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Learning Objective: 

Periodic Table 

Materials Needed: 

Ch. 5  

Fill in Blank periodic Table 

Instruction: Monday: No School - Labor Day 

Tuesday: Read all of Ch. 5  

Wednesday: Fill in and color the empty periodic table (there Is a picture of the table in the middle 
of your chapter) 

Thursday: Complete the Ch. 5 Assessment at the end of the Ch. 1-23  

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Assessment:  Ch. 5 Assessment 1-23   

Notes:  Please submit all work to mlee@floydbroncos.com     

There is a picture of the periodic table in the middle of your chapter. 

 



Key Concepts 
How did Mendeleev 
organize the elements 
in his periodic table? 
What evidence helped 
verify the usefulness of 
Mendeleev's table? 

Vocabulary 
• periodic table 

Figure 1 Older movies in video 
stores are placed into categories 
such as Drama or Comedy. 

Reading Strategy 
Identifying Main Ideas 
Copy the table. As you 
read, write the main idea 
tor each topic. 

Topic 
Mendeleev's proposal 

Mendeleev's prediction 

Evidence supporting 
Mendeleev's table 

Main Idea 

c. ----=-? --

.. 

f n a video store, the latest movies are usually ~laced on th~ shelves in 
alphabetical order. Older movies are grouped mto categories such as 
Action or Comedy. The manager has to choose a set of categories and 
then place each movie in the most appropriate location. 

Scientists faced a similar challenge when they looked for a logical 
way to organize the elements. They had to decide what categories to 
use and where to place each element. An organized table of the ele-
ments is one of the most useful tools in chemistry. The placement of 
elements on the table reveals the link between the atomic structure of 
elements and their properties. 

The Search for Order 
Until 1750, scientists had identified only 17 elements. These were 
mainly metals, such as copper and iron. The rate of discovery 
increased rapidly as chemists began to investigate materials in a 
systematic way. As the number of known elements gre,\·, so did 
the need to organize them into groups based on their properties. 

In 1789, French chemist Antoine Lavoisier (la VWAI I zee ay) 
grouped the known elements into categories he called met~ls'. 
nonmetals, gases, and earths. For the next 80 years, scientist~. 
loo~ed for different ways to classify the elements. But none _ot 
their systems provi'ded an . . . . th 1,.,d tor orgamzmg prmc1ple at \NOf "''- . 

all the known elements. A Russian chemist and teacher, o mitn 
Me~de~eev (Duh MEE tree Men duh LAY uff) would dis(orer su,h 
a prmc1ple. ' 
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~endeleev's Periodic Table 
the 1860s, Mendeleev was working on a text-

In · h h' h . book to use wit 1s c errustry students. Because 
he needed to describe 63 elements, Mendeleev was 
looking for the best way to organize the informa-
. n He found a way to approach the problem uo . 

while playing his favorite card game, a version of 
solitaire. In this game, the player sorts a deck of 
cards by suit and val~e. To finish the game, the 
layer must end up with four columns, as shown 
Figure 2. Each column contains cards of a single 

suit arranged in order by value. 

Mendeleev's Proposal Mendeleev's strategy for organizing the 
elements was modeled on the card game. Mendeleev made a "deck of 
cards" of the elements. On each card, he listed an element's name, 
mass, and properties. He paid special attention to how each element 
behaved in reactions with oxygen and hydrogen. When Mendeleev 
lined up the cards in order of increasing mass, a pattern emerged. The 
key was to break the elements into rows, as shown in Figure 3. 

Mendeleev arranged the elements into rows in order of 
increasing mass so that elements with similar properties were in the 
same column. The final arrangement was similar to a winning arrange-
ment in solitaire, except that the columns were organized by properties 
instead of suits. Within a column, the masses increased from top to 
bottom. Mendeleev's chart was a periodic table. A periodic table is an 
arrangement of elements in columns, based on a set of properties that 
repeat from row to row. 

r Groupl Group II Group III Group IV GroupV Group VI 

H= 1 
Li= 7 Be= 9.4 B = 11 C= 12 N = 14 0 = 16 

Na=23 Mg=24 Al= 27.3 Si= 28 P= 31 S = 32 
K=39 Ca=40 - =44 Ti=48 V= 51 Cr= 52 

(Cu= 63) Zn= 65 - =68 - =72 As=75 Se= 78 
Rb= 85 Sr= 87 Yt= 88 Zr= 90 Nb=94 Mo=96 

(Ag= 108) Cd= 112 In= 113 Sn= 118 Sb= 122 Te= 125 
Cs= 133 Ba= 137 Di= 138 Ce= 140 

(-) 
Er= 178 La= 180 Ta= 182 W= 184 

(Au= 199) Hg= 200 Tl= 204 Pb= 207 Bi= 208 
Th= 231 U=240 - .....,.,_.,._ --- - ~zz; ! 

Figure 2 A deck of cards can be 
divided into four suits-diamonds, 
spades, hearts, and clubs. In one 
version of solitaire, a player must 
produce an arrangement in which 
each suit is ordered from ace to 
king. This arrangement is a model 
for Mendeleev's periodic table. 

Figure 3 This is a copy of a table 
that Mendeleev published in 
1872. He placed the elements in 
groups based on the compounds 
they formed with oxygen or 
hydrogen. Using Tables How 
many elements did Mendeleev 
place in Group II? 

