All This

This huge machine is called the Large Hadron Collider (LHC). It's like a
circular racetrack for particles and is about 27 km long. The LHC accelerates
particle beams to high speeds and then smashes them into each other. The
longer the tunnel, the faster the beams move and the har

together. Scientists study the tiny particles produced in th

der they smash
e crash.

« How might scientists have studied matter before colliders were invented?

« What do you think are the smallest parts of matter?

« What are atoms, and what are they made of?




Before you read, decide if you agree or disagree with each of
these s.tatements. As you read this chapter, see if you change
your mind about any of the statements.

Sl

The earliest model of an atom contained only protons and
electrons.

Air fills most of an atom.
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In the present-day model of the atom, the nucleus of the atom
is at the center of an electron cloud.

All atoms of the same element have the same number of protons.
Atoms of one element cannot be changed into atoms of
another element.

lons form when atoms lose or gain electrons.
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Lesson1

Reading Guide

Key Concepts &=
ESSENTIAL QUESTIONS

* What is an atom?

* How would you describe
the size of an atom?

* How has the atomic model
changed over time?

Vocabulary
atom p. 315
electron p. 317
nucleus p. 320
proton p. 320
neutron p. 321

electron cloud p. 322
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|#}) A Microscopic Mountain Range?
y
This photo shows a glimpse of the
up matter. A specijal microscope, invented in 1981
image. However, scientists knew these tiny partic| 5

long before they were able to see them, What

tiny particles that make

ade this
Cles existeq i




¥ Laung h Lab 10 minutes
what's in there? E

when you look ata sandy beach from far away, it looks like a
solid surface. You can'’t see the individual grains of sand.
What would you see if you zoomed in on one grain of sand?

o Read and complete a lab safety form.

Have your partner hold a test tube of a substance, filled o
to a height of 2-3 cm.
Observe the test tube from a distance of at least 2 m. Write i 4
a description of what you see in your Science Journal.
Pour about 1 cm of the substance onto a piece of waxed '

{ paper. Record your observations.

Use a toothpick to separate out one particle of the substance. Suppose you could
zoom in. What do you think you would see? Record your ideas in your Science Journal.

Think About This
1. Do you think one particle of the substance is made of smaller particles? Why or why not?

2. @ = Key Concept Do you think you could use a microscope to see what the particles

are made of? Why or why not?

Early Ideas About Matter

Look at your hands. What are they made
of You might answer that your hands are
made of things such as skin, bone, muscle, and
blood. You might recall that each of these is )
made of even smaller structures called cells. Flg}x el Most Grgek philosophers
ISl i SR aVen AT RS & Fmagine : believed that all matterils made of only four

: elements—fire, water, air, and earth.
dividing something into smaller and smaller :
parts. What would you end up with?

(MDA Gety Images

Greek philosophers discussed and debated
Questions such as these more than 2,000 years
30. At the time, many thought that all matter
is made of only four elements-fire, water, air, :
ad earth, as shown in Figure 1. However,
they weren't able to test their ideas because
Scientific tools and methods, such as experi-
Mentation, did not exist yet. The ideas pro- :
3:3:3 by the most influential philosophers
e y \'/vere accepted over the ideas of less
Dem:m.lal philosophers. One philosopher, 5
Popul:n-tus (460-370 B.c.), challenged the

I'idea of matter.
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Democritus :
Democritus believed that matter is made of
small, solid objects that cannot be divided,
created, or destroyed. He called these objects
atomos, from which the English word atom is :
derived. Democritus proposed that different
types of matter are made from different types :
of atoms. For example, he said that smooth :
matter is made of smooth atoms. He also pro-

posed that nothing is between these atoms

except empty space. Table 1 summarizes :
Democritus’s ideas.

Although Democritus had no way to test
his ideas, many of his ideas are similar to the
way scientists describe the atom today. !
Because Democritus’s ideas did not conform
to the popular opinion and because they could
not be tested scientifically, they were open :
for debate. One philosopher who challenged :
Democritus’s ideas was Aristotle. :

0 Reading Check According to Democritus, :
what might atoms of gold look like?

Democritus

or destroyed.

matter.

