Name __________________________ Period _____

Writing Formulas and Naming of Chemical Compounds


Introduction


In order to master chemical reactions, we must learn the “language” of naming and writing compounds.  This packet is designed to help you with the writing of formulas and the naming of compounds.  In chemistry, we use the term nomenclature to refer to the symbolism or terminology used to name chemical compounds.  This packet is separated into sections – a different section for each type of compound.  You will be required to memorize many positive and negative polyatomic ions.  I urge you to faithfully study your chemical ions throughout this unit, or you will have a great deal of difficulty over the remainder of the year in chemistry.


In a many college courses, you will be expected to learn from reading text rather than from a lecture. In this unit, we will be practicing this technique. Your teacher will not be lecturing to you regarding the rules for inorganic nomenclature. Instead, you will be teaching yourself with the help of this packet. With this being said, your teacher is available to answer questions that you have. It is imperative that you ask for clarification if at any point you don’t understand something along the way. It’s also very important that you check all your answers with the keys provided in class. 
Writing Formulas for Binary Ionic Compounds

By using the periodic table to determine the charge of an ion, it is not difficult to write the formula of a binary ionic compound.  A binary ionic compound is an ionic compound comprised of only 2 elements, hence the “bi-“ prefix. There is however one important rule that must be remembered:

The total charge of the first, or positive, part of the compound must be equal, but opposite in charge to the total charge of the second, or negative part of the compound.

Or 

The sum of the charges (or oxidation numbers) of all atoms in the formula of a compound equals ZERO.  This means the total charge of the positive atoms is equal to the charge of the negative atoms. 
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Process for writing formula

1. Write cation symbol including charge.

2. Write anion symbol including charge.

3. Combine enough cations with enough anions to give a total charge of zero.

· Trick: swap charges as subscripts

· Reduce ratio to simplest form.

4. Always list cation first and anion last

See the examples on the next page. 

Examples:

1. Write the formula of potassium bromide.

   K+1      Br -1     

The sum of the charges is  +1  +  (-1)  =  0,  therefore, the formula is KBr

Write the formula of calcium bromide.

   Ca+2      Br -1     

The sum of the oxidation numbers is  +2  +  (-1)  =  +1, therefore, we need a second bromide (-1) in order to obtain a proper formula.  



The new sum is +2  +  2(-1)  =  0,  therefore, the formula is CaBr2 

A simpler way to understand how to write formulas is to use the crisscross & reduce method.  If there is only one atom of an element in the compound, you do not need to put the number 1 behind it.  The following are examples:
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Na+1 Cl-1

NaCl


Al+3   O-2

Al2O3

Mg+2 Br-1

MgBr2


Ca2+O2-

CaO (Must reduce)
Practice:

Write formulas for the following compounds:

1. sodium and fluorine   
 ____________

2. magnesium and iodine
 ____________

3. barium and oxygen
 ____________

4. aluminum and sulfur
____________

5. hydrogen and oxygen 
____________

6. lithium and nitrogen 
____________

Writing Formulas for Ionic Compounds Containing Polyatomic Ions

· Polyatomic ions retain their identity within ionic compounds.  To write the formulas with polyatomic ions, follow the same process as above, except
· Put parentheses around polyatomic ions whenever there is more than one.
· Don’t break up polyatomic ions.  Calcium phosphate is written  Ca3(PO4)2, not Ca3P2O8
Examples:

Ca+2    NO2-1  

+2   +  2(-1)  =  0, therefore the formula is Ca(NO2)2

Na+1   NO3 –1

NaNO3
Practice:

Write formulas for the following compounds:
1. ammonium and sulfur
____________

2. potassium and sulfate
 ____________

3. potassium and nitrate
 ____________

4. aluminum and carbonate
 ____________

5. calcium and hydroxide
____________

6. ammonium and sulfite
____________

7. strontium and phosphate
____________

8. sodium and carbonate
____________

Naming of Ionic Compounds

The names of ionic compounds come from the names of their constituent ions.  The name of the cation comes first, the anion second (slightly altered for binary compounds by adding an “ide” suffix)

A.  Binary Compounds

The names of all compounds containing only two elements end in "–ide".  The positive ion is the name of the metal; the negative ion consists of the stem plus the suffix –ide.

