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CONVERSION FACTORS

1 milliliter =1 centimeter’
1 kilogram = 1000 grams =1 cubic centimeter
=2.205 pounds =15 drops
1 pound =453.59 grams 1 teaspoon =5 milliliters
= 16 ounces 1 tablespoon =15 milliliters
1 milligram = 1000 micrograms = 0.5 fluid ounces
1 grain = 65 milligrams
I ounce =28.3 grams 1 calorie =4.184 joule
1 joule =0.2390 calorie
1 meter = 1000 millimeters K —°C+273.15
~ 3281 feer 0K =-273.15°C
= 39.37 inches — 459.67°F
1 kilometer =0.621 mile .
1 mile = 1.609 kilometers °C = F-32
= 5280 feet 18
1 inch = 2.54 centimeters 0°C =273.15K
=32°F
°F = (1.8X°C) +32
1 liter = 1000 milliliters
= 1.057 quarts 1 atmosphere = 14.7 pounds per square inch
1 quart = 0.946 liter =760 torr
1 gallon = 3.785 liters =760 millimeters Hg
S| AND METRIC PREFIXES
giga G 1,000,000,000 =10’
mega M 1,000,000 =10°
kilo k 1,000 =10
hecto h 100 =10°
deka da 10 =10"
1 =10°
deci d 0.1 =10"
centi c 0.01 =107
milli m 0.001 =107
micro w 0.000001 =10°
nano n 0.000000001 =107
pico p 0.000000000001 = 10"
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his fourth edition of General, Organic, and Biological Chemistry: An Integrated
Approach has, like the carlier editions, been written for students preparing for
careers in health-related fields such as nursing, dental hygiene, nutrition, occupational
therapy, athletic training, and medical technology. The text is also suitable for students
majoring in other fields where it is important to have an understanding of chemistry and
its relationship to living things. Students who use this text do not need to have a previous
background in chemistry but should possess basic math skills. For those whose math is
a bit rusty, the text provides reviews of the important material. While designed for use
in one-semester or two quarter General, Organic, and Biochemistry (GOB) courses,
instructors have found that it also works well for one-year courses, especially when com-
bined with the supplement Chemistry Case Studies for Allied Health Students by Colleen
Kelley and Wendy Weeks.
In a GOB course it is essential to show how the subject matter relates to the students’
future careers. For that reason, this text makes extensive use of real-life examples from the
health sciences.
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NIZATION

Most GOB texts are divided into three distinct parts: general chemistry, organic chemis-
try, and biochemistry. The integrated approach used in this text integrates these subject
areas by juxtaposing chapters of related information. For example, a study of bonding and
compounds (Chapter 3) is followed by a first look at organic compounds (Chapter 4) and
then an introduction to inorganic and organic reactions (Chapter 5). Other examples of
this integration at the chapter level include the study of acid—base chemistry (Chapter 7)
followed by a chapter that includes organic acids and bases (Chapter 8), and the chem-
istry of alcohols, aldehydes, and ketones (Chapter 9) followed by that of carbohydrates
(Chapter 10). Studies have shown that effective learning can take place when material is
presented in a context that shows its relationship to the “big picture.” The arrangement of
chapters in this text helps students to see how inorganic chemistry and organic chemistry
are linked to the biochemistry and health sciences that are so important to their future
careers.

Whether taught in one semester or two, the GOB curriculum is very full. Using an
integrated approach can shorten the cycle time for returning to similar themes from the
different branches of chemistry. Having a shorter time interval between when a topic is
first presented and when it is reintroduced can help students assimilate the material more
readily.

An added benefit of integrating GOB course material is that students get a better sense
of how the chemistry being presented relates to their future careers, and as a result, their
interest and motivation are enhanced.

TAKING AN
INTEGRATED
APPROACH

BENEFITS OF
AN INTEGRATED
APPROACH




For instructors, making the transition from the traditional approach to an integrated one
should not pose a problem. The integration of material takes place at the chapter level,
and required introductory material is always presented before a new organic chemistry
or biochemistry topic is begun. For example, instead of introducing carboxylic acids,
phenols, and amines in their traditional position—Tlate in the group of chapters devoted
to organic chemistry—this text places these organic acids and bases (Chapter 8) directly
after the introduction to acids and bases (Chapter 7). Supplements to the text can also
assist with making the transition to an integrated text. These include Chemistry Case
Studies for Allied Health Students, an instructor’s manual, an instructor’s solutions manual,
PowerPoint lecture slides, and a test bank.

In terms of organization, some major changes have been made to this edition of the text.
A number of these modifications were suggested by reviewers and by instructors who have
used previous editions. Many reviewers recommended moving the chemistry of hydrocar-
bons from Chapter 4 to a chapter later in the text. In this fourth edition, hydrocarbons
appear in Chapter 8. The latter part of Chapter 4 now introduces the key organic families.
One new feature of the text is the “Did you Know?” paragraphs that briefly highlight top-
ics that relate to the chemistry being presented in each chapter. Numerous end of chapter
problems, sample problems, and practice problems have been added or revised in the
Fourth Edition. Other changes that will be noted by those familiar with the text include:

A new chapter section titled “Measurement in Gen-
eral, Organic, and Biochemistry” shows how the topics
presented in Chapter 1 relate to these three fields of
chemistry.

