
Part I – Periodic Table, Ions, and Ionic 
Compounds

The Basics of 
Naming Chemical 

Compounds
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Goals

After completing this module, you will be able to:

• Write names and symbols of common elements. Spell 
element names correctly.

• Locate metals, nonmetals and metalloids on the periodic 
table. Distinguish between main-group elements and 
transition metals.

• Associate the location of the element on the periodic table 
with the naming convention.

• Identify the charges of common ions formed from elements. 
• Name/identify fundamental chemical formulas for ionic 

compounds.



• The Periodic Table of Elements is a tabular 
arrangement of the chemical elements, organized 
on the basis of their atomic numbers (i.e., the 
number of protons in their nuclei) and recurring 
chemical properties.

The Periodic Table

• There are 118 elements currently listed on the 
periodic table. About 90 elements are found in 
nature. The remaining ones have been produced 
artificially using high energy particle accelerators.



The Periodic Table

Highlighted elements 
must be remembered 
by name and symbol



Name Symbol

nitrogen N

chlorine Cl

ununpentium Uup

Examples:Each element has a name
and symbol. 
• The symbol can have up to 

three letters. 
• The first letter must be 

capitalized and the second 
and third, if any, are lower 
case.

Element Names and Symbols

(this was a temporary 
placeholder name)

The symbols of the elements are derived from:

English names
hydrogen – H
calcium – Ca
phosphorus – P

Latin names
ferrum (iron) – Fe
aurum (gold) – Au
cuprum (copper) – Cu



Symbol English Name

H hydrogen

He helium

Li lithium

Be beryllium

B boron

C carbon

N nitrogen

O oxygen

F fluorine

Ne neon

Mg magnesium

Symbols Derived from the English Names

Know the name and symbol for these elements

Symbol English Name

Ni nickel

Zn zinc

As arsenic

Br bromine

Kr krypton

Rb rubidium

Sr strontium

Cd cadmium

I iodine

Xe xenon

Cs cesium

Ba barium

Symbol English Name

Al aluminum

Si silicon

P phosphorous

S sulfur

Cl chlorine

Ar argon

Ca calcium

Ti titanium

V vanadium

Cr chromium

Mn manganese

Co cobalt



Symbols Derived from the Latin Names

You’ll also need to know the Latin names for Fe, Cu, Sn, and Pb.

Element Symbol Latin Name Meaning

sodium Na natrium Soda

potassium K kalium Potash silver

iron Fe ferrum Iron

copper Cu cuprum “From Cyprus” 
where the Romans 

found copper

silver Ag argentum Silver

gold Au aurum Shining dawn

mercury Hg hydrargyrum Liquid silver

tin Sn stannum Tin

lead Pb plumbum Heavy

Know the name and symbol for these elements



Classification of Elements

Elements in the periodic table can be classified as: 

•Metals (most common elements)

•Nonmetals 

•Metalloids

We can also classify elements as:

•Main-group elements

•Transition metals 



Metals

Metals lie on the lower left side of the periodic table.

Metals



Nonmetals
Nonmetals lie on the upper right side of the periodic 
table (except H which is on the left due to its electron 
configuration).

Remember:
hydrogen is a 
nonmetal!



Metalloids
Metalloids are elements whose properties are between metal and 
nonmetal. These six are the commonly recognized metalloids:

B, Si, Ge, As, Sb, & Te



Main Group Elements vs. Transition Metals

transition metals
main-group 
elements 

main-group elements
We also classify elements as 
main-group elements and 
transition metals



Exercise 1

Write names or symbols of the following elements:

1. Ca      8. tin

2. K 9. silicon

3. Co 10. gold

4. Mn 11. copper

5. Cr 12. carbon

6. Fe 13. neon

7. P 14. bromine



Ions: Losing and Gaining Electrons
The number of protons (designated by the atomic 
number “Z”) is what identifies an element.

The 11 protons is what makes this Na (sodium)

When a neutral Na atom loses an electron, it 
becomes a Na+ ion. It remains the element 
sodium because it still has 11 protons.

In a neutral atom, the number of electrons is 
equal to the number of protons in its nucleus.

The electric charge of protons and electrons has the same 
value, but opposite sign: 
Proton: +1.602x10-19 Coulombs, represented as +1𝑒.
Electron: ‒ 1.602x10-19 Coulombs, represented as −1𝑒.

Atoms can lose or gain electrons and become charged 
particles called ions. Changing the number of electrons does 
not change the element’s identity.



Types of Ions
Cation:

ion with a positive charge
Anion:

ion with a negative charge

11 +1𝑒 + 10(−1𝑒) = +1𝑒 17 +1𝑒 + 18 −1𝑒 = −1𝑒

For example, Na+ has
11 protons and 10 electrons, 
so its overall electric charge is:

Similarly, Cl− has
17 protons and 18 electrons, 
so its overall electric charge is:

Metals tend to lose electrons to 
become cations.

Non-metals tend to gain electrons 
to become anions.

e‒ is lost

e ‒ is gained



Trends in Ion Formation
Main group 
elements tend 
to form ions 
that have the 
same number 
of electrons as 
the nearest 
noble gas.

