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1.

THE ELEMENTS
AND THE PERIODIC TABLE

The number of protons in the nucleus of an atom is referred to as the atomic number,
or proton number, Z. The number of electrons in-an electrically neutral atom is also equal
to the atomic number, Z. The total mass of an atom is determined very nearly by the total
number of protons and neutrons in its nucleus. This total is called the mass number, A.
The number of neutrons in an atom,the neutron number,is given by the quantity A-Z.

The term element refers to a pure substance with atoms all of a single kind. To the
chemist the “kind” of atom is specified by its atomic number,since this is the property that
determines its chemical behavior. At present all the atoms from Z=1 to Z =107 are
known;there are 107 chemical elements. Each chemical element has been given a name and
a distinctive symbol. For most elements the symbol is simply the abbreviated form of the
English name consisting of one or two letters,for example;

oxygen=0 nitrogen=N neon=Ne magnesium=Mg

Some elements, which have been known for a long time,have symbols based on their
Latin names,for example : : '

iron=Fe(ferrum) copper=Cu(cuprum) lead=Pb (plumbum)

‘A complete listing of the elements may be found in Table 1.

Beginning in the late seventeenth century with the work of Robert- Boyle, who pro-
posed the presently accepted concept of an'element, namerous investigations produced a
considerable knéwledge of the properties of elemeénts and ‘their compounds®. In '1869,
D. Mendeleev and L. Meyer, working independently, proposed the 'periodic law. In modern
form, the law states that the properties of the él'e‘m‘ents are periodic functions of their
atomic numbers. In other words, when the elements are listed in order of increasing atomic
number, elements having closely similar properties will fall at definite intervals along the
list. Thus it is possible to arrange the list of elements in tabular form with elements having
similar properties.placed in wertical columns?®. Such an arrangement is called a pefiodic
table. '

Each' horizontal' row of elements constitutes: a period. It should be noted that the
lengths of the periods vary. There.is a- very short period containing ‘only 2 elemehts,fch
lowed by two short periods of 8 elements each,and then two long periods of 18 elements
each®. The next period includes 32 elements,and the last period is apparently incomplete.
With this arrarigement,elements in the same vertical cplumn have similar characteristics.
These columns constitute the chemical families or groups. The groups headed by the mem-
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bers of the two 8-clement periods are designated as main group elements,and the members
of the other groups are called transition or inner transition elements.

In the periodic table,a heavy stepped line divides the elements into metals and non-
metals. Elements to the left of this line (with the exception of hydrogen)are metals,while
those to the right are nonmetals. This division is for convenience only ;elements bordering
the line--the metalloids-have properties characteristic of both metals and nonmetals. It may
be seen that most of the elements, including all the transition and inner transition ele-
ments,are metals.

Except for hydrogen,a gas,the elements of group IA make up the alkali metal family.
They are very reactive metals,and they are never found in the elemental state in nature.
However, their compounds are widespread. All the members of the alkali metal family
form ions having a charge of 1+ only. In contrast,the elements of group IB—copper,sil-
ver.and gold —are comparatively inert. They are similar to the alkali metals in that they
exist as 14 ions in many of their compounds. However,as is characteristic of most transi-
tion elements,they form ions having other charges as well*.

The elements of group TA are known as the alkaline earth metals. Their characteristic
ionic charge is:2+. These metals, particularly the last two members of the group,are al-
most as reactive as the alkali metals. The group IB elements—zinc,cadmium,and mercury
arc less reactive than are thase of group IAS®,but are-more reactive than the neighboring
elements of group IB. The characteristic charge on their ions is also 2+,

With the exception of boron,group HA elements are also fairly reactive metals. Alu-
minum appears to be inert toward reaction with air,but this behavior stems from the fact
that the metal forms a thin ,invisible film of aluminum oxide on the surface,which protects
the bulk of the metal from further oxidation. The metals of group UA form ions of 3+
charge. Group IB consists of the metals scandium,yttrium,lanthanum,and actinium.