This chapter now includes a discussion of the kinetic
molecular theory, phase changes, heat of fusion, and
heat of vaporization. In previous editions of the text
this material appeared in Chapter 6.

A new chapter section related to trace elements has

been added.

In earlier editions, Chapter 2 included a section on fis-
sion and fusion. This chapter section has been dropped
in the new edition.

Three new Health Links were added: Stable Isotopes
and Drug Testing, Lead, and Radioisotopes for Sale.

The Health Link Pass the Salt, Please was added.

The chapter-opening vignette was changed.

Hydrocarbon chemistry (Sections 4.4—4.8 in earlier
editions) has been moved to Chapter 8. In its place,
a new chapter section related to organic families was

added.

The discussion of AG was expanded by introducing
the concept of AG”'.

A discussion of inhaled anesthetics and their solubility

in blood was added.

The effect of pressure and temperature on equilibrium
is now described.

The Biochemistry Link The Henderson-Hasselbalch
Equation was added.

A new section (Section 8.8 Reactions of Hydrocarbons)
gathers topics that, in previous editions, were presented
in earlier chapters. Section 8.8 also introduces the al-
kane halogenation and aromatic substitution.

The topics of decarboxylation (Section 8.9) and phe-
nol oxidation (Section 8.8) have been removed.

There is now a greater emphasis on skeletal structures
than in previous editions.

The treatment of nucleophilic substitution (Section
9.2) was trimmed and is now tied to the alkane halo-
genation reactions introduced in Chapter 8.

Examples of simple glycosides have been added as part
of the introduction to glycosidic bonds.

The structure of esters and their hydrolysis are re-
viewed just before the discussion of triglycerides and
saponification.

Two new Health Links were added: Tamiflu and Re-
lenza; and Immunotherapy.

The Health Link Lupus was added.
The Biochemistry Link Glowing Cats was added.

Figures were modified and sample and practice prob-
lems were added.



PROBLEM SOLVING

Learning to do anything requires practice, and in chemistry this practice involves solving
problems. This text offers students ample opportunities to do so.

SAMPLE PROBLEM 1.13

Unit conversions

a. An over-the-counter (nonprescription) cough syrup contains 7.5 mg of dextromethor-
phan in every 5 mL. The recommended dose of dextromethorphan for a 44 Ib child is
10.0 mg. How many milliliters of cough syrup should be given?

b. For a 55 Ib child, the recommended dose of dextromethorphan is 12.5 mg. How many
milliliters of cough syrup should be given?

Sample Problems

and Practice Problems

Each major topic is followed by a sample problem and

a related practice problem. The solution to each sample
problem is accompanied by a strategy to use when solving

STRATEGY

In part a, you are being asked to convert from a 10 mg dose of dextromethorphan to mil-
liliters of cough syrup. For the cough syrup, the relationship between these units (7.5 mg
dextromethorphan =5 mL ) can be used to make a conversion factor.

- 7.5 mg-dextromethorphan

PRACTICE PROBLEM 3

greater than the recommended dose?

End of Chapter Problems
Problems are paired and Appendix C provides
answers for the odd-numbered problems. Each

chapter includes multistep Learning Group problems

The 44 Ib child is given a cold tablet that contains 5 mg of dextromethorphan and is then
given 5 mL of the cough syrup mentioned in Sample Problem 1.13a. Has the child received

SOLUTION . .
S the problem. The answers to practice problems are given

=iz T p—r———— at the end of the chapter.

b.12.5 mg d horphan X o mlcoughymp cough syrup

END OF CHAPTER PROBLEMS

Answers to problems whose numbers are printed in color are given in Appendix C. More
challenging questions are marked with an asterisk.

a1

One of the alkenes is nonpolar and the other is polar.
Which is which?

One of the aromatic compounds is nonpolar and the
otheris polar. Which is which?

W H
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@

4.1 STRUCTURAL FORMULAS

Draw each molecule.
aGHy  BGH; e GH,
Draw cach molecule.

aCHy  BCH;  eCH

Draw each polyatomic ion. Each atom, excep for

hydrogen, should have an octet of valence clectrons;
a.OH b NH," e CN-

Draw cach polyatomic ion. Each atom, excep for
hydrogen, should have an octet of valence electrons.
a.PO;”  BHPOS e HPO,

Draw each of the following. Each atom should have
an octet of valence electrons.
2.505 b.5O5>

Draw cach of the following. Each atom should have
an octet of valence electrons.
a. PO BSH

Draw two different molecules that have the formula
CHeO.

