PERIODIC TABLE
4.2 Periodicity

(Lecture 2)




LEARNING OUTCOMES

At the end of the lesson the students should be able to:

(a) Explain the variation in atomic and ionic radii
 i. across periods 2 and 3

* ii. across the first row of transition elements.

e jii. down agroup.

(b) Explain the variation in the radius of isoelectronic species.
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4.2.1 Variation in atomic and ionic radii

* The size/radius of atom is difficult to be defined exactly
because the electron cloud has no clear boundary.

* To solve this, the atomic radius is taken as half of the distance
between the nuclei of two adjacent identical atom.

 Example:

Radius, r = a/2 (A)
Size o€ volume

V=4/31mr3,V o r

o <



There are two major factors affecting the
size of atom in the Periodic Table:

1)Effective nuclear charge (Z.«)
Zeff=2-S
Z= proton number
S = number of inner or core electrons

2) Value of the principal guantum
number of the valence electrons
(shielding effect)



4.2.1 Variation in atomic and ionic radii

i) Across the periods 2 & 3 and the first row of transition elements
 The atomic radius of elements is decreased.

* REASON:

— The increase in effective nuclear charge,Z_ due to the
increase in proton number across period. increasing the
effective nuclear charge reduce the size of the orbital by
pulling the electron inward. This results in contraction of
atomic radius and therefore decrease in atomic size.

— Ohutl?r electrons are being added to the partially occupied
shells.



ii) Down within group

* As we go down within group, we observed the
increase in size of atomes.

* REASON:

— Down a group, the additional electrons of each of
the element go to a bigger orbitals (larger value of
n)

— Though the valence configuration is the same, the
additional inner orbitals leads to an increase in
the shielding effect .

— Hence the size of atom increases.



4.2.1 Variation in atomic and ionic radii

NOTE:

*Across the period, atomic radii decreases

‘Down the group, atomic radii increases




4.2.3 Variation in the radius of
isoelectronic species

a) Positive ions
e Formed when an atom loses electrons.

* When electrons are removed from the valence
shell, the electron-electron repulsions decrease.

* Allows the remaining electrons to be pulled
closer together around the nucleus, making the
size smaller.

e Cations are smaller than the atoms from which
they are formed.




b) Negative ions

Always larger than the corresponding neutral
atom

Has more electrons than the neutral atom as it
gains electron during its formation

As for halides, the corresponding atom gained an
electron and has the configuration of the
representative noble gas of the same row.

The electron-electron repulsions caused the
electrons to spread out and experience less
attraction for the nucleus.

Hence the outer orbital expands.



C) Isoelectronic ions

 Atoms or ions with the same electronic
configuration are said to be isoelectronic.

* Within isoelectronic series, the more positive the
charge, the smaller the species and the more
negative the charge, the larger the species.

 Example:
N3->0% > F > Nat > Mg2t > AlI3* > Sj4*
Electron configuration: 1s? 2s? 2p°




Across the period, sizes of cations and anions
decrease due to the increase of Z_.
lonic radii of Na* > Mg 2* > Al 3* > Sj 4+

They are isoelectronic (10 e) because their
electron configurations are the same: 1s% 252 2p®.

lonic radii of CI <S% <P 3~

They are isoelectronic (18 e) because their
electronic configurations are the same: 1s% 2s?
2p® 352 3p°.

Z.« decrease, hence, ionic radii increase.