Group VII G1'0up VIII 

F= 19 

Cl= 35.5 
Mn=55 Fe = 56, Co = 59, 

Ni= 59, Cu= 63. 
Br= 80 

f 

- = 100 Ru = 104, Rh = 104, 
Pd = 106, Ag = 108. 1 

I= 127 C 

- - - -

Os= 195, Ir= 197, 
Pt= 198,Au= 199. 
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Making a Model of a 
Periodic Table 
Materials 
plastic bag containing color chips 

Procedure 
Analyze and Conclude 

1. Remove the color chips from the bag and 
place them on a flat surface, color side up. 

2. Identify a property that you can use to divide 
t he chips into groups. Then, identify a second 
property that you can use to order the chips 
from top to bottom within a group. 

1. Classifying What property did you use to 
divide the color chips into groups? What 
property did you use to arrange the chips 
within a group from top to bottom? 

2. Making Generalizations What pattern 
repeats across each row of your table? 

3. Use the properties you chose to arrange the 
chips into a table with rows and columns. 
Your teacher deliberately left out a chip from 
each bag. Decide where to leave a gap in your 
table for the missing chip. 

3. Predicting Based on its location on your 
table, describe the missing chip. 

4. Comparing and Contrasting Compare 
the process you used to construct your table 
to the process Mendeleev used to make his 
table. Describe similarities and differences. 

cGo • .~~~ 
. SCf tNKS 

For: Links to periodic table 
Visit: www.SciLinks.org 
Web Code: ccn-1 051 

128 Chapter 5 

Mendeleev's Prediction Mendeleev could not make a com-
plete table of the elements because many elements had not yet been 
discovered. He had to leave spaces in his table for those elements. For 
example, Mendeleev placed bromine (Br) in Group VII because 
bromine and chlorine (Cl) have similar properties. This placement left 
four spaces in row 4 between zinc (Zn) and bromine. Mendeleev had 
only two elements, arsenic and selenium, to fill those spaces, based on 
their masses. He placed arsenic and selenium in the columns where 
they fit best and left gaps in the columns labeled Groups III and IV. 

Mendeleev was not the first to arrange elements in a periodic table. 
He was not even the first to leave spaces in a periodic table for missing 
elements. But he was able to offer the best explanation for how the prop-
erties of an element were related to its location in his table. 

An excellent test for the correctness of a scientific model, such as 
Mendeleev's table, is whether the model can be used to make accurate 
predictions. Mendeleev was confident that the gaps in his table would be 
filled by new elements. He used the properties of elements located near 
the blank spaces in his table to predict properties for undiscovered ele-

ts S · · d'd , d the men . ome scientists i n t accept these predictions. Others use 
predictions to help in their search for undiscovered elements. 

C"L Reading ) 
\!:) Checkpoin~ 

. . . vuof Why dtd Mendeleev place bromme m Group 
his periodic table? 



fvldence Supp~rtlng Mendel , 
_Mendeleev named missing element ft eev s Table s a erele · 

5
ame group. He gave the name eka-al . ments m the 

rnent that belonged one space bel uml mu_m to the ele-. . owaummum h 
tab

le. (Eka 1s a Sanskrit word mean· « on t e mg one") M 

P
redicted that eka-aluminum would b · endeleev 

I 
. . ea soft metal "th 

a loW me tmg pomt and a ~ensity of 5_9 g/cm3. wi 
In 1875, a French chemist discove d re a new eleme t 

Be named the element gallium ( Ga) in h n · . c onor of France 
(The Latin name 1or France is Gallia ) Gall" . · · I · • · mm 1s a soft 
metal with a me tmg pomt of 29 7°c a d d . 3 . · n a ensity of 
s.91 g/cm . Figure 4 shows a sample of 11-. ga mm and a 
traffic signal that uses gallium compounds. 

The properties of gallium are remarkabl . il . . Y s1m ar to 
the predICted properties of eka-aluminum s · • . . c1ent1sts 
concluded that gallium and eka-aluminum are the same 
element. The close match between Mendeleev's 
predictions and the actual properties of new elements 
showed how useful his periodic table could be. The dis-
covery of scandium (Sc) in 1879 and the discovery of 
germanium (Ge) in 1886 provided more evidence. With 
the periodic table, chemists could do more than predict 
the properties of new elements. They could explain the 
chemical behavior of different groups of elements. 

Section 5. 1 Assessment 

Figure 4 Gallium was 
discovered in 1875. Heat 
from a person's hand can 
~elt gallium. In some traffic 
signals, there are tiny light 
emitting diodes (LEDs) that 
contain a compound of 
gallium. Comparing and 
Contrasting How does the 
melting point of gallium 
(29.7°C) compare to room 
temperature (about 25°C)? 

Critical Thinking 
7. Inferring Explain why it would not have 

been possible for a scientist in 1 750 to 
develop a table like Mendeleev's. 

Reviewing Concepts 
1. Describe how Mendeleev organized the 

elements into rows and columns in his 
periodic table. 

2. How did the discovery of new elements 
such as gallium demonstrate the usefulness of 
Mendeleev's table? 

3. Scientists before Mendeleev had proposed 
ways to organize the elements. Why were 
Mendeleev's efforts more successful? 

4. What characteristic of solitaire did Me
nd

eleev 
use as a model for his periodic table? · h" table7 

5. Why did Mendeleev leave spaces ,n ,s · 
6. In general, how can a scientiSt teS

t th
e 

correctness of a scientific model? 