M o 4.3 Indicate the number of covalent bonds that each non- Draw three different molecules that have the formul;
designed to be worked with other students and e e o i
. . aC bO el d. Br 219 Wi densed 1fe Ia fe "
19 Write a condensed structural formula for cach
Thinking It Through problems that ask 7N 6 b mumberoconen bonds o Ve
d bit further with \of LrLt
students to go a 1t Turther with one or L Ls by
f h . h 488 Which of the molecules in Problem 4.83 can form a increase the production of melanin. Which, do you hhath
more or the COIlCCptS pr esented 1n the hydrogen bond with water? suppose, were the results of this scientific study?
h . . 485 Will hydrogen bonds form between each pair of a T:c mice E{J:ﬂfd mor; quickly. ) L
- molecules? b. The mice did not sunburn as asily. G C—K—H
chapter-opening vignette. o= AN, e e o caner, it
© 0 4.5 LearniNG Group PROBLEMS
b Qé Qé a condensed structural formula for cach
497 a. To which organic family does the molecule belong? ccule,
CH;CH,CH,CH,CH,0H
& b. Give the molecular formula of the molecule in
parca.
485 Which of the molecules in Problem 4.85 can form a. €. Can two of the molecules in part a interact through
hydrogen bond with water? London forces?
487 Of the pairs of molecules in Problem 4.83, which d. Can two of the molecules in part a interact through
interact primarily through London forces? dipole-dipole forces?
488 OFthe pairsof molceules n Problem 4,85, which . Can two ofthe moleculs in parta nveacethough
interact primarily through London forces? hydrogen bonds
! ) ) . Draw a molecule that has the same molecular
489 Of the pairs of molecules in Problem 4.81, which can N
! formula as the molecule in part a but belongs to a
interact through dipole-dipole forces, but not hydro- ; ! .
different family of organic compounds.
gen bonds? ! .
8. Can two of the molccules in part f interact through
430 OF the pairs of molccules in Problem 4.82, which can London forces?
inceract through dipole-dipole forces, but not hydro- . Can two of the molccules in part f interact through
gen bonds? dipole—dipole forces?
_ i. Can two of the molccules in part f interact through
(alHealthLink | PRION DISEASES hydrogen bonds?
481 Are covalent bonds broken when PrP® is converted 498 a. To which organic family does the molecule belong?
into PrP*? Explain. o
2.2 Suggesta way o reduce the spread of mad cow disease Il
between catle. CH;CH,CH,CH,C—OH
H . o . Give the molecular formula of the molecule in
BiochemistryLink | ETHYLENE, A PLANT parca.
HORMONE . Can two of the molecules in part a interact through
493 During ripening, bananas produce small amounts of London forces?

ethylene. When bananas are shipped, why should they
not be shipped in closed containers?

Ethylene gas can be produced from petrolcum and
then stored in metal cylinders. When food processors
want to ripen bananas, they expose the fuit to this
manufactured ethylene. Would you expect plants to
react differently to cthylene made from petroleum
than to ethylene that they have produced themselves?

HealthLink | SUNSCREENS

4. Can two of the molecules in part a interact through
dipole—dipole forces?

& Can two of the molecules in part a interact through
hydrogen bonds?

£, Draw a molecule that has the same molecular for-
mula as the molecule in part a bu is an ester.

8. Can two of the molecules in part f interact through
London forces?

. Can two of the molecules in part f interact through
dipole—dipole forces?

. Can two of the molecules in parc finteract through

4.95 What propertics arc important for molecules used as hydrogen bonds?
sunscreens? . Draw a molecule that has the same molecular
495 When applicd o the skin of mice, forskolin, a formula as the molecule in parc a but is both an

compound present in an Asian plant, was shown to

aldehyde and an cther.




HEALTH LINKS, BIOCHEMISTRY LINKS,
AND DID YOU KNOW?

To emphasize the importance of chemistry to
the health sciences and to living things, each
chapter includes a selection of Health Links,
Biochemistry Links, and Did You Know.

Ethylene, a Plant Hormone

BiochemistryLink m

any of the chemical changes that take place within cells are
regulated by compounds called hormones, one example of which
is ethylene (C;Hy), a plant hormane that stimulates the ripening
of some fruits.

”,(‘7:?,”
H H
Ethylene

Plants make ethylene from methionine, one of the twenty
amino acids that are used to build proteins (Chapter 12). Once
broduced, ethylene triggers the production of ripening enzymes,

CT and MRI Imaging

O
HealthLink

o help diagnose injuries o diseases, clinicians sometimes find
it useful to have images of various organs and tissues. This
medical imaging commonly makes use of x-rays or radio waves.

Xerays are a form of electromagnetic radiation that has
slightly less energy than gamma rays. The medical use of x-rays
involves placing a patient between an x-ray source and photo-
graphic film or a digital sensor. X-rays are absorbed to a differ-
ent extent by various tissues, and only those x-rays that pass
through the body are detected (Figure 2.33).

Contrast media, substances that completely block x-rays, can
be used to make specific structures stand out. For example,
barium-containing substances are often administered orally or
as an enema to allow a close look at the gastrointestinal tract.

Tomography, named after the Greek word tomos, mezning a
cut, is a group of techniques that produce images of various two-
dimensional slices of an object. Computed tomography (CT), also
known as computed axial tomography (CAT), couples the use of

= FIGURE 2.33

X-rays This x-ray
image shows details of
bone structure. X-rays
do not penetrate the
glasses, ring, watch, or
electric shaver.

computers with x-ray technology. To obtain a CT scan, a narow
beam of x-rays is rotated around a patient, while detectors con-
nected to a computer measure the location and strength of x-rays

eak down the molecules that hold cell walls
these molecules, including cellulose and pectin,
cell walls begin to degrade and the fruit softens.
the effects of ethylene by doing a simple experi-
unripened tomatoes and place one of them in a
you watch them over the course of several days,
fthat the tomato in the plastic bag ripens more
he other, Each tomato produces small amounts
ut, since this gas is unable to escape through
mato in the bag is exposed to higher levels of
fipens more quickly.

