
CHAPTER 5

Elements 

and the 

Periodic 

Table

The Periodic Table



Are you made of star dust?



The Big Bang produced 

hydrogen and helium 

and a tiny bit of lithium

Are you made of star dust?



Other elements were 

created in the cores of 

exploding stars

Are you made of star dust?



99% of atoms in 

a human body 

come from only 

4 elements



Essential elements

macronutrients: elements needed in large quantities by 

your body.

trace elements: elements that are needed in very small 

quantities to maintain optimum health.



ionic compound:

one non-metal atom 

bonded with one metal 

atom

molecular compound:

two non-metal atoms 

bonded with each other

Metals, nonmetals and metalloids

ionic compound:

one non-metal atom 

bonded with one metal 

atom

molecular compound:

two non-metal atoms 

bonded with each other



What does “periodic” in “periodic table” mean?

Metals, nonmetals and metalloids

ionic compound:

one non-metal atom 

bonded with one metal 

atom

molecular compound:

two non-metal atoms 

bonded with each other



Today1808 1870 1897 1910

Democritus

Atomism

460 – 370 BC

Dalton

“Modern” 

atomic theory

Crookes

Cathode rays
Thomson

Discovery 

of the electron

Rutherford

Discovery 

of the nucleus

1925

Pauli

Pauli 

exclusion 

principle

Dimitri Mendeleev

1869

Mendeleev looks for a logical 

way to organize the elements 

known at the time.

Note that at this time, very little is known about atoms.

Protons and atomic numbers were not discovered yet.



Mendeleev uses density (a physical property) of atoms, 

and organizes them in order of increasing atomic mass.

There is a pattern!



periodic: repeating at regular intervals.

The periodic table

contains patterns 

that repeat at 

regular intervals



Atomic radius

Increasing atomic number

Like for density, there is a repeating pattern

in atomic radii.



Atomic radius

A new period

A new period

Relative atom size arranged 

in a periodic table view



Atomic radius

small large

atomic radius: the distance from the center of an atom to 

its “outer edge.”



low high

Electronegativity

electronegativity: the ability of an atom to attract another 

atom’s electrons when bound to that other atom.



low high

Ionization energy

ionization energy: the energy required to remove an 

electron from an atom.



The first periodic table

Mendeleev placed the elements in order of increasing atomic mass

and then noticed a repeating pattern in the oxide and hydride formula.



The first periodic table

Mendeleev placed the elements in order of increasing atomic mass

and then noticed a repeating pattern in the oxide and hydride formula.

A new pattern was discovered!

Pattern repeats



The first periodic table

The first periodic table as suggested by Mendeleev in 1869

Oxides and hydrides sorted into rows:



Mendeleev left empty spaces for elements not yet discovered

The first periodic table as suggested by Mendeleev in 1869



Gallium was discovered 6 years later!

The first periodic table as suggested by Mendeleev in 1869



The modern periodic table arranges elements in order of 

increasing atomic number, not atomic mass. 

Scientists have been adding elements to the periodic table, as more 

are discovered or created.

The modern periodic table

The last naturally occurring element to 

be discovered is Francium (Fr) in 1939. 

70 years after Mendeleev, 

who had called it 

eka-caesium



The modern periodic table



Overlapping orbitals of boron

Electron configuration: 1s22s22p1

Electron structure was discovered after the periodic table was developed…



... but orbitals also follow a pattern in the periodic table.

Electron structure was discovered after the periodic table was developed…



Element 

# 117 

missing here



2009-2010

Element #117 was discovered through a Russian-US collaboration. 

The discovery still needs to be confirmed. 

It is temporarily named ununseptium (Uus).

Discoveries are made all the time!



Elements in the first periodic table were arranged 

in order of increasing atomic mass

The first periodic table as suggested by Mendeleev in 1869



Elements in the modern periodic table are arranged

in order of increasing atomic number

The modern periodic table shows trends or repeating patterns in atomic 

radii, electronegativity and ionization energy

Increasing atomic number



Elements 

and the 

Periodic 

Table

Properties of Groups 

of Elements



There are millions and millions of different kinds of matter 

(compounds) composed of the same 92 elements.

These elements are organized in a periodic table. 

It is called “periodic” because 

there is a repeating pattern. 



There are millions and millions of different kinds of matter 

(compounds) composed of the same 92 elements.

These elements are organized in a periodic table. 

It is called “periodic” because 

there is a repeating pattern. 

Elements that belong to the 

same column have similar 

chemical properties.

Here, we are going to go over 

these groups of elements



Alkali metals



Alkaline earth metals



Transition metals



Carbon, nitrogen, and oxygen



Halogens



Noble gases



Alkali metals

Li+

Na+

K+

Rb+

Cs+

Fr+

Why do elements 

in Group 1 have 

the tendency to 

form +1 ions?



Alkali metals

Electron configuration

Alkali metals have a single electron in the highest unfilled energy level.



Alkali metals

2:1 ratio with oxygen 1:1 ratio with chlorine

We will see why this happens after we discuss oxygen and chlorine.



Alkaline earth metals

Be2+

Mg2+

Ca2+

Sr2+

Ba2+

Ra2+

Why do elements 

in Group 2 have 

the tendency to 

form +2 ions?



Electron configuration

Alkaline earth metals have two electrons in the highest unfilled 

energy level.

Alkaline earth metals



1:1 ratio with oxygen 1:2 ratio with chlorine

We will see why this happens after we discuss oxygen and chlorine.

Alkaline earth metals



Transition metals



Note how the 3p orbital gets filled before 3d

Transition metals



Transition metals

Electron configuration

Transition metals all have electrons in partly filled d orbitals.



