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Introduction

Welcome to the second edition of Basic Chemistry
for Biology. Chemistry is a subject that is
important in many other areas of science. Students
of biology, medicine, geology, and astronomy need
a working knowledge of chemistry to succeed in
their fields. The goal of this book is to provide you
with an introduction or review of the basic
principles of chemistry that are most useful in other
areas of science.

As a beginning science student, you may wonder
why you need to know about chemistry if your
direct goal is to learn a field such as anatomy and
physiology or geology. Some examples will
illustrate why chemistry is so fundamental. The
human body, like that of all living organisms, is
composed of chemicals. The composition of the
body will not make sense unless a basic knowledge
of chemistry is available to help you understand the
body’s structure. Living organisms are based on
chemical activity. When the liver responds to
hormones and regulates blood sugar levels,
chemical reactions are responsible. When you think
and learn, chemical interactions in the neurons of
the brain play an essential role. These examples
show that physiology is the study of how the body
regulates its internal chemistry. Clearly. a
knowledge of chemistry will greatly increase your
chances of success in physiology. Similar examples
from other areas of science would lead to the same
conclusion.

This book can be used as an introduction to
chemistry or as a review of the subject. Those
topics from high school chemistry (or an entry-
level college course) that are most essential to an
understanding of other science areas are included

here. The second edition includes new chapters on
organic chemistry and biomolecules. Although
these topics are not usually covered in high school
chemistry, they are essential to your success in
biology. This book is not intended to replace an
entire chemistry course. If you master the subject
matter of this book, you will learn (or relearn) the
principles of chemistry used in introductory
science courses. If you decide to pursue the study
of science seriously, however, you will need to
take several chemistry courses as you progress.

All fields of science are based on experimentation.
The goal of this book is to help you acquire a basic
knowledge of the concepts of chemistry as quickly
as possible. Therefore, the concepts of chemistry
are presented without their experimental basis. It is
important to remember that these concepts are not
arbitrary but were developed to explain and be
compatible with experimental findings. A full
chemistry course will include the experimental

basis of the field.

A scientific model is a description and explanation
ol experimental observations. Models can vary in
complexity. In general. simpler models are utilized
in this book. The octet rule. used to predict
chemical reactions, is an example. Such models are
compatible with many experimental findings and
can be used to predict a wide array of chemical
reactions. Typically, they do not explain
everything. and exceptions are known. This does
not mean that such models are incorrect. but rather
that they represent incomplete and simplified
descriptions of the natural world. As your
knowledge of chemistry increases, more complex
models can be added to those presented here.



How To Use This Bool—(

Objectives

Each chapter in this book covers the major topic
stated in its title. The first page of each chapter gives
a list of learning objectives for the chapter. These
objectives list the things you should be able to do
when you have mastered the material in the chapter.

Some of these objectives are basic and must be
mastered before you can continue on to more
advanced topics. This is because much of the subject
matter of chemistry is cumulative, and later topics
build on what has gone before. Other objectives are
intermediate or advanced. These objectives are
indicated with an asterisk. Frequently, these topics
can be omitted without impeding your progress
through future chapters. You should customize your
chemistry study by choosing which of these to
include. Your prior knowledge of chemistry and the
requirements of your current academic program are
prime factors to consider. One effective strategy is to
work through the book two or more times. Cover the
basic objectives the first time. This provides a good
start to the beginning student without introducing
difficult subject matter. Then, during subsequent
readings, add intermediate and advanced topics.

Study and Self-Testing

Each section of text includes a short paragraph
about a new topic. Read the paragraph carefully.

The paragraph will be followed by a series of
questions that test your understanding of the
material and ask you to apply it. Answer the
questions as completely as you can.

The answers to the questions are at the end of the
chapter. When you have completed the questions
on a page, check your responses against the
answers. Explanations are often included with the
answers. If you did not answer the question
correctly, the explanation may be sufficient to help
you get back on track.

If you understood the paragraph and answered all
the questions correctly, you are ready to continue
to the next section. If you are uncertain that you
understand or if you missed questions, repeat the
section. Read the paragraph again. When you
understand it, try the questions again.