Food distributors control ripening in the same way. Bananas,
for example, are picked green and stored in a well-ventilated
(ethylene-free) environment. This allows them to be shipped
without spoiling or being damaged. Once the bananas have
reached their destination, they can be quickly ripened by expo-
sure to ethylene gas (Figure 4.13).

W FIGURE 4.13

Ethylene promotes ripening Bananas arc shipf
ventilated containers. By not allowing ethylenc leve
up, the bananas can reach their destination before ¢

Fission and fusion are nu-
clear changes that release
large amounts of energy.

In fission, an atom’s nucle-
us splits to produce two
smaller nuclei, neutrons,
y. One example

th
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AN ACCIDENTAL OVERDOSE

A woman pulled out her cell phone and saw that she had a voicemail message. It was
from the gastroenterologist’s office, reminding her of a follow-up appointment sched-
uled for the next day. The previous week she had had a close call when treating a bad
cold. She was taking extra-strength pain relief tablets to treat her headache, a multi-
ingredient flu and cold medicine to clear up her cold symptoms, and a nighttime cold
medicine to help her sleep. After using more than the recommended dosage of each of
these medications for a number of days, she began to experience nausea and vomiting.
A trip to the emergency room and subsequent blood tests showed that she was suffer-

ing from liver damage due to acetaminophen poisoning.

ience and
Measurements

ABOUT THIS CHAPTER

In the first chapter of this health science chemistry text, we take a look at the scientific

method and at the particular field of science called chemistry. Chemistry is important
to health science students because having some knowledge of this field is part of under-
standing the human body, its diseases, and the medicines used to treat disease. In this
chapter we also consider a group of topics related to making measurements.

CHAPTER 1 OBJECTIVES

Afier completing this chapter, you should be able to:

(1) Explain the terms law, hypothesis, experiment, and theory.

(2) Define the terms matter and energy. Describe the three states of matter and the two forms of energy.

(3) Describe and give examples of physical properties and physical change.

(4) dentify metric, English, and S units.

@ Express values using scientific notation and metric prefixes.

(6) Describe the difference between the terms accurate and precise.

(7) Use the correct number of significant figures to report the results of calculations involving measured
quantities.

Identify conversion factors and use them to convert from one unit to another.

(9) Explain the terms density, specific gravity, and specific heat.

Recognize the difference between general chemistry, organic chemistry, and biochemistry.

Chapter Opening Vignettes

Each chapter begins with a story that focuses on the
connection between chemistry and high-interest, everyday
topics that students can relate to. At the end of the chapter,
the chemistry just presented is used to finish the story.

Familcs of Organic Compounds 141

AN ACCIDENTAL OVERDOSE REVISITED

hen is an analgesic and antipyretic (fever-redh
drug that is available without prescription. It is the most widely used pain-

killer in the United States and is an active ingredient in hundreds of differ-
ent medicines. Accidental poisonings can occur when a person is using more than
one drug that contains acetaminophen and takes in more than the recommended
fimit of 4000 mg per day. Acetaminophen poisoning is the most common cause of
acute (rapid onset) liver failure in the United States and is the second most common
cause of liver damage that leads to a transplant.

Liver damage caused by taking too much acetaminophen is related to how the liver metabolizes (makes chemical
changes to) this drug. In the case of i there are two major way: is modified for removal
from the body. In pathway a (see diagram), acetaminophen combines with a molecule called glucuronic acid to form a

d. In pathway b, hen combines with sulfate ion to form a different nontoxic compound.

If too much acetamino- Ie)
phen is present in the liver, I
pathways a and b become
overloaded and the drug
gets metabolized by pathway o

i
H
i
£
]
2
H
H

CH,C—NH

Acetaminophen

h o ! ud

¢, which produces NAPQI | CHO—NH e

(N-acetyl-p-benzoquinone I J

imine). In pathway d, NAPQI .~ N b

reacts with a compound DE— I

called gluathione to form HO oH

another nontoxic product. -
OH OH 050.

The harmful effects of acet- N

aminophen arise when so Nontoxic compound Nontoxic compound

much NAPQI is formed that formed by reacting ‘ formed by reacting

all available glutathione gets
consumed. In that case, left-
over NAPQI reacts with pro-
teins and nucleic acids (path-
way e) in the liver, causing
liver damage.

Note how the biochemis-
try described here is closely cHy é—NH
linked to organic chemistry.

These biochemical mole-

cules belong to many of the

organic families described

in this chapter. Ie) OH O
THINKING IT THROUGH

Identify as many organic HO b
families as you can in the NH, H 0O
molecules shown on this
page.

aceraminophen with
glucuronic acid (o}

aceraminophen with
sulfate ion

d o e
NAPQI
Reaction of NAPQI
with proteins
S and nucleic acids.

H O
PN
N OH

Leads to liver damage.

Nontoxic compound
formed by reacting
NAPQI with glutathione

CHAPTER 1 OBJECTIVES
SMPLEAND  END OF
WRACTICE  CHAPTER
ogagcTive summaRy SECTION _ PRUBLEWS _pROBLEMS

(1) Explain the terms Scientific laws describe observaions but do not 11 11 1316
law, hypothesis, actempt to explain them. A theory is  hypothesis
experiment, and theory.  (tentative explanation) that has survived repeated

testing by experiments.

