
Chapter 6.3-6.4
Naming Compounds & Writing

Formulas; Metallic Bonding

Ionic Compounds

Molecular Compounds

Acids and Bases

The Laws Governing How 

Compounds Form



Give the Ion Symbol for each element and 

the charge of each cation & anion.

Some Common Anions

Name Symbol Charge

Fluoride

Phosphide

Sulfide

Iodide

Oxide

Bromide

Nitride

Chloride

Some Common Cations

Name Symbol Charge

Lithium

Aluminum

Calcium

Sodium

Magnesium

Boron

Potassium

Beryllium



Give the Ion Symbol for each element and 

the charge of each cation & anion.

Some Common Anions

Name Symbol Charge

Fluoride F– 1–

Phosphide P3– 3–

Sulfide S2– 2–

Iodide I– 1–

Oxide O2– 2–

Bromide Br– 1–

Nitride N3– 3–

Chloride Cl– 1–

Some Common Cations

Name Symbol Charge

Lithium Li+ 1+

Aluminum Al+3 3+

Calcium Ca+2 2+

Sodium Na+ 1+

Magnesium Mg+2 2+

Boron B+3 3+

Potassium K+ 1+

Beryllium Be+2 2+



*

Identify Electrons Available for Bonding

For each of the following elements, identify: (1) the “A” Group, (2) the number of valence 

electrons available for bonding, and (3) how the atom would behave according to the 

Octet Rule (gain/lose e-, how many e-?), (4) cation or anion? Use your Periodic Table.

▪ C

▪ H

▪ N

▪ Al

▪ Ne

▪ O

▪ P

▪ Cl

▪ Mg



*

Identify Electrons Available for Bonding

For each of the following elements, identify: (1) the “A” Group, (2) the number of valence 

electrons available for bonding, and (3) how the atom would behave according to the 

Octet Rule (gain/lose e-, how many e-?), (4) cation or anion? Use your Periodic Table.

▪ C … IVA, 4 e-, gain or lose 4 e-, ±4

▪ H+ … IA, 1 e-, lose 1 e-, +1 cation

▪ N-3 … VA, 5 e-, gain 3 e-, -3 anion

▪ Al+3 … IIIA, 3 e-, lose 3 e-, +3 cation

▪ Ne0 … VIIIA, 8 e-, no bond, 0

▪ O-2 … VIA, 6 e-, gain 2 e-, -2 anion

▪ P-3 … VA, 5 e-, gain 3 e-, -3 anion

▪ Cl-1 … VIIA, 7 e-, gain 1 e-, -1 anion

▪ Mg+2 … IIA, 2 e-, lose 2 e-, +2 cation



• Distinguish types of compounds and apply the rules for naming and 

writing formulas for ionic compounds, covalent molecules, and 

polyatomic ions.

• Describe metallic bonding and explain metallic properties.

• Define alloys and give examples.

Chemical Formulas & Metallic Bonding

Focus Points

• Explain how to determine the 

charges of atoms that become 

ions (cations, anions).

• Show how elements become 

ions (cations and anions) related 

to protons and electrons.



How Do Materials Become Charged? Review

Material A

+1     +1

+1     +1

+1     +1

Material B

+1     +1

+1     +1

Copyright © Pearson Education, Inc., or its affiliates. All Rights Reserved. Material A has 6 e- & B has 4 e-. Show the net charge of the materials?
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How Do Materials Become Charged? Review

Material A

+1     +1

+1     +1

+1     +1

Material B

+1     +1
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Copyright © Pearson Education, Inc., or its affiliates. All Rights Reserved. 

Initially Material A has 6 e- & B has 4 e-. 2 e- transfer to Material B. 

Show the overall net charge of the materials after the transfer of e-.
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How Do Materials Become Charged? Review

Material A

+1     +1

+1     +1

+1     +1

Material B

+1     +1

+1     +1

Copyright © Pearson Education, Inc., or its affiliates. All Rights Reserved. 

Materials A & B are initially neutral.

How can Material A gain a net charge of +4?



