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	UNIT 3:  Chemical Nomenclature and Bonding 

Part A:  Chemical Nomenclature

	Big Picture Idea:  There are general rules that govern the naming and formula-writing of both ionic and covalent compounds.

Big Picture Question: How do scientists use nomenclature to differentiate between various compounds?o 
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Suggested Resources…

Homework Assignments

Classwork Assignments 

Laboratory Activities

Formative Assessments

Textbook pages:  Chapter 7-8 & 10
Websites: www.webelements.com


	[image: image22.jpg]ESE
<

Pb,0,




Key Terms: 
1. ionic bond

2. covalent bond

3. oxidation number

4. criss-cross method

5. polyatomic ion

6. binary ionic

7. tertiary ionic

8. binary covalent

9. acids 

  10. molar mass

  11. percent composition

  12. hydrate





Image source:  http://knol.google.com/k/-/-/28prei6i5vxn0/9uuirp/monatomicions%20(1).jpg

	Directions:  Use this information as a general reference tool to guide you through this unit.  Don’t hesitate to ask your teacher for help!



	By the conclusion of this unit, you should know the following:

1. Most of the common elements from the periodic table.

2. Know numeric prefixes like mono-, di-, tri-, etc. for covalently bonded molecular compounds

3. Elements can have different charges in a compound based on their electronic structure.
4. Rules for naming and writing formulas for ionic and covalent compounds.
5. The molar mass of a compound reflects the combined mass of the elements in the compound.

6.  A given compound will always contain the same per cent of each element by mass.

7. A molecular formula can be derived from an empirical formula using the molar mass.


	By the conclusion of this unit, you should be able to do the following:

1. Name and write formulas for ionic and covalent compounds.

2. Be able to use most common polyatomic ions

3. Understand and correctly perform “crisscross” method for creating stable ionic compounds

4. Be able to identify a ionic and covalent bond

5. Be able to identify binary vs. tertiary compounds

6. Be able to identify and name acids, ionic salts, multi-valenced metals (roman numeral).

7. Be able to name compound correctly based on set of rules




Practice Problems:

 1.  Identify the following compounds as ionic or covalent or acid, then name the following compounds:

KNO3


NH4Br

Ca(OH)2 

NO2
BF3 


CuSO4
Cu2O


Al2S3
NF3


P2O5 
H2CO3 (aq)

H3PO4 (aq)
HS(aq)


HClO3

H3BO3

HClO2

HClO4

N2O4
NaOH

NH4Cl

2.  Identify the names as ionic or covalent or acid, then write the chemical formula for the following compounds:

carbon monoxide

iron (III) hydroxide

copper (II) nitrate

dinitogen monoxide 

calcium fluoride

hydrofluoric acid




aluminum nitrate

hydrochloric acid

acetic acid

Sulfuric acid

Dinitrogen tetroxide
phosphorous pentachloride
ION FORMATION, IONIC BONDING AND FORMULA WRITING

1.  ION FORMATION 


	ELEMENT
	ELECTRON CONFIGURATION
	DOT DIAGRAM
	ION

	sodium
	[Ne] 3s1
	[image: image2.jpg]Na




	Na+1

	calcium
	[Ar] 4s2
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	Ca+2

	aluminum
	[Ne] 3s23p1
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	Al+3

	oxygen
	1s22s22p4
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	O-2

	nitrogen
	1s22s22p3
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	N-3

	 chlorine
	[Ne] 3s23p5
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	Cl-1


2.  THE PERIODIC TABLE & ION FORMATION
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  CATIONS  (alkalai = +1, alkaline earth = +2, aluminum = +3, zinc = +2, silver = +1)
sodium ion
_+1____

beryllium ion __+2_____

aluminum ion __+3___

strontium ion  __+2____


cesium ion __+1_______

silver ion _+1____

TRANSITION/POST TRANSITION METALS

copper (I) ion  _+1____

cobalt (II) ion  ___+2___

tin(IV) ion ___+4___

manganese (VII) ion __+7____


iron (III) ion  _+3____

ANIONS    (monoatomic anions all end in –ide)