8. Predicting How was Mendeleev able to 
predict the properties of elements that had 
not yet been discovered? 

, In Science ,i------
Writing to Persuade Write a paragraph 
about Mendeleev's periodic table. Use the 
paragraph to convince a reader th_at t~e peri~ 
odic table is extremely useful to sc1ent1sts. (Hmt: 
use specific facts to support your argument.) 
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Key Concepts 
How is the modern 
periodic table organized? 
What does the atomic 
mass of an element 
depend on? 
What categories are used 
to classify elements on the 
periodic table? 
How do properties vary 

/ across a period in the 

vocabulary 
• period 
• group 
• periodic law . 
• atomic mass unit 

(amu) 
• metals 
• transition metals 
• nonmetals 
• metalloids 

Reading Strategy 
Copy the table below. Before 

PrevleWd lng·te two questions about the 
rea wn 2 d 13 yo~ . table on pages 13 an 3. As You 

periodic ·t answers to your questions. read, wn e 
-

Questions About the Periodic Table 

Question Answer 
-

? b. ? 
a. -

? d. ? c. -

lj periodic table? 

~..!.._ w;t!J ;:eg - ---
¥¥ 

A 

Figure 5 On this synthesizer 
keyboard, there is a repeating 
pattern of notes. The eight-note 
interval between any two notes 
with the same name is an octave. 
Observing How many octaves 
are visible on the keyboard? 

B C D E ------ F 
130 < '1,,,,,/(.,.., 

Figures shows a synthesizer keyboard with labels for the notes that 
correspond to the white keys. If you strike the key labeled middle C 
and then play the white keys in order from left to right, you will hear 
the familiar do-re-mi-fa-sol-la-ti scale. The next white note is a C that 
is an octave above middle C. An octave is the interval between any two 
notes with the same name. (The prefix octa- means "eight.") Because 
the scale repeats at regular eight-note intervals, the scale is an example 
of a periodic pattern. 

The sounds of musical notes that are separated by an octave are 
related, but they are not identical. In a similar way, elements in the 
same column of the periodi t bl 1 d . . . c a e are re ate because their properties 
r~pelat at regular mtervals. But elements in different rows are not iden· 
t1ea . You can use the mod . d' 
1 d ern peno ic table of elements to classi~' e ements an to compare their propert· 1es. 

Middle 



The Periodic Law 
Mendeleev developed his periodic table before the discovery of pro-
tons. He did not know that all atoms of an element have the same 
number of protons. He did not know that atoms of two different ele-
ments could not have the same number of protons. In the modern 
periodic table, elements are arranged by increasing atomic number 
(number of protons). Figure 6 shows one way the known elements 
can be arranged in order by increasing atomic number. 

Periods Each row in the table of elements in Figure 6 is a period. 
Period I has 2 elements. Periods 2 and 3 have 8 elements. Periods 4 
and 5 have 18 elements. Period 6 has 32 elements. The number of ele-
ments per period varies because the number of available orbitals 
increases from energy level to energy level. 

To understand the structure of the table, think about what hap-
pens as the atomic number increases. The first energy level has only 
one orbital. The one electron in a hydrogen atom and the two elec-
trons in a helium atom can fit in this orbital. But one of the three 
electrons in a lithium atom must be in the second energy level. That is 
why lithium is the first element in Period 2. Sodium, the first element 
in Period 3, has one electron in its third energy level. Potassium, the 
first element in Period 4, has one electron in its fourth energy level. 
This pattern applies to all the elements in the first column on the table. 

Groups Each column on the periodic table is called a group. The 
elements within a group have similar properties. Properties of 
elements repeat in a predictable way when atomic numbers are used 
~o arrange elements into groups. The elements in a group have sim-
ilar electron configurations. An element's electron configuration 
determines its chemical properties. Therefore, members of a group in 
the periodic table have similar chemical properties. This pattern of 
repeating properties is the periodic law. 

_Look at Figure 7 on pages 132 and 133. There are 18 groups in this 
Periodic table. Some elements from Periods 6 and 7 have been placed 
below Period 7 so that the table is more compact. 

Figure 6 This diagram shows one 
way to display a periodic table of 
the elements. There are 7 rows, or 
periods, in the table. There are 
32 columns, or groups, in the table. 
Comparing and Contrasting 
Compare the numbers of elements 
in Periods 1, 3, and 5. 

cGo 9.~}!n~ 
. SCf lNKS 

For: Links on periodic law 
Visit: www.SciLinks.org 
Web Code: ccn-1052 
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Atomic number - +---17 

Element symbol - +---(I 
Element name Chlorine 

Atomic mass 35.453 

Figure 8 This box provides four 
p ieces of information about the 
element chlorine: its symbol. its 
name, its atomic number, and its 
atomic mass. 

Isotope Percentage 

Chlorine-35 75.78% 

Chlorine--37 24.22% 

Atomic Mass 
There are four pieces of information for each element in Fig 

l . . b Ure 7. h name of the element, its symbo , its atomic num er and its at . t _e 

mass. (::> Atomic mass is a value that depends on the distrib:t~tc 
of an element's isotopes in nature and the masses of those iso Ion 

h t d h · toPes You will use atomic masses w en you s u y c emICal reacf . 
ions in Chapter 7. 

Atomic Mass Units The mass of an atom in grams is ext 
remeiv small and not very useful because the samples of matter that scie . , 

ntists work with contain trillions of atoms. In order to have a conve . 
. . n1en1 way to compare the masses of atoms.' sc1ent1sts chose one isotope to 

serve as a standard. Recall that each isotope of an element has a dif. 
ferent number of neutrons in the nuclei of its atoms. So the atoms of 
two isotopes have different masses. 

Scientists assigned 12 atomic mass units to the carbon-12 atom 
which has 6 protons and 6 neutrons. An atomic mass unit (amu) i; 
defined as one twelfth the mass of a carbon-12 atom. 

