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'[lf) What makes this balloon so special?

Things are made out of specific materials for a reason, A weather balloon can fise
high in the atmosphere and gather weather information. The plastic that forms this
weather balloon and the helium gas that fills : plastic tha

it wer A
researched and studied the properties of these ma?ecr?a?: en after scientists

* What property of helium do you think makes the balloon

« How do you think the periodic table is
of different materials?

rise through the air?

a useful tool when determining properties




Get Ready to Read

What do you think?

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

The elements on the periodic table are arranged in rows in the
order they were discovered.

The properties of an element are related to the element’s
location on the periodic table

Fewer than half of the elements are metals
Metals are usually good conductors of electricity
Most of the elements in living things are nonmetals.

Even though they look very different, oxygen and sulfur share

0000 O O

some similar properties
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Reading Guide

Key Concepts E=
ESSENTIAL QUESTIONS

* How are elements
arranged on the periodic
table?

« What can you learn about
elements from the periodic
table?

Vocabulary
periodic table p. 345
group p. 350

period p. 350

@ Multilingual eGlossary
BrainPOP®

. D
Same Information?

You probably have seen a copy of a table that s
used to organize the elements, Does it look like this
chart? There is no specific shape that a chart of
elements must have. However, the relationships
among the elements in the chart are important,




Launch Lab

15 minutes

How can objects be organized?

would it be like to shop at a grocery store where all the products are mixed up on the
elves? Maybe cereal is next to the dish soap and bread is next to the canned tomatoes. It
puld take a long time to find the groceries that you needed. How does organizing objects
“help you to find and use what you need?
- €) Read and complete a lab safety form.

Empty the interlocking plastic bricks from the plastic bag onto your desk and observe
their properties. Think about ways you might group and sequence the bricks so that
they are organized.

) Organize the bricks according to your plan.

g Compare your pattern of organization
with those used by several other
students.

hink About This

Describe in your Science Journal the way
you grouped your bricks. Why did you
choose that way of grouping?

+ 2. Describe how you sequenced the bricks.

'“ Key Concept How does organizing things help you to use them more easily?

t is the periodic table? : Figure 1 Sorting objects
: by their similarities makes
“junk drawer” in Figure 1is full of pens, notepads, rub- © it aasier to find what you

bands, and other supplies. It would be difficult to find a " need.

ar item in this messy drawer. How might you organize :
t, you might dump the contents onto the counter. Then
ould sort everything into piles. Pens and pencils might
0 one pile. Notepads and paper go into another. Organizing
contents of the drawer makes it easier to find the things
I need, also shown in Figure 1.

USt as sorting helped to organize the objects in the junk
, sorting can help scientists organize information about
ments. Recall that there are more than 100 elements,
‘With a unique set of physical and chemical properties.

Cientists use a rable called the periodic (pihr ee AH dihk)
€ 10 organize elements. The periodic table is a chart of the
S arranged into rows and columns according to their physi-
d chemical properties. 1t can be used to determine the
ships among the elements.

this chapter, you will read about how the periodic table
eloped. You will also read about how you can use the
i€ table 1o learn about the elements.




Developing a Periodic Table

In 1869 a Russian chemist and teacher :
named Dimitri Mendeleev (duh MEE tree -
men duh LAY uf) was working on a way to :
classify elements. At that time, more than 60
elements had been discovered. He studied the
physical properties such as density, color, :

melting point, and atomic mass of each ele- : Mendeleev noticed in his table? Melting point
ment. Mendeleev also noted chemical proper- : is one property that shows a repeating pattern.
ties such as how each element reacted with : Recall that melting point is the temperature at
other elements. Mendeleev arranged the ele- : which a solid changes to a liquid. The blue
ments in a list using their atomic masses. He : line in Figure 2 represents the melting points
noticed that the properties of the elements of the elements in row 2 of the periodic table.

: Notice that the melting point of carbon is

When Mendeleev placed his list of elements : Digher than the melting point of lithium.

into a table, he arranged them in rows of increas- : [lOWever, the melting point of fluorine, at the
ing atomic mass. Elements with similar proper- far right of the row, is lower than that of car
ties were grouped in the same column. The : PN How do these melting points show a pat
columns in his table are like the piles of sorted : €™? Look at the red line in Figure 2. This line
objects in your junk drawer. Both contain :

. Tepresents the melting points of the elements
. in row 3 of the periodic table. The melting
: points follow the same increasing and then
: decreasing pattern as the blue line, or row 2

. Boiling point and reactivity also follow a pert
¢ odic pattern.

seemed to repeat in a pattern.

groups of things with similar properties.