nitride   __-3____


fluoride  ___-1____


oxide __-2____

chloride  __-1___


iodide     _-1______


phosphide  __-3____

IONIC BONDING – BINARY COMPOUNDS


Transfer of electrons between 2 elements

sodium




chlorine
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  ( 

NaCl  -  sodium chloride
magnesium
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· 
MgCl2
 -  magnesium chloride
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aluminum
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  (
AlCl3  -  aluminum chloride
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WRITE THE FORMULA FOR:

a.  lithium fluoride
LiF



b.  calcium bromide
CaBr2
c.  magnesium phosphide
Mg3P2


d.  barium oxide
BaO

e.  iron(III) chloride
FeCl3



f.  lead (II) nitride
Pb3N2
g.  potassium nitride
K3N



h.  tin(IV) oxide
SnO2
NAME THE COMPOUNDS BELOW:

a.   Li2O
Lithium Oxide



b.  MgF2
Magnesium Fluoride
c.   Ca3P2
Calcium Phosphate


d.  SrI2

Strontium Iodide
TERNARY COMPOUNDS


More than 2 elements
Polyatomic Ions: many atoms together that have one charge
	Nitrate 
	NO3-1
	Sulfate
	SO4-2

	Hydroxide 
	OH-1
	Sulfite
	SO3-2

	Nitrite
	NO2-1
	Carbonate
	CO3-2

	Cyanide
	CN-1
	Phosphate
	PO4-3

	Acetate
	C2H3O2-1
	Ammonium
	NH4+1

	Permanganate
	MnO4-1
	Chlorate
	ClO3-1


WRITE THE FORMULA FOR:

a.  lithium sulfate
Li2SO4



b.  calcium hydroxide

Ca(OH)2
c.  copper(II) cyanide
Cu(CN)2


d.  strontium nitrate

Sr(NO3)2
e.  chromium(III) phosphate
CrPO4


f.  manganese (IV) carbonate
Mn(CO3)2
g.  barium chlorate
Ba(ClO3)2


h.  aluminum permanganate
Al(MnO4)3
NAME:

a.   MgBr2
Magnesium Bromide


b.  Ca(CN)2
Calcium Cyanide
c.  Na3PO4
Sodium Phosphate


d.  Al(OH)3
Aluminum Hydroxide
e.  ZnSO4
Zinc Sulfate



f.  Cs2CO3
Cesium Carbonate
g.    KClO3 
Potassium Chlorate


h.    Mg3(PO4)2
Magnesium Phosphate
WHAT ABOUT THE METALS THAT HAVE MORE THAN ONE OXIDATION NUMBER?


a.  Write in the charges for the ions you are sure of


b.  Work backwards to find the charge of the metal ion

a.   CuS
copper (II) sulfide


b.   FeP
iron (III) phosphide
c.  FeSO4
iron (II) sulfate


d.   CuNO3
copper (I) nitrate
e.  NiI3

nickel (III) iodide


f.  Cr(MnO4)4
chromium (IV) permanganate
g.   Pb(NO3)2
lead (II) nitrate


h.   Pb(SO4)2
lead (IV) sulfate
i.  Sn(CO3)2
tin (IV) carbonate


j  Sn(NO3)2
tin (II) nitrate
k.   Cu3(PO4)2
copper (II) phosphate


l.   Cu3PO4
copper (I) phosphate
TRY:  Determine whether each compound below needs a roman numeral.  Then name the compound.
	COMPOUND
	ROMAN NUMERAL?
	NAME

	CuI2

	Yes
	Copper (II) iodide

	MnS2

	Yes
	Manganese (IV) sulfide

	V2O3

	Yes
	Vanadium (III) oxide

	Mn(OH)4

	Yes
	Manganese (IV) hydroxide

	Na2SO4

	No
	Sodium sulfate

	COMPOUND
	ROMAN NUMERAL?
	NAME

	NiCO3

	Yes
	Nickel (II) carbonate

	BaSO3


	No
	Barium sulfite

	Co(CN)3

	Yes
	Cobalt (III) cyanide

	AgCl


	No
	Silver chloride


Write the formula for each compound in the chart below:

