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19.1 A Survey of the 
Representative Elements
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Reviewing the Periodic Table Regions

• Representative elements: Groups 1A - 8A 
- filling s and p orbitals.

• Transition elements: Center of the table -
filling d orbitals

• Lanthanides, Actinides: listed separately, 
on the bottom of the table - filling 4f and 5f

• Metalloids: separate metals from 
nonmetals
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Figure 19.1:  The periodic table. 



Figure 19.2:  
The atomic 
radii of some 
atoms in 
picometers.

Figure 19.3:  
The structure 
of quartz, 
which has the 
empirical 
formula SiO2.
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Metallurgy

•. . . the process of obtaining a metal from 
its ore.
•This always involves reduction of the 
ions to the elemental metal (oxidation 
state = 0).

WO ( ) 3H ( ) W( ) 3H O( )3 2
heat

2s g l g+ +
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空氣分餾 (Fractionation of air)
(1) 過濾灰塵

(2) 除去H2O, CO2

(3) 壓縮空氣
~ 100 atm

(4) 經熱交換器
冷卻至室溫

(5) 使壓縮空氣膨脹
造成冷卻液化空氣

(6) 加熱液化空氣
進行分餾

不同氣體的沸點(bp)
Ne: -246 °C
N2: -196 °C
Ar: -189 °C
O2: -183 °C
Kr: -153 °C
Xe: -108 °C
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19.2 The Group 1A Elements
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Figure 19.4:  Lepidolite is composed mainly of 
lithium, aluminum, silicon, and oxygen, but it also 
contains significant amounts of rubidium and 
cesium.

14

15

Group 1A Oxides

In the presence of ample oxygen,

• 4Li + O2 → 2Li2O
• 2Na + O2 → Na2O2

• K + O2 → KO2

• Rb + O2 → RbO2

• Cs + O2 → CsO2
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19.3 Hydrogen
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(left) Hydrogen gas being used to blow soap bubbles. 
(right) As the bubbles float upward, they are lighted using 
a candle on a long pole. The orange flame is due to the 
heat from the reaction of hydrogen with the oxygen in the 
air that excites sodium ions in the soap solution.
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Hydrides

• . . . are binary compounds containing
hydrogen.

• ionic hydrides: hydrogen + the most 
active metals (eg;  LiH, CaH2)
•covalent hydrides: hydrogen + other 
nonmetals (eg;  H2O, CH4, NH3)
•metallic (interstitial) hydrides: transition 
metal crystals treated with H2 gas.
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Figure 19.5:  The structure of ice, showing 
the hydrogen bonding.
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19.4 The Group 2A Elements
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Calcium metal reacting with water to form 
bubbles of hydrogen gas.



Figure 19.6:  (a) Solid 
BeCl2 can be visualized 
as being formed from 
many BeCl2 molecules, 
where lone pairs on the 
chlorine atoms are used 
to bond to the beryllium 
atoms in adjacent BeCl2
molecules. (b) The 
extended structure of 
solid BeCl2. (c) The ball-
and-stick model of the 
extended structure.
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Ion Exchange

Ca2+ and Mg2+ are often removed during ion 
exchange, releasing Na+ into solution.

• Ion exchange resin: large molecules that 
have many ionic sites.

Figure 19.7:  
(a) A schematic 
representation of a 
typical cation-
exchange resin. (b) 
and (c) When hard 
water is passed over 
the cation-exchange 
resin, the Ca2+ and 
Mg2+ bind to the 
resin.
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19.5 The Group 3A Elements
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Gallium metal has such a low melting point 
(30ºC) that it melts from the heat of a hand.
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Figure 19.8:  (a) The structure of B2H6 with its two 
three-center B— H— B bridging bonds and four "normal" 
B— H bonds. (b) The structure of B5H9. There are five 
"normal" B— H bonds to terminal hydrogens and four 
three-center bridging bonds around the base.
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19.6 The Group 4A Elements
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Lead (II) oxide, known as litharge.
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Inert Pair Effect

The tendency for the heavier elements of 
Groups 3A and 4A to exhibit lower 
oxidation states as well as their expected 
oxidation states.

•Group 3A   +1 and +3 oxidation states
•Group 4A   +2 and +4 oxidation states