Note: To fully explain why, we use quantum mechanics, 
which is beyond the scope of this module.

fluorine gains 
one e− to have 
same number of 
electrons as the 
closest noble 
gas: neon.

sodium loses 
one e− to have 
same number of 
electrons as the 
closest noble 
gas: neon.

Ne
(Z=10)

Na

+

(Z=11)

−
F

(Z=9)
F

(Z=9)

Na
(Z=11)



Zn2+

Ag+

1+

2+ 3+ 3– 2–

1– 0

• Column 1A (except hydrogen) are called Alkali metals. They have a tendency to lose 
one electron and form 1+ ions. 

• 2A are called Earth Alkali metals. They tend to lose two electrons and form 2+ ions.

Trend of Ionic Charges in the Periodic Table

These elements form ions 
with predictable charges:

• 7A are called Halogens. They tend to gain one electron and form 1– ions. 
• 6A are called Oxides. They tend to gain two electrons to form 2– ions.

This leads to patterns of ionic charges in the periodic table:



Ionic Compound Formation

An ionic compound (such as NaCl) is a chemical compound in which
oppositely charged ions (metals and nonmetals) are held together by
electrostatic forces.

In this example:
• A sodium atom loses an electron to form a positive ion (cation): Na+.

• A chlorine atom gains an electron to form a negative ion (anion): Cl-.
• Na+ and Cl- are held together by electrostatic forces to form NaCl.

When a metal interacts with a nonmetal, they can form an ionic compound:

NaCl crystals



Naming Binary Ionic Compounds
1. The cation retains the element name

Chlorine (Cl) is the name of the element. When a chlorine atom gains an 
electron, it becomes an anion, chloride (Cl−). 

Sodium (Na) is the name of the element. When a sodium atom loses an 
electron, it becomes a cation, sodium (Na+).

NaCl sodium chlorideNamed as:

2. When naming anions that are derived from an atom of the 
element, the name of the element is modified, with the 
suffix –ide added.

3. When writing the chemical formula, write the symbol of the
cation first and then the symbol of the anion.



The subscript “2” means 
there are two chloride ions 
for every one magnesium 
ion in a magnesium 
chloride compound. 

Cl e- e-

Mg2+

Cl

Cl- Cl-

Mg

Compounds are electrically neutral. The sum of all the positive 
charges must equal the sum of all the negative charges.

Writing Formulas for Ionic Compounds

• Write the symbol for the 
cation, then the anion, 
with charges determined 
from the periodic table:

Mg 2+ Cl−

1 Mg 2+ 2 Cl−

cations anions

 MgCl2
1 × +2𝑒 + 2 × (−1𝑒) = 0

neutral 
compound

• Find the smallest number of 
ions that will balance the 
overall charge:



You can also use the criss-cross shortcut method, but make sure 
you know why this works! 

Writing Formulas for Ionic Compounds

Example: barium oxide

Ba+2 O-2

Ba2O2

BUT we can simplify this! We only 
need one of each ion to create a 
neutral compound:

BaO

1 × +2𝑒 + 1 × (−2𝑒) = 0

2 × +2𝑒 + 2 × (−2𝑒) = 0

Ba1O1 →

Al+3 O-2

2 × +3𝑒 + 3 × (−2𝑒) = 0
cations anions

Al2O3

Example: aluminum oxide

No simplification possible.

2. Write the formula, using the charges as the subscripts on the other ion.

3. Simplify the subscripts to the lowest whole number ratio, if necessary.

1. Write the individual ions.



Examples of Binary Ionic Compounds 

Full Name Name of Cation
Name of 

Anion
Chemical
Formula

sodium chloride sodium (Na+) chloride (Cl−） NaCl

lithium bromide lithium (Li+) bromide (Br−) LiBr

calcium iodide calcium (Ca2+) Iodide (I−) CaI2

aluminum sulfide
aluminum 

(Al3+)
sulfide (S2−) Al2S3

potassium oxide potassium (K+) oxide (O2−) K2O

lithium hydride lithium (Li+) hydride (H1−) LiH

barium nitride barium (Ba2+) nitride (N3−) Ba3N2

strontium
phosphide

strontium (Sr2+)
phosphide

(P3−)
Sr3P2



Elements That Form More Than One Ion

transition metals

The highlighted elements commonly 
form more than one cation.



2+

Cu1+

3+

Ni2+ Zn2+

Ag1+ Cd2+

3+

Co2+

3+

Fe2+MnCr

3+

Au 1+

2+

Hg 1+

7+
6+
4+
3+
2+

6+
3+
2+

Common Metals That Form Ions with 
Different Charges

Tin (Sn) and Lead (Pb) are main group elements that form cations with different 
charges. The above elements are ones that will be encountered the most.

4+

Sn2+

4+

Pb2+



Naming for Metals That Form 
More Than One Cation

• As noted previously, the cation retains the element name.

Examples:

Fe3+ = iron(III)

Pb4+ = lead(IV)

One – (I) 

Two – (II) 

Three – (III) 

Four – (IV) 

Five – (V) 

Six – (VI) 

Seven – (VII) 

Eight – (VIII)

Nine – (IX)

Ten – (X) 

Roman Numerals

• When the metal commonly forms more than one cation, the 
standard way to indicate the cation’s charge is to use a 
Roman Numeral.