(2) Define the rerms Matter has mass and occupics space, while energy 12 13 17,18,
matter and energy. isthe capacity to do work and cransfer hear. L13-1.26
Describe the three Matter s typically found as a solid (fixed
states of matcer and shape and volume),a liquid (variable shape and
the two forms fixed volume), or gas (variable shape and
of energy. Volume). Potential energy is stored encrgy

and Kinetic energy is the energy of motion.
Describe and give Physical properties, including odor and melting 12 12,14 19-1.12
examples of physical point, and physical changes, including boiling
properties and and crushing, can be determined without
physical change. affecting chemical composition.

Identify metric, Metric units include grams, meters, and literss 13 15 127-130

English, and SI units. English units include pounds, feet, and quarts; and
ST units include Kilograms, meters, and cubic meters.
(5) Express values using In scientific notation, values are expressed as a 14 16,17 131144

scientific notation and
meric prefixcs.

number berween 1 and 10, multiplied by a

power of ten (0.025 =2.5 X 102). Metric prefixes
are used to create units of different sizes

(2503 m = 2.503 k)

Objectives

Each chapter begins with a list of goals for the student
to achieve. These objectives identify key concepts within
cach chapter. A summary of how these objectives were
met appears at the end of each chapter.
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AT THE CLINIC

A patient arrives at the oncologist’s office for his scheduled chemotherapy
treatment. The waiting room is completely full, so he suspects that they are
running behind schedule. After checking in with the receptionist, he settles
in for a long wait. He catches up on his email, sends a few texts to friends,
and reads an eight-month-old copy of Sports lllustrated from cover to cover
before hearing his name called. The nurse leads him from the waiting room,
weighs him, takes his temperature, and measures his blood pressure. After
preparing his medication, she inserts a needle into a vein in the back of his
hand, has another nurse double-check the prescription, and hooks him up to
an IV bag. Discovering that all the IV pumps are in use, she decides to set
the drip rate manually. After opening the valve and adjusting the flow to 150
milliliters per hour, she makes a note to check for an available pump in 20

minutes, once the patient has received 50 miilliliters of IV solution.

Media Bakery



ience and
Measurements

ABOUT THIS CHAPTER

In the first chapter of this health science chemistry text, we take a look at the scientific
method and at the particular field of science called chemistry. Chemistry is important

to health science students because having some knowledge of this field is part of under-
standing the human body, its diseases, and the medicines used to treat disease. In this

chapter we also consider a group of topics related to making measurements.

CHAPTER 1 OBJECTIVES

After completing this chapter, you should be able to:

@ Explain the terms law, hypothesis, experiment, and theory.

@ Define the terms matter and energy. Describe the three states of matter and the two forms of energy.
@ Describe and give examples of physical properties and physical change.

@ Identify metric, English, and SI units.

@ Express values using scientific notation and metric prefixes.

@ Describe the difference between the terms accurate and precise.

@ Use the correct number of significant figures to report the results of calculations involving measured

quantities.
Identify conversion factors and use them to convert from one unit to another.
@ Explain the terms density, specific gravity, and specific heat.
Recognize the difference between general chemistry, organic chemistry, and biochemistry.
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2 Science and Measurements

1.1 THE SCIENTIFIC METHOD

(®)
¥ FIGURE 1.1

Medical imaging (a) The first
x-ray of the human body was tak-
en in 1895 by Wilhelm Roentgen,
the discoverer of x-rays. In this
x-ray, you can see the bones of his
wife’s hand and her wedding ring.
(6) With the improvements that
have been made to x-ray equip-
ment, clinicians can now obtain
sharper and more detailed im-
ages, as in this scan of a patient’s
vertebrae.

Science is an approach that is used to try to make sense out of how the universe oper-
ates, ranging in scale from the very large (understanding how stars form) to the very
small (understanding the behavior of the tiny particles from which everything is made).
The knowledge gained from scientific studies has impacted our lives in many ways. For
example, the discovery of DNA has led to the use of DNA fingerprinting in solving
crimes and the development of genetically engineered crops that are better able to deal
with pests and pesticides. Studies on energy production are leading to the development
of cleaner ways to power our cars, including hydrogen, electricity, and electric/gasoline
hybrids. Science has also played an important role in our ever-improving ability to treat
diseases. CT and MRI scanners and many of the therapeutic drugs (including antican-
cer monoclonal antibodies) used today are available as a result of the careful work of
scientists (Figure 1.1).

Because science, as a whole, covers such a wide range of subject areas, it is divided into
various branches or disciplines. These include chemistry, biology, biochemistry, geology,
astronomy, physics, health science, and others. Chemistry, the branch of science involved
with he study of matter and its changes, lays an important groundwork for studies in other
fields of science, whether they involve designing artificial antibodies to treat disease, test-
ing drinking water for contaminants, or determining the makeup of planets that orbit
nearby stars.

When doing science, regardless of the particular discipline, information is gathered
and interpreted using the scientific method. Making observations is an important
part of this process. One well-known story regarding the importance of observation
involves the English scientist Isaac Newton (1642—1727). Reportedly, seeing an apple
fall out of a tree led him to formulate the law of gravity, which states that there is an
attractive force between any two objects (in this case, between the earth and an apple).
This and other scientific laws are statements that describe things that are consistently
and reproducibly observed. While a law does not explain why things happen, it can be
used to predict what might happen in the future. For example, the law of gravity does
not explain why things fall, but it does allow you to predict what will happen if you
jump off a ladder.

