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A Dmitri Mendeleev, a Russian
chemistry professor who proposed
the periodic law and arranged early
versions of the periodic table, shown
on a Russian postage stamp.

I Periodic means “recurring regularly.” The
‘5 properties of the elements, when listed in

ﬁ order of increasing relative mass, formed a
i repeating pattern.
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A FIGURE 4.11 Making a periodic
table If we place the elements from
Figure 4.10 in a table, we can arrange
them in rows so that similar proper-
ties align in the same vertical
columns. This is similar to
Mendeleev’s first periodic table.

The organization of the periodic table has its origins in the work of Dmitri
Mendeleev (1834-1907), a nineteenth-century Russian chemistry professor. In his
time, about 65 different elements had been discovered. Through the work of a
number of chemists, much was known about each of these elements, including
their relative masses, chemical activity, and some of their physical properties.
However, there was no systematic way of organizing them.
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AF ) Recurring properties The elements shown are listed in order of in-
creasing atomic number (Mendeleev used relative mass, which is similar). The color of
each element represents its properties. Notice that the properties (colors) of these elements
form a repeating pattern.

In 1869, Mendeleev noticed that certain groups of elements had similar prop-
erties. He found that if he listed the elements in order of increasing relative mass,
those similar properties recurred in a regular pattern (A Figure 4.10). Mendeleev
summarized these observations in the periodic law:

When the elements are arranged in order of increasing relative mass, certain sets
of properties recur periodically.

Mendeleev organized all the known elements in a table in which relative mass
increased from left to right and elements with similar properties were aligned in
the same vertical columns (< Figure 4.11). Since many elements had not yet been
discovered, Mendeleev’s table contained some gaps, which allowed him to pre-
dict the existence of yet-undiscovered elements. For example, Mendeleev predict-
ed the existence of an element he called eka-silicon, which fell below silicon on the
table and between gallium and arsenic. In 1886, eka-silicon was discovered by
German chemist Clemens Winkler (1838-1904) and was found to have almost ex-
actly the properties that Mendeleev had anticipated. Winkler named the element
germanium, after his home country.

Mendeleev’s original listing has evolved into the modern periodic table. In
the modern table, elements are listed in order of increasing atomic number rather
than increasing relative mass. The modern periodic table also contains more ele-
ments than Mendeleev’s original table because many more have been discovered
since his time.

Mendeleev’s periodic law was based on observation. Like all scientific laws,
the periodic law summarized many observations but did not give the underlying
reason for the observation—only theories do that. For now, we accept the periodic
law as it is, but in Chapter 9 we will examine a powerful theory that explains the
law and gives the underlying reasons for it.

The elements in the periodic table can be broadly classified as metals, non-
metals, and metalloids (> Figure 4.12). Metals occupy the left side of the periodic
table and have similar properties: They are good conductors of heat and electrici-
ty; they can be pounded into flat sheets (malleability); they can be drawn into
wires (ductility); they are often shiny; and they tend to lose electrons when they
undergo chemical changes. Good examples of metals are iron, magnesium,
chromium, and sodium.

Nonmetals occupy the upper right side of the periodic table. The dividing line
between metals and nonmetals is the zigzag diagonal line running from boron to as-
tatine (see Figure 4.12). Nonmetals have more varied properties—some are solids at
room temperature, others are gases—but as a whole they tend to be poor conductors
of heat and electricity, and they all tend to gain electrons when they undergo chemi-
cal changes. Good examples of nonmetals are oxygen, nitrogen, chlorine, and iodine.




46 Looking for Patterns: The Periodic Law and the Periodic Table | 103

1A ar

1 D Metals .4

1 111 2A D Nonmetals sk 4K EAOL Bk R 5
H

: [ ] Metalloids 3 14 15 16 17 |gHe

s g 5 6 7 8 ol {0
Li Be B c e i i i

3| 11 | 12 | 38 4B 5B 6B 7B ~—8—— 1B 2B | 13 | 14 | 15 | 16 | 17 | 18
Na|Mg| 3 4 5 6 7 8 9 10 11 12| Al| S | P | S | Cl | Ar

4 19 20 21 22 23 i ds 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti A% Cr |[Mn| Fe | Co | Ni | Cu | Zn | Ga | Ge | As | Se Br | Kr
5 37 38 39 40 41 42 43 44 45 46 | 47 | 48 49 50 51 52 53 54
Rb | Sr Y | Zr |Nb | Mo | Tc | Ru | Rh | Pd | Ag | Cd | In | Sn | Sb | Te I Xe

6 55 1|56 57 || 7oeil 7B |4 74 gsiae gad a7 A T8 ) (79 - 80 | 81 | 82 | 83 .84 ]85 | 86
Cs | Ba| La||Hf | Ta | W | Re | Os | Ir Pt |Au |Hg | Tl | Pb | Bi | Po | At | Rn

87 | 88 | 89 || 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112 | 113 | 114 | 115 | 116 | 117 | 118
Fr | Ra | Ac||Rf | Db | Sg | Bh | Hs | Mt | Ds | Rg | Cn w

% B BT e BT e e e | & 8 e a0 7L
Lanthanides| ce | Pr | Nd | Pm | Sm | Eu | Gd | Tb | Dy | Ho | Er [ Tm | Yb | Lu