	NAME
	FORMULA

	manganese (VI) hydroxide
	Mn(OH)6

	chromium (III) fluoride
	CrF3

	iron (II) nitrate
	Fe(NO3)2

	cobalt (II) sulfate
	CoSO4

	zinc cyanide
	Zn(CN)2

	aluminum oxide
	Al2O3

	tin(IV) phosphate
	Sn3(PO4)4

	lithium fluoride
	LiF

	calcium sulfite
	CaSO3

	Iron (III) hydroxide
	Fe(OH)3

	barium phosphide
	Ba3P2


IONIC FORMULAS PRACTICE PROBLEMS





1.  Write the formula for each compound below:

a.  magnesium iodide
MgI2
b.  aluminum oxide
Al2O3
c.  sodium sulfate
Na2SO4
d.  aluminum hydroxide
Al(OH)3
e.  rubidium phosphide
Rb3P
f.   barium nitrate
Ba(NO3)2
g.  nickel (III) hydroxide
Ni(OH)3
h.   lead(IV) carbonate
Pb(CO3)2
2.  Name each compound below.  Don’t worry about roman numerals until you get to g & h:


a.  AlPO4




b.  BeF2


aluminum phosphate



beryllium fluoride
c.  Na2SO4




d.   MgI2


sodium sulfate




magnesium iodide

e.  Ca(NO3)2




f.  ZnBr2


calcium nitrate




zinc bromide
           ** g.  Fe2S3




** h.   FeS



iron (III) sulfide



iron (II) sulfide

NAMING BINARY MOLECULAR COMPOUNDS 

1.  Naming Molecular Compounds

mono

1


hexa


6

di

2


hepta


7

tri

3


octa


8

tetra

4


nona


9

 penta

 5


 deca


10
Try naming:        C3Cl6




C5F10



Tricarbon hexachloride


pentacarbon decafluoride


      Si2O7




PCl5



Disilicon heptoxide



phosphorus pentachloride
Write the formula for:    dichlorine monoxide ____Cl2O_______________________




       carbon tetrafluoride ___CF4________________________




        tetracarbon octabromide____C4Br8_____________________

2.  How do I know whether to write an ionic formula or a molecular formula?
Try:

calcium phosphate


carbon dioxide



Ca3(PO4)2



CO2

iron (III) nitrite


diphosphorus pentoxide







Fe(NO2)3



P2O5
            CCl4




BaCl2


Carbon tetrachloride


barium chloride

PbSO4




C3I8


Lead (II) sulfate


tricarbon octaiodide
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Name the following covalent compounds.

Al =2

2. CO

3. SO

2

4. SO,

5. N,O

2

6. NO

7. NO,

8. NO

2

9. NO

274

10. N,O,

275

11. PCl

12. PCI

13. NH

14. SCI

15. PO

275

16. CCI

17. SiO,

18. CS,

19. OF,

20. PBr





1.  carbon dioxide

2.  carbon monoxide

3.  sulfur dioxide

4.  sulfur trioxide

5.  dinitrogen monoxide

6.  nitrogen monoxide

7.  dinitrogen trioxide

8.  nitrogen dioxide

9.  dinitrogen tetroxide

10.  dinitrogen pentoxide

11.  phosphorus trichloride

12.  phosphorus pentachloride

13.  nitrogen trihydride

14.  sulfur hexachloride

15.  diphosphorus pentoxide

16.  carbon tetrachloride

17.  silicon dioxide

18.  carbon disulfur

19.  oxygen difluoride

20.  phosphorus tribromide

MIXED NAMING/FORMULA WRITING  PRACTICE
Steps:  1.  Does the compound begin with a metal or a nonmetal?


  2.  If it begins with a metal – it is ionic.  Do not use prefixes in name, use charges to determine formula.


  3.  If it begins with a nonmetal – it is molecular.    Do not use charges, use the prefixes!

1.  Identify each compound below as ionic or molecular.  Decide whether to use prefixes or charges, then name the compound.