John Dalton

9 During a chemical reaction, atoms of one ele
atoms of another element.

e Atoms of one element are identical to each o
of another element.

o Atoms combine in specific ratios.

Chapter 9
EXPLAIN
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Table 1 Similarities Between Democritus’s and Dalton’s Ideas

o Atoms are small solid objects that cannot be divided, created

9 Atoms are constantly moving in empty space.

e Different types of matter are made of different types of atoms.
o The properties of the atoms determ

o All matter is made of atoms that cannot be divided, cre

ment cannot be converted into

ther but different from atoms

Aristotle .
Aristotle (384-322 B.C.) did not beljey, thay

empty space exists. Instead, he favored the
more popular jdea—that all matter ig made i
fire, water, air, and earth. Because Aristot]a Wag
so influential, his ideas were accepyeq
Democritus’s ideas about atoms were oy sty d:
jed again for more than 2,000 years.

Dalton’s Atomic Model

In the late 1700s, English schoolteacher
and scientist John Dalton (1766-1844) revis.
ited the idea of atoms. Since Democrityg,
time, advancements had been made in tec,
nology and scientific methods. Dalton made
careful observations and measurements N
chemical reactions. He combined data frop
his own scientific research with data from the
research of other scientists to propose the
atomic theory. Table 1 lists ways that Dalton’s

atomic theory supported some of the ideas of
Democritus.

)

ine the properties of

ated, or destroyed.
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The Atom

Today, scientists agree that matter is made of atoms with
empty space between and within them. What is an atom? Imagine
gividing the piece of aluminum shown in Figure 2 into smaller
and smaller pieces. At first you would be able to cut the pieces
with scissors. But eventually you would have a piece that is too
small to see-much smaller than the smallest piece you could cut
with scissors. This small piece is an aluminum atom. An alumi-
num atom cannot be divided into smaller aluminum pieces. An
atom is the smallest piece of an element that still represents that
element.

Key Concept Check What is a copper atom?

The Size of Atoms

Just how small is an atom? Atoms of different elements are
different sizes, but all are very, very small. You cannot see atoms
with just your eyes or even with most microscopes. Atoms are so
small that about 7.5 trillion carbon atoms could fit into the
period at the end of this sentence.

Key Concept Check How would you describe the size of
an atom?

Seeing Atoms

Scientific experiments verified that matter is made of atoms
long before scientists were able to see atoms. However, the 1981
invention of a high-powered microscope, called a scanning tunnel-
ing Microscope (STM), enabled scientists t0 S€€ individual atoms
for the first time. Figure 3 shows an STM image. An STM uses a
Fi“y, metal tip to trace the surface of a piece of matter. The result
an image of atoms on the surface.

Even today, scientists still cannot see inside an atom. Howe.ver,
SClentists have learned that atoms are not the smallest Part'lCles
of mater, In fact, atoms are made of much smaller partlcle?.

hat are these particles, and how did scientists discover them if

L
hey could not see them?

< Figure 2 If you could

keep dividing a piece of

aluminum, you eventually l
would have the smallest l
possible piece of I
aluminum—an aluminum :1
atom. (I

Figure 3 A scanning I
tunneling microscope i
created this image.
The yellow sphere is a I
manganese atom on I
the surface of gallium |
arsenide. V

Lesson 1

EXPLAIN




L D))

Figure 4 As the cathode
rays passed between the
plates, they were bent
toward the positive plate.
Because opposite charges
attract, the rays must be
negatively charged.

o 1L ons
piscovering El¢- 9ns
Thomson— g another Engiish scientist, Namgy

n’s el .
Not long after Daltci 540), made some unj,ortar.lt dlcherieS.
J.J. Thomson (1856~ ;S of that time worked with cathoge =

