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Physical Constants

Standard acceleration of terrestrial gravity
Avogadro’s number

Bohr radius

Boltzmann’s constant

Electron charge

g =9.80655 m s~ (exactly)
Np = 6.022137 X 107

2o = 0.52917725 A = 5.2917725 X 10~ ' m

kg = 1.38066 x 1072 JK!
e= 16021773 x 1071° C

Faraday constant

=96,485.31 C mol™!

Masses of fundamental particles:

Electron -
Proton
Neutron

Ratio of proton mass to electron mass

Permittivity of vacuum

Planck’s constant

Speed of light in a vacuum

Universal gas constant

=9.109390 X 103! kg
my = 1.672623 X 1072 kg
= 1.674929 X 107% kg

mp/me = 1836.15270

€ = 8.8541878 X 1072 C?J I m™!
b =6.626076 X 107* ] s

¢ =2.99792458 X 108 m s™! (exactly)

R =8.31451 J mol 1 K~}
= 0.0820578 L atm mol ™! K™!

Values are taken from Quantities, Units and Symbols in Physical Chemistry, International Union of Pure and Applied Chemistry, Black-
well Scientific Publications, 1988.

Conversion Factors

Standard atmosphere
Atomic mass unit

Calorie
Electron volt

Foot

Gallon (U.S.)
Liter-atmosphere
Metric ton
Pound

1 atm = 1.01325 X 10° Pa
= 1.01325 X 10° kgm™ s

1u—1660540><10 7 kg

=2 (exactly)

1u=1492419 X 10~ IOJ 931.4943 MeV (energy equlvalem from E = mc?)

1 cal = 4.184 J (exactly)

16V =1.6021773 X 1079
= 96.48531 kJ mol ™!

1 ft =12 in = 0.3048 m (exactly)

1 gallon = 4 quarts = 3.78541 L (exactly)
1 L atm = 101.325 J (exactly)

1 metric ton = 1000 kg (exactly)

11b =16 oz = 0.45359237 kg (exactly)
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20 UNIT 1 INTRODUCTION TO THE STuDY OF MODERN CHEMISTRY

increasing atomic number Z, these families display a remarkable fact: patterns of
chemical behavior recur regularly as a function of Z. This discovery is summarized
concisely by the periodic law:

The chemical properties of the elements are periodic functions of the atomic
number Z.

Consequently the elements listed in order of increasing Z can be arranged in a chart
called the periodic table that displays at a glance the patterns of chemical similar-
ity. The periodic table then permits systematic classification, interpretation, and pre-
diction of all chemical information. )

The modern periodic table, shown in Figure 1.11 and inside the front cover of
this book, places elements in groups (arranged vertically) and periods (arranged
horizontally). There are eight groups of representative elements or “main-group”
elements. In addition, there are ten groups (and three periods) of transition-metal
elements, a period of elements from atomic number 57 through 71 called the rare-
earth or lanthanide elements, and a period of elements from atomic number 89
through 103 called the actinides, all of which are unstable and most of which must
be produced artificially. The lanthanide and actinide elements are usually placed
below the rest of the table to conserve space. The groups of representative elements
are numbered (with Roman numerals) from I to VIII, with the letter A sometimes
added to differentiate them from the transition-metal groups, which are labeled from
IB to VIIIB. In this book we will use group numbers exclusively for the represen-
tative elements (dropping the “A”), and we will refer to transition-metal elements
by the first element in the corresponding group. For example, the elements in the
carbon group (C, Si, Ge, Sn, Pb) are designated as Group IV, and the elements
chromium (Cr), molybdenum (Mo), and tungsten (W) as the chromium group.’

Survey of Chemical Properties: The Representative Elements

Empirical classification of the elements is based on similarities in physical or chem-
ical propertics. Elements are classified as metals or nonmetals, depending on the
presence (or absence) of a characteristic metallic Iuster, good (or poor) ability to
conduet electricity and heat, and malleability (or brittleness). Certain elements (anti-
mony, arsenic, boron, silicon, and tellurium) resemble metals in some respects and
nonmetals in others and are therefore called semimetals or metalloids. Empirical
formulas of the binary compounds of the elements with chlorine (their chlorides), with
oxygen (their oxides), and with hydrogen (their hydrides), reveal chemical periodicity.

Group I, the alkali metals (lithium, sodium, potassium, rubidium, and cesinm),
are all relatively soft metals with low melting points that form 1:1 compounds with
chlorine, having chemical formulas such as NaCl and RbCL. The alkali metals react
with water to liberate hydrogen; potassium, rubidium, and cesium liberate sufficient
heat of reaction to ignite the hydrogen. Group II, the alkaline-earth metals (beryl-
lium, magnesium, calcium, strontium, barium, and radium), react in a 1:2 atom ratio
with chlorine, giving compounds such as MgCl, and CaCl,.

Of the nonmetallic elements, Group VI, the chalcogens (oxygen, sulfur, sele-
nium, and tellurium), form 1:1 compounds with alkaline-earth metals (e.g., CaO

3 Recently, several international organizations recommended a new system of group designation in which I
the main-group elements make up Groups 1, 2, and 13 through 18, and the transition-metal elements
fill Groups 3 through 12.
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and Ba$S ) but 2:1 compounds with the alkali metals (e.g., Li;O and Na,S). Mem-
bers of Group VII, the halogens (fluorine, chlorine, bromine, and iodine) differ sig-
nlﬁcantly in physical properties (the first two are gases at room temperature, bromine
is a liquid, and iodine a solid), but their chemical behaviors are similar. Any alkali-
metal element will combine with any halogen in 1:1 proportion to form a com-
pound such as LiF or RbI, called an alkali halide. Alkaline-earth metals react with
halogens in 1:2 proportion, giving alkaline-earth halides such as CaF; and MgBr;.
Other elements fall into three additional groups that are somewhat less clearly
defined in their chemical and physical properties than those already mentioned.
Group III contains a semimetal (boron) and four metals (aluminum, gallium, indium,
and thallium), All form 1:3 chlorides (such as GaCls) and 2 : 3 oxides (such as Al,O3).
Group IV consists of the elements carbon, silicon, germanium, tin, and lead. All of
these elements form 1:4 chlorides (such as SiCly), 1:4 hydrides (such as GeHy), and
1:2 oxides (such as SnO,). Tin and lead are metals with low melting points, and sil-
icon and germanium are semimetals. Elemental carbon exists in numerous forms:
graphite, diamond, and the recently discovered fullerenes. Group V includes nitro-
gen, phosphorus, arsenic, antimony, and bismuth. With hydrogen and oxygen these

FIGURE 1.11 The modern periodic
table of the elements. Below each
symbol is the year in which that ele-
ment was discovered; elements with
no dates have been known since
ancient times. Above each symbol is
the atomic number. The color cod-
ing indicates the relative abundance
by mass of the elements in the world
(the atmosphere, oceans and fresh-
water bodies, and the Earth’s crust
to a depth of 40 km). Oxygen alone
comprises almost 50% of this mass,
and silicon comprises more than
25%.
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