


History of Periodic Table
 1869: Dmitri Mendeleev organized the periodic table 

based on atomic weights 

 “Father of the Periodic Table” 

 1913: Henry Moseley rearranged the periodic table 
based on the positive charges in the nucleus

 Lead to the periodic law: the states that a periodic 
pattern appears in the physical and chemical properties 
of the element when they are arranged in order of 
increasing atomic number 
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Periodic Trends
 A pattern where elemental characteristics change 

predictably as you go across a period or down a 
group

 You need to know the trends in:

 Metals v. Nonmetals

 Atomic Radius (Atomic Size)

 Ionization Energy

 Electronegativity

 Ion Formation
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Metals vs. Nonmetals
 Mainly divided into metals and nonmetals

 Metals: On the left-hand side (left of stair-step line)

 Non-metals: On the upper right-hand side

 Metalloids: On the stair-step line



Metals and Nonmetals
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Metals, Nonmetals, & Metalloids
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Zumdahl, Zumdahl, DeCoste, World of Chemistry 2002, page 349
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Properties of Metals, Nonmetals, 

and Metalloids

METALS

NONMETALS

METALLOIDS

malleable, lustrous, ductile, good conductors of heat 

and electricity

gases or brittle solids at room temperature, poor 

conductors of heat and electricity (insulators)

(Semi-metals)

dull, brittle, semi-conductors (used in computer chips)



Orbitals Being Filled
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Electron Filling in Periodic Table
metallic character increases

nonmetallic character increases
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Atomic Radius
 The distance from the nucleus to the outer egde of the 

electron cloud 

 Increases as you go down a group 

 Example: Calcium atoms are larger than beryllium 
atoms

 Decreases as you go across a period

 Example: Fluorine atoms are smaller than Oxygen atoms

 Why?

 Down groups, you have more electron shells

 Across periods, you have the same number of electron 
shells, but more protons (positive). This pulls in the 
electrons.



Atomic Radius vs. Atomic Number
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Atomic Radii
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http://en.wikipedia.org/wiki/Atomic_radius


Periodic Trends in Atomic Radii

LeMay Jr, Beall, Robblee, Brower, Chemistry Connections to Our Changing World , 1996, page 175



Relative Size of Atoms

Zumdahl, Zumdahl, DeCoste, World of Chemistry 2002, page 350
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Decreasing Atomic Size 
Across a Period

• As the attraction between the (+) nucleus and the (–) valence electrons , 
the atomic size .   Greater coulombic attraction.

• From left to right, size decreases because there is an increase in nuclear 
charge and Effective Nuclear Charge (# protons – # core electrons).

• Each valence electron is pulled by the full ENC

(ENC = 1)

++
+

(ENC = 2)

+

Li Be
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B
1s22s1 1s22s2 1s22s22p1

Li Be B



Ionic Radii 
 The distance from the nucleus to the edge of the 

electron cloud of an ion 

 Increases as you go down a group 

 Example: Calcium ions are larger than beryllium ions 

 Decreases as you go across a period

 Example: Fluorine ions are smaller than Oxygen ions

 Why?

 Down groups, you have more electron shells

 Across periods, you have the same number of electron 
shells, but more protons (positive). This pulls in the 
electrons.



Sizes of ions: electron repulsion

• Valence electrons repel each other.

9+

• When an atom becomes a  

anion (adds an electron to its 

valence shell) the repulsion 

between valence electrons 

increases without changing ENC
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Electronegativity
 The ability of an atom to attract electrons towards 

itself from a covalent chemical bond 

 Fluorine is the most electronegative element

 Decreases as you go down a group

 Example: Chlorine has a lower electronegativity than 
Fluorine

 Increases as you go across a period

 Example: Fluorine has a higher electronegativity than 
Oxygen

 Why?

 Bigger atoms have a harder time pulling electrons in to 
themselves
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Ionization Energy
 The amount of energy needed to remove an electron 

from an atom

 Decreases as you go down a group

 Example: Lithium has a higher ionization energy than 
sodium

 Increases as you go across a period

 Example: Chlorine has a higher ionization energy than 
phosphorous

 Why?

 Electrons are easier to remove from large elements

 Electrons are harder to remove from atoms that almost 
have their “happy” full shell of 8 electrons
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Ionization Energies

•   It takes more energy to remove the second electron from an atom 
than the first, and so on.

•   There are two reasons for this trend:

1. The second electron is being removed from a positively 
charged species rather than a neutral one, so more energy is 
required.

2. Removing the first electron reduces the repulsive forces 
among the remaining electrons, so the attraction of the 
remaining electrons to the nucleus is stronger.

•  Energy required to remove electrons from a filled core is prohibitively 
large and simply cannot be achieved in normal chemical reactions.

Copyright ©  2007 Pearson Benjamin Cummings.  All rights reserved.



Factors Affecting Ionization Energy

Nuclear Charge

The larger the nuclear charge, the greater the ionization energy.

Shielding effect

The greater the shielding effect, the less the ionization energy.

Radius

The greater the distance between the nucleus and the outer 

electrons of an atom, the less the ionization energy.

Sublevel

An electron from a full or half-full sublevel requires additional 

energy to be removed.

Smoot, Price, Smith, Chemistry A Modern Course 1987, page 189



Summary of Periodic Trends

Ionic size (cations) Ionic size (anions)

decreases decreases

Shielding is constant

Atomic radius decreases

Ionization energy increases

Electronegativity increases

Nuclear charge increases
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