;Sc(:;:;iter monitors and u‘elevisi(m Screens g,
tubes. Cube-shape Flat screens are not. Neon 51gr.13 ar-e also Cathg,
cathode ray tubes. s cathode ray tube, shown in Figure 4, ;
ray tubes. thomsc_’n s of metal, called electrodes, attached insig
glass tube with pleCedes were connected to wires, and the .
the tube. The eleCtl‘Ob ttery. Thomson discovered that if mog;
were connected to a ba the tube and electricity was Passeq
the air was removed frO.mh-colored rays traveled from one elec.
through the wires, greenis be. What were these rays made of
trode to the other end of the tube. :

Thomson and othe

Negative Particles
Sgcientists called these rays cathode rays. Thomson wanted to

know if these rays had an electric charge. To find out, he placed
two plates on opposite sides of the tube. One plate was positively
charged, and the other plate was negatively charged, as shown in
Figure 4. Thomson discovered that these rays bent toward the
positively charged plate and away from the negatively charged
plate. Recall that opposite charges attract each other, and like
charges repel each other. Thomson concluded that cathode rays
are negatively charged.

a Reading Check If the rays were positively charged, what

would Thomson have observed as they passed between the
plates?

Thomson’s Cathode Ray Tube Experiment @ Anismation

Electrically :
© When elegtrodes are Battery Sharmrd s 2 r’hen 3 Lays p:S;Iates
connected to a y etween charge g
battery, rays travel — they curve toward the
! s y
from the negative positively charged plate.
electrode to the far
end of the tube. o~ i,
ey Ry N‘%:”%Qmu
Electrodes i R —— "
Cathode ray ‘ i §
Glass tube w
316 Chapter 9
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’ of Atoms

fcles

s !
Wi hat the smallest particle of matter is ap ato

: m. But these r.
e of particles that were even smg]ler th o

st
e mad an atoms.
where did these small, negatively charged particles come
1 Thomson proposed that these particles came from the metal
s I the electrode. Thomson discovered that identical rays
1 produced regardless of the kind of metal used 1o make the
Jectrode: Putting these clues together, Thomson concluded that
qthode rays were made of small, negatively charged particles. He
aled these particles electrons. An electron is g particle with one
egative charge (1—). Because atoms are neutral, or not electrically
charged, Thomson proposed that atoms also must contain a posi-
ive charge that balances the negatively charged electrons.

Thomson’s Atomic Model
Thomson used this information to propose a new model of the
atom. Instead of a solid, neutral sphere that was the same through-

Use two sheets of

paper to make a
layered book. Label it
as shown. Use it to
organize your notes
and diagrams on the
parts of an atom.

Atom

Protons N
Neutrons — “1

from Greek elektron, means
“amber,” from electricity, the
physical force so called because
it first was generated by rubbing -
amber. Amber is a fossilized :

2 X substance produced by trees.
out, Thomson’s model of the atom contained both positive and

negative charges. He proposed that an atom was a sphere with a
positive charge evenly spread throughout. Negatively charged
electrons were mixed through the positive charge, similar to the

way chocolate chips are mixed in cookie dough. Figure 5 shows
this model.

.................

OReading Check How did Thomson’s atomic model differ
from Dalton’s atomic model?

‘ h°mson’s Atomic Model @

Figure 5 Thomson’s
model of the atom
contained a positively
charged sphere with
negatively charged
electrons within it.

9 Positively
o " charged sphere

Lesson 1
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Figure 6 The Thomson
model of the atom did not
contain a charge that was
dense enough to change
the path of an alpha
particle. Rutherford
expected the positive
alpha particles to travel
straight through the foil

with only small deflections.

