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Student Instruction Sheet

Ionic Compounds:  How they form and naming

Suggested time:
1.5 Hour

	What’s important in this lesson:

· To review how atoms form ions and use the periodic table to determine the charge and type of ion formed.
· To write chemical formulas and names for simple ionic compounds along with compounds made from transition metals and polyatomic ions.



	Complete these steps:

1. Complete the Diagnostic/Introductory Activity.  Get this checked as being completed on your Course Checklist.
2. Get the textbook, Science 9 Concepts and Connections and use it to start the student handout.  If you are having difficulty with a section, note this in the section below:  Questions for Teacher and move onto the next activity in your student handout.
3. Once the student handout is complete check your answers or your teacher will check the answers with the Answer Key.  Get this checked as being completed on your Course Checklist.
4. Do the assessment activity.  Make sure you have about 10 -15 minutes to complete the test and give this to your teacher.  After your teacher has checked the assessment make sure to check it off as being completed on your Course Checklist.

5. Complete the Reflection Activity.  Get this check as being completed on your Course Checklist.




	Hand-in the following to your teacher:

1. Assessment Activity.
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	H
	U
	A
	D
	R
	H
	Y
	K
	X
	A
	P
	Z
	L
	T
	N

	L
	Y
	J
	L
	A
	E
	W
	H
	M
	M
	O
	B
	A
	S
	G

	T
	Y
	D
	J
	U
	R
	V
	M
	Q
	E
	L
	G
	R
	R
	Y

	K
	S
	G
	R
	C
	M
	O
	O
	T
	K
	Y
	L
	E
	O
	E

	I
	N
	A
	E
	O
	N
	R
	A
	S
	T
	A
	E
	M
	M
	H

	Q
	O
	K
	N
	I
	X
	F
	O
	R
	S
	T
	V
	U
	A
	Y

	X
	R
	V
	U
	I
	L
	I
	A
	F
	A
	O
	W
	N
	N
	U

	S
	T
	M
	W
	U
	O
	N
	D
	H
	W
	M
	R
	Z
	C
	X

	E
	C
	Q
	S
	U
	S
	N
	P
	E
	K
	I
	F
	C
	O
	Z

	O
	E
	O
	L
	I
	N
	S
	O
	I
	D
	C
	N
	K
	M
	G

	D
	L
	J
	T
	F
	O
	E
	C
	N
	E
	L
	A
	V
	P
	A

	Y
	E
	I
	L
	H
	C
	A
	T
	I
	O
	N
	S
	O
	O
	L

	Z
	O
	I
	P
	J
	G
	O
	H
	O
	H
	T
	Z
	J
	U
	T

	N
	O
	C
	A
	R
	B
	O
	N
	A
	T
	E
	Y
	U
	N
	V

	N
	W
	O
	S
	T
	P
	I
	R
	C
	S
	B
	U
	S
	D
	N


	AMMONIUM
	ANION
	CARBONATE

	CATION
	COMPOUND
	CROSSOVER

	ELECTRONS
	FORMULA
	HYDROXIDE

	ION
	NUMERAL
	PHOSPHATE

	POLYATOMIC
	ROMAN
	SUBSCRIPTS

	SULFATE
	TRANSITION
	VALENCE


Ionic Compounds:  How they form and Naming
Use pg. 78 -81 of text to complete the blanks throughout the lesson.

Recall from the previous lesson that the atomic number of an element represents how many protons and electrons are found in an atom.

It’s important to know that an atom can lose electrons without becoming a different element, but it cannot lose protons.  The number of protons always determines what the element is.  An atom with six protons is always carbon.  An atom with six electrons doesn’t always have to be carbon.

What are ions?

An atom forms an ion when it gains or loses electrons.  The end result is that the atom will have a charge on it (either positive or negative depending on whether electrons have been lost or gained).

It was seen in the previous lesson that electrons orbit the nucleus in organized energy levels called orbits.  The first orbit can hold up to 2 electrons.  The second orbit can hold up to 8 electrons.  The third orbit can hold up to 8 electrons, and so on.

The outermost orbit of an atom is called the Valence shell or orbit.  When the valence orbit has the maximum number of electrons, it is full.

Example:  How many electrons are in the valence level of the following atoms?
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____ valence electrons


_____ valence electrons

Atoms only desire one thing – they want to have a ______ valence level orbit which makes them incredibly ________.  Therefore, atoms will _______ or _______ electrons based on which is easier to get to a full valence level.

