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Essential Standard 2.2

Understand chemical bonding and
chemical interactions.

Learning Objective 2.2.1

Infer valence electrons, oxidation
numbers, and reactivity of an
element based on its location In the

periodic table.



| Can Statements

At the end of this lesson, you should be able
to say, with confidence:

* | can explain what an ion is.

| can describe how reactive an element iIs
based on Its position on the periodic table.

* | can determine whether an atom will gain or
lose electrons during chemical reactions.



Atomic Structure

Recall that the nucleus of any atom
contains positively charged protons and
neutrally charged neutrons.

Negatively
charged
electrons orbit
around the
nucleus.




Electron Arrangement

Recall that electrons orbit the nucleus of
each atom In specific energy levels.

I Energy Level

I1 Energy Level

* 111 Energy Level

IV Energy Level
Nucleus




Valence Electrons

Recall also that the electrons closer to
the nucleus are held very tightly to the
nucleus and cannot be removed easily.

However, the outer
electrons, called
valence electrons,
are not held as
tightly to the
nucleus.




Electron Transfer

Because the valence electrons are not
held as tightly to the nucleus, they can
leave that atom during chemical reactions.

| p—r

e

Na Na* CI-
Sodium atom Chlorine atom Sodium ion Chloride ion
. (acation) (an anion)

Sodium chloride (NaCl)




Chemical Reactions

In fact, all chemical reactions occur as a
result of valence electrons either being
transferred to other atoms or being shared
by other atoms.




Atom Stability

Atoms are considered stable and will not
react with other elements, when their
outer energy level is full.

( X ( X )
eHee *Nee SAre
o0 (X

All the noble gases have full outer
valence shells, so they are very stable
and will never react with other atoms.



Hydrogen & Helium

Because hydrogen and helium have only one
energy level, they can only hold 2 valence
electrons.

Helium already has 2 valence
® He ® electrons, so its outer energy
level is full and it will never react
with other elements.

H e But hydrogen only ha_ls 1
valence electron, so it will react
with other elements.



Octet Rule

All the other elements want to have 8
valence electrons.

N o
- _J@ - o ® ‘. This is called
SNas eCle the

OO e Octet Rule

In order to meet the octet rule, atoms
can gain, lose, or share electrons.



Neutral Charge

Recall that elements contain the same
number of positively charged protons
and negatively charged electrons.

Since the
Swwes charges balance
@Proton each other out,

Neutron

elements have a
neutral charge.

3 - Electrons



Atoms with a Charge

When an atom loses an electron or
gains an electron it develops a charge.

S \ 0
Na Cl Na* CcI-

Sodium atom Chlorine atom Sodium ion Chiloride ion
. (a cation) (an anion)

Sodium chloride (NaCl)

L] ication, Inc., publishing as Benjamin Cummings:

Charges can be either positive
or negative.



lons
Atoms with a charge are called ions.

- -

electron electron
loss gain

If an atom loses an electron, it will
develop a positive charge.

If an atom gains an electron, it will
develop a negative charge.



Metals = Positive lons

Only metals will lose electrons to form
positive ions.

Some metals lose their
electrons more easily
than others and are said
to more reactive.

The alkall metals and the alkaline metals lose
their valence electrons very easily and are the
most reactive metals.



Nonmetals = Negative lons

Only nonmetals will gain electrons to form
negative ions.

EI:l Halogens

Nonmetals will gain
enough electrons to
meet the octet rule.

The halogen group only needs to gain one
valence electron, making them the most
reactive non-metals.



Oxidation Numbers

The specific charge an atom develops Is
called its oxidation number.

All the Alkali metals,
with only 1 valance
electron, will lose 1
electron and develop a
+1 oxidation number.

. +1
Lie == ||




Alkaline Earth Metals

ALKALINE

methis [ All the Alkaline Earth metals,
IR IR with 2 valence electrons, will
lose 2 electrons and develop

a +2 charge.

o Nge = |\/|g+2



Boron Group

he Boron group, with 3
valence electrons, will
lose 3 electrons and
develop a +3 charge.




Carbon Group

he Carbon group, with
4 valence electrons,

behaves a little
differently to meet the
octet rule.

S0, we aren’t going to assign an
oxidation number to the carbon group.



Nitrogen Group

The nitrogen group,
with 5 valence
electrons needs 3
electrons, so they will
gain 3 electrons and
develop a -3 charge




Oxygen Group

The oxygen group,
with 6 valence
electrons needs 2
electrons, so they will
gain 2 electrons and
develop a -2 charge.

Oe -2
QO. ) QOQ — O



Halogens

The halogens, with 7
valence electrons
needs 1 electron, so
they will gain 1
electron and develop
a -1 charge.




Groups
Periodic Table of the Elements l

Oxidation Numbers —_— +t3 X
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Boron Group

Nitrogen Group

The Halogens
The Noble Gases

Transitional Metals

Carbon Group

Alkali Metals
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