Stems of the most commonly used elements:

oxygen

ox

chlorine
chlor


bromine
brom 

fluorine
fluor 

iodine

iod


hydrogen
hydr


nitrogen
nitr

phosphorus
phosph or phosphor

sulfur

sulf or sulfur

carbon

carb

Examples: 

CaO   
   calcium oxide



NaCl
 sodium chloride



K2S    
 potassium sulfide



Ba2C
  barium carbide



Practice Problems:

1. LiBr





2. MgF2





3. Al2O3





4. Cs3P





5. RbI





6. BeC






7. SrF2





8. AlN   





B. Naming Ionic Compounds with Polyatomic Ions
Follow the same rules in the previous section, but simply name the polyatomic ions.  Do not use an –ide ending with a polyatomic ion.  If a compound has more than 2 elements, it contains a polyatomic ion.  The only positive polyatomic ion is ammonium (NH4).  All others are the component listed after the metal in the compound.  NOTE: Be careful of the endings (nitrate vs. nitrite)
Examples:  CaNO2   
   calcium nitrite



 LiSO3  
   lithium sulfite



 NH4Cl
   ammonium chloride


Practice Problems:  Name the following compounds: 

1. K2CO3 





2. NaC2H3O2





3. NH4NO2





4. NaHCO3





5. AlPO4






6. Ba3(PO4)2






Practice: Formulas for Ionic Compounds
Directions: Write the formula for the following binary compounds:

1. lithium iodide




2. aluminum fluoride



3. magnesium oxide



4. barium fluoride 



5. sodium nitride




6. potassium oxide



7. magnesium chloride



8. cesium oxide




9. strontium bromide



10. beryllium sulfide



11. calcium oxide





12. 
aluminum sulfide



13. strontium nitride



14. ammonium chloride



15. barium bromide



16. potassium phosphide



17. aluminum nitride



18. aluminum iodide



19. magnesium sulfide



20. barium oxide




21. potassium chloride



22. sodium oxide





Directions: Write the formula for the following compounds containing polyatomic ions. 
1. potassium nitrate



2. lithium carbonate



3. aluminum sulfate



4. barium phosphate



5. calcium acetate



6. strontium nitrate



7. magnesium hydroxide



8. cesium chlorate



Practice: Naming Ionic Compounds 

Directions: Name the following binary compounds.
1. BaCl2







2. NaF







3. Ag2O







4. MgS







5. Al2O3







6. CaI2







7. K2S







8. CaO







9. Ba3P2







10. BeS







11. Na2S







Directions: Name the following compounds containing polyatomic ions.

1. Mg(C2H3O2)2






2. (NH4)2S 






3. NaOH 







4. CaSO4

______________________________


5. Ba3(PO4)2






6. Al2(SO4)3






7. K2CO3







8. BaSO4







9. Mg3(PO4)2






10. NH4NO3
______________________________

C.  Naming Acids

Acids are aqueous solutions of certain hydrogen compounds.  The formulas for all Arrhenius acids (which are the only type we’ll name in this unit) will contain hydrogen.  In a chemical equation, acids typically have the symbol (aq) following it, representing that it is an aqueous solution)
1. Binary Acids  (hydrogen +1 other nonmetal) 

Rules: 1.  The first word for these acids consists of a “hydro-“ prefix written before the stem of the negative ion. 

2.  The last part of the first work is an “-ic” ending.

3.  The second word for these compounds is “acid”

Examples:

HCl 
  hydrochloric acid


HI
  hydroiodic acid



H2S
hydrosulfuric acid_________
Practice Problems:  Name the following acids:

1. HF





2. HBr





3. H3N





4. H3P





2. Ternary/Oxyacids Acids (hydrogen + polyatomic ion)
Water solutions of hydrogen compounds with polyatomic ions are ternary acids. They are also known as oxyacids due to the fact that they contain oxygen. Names of ternary/oxyacids acids are derivatives of the anion: 


         Rules: 1. Polyatomic ions ending with “-ite” now become acids which end with an “-ous” ending

2.  Polyatomic ions ending with “-ate” now become acids which end with an “-ic” ending.

3.  The second word for these compounds is “acid”

HINT: You can remember the suffix change with this cheesy saying:


If you “-ate” acid it would be “-ic”ky!!! 