Finding explanations for observations and laws is a key component of the scien-
tific method. Based on observations or currently known facts, a hypothesis, a tentative
explanation (educated guess), can be constructed. Clinicians, for example, make educated
guesses when treating patients. If a patient complains of stomach pains, the clinician will
ask a few questions and make a few observations before coming up with a hypothesis
(diagnosis) as to the nature of the problem. This hypothesis is based on knowledge of
symptoms and diseases.

Once a hypothesis has been constructed, it must be tested by doing careful experi-
ments. To test a hypothesis related to a patient’s illness, a clinician might call for a series of
medical tests (experiments) to be run. If the test results support the diagnosis, treatment
can begin. If they invalidate the diagnosis, the clinician must revise the hypothesis and
look for another cause of the illness.

Experiments must be designed so that the observations made are directly related to the
question at hand. For example, if a patient has stomach pains, taking an x-ray of his or her
big toe will probably not help find the cause of the illness.

If a hypothesis survives repeated testing, it may become a theory—an experimentally
tested explanation of an observed behavior. For a theory to survive, it must be consistent
with existing experimental evidence, must accurately predict the results of future experi-
ments, and must explain future observations.

Figure 1.2 shows the interconnections of the various parts of the scientific method—
making an observation, forming a hypothesis, performing experiments, and creating a
theory. Scientists do not necessarily follow these steps in order, nor do they always use
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all of the steps. It may be that an existing law suggests a new experiment or that a set of
published experiments suggests a radically new hypothesis. Creativity is an important
part of science; sometimes new theories arise when someone discovers an entirely new
way of interpreting experimental results that hundreds of others had looked at before but
could not explain. In addition to creativity, a scientist must have sufficient knowledge
of the field to be able to interpret experimental results and to evaluate hypotheses and
experiments.

SAMPLE PROBLEM 1.1

The scientific method

Suppose that while rearranging your room a few months ago, you moved your favorite
plant. Now you notice that the plant is dying. Which of the following explanations are
testable hypotheses?

1. The plant is dying because it was moved to a darker location.

2. The plant is dying because it is sad.

3. The plant is dying because it was moved to a warmer location.

STRATEGY

If a statement is a testable hypothesis, you should be able to suggest an experiment to test it.

The Scientific Method

FIGURE

The scientific method In
the scientific method, experi-
ments provide the information
used to discard, revise, or accept
hypotheses.

3



4 Science and Measurements

SOLUTION

Statements 1 and 3 are testable hypotheses. You could test hypothesis 1 by adjusting the
amount of light in the room, and hypothesis 3 by varying the temperature.

PRACTICE PROBLEM 1.1

You get in your car one morning and discover that it won't start. Describe two hypotheses
that could explain this and a corresponding experiment that could test each.

Improvements in technology also play an important role in science. The fact that
theories are based on experimental observations means that as the scientific instruments
used to perform experiments improve, theories may have to be changed. In Section 2.1
two theories of the atom, the fundamental particle from which matter is created, are
discussed. One of these theories dates back to the early 1800s, when technology was not
very advanced and experiments provided much less information than is obtainable today
(Figure 1.3). While the earliest theory of the atom accounted for the observations made
up until the early 1800s, once better experimental results were obtained, errors were
revealed.

Whether scientists study atoms or inherited diseases, theories must be continually
reevaluated and, if necessary, revised as new experiments provide additional information.
This change is an expected part of science.

Stegerphoto/PeterArnold/Getty Images, Inc.

Hulton-Deutsch Collection/© Corbis.

()

B FIGURE 1.3

Modifying theories Theories are sometimes revised when improved scientific equipment allows
better experimental results to be obtained.
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Science and Medicine

1.2 Matter and Energy

HealthLink L)

The level of glucose (blood sugar) in the body is controlled by a
hormone called insulin. Diabetes is the disease that occurs when
insulin is not produced in sufficient amounts or when the body

(®)

¥ FIGURE 1.4 (¢)

Glucose testing (2) The urine of diabetics can contain higher than normal amounts of glucose.
Many centuries ago, glucose levels were tested by seeing if ants were attracted to a patient’s urine.
Sometimes physicians tasted urine to check for sweetness. (6) When these test strips are dipped in
a urine sample, the array of colors produced indicates the amount of glucose present. (¢) Measur-
ing blood glucose levels is the most accurate way to keep track of diabetes. Blood glucose monitors

require just a small drop of blood.

1.2 MATTER AND ENERGY

is not sensitive to its effects. As science has progressed over the
years, so has our understanding of this disease and our ability to
treat it. In the mid-1800s, before it was known that high levels
of glucose cause the symptoms of diabetes, some physicians rec-
ommended that their diabetic patients eat lots of sugar. Others
recommended starvation. Scientific studies in the late 1800s and
early 1900s led to an understanding of the role that the pan-
creas plays in glucose metabolism and to the discovery of insulin,
which is produced by the pancreas. Insulin was first used in 1922
to treat diabetes in humans. Because the insulin used then was
not very pure, patients were given injections—often painful—
of up to 2 teaspoons (10 milliliters) at a time. As the science
of isolating and purifying insulin improved, dosages dropped to
less than one-tenth of that size. Other advances in the treat-
ment of diabetes included the use of oral drugs to control insulin
levels (introduced in 1955), the use of genetically engineered
human insulin (introduced in 1982) in place of that isolated
from cattle and pigs, and the
development of new methods
for testing blood glucose levels
(Figure 1.4).