Group NA consists of a nonmetal,carbon,two metalloids,silicon and germanium,and
two metals, tin and lead. Each: of these elements forms some compounds with formulas
which indicate that four other atoms are présent per group VA atom,as,for example,car-
bon tetrachloride, CCl,. The group NB metals — titanium, zirconium, and hafnium — also
form compounds in which each group VB atom is combined with four other atoms;these
compounds are nonelectrolytes when pure.

The elements of group VA include three nonmetals — nitrogen, phosphorus,and ar-
senic —and two metals —antimony and bismuth. Although compounds with the formulas
N,QOs,PCl;,and AsCl; exist,none of them is ionic. These elements do form compounds — ni-
trides, phosphides ,and arsenides —in which ions having charges of minus three occur. The
elements of group VB are all metals. These elements form such a variety of different com-
pounds that their characteristics are not easily generalized.

With the exception of polonium,the elements of group VA are typical nonmetals. They
are sometimes known as the chalcogens, from the Greek word meaning "ash formers”. In
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their binary compounds with metals they exist as ions having a charge of 2-. The elements
of group. VIA are all nonmetals and are known as the halogens,from the Greek term mean-
ing "salt formers.” They are the most reactive nonmetals and are capable of reacting with
practically all the metals and with most nonmetals,including each other.

The elements of groups VIB ,VIB,and VEB are all metals. They form such a wide vari-
ety of compounds that it is not practical at this point to present any examples as being typ-
ical of the behavior of the respective groups®.

The periodicity of chemical behavior is illustrated by the fact that,excluding the first
period ,each period begins with a very reactive metal. Successive elements along the period
show decreasing metallic character,eventually becoming nonmetals,and finally,in group VI
A ,a very reactive nonmetal is found..Each period ends with a member of the noble gas fam-

ily. . . S
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Table 1 IUPAC* Names and Symbols of the Elements

Name Symbol - At. No. WiE 4
Actinium Caek’tiniam) Ac 89 i
Aluminum (a'lju: minam) Al 13 22}
Americium (2ema' risiom) - Am 95 '95
Antimony (' emtimani) Sb 51 &
Argon ('a:gon) Ar 18 =
Arsenic Ca:snik] ' As 33 i
Astatine (' zestatin) At 85 '3
Barium ('beoriom) Ba 56 @l
Berkelium ('ba : kliam) Bk 97 &
Beryllium (be'riljom) Be 4 &
Bismuth (' bizmaf) Bi 83 &k
Boron U'bo:ron) B 5 W
Bromine ('broumi:n) Br 35 8]
Cadmiun ('kaedmiom) Cd 48 &
Calcium (keelsiom) Ca 20 55
Cdlifornium (keeli' fo:niomJ Cf 98 0
Carbon ("ka :bon) C 6 B
Cerium ('sioriom] Ce 58 &
Cesium ('si:ziom) Cs 55 L)
Chlorine ('klo:rin) Cl 17 -
Chromium ('kroumism) Cr 24 &%
Cobalt Cka'bo:1t) " Co 27 &
Copper Ukopa) Cu 29 &
Curium (kjusriom) Cm 96 L]
Dysprosium (dis' prousiamJ Dy 66 L]
Einsteinium (ain’ stainiom) " Es 99 &
Erbium ('a:biam) Er 68 L::A
Europium Cjua' roupiom) " Eu 63 5]
Fermium (' feamiom) Fm 100 ;4
Fluorine Uflu()orin) F 9 #
Francium (' fraensiam) " Fr 87 &5
Gadolinium (,geda’liniam} Gd 64 &L
Gallium (' geeliom) " Ga 31 &
Germanium (d3e:'meinioam3 Ge 32 %
Gold (' gould) " Au 79 3
Hafnium (' hafniam) Hf 72 &
Helium Chi:ljom) " He 2 f
Holmium (" holmiem) Ho 67 &
Hydrogen ('haidradzan) H 1 =
Indium ('indiom]) In 49 i)
Todine ("aiadi:n) I 53 4
Iridium (ai’'ridiom] Ir 77 3