Some roots are changed slightly:  

· sulfate  becomes sulfuric, not sulfic

· sulfite becomes sulfurous acid , not sulfous

· phosphate ( phosphoric acid, not phosphic

· phosphite ( phosphorous acid, not phosphous
Examples:


HNO2 
  nitrous acid




HNO3    nitric acid




HClO2
   chlorous acid




Practice Problems:  Name the following acids:

1. H2SO4
 



 
2. HC2H3O2 



 
3. H3PO4
 



 
4. H2CrO4
 



 
5. H2NO2




 
6. HClO3




 

Acids: Name to Formula

One of the hardest aspects of writing formulas for acids is that you must first determine which type of acid you have: binary or ternary/oxyacid.  If it’s a binary acid, you’ll be working with individual elements, but if it’s a ternary/oxyacid, you’ll be using polyatomic ions.


     Rules: 1. Write the cation, hydrogen, with its charge.

                      2. Write the anion with charge:

                          A. If “hydro” prefix, use an individual element.

                          B. If no “hydro” prefix, use a polyatomic ion. Work backwards to see which one.



-If “-ous” use the “ite” ion. 


    -If “-ic” use the “ate” ion.

                       3. Balance the charges to make formula with subscripts.

Examples:

Hydrochloric acid 
H+Cl-
 
( 
HCl

Nitric acid

H+NO3- 
( 
HNO3

Hyrdrosulfuric acid
H+S2- 

( 
H2S

Practice: Write the formulas for the following acids:

1. Chlorous acid

________________

2. Hydroiodic acid

________________

3. Phosphoric acid

________________
Practice: Acids

Directions: Name the following acids.


Directions: Write the formula.
1. HNO3 
 





1. sulfuric acid 



1. HCl 






2. nitric acid




2. H2SO4  





3. hydrochloric acid



2. H2SO3  





4. acetic acid




3. HC2H3O2  





5. hydrofluoric acid



3. HBr 
 





6. phosphorous acid



4. HNO2 






7. carbonic acid



5. H3PO4  





8. nitrous acid




6. H2S 
 





9. phosphoric acid



7. H2CO3  





10. hydrosulfuric acid



8. HClO3  





11. hydrobromic acid ___________
D.  Naming Ionic Compounds that Contain Metals with Multiple Charges
These compounds usually contain a transition metal. Naming the negative ions of these compounds is the same as naming binary compounds from the previous section.  However, naming the metal (positive ion) is changed from the previous section.  There are two separate systems by which these metals can be made. We will be learning both since they are both used.
1. TRADITIONAL SYSTEM: an older system, but still used today.


Rules: 1. Name the metal using the traditional name for that metal. See below.
2.  Determine the charge of the metal by working backwards from the formula and add the appropriate ending to the metal name:


Use an “-ous” ending for the lower charge state,  


Use an “-ic” ending for the higher charge state

     Note: Your ion sheet should be used to determine the high & low charges

3.  Name the nonmetal using your prior rules.


Traditional Stems: (If an element is not listed below, its common name is used.
Cu = cupr

Fe=ferr
Sn=stann
Pb=plumb

Examples:  CuBr     cuprous bromide 
(This is the low charge, Cu+ so it ends in –ous)


 CuBr2
 cupric bromide__
(This is the high charge, Cu2+ so it ends in –ic”
2. STOCK SYSTEM: This is a newer (and better) system. This system incorporates the common or “normal” name of the metal and adds a Roman numeral contained in parentheses to the end of the name of the metal.

Rules: 1.  Name the metal using the common name.

2.  Determine the charge of the metal and add the appropriate Roman numeral at the end of the name in ( ).

3.  Name the nonmetal using prior rules
Thus,

Fe+2 is iron(II)

Fe+3 is iron(III)

Cu+1 is copper(I)

Cu+2 is copper(II)

Hg2+2 is mercury(I)

Hg+2 is mercury (II), etc.

