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o) Protein, g Carbohydrates, | Cholesterol,
ot Amount |Mass, g |(Calories | k] |(44-56g)* Fat. g | g mg
; tAiSple (medium) 1 150 70 | 294 0.3 0.5 18 0
i ‘Beefhver 3.5 0z 100 229 958 | 264 10.6 5.3 438
o Bmwd (white) 1 slice 23 60 252 2 1 12 NA
; . ! Butter 1 pat 7 - 50 210 Trace 6 Trace 15.5
 Carrots 1large | 100 45 189 1.1 0.2 9.7 0
Cbeese 1oz 28 - 105 441 7 9 1 30
~ Chicken {skinless & boneless) |3 oz 85 115 483 20 3 0 70
g -;ﬁl‘meolate (semisweet) 1oz 28 132 552 s 9 16.5 Trace
Cola 1 cup 240 95 399 0 0 24 0
? Corn oil 1 thsp 14 125 525 0 13.6 0 0
3 Cottage cheese 1 cup 210 216 904 26 9.4 5:2 32
Egg 1 50 80 336 6 6 0.6 274
Green beans 1 cup 125" 30 126 2 Trace 6.8 0
Hamburger 3oz 85 245 1029 20 17 0 50
Ice cream (vanilla) 1 cup 142 295 1239 6 18 30 59
Macaroni (cooked) 1 cup 130 190 798 6 1 39 0
Margarine 1 pat 7 50 210 Trace 6 Trace 0
Milk 1 cup 244 160 672 9 9 12 35
Orange (medium) 1 136 60 252 1.4 0.1 16.3 0
Orange juice (frozen) 1 cup 249 110 462 1.7 0.1 27 0
Peanut butter 1 tbsp 15 95 399 4 8 3 0
Pork chop 3.5 0z 98 260 1092 16 21 0 130
Potato (baked) 1 99 90 378 3 0.1 21 0
Raisins 3 cup 80 230 962 3 0.3 62 0
Rice (cooked) 1 cup 180 185 i 3.5 0.2 40 NA
Spinachi¥(cooked) 1 cup 180 40 168 5 1 6 0
Sugar 1 tbsp 12 48 201 0 0 12 0
" Tomato juice 1 cup 243 45 189 1.9 0.2 10 0
Tuna (in oil) 3 oz 85 170 714 24 74 0.1 20
Yoghurt 1 cup 246 120 504 8 4 13 14

*RDA values are given in parentheses.
NA = not available; 0 = zero or close to zero; trace = small amount present.



B.. Niacin,
thiamin, B,. riboflavin, | mg A, IU (800~ |Fe,mg
mg (1-1.4 | mg (1.2-1.6 | (13-18 | C, mg (60 |(4000-5000 D, ug (10 |E,mg (8- |K.pug(70- (1200 |(10-18
mg) mg) mg) | mg) 10) 1g) 10 mg) 140 pg) mg)  |mg)
0.04 0.02 0.1 8 75 0 1.1 8 | 04
0.26 4.2 16.5 27 53,000 0.85 1.4 200 307:] 8
‘ 0.06 0.04 0.5 Trace Trace | Trace 0.1 16 | 0.6
! 0 Trace Trace 0 2301 0.16 0.17 1 0
0.06 0.05 0.6 8 12,00¢ o 0.5 39 | 08
0.05 0.15 Trace 0 265 0.5 0.6 | 219 | 03
" 0.05 0.16 7.4 0 25 NA 0.2 8 1.4
1 0.01 0.03 0.2 0 8 NA NA R 11 1
{ 0 0 0 0 0 0 0 0 3 | 018
', 0 0 0 0 0 0.03 12 o |8
1 0.04 0.34 0.2 Trace 342 NA — 212 0.7
' 0.04 0.14 Trace 0 260 31 0.8 27 1.1
0.09 0.11 0.6 16 675 NA NA 62 | 08
1 0.04 0.2 4 0 25 0 0.1 5
| 0.05 0.33 0.1 1 740 0.1 0.1 175 | 01
1 0.23 0.14 1.9 0 0 0 - 14 | 14
Trace Trace 0 0 230% NA 46 0 1,0
\‘ 0.08 0.42 0.1 2 350 255 0.3 2 288 | 0.1
b 0.12 0.05 0.5 75 240 0 0.4 49 | 02
]‘f 0.21 0.03 0.8 112 200 0 NA 22 | 02
j 0.02 0.02 2.4 0 0 0 NA | 11 0.3
. 0.63 0.18 3.8 0 0 0 0.7 8 | 22
0.1 0.04 1.7 20 Trace NA 0.06 20 9 | 05
5 0.1 0.06 0.5 2 8 NA NA 50 | 3
: 0.19 0.1 1.6 0 0 0 0.4 17 1.5
;“ 0.12 0.26 1 50 14,600 0 2.4 600 167 | 4
i - 0 0 0 0 0 0 0 0 0 | 0
| 0.13 0.07 1.8 39 1,000 0 2 i7? & 2
f 0.04 0.1 10.1 0 70 6 0.5 7 1.6
0.09 0.43 0.2 2 150 NA NA 295 | 0.1