Two Systems for Naming Metals That Form 
More Than One Cation:

(a) Stock System:
The charges of cations are described by using Roman numerals. 
This is the modern method of naming and is generally used.

Ex. Iron can form two cations: Fe2+ & Fe3+

FeCl2: iron(II) chloride (formed from the Fe2+ ion)
FeCl3: iron(III) chloride (formed from the Fe3+ ion)
(pronounce: iron-two chloride; iron-three chloride)

(b) Classical system:
Assign the ending “ous” to the cations with fewer positive charges 
and the ending “ic” to the cations with more positive charges. 

Ex. Iron can form two cations: Fe2+ & Fe3+

FeCl2: ferrous chloride
FeCl3: ferric chloride



6+  chromium(VI)
3+  chromium(III)

chromic
2+   chromium(II)

chromous

7+  manganese(VII)
6+   manganese(VI) 
4+   manganese(IV)
3+   manganese(III)

manganic
2+    manganese(II)

manganous

2+  copper(II)
cupric

1+   copper(I)
cuprous

2+  mercury(II)
mercuric

2+  mercury(I)
mercurous

4+  lead(IV)
plumbic

2+   lead(II)
plumbous

4+  tin(IV)
stannic

2+   tin(II)
stannous

3+  nickel(III)
nickelic

2+   nickel(II)
nickelous

3+  cobalt(III)
cobaltic

2+   cobalt(II)
cobaltous

3+ iron(III)
ferric

2+  iron(II)
ferrous

Pb

Mn Fe Co Ni Cu

Hg

Sn

Cr

NiCoFe

Cr

Mn Cu
*Hg2

Sn

Hg

Pb

Stock and Classical Naming Systems:

*Note : Hg1+ occurs as Hg2
2+



Example 1
What is the name of the compound with the formula MnO?

O2-

manganese(II) oxide
manganous oxide

Mn2+

• Notice the compound is 
neutral. 

Manganese ions can have many different charges. We’ll need to work 
backward, using the charge on oxygen to figure out which manganese 
ion we have in this compound: 

• The charge of the oxygen 
ion is −2𝑒. Because the 
compound is neutral, the 
charge of the manganese 
ion must be +2𝑒.

• Follow the previous rules 
for naming binary ionic 
compounds:



Example 2
What is the name of the compound with the formula FeCl3?

Cl-Fe3+

• The compound is neutral. 
• We have 3 chloride ions, 

each with a −1𝑒 charge, 
summing to −3𝑒.

• Therefore, the charge of 
the iron cation must be 
+ 3𝑒.

iron(III) chloride
ferric chloride



More Examples of Binary Ionic Compounds

Chemical 
Formula

Name of Cation
Name of 

Anion
Name

(Stock System)

Name
(Classical 
System)

FeF2

(Fe2+)
iron(II), ferrous 

fluoride (F-) iron(II) fluoride ferrous fluoride

FeF3

(Fe3+)
iron(III), ferric 

fluoride (F-) iron(III) fluoride ferric fluoride

Cu2O
(Cu+)

copper(I), cuprous
oxide (O2-) copper(I) oxide cuprous oxide

CuO
(Cu2+)

copper(II), cupric
oxide (O2-) copper(II) oxide cupric oxide

PbBr2

(Pb2+)
lead(II), plumbous

bromide (Br-)
lead(II)

bromide
plumbous
bromide

PbBr4

(Pb4+)
lead(IV), plumbic

bromide (Br-)
lead(IV)
bromide

plumbic
bromide



Practice Questions

Write the name or chemical formula for each item listed.

• lead(IV) chloride :    ________________

•calcium oxide :    ________________

•NiS :    ________________

•KCl :    ________________



Practice Questions

• lead(IV) chloride : Pb 4+ Cl 1- = Pb1Cl4   = PbCl4

•calcium oxide : Ca 2+ O 2- =   Ca2O2 = CaO

•NiS : Nickel can form more than one cation, so we start with S. 
S forms the S2− anion, so we must have the Ni2+ cation.

nickel(II) sulfide (nickelous sulfide)

•KCl : potassium chloride

You don’t need 
to write the 1.

Simplify the 
formula.



Exercise 2

Give the names or formulas  of the following binary ionic 
compounds. If a compound can be named by both the Stock and 
the Classical systems, provide both names.

1. PbO 8. aluminum chloride

2. NaH 9. calcium phosphide

3. Mg3N2 10. stannous oxide

4. FeI3 11. ferric bromide

5. CuCl 12. ferrous bromide

6. CuCl2 13. strontium nitride

7. Sr3P2 14. nickel(III) chloride



If you feel you have mastered the objectives of this 
module, please obtain a posttest from the Science 

Learning Center personnel. 

If you don’t feel comfortable with the basics of naming, 
please work through the module again, or request 

assistance from the SLC staff! 



Exercise 1 – Key

Write names or symbols of the following elements

1. Ca calcium 8 . tin Sn

2. K potassium 9.  silicon Si

3. Co cobalt 10.  gold Au

4. Mn manganese 11.  copper Cu

5. Cr chromium 12.  carbon C

6. Fe iron 13.  neon Ne

7. P phosphorus 14.  bromine Br



Exercise 2 - Key
Give the names or formulas of the following binary ionic compounds. If a 
compound can be named by both the Stock and the Classical systems, provide 
both names.

