1-1-4. The periodic properties of elements

The stable filled electron configuration
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At the periodic table
Alkali element : one more electron on the closed shell.
Alkaline earth element : two more electrons on the closed shell.
: have the outmost electron on the 3d, 4d or 5d
subshells.

Lanthanide and actinide elements: have the outmost electron on the
4f and 5f subshell.



o Periodic Trends

The historical periodic table was an arrangement of the
known elements ranked by either increasing mass or
atomic number such that chemically similar elements were
grouped together. As experimental techniques improved and the
arrangement was refined, a host of physical and chemical properties
were found to fall in cyclic patterns when the elements were
arranged by atomic number. The name ‘periodic’ comes from the
mathematical term for a repeating function.

« Valence

The valence is the number of outer shell electrons. These are the
electrons available to take part in chemical reactions, so it is
important for us to know their number and how tightly they are
attracted to the nucleus. The periodic trend for valence works well
for the representative elements, which are in groups 1, 2, 13, 14, 15,
16, 17, and 18 (the ‘tall’ parts of the table). Reading left to right,
the valence for each of the main groups increases from one to 8.
The noble gas elements, with 8 valence electrons, are especially
stable. From this information we can deduce the octet rule and the
common monatomic ion charges.
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Periodic table of elements
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o From the periodic table, we can study the
lonization energy, electron affinity,
electronegativity, radius of the elements to
understand the bonding of atoms.

Ionlgat?on.Energy ) electron released__ oy [
The ionization energy is the /_’ze..g_y o=
amount of energy needed to @ ionization energy
remove an outer electron. This is | Q -
harder to do if the electrons are AT Y
closer to the nucleus, so the /@ /7 % A
trend is the reverse of the radius ' \ )
trend: the ionization energy T B
Increases as you go across a Q’ /
period and increases as you go 9 9. P

up a row.



lomzatlon energy ! !\!,_ !P H\ Lq Zl ! o! elements

o Alkali metal element X

have very low
lonization energy
because they have

one electron outside
the closed shell.

Li(Z=3, first electron on
2s-subshell).

Na(Z=11, first electron
on 3s-subshell).

K(Z=19, first electron
on 4s-subshell). :

Rb(Z=37, first electron
on 5s-subshell)
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lonization Energy Trend

Increasing
lonization Energy

* [f you compare the ionizations energies of the noble gases,
helium is higher than neon, which is higher than argon, and etc.
Helium’s outer electron is in shell number one close to the nucleus,
so it takes a lot of energy to remove that electron. Neon’s outer
electron is in shell number two. This is farther from the nucleus
and not quite as difficult to remove. Argon’s outer electron is in
shell number three, farther from the nucleus and easier to remove.



Ionization energy of elements




The electron affinity (A A3 3} %) of
elements

Electron affinity iz, essentially the opposite of the ionization
cnergy: Instead of removing an electron from the element we
add an electron 1o the element 1o create an anion.

b + a— ———
e E.A.

Generally, the energy that results from this process (the
electron affinity) i= negative or close to zero, The more
negative thiz energy the maore this process i favored. [n the
figure below we see the trends in the electron affinty for
many of the elements.

Regy T € > Xy + E, (1-47)



The electron affinity (A A3 3} %) of elements

@
o
S

no
()
S

=
o
o

; Y

A
*l‘- Be 1 ‘.‘\;]*L,,LI'I, ':Il{+.-‘| T ¢ f h‘:-,t' T 1 h{];ﬂ
He N % T Arl Mn Zn Kr (d| Xe

0 10 20 30 40 50 60
Atomic number

G
S
=

=

I

i

=

=
=
©
=
%
L

100

Mote that the noble gases, alkali metals and alkali earth
metals have E.A. close to zero — indicating that these groups
of elements do not particularly like 10 become anions.
However, the nonmetals and especially the halogens are
highly negative and thus readily become anions. A periodic
trend iz evident, as was the case for the ionization energy.
Thi= periodic trend can be understood as a reflection of the
underlying periodicity in the electronic configuration of the
elements,



The electron affinity (3 A3 3} %) of elements

E 1-6 A zstz,

94 eV kJ mol™'
H 0.75 70
Li 0.5 50
F 34 330
Cl 3.6 350
Br 34 320
I 3.1 300
(6] 1.5 140

S 2.1 200




The electron affinity (2 A}31 3} %) of elements




Electronegativity of the elements

o Electronegativity is the strength with which an atom pulls on the
electrons it shares in a covalent bond. If the electronegatively values
for two bonded atoms are the same, the electrons are shared evenly.
A bond of this type is called non-polar. If there is a significant
difference in the electronegativity values for two bonded atoms, the
electrons are more likely to be found close to one atom than the
other. A bond of this type is called polar covalent. Although the atom
does not gain an extra electron at another atom’s expense, the idea is
similar to that of electron affinity.

o Electronegativity is defined as the ability of an atom in a crystal
structure or molecule to attract electrons into its outer
shell. Elements with low values of electronegativity are electron
donors, and those with high values are electron acceptors. The
Noble gases have electronegativity values of zero, because they
neither accept or donate electrons. As we will see in our later
discussion, electronegativity difference between atoms plays an
important role in determining they type of chemical bond that forms
between elements.



o The periodic trend for electronegativity is the same as for
electron affinity: it increases from left to right across a period and
increases from bottom to top up a group. The positively charged
nucleus pulls on the outer electrons, so the smaller the atom the
higher the electronegativity. Also like electron affinity, the noble gas
group does not obey the trend due to the stability they gain from
having full outer shells.

Trend of electronegativity.
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Quantitative scale of electronegativity
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TEe raalus 0! atom

 One factor that influences the atomic radius is the number of shells
that are occupied in an atom’s ground state. The greater the value of
the principle quantum number is, the farther the electrons are from
the nucleus. As you move down a row on the periodic table, the
elements have higher numbered shells occupied by electrons. Higher
numbered shells have electrons farther from the nucleus, so atoms
are bigger as you go down a period.

Radius Trend

Increasing Radius




The radius of atom

« Another factor that influences an atom’s size is the effective nuclear
charge. Electrons are negative and the nucleus is positive, so they
attract one another. Inner core electrons screen some of the positive
charge from the outer electrons. As electron count increases, so does
proton count. The nucleus gets progressively more positive as you go
across a period. As you move across a period, each successive electron
enters the same shell.

Radius Trend

Increasing Radius