Isotopes of Chlorine In nature, most elements exist as a mixture 
of two or more isotopes. Figure 8 shows that the element chlorine has 
the symbol Cl, atomic number 17, and an atomic mass of 35.453 atomic 
mass units. (The unit for atomic mass is not listed in the periodic table, 
but it is understood to be the amu.) Where does the number 35.453 
come from? There are two natural isotopes of chlorine, chlorine-35 and 
chlorine-3 7. An atom of chlorine-35 has 17 protons and 18 neutrons. An 
atom of chlorine-37 has 17 protons and 20 neutrons. So the mass of an 
atom of chlorine-37 is greater than the mass of an atom of chlo;·ine-3i 

Weighted Averages Your teacher may use a weighted average 
to determine your grade. In a weighted average, some values are more 
important than other values. For example, test scores may cou:it more 
heavily toward your final grade than grades on quizzes or grades on 
homework assignments. 

Atomic Mass 

34.969 

36.966 

F. 1· allv 1gure 9 1sts the atomic masses for two n;itur · 
occurring chlorine isotopes. If you add the atomic masses 
of the isotopes and divide by 2, you get 35.967, not 35.4S3. 
The value of the atomic mass for chlorine in the pen· 

d. bl . . h t occurs o IC ta e 1s a weighted average. The isotope t a . 
• ) ntnb· m nature about 75% of the time (chlorine-35 co t 

h . . tope tha utes t ree times as much to the average as the 1s0 " 

figure 9 This table shows the dist~ibution and 
atomic masses for the two natural isotopes of 
chlorine. Using Tables Which isotope occurs 
more often in nature? 

occurs in nature about 25% of the time (chlorine-37). 

,:o-L Reading ) 
Checkpoint What is an atomic mass unit? 
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classes of Elements 
'[be periodic table in Figure 7 presents three different ways to classify 
eiernents. First, elements are classified as solids, liquids, or gases, based 

their states at room temperature. The symbols for solids are black. 
on 1· "d The symbols for iqm s are purple. The symbols for gases are red. 

Second, elements are divided into those that occur naturally and 
those that do not. All but two elements with atomic numbers 1 
through 92 occur on Earth. Elements with atomic numbers of 93 and 
higher do not occur naturally. The symbols for these elements are 
white. In Chapter 10, you will find out how elements that do not occur 
in nature are produced. 

The third classification system puts elements into categories based 
on their general properties. Elements are classified as metals, 
nonmetals, and metalloids. In the periodic table, metals are located on 
the left, nonmetals are on the right, and metalloids are in between. 

Metals The majority of the elements on the periodic table are clas-
sified as metals. In Figure 7, they are represented by blue boxes. Metals 
are elements that are good conductors of electric current and heat. 
Except for mercury, metals are solids at room temperature. Most 
metals are malleable. Many metals are ductile; that is, they can be 
drawn into thin wires. 

Some metals are extremely reactive and some do not react easily. 
One way to demonstrate this difference is to compare the behavior of 
gold and the behavior of magnesium when these metals are exposed 
to the oxygen in air. Gold remains shiny because it does not react with 
the oxygen. Magnesium reacts with the oxygen and quickly dulls. 
Figure lOA shows one magnesium coil that is dull and one that is shiny. 
Figure lOB shows one use for a metal with a shiny surface. 

Figure 10 Magnesium and aluminum are typical 
rnetals. A When magnesium reacts with oxygen, 

dull layer forms on its surface. The layer can be 

9ernoved to reveal magnesium's shiny surface. 

I Many telescope mirrors are coated with au · 
1
• t 1num to produce a surface that reflects 19 t extremely well. 

, Quick, Lab·- , 
I • • , V . 

Defining a Metal 

Procedure ftn [I 
1. Use forceps to put a piece of 

magnesium into a test tube 
in a test tube rack. Using a 
graduated cylinder, add 
5 ml of hydrochloric acid 
to the test tube. 
CAUTION Wear plastic 
gloves because the acid can 
burn skin or clothing. Record 
your observations. 

2. Repeat Step 1 with sulfur, 
aluminum, and silicon. 

Analyze and Conclude 
1. Classifying Based on their 

locations in the periodic 
table, classify the four 
elements as metals, 
metalloids, or nonmetals. 

2. Comparing and 
Contrasting Compare 
the behavior of the metals 
with the acid to the 
behavior of the other 
elements with the acid . 

3. Forming Operational 
Definitions Use your 
observations to write a 
definition of a metal. 
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Figure 11 A compound of 
erbium (Er) and oxygen is used 
to tint glass pink. 

Figure 12 Toothpaste contains 
a compound that helps to 
protect teeth from tooth decay. 
rhe compound is formed from 
the nonmetal fluorine and the 
Tietal sodium. 
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The metals in groups 3 through 12 are called transition rn 
. . h c b "d b eta]s Trans1t1on metals are elements t at 1orm a n ge etween th · 

men ts on the left and right sides of the table. Transition elementse ele. 
, such as copper and silver, were among the first elements discovered 0 

property of many transition metals is their ability to form comp~un ne 
with distinctive colors. The How It Works box on page 137 describes tis 
use of transition elements in the production of colored glass. e 

Some transition elements have more properties in common tha 
elements in other groups. This is especially true of elements in the Ian~ 
thanide and actinide series. These elements are so similar that chemists 
in the 1800s had difficulty separating them when they were found 
mixed together in nature. A compound of erbium and oxygen was used 
to tint the lenses shown in Figure 11. 

Nonmetals In Figure 7, nonmetals are represented by yellow 
boxes. As their name implies, nonmetals generally have properties 
opposite to those of metals. Nonmetals are elements that are poor con-
ductors of heat and electric current. Because nonmetals have low 
boiling points, many nonmetals are gases at room temperature. In fact, 
all the gases in the periodic table are nonmetals. The nonmetals that are 
solids at room temperature tend to be brittle. If they are hit with a 
hammer, they shatter or crumble. 