Iron
Krypton
Lanthanum
Lawrencium
Lead
Lithitum
Lutetium
Magnesium
Manganese
Mendelevium
Mercury
Molybdenum
Neodymium
Neon
Neptunium
Nickel
Niobium
Nitrogen
Nobelium
Osmium
Oxygen
Palladium
Phosphorus
Platinum
Plutonium
Polonium
Potassium
Praseodymium
Promethium
Protactinium
Radium
Radon
Rhenium
Rhodium
Rubidium
Ruthenium
Samarium
Scandium
Selenium
Silicon
Silver
Sedium
Strontium
Sulfur

Tantalum

("aian)
U'kripton]

(' leenfanom]
(lo'rensiam]
{led]

{'ligiam)
Uju:’ti:fiem3
(meeg' ni:ziom)
{'mengs ni:z)
{ymenda'liviam]
Umakjuri)
Umo’libdi:nem)
(ini(:)a'dimiam)
(yni;an)
(nep'tjuniam)
Unikall
(nai’oubiom)
( naitridzan)
{nou'beliam)
(' szmiam)

(' oksidzan)
(po'leidiam}
('fosfaras)
{'plaetinem)
(plu:"tounjem)
(po'louniom]
(po'teesjom)
(,preiziou’dimiom))
(pro' mi:Biom]
(,proutaek’tiniam]
(Ureidiam)
{'reidon)
('ri:niam)
('roudiom]
Cru:'bidiam)
Cru:'Biniam)
(sa' meariom)
('skandiam)
(si'li:njom)
(silikan
Usilva)
('soudjom)]
U'stronfiam}
Usalfa)
('tzntolom)

26
36
57
103
82

71
12
25
101
80
42
60
10
93
28
41

102
76

16
15
78
94
84
19
59
61
91
88

86

75
45

37

44
62
21

34

14
47
11
38
16
73
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Technetium Ctek’ni:fiamJ Te 43 =3
Tellurium Cte’ljueriam} Te 52 i3
Terbium (' ta:biom) Tb 65 &
Thallium (' feeliam) Tl 81 &
Thorium ('8o:rism] Th 90 &
Thulium ('9ju:liom] Tm 69 &
Tin Ctin) Sn 50 )
Titanium (ti’ teiniom) Ti 22 £k
Tungsten {'tansten] w o 74 ]
Uranium (jua'reinjom] U 92 &
Vanadium (va'neidiam) v a3 #
Xenon ('zenon] Xe 54 il
Ytterbium (i'taibjom) Yb 70 *
Yttrium Citriom) Y 39 i74
Zin¢ (' zigk) Zn 30 >3
Zirconium {za:' kouniom]} Zr 40 5]

- # ITUPAC £ International Union of Pure and Applied Chemistry, Bl . “ B B &l ¥ £k 2£ 1 5 F

S"NES.

E ¥

1. beginning in the late seventeenth century with the work of Robert Boyle, who propoced
the presently accepted concept of an element, numerous investigations produced a con-
siderable knowledge of the properties of elements and their compounds. 3 % “numerous
investigations  ++ compounds. ” 3 341 ,Beginning 5| § i 43 17 & & & 7 B 18] A9 R
i&,“who - an element”/2 {8 Robert Boyle #EiF M\ AT, A F I “RIE 17 HER
B, B4 BXERFETXIALA, RETAEAUANTRES, KENFRER
I3 TR R MR TS0 T 8. |

. Thus it is possible to arrange the list of elements in tabular form with” elements having
similar properties placed in vertical columns. &4 # it £ A £i&, £ £ “to arrange -
columns. A EREIE, 415 P with elements columns B EAREMIEFT R
& &M arrange, BT RERAB LA UHERKTRIERAS ,H\i\'ﬁiﬂmiﬁiﬁﬁiiﬁﬁ/
RETEN.”

.each.l’flﬂi&hﬁﬁ‘]iﬁ],——ﬁ&lﬁ’ﬂ?%%oﬁ!ﬁ%“ﬁﬁ*”;“é(”l‘ﬁﬁ)",ﬂlﬁﬂf’ﬁffﬁgiﬂ?ﬂﬁiﬂ,
fm“each horizontal row”#1“each of these elements”,

. However, as is characteristic of most transition elements, they form ions having other
charges as well. X B “they form as well” £ £ 4],“as is - elements” 2R R
17 as 31 B892 E M, BB AT as KBENAPELE. £ARX: “?P‘Tﬁ]’ REE
AWTEFRA N A—# CNOERAERTRHMET.”