Complete the following examples:

1. Fluorine (F)

Atomic number = _____

Therefore F has 


and 


.
Below is the Bohr-Rutherford diagram for a Fluorine atom:
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How many electrons does F’s valence orbital have? _____

How many electrons can fit in this orbit? _____

How many electrons did F gain to become stable? ____

An electron has a charge of -1 since Fluorine has gained one electron to become stable the overall charge on the ion is one negative.  And can be written as 
F-1 or F -.

2. Magnesium (Mg)

Atomic Number: ______

Therefore Mg has 


and 


.
Below is the Bohr-Rutherford diagram for Magnesium:

[image: image7.png]



How many electrons are in its valence orbit? ______

With respect to amount of energy used, do you think it will be easier for Mg to gain 6 more electrons or to lose 2 electrons?

Below is the Bohr-Rutherford diagram for a Magnesium ion.


The diagram shows us that Mg loses two electrons (which are negative), what is the overall charge on Mg?


.
**Think in terms of integers



12 protons + 10 electrons is the same as +12 + -10 = +2

Therefore the Mg ion is written as 

.

IONIC CHARGE AND THE ELEMENT GROUP
Look at the Bohr-Rutherford Diagrams from the previous lesson.  If one wants to find out the possible number of electrons that an atom may lose or gain all you need to do is look at which column the atom is found in on the periodic table.  What you should see is that the elements in a column all have the same number of electrons in their valence shell.  (Helium being the exception of only having 2 electrons in its valence shell compared to the other noble gases that have 8)

	Column of Periodic Table


	Number of Valence Electrons
	Charge of Ion formed

	1
	1
	+1

	2
	2
	+2

	3
	3
	+3

	14
	4
	+4 or – 4

Depending on what they react with.

	15
	5
	-3

	16
	6
	-2

	17
	7
	-1

	18
	8
	0 

(no ion formed)


Ions that are positively charged have given up their valance electrons to get a full valence shell.  They can also be called cations (and are often metals).  Ions that are negatively charged give up their valence electrons to get a full valence shell.  They are often called anions (and are often non-metals)


Use the periodic table and the chart above to answer the following:

i)
What is the charge of the common ion of each of the following elements? (Answer the following using the symbol and superscript )

a)
Beryllium
d)
Sodium

b)
Arsenic
e)
Sulfur

c)
Ra
f)
Kr
Ionic Compounds

Ionic compounds are those created when ions combine to form compounds.  These compounds are formed when a positive ion (cation) loses it’s electron(s) to a negative ion (anion)

Since a compound is a new pure substance chemists’ need to have some method of naming it and showing what elements are found in it.

Chemical Formulas
A chemical formula is a combination of ___________ and 

___________ (small numbers like this123) that represent the ratio of __________ 

in a compound.

Example:
The chemical formula of carbon dioxide is CO2.  This means it is made up of one carbon atom and two oxygen atoms.  Notice how C doesn’t have a subscript.  When the subscript is one, it’s not written.

Example:
NaCl has one sodium atom and one chlorine atom.

Example:
C6H12O6 (glucose) has _____ carbon atoms, _____ hydrogen atoms, and _____ oxygen atoms.

WRITING FORMULAS FOR IONIC COMPOUNDS

In order to write a chemical formula for an ionic compound, follow the following simple steps:

1. The _______ ion (on the left side of the periodic table) is ALWAYS ___________ and is written ________.

2. The ____________ ion (on the right side of the periodic table) is ALWAYS ____________ and is written _________.

3. The total __________ charge must be balanced by the total ___________ charge (use the “cross-over” rule)

4. Once the charge is balanced, write the chemical ____________ using ____________ if needed.

Ex.:
Form a compound from Mg and F

1. Mg ( will ______ ____ electron(s) to become stable.

Therefore, it will become ______.

2. F ( will ______ ______ electron(s) to become stable

Therefore, it will become ______.

3. The charges need to be balanced this can be done by using the “cross-over” rule.

Simply cross-over each number and delete the signs to get:


Mg1F2

4. Remember subscripts of one are not written, the formula therefore is MgF2.
Look at the formula:

How many atoms of Mg does MgF2 have? _____
How many atoms of F does MgF2 have? _____
Why does 1 atom of Magnesium and 2 atoms of Fluorine create a stable compound?  Look at the diagram below.











Magnesium wants to lose its two electrons and each fluorine atom wants to gain one electron, therefore, magnesium can give each of the fluorine atoms 1 electron each.

Ex.
Form a compound from oxygen and calcium.