Nonmetals vary as much in their chemical properties as they do in 
their physical properties. Some nonmetals are extremely reactive, some 
hardly react at all, and some fall somewhere in between. Fluorine in 
Group 17 is the most reactive nonmetal. It even forms compounds 
with some gases in Group 18, which are the least reactive elements in 
the table. The toothpaste in Figure 12 contains a compound of the 
nonmetal fluorine and the metal sodium. This compound helps to 
protect your teeth against decay. 

Metalloids In the periodic table in Figure 7, metalloids are repre-
sented by green boxes. Metalloids are elements with properties that fall 
between those of metals and nonmetals. For example, metals are good 
conductors of electric current and nonmetals are poor conductors of 
electric current. A metalloid's ability to conduct electric current varies 
with temperature. Pure silicon (Si) and germanium (Ge) are good insu-
lators at low temperatures and good conductors at high temperatures. 

. ~L -Reading ) 
Checkpoint 

'th Which type of metals tend to form compounds w, 
distinctive colors? 



Sodium Magnesium 

Figure 13 From left to right 
across Period 3, there are three 
metals (Na, Mg, and Al), one 
metalloid (Si), and four nonmetals 
(P. S, Cl, and Ar). Many light bulbs 
are filled with argon gas. 
Observing Which other element 
in Period 3 is a gas? 

Variation Across a Period 
The properties within a period change in a similar way from left to right 
across the table, except for Period 1. Across a period from left to 
right, the elements become less metallic and more nonmetallic in 
their properties. The most reactive metals are on the left side of the 
table. The most reactive nonmetals are on the right in Group 17. The 
Period 3 elements shown in Figure 13 provide an example of this trend. 

There are three metals, a metalloid, and four nonmetals in Period 3. 
If you were unwise enough to hold a piece of sodium in your hand, it 
would react quickly and violently with the water on your moist skin. 
But magnesium will not react with water unless the water is hot. 
Aluminum does not react with water, but it does react with oxygen. 

Silicon is the least reactive element in Period 3 ( except for argon). 
Under ordinary conditions, phosphorus and sulfur do not react with 
water, but they do react with oxygen. They also react with chlorine, 
which is a highly reactive nonmetal. Chlorine must be handled with as 
much care as sodium. Argon hardly reacts at all. 

' 
Section 5.2 Assessment~- · · : 
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Reviewing Concepts 
1. What determines the order of the elements 

in the modern periodic table? 
2. Describe the periodic law. 
3. What two factors determine the atomic 

mass of an element? 
4. Name three categories that are used to 

classify the elements in the periodic table. 
5. What major change occurs as you move 

from left to right across the periodic table? 

Crltlcal Thinking 
6. Formulating Hypotheses The atomic mass 

of iodine (I) is less than the atomic mass of 
tellurium (Te). But an iodine atom has one 
more proton than a tellurium atom. Explain 
how this situation is possible. 
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7. Applying Concepts Explain how you know 
that no new element with an atomic number 
less than 100 will be discovered. 

8. Comparing and Contrasting Compare the 
reactions with water of the elements sodium 
and magnesium. 

In Science 11--- - -, 

Explanatory Paragraph The word isotope 
comes from the Greek words isos, meaning 
"equal," and topos, meaning "place." Write 
a paragraph explaining how the isotopes 
chlorine-35 and chlorine-37 occupy the 
same place in the periodic table. 



5.3 Representative Groups 
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Key Concepts Vocabulary Reading Strategy 
Why do the elem~n!s 
in a group have s1m1lar 
properties? 

• valence electron 
• alkali metals 
• alkaline earth 

metals 

Monitoring Your Understanding Copy 
the table below. As you read, record. an 
important fact about each element listed. 

• halogens Element Important Fact 
What are some properties 
of the A groups in the 
periodic table? • noble gases Magnesium a. 7 

Aluminum b. 7 

Chlorine 

Why is hydrogen located on the left side of the periodic table with 
the active metals? It is a nonmetal gas that seems to have more in 
common with the nonmetals in Group 17. Hydrogen's location is 
related to its electron configuration, not its properties. 

Valence Electrons 
Did you wonder why there are two numbering schemes on the periodic 
table in Figure 7? When the A groups are numbered from 1 through 8, 
they provide a useful reminder about the electron configurations of 
the elements in those groups. The number of an A group matches the 
number of valence electrons in an electron configuration for an ele-
ment in that group. A valence electron is an electron that is in the 
highest occupied energy level of an atom. These electrons play a key 
role in chemical reactions. Properties vary across a period because the 
number of valence electrons increases from left to right. 

Elements in a group have similar 
properties because they have the same 
number of valence electrons. These pro-
perties will not be identical because the 
valence electrons are in different energy 
l~vels. Valence electrons explain the loca-
t~on of hydrogen. Because hydrogen has a 
smgle valence electron, it is grouped with 
0ther elements, such as lithium, that have 
only one valence electron. 

as 

c. 7 

Figure 14 Because hydrogen is 
flammable, it can be used as a 
fuel in automobiles like this one. 
An engine that burns hydrogen 
has a key advantage over an 
engine that burns gasoline. 
Only water is produced when 
hydrogen burns. 

I 

I ' 

I I 
I 

I 'I I 

(' 
lj i 

I 

I 

II i'1 

I 

I( I I 
I 

I I 

11 

I,, i 
I :1 I' ,1 I 

I I 
I: 

I 

: 1 

:! I 
I 1 

I 

I ,1.....,.. 



B 

Figure 15 The element sodium is an alkali 
metal A Unlike most metals, sodium is soft 
enough to cut with a knife. B When sodium 
reacts with water, enough energy is released 
to ignite the hydrogen that is produced. 
Predicting What happens when potassium 
comes in contact with water? 