1Only selected values listed for vitamin K.
$Vitamins added to fortify these foods.
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Introduction to General, Organic, and Biological Chemistry will appeal partic-
ularly to anyone planning to enter one of the allied health fields such as nursing,
medical technology, physical therapy, or nutrition. No previous chemistry course
is needed to understand the material.

As suggested by the title of the book, the topics covered belong to three main
areas:

General Chemistry: Chapters 1 through 11 discuss the fundamental principles
of chemistry. The behavior of matter is understood in terms of atoms and
molecules.

Organic chemisty: Chapters 12 through 20 cover the chemistry of carbon-
containing compounds.

Biochemistry: Chapters 21 through 28 are devoted to the structures and
functions of biomolecules.

Throughout this text the excitement and usefulness of chemistry are conveyed
by making clear connections between chemical principles, the surrounding world
and the human body. Practical applications are presented along with their un-
derlying chemical principles. For instance, acid-base properties of blood are found
in the acid-base chapter, fat-soluble vitamins are discussed in a chapter on lipids,
and sickle-cell anemia is covered in the nucleic acids chapter, where the disease’s
molecular basis is best explained. The practical applications of chemistry are not
isolated by setting them aside from the rest of the material, rather they are
integrated into the text to emphasize the close correlation between chemical theory
and its biological application.

An important feature of this text is the great number of learning aids intended
to make chemistry more accessible and enjoyable.

Sample exercises: Every chapter contains sample exercises that are solved in
detail.

Exercises: Accompanying each sample exercise is an unsolved exercise. The
answers to all the unsolved in-chapter exercises are given at the end of the
book along with the answers to the odd-numbered end-of-chapter questions.
Margin comments: The wide margins of this text include comments that
summarize ideas or supply interesting information about the topic in the
adjacent paragraph.

Highlighted margin comments: Marginal comments printed in color are set
next to paragraphs that discuss medical and biological applications. These
notes can be used to quickly locate material that is of special interest to
students of the allied health sciences.

Keywords: New terms are shown in boldface. At the end of every chapter
these are listed as keywords, all of which are defined in the glossary found
at the end of the text.
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MEASUREMENT

1.1 INTRODUCTION

To the untrained eye it may seem that chemists are able to do magic in the
laboratory, producing something where once there was nothing. From simple
chemicals the modern chemist can synthesize a drug with the ideal structural
features to treat a particular disease or create a remarkable plastic with just the
right properties to replace a worn body part. Very rarely does a sudden, almost
magical, discovery lead the way to this sort of success. In most cases careful,
occasionally tedious, experimentation must come first.

Performing experiments in chemistry and interpreting their results is what
chemists do. It is with the devices used to produce measured quantities, the units
in which they are expressed, and the techniques used to do calculations upon
them that the study of chemistry begins.