How Do Materials Become Charged? Review

Material A

+1     +1

+1     +1

+1     +1

Material B

+1     +1

+1     +1

Copyright © Pearson Education, Inc., or its affiliates. All Rights Reserved. 

Materials A & B are initially neutral.

How can Material A gain a net charge of +4?
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Formation of Compounds

Ionic or Covalent compounds are represented by a 

chemical formula showing the number of atoms of 

each element in a substance. 

NaCl is the chemical formula for sodium chloride. 



▪ The name of an ionic 

compound must 

distinguish the 

compound from other 

ionic compounds 

containing the same 

elements. 

▪ The formula of an ionic 

compound describes 

the ratio of the ions in 

the compound.

Describing Ionic Compounds



Chemical Formulas

Chemical Formulas are used to represent the composition of 

elements in a compound or molecule.

Subscripts
Indicate the number of atoms within ONE compound or molecule

Ca(ClO3)2 → CaCl2 +  3O2 (g)



Metals: 

form cations (positive charge)

• Group IA:  +1

• Group IIA:  +2

• Group IIIA:  +3

Nonmetals: 

form anions (negative charge)

• Group 16 (VIA):  –2

• Group 17 (VIIA):  –1

Typical Patterns of Ions



How many –1 ions would 

bond with a +2 ion?

What is the ratio of +3 ions to 

–2 ions in a neutral 

compound?

Balancing Charges

+2–1 –1

+3 –2 –2+3–2



How many –1 ions would 

bond with a +2 ion?

(+2) + N(–1) = 0

What is the ratio of +3 ions to 

–2 ions in a neutral 

compound?

M(+3) + N(–2) = 0

Balancing Charges

+2–1 –1

+3 –2 –2+3–2

two -1 atoms balance the one +2 atom

Three -2 atoms balance two +3 atoms



Formation of Ionic Compounds

Formula Units

The chemical formula of an ionic compound refers to a ratio known 

as a formula. A formula is the lowest whole-number ratio of ions in 

an ionic compound.

Determine the formula of the following elements when they bond 

ionically (show the cation, anion and correct formula):

Sodium + Fluorine

Calcium + Chlorine

Aluminum + Oxygen



Formation of Ionic Compounds

Formula Units

Sodium + Fluorine

Calcium + Chlorine

Aluminum + Oxygen

1 Na+ 1 F−
→ NaF

1 Ca2+ 2 Cl −
→ CaCl2

2 Al3+, 3 O2−  
→ Al2O3

• Remember that non-metals form anions 

that end in “-ide” … Name the compounds:
Sodium Fluoride

Calcium Chloride

Aluminum Oxide



Formation of Compounds

Criss-Cross Method

Making Formulas easy:
• Place the cation 1st with its charge as a superscript

• Place the anion 2nd with its charge as a superscript

• Criss-Cross the superscripts without the + or -

Na+F−
→ Na1F1

Ca2+Cl −
→ Ca1Cl2

Al3+O2−
→ Al2O3

You do NOT 

have to 

write 

subscripts 

of “1”



Predicting Formulas of Ionic Compounds

Use electron dot structures to predict the formulas of the ionic 

compounds formed from the following elements:

Lithium and Fluorine



Predicting Formulas of Ionic Compounds

Use electron dot structures to predict the formulas of the ionic 

compounds formed from the following elements:

Lithium and Fluorine

In order to have a completely filled valence shell, the fluorine 

atom must gain one electron. These electrons come from one 

lithium atoms, each of which loses one electron. 

The formula of the compound formed is LiF which is electrically 

neutral and the atoms have full valence.



Use electron dot diagrams to determine the formula 

of the ionic compound formed when potassium

reacts with oxygen. Show the overall charge on the 

formula unit.



Use electron dot diagrams to determine the formula 

of the ionic compound formed when potassium

reacts with oxygen. Show the overall charge on the 

formula unit

K2O
Overall Charge =  2(+1) -2 = 0

All the atoms have a full valence.

Criss-Cross:

K+O−2



Use electron dot diagrams to determine the formula 

of the ionic compound formed when calcium reacts 

with fluorine. Show the overall charge on the formula 

unit.



