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9-1 Classifying the Elements:  The 

Periodic Law and the Periodic Table

• 1869, Dimitri Mendeleev 
Lothar Meyer

When the elements are arranged in order 

of increasing atomic mass, certain sets of 

properties recur periodically.
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Periodic Law
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Mendeleev’s Periodic Table

1871

— = 44

— = 72— = 68

— = 100
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The Periodic Table

• Moseley found a relationship

between the frequency of X-rays and

the number of charges in the nuclei of

elements and Mendeleev's periodic

table.

• According to Moseley; Similar

properties recur periodically when

elements are arranged according to

increasing atomic number.

• According to this, the atomic number

increases from left to right and from

top to bottom in the periodic table.

• Often, the relative atomic mass

increases in parallel with this.

• Horizontal rows in the table are

called periods, and vertical rows are

called groups.
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The Periodic tableAlkali Metals

Alkaline Earths

Transition Metals

Halogens

Noble Gases

Lanthanides and Actinides

Main Group

Main Group



The Periodic Table

• In the periodic table, the vertical groups bring together elements with

similar properties.

• The horizontal periods of the table are arranged in order of increasing

atomic number from left to right.

• The first two groups the s block and the last six groups the p block

together constitute the main-group elements.

• Because they come between the s block and the p block, the d block

elements are known as the transition elements.

• The f block elements, sometimes called the inner transition elements,

would extend the table to a width of 32 members if incorporated in the

main body of the table.

• The table would generally be too wide to fit on a printed page, and so the

f block elements are extracted from the table and placed at the bottom.

The 15 elements following barium are called the lanthanides, and the 15

following radon are called the actinides.
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The period number of an element indicates the highest

energy level of electrons that element has.

The group number of an element shows the number of

electrons in the final orbital of that element, that is, the

valence electrons.

Horizontal Column is Period: 7 periods

Vertical Column is Group : 8 A groups

8 B groups

B group elements are called transition elements.
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9-2 Metals and Nonmetals and Their Ions

• Metals

– Good conductors of heat and electricity.

– Malleable and ductile.

– Moderate to high melting points.

• Nonmetals

– Nonconductors of heat and electricity.

– Brittle solids.

– Some are gases at room temperature.
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Metals Tend to Lose Electrons
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Nonmetals Tend to Gain Electrons



Finding Periods and Groups on the Periodic Table

• To find the period and group of an element in the 

periodic table, the configuration of the electrons of 

that element is done.

• In the electron configuration, the last orbital 

specifies the period. The number of electrons in the 

last orbital indicates its group.
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9-3 The Sizes of Atoms and Ions

• Atomic Radius: It is determined by

the distance between two atoms

bonded by chemical bonds.

• Covalent Radius: Half the distance

between the nuclei of two atoms

bonded by a single covalent bond.

• Ionic Radius: It is the distance

between the nuclei of the ionic

bonded ions. Since the ions are not of

equivalent size, the distance between

them must be appropriately divided

between the cation and anion.



Prentice-Hall © 2002

Screening and Penetration

• Penetration was described as a

gauge of how close an electron

gets to the nucleus. When

interpreting the radial

probability distributions, we saw

that s electrons, by virtue of their

extra humps of probability close

to the nucleus, penetrate better

than p electrons, which in turn

penetrate better than d electrons.

• Screening, or shielding, reflects

how an outer electron is blocked

from the nuclear charge by inner

electrons.
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Atomic Radius
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Atoms get bigger as you go down a column

(group) on the periodic table:

Sizes of Atoms
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Atoms get bigger as you go down a column

(group) on the periodic table:
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Why? Because atoms have more and more orbitals

as we go down a column, so they get larger and

larger. For example, neon’s outermost orbital is a

2p. Argon’s is a 3p. Krypton’s is a 4p. Because

the principle quantum number, n, is changing (2 to

3 to 4), it means that the orbitals’ sizes are getting

bigger. So as you go down a column, elements’

sizes get bigger.

Sizes of Atoms
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Atoms get smaller.

Atoms get smaller as you go left-to-right across a

row (period) on the periodic table:

Assoc. Prof. Dr. Semih GÖRDÜK

Sizes of Atoms
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Atoms get smaller as you go left-to-right across a

row (period) on the periodic table:

Atoms get smaller.

Why? Because as we go left-to-right on a row,

elements have more protons in the nucleus. These

protons attract and “suck in” their electrons more

tightly, drawing them further and further in toward

the nucleus, which thereby makes the atom

smaller.

Assoc. Prof. Dr. Semih GÖRDÜK

Sizes of Atoms



Prentice-Hall © 2002 Slide 21 of 35

Cationic Radius

• Cations are smaller than the

atoms from which they are

formed.

• In cations containing the same

number of electrons

(isoelectronic), the cation with a

larger ionic charge is smaller in

size
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Anionic Radius

• Anions are larger than the 

atoms from which they are 

formed. 

