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The Chemical Elements
and Their

Relative Atomic Masses

Key Words X{in)

chemical element {L2¥TE IUPAC [EraiR 5 k2% R
relative atomic mass AN R TS U

atomic weight JRT& Commission on Atomic Weights and
invarient AR Isotopic Aboundences J& -
radioactive element H TR BSRMNEFEERERE
isotope [@E & under review FEFFIN A

half-life -5 Pure and Applied Chemistry { Zi¥g
uncertainty AR Hi € H 5n 46 BT ,
source R

The masses of many elements are not invarient but depend on the origin and
treatment of the material. The values given on the table apply to elements as they
exist naturally on earth. Values in brackets are used for radioactive elements whose
atomic masses cannot be quoted precisely without knowledge of the origin of the
elements ; the value given is the relative atomic masses of the isotope of the element
having the longest half-life. A number in parentheses indicates the uncertainty in the
last digit of the atomic weight.

Source  International Union of Pure and Applied Chemistry ( IUPAC)
Commission on Atomic Weights and Isotopic Aboundances. The names and
symbols for elements 110 and 111 are under review. The temporary system
recommended by J. Chatt ( see Pure and Applied Chemistry,51:381 ~ 384,
1979. ) is used in the table. The names of elements 101 to 109 were agreed in
1997. (See Pure and Applied Chemistry ,69: 2471 —2473,1997. )
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Actinium
Aluminum
Americium
Antimony
Argon
Arsenic
Astatine
Barium
Berkelium
Beryllium
Bismuth
Bohrium
Boron
Bromine
Cadmium
Calcium
Californium
Carbon
Cerium
Cesium
Chlorine
Chromium
Cobalt
Copper
Curium
Dubnium
Dysprosium
Einsteinium
Erbium
Europium
Fermium
Fluorine
Francium
Gadolinium
Gallium
Germanium
Gold
Hafnium
Hassium

89
13
95
51
18
33
85
56
97

83
107

35
48
20
98

58
55
17
24
27
29
96

105

68
63
100

87

31
32
79
72
108

[227]
26.981 538(2)
[243]
121.760(1)
39.948(1)
74.921 60(2)
[210]
137.327(7)
[247]

9.012 182(3)
208.980 38(2)
[262]
10.811(7)
79.904(1)
112.411(8)
40.078(4)
[251]

12.010 7(8)
140.116(1)
132.905 45(2)
35.4527(9)
51.996 1(6)
58.933 200(9)
63.546(3)
[247]

[262]
162.50(3)
[252]
167.26(3)
151.964(1)
[257]

18.998 403 2(5)
[223]
157.25(3)
69.723(1)
72.61(2)

196. 966 55(2)
178.49(2)
[265]
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Helium
Holmium
Hydrogen
Indium
Iodine
Iridium

Iron
Krypton
Lanthanum
Lawrencium
Lead
Lithium
Lutetium
Magnesium
Manganese
Meitnerium
Mendelevium
Mercury
Molybdenum
Neodymium
Neon
Neptunium
Nickel
Niobium
Nitrogen
Nobelium
Osmium
Oxygen
Palladium
Phosphorus
Platinum
Plutonium
Polonium
Potassium
Praseodymium
Promethium
Protactinium

Chapter 1 The Chemical Elements and Their Relative Atomic Masses

He

Ho

FEEFFIFTET

No

FIrRIFITIOCR

Pa

103
82

71
12
25
109
101
80
42

10
93
28
41

102
76

oo

78
94
84
19
59
61

91

4,002 602(2)

( Continued)

164. 930 32(2)
1.007 94(7)
114. 818(3)
126. 904 47(3)
192.217(3)
55.845(2)
83.80(1)
138.905 5(2)
[262]
207.2(1)
6.941(2)
174.967(1)
24.305 0(6)
54.938 049(9)
[266]

[258]
200.59(2)
95.94(1)
144.24(3)
20.179 7(6)
[237]

58.693 4(2)
92.906 38(2)
14.006 74(7)
[259]
190.23(3)
15.999 4(3)
106.42(1)
30.973 761(2)
195. 078(2)
[244]

(209]

39.098 3(1)
140. 907 65(2)
[145]
231.035 88(2)