Did You

Know

Diabetes mellitus, or
diabetes, gets its name
from two Greek words
related to symptoms of
the disease. The word
diabetes refers to ex-
cessive urination and

Yoav Levy/Phototake.

urine,” which dates to
the time when tasting a

the diagnosis.

5

mellitus to "honey-sweet

patient’s urine was part of

In the earlier discussion of the various branches of science, chemistry was described as
the study of matter and the changes that it undergoes. This leads to the question “what is

matter?” In scientific terms, matter is anything thar has mass and occupies space. In every-
day terms, this definition includes your body, the air that you breathe, this book, and all

of the other material around you.

= Matter can exist in the solid,
liquid, and gas states.
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HFIGURE 1.5

Gas, liquid, and solid A paint
can (a solid), paint (a liquid), and
paint fumes (a gas) illustrate the
three physical states of matter.

The term “substance” is used

to refer to the matter of which
something consists. Later, we will
learn details about the nature of
this marter.

B FIGURE 1.6

Physical states of water

(2) The water molecules in ice are
held to one another strongly and
their motion is limited. () Those
in liquid water are less strongly
attracted to one another and

they can move past one another.
(¢) The molecules in steam (gas-
eous water) are attracted to one
another only very weakly, if at all,
and move freely. Molecules will be

described in Chapter 4.

We can describe matter in terms of physical properties, those characteristics that can be
determined without changing the chemical composition of matter (what it is made of).
For example, a piece of silver is shiny, conducts electricity, and can be pounded without
breaking, while a cube of sugar is white, tastes sweet, can be crushed, and is odotless. The act
of measuring these and other physical properties, including melting point (melting tempera-
ture), does not change the composition of matter. Silver is still silver and sugar is still sugar.

Matter is typically found in one of three different physical states or phases—as a solid,
a liquid, or a gas. From our direct experience we know that

o Solids have fixed shapes and volumes.
o Liquids have variable shapes and fixed volumes.
o Gases have variable shapes and volumes.

Think about what happens if an opened can of paint gets
spilled (Figure 1.5). Whether it is standing upright or lying
on its side, the can (a solid) has the same shape and occupies
the same volume of space. The paint (a liquid) keeps its origi-
nal 1 gallon volume but changes its shape as it spreads out
across the floor. The paint fumes (a gas) quickly change their
shape and volume as they spread through the air in the room.

The particular state in which a substance appears depends,
in part, on the strength of the interactions between its particles.
The term “particles” refers to atoms, molecules, and ions—all
three of which we will learn about in future chapters. For now,
let’s just think of a water molecule (H,0O) as a particle built
from three smaller particles (2 H atoms and 1 O atom).

The particles in a solid are strongly attracted to one
another and are held fairly rigidly in one spot. This is true
for each of the water molecules that make up ice—they are
locked into place through attractions to other water molecules in the solid (Figure 1.64).
The particles in a liquid, including liquid water, are less strongly attracted and are able to
slip and slide past one another (Figure 1.66). The particles that make up a gas are attracted
to one another only very weakly, if at all, and are free to move (Figure 1.6¢). In later chap-
ters we will take a close look at the types of forces that can attract one particle to another.

Moving between physical states, including from ice to liquid water to steam, is a type
of physical change, change in which the chemical composition of matter is not altered
(Figure 1.7). Melting iron, crushing a cube of sugar, and bending a copper wire are also
examples of physical change.

Boiling H,O
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B FIGURE 1.7

Physical change When snow
melts in the spring, rivers fill with
water. The conversion of snow
into water is a physical change.

Peter Van Rijn/SUPERSTOCK.

SAMPLE PROBLEM 1.2

Physical change

Which of the following involve physical change?
a. Ripping a piece of paper

b. Burning a piece of paper

c. Melting a cube of butter

STRATEGY

Read the preceding paragraph to find the definition of physical change.
SOLUTION

In a physical change, the chemical composition of matter is not altered. When paper is
ripped or butter is melted, nothing new is created. Burning a piece of paper converts it into
something new: ash, gases, and heat.

PRACTICE PROBLEM 1.2

When baking soda (a solid) is mixed with vinegar (a liquid), carbon dioxide bubbles are
formed. Is this an example of a physical change or a chemical change (change in chemical
composition)? Explain.

Any time that matter is changed in any way, work has been done. This includes the
physical changes just mentioned, as well as walking, running, or turning the pages of this
book. All of these activities involve energy, which is defined as the ability to do work and
to transfer heat.

Energy can be found in two forms, as potential energy (stored energy) or as kinetic Potential energy is stored energy.
energy (the energy of motion). The water sitting behind a dam has potential energy. When Kinetic energy is the energy of
the floodgates are opened and the water begins to pour through, potential energy is motion.

converted into kinetic energy.

All matter contains energy, so changes in matter (work) and changes in energy (poten-
tial or kinetic) are connected to one another. For example, if you drive a car, some of the
potential energy of gasoline is converted into the kinetic energy used to move the pistons
in the engine (doing work) and some is converted into heat, a form of kinetic energy
related to the motion of the particles from which things are made.
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The units used to measure
temperature, including degrees
Celsius (°C) and degrees
Fahrenheit (°F) are discussed in
Section 1.3.