Repetition is essential to the learning process.
Working through this book more than once
provides such repetition and is strongly
recommended. A longer and more complete test
is included at the end of each chapter. This test
enables you to evaluate your mastery of the entire
chapter. The chapter test is also a learning
experience, because it provides more repetition of
the subjects that have been covered.
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Chapter 1

The Atom

How to Use the Objectives

The objectives for Chapter | are stated below. All are tasks you should be able to complete successfully once
the material in this chapter has been mastered. These are general objectives. The questions in Chapter 1
specifically apply to these objectives. Correct answers to the questions in Chapter | provide good evidence
that the objectives have been achieved. A full chapter test at the end of this unit is available for you to take
when you are ready. It includes questions designed to evaluate all of the objectives. Your score on the chap-
ter test provides you with an overall assessment of your mastery of the chapter objectives.

Objectives that cover more advanced material are indicated with an asterisk (*). Include the optional objec-
tives appropriate for your academic program. Progress through the remaining chapters of this book does not
require mastery of the optional topics.

Objectives

1. Define the following terms and apply the definitions correctly: matter, element, atom, atomic number,
mass number, atomic mass (weight), and isotope.

2. List the elementary particles, their properties, and their locations in an atom.

w

State the interactions of like and unlike electrical charges.

4. Given the atomic number and mass number, calculate the number of protons, neutrons, and electrons
in an atom.

5. Use the periodic table of the elements to find information such as an element’s name, atomic number,
atomic mass (weight), and symbol.

6. List the symbols for the elements that are significant in living things.

N

Know and use the appropriate formula to calculate the number of electrons in an electron shell.

8. Sketch the structure of any atom up to an atomic number of 18, showing the correct number of
electrons in each electron shell.

9. Represent the isotopic variants of an element with standard chemical notation.

10.*Sketch the electronic structure of any atom up to atomic number 38, showing the correct number of
electrons in each electron shell.

11.*Accurately describe the size of an atom and the spatial relations within it.
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Matter, Elements, and Atoms

All physical objects are made of matter. Your body, all the objects you see, and even the air that fills
the space between visible objects are composed of matter. (Matter in a solid or liquid state is usually
visible, whereas matter in the gaseous state often is not.) Matter is defined as anything that occupies
space and has mass. The space an object occupies can be measured and is the volume of that object.
Under the circumstances we usually encounter (on earth in a gravitational field), having mass is
detected as the weight of an object.

Questions
1. Is your body composed of matter? How would you demonstrate the validity of your answer?

Yes No

2. Is the chair or couch you are sitting on composed of matter? How can you tell?

Yes No

3. A tank appears to be empty. It is weighed. Then it is connected to a vacuum pump, which is operated
for ten minutes. The tank is weighed again and now weighs less. Did it contain matter? How did the
information provided permit you to answer the question?

Yes No

How could you determine whether the tank still contains some matter after being pumped?



Chemists have analyzed matter carefully. Their experimental work shows that matter is made up of
simple substances called elements. The elements are the basic building blocks of more complex
forms of matter. Elements cannot be converted to less complex substances by chemical reactions.

Questions
4. Samples of four pure gases are put through testing procedures that attempt to decompose them into
simpler substances using chemical reactions. The following results are obtained: oxygen, nitrogen, and
neon cannot be decomposed into simpler substances. Carbon dioxide does decompose, releasing
carbon and oxygen. Based on these results. which gases are elements? Explain.

5. Itis possible to use an electrical current to decompose a sample of water, a process called electrolysis.
As the electrolysis procedure progresses. both hydrogen gas and oxygen gas are released. Is water an
element? What evidence supports your answer?

Yes No

6. A pure sample of sugar is burned in oxygen. The products of combustion are carbon dioxide and water.
Is sugar an element? Explain your reasons for answering as you did.

Yes No
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Experimental investigation demonstrates that matter is particulate. An atom is the smallest particle of
an element that still retains the properties of that element. Atoms are extremely tiny. Between one
million and two million atoms could line up side by side across the diameter of one of the printed
periods on this page.

Questions

7. Carbon is an element that is very important in organic molecules. (Organic molecules are synthesized
by living cells and are always based on carbon. Organic molecules are central to the structure and
function of all forms of life.) An atom of carbon is one of carbon.

8. Experimentation shows that atoms can be broken up, though not by chemical means. Atoms have
internal structure and contain still smaller particles. Would the smaller particles within the carbon atom
have the properties of carbon? Explain.

Yes No

9. Would one particle of sugar be an atom? Explain your answer.

Yés No

10. The smallest particle of nitrogen that still has the properties of nitrogen is one of nitrogen.
Would this single particle of nitrogen be visible to the unaided eye? Explain your answer.