1. PbO plumbous/lead(II) oxide

2. NaH sodium hydride

3. Mg3N2 magnesium nitride

4. FeI3 ferric/iron(III) iodide

5. CuCl cuprous/copper(I) chloride

6. CuCl2 cupric/copper(II) chloride

7. Sr3P2 strontium phosphide

8. aluminum chloride AlCl3

9. calcium phosphide Ca3P2

10. stannous oxide SnO

11. ferric bromide FeBr3

12. ferrous bromide FeBr2

13. strontium nitride Sr3N2

14. nickel(III) chloride NiCl3
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	Tin
	Tin
	Tin
	Tin




	lead
	lead
	lead
	lead
	lead



	Pb
	Pb
	Pb
	Pb



	plumbum
	plumbum
	plumbum
	plumbum



	Heavy
	Heavy
	Heavy
	Heavy






	Know the name and symbol for these elements
	Know the name and symbol for these elements
	Know the name and symbol for these elements
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	Classification of Elements


	Elements in the periodic table can be classified as: 
	Elements in the periodic table can be classified as: 
	Elements in the periodic table can be classified as: 

	•
	•
	•
	•
	Metals (most common elements)


	•
	•
	•
	Nonmetals 


	•
	•
	•
	Metalloids



	We can also classify elements as:
	We can also classify elements as:

	•
	•
	•
	•
	Main
	-
	group elements


	•
	•
	•
	Transition metals 
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	Metals
	Metals


	Metals
	Metals
	Metals
	lie on the lower left side of the periodic table.


	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	M
	M
	M
	etals
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	Nonmetals
	Nonmetals
	Nonmetals
	lie on the upper right side of the periodic 
	table (except H which is on the left due to its electron 
	configuration).


	Figure
	Figure
	Figure
	Figure
	Span
	Remember:
	Remember:
	Remember:

	h
	h
	ydrogen
	is a 
	nonmetal
	!



	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure

	Slide
	Span
	Metalloids
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	Metalloids


	Metalloids are elements whose properties are between metal and 
	Metalloids are elements whose properties are between metal and 
	Metalloids are elements whose properties are between metal and 
	nonmetal. These six are the commonly recognized metalloids:


	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Span
	B, Si, Ge, As, Sb, & 
	B, Si, Ge, As, Sb, & 
	B, Si, Ge, As, Sb, & 
	Te



	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
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	Figure
	Main Group Elements vs. Transition Metals
	Main Group Elements vs. Transition Metals
	Main Group Elements vs. Transition Metals


	Figure
	Figure
	Figure
	transition metals
	transition metals
	transition metals


	main
	main
	main
	-
	group 
	elements 


	main
	main
	main
	-
	group elements


	Figure
	Figure
	Figure
	We also classify elements as 
	We also classify elements as 
	We also classify elements as 
	main
	-
	group elements 
	and 
	transition metals
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	Exercise 1
	Exercise 1



	Write names or symbols of the following elements:
	Write names or symbols of the following elements:
	Write names or symbols of the following elements:

	1.
	1.
	1.
	1.
	Ca      
	8.
	tin


	2.
	2.
	2.
	K
	9.
	silicon


	3.
	3.
	3.
	Co
	10.
	gold


	4.
	4.
	4.
	Mn
	11.
	copper


	5.
	5.
	5.
	Cr
	12.
	carbon


	6.
	6.
	6.
	Fe
	13.
	neon


	7.
	7.
	7.
	P
	14.
	bromine
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	Ions: Losing and Gaining Electrons


	The 
	The 
	The 
	number of 
	protons 
	(
	designated by the 
	atomic 
	number “
	Z
	”
	)
	is what identifies an 
	element.


	The 11 protons is what makes this Na (sodium)
	The 11 protons is what makes this Na (sodium)
	The 11 protons is what makes this Na (sodium)


	When a neutral 
	When a neutral 
	When a neutral 
	Na 
	atom loses an electron, it 
	becomes a Na
	+
	ion
	. 
	It remains the element 
	sodium because it still has 11 protons.


	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	In a 
	In a 
	In a 
	neutral atom, 
	the 
	number of electrons 
	is 
	equal to 
	the 
	number of protons 
	in its nucleus.

	The electric charge of protons and electrons has the same 
	The electric charge of protons and electrons has the same 
	value, but opposite sign: 

	Proton: +1.602x10
	Proton: +1.602x10
	-
	19
	Coulombs, represented as +1
	𝑒
	.

	Electron: ‒ 1.602x10
	Electron: ‒ 1.602x10
	-
	19
	Coulombs, represented as −1
	𝑒
	.