Examples:  CuBr      copper (I) bromide





 CuBr2
      copper (II) bromide



In order to name transition metals, you must learn how to determine the charge of the metal. Remember, the overall charge of the compound needs to be zero.  See below for an example:

	Compound
	Charge of nonmetal
	Charge of metal
	Name Traditional

	MnO2
	-2 (2)
	+4
	Manganese (IV) oxide


The charge of oxygen is -2, according to the periodic table.  Since there are 2 oxygens, the overall charge is -4.  Therefore, the one manganese needs to have a charge of +4 to reach an overall charge of zero. 
Practice Problems:  Name the following compounds: 

Formula


Traditional




Stock
a. CrCl2 
  




    





    
b. Co2O3
  




    





    
c. PbS 
  




    





    
d. SnF4 
  




    





    
e. FeI2 
  




    





    
f. HgS
  




    





    
g. MnO 
  




    





    
h. NiBr2
  




    





    
i. Fe(OH)2  




    





    
j. Pb(NO3)2  




    





    
k. NiCrO4  




    





    
Practice: Ionic Compounds Using Transition Metals
Directions: Name the following ionic compounds using both the traditional AND stock system. 

Charge of metal

Traditional & Stock Name





1. CuNO3










2. FeS










3. Co3N2










4. PbBr4










5. Cr2O3










6. SnI2










7. Pb(NO3)4










8. HgCl2










9. PbSO4










10. CuSO4










Directions: Write the formula for the following compounds.
11. copper (I) sulfate




12. iron (I) bromide




13. cobalt (II) oxide




14. manganese (II) nitrate



15. tin(IV) chloride




16. lead (II) hydroxide



17. nickel (III) phosphide



18. copper (I) sulfide




19. iron (III) oxide




20. zinc (II) nitride





Practice: Mixed Ionic Formulas (quiz tomorrow) 

Directions: Write the chemical formulas for the following compounds.

1. zinc (II) chlorite



2. barium sulfate




3. sodium chlorate



4. iron (III) hydroxide



5. potassium chromate



6. mercury (II) bromide




7. ammonium phosphate




8. tin (II) fluoride




9. lead(IV) bicarbonate




10. potassium nitrate




11. magnesium oxide




12. copper (I) sulfate




13. sodium hydroxide




14. lithium carbonate




15. aluminum nitrite



16. aluminum sulfite 



17. mercury(II) nitrite




18. iron(III) carbonate



19. iron(II) chromate



20. mercury (II) sulfate



21. lead (IV) hydroxide



22. cobalt (II) chloride



23. chromium (III) nitrate



24. copper(I) carbonate



25. potassium hydride



26. cobalt (III)iodide



27. chromium(II) sulfate



28. mercury(II) hydroxide



29. ammonium acetate



30. lead (IV) oxide



31. tin (IV) sulfite




32. cobalt (II) sulfide



33. lead (IV) bicarbonate



34. chromium (III) oxide



Practice: Mixed Ionic Naming

Directions: Name the following compounds.  For metal ions that can have more than one charge, be sure to use the Stock system.
1. Na2CrO4 






2. Fe(NO3)3






3. Ag2SO3






4. HgCO3







5. Fe3(PO4)2






6. Hg(OH)2






7. Cu3PO4






8. CrI3







9. CoCO3







10. SnF2







11. Pb(CO3)2






12. Hg(NO2)2






13. BaSO4







14. CuCl







15. NaI







16. CrSO4







17. K2CO3







18. MgI2







19. Ba(OH)2






20. Cu(C2H3O2)2






21. Sn(CO3)2






22. Fe(HCO3)2






23. Li3N







24. PbS







25. AgNO3







E. Covalent Nomenclature
According to the Law of Multiple Proportions, elements in covalent compounds can combine in multiple proportions/ratios.  For example when carbon and oxygen combine, sometimes you will get carbon monoxide (CO) and sometimes you will get carbon dioxide (CO2). This is due to the fact that in a covalent compound the electrons in the bond are shared rather than transferred.  When sharing electrons, compounds can form single, double, and triple bonds.  See the example below showing the different bond types in carbon monoxide and carbon dioxide.






Carbon monoxide



Carbon dioxide

With your partner, look at the table below showing covalent compound’s names and formulas.  Based on your observations, derive a set of rules to use when naming covalent compounds.