1. Ca ( will _____ _____ electron(s) to become stable

Therefore, it will become _______.

2. O ( will ______ ______ electron(s) to become stable

Therefore, it will become _______.

3. Cross-over

Ca+2      O-2
and get:
________

4. Since both subscripts are the same ignore them both (because there is a 1:1 ratio) and write the formula: CaO.

ii)
Write the chemical formula for the compound formed by each of the following combinations of elements:
a)
Lithium and Iodine
c)
Sodium and Nitrogen

b)
Aluminum and Chlorine
d)
Hydrogen and Oxygen

NAMING IONIC COMPOUNDS

Use the following rules to name an ionic compound:

1. Name the ________ first, using the name that appears on the ____________________.

2. Name the _____________ second.  The _________ of the name gets changed to “______”.

Example: What are the names of the following compounds?

	COMPOUND FORMULA
	COMPOUND NAME

	NaCl
	

	MgF2
	

	BaO
	


iii)
Write the chemical formula for the following ionic compounds

a) Barium chloride
b)
Magnesium oxide
c)
Aluminum sulfide

d)
Lithium Carbide
e)
Beryllium iodide
f)
Calcium nitride

iv)
Write the chemical name for each of the following ionic compounds
a) K20 

b) LiCl 

c) BeF 

d) Fr3N 

e) CaBr2 

f) Ga2O3 

g) BP 

h) CaS 


NAMING COMPOUNDS USING TRANSITION METALS

So far ionic compounds formed from either alkali or alkaline earth metals and non-metals have been the only ones considered.

Now it is time to look at ionic compounds made from transition metals and non-metals. Transition metals are those found in the centre block of the periodic table and include elements such as mercury, gold, and lead.
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There is no pattern to help determine what charges these metals form.  In fact, a lot of these metals can form more than one ion.  These charges are listed on the Periodic Table.

For example, look at lead (atomic number 82) on the periodic table..  Lead can form 2 ions which are Pb+2 and Pb+4. 

Since lead can form 2 different ions, it is necessary to have a naming system that lets us know which lead ion was used.  In order to do this, a Roman numeral is written after the transition metals name to indicate the ion being used.

Example:

Lead (II) oxide


vs.

Lead (IV) oxide

The (II) tells us



The (IV) tells us to use the +2 ion




to use the +4 ion.

Therefore, Lead (II) oxide is…

Pb+2
O-2


Pb2O2  (  PbO

(remember to reduce subscripts)

And Lead (IV) oxide is

Pb+4     O-2
Pb2O4  (  PbO2

(remember to reduce subscripts)

What is the formula of Copper (I) sulfide?

Cu+1     S-2

Cu2S

What is the name of Ti2O3?  The 2 atoms involved are titanium and oxygen, but you need to find out is which ion charge of Titanium was used.  In order to figure this out, work backwards (reverse the crossover so that the subscripts are above the other atom):


Ti2O3 ( Ti+3
O-2

Titanium therefore used it’s + 3 charge so the name of this ionic compound is

Titanium (III) oxide.

*** IMPORTANT NOTE *** Roman numerals are ONLY used when working with transition metals.  DO NOT use them for the ionic compounds made earlier!!!

(Before naming a compound, ask yourself the following question:  ”Is the first atom an transition metal?”  If the answer is yes, use roman numerals!!!)


v) Write the chemical formula for the following ionic compounds
v)
Write the chemical formula for the following ionic compounds
a)
Iron (II) oxide
b)
Mercury (I) carbide
c)
Nickel (III) chloride

d)
Copper (II) sulfide
e)
Gold (III) bromide
f)
Lead (IV) nitride

vi)
Write the chemical name for each of the following ionic compounds
a) FeCl3 _______________________

b) PbS2 _______________________

c) NiO ________________________

d) Mn3N2 ______________________

e) CrCl2 _______________________

f) AgF ________________________

g) CuCl2 _______________________

h) SnO2 _______________________

POLYATOMIC IONS AND COMPOUNDS 

Use pg. 82-83 of text to help fill in the blanks

Until now, you’ve been looking at how single _______ become ______.  Now look at 

how ions form with 


 or 

 atoms.  These ions are called 

“____________________.”  The word “poly” means“ ____________________.”
Each polyatomic ion has its own 

, 

, and 


.