For: Articles on elements 
Visit: PHSchool.com 
Web Code: cce-1053 

140 Chapter 5 

The Alkali Metals 
The elements in Group IA are called alkali metals. These metals have 
a single valence electron and are extremely reactive. Because they are 
so reactive, alkali metals are found in nature only in compounds. The 
most familiar of these compounds is table salt-a compound of 
sodium and chlorine (sodium chloride). Sodium chloride can be 
obtained through the evaporation of seawater or from large salt 
deposits on the surface of Earth or underground. 

Not all the elements in a group are equally reactive. Sodium is more 
reactive than lithium, potassium is more reactive than sodium, and 
rubidium is more reactive than potassium. The reactivity of alkali 
metals increases from the top of Group IA to the bottom. 

Sodium is about as hard as cold butter and can be cut with a sharp 
knife, as shown in Figure ISA. Sodium melts at about 98°C and has a 
lower density than water. A piece of sodium may be able to float on 
water, but Figure ISB shows that it won't be there for long. The sodium 
reacts violently with water and releases enough energy to ignite the 
hydrogen gas that is produced. Sodium and potassium are stored 
under oil to keep them from reacting with the oxygen and water vapor 
in air. Cesium is so reactive that it reacts with water at temperatures as 
low as - I I5°C. Cesium is usually stored in a sealed glass tube contain· 
ing argon gas. 

d Reading 
Checkpoint 

How many valence electrons does an alkali 
metal have? 



fhe Alkaline Earth Metals 
'The elements in Group 2A are called alkaline earth metals. All alka-
line earth metals ha~e two valence electrons. Metals in Group 2A are 
harder than metals m ~roup lA. The melting point of magnesium is 

650oc, which is much higher than the melting point of sodium-98°C. 
Differences in reactivity among the alkaline earth metals are 

shown by the ways they react with water. Calcium, strontium, and 
barium react easily with cold water. Magnesium will react with hot 
water, but no change appears to occur when beryllium is added to 
water. Magnesium and calcium have essential biological functions and 
they provide materials used in construction and transportation. 

Magnesium Magnesium plays a key role in the process that uses 
sunlight to produce sugar in plants like the one in Figure 16. The com-
pound at the center of this process is chlorophyll (KLAWR uh fil), and 
at the center of chlorophyll is magnesium. A mixture of magnesium 
and other metals can be as strong as steel, but much lighter. Reducing 
overall mass without sacrificing strength is an important considera-
tion in transportation. The frames of bicycles and backpacks often 
contain magnesium. 

Calcium Your body needs calcium to keep your bones and teeth 
strong. Calcium carbonate-a compound of calcium, carbon, and 
oxygen-is the main ingredient in chalk, limestone, coral, and the 
pearl in Figure 16. Your toothpaste may contain the compound cal-
cium carbonate because this hard substance can polish your teeth. 
The plaster cast in Figure 16 contains calcium sulfate, which is a com-
pound of calcium, sulfur, and oxygen. 

Figure 16 Chlorophyll molecules in spinach 
contain magnesium. An oyster shell and a 
pearl are both made from calcium 
carbonate. A plaster cast contains the 
compound calcium sulfate. 

Group 2A 

4 

Be 
Beryllium 

12 

Mg 
Magnesium 

20 

Ca 
calcium 

38 

Sr 
Strontium 

56 

Ba 
Barium 

88 

Ra 
Radium 
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The Boron Family 
Group 3A contains the metalloid boron, the ~~11-
known metal aluminum, and three less familiar 
metals (gallium, indium, and thallium). All these 
elements have three valence electrons. 

Aluminum is the most abundant metal 
in Earth>s crust. It is often found combined with 
oxygen in a mineral called bauxite (BAWKS eyet). 
Aluminum is less reactive than sodium and mag-
nesium. It is strong, lightweight, malleable, and a 
good conductor of electric current. 

More than 10 percent of the aluminum pro-
duced is used as packaging. Some aluminum is 
used in window screens, window frames, and gut-
ters. Parts of cars and airplanes are also made from 
aluminum. People are encouraged to recycle alu-
minum because the energy needed to purify 
recycled aluminum is only about S percent of the 
energy needed to extract aluminum from bauxite. 

A compound of boron, silicon, and oxygen is 
used to make a type of glass that does not shatter 
easily when it undergoes a rapid change in tem-
perature. Glass that contains boron is used to 
make laboratory glassware, such as the flasks in 
Figure 17. It is also used in cookware that can go 
directly from the oven to the refrigerator. 

Figure 17 These students are using flasks 
made from glass that contains boron. This 
type of glass does not shatter as easily as 
glass without boron. 
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Group 3A 

5 

B 
Boron 

49 

In 
Indium 

81 

Tl 

Figure 18 The clay used to make this 
pottery contains compounds called 
silicates. These compounds always contain 
silicon and oxygen . They usually contain 
aluminum and often contain other 
elements such as iron. 

The Carbon Family 
Group 4A contains a nonmetal (carbon), two 
metalloids (silicon and germanium), and two 
metals (tin and lead) . Each of these elements has 
four valence electrons. Notice that the metallic 
nature of the elements increases from top to 
bottom within the group. ln keeping with this 
trend, germanium is a better conductor of electric 
current than silicon. 

Life on Earth would not exist without carbon. 
Except for water, most of the compounds in 

your body contain carbon. Reactions that occur 
in the cells of your body are controlled by carbon 
compounds. Carbon and its compounds are dis-
cussed in Chapter 9, Carbon Chemistry. 