	Atoms can lose or gain electrons and become charged 
	Atoms can lose or gain electrons and become charged 
	Atoms can lose or gain electrons and become charged 
	particles called 
	ions
	. Changing the number of electrons does 
	not change the element’s identity.
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	Types of Ions


	Cation:
	Cation:
	Cation:

	ion 
	ion 
	with a 
	positive
	charge


	Anion:
	Anion:
	Anion:

	ion 
	ion 
	with a 
	negative
	charge


	11+1𝑒+10(−1𝑒)=+1𝑒
	11+1𝑒+10(−1𝑒)=+1𝑒

	17+1𝑒+18−1𝑒=−1𝑒
	17+1𝑒+18−1𝑒=−1𝑒

	For example, Na
	For example, Na
	For example, Na
	+
	has
	11 protons and 10 electrons, 
	so its overall electric charge is:


	Similarly, Cl
	Similarly, Cl
	Similarly, Cl
	−
	has
	17 protons and 18 electrons, 
	so its overall electric charge is
	:


	Metals
	Metals
	Metals
	tend to lose electrons to 
	become cations.


	Non
	Non
	Non
	-
	metals
	tend to gain electrons 
	to become anions.


	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Span
	e
	e
	e
	‒
	is lost



	Figure
	Figure
	Figure
	Span
	e
	e
	e
	‒
	is gained



	Figure
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	Trends in Ion Formation
	Trends in Ion Formation
	Trends in Ion Formation


	Main group 
	Main group 
	Main group 
	elements 
	tend 
	to form ions 
	that have the 
	same number 
	of electrons as 
	the nearest 
	noble gas.


	Note: To fully explain why, we use quantum mechanics, 
	Note: To fully explain why, we use quantum mechanics, 
	Note: To fully explain why, we use quantum mechanics, 
	which is beyond the scope of this module.


	Figure
	Figure
	f
	f
	f
	luorine gains 
	one e
	−
	to have 
	same number of 
	electrons as the 
	closest 
	noble 
	gas: 
	n
	eon
	.


	s
	s
	s
	odium 
	loses 
	one e
	−
	to have 
	same number 
	of 
	electrons as the 
	closest 
	noble 
	gas: 
	n
	eon
	.


	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Ne
	Ne
	Ne


	(
	(
	(
	Z=10)


	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Na
	Na
	Na


	+
	+
	+


	Figure
	Figure
	(
	(
	(
	Z=11)


	−
	−
	−


	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	F
	F
	F


	(
	(
	(
	Z=9)


	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	F
	F
	F


	(
	(
	(
	Z=9)


	Figure
	Figure
	Figure
	Figure
	Na
	Na
	Na


	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	(
	(
	(
	Z=11)



	Slide
	Span
	Figure
	Figure
	Zn
	Zn
	Zn
	2
	+


	Figure
	Ag
	Ag
	Ag
	+


	1+
	1+
	1+


	2
	2
	2
	+


	3+
	3+
	3+


	3
	3
	3
	–


	2
	2
	2
	–


	1
	1
	1
	–


	0
	0
	0


	•
	•
	•
	•
	•
	Column 1A 
	(except hydrogen) are 
	called 
	Alkali
	metals. They 
	have 
	a tendency to lose 
	one electron and form 
	1+
	ions. 


	•
	•
	•
	2A
	are called 
	Earth Alkali 
	metals. They 
	tend 
	to lose two electrons and form 
	2+
	ions
	.




	Trend of Ionic Charges in the Periodic 
	Trend of Ionic Charges in the Periodic 
	Trend of Ionic Charges in the Periodic 
	T
	able


	These elements form ions 
	These elements form ions 
	These elements form ions 
	with predictable charges:


	•
	•
	•
	•
	•
	7A
	are called 
	Halogens
	. They 
	tend to gain one electron and form
	1
	–
	ions. 


	•
	•
	•
	6A
	are called 
	Oxides
	. They tend to gain two electrons to form 
	2
	–
	ions.




	This leads to 
	This leads to 
	This leads to 
	patterns
	of ionic 
	charges
	in the periodic table:
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	Ionic Compound Formation


	A
	A
	A
	n
	ionic
	compound
	(such
	as
	NaCl
	)
	is
	a
	chemical
	compound
	in
	which
	oppositely
	charged
	ions
	(
	metals
	and
	nonmetals
	)
	are
	held
	together
	by
	electrostatic
	forces
	.


	Figure
	In
	In
	In
	this
	example
	:

	•
	•
	•
	•
	•
	A
	sodium
	atom
	loses
	an
	electron
	to
	form
	a
	positive
	ion
	(cation
	)
	:
	Na
	+
	.


	•
	•
	•
	A
	chlorine
	atom
	gains
	an
	electron
	to
	form
	a
	negative
	ion
	(anion)
	:
	Cl
	-
	.


	•
	•
	•
	Na
	+
	and
	Cl
	-
	are
	held
	together
	by
	electrostatic
	forces
	to
	form
	NaCl
	.





	When a 
	When a 
	When a 
	metal
	interacts with a 
	nonmetal,
	they can form an ionic compound:


	NaCl
	NaCl
	NaCl
	crystals
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	Naming 
	Naming 
	Binary 
	Ionic 
	Compounds


	1.
	1.
	1.
	1.
	1.
	The
	cation
	retains 
	the 
	element 
	name




	Figure
	Span
	Chlor
	Chlor
	Chlor
	ine
	Span
	(Cl) 
	is
	the
	name of the element. When a chlorine atom gains an 
	electron, it becomes an anion, 
	chlor
	ide
	Span
	(
	Cl
	−
	). 