Use electron dot diagrams to determine the formula 

of the ionic compound formed when calcium reacts 

with fluorine. Show the overall charge on the formula 

unit.
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CaF2
Overall Charge =  +2 + 2(-1) = 0

All the atoms have a full valence.

Criss-Cross:

Ca+2F−



What are the Basics of Naming 
Compounds and Molecules?

Na Cl

Na Cl

NameFormula

Name Formula

Ammonia



Chemical Symbols

Chemical Symbols on the Periodic Table are a Shorthand for the 

elements — Symbols are either ONE or TWO letters

• The first letter is ALWAYS capitalized, while the second letter is 

small case:    Na (for sodium)

Letters for the symbols are derived in various ways:

Use the first letter of the Chemical Element 

Use the first and second letter of the Chemical Element. 

Use the first and third letter of the Chemical Element.

Some symbols are derived from the Latin origin of the element.



Chemical Symbols

Chemical Symbols on the Periodic Table are a Shorthand for the 

elements — Symbols are either ONE or TWO letters

• The first letter is ALWAYS capitalized, while the second letter is 

small case    Na (for sodium)

Letters for the symbols are derived in various ways:

Use the first letter of the Chemical Element 

Carbon, Nitrogen, Boron, Hydrogen

Use the first and second letter of the Chemical Element. 

Beryllium (Be), Helium (He), Neon (Ne), Calcium (Ca), Lithium (Li)

Use the first and third letter of the Chemical Element.

Cesium (Cs), Chlorine (Cl), Magnesium (Mg)

Some symbols are derived from the Latin origin of the element.

Mercury (Hg), Sodium (Na), Tin (Sn), Silver (Ag), Gold (Au), Iron (Fe), 

Potassium (K), Tungsten (W), etc.



Example

▪ KBr

• K+1 = potassium

• Br1- = bromine

Name: potassium bromide

Naming Ionic Compounds

▪ Name the cation(s) first, 

then anion(s)

▪ Metal cations: name of 

metal (“as is”)

▪ Nonmetal anions: 

replace ending with -ide



LiBr

MgS

Al2O3

CaCl2

Na3N

BF3

Write the Chemical Name from the 
formula (Identify the cations & anions 
using the Octet rule)



LiBr

Li+ = lithium

Br– = Bromine

Name → lithium bromide

MgS

Mg2+ = magnesium 

S–2 = sulfur

Name → magnesium sulfide

Al2O3

Al+3 = aluminum

O–2 = oxygen

Name → aluminum oxide

CaCl2
Ca2+ = calcium

Cl– = chlorine

Name → calcium chloride

Na3N

Na+ = sodium

N3– = nitrogen

Name → sodium nitride

BF3

B+3 = boron

F– = fluorine

Name → boron fluoride

Write the Chemical Name from the 
formula (Identify the cations & anions 
using the Octet rule)

Note: for IONIC compounds, the number of atoms does NOT matter in the naming.



Polyatomic ions are covalently bonded atoms (composed of more 

than one atom), which behave as ONE unit and carries a charge. 

The sulfate anion (SO4
2–) consists of one sulfur atom and four 

oxygen atoms, but chemically acts as ONE molecule. These five 

atoms together comprise a single anion with an overall 2– charge. 

Polyatomic Ions

Ammonium ion

(NH4
+)

Nitrate ion

(NO3
–)

Sulfate ion

(SO4
2–)

Phosphate ion

(PO4
3–)

The atoms are held together by polar covalent bonds, but the 

overall polyatomic ion bonds IONICally.



Chemical Formulas

Chemical Formulas are used to represent the composition of 

elements in a compound or molecule.