	FORMULA
	Ionic or Molecular?
	Charges or Prefixes?
	NAME

	NaF


	I
	C
	Sodium fluoride

	BaSO4

	I
	C
	Barium sulfate

	PCl5

	M
	P
	Phosphorus pentachloride

	K3PO4

	I
	C
	Potassium phosphate

	Si3N4

	M
	P
	Trisilicon tetranitride

	BH3

	M
	P
	Boron trihydride

	PbCl2

	I
	C
	Lead (II) chloride

	Cu(NO3)2

	I
	C
	Copper (II) nitrate

	SF2

	M
	P
	Sulfur difluoride


2.  Determine whether each compound below is ionic or molecular.  Decide whether to use prefixes or charges, then write its formula.

	NAME
	Ionic or Molecular?
	Charges or Prefixes?
	FORMULA

	barium iodide


	I
	C
	BaI2

	aluminum nitrate


	I
	C
	Al(NO3)3

	potassium cyanide


	I
	C
	KCN

	tetraphosphorus decoxide


	M
	P
	P4O10

	calcium acetate

	I
	C
	Ca(C2H6O2)2

	iron (III) sulfite

	I
	C
	Fe2(SO3)3

	carbon monosulfide

	M
	P
	CS

	oxygen difluoride 

	M
	P
	OF2

	manganese (IV) bromide

	I
	C
	MnBr4

	carbon tetraiodide


	M
	P
	CI4

	dihydrogen monoxide


	M
	P
	H2O

	silver phosphate


	I
	C
	Ag3P

	aluminum iodide
	I
	C
	AlI3

	dinitrogen pentoxide


	M
	P
	N2O5


NAMING ACIDS  (hint:  acids start with “H”)


BINARY:  Contains exactly two elements. (contains H + nonmetal)
1. use the prefix hydro- to name the hydrogen part of the acid

2. add the suffix –ic
EXAMPLES:  HCl
hydrochloric acid

HBr
hydrobromic acid
Oxyacids:  (contain oxygen) (H + polyatomic ion)
1. use the root of the anion

2. if it is an –ate anion, use the –ic ending

3. if it is an –ite anion, use the –ous ending  

EXAMPLES:  
H2SO4
sulfuric acid


HNO3
nitric acid





H2SO3
sulfurous acid


HNO2
nitrous acid
TRY:  Complete the chart below:

	FORMULA
	ANION
	NAME

	H2CO3
	Carbonate
	Carbonic acid

	HC2H3O2
	Acetate
	Acetic acid

	H2SO3
	Sulfite
	Sulfurous acid

	H3P
	Phosphide
	Hydrophosphouric acid

	H2S
	Sulfide
	Hydrosulfuric acid

	H3N

	Nitride
	hydronitric acid

	HNO2

	Nitrite
	nitrous acid

	HMnO4

	Permanganate
	permanganic acid

	H2SO4

	Sulfate
	sulfuric acid

	HF
	Fluoride
	hydrofluoric acid

	H3PO4
	Phosphate
	phosphoric acid

	H3P
	Phosphide 
	hydrophosphoric acid


MIXED NAMING WITH ACIDS
STEP 1:  Does the compound begin with a metal, nonmetal or hydrogen?

a.   If it begins with a metal – IONIC – use charges, no prefixes.

b.   If it begins with a nonmetal other than H – use prefixes, no charges

c.   If it begins with H – use acid naming system.

	NAME
	IONIC, MOLECULAR OR ACID
	FORMULA

	barium nitride


	I
	Ba3N2

	iron (III) phosphate


	I
	FePO4

	sulfur trioxide


	M
	SO3

	oxalic acid


	A
	H2C2O4

	phosphorous acid


	A
	H3PO3

	Boron trichloride
	M
	BCl3


	Copper (I) Phosphate
	I
	Cu3PO4


	Hydroiodic acid
	A
	HI



	Sulfurous acid
	A
	H2SO3


	Diarsenic pentoxide
	M
	As2O5


	cesium permanganate


	I
	CsMnO4

	Fe (IV) Chromate

	I
	Fe(CrO4)2

	oxygen
	M
	O2



BINARY FORMULAS & NAMING  PRACTICE:  Write the correct name and formula in the 

space provided.  Follow the examples shown.
	