	Formula
	Name

	N2O3
	Dinitrogen trioxide

	B2Cl4
	Diboron tetrachloride

	PCl5
	Phosphorus pentachloride

	SiS2
	Silicon disulfide

	P4S3
	Tetraphosphorus trisulfide

	CO
	Carbon monoxide


Rules for Naming Covalent Compounds:

Are there any exceptions to your rules?  Look back at the table above.  Do all the compounds abide by the rules you’ve developed?  If not, what is/are the exception(s) to the rules?

Prefixes:
The prefixes used in covalent nomenclature are Greek prefixes.  Do your best to recall the prefixes for numbers 1-10.  Recall shape names (polygons), the chart on the front, and organic chemistry prefixes for help. Note: These prefixes are not identical to the organic prefixes.

	#
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Prefix
	
	
	
	
	
	
	
	
	
	


Practice:

1.  Name the following compounds:



2. Write the formula of:

     a. P2O5
​​​​​​​​​​​___________________________________
a. dinitrogen trioxide
_________

     b. NO
​​​​​​​​​​​​​​​​​​​​​___________________________________
b.  carbon disulfide
_________
     c. OF2
___________________________________
c. nitrogen triiodide
_________

     d. CCl4
___________________________________
d. carbon monoxide
_________
Practice: Covalent Compounds

Directions: Name the following compounds

1. CO






2. CO2






3. SO2






4. NO2






5. N2O






6. SO3






7. CCl4






8. NO






9. N2O5






10. P2O5






11. N2O4






12. CS2






13. OF2






14. PCl3






15. PBr5






Directions: Write the formulas for the following compounds.


16. carbon tetrachloride



17. diphosphorus pentoxide



18. dinitrogen monoxide



19. carbon dioxide




20. disulfur tetroxide



21. carbon monoxide



22. dinitrogen trioxide



23. oxygen difluoride



24. dinitrogen triiodide



25. bromine trifluoride



26. disulfur dichloride



27. carbon tetriodide



28. sulfur hexafluoride




29. dinitrogen pentoxide




30. xenon tetrafluoride




31. phosphorus pentafluoride



32. tetraphosphorus decoxide



33. diarsenic trisulfide



34. silicon dioxide




35. selenium hexafluoride



36. carbon disulfide




37. dinitrogen tetroxide



38. sulfur dioxide





F: Hydrate Nomenclature

A hydrate is an ionic compound that develops a weak covalent bond with water.  Since water is incorporated into the crystalline structure of these compounds, they are said to be “hydrated.”  Since the water is only weakly bonded to the ionic compound, it can be removed by heating.  When you heat a hydrate, the bonds with the water are broken and the water molecules are removed.  Since the water has been removed, the resulting compound is called anhydrous, meaning without water.  Due to the unique bonding that occurs within ionic compounds, the hydrate nomenclature is a unique blend of ionic and covalent nomenclature rules.

Look at the table below.  You will see hydrates listed with their formulas and names.  Try to decipher a set of rules for how to name hydrates.  Hint: The rules are a combination of ionic and covalent rules.

	Formula 
	Name

	Ba(OH)2 ▪  2 H2O
	Barium hydroxide dihydrate

	Na2CO3  ▪  10 H2O
	Sodium carbonate decahydrate

	MgSO4 ▪  7 H2O
	Magnesium sulfate heptahydrate

	FeCl3  ▪  6  H2O
	Iron (III) chloride hexahydrate


Rules for Naming Hydrates:

Practice Problems:  Name the following compounds: 

1. Co(NO3)2(6H2O  
   





2. Fe3(PO4)2(8H2O  
   





3. NaClO3(5H2O  
   





4. MgSO4(7H2O  
   





5. CaSO4(2H2O 
 
   





Practice: Hydrates
Directions: Write formulas for each of the following compounds.


1. Nickel (II) sulfite hexahydrate


__________________

2. Magnesium sulfite hexahydrate


__________________

3. Calcium sulfite dihydrate



__________________

4. Sodium bisulfate monohydrate


__________________

5. Sodium acetate trihydrate



__________________

6. Zinc sulfate monohydrate



__________________

7. Copper (II) nitrate trihydrate



__________________

8. Manganese (II) sulfate monohydrate


__________________

9. Copper (II) sulfate pentahydrate


__________________

Directions: Write the names for each of the following compounds. 