A formal term for the experimental approach to the solution of problems is the
scientific method. The scientific method can be defined as an approach by which
scientists combine an idea, or hypothesis, with experimental observations to arrive
at theories, which not only explain the experiments but can also be used to predict
the results of future experiments. The scientific method is applied by combining
experimental observation with new ideas until it is possible to predict what will
happen with no exceptions. Let us put the scientific method into practice in a
clinical situation. Suppose you notice that a certain patient becomes violently ill
after taking aspirin. Your hypothesis is that the person is allergic to aspirin.
Future experiments seem to support this hypothesis. Every time aspirin is ad-
ministered in any of its forms, the individual exhibits the same hypersensitivity.
Then one day you notice the identical allergic reaction when the same patient
drinks a glass of root beer. Because of this new experimental observation you
must modify the original hypothesis to state that similar substances present in
aspirin tablets and in root beer are causing the allergic reaction. You design a

— — m— e ——
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series of experiments to prove that the patient is allergic to aspirin, root beer, or
anything containing a chemical known as a salicylate. All substances that you
test are in agreement with the modified hypothesis and so it stands as theory. All
theories survive until new observations no longer can support them. It is probable
that 100 years from now, certain theories presented in this text will have to be
modified or discarded to explain events that have yet to be observed.

Experiments fall into one of two broad categories. In qualitative experiments
the presence or absence of some physical quantity is noted. When the physical
quantity is measured to see just how much of it there is, the experiment becomes
quantitative. For example, suppose the experiment is to test for glucose in urine.
The observation that the urine sample contains glucose is qualitative; the obser-
vation that the urine sample contains 10 mg of glucose is quantitative.

TABLE 1.1

Measured quantities such as 10 mg include a numerical value (10) and a unit
(mg). The unit describes the physical quantity that is being measured, which in
this case is a unit of mass, the milligram (mg). A practical and useful set of units
must be internationally accepted and must include units that are unambiguously
defined. Three sets of units in use are the English system, the metric system, and
the latter’s close relative, the International System of Units, called the SI system.
The English system, with units such as foot and pound, is rarely if ever mentioned
in scientific studies, although it is still used in the United States for other purposes.
The metric system, which includes the meter and kilogram units, has been widely
adopted, as most countries in the world have “gone metric” or are “going metric.”
The International System of Units was created in 1969 to clear up any possible
confusion about which units should be included in the modern metric system.
The SI system includes the SI base units, the SI derived units, and the SI prefixes.

SI Units

There are seven base units in the SI system: the meter, kilogram, kelvin, second,
mole, ampere, and candela. Their names and abbreviations appear in Table 1.1.

SI BASE UNITS

Physical quantity Name of base unit Abbreviation
Length meter m

Mass kilogram kg

Time second s

Amount of substance mole mol
Temperature kelvin K

Electric current ampere A

Luminous intensity candela cd
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TABLE 1.2

The slash sign (/) means “per”
or “divided by.”

Many SI units are formed
from a prefix and a base unit.

Prefix Abbreviation Meaning*

pico p 10-'2 (1/10"? or one-trillionth)

nano n 10~? (1/10° or one-billionth)

micro m 10-¢ (1/10° or one-millionth)

milli m 10-3 (1/10° or one-thousandth)

centi c 1072 (1/10? or one-hundredth)

deci d 10-! (1/10 or one-tenth)

kilo k 10° (1000 or one thousand times)
mega M 10° (1,000,000 or one million times)

*See Appendix A for coverage of scientific notation.

Two of them, the ampere and the candela, will not be discussed further, since
they will not be encountered again in this text. By some combination of the base
units, it is possible to express the unit for any other measured quantity.

The SI derived units are those which are formed by multiplication or division
of the SI base units. One example of a derived unit is the unit for speed, which
is meters divided by seconds or meters per second, m/s. We will introduce more
derived units as they appear in the topics to come.

SI Prefixes

The SI prefixes are used to form multiples or fractions of SI units. Many quantities
are conveniently expressed in terms of a prefix plus a base unit. For example, the
quantity 1000 m may also be written as 1 kilometer (1 km), since the prefix kilo
means 1000. The prefixes most often added to base units are listed in Table 1.2.
That one of the base units, the kilogram, already has a prefix is a peculiar feature
of the SI system, which is explained in the discussion about mass in Section 1.5.
Multiples and fractions of the kilogram are formed by attaching an SI prefix not
to kilogram (kg) but to gram (g).

SAMPLE EXERCISE 1.1

Using Tables 1.1 and 1.2 express the following quantities in terms of a prefix
plus a base unit:

(a) 0.01 meter (b) One-millionth of a second

Solution:
(a) 0.01 = 1/100 (b) One-millionth = 1/10¢ = 10~°