Silicon is the second most abundant element 
in Ear

th
,s crust. It is found as silicon dioxide in 

quartz rocks, sand, and glass. The clay used to pro-
duce 

th
e pottery in Figure 18 contains silicon 

compou
nd

s called silicates. Silicon carbide, a 
compou

nd 
of silicon and carbon, is extremely 

ha
rd

_ Saw blades tipped with silicon carbide last 
many times longer than ordinary steel blades. 

~h!~i~~:_. \ Which Group 3A element is 
a nonmetal? 



rhe Nitrogen Family 
Group SA contains two nonmetals (nitrogen and 
phosphorus) , two metal~oids (arsenic and anti-
mony) , an~ one ~etal (bismuth) . Like the groups 
on either side of it, Group SA includes elements 
with a wide range of physical properties. Nitrogen 
is a nonmetal gas, phosphorus is a solid nonmetal 
and bismuth is a dense metal. Despite their dif 
ferences, all the elements in Group SA have five 
valence electrons. Nitrogen and phosphorus are 
the most important elements in Group SA. 

When air is cooled, the oxygen condenses 
before the nitrogen because nitrogen has a lower 
boiling point than oxygen. Much of the nitrogen 
obtained from air is used to produce fertilizers , 
like the three shown in Figure 19. Besides 
nitrogen, fertilizers often contain phosphorus. 
Your body uses compounds containing nitrogen 
and phosphorus to control reactions and release 
energy from food. 

Phosphorus exists as an element in several 
forms with different properties. White phospho-
rus is so reactive that it bursts into flame when it 
is in contact with oxygen. Red phosphorus is less 
reactive and is used to make matches ignite. 

Figure 19 The composition of a fert il izer 
varies with its intended use. The numbers 
on the bags of fertilizer are, from left t o 
right, the relative amounts of nitrogen, 
phosphorus, and potassium. 
Analyzing Data Which type of fertilizer 
contains the most phosphorus? 

Group 5A 

7 

N 
Nitrogen 

15 

p 
Phosphorus 

33 

As 
Arsenic 

51 

Sb 
Antimony 

Group 6A 

- • 
. 

··--11 
Figure 20 Sulfur is often found in nature 
in its elemental form-not combined 
with other elements. Inferring What 
does this information tell you about the 
reactivity of sulfur? 

84 

Po 
Polonium 

The Oxygen Family 
Group 6A has three nonmetals ( oxygen, sulfur, 
and selenium), and two metalloids ( tellurium and 
polonium). All the elements in Group 6A have six 
valence electrons. 

Oxygen is the most abundant element in 
Earth's crust. Complex forms of life need oxygen 
to stay alive because oxygen is used to release the 
energy stored in food. Oxygen can be stored as a 
liquid under pressure in oxygen tanks. There must 
be no sparks or flames near an oxygen tank 
because materials that are flammable burn easily 
in pure oxygen. 

Ozone is another form of the element oxygen. 
At ground level, ozone can irritate your eyes and 
lungs. At upper levels of the atmosphere, ozone 
absorbs harmful radiation emitted by the sun. 

Sulfur was one of the first elements to be dis-
covered because it is found in large natural 
deposits like the one in Figure 20. The main use 
of sulfur is in the production of sulfuric acid, a 
compound of sulfur, hydrogen, and oxygen. More 
sulfuric acid is produced in the United States than 
any other chemical. About 65 percent of the sul-
furic acid produced is used to make fertilizers. 

The Periodic Table 143 

j 
1, 
i 
;J_ l 
' • . • 1 

I 

I Ii I 
11 I 

I 
11 i 

I 



Chlorine Bromine Iodine 

Group 7A 

9 

F 
Fluorine 

17 

Cl . • J - ~ , , 
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I , 

Iodine 

85 

=igure 21 At room temperature, chlorine is a gas, bromine is a 
iquid, and iodine is a solid. Halogens react easily with metals, such 
1s the iron in steel wool. At a swimming pool, the chlorine content 
nust be tested frequently. Applying Concepts What process 
:auses iodine vapor to collect in a flask of solid iodine? 

At 

Chlorine reacting with 
steel wool 
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The Halogens 
The elements in Group 7 A are called halogens. Each halogen has seven 
valence electrons. Figure 21 shows the range of physical properties 
among the halogens. Fluorine and chlorine are gases, bromine is a 
liquid that evaporates quickly, and iodine is a solid that sublimes. 

Despite their physical differences, the halogens have similar 
chemical properties. They are highly reactive nonmetals, with fluo-
rine being the most reactive and chlorine a close second. Halogens 
react easily with most metals. Figure 21 shows what happens when 
heated steel wool is plunged into chlorine. 

Recall that a fluorine compound is used to prevent tooth d,.x ay. If 
you use pans with a nonstick coating to make omelets or muffins, you 
have seen another use of a fluorine compound. Have you ever noticed 
a sharp smell when adding bleach to a load of clothes? The smell ~·omes 
from a small amount of chlorine gas that is released from a chlorine 
compound in the bleach. Chlorine is also used to kill bacteria in drink-
ing water and swimming pools. The woman in Figure 21 is testing the 
level of chlorine in a swimming pool. 

Your body needs iodine to keep your thyroid gland working prop-
erly. This gland controls the speed at which reactions occur in your 
body. Seafood is a good source of iodine. At a time when fresh fish w;; 
not available in all parts of the United States, people began to ;sis 
iodine compounds to table salt. Salt that contains such compoun 
called iodized salt. 



fhe Noble Gases 
The elements in Group BA are called noble gases. Helium has 
rwo valence electrons. Each of the other noble gases has eight 
valence electrons. <:> The noble gases are colorless and odor-
Jess and extremely unreactive. In Chapter 6, you will study the 
elationship between the electron configurations of the noble 

r ses and their low reactivity. ga . 
It is not easy to discover a colorless, odorless gas. It is even 

harder if the gas rarely reacts. Scientists discovered argon when 
they noticed that the density of nitrogen collected from air did 
not match the density of nitrogen formed during chemical 
changes. In time, the scientists figured out that the "impurity" in 
atmospheric nitrogen was an unknown element. 