	Cl-1
	O-2
	N-3

	Na+1

	______NaCl____

_sodium chloride_


	____Na2O__

sodium oxide
	Na3N

sodium nitride

	Mg+2


	MgCl2

magnesium chloride


	MgO
magnesium oxide
	Mg3N2

magnesium nitride

	Al+3


	AlCl3

aluminum chloride
	Al2O3

aluminum oxide


	AlN
aluminum nitride

	Cu+2


	CuCl2

copper (II) chloride


	CuO
copper (II) oxide
	Cu3N2

copper(II)  nitride

	Sn+4


	SnCl4

tin (IV) chloride
	SnO2

tin (IV) oxide
	Sn3N4

tin (IV)  nitride

	Rb+1


	RbCl

rubidium chloride
	Rb2O

rubidium oxide
	Rb3N
rubidium nitride
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(CRISS-CROSS METHOD)

Write the formulas of the compounds produced from the listed ions.

cr co? | OH | so2 | PO

4

Na*

NH;

K+

c a+2

Mg+2

Zn+2

Fe*

A|+3

c°+3

Fe*

H+
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Name the following compounds using the Stock Naming System.

1.

=

1.
12,
13.
14,
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19.
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23.
24,
25,
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CaCo,
KClI

FeSO,

LiBr
MgCl,
FeCl,
Zn,(PO)),
NH,NO,
Al(OH),
CuCH,0,
PbSO,
NaCIO,
CaC,0O,
Fe,O,
(NH,),PO,
NaHSO,
Hg,Cl,
Mg(NO,),
CusoO,
NaHCO,
NiBr,
Be(NO,),
ZnSO,
AuCl,
KMnO,






FORMULA WRITING PRACTICE





1.  Determine whether each compound below is ionic or molecular.  Decide whether to use charges, then name the compound.
      COMPOUND


I/C?

CHARGES?


FORMULA

a.  sodium phosphate


__I__

_yes_______

__Na3PO4____

b  tricarbon octafluoride

 __C__
__no______


____C3F8___

c.  iron(III) sulfate    


 __I__

__yes_____


___Fe2(SO4)3_____

d.  dinitrogen pentoxide

 __C__
___no________

___N2O5_____

e.    calcium nitride


 _I___
__yes______

___Ca3N2_____

f.    bromine 



 _C___
___no_____


_____Br2________
2.  Identify each compoud below as ionic or molecular.  Decide whether or not to use prefixes, then name each compound:




I/M?
PREFIXES?



NAME





(YES OR NO)
a.  P4O10

__C_
__yes____

__tetraphosphorus decoxide__________

b.  CaSO4

_I__
__no___

__calcium sulfate_____________

c.  PbCl4

_I__
__no_____

___lead (IV) chloride_____________

d.  Pb(NO3)2

_I__
__no_____

___lead (II) nitrate__________

e.  C5Br10

_C__
__yes____

___pentacarbon decabromide__________
f.  CO


_C_
__yes_____

___carbon monoxide_____________

g.  Li3N

_I__
__no_____

____lithium nitride___________
h.    O2


_C__
__no_____

_____oxygen_______________
i.  NiCr2O7

_I_
__no___

____nickel (II) dichromate________

j.  NCl3

_C__
__yes____

_____nitrogen trichloride______________

DETERMINE WHETHER EACH SUBSTANCE BELOW IS IONIC, MOLECULAR OR AN ACID.  THEN WRITE ITS FORMULA OR GIVE ITS NAME.