’ Reading Check What physical property
did Mendeleev use to place the elements
in rows on the periodic table?

A Periodic Property &=

. Patterns in Properties

The term periodic means “repeating par.
tern.” For example, seasons and months are
periodic because they follow a repeating par
tern every year. The days of the week are peri-
odic since they repeat every seven days.

What were some of the repeating patterns

Row 2

Row 3 |

From left to right across
5,000 "OW 2 of the periodic table,
4‘0001 _|{ melting points increase,
3,0004 | then they decrease.
2,000~
1,000+
0 - -
-1,000

Melting point (°C)

EXPLAIN

R——




predicting Properties of Undiscovered Elements

When Mendeleev arranged all known elements by increasing
atomic mass, there were large gaps between some elements. He
predicted that scientists would discover elements that would fit
into these spaces. Mendeleev also predicted that the properties of
these elements would be similar to the known elements in the
same columns. Both of his predictions turned out 1o be true.

Changes to Mendeleev’s Table

Mendeleev’s periodic table enabled scientists to relate the
properties of the known elements to their position on the table.
However, the table had a problem-some elements seemed out of
place. Mendeleev believed that the atomic masses of certain ele-
ments must be invalid because the elements appeared in the
wrong place on the periodic table. For example, Mendeleev
placed tellurium before iodine despite the fact that tellurium has
3 greater atomic mass than iodine. He did so because iodine’s
properties more closely resemble those of fluorine and chlorine,

Just as copper’s properties are closer to those of silver and gold,
& shown in Figure 3.

Use four sheets of
paper to make a
top-tab book. Use it to
organize your notes
about the develop-
ment of the periodic

table. ‘
The 3
Periodic
Table w_j

Melting Point: 1084°C
Density: 9 g/cm?

In

e

L A Melting Point: 962°C
B g Density: 11 g/cm®

dd

Melting Point: 321°C
Density: 9 g/cm?

% 1 Au Melting Point: 1064°C

H Melting Point: —39°C
g Density: 14 g/cm’?

N

‘ Density: 19 g/cm’

\_

 r— f

The Importance of Atomic Number ley solved the
In the early 1900s, the scientist Henry Moseley i.l' elements
Poblem with Mendeleev's table. Moseley S lll‘)‘::r instead of
VEre listeq according to increasing atomic m."“ lements with
easing aromic mass, columns would contain € ? an element
HMilay Properties. Recall that the atomic number o

hat element’s
¢ Mumber of protons in the nucleus of each of t
fomg

4 : Key Concept Check What determines il

- t
is located on the periodic table you Us€

¢ and mercury.

u Animation

: l}
. Figure 3 On today's

: periodic table, copper is in ‘
© the same column as silver

and gold. Zinc is in the
same column as cadmium

|
|
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SCIENCE USE V. COMMON USE - : Toda’_’_sMPgﬂg_QMa_ll!g__ﬂ i A T

You can identify many of the properties of an element frop,
e. The table, as shown jj

Science Use the completionofa : : oF
cycle; a row on the periodic : : its placement on the periodic tabl d'block ;
table e Figure 4, is organized into columns, rows, and blocks, which are
Common Use a point used to © based on certain patterns of properties. In the next u{vo lessons,
mark the end of a sentence;a  : on Gl TR neA element’s position on the periodic table

TN S can help you interpret the elements physical and chemicy)
i Animation . properties.

Figure 4 &= The
periodic table is used
to organize elements PERIODIC TABLE OF THE ELEMENTS
according to increasing
atomic number and

properties. 1
e Element —
Atomic number —
Symbol —
1 Atomic mass —
5 A column in the

periodic table is
called a group.

Arowin the
periodic table is
called a period.




What is on an element key?

The element key shows an element’s chem-
al symbOL atomic number, and atomic mass. Element ——
The key also contains a symbol that shows the :
qate of matter at room temperature. Look at
e element key for helium in Figure 5.
Helium is @ gas at room temperature. Some
wersions of the periodic table give additional
information, such as density, conductivity, or

melting point.