An element that does not react easily with other elements 
can be very useful. For example, during one stage in the process 
of making computer chips, pure silicon is heated in a furnace at 
l 480°C. At this temperature, silicon reacts with both oxygen and 
nitrogen. So the heating must take place in an argon atmosphere. 

Some light bulbs are filled with argon because the glowing 
filament in the bulb will not react with argon as it would react 
with oxygen. Using argon increases the number of hours the bulb 
can be lit before it burns out. All the noble gases except radon 
are used in "neon" lights like those shown in Figure 22. 

Section 5.3 Assessment 

Group 8A 

2 

He 
Hallum 

10 

Ne 
Neon 

18 

Ar 
Argon 

36 

Kr 
Krypton 

54 

Xe 
Xenon 

86 

Rn 
Radon 

Figure 22 When electric current passes 
through noble gases, they emit different 
colors. Helium emits pink, neon emits 
orange-red, argon emits lavender, krypton 
emits white, and xenon emits blue. 

Reviewing Concepts Critical Thinking 
1. Explain why elements in a group have 

similar properties. 
2. What is the relationship between an alkali 

metal 's location in Group 1 A and its reactivity? 
3. What element exists in almost every 

compound in your body? 
4. Which Group SA elements are found 

in fertilizer? 
5. Which group of elements is the 

least reactive? 
6. Why is hydrogen located in a group with 

reactive metals? 
7. What biological function requires magnesium? 
8. Why is aluminum recycled? 
9. What is the main use of sulfur? 

10. Why is chlorine added to drinking water? 

11 . Comparing and Contrasting In which 
class of elements is there a greater range of 
properties, the metals or the nonmetals? Give 
an example to support your answer. 

12. Making Generalizations What happens to 
the reactivity of nonmetals within a group 
from the top of the group to the bottom? 

Using Physical Properties In Section 2.2, 
three ways to use physical properties are 
discussed. Find one example in Section 5.3 
that illustrates each use. If necessary, reread 
pages 48 and 50. 

The Periodic Table 145 

11 I 
I 'I I , , 
I i I 

I I I 

I I 

' 11 

'II I' ' I 

111 I I 
I h 

I 

I 
I 

' 

I : I 
: I I I 



cttAPTER 

5 Assessment 
Reviewing Content 

Choose the Jetter that best answers the question or 
completes the statement. 

1. Mendeleev arranged the elements in his periodic 
table in order of 

a. atomic number. b. number of electrons. 
c. mass. d. number of neutrons. 

2, Mendeleev's decision to leave gaps in his periodic 
table was supported by the discovery of 

a. electrons. b. protons. 
c. argon. d. gallium. 

3, In a modern periodic table, elements are arranged 
in order of 

a. atomic number. b. number of isotopes. 
c. atomic mass. d. number of neutrons. 

4. How many periods does the periodic table have? 
a. 18 b. 7 
c. 9 d. 8 

5. An atomic mass unit is 
a. one twelfth the mass of a carbon-12 atom. 
b. the mass of a carbon-12 atom. 
c. the mass of a neutron. 
d. the mass of a proton. 

6. An element that is shiny and conducts electric 
current is likely to be a 

a. gas. b. metal. 
c. metalloid . d. nonmetal. 

7. Copper is an example of 
a. an alkali metal. b. an alkaline earth metal. 
c. a nonmetal. d. a transition metal. 

8. Elements that have the same number of valence 
electrons are 

a. in the same period. 
b. in the same group. 
c. called noble gases. 
d. called transition metals. 

9• The most reactive metals are the 
a. transition metals. b. alkaline earth metals. 
c. alkali metals. d. metalloids. 

10 Wh' h • IC elements are all gases at room temperature? 
a. Group 1 A b. Period 3 
c. Group 7 A d. Group SA 

',\ 

Interactive Textbook with 
assessment at PHSchool.com 

Understanding Concepts 
11 . What information did Mendeleev have about the 

elements he organized into a periodic table? 

12. How did Mendeleev know where to leave the 
spaces in his table? 

13. Why is the table of the elements shown in 
Figure 7 called a periodic table? 

14. Why does the number of elements vary from 
period to period? 

15. Explain how the atomic mass of an element is 
affected by the distribution of its isotopes in nature. 

16. List three ways that the elements in the periodic 
table can be classified. 

17. In general, what happens to the reactivity of 
elements in groups labeled A as atomic numbers 
increase across a period? 

18. Why don't the elements within an A group in the 
periodic table have identical properties? 

19. Why was it difficult to discover the noble gases? 

Use this portion of the periodic table to answer 
Questions 20-23. 

14 15 16 17 

Si p s Cl 
Silicon Phosphorus Sulfur Chlorine 
28.086 30.974 32.06 35.453 

32 33 34 35 

Ge As Se Br 
Germanium Arsenic Selenium Bromine 

72.59 74.922 · 78.96 79.904 

20. How many of the elements shown are metals? How 
many are nonmetals? How many are metalloids? 

21. Which element is a liquid at room temperature 
and which is a gas at room temperature? 

22. Which of the two halogens shown is more 
reactive? Give a reason for your answer. 

23. Does sel~nium have more in common with sulfur 
or bromine? Explain your answer. 
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