements. each of the ten readings comes 

to within 1.0 milligram of an average value, which is 0.250 grams higher than 

it should be. In this example, is the accuracy of the mass measurement high 

or low? Is the precision of the mass measurement high or low? explain. 

49. Is it possible for a balance to be

 (a) accurate and precise?   

 (b) inaccurate and imprecise?

 (c) precise but not accurate? 

 (d) inaccurate and precise?

50. consider holes in a target, such as those shown accompanying in-chapter 

Question 1.11 (on p. 23). The bull’s-eye of the target serves as the “true value” 

or “target” that you are aiming at. to be accurate, a measurement must have 

some standard (like the bull’s-eye) against which you can compare your mea-

sured values. cite two examples of measurements that would have a standard 

that could be used for comparison. What is that standard in each case?
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