10. Na2CO3 • H2O





______________________________

11. Na2SO4 • 10 H2O 




______________________________

12. Cu(C2H3O2)2 • H2O 




______________________________

13. Ba(OH)2 • 2 H2O 




______________________________

14. SnCl4 • 5 H2O 





______________________________

15. FeSO4 • 7 H2O 




______________________________

16. Pb(C2H3O2)2 • 3 H2O 




______________________________

17. FePO4 • 4 H2O 




______________________________

18. BaBr2 • 4 H2O 




______________________________

19. BaI2 • 2 H2O 





_____________________________
 Practice: Mixed Ionic and Covalent Formulas

Directions: First, identify the following compounds as ionic (I) or covalent (C).  Then name each compound.

1. dinitrogen monoxide


___



2. ammonium phosphate


___



3. iron (II) oxide



___



4. iron (III) oxide



___



5. dinitrogen trioxide



___



6. carbon monoxide



___



7. calcium chloride



___



8. potassium nitrate



___



9. sulfur trioxide



___



10. silicon dioxide



___



11. magnesium hydroxide


___



12. aluminum sulfate



___



13. copper (II) sulfate



___



14. diphosphorus pentoxide  


___



15. sodium hydrogen carbonate

___  




Practice: Mixed Ionic and Covalent Naming

Directions: First, identify the following compounds as ionic (I) or covalent (C).  Then write the formula for the compound.

1. NaCl







2. MnS







3. NO








4. K2O







5. CuBr2







6. CuBr







7. CO2







8. PbSO4







9. Li​​2CO​3​ 







10. NO​2







11. N2O​4







12. Ca(OH)​2







13. NH4Cl







14. SO3







15. AlPO4







16. CCl4







17. CaS







18. NH3







19. MgI2







20. K3PO4







21. PCl3














Practice: Mixed Formulas

Directions: Label the following compounds as ionic (I), covalent (C), acid (A) or hydrate (H).  Then write the formulas for each compound.
1. sodium carbonate decahydrate





2. dinitrogen tetroxide






3. silver (I) acetate







4. cesium sulfide







5. dinitrogen tetroxide






6. hydroiodic acid







7. ammonium chromate






8. zinc (II)  hydroxide






9. sulfuric acid







10. cobalt (II) chloride tetrahydrate





11. silicon hexachloride






12. manganese (II) nitrate






13. zinc (II) hydroxide






14. hydrobromic acid







15. diphosphorus pentoxide






16. sulfuric acid







17. hydroiodic acid







18. sodium carbonate decahydrate







19. silicon hexachloride






20. nickel (III) chlorate






21. lead (IV) iodide







nitric acid









22. Practice: Mixed Naming
Directions: Label the following compounds as ionic (I), covalent (C), acid (A) or hydrate (H).  Then write the formulas. 

1. Ca(NO3)2 ( 4 H2O








2. CoN









3. HNO3 (aq) 









4. OF2









5. Al2O3









6. CuSO4 ( 5 H2O








7. HgS









8. FeCrO4









9. MgSO4( 7 H2O








10. H3N (aq) 









11. KOH









12. ZnBr2







______

13. H2SO3 (aq) 









14. CBr4









15. LiH









16. H3PO4 (aq) 









17. HCl (g) 









18. CS2









19. H2CO3 (aq) 









20. FeCrO4









21. HClO3 (aq) 









Calculating Empirical and Molecular Formulae Review:

1. An unknown compound was found to have a percent composition as follows:  47.0% potassium, 14.5% carbon, and 38.5% oxygen.  If the molar mass of the compound is 166.22g/mol, what is the molecular formula of the compound?












Molecular Formula = ______________

4.  Rubbing alcohol was found to contain 60.0% carbon, 13.4% hydrogen, and the remaining mass was due to oxygen.  What is the empirical formula of the rubbing alcohol?  







Empirical Formula = ______________
5.  What is the percent composition of nitrogen in potassium nitrate?
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