• For anions containing equal 

numbers of electrons, the ion 

radius increases as the ion 

charge increases.
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Atomic and Ionic Radii



9-4 Ionization Energy

Mg(g) → Mg+(g) + e- I1 = 738 kJ

Mg+(g) → Mg2+(g) + e- I2 = 1451 kJ

The ionization energy, I, is the quantity of energy a gaseous atom must

absorb to be able to expel an electron. The electron that is lost is the one

that is most loosely held.

The first ionization energy is the energy required to remove the first

electron from a neutral atom.

The second ionization energy the energy to strip an electron from a 

gaseous ion with a charge of 1+.

The larger the ionization energy, the harder it is to remove an electron.

Electrons in higher-energy orbitals are easier to remove, because they’re

further from the nucleus. For example, it’s easier to remove an electron

from a 3s orbital than from a 2s orbital.
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First Ionization Energy
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Table 10.4 Ionization Energies of the 

Third-Period Elements (in kJ/mol)

I2 (Mg) vs. I3 (Mg)

7733

1451

I1 (Mg) vs. I1 (Al)

737.7 577.6

I1 (P) vs. I1 (S)

1012 999.6
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9-5 Electron Affinity

F(g) + e- → F-(g) EA = -328 kJ

F(1s22s22p5) + e- → F
-
(1s22s22p6)

Li(g) + e- → Li
-
(g) EA = -59.6 kJ

The energy change of adding an electron to an atom is called the

atom’s electron affinity.

For most elements, energy is given off when an electron is

added.
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• In the periodic table, Electron affinity

increases from left to right and decreases

from top to bottom.

• The electron affinity of a positively charged

atom is equal to the ionization energy of a

neutral atom.

Electron Affinity
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• More than one electron can also be added to atoms. But the

second electron addition is endothermic.

• Electron affinities are also related to the size of the atom, as

are the ionization energies. This is because the nuclear

charge increases as the electron approach the atom.

• For this reason, the electron affinity of the elements in the

periodic table increases as you go up and to the right.

Electron Affinity

O(g) + e- → O-(g) EA1 = -141 kJ/mol

O-(g) + e- → O2-(g) EA2 = +744 kJ/mol
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First Electron Affinities
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9-6 Magnetic Properties

• Diamagnetic atoms or ions:

– All e- are paired.

– Weakly repelled by a magnetic field.

• Paramagnetic atoms or ions:

– Unpaired e-.

– Attracted to an external magnetic field.
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Paramagnetism
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9-7 Periodic Properties of the Elements



Determine which is the largest atom: 21Sc, 56Ba, or 34Se.

Sc: 4.P 3B

Ba: 6.P 2A

Se: 4.P 6A

Sc and Se are both in the fourth period, and we would expect Sc to be larger

than Se because atomic sizes decrease from left to right in a period. Ba is in

the sixth period and so has more electronic shells than either Sc or Se.

Furthermore, it lies even closer to the left side of the table (group 2) than

does Sc (group 3). We can say with confidence that the Ba atom should be

the largest of the three.

Ba > Sc > Se
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EXAMPLE 9-1



Arrange the following species in order of increasing size:

18Ar, 19K
+, 17Cl-, 16S

2-, 20Ca2+

The key lies in recognizing that the four species are isoelectronic, having the 

electron configuration of argon.

When considering isoelectronic cations, the higher the charge on the ion, the 

smaller the ion.

Ca2+ > K+ > Ar > Cl- > S2-
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EXAMPLE 9-2



Arrange the following species in order of increasing

first ionization energy: I1: As, Sn, Br, Sr.

As: 4.P 5A   Sn: 5.P 4A   Br: 3.P 7A   Sr: 5.P 2A

Of the four atoms, the one that best fits the large-atom category is Sr.

Although none of the four atoms is particularly close to the top of the table,

Br is the rightest. This fixes the two extremes: Sr with the lowest ionization

energy and Br with the highest. A tin atom should be larger than an arsenic

atom, and thus Sn should have a lower ionization energy than As. The

expected order of increasing ionization energies is

Sr < Sn < As < Br
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EXAMPLE 9-3



Which of the following would you expect to be diamagnetic and 

which paramagnetic?

(a) 11Na atom (b) 12Mg atom (c) 17Cl- ion (d) 47Ag atom

(a) 11Na : .......3s1  Paramagnetic. It has unpaired electron 

(b) 12Mg : .......3s2 Diamagnetic.

(c) 17Cl-
18 : .......3p6    Diamagnetic. All electrons paired

(d) 47Ag: Paramagnetic. We do not need to work out the 

exact electron configuration of Ag. Because the atom has 47 electrons an odd 

number at least one of the electrons must be unpaired.
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EXAMPLE 9-4