	FORMULA
	IONIC/

MOLECULAR/ACID?
	NAME

	a.      C2F4

	C/M
	Dicarbon tetrafluoride

	b. Al(CN)3
	I
	aluminum cyanide

	c.  Fe2S3
	I
	iron (III) sulfide

	d.  Na2C2O4
	I
	sodium oxalate

	e. PbNO3
	I
	 lead (I) nitrate

	f. C3Cl6
	C/M
	 tricarbon hexachloride

	g.       Mg3P2
	I
	magnesium phosphide

	h. BF3
	C/M
	boron triflouride

	i.       Li2SO4
	I
	lithium sulfate

	j. ZnCO3
	I
	zinc carbonate

	k.       HI
	A
	hydroiodic acid

	l.       PF5
	C/M
	phosphorus pentafluoride

	m.       H2C2O4
	A
	Oxalic acid

	n. C4F10
	C/M
	tetracarbon decafluoride

	o.      VBr3
	I
	Vanadium (III) bromide

	p. P2O5
	C/M
	diphosphorus pentoxide

	q. CI4
	C/M
	carbon tetraiodide

	r. Mg(ClO3)2
	I
	magnesium chlorate

	s. HNO3
	A
	nitric acid 

	t. HBr
	A
	hydrobromic acid

	u. HC2H3O2
	A
	acetic acid

	v.    Ca(ClO3)2
	I
	calcium chlorate

	w.     MgS
	I
	magnesium sulfide

	x.      SiCl4
	C
	Silicon tetrachloride

	y.      HClO3
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Does the Formula begin with H

YES

I

I

Does it begin with a metal which has more than
one oxidation number? (e 2 Fe, Ni, Cu, Sn, Hg)

Ttis an Acid (awst be aqueous)

l

No YES
v

Name the first clement
Followed by its
oxidation number
(Roman numeral)

Does the acid contain a polyatomic ion?

YES NO

|

v

Does the formula contain a polyatomic ion?

4

No V]

Ending of polyatomic ion

-ate -ite

I

'

Are both elements nonmetals?

NO YES

v

Name the first element,
Then the second element
With the —ide ending.

Name the first clement
using the proper prefix.
(never mono-). Name the
second element with the
‘proper prefix (including
mono- and ~ide ending.

1 mono-

2di-

3

tetra-

5 penta-

6 hexa-

7 hepta-

8 octa-

9 nano-

10 deca-

v

Name the polyatomic
ion, replacing the —ate
ending with —ic. Add
the word acid.

Name the first clement, then the
polyatomic ion. If fwo clements
are present, name both, then the
polyatomic ion. (e.z.; NaHCO;
Is sodium hydrogen carbonate)

Name the polyatomic
ion, replacing the —ite
ending with —ous. Add
the word acid.

v

Write the prefix hydro,
then the name of the
second clement with —ic
ending. Add the word
acid.





CoCl3           Co2(CO3 )3             Co(OH)3        Co2(SO4)3      CoPO4              Co(NO3)3





AlCl3           Al2(CO3 )3             Al(OH)3        Al2(SO4)3      AlPO4                 Al(NO3)3





FeCl3           Fe2(CO3 )3             Fe(OH)3        Fe2(SO4)3      FePO4                 Fe(NO3)3





FeCl2           FeCO3              Fe(OH)2           FeSO4            Fe3(PO4)2      Fe(NO3)2





ZnCl2           ZnCO3              Zn(OH)2           ZnSO4            Zn3(PO4)2        Zn(NO3)2





MgCl2         MgCO3              Mg(OH)2           MgSO4        Mg3(PO4)2    M g(NO3)2





CaCl2           CaCO3              Ca(OH)2          CaSO4        Ca3(PO4)2      Ca(NO3)2





HCl              H2CO3             HOH             H2SO4                  H3PO4                   HNO3





KCl            K2CO3                    KOH              K2SO4              K3PO4                KNO3





NH4Cl        (NH4)2CO3          NH4OH       (NH4)2SO4       (NH4)3PO4   NH4NO3





NaNO3





Na3PO4





Na2SO4





NaOH





Na2CO3





NaCl








Hydro _____________ic acid





Root of NM





ate     ic     ite   ous
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