Subscripts
Indicate the number of atoms within ONE compound or molecule

Ca(ClO3)2 → CaCl2 +  3 O2 (g)

ClO3 + ClO3 = 2 Cl + 6 O

Notice, that there are 6 oxygen atoms on the left 

(reactants) but only 2 on the right (products) …



Chemical Formulas

Coefficients are used to balance chemical equations:

Coefficients
Indicate the number of compounds or molecules (“moles”) and are used 

to balance Chemical Equations or reactants & products

Ca(ClO3)2 → CaCl2 +    3 O2 (g)

Ca(ClO3)2 → CaCl2 +   O2 (g) +   O2 (g) +   O2 (g)

There are the same number of each element on each side of the equation.

1 Ca, 2 Cl, 6 O → 1 Ca, 2 Cl, 6 O 

ENRICHMENT



Name a polyatomic ion 
“as is” whether it is a 
cation or an anion.

Polyatomic ions may be 
listed first (cations) or last 
(anions).

e.g. (NH4
+)(PO4

3–)
Ammonium phosphate

Using parenthesis 
helps.

Common Polyatomic Ions

Charge Formula Name

1–

HSO4
–

NO2
–

ClO–

Hydrogen sulfate

Nitrite

Hypochlorite

2–

SO3
2–

SO4
2–

CO3
2–

Sulfite

Sulfate

Carbonate

3– PO4
3– Phosphate

1+ NH4
+ Ammonium

You may use a reference table when naming polyatomic ions 

(download from Study Place).

Naming Polyatomic Ions



Name the compounds & determine the # of atoms:

Na3
+(PO4

3–) (NH4
+)2(CO3

2–)

Mg+2(ClO3
–)2 Al2

+3(SO4
2–)3



Name the compounds & determine the # of atoms:

Na3
+(PO4

3–) … 3 + 1 + 4 = 8 atoms (NH4
+)2(CO3

2–)… 2 + 8 + 1 + 3 = 14 
atoms

sodium phosphate ammonium carbonate

Mg+2(ClO3
–)2 … 1 + 2 + 6 = 9 atoms Al2

+3(SO4
2–)3 … 2 + 3+ 12 = 17 atoms

magnesium chlorate aluminum sulfate



Writing Chemical Formulas from the Name

Write the metallic “ion” (cation) first and the 

non-metallic “ion” (anion) last

• Metals lose electrons … therefore, become 

positively charged (cations)

• Non-metals gain electrons … become negatively 

charged (anions)

e.g. sodium chloride:  

Na+1Cl-1

NOT     Cl-1Na+1





Naming Covalent Molecules

Covalently bonded molecules usually involve 

non-metals bonding with non-metals.

Generally, the MORE non-metallic element is listed SECOND 

because it draws the electrons more and becomes the “anion”.

e.g. Carbon dioxide → carbon is named first because it is the less 

non-metallic, more “metallic”, than oxygen.



Naming Covalent Molecules

Non-metallic character increases to the RIGHT on the Periodic Table.

Fluorine is always listed 

second (most non-metallic).

e.g. Chlorate ion (ClO3)
-1
→ Chlorine 

is listed first (less non-metallic)

e.g. Cyanide ion (CN)-1
→ Carbon is 

listed first (most “metallic”)



Naming Covalent Molecules

Prefixes are used to indicate how 

many atoms of each element are 

present in the compound.

Mono* = one, ONLY used for the second 

element in compound; e.g. carbon 

monoxide, CO

Di = two; e.g. sulfur dioxide, SO2

Tri = three; e.g. phosphorus trihydride, PH3

Tetra = four; e.g. carbon tetrachloride, CCl4



Naming Covalent Molecules

Name the NONMETAL farthest to the left on the periodic table first. It 

is the most metallic element.

CO2 = carbon dioxide, not oxygen carbide

The second element is given an –ide ending.

CO2 = carbon dioxide, not carbon dioxygen

The prefix mono- often is not used for the first element in the 

name if there is only one of that element in the formula, so a 

more common name is carbon dioxide.



*

Name the Covalent Molecules

PCl3

SiO2

P4O6

H2O

NH3

XeF6

N2O4

CBr4



*

Name the Covalent Molecules

PCl3

phosphorus trichloride

SiO2

silicon dioxide

P4O6

tetraphosphorus hexaoxide

H2O

Water, dihydrogen monoxide

NH3

Ammonia, nitrogen trihydride

XeF6

xenon hexafluoride

N2O4

dinitrogen tetroxide

CBr4

carbon tetrabromide

If there is only ONE of the 1st element, do not use “mono”



Multiple Ion States of Atoms 

Many elements have multiple ion states that do not 

match the expected charge based on valence.