Using the text complete the following chart:

	POLYATOMIC ION
	ION FORMULA
	OVERALL CHARGE

	Ammonium
	
	

	Nitrate
	
	

	Hydroxide
	
	

	Bicarbonate
	
	

	Chlorate
	
	

	Carbonate
	
	

	Sulfate
	
	

	Phosphate
	
	


These ions can combine with other ions (like the single atoms from earlier in the lesson) to form polyatomic compounds.

WRITING FORMULAS FOR POLYATOMIC COMPOUNDS

Since polyatomic ions have _________, they will form ionic ____________ just like regular ions.
In order to form a polyatomic ____________, follow the exact same steps used with simple ionic compounds studied earlier.

Example:
Chalk is made up of calcium and carbonate.  What is the formula of chalk?

1. Always write the positive ion first followed by the negative ion.

2. Use the Cross-over rule again.

Ca2+
(CO3)-2

Becomes
Ca2(CO3)2
Why are brackets needed here?  Because (CO3) is a separate unit, the brackets mean that there are 2 (CO3) ions in this compound.

3. Remember what occurs when the subscripts are the same?  Ignore them because the ions are in a 1:1 ratio.

Therefore, the formula of chalk is:  Ca(CO3)

Try another one:  Create a polyatomic compound from magnesium and hydroxide.

1. Write the __________ ion first.________

2. Write the __________ ion second.________

3. Cross-over rule.

Mg+2 (OH)-1
Becomes


_________________

4. Final formula is:  ____________

NAMING POLYATOMIC COMPOUNDS

Follow the following rules:

1. The ___________ ion is named first.  Use the name found in the ____________. ***Ammonium is the only polyatomic which is a positive ion and it follows the same rules as other positive ions.

2. Name the _______________ ion second, using the name from the chart above.  The ending of polyatomic ions is never changed!!!

Examples:

	COMPOUND FORMULA
	COMPOUND NAME

	Ca(CO3)
	

	Mg(OH)2
	

	K2(SO4)
	


vii)
Write the chemical formula for the following ionic compounds.
a)
Potassium carbonate
b)
Calcium phosphate
c)
Ammonium nitrate

d)
Beryllium sulfate
e)
Lead (IV) bicarbonate
f)
Iron (II) hydroxide

g) Zinc (II) carbonate

h) Iron (III) chlorate

i) Lithium cyanide

viii) Write the chemical name for the following ionic compounds. 
a)  (NH4)3P ____________________

b) Ba(OH)2 _____________________

c) (NH4)3(PO4) __________________

d) Ca(SO4) _____________________

e) Sn(CO3) _____________________

f) Cr(NO3)3 ____________________

g) Zn(ClO3)2 ____________________

h) V(NO3)5 _____________________

i) Cu(HCO3) _________________

j) Fe(PO4) ___________________

Reflection Activity
Use the diagram below to answer the questions that follow.

a. Using the periodic table write the name of one element that could have formed the cation.

b. Using the periodic table write the name of one element that could have formed the anion.

c. Using your answers from a and b write a possible formula for the chemical.

d. Write a possible chemical name for the substance shown in the picture (using your answer from c).

Assessment and Evaluation

1. How many valence electrons do the following atoms have?

a)
Beryllium
_________
b)
Aluminum
_________

c)
Nitrogen
_________
d)
Silicon
_________

e)
Argon
_________
f)
Helium
_________

2. What is the charge of the following atoms when they become ions?  Example: Magnesium has a charge of 2+.  

a)
Lithium
_________
b)
Aluminum
_________
c)
Chlorine
_________
d)
Potassium
_________

e)
Sulfur
_________
f)
Oxygen
_________

3. Write the chemical formula for the following ionic compounds:

a)
Sodium chloride
b)
Aluminum sulfide
c)
Calcium nitride

d)
Magnesium oxide
e)
Nickel (III) chloride
f)
Cobalt (III) oxide 
g)
Magnesium hydroxide

h)
Iron (III) chlorate


i)
Potassium carbonate 

j))
Zinc (II) carbonate


k)
Ammonium  nitrate

4. Write the chemical name for the following ionic compounds:

a)
SnS

b)
K2O

c)
Fe3N2
d)
Au2O

e)
Cu(CO3)

f)
Ca(SO4)

g)
Ba(OH)2
h)
Be(ClO3)2
i)
(NH4)2S
j)
Pt3(PO4)4
k)
(NH4)Br
l)
B3(PO4)
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Positive ions are called cations





Negative ions are called anions
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Ion Charges








2	3	4	5	6	7	8	9


Roman Numerals	II	III	IV	V	VI	VII	VIII	IX
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