FIGURE

Phase change of water The
energy required to convert ice
into water is called the heat of
fusion. The energy required to
convert water into steam is the
heat of vaporization.

SAMPLE PROBLEM 1.3

Potential versus kinetic energy
a. You pick up a rubber band and stretch it. What change takes place in the potential
energy of the rubber band?

b. You let go of the rubber band and it snaps back to its original shape. What change takes
place in the potential energy of the rubber band? What changes take place in its kinetic
energy?

c. Is stretching then releasing the rubber band a physical change?

STRATEGY

Recall that potential energy is stored energy and that kinetic energy is the energy of motion.

SOLUTION
a. The rubber band contains more stored energy, so its potential energy increases.

b. Its potential energy decreases as it releases back to its original shape. As it snaps, the
rubber band’s kinetic energy (motion) initially increases but then decreases.
c. Yes, nothing new is created.

PRACTICE PROBLEM 1.3

a. Which has greater potential energy, a cup of coffee held at waist level or one held at
shoulder level?
b. Which has greater kinetic energy, a cup of hot coffee or a cup of cold coffee?

Above, we saw that the strength of the attractions between particles determines, in part,
whether a substance is found as a solid, a liquid, or a gas. Heat also plays a role. For example,
boiling water to form steam (gaseous water) requires the addition of heat. Let us take a look
at the effect that heat has on the three phases of water: ice, liquid water, and steam. The water
molecules in ice are held in place and have a relatively low kinetic energy. If heat is added
to water untl it melts, liquid water is formed in which the molecules have a greater kinetic
energy than in ice. (The higher the temperature of something, the greater the kinetic energy
of the particles from which it is made.) Although the water molecules still interact with one
another, their increased motion allows them to move around. If heat is added to water until it
boils, steam is formed. The even greater kinetic energy allows the water molecules to separate
completely from one another and move freely through the container that holds them.

Figure 1.8 shows the temperature changes that accompany ice to liquid water to steam
phase changes. Beginning with ice at a temperature of —20°C (—4°F), for example, and
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gradually adding heat energy to warm it, we will see an increase in temperature. When the
temperature reaches 0°C (32°F), the melting point of ice or the freezing point of water,
the temperature remains constant—even as more heat is added—undil all of the ice has
melted. The energy put in during this melting process is called the heat of fusion. With
the continued addition of heat energy, water temperature rises until it reaches 100°C
(212°F), the boiling point of water. As the water begins boiling, the temperature remains
constant as heat is added, until all of the water has been converted to steam. The energy
that goes into converting water from the liquid to the gas phase is called the heat of
vaporization. Once the water has all boiled, the addition of more heat causes the tem-
perature of the steam to rise.

This process can be reversed. As heat energy is removed from steam, its temperature
drops. At a temperature of 100°C, where steam condenses to form liquid water, the tem-
perature remains constant until only water is present. Further loss of heat energy lowers
the temperature of water until, at 0°C, water begins to freeze. Again, the temperature
remains at 0°C undl all of the water has been converted into ice. Removal of more heat
energy lowers the temperature of the ice.

Under certain conditions, some substances will skip the liquid phase and jump directly
between the liquid and gas phases. The conversion of a solid directly into a gas is called
sublimation and the reverse of this process is called deposition. Dry ice, solid carbon
dioxide, is a common example of a substance that undergoes sublimation (Figure 1.9).

SAMPLE PROBLEM 1.4

Energy and changes in physical state

It was once common to reduce a fever by applying isopropyl alcohol to the skin. As the
alcohol evaporates (liquid becomes gas), the skin cools. Explain the changes in heat energy
as this process takes place. Note: Reducing a fever this way is no longer recommended.
STRATEGY

To answer this question you must decide whether heat energy must be put into or removed
from rubbing alcohol to convert it into a gas.

SOLUTION

The heat energy required to convert rubbing alcohol from a liquid to a gas is provided by
the heat in the skin. As heat moves from the skin into the rubbing alcohol, the skin cools.

PRACTICE PROBLEM 1.4

The boiling point of water is 100°C and that of ethyl alcohol is 78°C. In which liquid are
the particles (molecules) held to one another more strongly?

1.3/ UNITS OF MEASUREMENT

Making measurements is part of everyday life. Every time that you look at your watch to
see how many minutes of class remain, tell a friend about your 5-mile run this morning,
or save money by buying products with the lowest unit price, you are using measure-
ments. Measurements are also a key part of the job of health professionals. A nurse might
measure your pulse, blood pressure, and temperature; a dental hygienist might measure
the depth of your gum pockets; or an occupational therapist might measure your hand
strength to gauge the degree of recovery from an injury (Figure 1.10).

Units of Measurement 9

Heat of fusion is the heat
required to melt a solid.

Heat of vaporization is the heat
required to evaporate a liquid.

FIGURE

Sublimation The sublimation of
dry ice involves the direct conver-
sion of solid carbon dioxide into
gaseous carbon dioxide.

9]
<
S
4
1
=
o
2
S
[
2
Q
[~
o
2
1<
=)
=
&
2
8
]
o
P
o
=1
s
=)
O