Atomic number —— State of

Symbol —— matter

Mass —

figure 5 An element key shows important
information about each element.

dVisual Check What does this key tell you
about helium?

Metal
18
Metalloid
" | Nonmetal Heliuin :
2 |
Recently 13 14 15 16 17 He
discovered 4.00
Carbon Nitrogen Oxygen Fluorine Neon
6 7 8 9 10
Ol NO| 0@ FO| Ne
12.01 14.01 16.00 19.00 20.18
| Phosphorus Sulfur Chlorine Argon
16 17 18
10 1 12 sO| a@| @
32.07 35.45 3995
Selenium | Bromine Krypton
34 35 36
Kr Q
83.80 ;
Xenon ‘
54 |
Xe ¢ !
131.29 i
11 RN
Radon b
86 H okl
Rn © Ll
8 (210) (222) |8
: i Ununseptium | Ununoctium |
Ununtrium Ununpentium 0 3 : I
. M8 At 0] LW 0) ‘
o my S »* 113 @ o uup um 3 u“o { !
. (288) @) | oW | |
(284 - x
' ~
ved by IUPAC (Intermational Union of Pure and Applied Chemistry).
“mumes and symbols for elements 113, 115, 117, and 1 18 are temporary. Final names will be appro

LA aAR d' ml
EXPLAIN
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Math Skills

Use Geometry

The distance around a cir-
cle is the circumference
(C). The distance across
the circle, through its cen-
ter, is the diameter (d). The
radius (7) is half of the
diameter. The circumfer-
ence divided by the diam-
eter for any circle is equal
to T (pi), or 3.14. The for-
mula for determining the
circumference is:

=Td or = 27

For example, an iron (Fe)
atom has a radius of 126
pm (picometers; 1 picome-
ter = one-trillionth of a
meter). The circumference
of an iron atom is:

O =2 X314 X126 pm

O =791 pm

Practice

The radius of a uranium (U)

atom is 156 pm. What is its
circumference?

bedd Math Practice

c Personal Tutor |

Groups

A group is
group have similar €
ments in similar ways.
ties of a group such as density,
The groups are numbered 1-18, as

@ Key Concept Check :
properties of two elements In the sa

¢ table. Elements in the sam,
hemical properties and react with other eje.
There are patterns in the physical proper.
melting point, and boiling poin,
shown in Figure 4.

a column on the periodi

What can you infer about the
me group?

Periods
The rows on the periodic table are called periods. The atomic

number of each element increases by one as you read from left
to right across each period. The physical and chemical properties
of the elements also change as you move left to right across a

period.

Metals, Nonmetals, and Metalloids
Almost three-fourths of the elements on the periodic table are

metals. Metals are on the left side and in the middle of the table,
Individual metals have some properties that differ, but all metals
are shiny and conduct thermal energy and electricity.

With the exception of hydrogen, nonmetals are located on the
right side of the periodic table. The properties of nonmetals differ
from the properties of metals. Many nonmetals are gases, and
they do not conduct thermal energy or electricity,

Between the metals and the nonmetals on the periodic table
are the metalloids. Metalloids have properties of both metals and
nonmetals. Figure 6 shows an example of a metal, a metalloid,
and a nonmetal.

Figure 6 In period 3, magnesium is a metal, silicon is a metalloid, and sulfur is a nonmetal

Chlorine
17 18
a

Chapter 10
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Niels Bohr

How Scientists Use the
Periodic Table

Even today, new elements are created in
laboratories, named, and added to the present-
day periodic table. Four of these elements are
shown in Figure 7. These elements are all syn-
thetic, or made by people, and do not occur
naturally on Earth. Sometimes scientists can
create only a few atoms of a new element. Yet
scientists can use the periodic table to predict
the properties of new elements they create.
Look back at the periodic table in Figure 4.
What group would you predict to contain ele-
ment 119? You would probably expect element
119 to be in group 1 and to have similar prop-
erties to other elements in that group. Scientists
hope 10 one day synthesize element 119.