Rutherford’s Predicted Result &=

sl hd v - }

positive charge ~ (& S 8 SN UERERET v

(A A Giee Ol ¥rid

NEe” gy LWl v
° o v 0“ o v u‘v

=) T

Alpha -~ s MR 2 wye v" =<
particle source e =
- v sl Y & B

Expected path of — —— e »

. - v

alpha particles v v R L

e A TR v e v £

v v - S el

I ""‘» N no v g ") v v [ Loy’

" ixg v ~ v
b’/l g ". oL e S X _*'__J

Detector screen

Chapter 9
e
S8 EXPLAIN

"

Rutherford—Discovering the Nucleus

. . e

The discovery of electrons stunned scientists. Ernest Rutherfy

(1871-1937) was a student of Thomson’s who eventually pyq

students of his own. Rutherford’s students set up experimen;s &

test Thomson’s atomic model and to learn more aboyt What
atoms contain. They discovered another surprise.

Rutherford’s Predicted Result

Imagine throwing a baseball into a pile of table tennis byjjg
The baseball likely would knock the table tennis balls out of the
way and continue moving in a relatively straight line. This is sim;.
lar to what Rutherford’s students expected to see when they shot
alpha particles into atoms. Alpha particles are dense and posi-
tively charged. Because they are so dense, only another denge
particle could deflect the path of an alpha particle. According to
Thomson’s model, the positive charge of the atom was too spread
out and not dense enough to change the path of an alpha particle.
Electrons wouldn’t affect the path of an alpha particle because
electrons didn’t have enough mass. The result that Rutherford’s
students expected is shown in Figure 6.

0 Reading Check Explain why Rutherford’s students did not
think an atom could change the path of an alpha particle.

Evenly distributed Cross section of gold foil

Electron

Gold foil

Spot of light




he Gold Foil Experiment

Rutherford’S students went to work. They placed a source of
Jpha particles ne?r a very ;:in Piece of gold foil. Recal] that all
atter is made of atoms. Therefore, the gold foil was made of
old atoms- FscIesn surro-unded the gold foil. When an alpha
Jicle struck the scree.n, It created a spot of light. Rutherford’s
qudents could determine the path of the alpha particles by
serving the spots of light on the screen.

The surprising Result

Figure 7 shows what the students observed. Most of the par-
icles did indeed travel through the foil in a straight path.
However, a few particles struck the foil and bounced off to the
side. And one particle in 10,000 bounced straight back! Rutherford
later described this surprising result, saying it was almost as
incredible as if you had fired a 38-cm shell at a piece of tissue
paper and it came back and hit you. The alpha particles must
have struck something dense and positively charged inside the
nucleus. Thomson’s model had to be refined.

Key Concept Check Given the results of the gold foil
experiment, how do you think an actual atom differs from
Thomson’s model?

20 A5mation

Figure 7 Some alpha

particles traveled in a

straight path, as expected.

But some changed
direction, and some

bounced straight back.

@ Visual Check Wh

at

do the dots on the screen

indicate?

The Surprising Result @

Particles with little

or no deflection
Alpha Particles bounced

Particle source backward

Gold foil

Electron

Nucleus
(dense positive charge)

Spots of light

Lesson 1
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's Atomic Model
Rutherford’ Rutherford’s
rd’s Atomic Model & Because most alpha particles traveleg

. through the foil in a straight path, Rutherforg
¢ concluded that atoms are made mostly of
empty space. The alpha particles that bounceq
 packward must have hit a dense, Positive
© mass. Rutherford concluded that most of an
atom’s mass and positive charge is concentrateq
. in a small area in the center of the atom called
the nucleus. Figure 8 shows Rutherforgg
atomic model. Additional research showeq
that the positive charge in the nucleus wag
made of positively charged particles calleq
protons. A proton is an atomic particle that has
: one positive charge (1+). Negatively charged
electrons move in the empty space surround-
ing the nucleus.

Electron

L I Figure 8 Rutherford's model contains a small,
TR dense, positive nucleus. Tiny, negatively
‘ charged electrons travel in empty space

1| e 0 S (@ Reading Check How did Rutherfore

explain the observation that some of the
alpha particles bounced directly
backward?

20-30 minutes

How can you gather information
about what you can’t see? B i

Rutherford did his gold foil experiment to learn
‘ more about the structure of the atom. What
can you learn by doing a similar investigation?

o Read and complete a lab safety form.