.than are those of'group TIA; Than [EEIMA], BB £ EEGE. -

6. They form such a wide variety of compounds that it is not practical at this point to pre-
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sent any examples as being typical of the behavior of the respective groups. “They form

compounds” & £ 4], “that it is -+ AR that 51 K45 RRIE M A, N H
as+ B AESTH A1 415 “being -+ groups”j& examples B EIE I “EMER T &M AR
W EY,. EX— A LRMNEZAEEREMERASHETERYTAHEAF.”

2.

THE NONMETAL ELEMENTS

We noted earlier that nonmetals exhibit properties that are greatly different from
those of the metals. As a rule,the nonmetals are poor conductors of electricity (graphitic
carbon is an exception)and heat;they are brittle,are often intensely colored,and show an
unusually wide range of melting and boiling points. Their molecular structures,usually in-
volving ordinary covalent bonds,vary from the simple diatomic molecules of H,,Cl;,I,,and
N, to the giant molecules of diamond,silicon and boron.

The nonmetals that are gases at room temperature are the low-molecular weight di-
atomic molecules and the noble gases that exert very small intermolecular forces. As the
molecular weight increases,we encounter a liquid (Br;)and a solid (I,) whose vapor pres-
sures also indicate small intermolecular forces. Certain properties of a few nonmetals are
listed in Table 2. ' '

Table 2. Molecular Weights and Melting Points of Certain Nonmetals

Diatomic Molecular Melting Point

Molecules Weight C Color
H, 2 —259. 1! None
N, 28 —210 None
F, : : 38 —223 Pale yellow
0, 32 —218 A Pale blue
Cl, 71 —102 Yellow—green
Br, 160 -7.3 Red —brown
I 254 113 Gray—black

Simple diatomic molecules are not formed by the heavier members of Groups V and
VI at ordinary conditions. This is 'in direct contrast to the first members of these groups,N,
and O,. The difference arises because.of the lower stability of = bonds formed from p or-
bitals of the third and higher main energy levels as opposed to the second main energy lev-
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el’. The larger atomic radii and more dense electron clouds of elements of the third period
and higher do not allow good parallel overlap of p orbitals necessary for a strong « bond.
This is a general phenomenon—strong m bonds are formed only between elements of the
second period. Thus,elemental nitrogen and oxygen form stable molecules with both ¢ and
7 bonds, but other members of their groups form more stable structures based on ¢ bonds
only at ordinary conditions. Note® that Group VI elements form diatomic molecules,but =
bonds are not required for saturation of valence.

Sulfur exhibits allotropic forms. Solid sulfur exists in two crystalline forms and in an
amorphous form. Rhombic sulfur is obtained by crystallization from ‘a suitable solution,
such as CS,,and it melts at 112'C. Monoclinic sulfur is formed by cooling melted sulfur and
it melts at 119°C. 'Both forms of crystalline sulfur melt into S-gamma,which is composed
of Sy molecules. The Sg molecules are puckered rings and survive heating -to about 160°C.
Above 160°C ,the S;rings break open,and some of these fragments combine with each oth-
er to form a highly viscous mixture of irregularly shaped coils.. At a range of higher tem-
peratures the liqlﬁd sulfur becomes $o viscous that it will not pour from its container. The
color also changes from straw yellow at sulfur’s melting point to a deep reddish-brown as
it becomes more viscous.

As* the boiling point of 444 C is approached,the large-coiled molecules of sulfur are
partially degraded and the liquid sulfur decreases in viscosity. If the hot liquid sulfur is
quenched by pouring it into cold water, the amorphous form of sulfur is. produced. The
structure of amorphous sulfur consists of large-coiléd helices with eight sulfur atoms to
each turn of the helix;the overall nature of amorphous sulfur is described as® rubbery be-
cause it stretches much like.ordinary rubber. In a few hours the amorphous sulfur reverts
to small rhombic crystals and its rubbery property disappears.