Transition metals

Bonding properties are complicated. For bonding with oxygen:

2:1 ratio for silver1:1, 2:3, 3:4 ratios for iron



Carbon, nitrogen, oxygen

Extremely important elements 

to be discussed separately



Carbon, nitrogen, oxygen

The electron structures makes these elements 

very flexible in their chemistry.

Carbon can accept or 

donate electrons



Carbon, nitrogen, oxygen

The electron structures makes these elements 

very flexible in their chemistry.

Nitrogen and oxygen tend to 

accept electrons

Carbon can accept or 

donate electrons



Halogens

F–

Cl–

Br–

I–

At–

Why do elements 

in Group 17 have 

the tendency to 

form –1 ions?



Halogens

Halogens have a single open quantum state in the highest 

energy p orbital.



In their pure forms:
Halogens form diatomic molecules (Cl2, F2)

They are highly reactive, and toxic to many organisms.

Halogens

When combined with a metal:
The resulting compound is generally 

an ionic salt.



Noble gases

Elements in group 18 are called 

“noble gases” because they do not 

chemically bond with any of the 

other elements.

Why not?



The highest energy levels are completely filled.

Electrons in completely filled energy levels do not make bonds.

Noble gases



Remember: Electrons are responsible for bonding properties.

Bond formation

1 empty quantum state 

left in the highest unfilled 

energy level

1 single electron in 

the highest unfilled 

energy level



18 electrons like argon 10 electrons like neon

By forming the ionic compound sodium chloride, both chloride 

and sodium ions achieve a noble gas electron structure!

Bond formation



Bond formation

2 empty quantum states 

left in the highest unfilled 

energy level

1 single electron in the 

highest unfilled energy level

Can you form a molecule with hydrogen and oxygen atoms?



Bond formation

Each hydrogen atom donates 

one electron to the oxygen atom

Oxygen now has 10 

electrons, like neon 

(a noble gas)



Elements that belong to the same period in the periodic table have similar 

chemical properties. 

This is because they have similar electron configurations, and 

electrons are responsible for bonding properties. 

A noble gas electron structure is obtained through bond formation.



Elements 

and the 

Periodic 

Table

Valence



Only the electrons in the highest unfilled energy level form chemical bonds.

Does that mean we don’t need to worry about electrons in 

filled energy levels?



Only the electrons in the highest unfilled energy level form chemical bonds.

Does that mean we don’t need to worry about electrons in 

filled energy levels?

Yes!

valence electrons: electrons in the highest unfilled energy 

level, responsible for making chemical bonds.



Oxygen and sulfur 

belong to the same 

group in the 

periodic table

Remember that elements 

that belong to the same 

group have similar chemical 

properties!



Sulfur and oxygen have the same number of valence electrons.

They form similar chemical compounds.



Sulfur and oxygen have the same number of valence electrons.

They form similar chemical compounds.



Determining valence electrons

1. Write down the electron configuration.



Determining valence electrons

1. Write down the electron configuration.

Cl = 1s22s22p63s23p5



Determining valence electrons

Level 3 is the highest energy level

1. Write down the electron configuration.

2. Count how many electrons are in the highest s and p orbitals 

(it should be between 1 and 8).

Cl = 1s22s22p63s23p5



Determining valence electrons

1. Write down the electron configuration.

2. Count how many electrons are in the highest s and p orbitals 

(it should be between 1 and 8).

3. These are the valence electrons.

Cl = 1s22s22p63s23p5

2   +   5   =   7 valence electrons



Determining valence electrons

1. Write down the electron configuration.



Determining valence electrons

1. Write down the electron configuration.

Ga = 1s22s22p63s23p64s23d104p1



Determining valence electrons

1. Write down the electron configuration.

2. Count how many electrons are in the highest s and p orbitals 

(it should be between 1 and 8).

Ga = 1s22s22p63s23p64s23d104p1

Level 4 is the highest energy level



Determining valence electrons

1. Write down the electron configuration.

2. Count how many electrons are in the highest s and p orbitals 

(it should be between 1 and 8).

3. These are the valence electrons.

Ga = 1s22s22p63s23p64s23d104p1

2         +          1   =   3 valence 

electrons



Lewis dot diagram

Filled d orbitals do not contribute valence electrons!

Valence electrons for selenium







How many valence 

electrons does 

magnesium (Mg) have?



How many valence 

electrons does 

magnesium (Mg) have?

Mg is a group 2A element. 

It has 2 valence electrons



Lewis dot diagram: a diagram showing one dot for each 

valence electron an atom has, these dots surround the 

element symbol of the atom.

How many valence electrons 

does carbon have?



Lewis dot diagram: a diagram showing one dot for each 

valence electron an atom has, these dots surround the 

element symbol of the atom.

1s22s22p2

4 valence electrons

Lewis dot diagram for carbon



Lewis dot diagram



Valence electrons are the most loosely bound electrons in an atom.

They are easiest to share or transfer.

Lewis dot diagram



Is the periodic table just an organizational system?

Can it be used as a tool?

Valence electrons are the most loosely bound electrons in an atom.

They are easiest to share or transfer.



Normal glass can be made stronger by 

replacing Na with K on its surface

Elements from the same group (column) 

have similar chemical properties, 

so they interact with neighboring atoms in a 

similar way.



- Elements that belong to the same group in the 

periodic table have the same number of valence 

electrons

- Only valence electrons are involved in 

chemical bonding

- The Lewis dot diagram is a way to show 

valence electrons for an atom

1s22s22p2

4 valence electrons

Carbon has 

4 valence electrons

Lewis dot 

diagram 

for carbon