	Figure
	Span
	Sodium (Na) 
	Sodium (Na) 
	Sodium (Na) 
	is
	the
	name of the element. When a sodium atom loses an 
	electron, it becomes a cation, sodium (Na+).



	Figure
	Span
	NaCl
	NaCl
	NaCl



	Figure
	Span
	s
	s
	s
	odium 
	c
	hloride



	Figure
	Named as:
	Named as:
	Named as:


	2.
	2.
	2.
	2.
	2.
	When naming 
	anions
	that are derived from an atom of the 
	element,
	the name of the element is 
	modified, with the 
	suffix
	–
	ide 
	added
	.




	3.
	3.
	3.
	3.
	3.
	When writing the chemical formula, write 
	the
	symbol
	of
	the
	cation first and then
	the
	symbol
	of
	the 
	anion
	.





	Slide
	Span
	The subscript “2” means 
	The subscript “2” means 
	The subscript “2” means 
	there are two chloride ions 
	for every one magnesium 
	ion in a magnesium 
	chloride compound. 
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	Cl
	Cl
	Cl



	Figure
	Figure
	Figure
	Figure
	Figure
	e
	e
	e
	-


	e
	e
	e
	-


	Figure
	Span
	Mg
	Mg
	Mg
	2+



	Figure
	Span
	Cl
	Cl
	Cl



	Figure
	Span
	Cl
	Cl
	Cl
	-



	Figure
	Span
	Cl
	Cl
	Cl
	-



	Figure
	Span
	Mg
	Mg
	Mg



	Compounds 
	Compounds 
	Compounds 
	are electrically 
	neutral
	.
	The sum of all the positive 
	charges must equal the sum of all the negative charges.


	Writing Formulas for Ionic Compounds
	Writing Formulas for Ionic Compounds
	Writing Formulas for Ionic Compounds


	•
	•
	•
	•
	•
	Write the symbol for the 
	cation, then the anion, 
	with charges determined 
	from the periodic table:




	Mg 
	Mg 
	Mg 
	2+
	Cl
	−


	Figure
	1
	1
	1
	Mg 
	2+
	2
	Cl
	−


	cations
	cations
	cations


	anions
	anions
	anions


	
	
	
	Mg
	Cl
	2


	1×+2𝑒+2×(−1𝑒)=0
	1×+2𝑒+2×(−1𝑒)=0

	n
	n
	n
	eutral 
	compound


	•
	•
	•
	•
	•
	Find the smallest number of 
	ions that will balance the 
	overall charge
	:
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	You can also use the 
	You can also use the 
	You can also use the 
	criss
	-
	cross
	shortcut method, but make sure 
	you know why this works! 


	Writing Formulas for Ionic Compounds
	Writing Formulas for Ionic Compounds
	Writing Formulas for Ionic Compounds


	Figure
	Example: 
	Example: 
	Example: 
	barium oxide


	Ba
	Ba
	Ba
	+2
	O
	-
	2


	Ba
	Ba
	Ba
	2
	O
	2


	BUT we can 
	BUT we can 
	BUT we can 
	simplify
	this! We 
	only 
	need 
	one
	of each ion to create a 
	neutral 
	compound:


	BaO
	BaO
	BaO


	1×+2𝑒+1×(−2𝑒)=0
	1×+2𝑒+1×(−2𝑒)=0

	Figure
	Figure
	2×+2𝑒+2×(−2𝑒)=0
	2×+2𝑒+2×(−2𝑒)=0

	Figure
	Ba
	Ba
	Ba
	1
	O
	1
	→


	Figure
	Al
	Al
	Al
	+3
	O
	-
	2


	Figure
	Figure
	2×+3𝑒+3×(−2𝑒)=0
	2×+3𝑒+3×(−2𝑒)=0

	cations
	cations
	cations


	anions
	anions
	anions


	Al
	Al
	Al
	2
	O
	3


	Example: 
	Example: 
	Example: 
	aluminum oxide


	No simplification possible.
	No simplification possible.
	No simplification possible.


	2.
	2.
	2.
	2.
	2.
	2.
	Write the formula, using the charges as the subscripts on the 
	other
	ion
	.





	3.
	3.
	3.
	3.
	3.
	Simplify 
	the subscripts to the lowest whole number ratio, if necessary
	.




	1.
	1.
	1.
	1.
	1.
	1.
	Write the individual ions.
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	Examples of Binary 
	Examples of Binary 
	Ionic 
	Compounds 


	Table
	TBody
	Span
	Full
	Full
	Full
	Full
	Full
	Name



	Name of 
	Name of 
	Name of 
	Name of 
	Cation



	Name of 
	Name of 
	Name of 
	Name of 
	Anion



	Chemical
	Chemical
	Chemical
	Chemical
	Formula




	sodium
	sodium
	sodium
	sodium
	sodium
	chloride



	sodium (Na
	sodium (Na
	sodium (Na
	sodium (Na
	+
	)



	chloride
	chloride
	chloride
	chloride
	(
	Cl
	−
	）



	NaCl
	NaCl
	NaCl
	NaCl




	lithium
	lithium
	lithium
	lithium
	lithium
	bromide



	lithium
	lithium
	lithium
	lithium
	(Li
	+
	)



	bromide
	bromide
	bromide
	bromide
	(Br
	−
	)