Sulfur,an important raw material in industrial chemistry,occurs as® the free element,
as® Sdz in volcani¢ regions;as H,S in mineral waters,and in a variety of sulfide ores such as
iron pyrite FeS,,zinc blende ZnS,galena PbS and such,and in common formations of gyp-
sum CaSQ, ¢ 2H,0,anhydrite CaSO,,and :barytes BaSQ, ¢ 2H,0. Sulfur,in. one form or an-
other,is used in large quantities for making sulfuric acid,fertilizers,insecticides,and' paper.

Sulfur'in the form of SO, obtained in the roasting of sulfide ores is recovered and con-
verted to: sulfuric acid,although in previous years much of this SO;was discarded through
exceptionally tall smokestacks. Fortunately, it is now economically. favorable to recover
these gases,thus greatly reducing this type of atmospheric pollution. A typical roasting re-
action involves the change; « ’ »

2 ZnS+3 O,—2 ZnO+2 SO, 5

Phosphorus, below 800°C ,consists of tetratomic molecules,P,. Its molecular structure
provides for a.covalence of three,as may be expected from the three unpaired p electrons in
its atomic $tructure,and each atom is attached to three others®. Instead of a strictly orthog-
onal orientation,with the three bonds 90° to each other,the bond -angles are only 60°. This
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supposedly strained. structure is stabilized by the mutual interaction of the four atoms
(each atom is bonded to the other three),but it is chemically the most active form of phos-
phorus. This form of phosphorus,the white modification,is spontaneously combustible in
air. When heated to 260C it changes. to red phosphorus,whose structure is obscure. Red
phosphorus is stable in air but,like all forms of phosphorus it should be handled carefully
because of its tendency to migrate to the bones when ingested,resulting in serious physio-
logical damage. '
Elemental carbon exists in one of two crystalline structures—diamond and graphite.
The diamond structure,based on tetrahedral bonding of hybridized sp* orbitals,is encoun-
tered among Group N elements. We may expect that as the bond length increases, the
hardness of the diamond-type crystal decreases. Although the tetrahedral structure persists
among the elements in this group — carbon, silicon, germanium, and gray tin — the inter-
atomic distances increase from 1. 54 A for carbon to 2. 80 A- for gray tin. Consequently,the
bond strengths among the four elements range from very strong to quite weak. In fact,gray
tin is so soft that it exists in'the form of microcrystals or merely as a powder. Typical of

the Group ‘N diamond-type crystalline elements,it is a nonconductor and shows other non-

metallic properties’.

exhibit[ig'zibit] vt. n. BR,FHR,. 25
graphitic[gra'fitik] a. HBE
graphite['greefait] n. A8
brittle['britl] a. 5 ®H
intensely[in’tensli] ad. 34}
diatomic molecule XUE F4F
melting point['meltiy point] #&E
boiling point['basilin’ point] K
molecule['molikju:l] n. 4+F,B4HF
molecular[mou'lekjula] a. 5F 8
molecular weight 4 F 8
structure['straktfo] n. &Hy .
valent{'veilont] a. #+ &9
covalent[kou'veilont ] a. F£H#H#
valence['veilans] n. (JEF)#t
bond[bond] n. §&;vi. &4, HE
diamond{'daismand ] n. €RIA
exert[ig'zait] vt. F=4, R
liquid[’likwid] n. a. Wif&
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solid[’solid] n. a. E{&

vapor['veipa] n. K

pressure['prefo] n. Ky

intermolecular[ inta(:)mou’lekjula] a. 43

TR :

.arise[o'raiz] vi. W, B4

stability[sta'biliti ] n. BB, BEH
stable['steibl ] a. BB H) , BEH
orbital['o:bitl ] n. a. $i8

energy level['enadzi’ levi]fB4%
radius('reidias J(& radii['reidiai ])n. 2642
electron[i'lektron] n. 887

electron cloud B += .
parallel['peeralel ] a. 4789 , Bl — 7 [ #
overlap[ouvo’leep] n. v. E&
phenomenon[fi'nominan] n. 4
allotropic[ la’tropik ] a. B R
crystalline['kristalain] a. n. 5 &
crystal['krist]] n. 45 54