Actinides e 2L OF [LOBT GRT e | el B TOe | 90 100 | i1 102, | 105
cinides | th | Pa | U |Np | Pu |Am |Cm | Bk | Cf | Es | Fm | Md | No | Lr

A FIGURE 4.12 Metals,

nonmetals, and metalloids . . : . Y
The elements in the periodic table Most of the elements that lie along the zigzag diagonal line dividing metals

can be broadly classified as metals, and nonmetals are called metalloids, or semimetals, and display mixed proper-
nonmetals, and metalloids. ties. Metalloids are also called semiconductors because of their intermediate elec-
trical conductivity, which can be changed and controlled. This property makes
semiconductors useful in the manufacture of the electronic devices that are central
to computers, cell phones, and many other modern gadgets. Silicon, arsenic, and
germanium are good examples of metalloids.
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EXAMPLE 4.2 Classifying Elements as Metals, Nonmetals, or Metalloids
Classify each element as a metal, nonmetal, or metalloid.
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(a) Ba
(b) I

© O
(d) Te

SOLUTION

(@) Barium is on the left side of the periodic table; it is a metal.

(b) Iodine is on the right side of the periodic table; it is a nonmetal.

(c) Oxygen is on the right side of the periodic table; it is a nonmetal.

(d) Tellurium is in the middle-right section of the periodic table, along the line
that divides the metals from the nonmetals; it is a metalloid.

A Silicon is a metalloid used exten-
sively in the computer and electron-
ics industries.

> SKILLBUILDER 4.2 | Classifying Elements as Metals, Nonmetals, or Metalloids
Classify each element as a metal, nonmetal, or metalloid.

(@) S

(b) Cl

(c) Ti

(d) Sb

»FOR MORE PRACTICE Problems: 51, 52, 53, 54.
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3 Main-group and
transition elements The periodic
table can be broadly divided into
main-group elements, whose proper-
ties can generally be predicted based
on their position, and transition
elements, whose properties tend to
be less predictable based on their
position.

| The noble gases are inert (or unreactive)

é compared to other elements. However,
some noble gases, especially the heavier

E ones, will form a limited number of com-

g pounds with other elements under special

I conditions.

Noble gases |

A The noble gases include helium
(used in balloons), neon (used in neon
signs), argon, krypton, and xenon.

Atoms and Elements
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The periodic table can also be broadly divided into main-group elements,
whose properties tend to be more predictable based on their position in the period-
ic table, and transition elements or transition metals, whose properties are less eas-
ily predictable based simply on their position in the periodic table (A Figure 4.13).
Main-group elements are in columns labeled with a number and the letter A. Tran-
sition elements are in columns labeled with a number and the letter B. A competing
numbering system does not use letters, but only the numbers 1-18. Both numbering
systems are shown in the periodic table in the inside front cover of this book.

Each column within the periodic table is called a family or group of elements.
The elements within a family of main-group elements usually have similar prop-
erties, and some have a group name. For example, the Group 8A elements, called
the noble gases, are chemically inert gases. The most familiar noble gas is proba-
bly helium, used to fill balloons. Helium, like the other noble gases, is chemically
stable—it won’t combine with other elements to form compounds—and is there-
fore safe to put into balloons. Other noble gases include neon, often used in neon
signs; argon, which makes up a small percentage of our atmosphere; krypton; and
xenon. The Group 1A elements, called the alkali metals, are all very reactive met-
als. A marble-sized piece of sodium can explode when dropped into water. Other
alkali metals include lithium, potassium, and rubidium. The Group 2A elements,
called the alkaline earth metals, are also fairly reactive, although not quite as
reactive as the alkali metals. Calcium, for example, reacts fairly vigorously when
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A The periodic table with Groups 1A, 2A, 7A, and 8A highlighted.
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dropped into water but will not explode as readily as sodium. Other alkaline earth
metals are magnesium, a common low-density structural metal; strontium; and
barium. The Group 7A elements, called the halogens, are very reactive nonmetals.
Chlorine, a greenish-yellow gas with a pungent odor is probably the most familiar
halogen. Because of its reactivity, chlorine is often used as a sterilizing and
disinfecting agent (because it reacts with and kills bacteria and other microscopic
organisms). Other halogens include bromine, a red-brown liquid that easily
evaporates into a gas; iodine, a purple solid; and fluorine, a pale yellow gas.

EXAMPLE 4.2 Groups and Families of Elements
To which group or family of elements does each element belong?

(@) Mg
(b) N
(© K
(d) Br
, ) o SOLUTION
é&%ﬁﬁigﬁﬁg i‘gggfigﬁiﬁn (a) Mg is in Group 2A; it is an alkaline earth metal.
(shown in the second photo react- (b) N 1 3 m Group 5A. M .
() Kisin Group 1A; it is an alkali metal.

ing with water), potassium, rubidi- i e
um, and cesium, (d) Brisin Group 7A; itis a halogen.

»SKILLBUILDER 4.3 | Groups and Families of Elements

To which group or family of elements does each element belong?
(@ Li

(b) B

() I
(d) Ar

»FOR MORE PRACTICE Problems 57, 58, 59, 60, 61, 62, 63, 64.

[ Alkaline earth metals }

< The alkaline earth metals include
beryllium, magnesium (shown
burning in the first photo), calcium
(shown reacting with water in the
second photo), strontium, and
barium.

P> The halogens include fluorine,
chlorine (shown in the first photo),
bromine, iodine (shown in the sec-
ond photo), and astatine.