	LiBr
	LiBr
	LiBr
	LiBr




	calcium
	calcium
	calcium
	calcium
	calcium
	iodide



	calcium
	calcium
	calcium
	calcium
	(Ca
	2+
	)



	Iodide
	Iodide
	Iodide
	Iodide
	(I
	−
	)



	CaI
	CaI
	CaI
	CaI
	2




	aluminum sulfide
	aluminum sulfide
	aluminum sulfide
	aluminum sulfide
	aluminum sulfide



	aluminum 
	aluminum 
	aluminum 
	aluminum 
	(
	Al
	3+
	)



	sulfide
	sulfide
	sulfide
	sulfide
	(S
	2
	−
	)



	Al
	Al
	Al
	Al
	2
	S
	3




	potassium oxide
	potassium oxide
	potassium oxide
	potassium oxide
	potassium oxide



	potassium (
	potassium (
	potassium (
	potassium (
	K
	+
	)



	oxide (O
	oxide (O
	oxide (O
	oxide (O
	2
	−
	)



	K
	K
	K
	K
	2
	O




	lithium hydride
	lithium hydride
	lithium hydride
	lithium hydride
	lithium hydride



	lithium
	lithium
	lithium
	lithium
	(Li
	+
	)



	hydride (H
	hydride (H
	hydride (H
	hydride (H
	1
	−
	)



	LiH
	LiH
	LiH
	LiH




	barium
	barium
	barium
	barium
	barium
	nitride



	barium
	barium
	barium
	barium
	(Ba
	2+
	)



	nitride (N
	nitride (N
	nitride (N
	nitride (N
	3
	−
	)



	Ba
	Ba
	Ba
	Ba
	3
	N
	2




	strontium
	strontium
	strontium
	strontium
	strontium
	phosphide



	strontium
	strontium
	strontium
	strontium
	(Sr
	2+
	)



	phosphide
	phosphide
	phosphide
	phosphide
	(P
	3
	−
	)



	Sr
	Sr
	Sr
	Sr
	3
	P
	2
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	Elements That Form More 
	Elements That Form More 
	Elements That Form More 
	T
	han One Ion


	Figure
	transition 
	transition 
	transition 
	metals


	Figure
	Figure
	The highlighted elements commonly 
	The highlighted elements commonly 
	The highlighted elements commonly 
	form more than one cation.
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	Figure
	2+
	2+
	2+
	Cu
	1+


	3+
	3+
	3+
	Ni
	2+


	Zn
	Zn
	Zn
	2+


	Ag
	Ag
	Ag
	1+


	Cd
	Cd
	Cd
	2+


	3+
	3+
	3+
	Co
	2+


	3+
	3+
	3+
	Fe
	2+


	Mn
	Mn
	Mn


	Cr
	Cr
	Cr


	3+
	3+
	3+
	Au
	1+


	2+
	2+
	2+
	Hg
	1+


	7+
	7+
	7+

	6+
	6+

	4+
	4+

	3+
	3+

	2+
	2+


	6+
	6+
	6+

	3+
	3+

	2+
	2+


	Common Metals 
	Common Metals 
	Common Metals 
	T
	hat Form Ions with 
	Different Charges


	Tin (Sn) and Lead (
	Tin (Sn) and Lead (
	Tin (Sn) and Lead (
	Pb
	) are main group elements that form cations with different 
	charges. The above elements are ones that will be encountered the most.


	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	4+
	4+
	4+
	Sn
	2+


	4+
	4+
	4+
	Pb
	2+


	Figure
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	Naming for Metals 
	Naming for Metals 
	Naming for Metals 
	T
	hat Form 
	More 
	T
	han One Cation


	•
	•
	•
	•
	•
	As noted previously, the 
	cation retains 
	the 
	element 
	name.




	Examples:
	Examples:
	Examples:

	Fe
	Fe
	3
	+
	= 
	iron(III)

	Pb
	Pb
	4
	+
	= 
	lead(IV)


	Figure
	One 
	One 
	One 
	–
	(I) 

	Two 
	Two 
	–
	(II) 

	Three 
	Three 
	–
	(III) 

	Four 
	Four 
	–
	(IV) 

	Five 
	Five 
	–
	(V) 


	Six 
	Six 
	Six 
	–
	(VI) 

	Seven 
	Seven 
	–
	(VII) 

	Eight 
	Eight 
	–
	(VIII)

	Nine 
	Nine 
	–
	(IX)

	Ten 
	Ten 
	–
	(X) 


	Roman Numerals
	Roman Numerals
	Roman Numerals


	•
	•
	•
	•
	•
	When the metal commonly forms more than one cation, the 
	standard way to indicate the cation’s charge is to use a 
	Roman Numeral
	.
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	Two 
	Two 
	Two 
	Systems for Naming Metals 
	T
	hat Form 
	More Than One Cation:


	(a) Stock 
	(a) Stock 
	(a) Stock 
	Span
	System
	:

	The charges of cations are described by using 
	The charges of cations are described by using 
	Roman numerals
	. 
	This is the modern method of naming and is generally used.