If the  charge of the atom does not match the expected 

charge, assume a multiple oxidation state 

N is in Group V  (gains 3 e-)… expected oxidation of N-3

N+5 N+4 N+3 N+2 N-1 N-2 N-3

In order to distinguish between molecules containing an 

atom whose oxidation is not expected (like N), one needs 

a different name.  E.g. imagine having triplets … they 

each need their own name.   



Determining NON-expected Oxidation States of Atoms

For a compound or molecule (electrically neutral overall), the sum of 

the oxidation numbers of all the elements must total ZERO.

Carbon dioxide   CO2 →

Carbon monoxide   CO   →

Hydrogen Phosphate H3(PO4)



Determining NON-expected Oxidation States of Atoms

For a compound or molecule (electrically neutral overall), the sum of 

the oxidation numbers of all the elements must total ZERO.

Carbon dioxide   CO2 → Use “oxygen” as the standard for oxid. #

C+4 +   2O-2 =   1(+4)  + 2(-2)  =  0

The total charge around oxygen is 2(-2)  =  -4

Therefore, C must have an oxidation of +4 when bonded

Carbon monoxide   CO   → Use “oxygen” as the standard for oxid. #

C+2 +   O-2 =   1(+2) +  (-2) = 0

The total charge around oxygen is 1(-2)  =  -2

Therefore, C must have an oxidation of +2 when bonded

Hydrogen Phosphate H3(PO4)

Use “hydrogen” and “oxygen” as the standard for oxid. #

3H+1 +  1P+5 +  4O-2 =   3(+1) + 1(+5) + 4(-2)  =  0

The P atom must have an oxidation of +5 when bonded



Multiple Oxidation States of Atoms 

Transition metals

(Groups 1B–8B) 

typically form more 

than one cation 

with different ionic 

charges.

Cu+2Cl2
-

Cu+Cl-



Naming Molecules containing atoms with Multiple Oxidation States

Covalently bonded molecules usually have multiple 

oxidation states.

• Commonly found with N, S, and P 

Transition Metals usually have multiple oxidation states.

Use a Roman Numeral to indicate the oxidation of the most 

metallic element which has the multiple oxidation state.

N2
+1O-2

N2
+3O3

-2

N2
+5O5

-2

The expected 
oxidation for N = -3

Cu+1 CuCl

Cu+2 CuCl2



Naming Molecules containing atoms with Multiple Oxidation States

Covalently bonded molecules usually have multiple 

oxidation states.

• Commonly found with N, S, and P 

Transition Metals usually have multiple oxidation states.

Use a Roman Numeral to indicate the oxidation of the most 

metallic element which has the multiple oxidation state.

The expected 
oxidation for N = -3

N2
+1O-2 Nitrogen I Oxide

N2
+3O3

-2 Nitrogen III Oxide

N2
+5O5

-2 Nitrogen V Oxide

Cu+1 CuCl Copper(I) Chloride

Cu+2 CuCl2 Copper(II) Chloride



For ionic compounds and many covalent molecules, 

formulas should be written with the LOWEST whole 

number ratio of atoms.

Calcium sulfide (Ca2+ and S2–) → Ca2S2.

The 2:2 ratio can be reduced to CaS.

This is called an empirical formula.

Empirical Formulas



What are the properties of metals? How 
do metals form bonds with each other?



Metallic Bonds and Metallic Properties

Metals consist of closely packed cations and loosely held 

valence electrons rather than “neutral” atoms.

The valence electrons in metals are free to move around 

among the metallic atoms. 

Metal atoms become cations surrounded by a pool of 

electrons.

Bonding in Metals



Metallic bonds are the forces 

of attraction between the free-floating 

valence electrons and the positively 

charged metal ions. These bonds hold 

metals together.