Q Place a piece of white newsprint on a
flat surface. Your teacher will place an
upside-down shoe box lid with holes cut
on opposite sides on the newsprint.

O Place one end of a ruler on a book, with
the other end pointing toward one of the Analyze and Conclude
holes in the shoe box lid. Roll a marble
down the ruler and into one of the holes.

1. Recognize Cause and Effect What

caused the marble to change its path
@) Team members should use markers to during some rolls and not during others?
‘% draw the path of the marble on the 2 Braw Shtctus ' e
i newsprint as it enters and leaves the lid. ' ind S tg"‘:_":m“s How many ObJeCtZ_)
| Predict the path of the marble under the o @ lid? Where are they located
i 1 lid. Draw it on the lid. Number the path 1. raw your answer.
‘ ‘ 1' 0 Take turns repeating steps 3 and 4 eight 3. @P Key Concept If the shoe box lid
|| 1 to ten times, numbering each path 2, 3, Were an accurate model of the atom,
' 4, etc. Move the ruler and aim itin a what hypothesis would you make about
slightly different direction each time. the atom’s structure?
! | Chapter 9
f ' i ’ ) 320 EXPLAIN
| .:,
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l,iswverin Neutrons

he modern model of the atom was begin-
o take shape. Rutherford’s colleague,
Chadwick (1891-1974), also researched
d discovered that, in addition to pro-
ans, the nucleus also contained neutrons. A

a neutral particle that exists in the

ning
],mes
stoms an

jeutron is
ucleus of an atom.

gohr’s Atomic Model

Rutherford’s model explained much of his
qudents’ experimental evidence. However,
there were several observations that the model
could not explain. For example, scientists :
noticed that if certain elements were heated :
in a flame, they gave off specific colors of :
light. Each color of light had a specific amount
of energy. Where did this light come from?
Niels Bohr (1885-1962), another student of
Rutherford’s, proposed an answer. Bohr stud-
ied hydrogen atoms because they contain only
oe electron. He experimented with adding
electric energy to hydrogen and studying the :

energy that was released. His experiments led
©arevised atomic model.

Animation

Electrons in the Bohr Model

Bohr’s model is shown in Figure 9. Bohr
proposed that electrons move in circular
orbits, or energy levels, around the nucleus.
Electrons in an energy level have a specific
amount of energy. Electrons closer to the
nucleus have less energy than electrons far-
ther away from the nucleus. When energy is
added to an atom, electrons gain energy and
move from a lower energy level to a higher
energy level. When the electrons return to
the lower energy level, they release a specific
amount of energy as light. This is the light
that is seen when elements are heated.

Limitations of the Bohr Model

Bohr reasoned that if his model were accu-
rate for atoms with one electron, it would be
accurate for atoms with more than one elec-
tron. However, this was not the case. More
research showed that, although electrons have
specific amounts of energy, energy levels are
not arranged in circular orbits. How do elec-

trons move in an atom?

Key Concept Check How did Bohr's
atomic model differ from Rutherford’s?

Figure 9 In Bohr's atomic model, electrons move in circular orbits around the atom. When
anelectron moves from a higher energy level to a lower energy level, energy is released—
Sometimes ag light. Further research showed that electrons are not arranged in orbits.

When energy is added to a hydrogen atom,
s electron moves from the lowest energy
'e‘_"ﬂ toone of the higher energy levels. In
this example, it moves to the fourth level.

When the electron moves from the fourth
level to one of the three lower levels, a
specificamount of energy is released,
depending on which level it moves to.

More
energy

Specific
» amount of
energy released

Less'
energy

w
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The Modern Atomic Model &~ e —

Neutron

Proton
Nucleus

P

Electron cloud

Figure 10 In this model,
electrons are more likely

to be found closer to the The Modern Atomic Model

e ]
nucleus than farther away. In the modern atomic model, electrons form an electron cloyq
d Visual Check Why do An electron cloud is an area around an atomic nucleus where gy

you think this model of the :  electron is most likely to be located. Imagine taking a time-lapse

atom doesn’t show the
electrons?