	Ex.
	Ex.
	Iron
	can
	form
	two
	cations
	:
	Fe
	2+
	&
	Fe
	3+

	FeCl
	FeCl
	2
	:
	iron(II)
	chloride 
	(formed from the 
	Fe
	2+
	ion)

	FeCl
	FeCl
	3
	:
	iron(III)
	chloride 
	(
	formed 
	from the 
	Fe
	3+
	ion)

	(pronounce: iron
	(pronounce: iron
	-
	two chloride; iron
	-
	three chloride)


	(b) Classical system:
	(b) Classical system:
	(b) Classical system:
	Span

	Assign
	Assign
	the ending “
	ous
	” to the cations with fewer positive charges 
	and the ending “
	ic
	” to the cations with more positive charges. 

	Ex
	Ex
	.
	Iron
	can
	form
	two
	cations
	:
	Fe
	2+
	&
	Fe
	3+

	FeCl
	FeCl
	2
	:
	ferr
	ous
	chloride

	FeCl
	FeCl
	3
	:
	ferr
	ic
	chloride
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	6+  
	6+  
	6+  
	chromium(VI)

	3+  chromium(III)
	3+  chromium(III)
	chrom
	ic

	2+   chromium(II)
	2+   chromium(II)
	chrom
	ous
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	7+  manganese(VII)
	7+  manganese(VII)
	7+  manganese(VII)

	6+   manganese(VI) 
	6+   manganese(VI) 
	4+   manganese(IV)

	3+   manganese(III
	3+   manganese(III
	)
	mangan
	ic

	2+    manganese(II
	2+    manganese(II
	)
	mangan
	ous



	Figure
	Span
	2+  copper(II)
	2+  copper(II)
	2+  copper(II)
	cupr
	ic

	1+   copper(I)
	1+   copper(I)
	cupr
	ous
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	Span
	2+  mercury(II)
	2+  mercury(II)
	2+  mercury(II)
	mercur
	ic

	2
	2
	+  mercury(I)
	mercur
	ous
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	Span
	4+  lead(IV)
	4+  lead(IV)
	4+  lead(IV)
	plumb
	ic

	2+   lead(II
	2+   lead(II
	)
	plumb
	ous
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	4+  tin(IV)
	4+  tin(IV)
	4+  tin(IV)
	stann
	ic

	2+   tin(II
	2+   tin(II
	)
	stann
	ous
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	3+  nickel(III)
	3+  nickel(III)
	3+  nickel(III)
	nickel
	ic

	2+   nickel(II)
	2+   nickel(II)
	nickel
	ous
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	Span
	3+  cobalt(III)
	3+  cobalt(III)
	3+  cobalt(III)
	cobalt
	ic

	2+   cobalt(II)
	2+   cobalt(II)
	cobalt
	ous
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	3+ iron(III)
	3+ iron(III)
	3+ iron(III)
	ferr
	ic

	2+  iron(II)
	2+  iron(II)
	ferr
	ous



	Pb
	Pb
	Pb


	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Mn
	Mn
	Mn


	Fe
	Fe
	Fe


	Co
	Co
	Co


	Ni
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	Notice the compound is 
	neutral
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	Manganese ions can 
	have many different charges. 
	W
	e’ll need to work 
	backward, using the charge on oxygen to figure out which 
	m
	anganese 
	ion we have in this compound: 


	•
	•
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	•
	•
	The charge of the oxygen 
	ion is 
	−2𝑒.
	Because the 
	compound is neutral, the 
	charge of the manganese 
	ion must be 
	+2𝑒
	.
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	Follow the previous rules 
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	compounds:
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	each with a 
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	Write the name or chemical formula for each item listed.

	•
	•
	•
	•
	l
	ead(IV) chloride 
	:    ________________


	•
	•
	•
	c
	alcium oxide 
	:    ________________


	•
	•
	•
	NiS
	:    ________________


	•
	•
	•
	KCl
	:    ________________
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	Pb
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	= Pb
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	PbCl
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	c
	alcium oxide : Ca 
	2+ 
	O 
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	-
	=   Ca
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	O
	2 
	= 
	CaO
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	NiS
	: Nickel can form more than one cation, so we start with S. 
	S forms the S
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	anion, so we must have the Ni
	2+
	cation.
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	KCl
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	Give the names or formulas  of the following binary ionic 
	Give the names or formulas  of the following binary ionic 
	Give the names or formulas  of the following binary ionic 
	compounds. If a compound can be named by both the Stock and 
	the Classical systems, provide both names.

	1. 
	1. 
	PbO
	8. aluminum chloride

	2. 
	2. 
	NaH
	9. calcium phosphide

	3. Mg
	3. Mg
	3
	N
	2
	10. stannous oxide

	4. FeI
	4. FeI
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	11. ferric bromide

	5. 
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	CuCl
	12. ferrous bromide

	6. CuCl
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	13. strontium nitride

	7. Sr
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	14. nickel(III) chloride



	Slide
	Span
	If you feel you have mastered the objectives of this 
	If you feel you have mastered the objectives of this 
	If you feel you have mastered the objectives of this 
	module, please obtain a posttest from the Science 
	Learning Center personnel. 
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	please work through the module again, or request 
	assistance from the SLC staff! 
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	Sn
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	Si
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