The Electron in Metallic Bonds

Metallic bonding results from the sharing of valence 

electrons among any of the metal atoms.

The strength of the metallic bond is often determined by 

the number of valence electrons shared in the “pool” of 

cations.



Describe the Electron Sea Model

Check all the boxes that describe the electron sea model. 

[  ] Metallic bonding results from the transfer of valence electrons.

[  ] Metallic bonding results from the sharing of valence electrons.

[  ] The electrons are free to move among the metallic cations.

[  ] The electrons are attracted to specific metallic cations. 

[  ] The free moving electrons serve as the glue that keeps the metal 

atoms together.

[  ] The electrons that are attracted to specific nuclei serve as the glue 

that keeps the metal atoms together.



Describe the Electron Sea Model

Check all the boxes that describe the electron sea model. 

[X] Metallic bonding results from the transfer of valence electrons.

[  ] Metallic bonding results from the sharing of valence electrons.

[X] The electrons are free to move among the metallic cations.

[  ] The electrons are attracted to specific metallic cations. 

[X] The free moving electrons serve as the glue that keeps the metal 

atoms together.

[  ] The electrons that are attracted to specific nuclei serve as the glue 

that keeps the metal atoms together.



Ductile — can be drawn into wires. 

Malleable — hammered or pressed into shapes.

Good Conductors of heat and electricity.

When a metal is subjected to pressure, its 

cations easily slide past one another. 

Metallic Bonds and Metallic Properties



Metals are malleable, ductile, and exhibit luster.

▪ Free moving electrons allow for metals to be easily shaped.

▪ Easy electron movement produces “flexible” bonds.

• Metals are malleable  and ductile instead of brittle.

▪ Metallic luster (shines) is due to “free” electrons easily lost.

Malleability, Ductility, and Luster in Metals Explained



Metals conduct heat and electricity 

well.

▪ Free moving electrons allow for 

easy electron movement and the 

moving electrons carry current or 

thermal energy

▪ As electrons enter one end of a bar 

of metal, an equal number of 

electrons leave the other end.

Conductivity of Metals Explained



Describe the Consequences of Mobile 
Electrons

What properties of metals are 

explained by its mobile 

electrons? 

[  ] strength

[  ] malleability

[  ] ductility

[  ] heat conduction

[  ] current conduction

[  ] luster

[  ] opacity (non-transparent)

Sodium (Na) Tin (Sn)

Copper (Cu) Silver (Ag)



Describe the Consequences of Mobile 
Electrons

What properties of metals are 

explained by its mobile 

electrons? 

[ ] strength (not due to mobility) 

[X] malleability

[X] ductility

[X] heat conduction

[X] current conduction

[X] luster (shiny)

[ ] opacity (non-transparent)

Sodium (Na) Tin (Sn)

Copper (Cu) Silver (Ag)



Homogeneous 

mixture (solution) 

of two or more 

metals.

▪ Properties of an 

alloy are different 

from properties of 

the pure metals

▪ Composition can 

vary from sample 

to sample

Alloys

Alloy Component Metals

Bronze
Copper and tin or 

aluminum

Brass Copper and zinc

Rose gold Gold and copper

Steel Iron, chromium, and nickel



Alloys are important because their properties are 

often superior to those of their component elements. 

Sterling silver (92.5% silver and 7.5% copper) is 

harder and more durable than pure silver, yet it is still 

soft enough to be made into jewelry and tableware.

Cast Iron can be molded into intricate shapes.

Alloys3 Bonding in Metals

Sterling Silver

92.5% Ag

7.5% Cu

Cast Iron

96% Fe

4% C



The most important commercial alloys today are 

steels. 

The principal elements in most steels, in addition to 

iron and carbon, are boron, chromium, manganese, 

molybdenum, nickel, tungsten, and vanadium.

Steels have a wide range 

of useful properties, such 

as corrosion resistance, 

ductility, hardness, and 

toughness.

Stainless 

Steel

80.6% Fe

18.0% Cr

0.4% C

1.0% Ni

Alloys3 Bonding in Metals
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