The periodic table contains more than 100
elements. Each element has unique properties
that differ from the properties of other ele:
ments. But each element also shares similar
Properties with nearby elements. The periodic
table shows how elements relate to each other
and fit together into one organized chart.
Scientists use the periodic table to understand
and predict elements’ properties, You can, too:

0 Reading Check How is the periodic
table used to predict the properties of
an element?

L Lise Meitner

Figure 7 Three of these
synthetic elements are
named to honor important
scientists.

< MiniLab

20 minutes

How does atom size change

across a period? E E E

One pattern seen on the periodic table is in
the radius of different atoms. The figure below
shows how atomic radius is measured.

\ ? A ? ( Atomic radius =

:«d»:

d

N |-

o Read and complete a lab safety form.

9 Using scissors and card stock paper,
cut seven 2-cm X 4-cm rectangles. Using
a marker, label each rectangle with the
atomic symbol of each of the first seven
elements in period 2. Obtain the radius
for each atom from your teacher.

€ Using a ruler, cut plastic straws to the
same number of millimeters as each
atomic radius given in picometers. For
example, if the atomic radius is 145 pm,
cut a straw 145 mm long.

o Tape each of the labeled rectangles to
the top of its appropriate straw.

© Insert the straws into modeling clay
according to increasing atomic number.

Analyze and Conclude
1. Describe the pattern you see in your model.

2. @@= Key Concept Predict the pattern
of atomic radil of the elements in period 4.



Visual Summary

On the periodic
table, elements are
arranged according
to increasing atomic |
number and similar
properties.

{

Atomic | Helium
number +—— 2
He

A column of the
periodic table is

: called a group.
444+ Elements in the
same group have
similar properties.

| L VG Yo

A row of the peri-
~ odic table is called
a period. Properties
of elements repeat
in the same pattern
from left to right
across each period.

T ——

1

4

T
- -
(- -

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

e e o ey

-
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What do you think L

You first read the statements below at the
beginning of the chapter.

4. The elements on the petiodic table are
arranged in rows in the order they were
discovered.

2. The properties of an element are related
to the element’s location on the periodic
table.

Did you change your mind about whether
you agree or disagree with the statements?
Rewrite any false statements to make them

true.
L o

Use Vocabulary

o Identify the scientific term used for rows on
the periodic table.

o Name the scientific term used for columns on
the periodic table.

Understand Key Concepts

e The increases by one for each
element as you move left to right across a
period.

o What does the decimal number in an element
key represent?
A. atomic mass
B. atomic number D.

C. chemical symbol
state of matter

Interpret Graphics

e Classify cach marked element, 1 and 2, asa
metal, a nonmetal, or a metalloid.

O Identify Copy and fill in the graphic organizer
below to lliul\lif}‘ the color<coded n‘gimh of the
periodic table

Critical Thinking _

o PNC“CQ Look at the perioidic table and
predict three elements that have Jower melting
points than calcium (Ca)

Mot Siine -

o Carbon. {Q) and silicon {Si) are in group 4 of
the periodic table. The atomic radius of carbo”

7 7 pm and sulfur is 103 pm. What is the
Circumference of each atom?




| ~ Materials

| skill Practice

g;;;;‘}”:l‘;:(: happen if sc'hools did not assign students to grades or

i would you know where to go on the first day of school?
What if your home did not have an address' How could you tell some-
?ne Wh.ere you live?! Life becomes easier with organization. The follow-
ing activity will help you discover how elements are organized on the

periodic table.

Learn It

Patterns help you make sense of the
world around you. The days of the
week follow a pattern, as do the
months of the year. Identifying a
pattern involves organizing things
into similar groups and then
sequencing the things in the same
way in each group.

Try It
o Obtain cards from your teacher.

Turn the cards over sO the sides
with numbers are facing up.

9 Separate the cards into three or
more piles. All of the cards in a
pile should have a characteristic

in common.

o Organize each pile into @
pattern. Use all of the cards.

o Lay out the cards Into rows and
columns based on their
characteristics and patterns.

Identify Patterns

W is the periodic table arranged?

25 minutes

Apply It

o Describe in your Science
Journal the patterns you used
to organize your cards. Do
other patterns exist in your
arrangement?

o Are there gaps in your
arrangement? Can you describe
what a card in one of those
gaps would look like?

& Key Concept What

characteristics of elements
might you use to organize them
in a similar pattern?

ool ||