<
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Radium
Radon
Rhenium
Rhodium
Rubidium
Ruthenium
Rutherfordium
Samarium
Scandium
Seaborgium
Selenium
Silicon
Silver
Sodium
Strontium
Sulfur
Tantalum
Technetium
Tellurium
Terbium
Thallium
Thorium
Thulium
Tin
Titanium
Tungsten
Ununnilium
Unununium
Uranium
Vanadium
Xenon
Ytterbium
Yttrium
Zinc

T AGELFENT]

( Continued)

[226]
[222]
186.207(1)
102. 905 50(2)
85.467 8(3)
101.07(2)
[261]
150.36(3)
44.955 910(8)
[263]
78.96(3)
28.085 5(3)
107. 868 2(2)
22.989 770(2)
87.62(1)
32.066(6)
180.947 9(1)
(98]

127. 60(3)
158. 925 34(2)
204. 383 3(2)
232.038 1(1)
168.934 21(2)
118.710(7)
47.867(1)
183.84(1)
[269]

[272]
238.028 9(1)
50.941 5(1)
131.29(2)
173.04(3)
88.905 85(2)
65.39(2)
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Zirconium

Ra 38
Rn 86
Re 75
Rh 45
Rb 37
Ru 4
Rf 104
Sm 62
Sc 21
Sg 106
Se 34
Si i 14
Ag 47
Na 11
Sr 38
S 16
Ta 73
Tc 43
Te 52
Tb 65
Tl 81
Th 90
Tm 69
Sn 50
Ti 22
w 74
Uun 110
Uuu 111
8] 92
A" 23
Xe 54
Yb 70
Y 39
Zn 30
Zr

91.224(2)
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acid-base reaction FEEBE SN
acid M

alkali metal B%)B

alkaline earth metal Bt %8
allotrope [FjE REAE
alpha(a) particle o $.F
alpha ray o §1£R

anion FABT

atom JEF

atomic number JR T FEL
atomic weight BT &

base B

beta(B) particle B ¥ T

beta ray P HT£R

cation PAEF

binary compound __JCiLE Y
chemical formula L% =,
diatomic molecule XUEF4T
electron BT

empirical formula 2L
families %

gamma(y) ray vy 5%

Nomenclature of
Inorganic Compounds

group JTLEKE

halogen K%

hydrate KE&Y)

ion BE¥F

ionic compound B} TEILED)
isotope [ &

law of conservation of mass fRESF
{8 2 %

law of definite proportion i LbEHR
law of multiple proportion %L EHE
mass number B

metal &8

metalloid #4RE,ELRE
molecular formula 43+,
molecule 43F

monoatomic ion B FET
neutron FF

noble gas {EHS A

nonmetal JE£ /B

nucleus JR-F#%

oxyacid FEMR

oxyanion FEMAET




antrance to Bilingual ChemiisiivE & 8- 2% F Ns!

oxide ity proton JEF

period JE# radiation @5t

periodic table #iF%E radioactivity U
polyatomic ion ERFH T structural formula ZE5HR
polyatomic molecule HEF4F ternary compound =JCALE Y

The composition of a compound may be specified by giving either its formula
or its name. Here, we consider a problem that of developing a system of
nomenclature for the chemical compounds. In the interest of clarity and simplicity,
we shall restrict our discussion to a relatively small number of rules which will
suffice to name the great majority of inorganic compounds encountered in an

introductory course in chemistry.

2.1 lonic Compounds

The names of ionic compounds are derived from those of the ions of which
they are composed. We shall first consider the nomenclature of individual ions and

then the names of the compounds they form.

2.1.1 Positive lons

Monoatomic positive ion takes the name of the metal from which they are
derived.

Na* Ca®* APt

When a metal forms more than one ion, it is necessary to distinguish between
these ions. The accepted practice today is to indicate the oxidation number of the ion
by a Roman numeral in parentheses immediately following the name of the metal.

Fe’* iron( 1) Cu* Copper( 1) Sn** tin( 1)
Fe**  iron( ) Cu’* Copper( 1) Sn**  tin(IV)

An earlier method, still widely used,adds to the stem of the Latin name of the
metal the suffixes -ous or -ic, representing the lower and higher. oxidation states
respectively .

Fe’* ferrous Cu® Cuprous Sn’*  stannous
Fe’* ferric Cu’* Cupric Sn**  stannic
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The only polyatomic cation to be considered here are .

NH, ammonium Hg}* mercury( [ ) or mercurous

2.1.2 Negative lons

Monoatomic negative ions named by adding the suffix —ide to the stem of the
name of the nonmetal which they are derived.