322

photograph of bees around a hive. You might see a blurry cloud.
The cloud might be denser near the hive than farther away
because the bees spend more time near the hive.

In a similar way, electrons constantly move around the nucleus,
It is impossible to know both the speed and exact location of an
electron at a given moment in time. Instead, scientists only can
predict the likelihood that an electron is in a particular location.
The electron cloud shown in Figure 10 is mostly empty space but
represents the likelihood of finding an electron in a given area.

The darker areas represent areas where electrons are more likely
to be.

Key Concept Check How

has the model of the atom
changed over time?

Chapter 9
EXPLAIN



esson 1 Review

If you were to divide
an element into
smaller and smaller
pieces, the smallest
piece would be an
atom.

Atoms are so small
that they can be
seen only by using
very powerful
microscopes.

Scientists now know
that atoms contain a
dense, positive
nucleus surrounded
by an electron cloud.

Use your lesson Foldable to review the
lesson. Save your Foldable for the project
atthe end of the chapter.

What do you think NOW7

You first reaq the statements below at the
beaning of the chapter.

1. The earliest model of an atom contained
only protons and electrons.

2, Air fils most of an atom.

3. the Present-day model of the atom, the
Nucleus of the atom is at the center of an
electron cloyd,

Didyoy change your mind about whether you

:gree Ordisagree with the statements? Rewrite

\ "V false statements to make them true.

|

Use Vocabulary

o The smallest piece of the element gold is a gold

e Write a sentence that describes the nucleus of
an atom.

e Define electron cloud in your own words.

Understand Key Concepts &=

@ What is an atom mostly made of?
A. air
B. empty space

C. neutrons
D. protons

;’r Why have scientists only recently been able to

see atoms?

A. Atoms are too small to see with ordinary
microscopes.

B. Early experiments disproved the idea of
atoms.

C. Scientists didn’t know atoms existed.

D. Scientists were not looking for atoms.

@ Draw Thomson’s model of the atom, and label
the parts of the drawing.

0 Explain how Rutherford’s students knew that
Thomson’s model of the atom needed to
change.

Interpret Graphics

0 Contrast Copy the graphic organizer below
and use it to contrast the locations of electrons
in Thomson's, Rutherford’s, Bohr’s, and the
modern models of the atom.

Location of
electrons

Critical Thinking

e Explain what might have happened in
Rutherford’s experiment if he had used a thin
sheet of copper instead of a thin sheet of gold.

Lesson 1
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ged since Democritus and
 Aristotle studied atoms.

. When Democritus and Aristotle developed ideas about
matter, they probably never imagined the kinds of
research being performed today! From the discovery of |
electrons, protons, and neutrons to the exploration of quarks §
and other particles, the atomic model continues to change.

You've learned about quarks, which make up protons
and neutrons. But quarks are not the only kind of particles!
In fact, some scientists call the collection of particles that
have been discovered the particle zoo, because different

- types of particles have unique characteristics, just like the = thI:icasretiu:t ore oy in w.hiCh Sl
different kinds of animals in a zoo. ¥ chnology is applied.

Identifying and understanding the 45 5 :
Matte
might be difficult to understand why time and e ' > ImPortant work. However, it

changed society in many ways. For example, magnetic r
, eson i i

diagnose medical problems, uses technology that was Hher Imeging H0R).s8 too) used to
developed to study subatomic particles. Cancer
treatments using protons, neutrons, and
X-rays are all based on particle physics
technology. And, in the 1990s, the neeqd
for particle physicists to share j i o—

TP phy nformation RESEARCH AND REPORT Learn
with one another led to the development : ; ind out about one f

: subatomic particles. Find ou :

of the World Wide Web! Make a poster to share what you learn wi

ecent discove™

e .
th your classmat
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