Yes No



Elementary Particles

The simplified model of atomic structure presented here considers the atom to be composed of three
types of elementary particles (subatomic particles): the proton, the neutron, and the electron. Each
particle is characterized by a weight (or mass) and an electrical charge.

Particle Symbol Mass* Charge
Proton p 1 +1
Neutron n 1 o}
Electron e (O} =1

*The units of mass are atomic mass units (amu) or daltons
**The mass of the electron is not exactly zero, but is so small that it is negligible for most purposes

Questions

11. Which elementary particles have a charge?

12. Which elementary particle is not charged?

13. Which elementary particles account for nearly all the weight of the atom?

14. Which elementary particle has a charge that is equal in magnitude, but opposite in sign, to the proton?

I5. Which elementary particle contributes very little to the weight of the atom”
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Electrical charges that are opposite in sign attract each other. Electrical charges that have the same
sign repel each other. Uncharged matter neither repels nor attracts other matter.

Questions

For the pairs of particles listed, state whether the particles attract each other, repel each other, or do not
interact.

16. Proton and neutron.

17. Proton and electron.

18. Electron and neutron.

19. Neutron and neutron.

20. Electron and electron.

21. Proton and proton.



The Atom

electron cloud

An Atom of Helium

This diagram of an atom* shows the locations of the elementary particles. The nucleus of the atom
contains the protons (p) and neutrons (n). The nucleus is extremely small and therefore very dense.
The electrons (e-) are located at a distance from the nucleus. The electron cloud represents the
regions where the electrons are most likely to be found. The electrons in the cloud may be pictured
as moving very rapidly in the area of the cloud, or as a smear of negative charge.

‘This diagram represents an atom of helium. The helium atom has two protons, two electrons, and two neutrons. The numbers of
elementary particles would be different in atoms of other elements.

Questions
22. The atom is mostly empty space. Explain your answer.

True False

23. Which part of the atom is positively charged?

24. Most of the mass of the atom is contained in the

25. Sketch an atom that contains three protons, three electrons, and four neutrons.
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The atomic number of an element is equal to the number of protons the element contains. The
atomic number of an element establishes its identity. For example, hydrogen is atomic number 1,
carbon is atomic number 6, and nitrogen is atomic number 7.

Questions

26. How many protons does carbon contain?

27. Where are the protons located in the carbon atom?

28. Could an atom with an atomic number of 8 be a variant of nitrogen? Explain.

Yes No

29. How many protons do hydrogen atoms contain?

30. How many protons do nitrogen atoms contain?



Unreacted atoms are electrically neutral. Because they contain charged elementary particles, the
number of positive and negative charges must be the same.

Questions

31.

32.

33.

34.

Which elementary particle is positively charged?

Which elementary particle is negatively charged?

In a neutral atom, the number of protons must be equal to the number of

. Explain.

An atom of carbon contains protons and electrons. Explain how you determined the

answer to this question.

An atom of nitrogen contains protons and

How many electrons does a hydrogen atom contain? Explain.

electrons.
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The Periodic Table of the Elements

The elements are arranged in a sequence by increasing atomic number in a chart called the periodic
table of the elements. The periodic table organizes a great deal of information about the elements in
a very compact form. You will learn to use some of that information now. A copy of the periodic table
(or chart) is located at the back of this book. The key at the top of the periodic table explains the
information that is available about each element. Use the key and periodic table to answer the

following questions.

Questions

37. Where is the atomic number for an element found?

38. Where is the name of the element found?

39. The atomic number of calcium is

40. The atomic number of sodium is

41. Which element has an atomic number of 26?

42. Which element has an atomic number of 127
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Each element is represented by a chemical symbol. The symbol is often the first letter or two of the

element’s name in English. Occasionally, the symbol is derived from the name of the element in
Latin. Use the periodic table to answer the following questions.

Questions

43. Carbon, hydrogen, oxygen, and nitrogen are four elements that are present in substantial amounts in all
living organisms. What are the symbols for these four elements?

44. Look up the atomic numbers and chemical symbols for phosphorus and potassium.

45. What are the chemical symbols for sodium, sulfur, and iron?

46. Which element has an atomic number of 17? What is the chemical symbol for this element? How
many protons does an atom of this element contain? How many electrons?