N°~ nitride 0*"  oxide F~ fluoride H~ hydride
S2- . sulfide Cl~ chloride
Se’~ selenide Br~ bromide

Te’” telluride I~  iodide
The nomenclature of polyatomic anions is more complex. The names of some
of the more common oxyanions are ;

OH™ hydroxide NO, nitrite ClO, chlorite

02" peroxide SO; ™ sulfate ClO~ hypochlorite
CO;}~ carbonate SO;™  sulfite MnO, permanganate
PO, phosphate ClO, perchlorate CrO;” chromate
NO, nitrate ClO, chlorate Cr,0" dichromate

It will be noted when the nonmetal such as nitrogen or sulfur forms two oxyanions
in different oxidation states, the suffixes -ate and -ite are used to distinguish between
the higher and lower states respectively. With elements such as chlorine which form
more than two oxyanions, the prefixes -per (the highest oxidation state) and -hypo
(the lowest oxidation state) are used as well.
Oxyanions that contain hydrogen as well as nonmetal and oxygen atoms are

properly named as illustrated in the following examples;

HCO,; hydrogen carbonate HPO.~ hydrogen phosphate

HSO, hydrogen sulfate H,PO, dihydrogen phosphate

2.1.3 Compounds

The name of the positive ion is given first, followed by the name of the

negative ion. Examples are
CaCl, calcium chloride

FeBr, iron( II ) bromide
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(NH,),S0, ammonium sulfate
Fe(ClO,), iron( [l ) perchlorate
NaHCO, sodium hydrogen carbonate
In practice, compounds containing metal atoms, regardless of the type of
bonding involved, are ordinarily named as if they were ionic. For example, the
compound AICl, and SnCl, , in both of which the bonding is primarily covalent, are

named as follows:
AICl, aluminum chloride SnCl, tin(IV) chloride

2.2 Binary Compounds of the Nonmetals

When a pair of nonmetals form only one compound, that compound may be
named quite simply. The name of the element whose symbol appears first in the
formula is written first. The second portion of the name is formed by addition the
suffix -ide to the stem of the name of the second nonmetal. Examples include

HCl hydrogen chloride
H,S hydrogen sulfide
NF, nitrogen fluoride

If more than one binary compound is formed by a pair of nonmetals, as is most
often the case, the Greek prefixes di = two, tri = three, tetra = four, penta = five,
hexa =six ,and so on,are used to disignate the number of atoms of each element.
Thus, the oxides of nitrogen are named:

N,O; dinitrogen pentoxide
- N,O, dinitrogen tetroxide
NO, nitrogen dioxide
N,O, dinitrogen trioxide
NO nitrogen oxide
N,O dinitrogen oxide
A great many of the best known binary compounds of the nonmetals have

acquired common names which are widely and, in some cases, exclusively used.

These include
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H,O
H,O0, hydrogen peroxide AsH, arsine

water PH, phosphine

NH, ammonia NO nitric oxide

N,H, hydrazine N,O nitrous oxide

2.3 Oxyacids

The names of some of the more common oxygen acids are listed as follows:

H,CO, carbonic acid H,SO, sulfurous acid
H,BO, boric acid HCIO, perchloric acid
HNO, nitric acid HCIO, chloric acid
HNO, nitrous acid HCIO, chlorous acid
H,SO, sulfuric acid HCIO hypochlorous acid

It is of interest to compare the names of these oxyacids to those of the
corresponding oxyanions listed previously. Note that oxyanions whose names end in
-ate are derived from acid whose names end in -ic. Compare, for example , CO2~
(carbonate) and H,CO, ( carbonic acid) ,NO, (nitrate) and HNO, ( nitric acid) ,
ClO, (perchlorate) and HCIO, ( perchloric acid ). Oxyanions whose names end in
-ite are derived from acids whose names end in -ous. Thus, NO, ( nitrite) and
HNO, (nitrous acid) ;Cl1O~ (hypochlorite) and HCIO (hypochlorous acid).

2.4 Coordination Compounds

The nomenclature of compounds containing complex ions in which a metal
atom is held by coodinate covalent bond to two or more ligands is perhaps more
involved than that of any other type of inorganic compound. Several rules are
required , the more pertinent of which are as follows.

(1) As in simple ionic compounds, the cation is named first, followed by the
anion.

(2) If there is more than one ligand of a particular type attached to the central
atom, Greek prefixes are used to indicate the number of these ligands. Where the
name of the ligand itself is complex (e. g. ethylenediammine ) ,the number of such




