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The Periodic Table of the Elements

The periodic table condenses a great store of information
about physics and chemistry that enables us to under-
stand various relationships among different elements. This
information is based on the periodic 1aw wh;ch stalss

that the properties of are p of
their atomic numbers. It is this psnodlcll\r that provides a
basis far organizing the chemical and physical properties
of the elements.

When elements are listed together on the basis of in-
creasing alomic number, elements having similar chemical
and physical properties appear at regular intervals in
the listing. More than a century ago Dmitri Mendeleev
worked out a scheme for showing the periodicity of the
elements, but his scheme was based on atomic mass, not
on atamic number. The large foldout table presented
here is a modified version of Mendeleev's original layout.
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To distinguish the iti from the

representative families, fold along the leading edge of
Group |IIA (Step 1). After the fold has been made,
bring the two short line marks together (Step 2).
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Traditional 1ables have relied on the printed word to
describe pericdic relationships. In contrast, this version
provides a series of visual reference points for the main
aelemental properties in order to emphasize this perio-
dicity. The large table lists elements with similar prop-
erties in vertical columns, or groups: elements having
dissimilar properties are listed in horizontal rows, or
periods. The arrangement shows the order in which atoms
lose or gain electrons, which is called their order of ac-
tivity. It is on the basis of this ordering that we classify
elements as ' ‘metals,” m:m -metals”™ (mcludmg inert

somewhat on the orbital quantum number [, which de-
scribes the magnitude of the electron’s angular (or rota-
tional) momentum, The smaller the orbital quantum
number, the closer to the nucleus the electron is likely to
be, and the lower its total energy. Like linear momentum,
angular is a vector g ity and to fully de-
scribe it we must give its direction as well. The orientatior
of these orbitals affects the way atoms combing into
An el b consists of all the elec-

trons having the same principal quantum number n and
the same arbital guantum number [.

When a given shell or subshell contains all the electron
it can hold, it is said to be closed. And whether a shell

gases), and tals' {or tr i When
the large table is folded as indicated, the transition ele-
ments are separated from the other, more rep tative
elements.

The more active the element, the more intense the coler
used to shade the square for that element in the table.
From this shading it becomes evident that the most active
metal (the one with the strongest tendency to lose elec-
trons in chemical reactions) falls in the lower left-hand
corner of the table, and that the most active nonmetal
{the one with the strongest tendency to acquire electrons)
falls in the upper right-hand corner. This gradation is
referred to as an “electronegativity” scale, and it provides
a qualitative way of describing the strength with which
amms bond to each other, Gemarall\-I the greater the
di electr ies of two
the greater the strength of the bond between them.

What is the physical basis for the periodicity seen in
this table? Each atom has only certain allowed energy
levels, which are designated by n—a whole number (or
principal quantum number) in a set starting with n =1,
But within each set of n are further divisions, For example,
1s stands for the lowest energy level n=1; and 25 and
2p stands for the two energy levels corresponding to
n = 2. These divisions contain “hidden" energy states. For
example, every s level containg two states; every p level
conla-ns six slates; every d level, ten states, and so on.

ding to the Pauli lusion principle, there can be
no more Ihan ane electron in each of these states. On the
average, all of the electrons with the same principal quan-
tum number n are roughly the same distance away from
the nucleus, and all have similar energy values. Such
electrons are said to belong to the same electron shell.

The schematic color wheel is a visual key to the suc-
cessive ordering of these shells, Each shell is given a
letter (K, L, M, N, ©... ) to correspond with a principal
quantum number (1, 2, 3,4, 5, .. ), The table above the
wheel shows the order of filling for the orbitals, based on
quantum mechanics, Each s, p, f, and d subshell is indi-
caled by a slash mark, Using this slash mark, the table
can be examined in an orderly way. The group A elements
{or representative families) can be divided into two &
and p blocks on the left- and right-hand side of the table.
The transition elements show d-orbital filling, and the
inner transition elements, f-subshell filling. Usually in
these last two groups, inner d and f subshells are being
filled even though electrons already occupy orbital posi-
tions in the next outer subshell. Some of the outer sub-
shells are associated with lower energies, and the atom
can achieve,a more stable configuration by filling these
shells first,

The energy an electron has in a given shell also depends

ar is “open” or closed relates to the order of
activity found in the periodic table, When an atom has
only closed shells or subshells, its electric charge is dis-
tributed uniformly, It does not attract additional electrons.
nor can its electrons be detached very easily. (This be-
havior is characteristic of the “passi nert gases.)
When an atom has only one electron in its outermost shell
it tends to lose that b the negative electro
is far away from the attractive pull of the positive charge
of the nucleus. (Alkali metals fall in this category.) And
when an atom lacks only one electron in an otherwise
flllsd shell or subshell, it tends to acquire that electron
nuclear ion is not P “sealed
off” by the innermost electrons. (This hehavio( is char-
acteristic of the voracious halogens.)

These patterns are quite important, I:ecause the a!ec-
tron ig of an el its

pretation of these fi i bles, for exam-
ple, an understanding of crystal structure, electric prop-
erlies or conducl oxidation state, relative atomic size
and y. One ple is the rel hi
between the ualem:e number of an element {a measure of
the combining power of elements with each other) and
the position of the element within the table. There is a
strong similarity between elements in the same vertical
group: they all have the same valence and exhibit similar
chemical properties even though they have different quan
tum numbers. There is even some resemblance between
the properties of elements in different groups but having
the same number of valence electrons.

When you look at the relative atomic size of the ele-
ments, another pattern emerges. As atomic number in-
creases within a group, there is an increase in atomic
size. But within a given horizontal row, or period, atomic
size decreases with an increase in atomic number. This
behavior is also explainable in terms of the changes that
take place in electronic structure. Within a group, an
increase in atomic number means there is an increase in
the principal quantum number and a corresponding in-
crease in the di b the electrons
and the nucleus. Within a given period, the principal
quantum number remains the same, but the increased
nurlear charge exerts a stronger force on the outermost
electrons and keeps them closer to the nucleus.

These are just a few examples that show how the elec-
tronic structure of the elements is related to their chemic:
and physical properties. Once these basic relationships
are understood, the table may also be used to explore the
properties that matter possesses, in both elemental and
compound forms.
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