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In each of the following types of reaction, the reactants fall into a class of compounds.  The products that result are also classes of compounds.  It is essential that these patterns be recognized and committed to memory.  Do NOT attempt to memorize the individual reactions.  There are far too many possible combinations to memorize.  However, by learning the patterns that result between classes of compounds, the products of hundreds of reactions can be predicted.

Predict the products of each of the following reactions by following the pattern shown by the examples in each of the group of reactions.

I. Metal + Nonmetal → Salt

The salt must have a neutral charge, so it is necessary to balance the charges of the metal and nonmetal.

Ex: Sodium is heated in an atmosphere of chlorine gas.

Na(which has a charge of +1) + Cl(which has a charge of -1) → NaCl(which is neutral)

1. Solid barium is place in oxygen gas.

2. Lithium is heated in an atmosphere of oxygen gas.

3. Iron filings are mixed with powdered sulfur and heated.

4. Magnesium is burned in chlorine gas.

5. Iron rusts.

II. Acid + Base → Salt + Water

Strong acids and strong bases must be separated into their constituent ions (ionization) in the final net ionic equation, but only when in aqueous solution.

Ex:  Solutions of Nitric acid and potassium hydroxide are mixed.

H+ + NO3- + K+ + OH- ( H2O + K+ + NO3-
H+ + OH-( H2O
(net ionic reaction)

1. Solutions of acetic acid and sodium hydroxide are mixed.

2. Iron (III) hydroxide is mixed with hydrochloric acid.

3. Solutions of potassium hydroxide and hydrofluoric acid are mixed.

4. Sulfuric acid is mixed with barium hydroxide.

5. Solutions of hydroiodic acid and potassium hydroxide are mixed.

III. Nonmetal Oxide + Water -> Acid

*the nonmetal in the acid will have the same oxidation state as the nonmetal in the nonmetal oxide

(ex. SO2 +  H2O -> H2SO3

Sulfur has an oxidation state of +4 on both sides

       SO3 +  H2O -> H2SO4

       SO3 + H2O -> H+ + HSO4-


Sulfur has an oxidation state of +6 on both sides)

*remember to dissociate strong acids, and write the NET IONIC equation

Examples:

1. Dibromine monoxide is added to water


Br2O + H2O -> 2HBrO

2. Nitrogen dioxide gas is bubbled through water


3NO2 + H2O -> NO + 2HNO3

3NO2 + H2O -> NO + 2H+ + 2NO3-

Problems:

1. Carbon dioxide gas is bubbled through water.

2. Solid diphosphorous pentoxide is added to distilled water.

3. Dichlorine monoxide is added to water.

4. Dinitrogen trioxide and water are combined.

5. Dinitrogen pentoxide is added to water.

IV. Metal Oxide + Water -> Metal Hydroxide (Base)

      Metal OR Metal Hydride + Water -> Base + Hydrogen Gas
Examples:

1. Steam condenses on the surface of rusted iron


Fe2O3 + 3H2O -> 2Fe(OH)3
2. Solid calcium hydride is added to water


CaH2 + 2H2O -> Ca(OH)2 + 2H2

3. Lithium oxide is added to water


Li2O + H2O -> 2LiOH


Li2O +H2O -> 2Li+ + 2OH-
Problems:

1. Solid potassium oxide is added to water. 

2. Calcium metal is added to distilled water.

3. Lithium hydride is added to water.

4. Solid barium oxide is added to water.

5. Sodium is added to distilled water.
V. Nonmetal Oxide + Base ( Salt 
Sulfur dioxide is bubbled through a solution of potassium hydroxide.

SO2 + OH- ( HSO3-
1. Carbon dioxide is bubbled through a solution of sodium hydroxide.

2. Dinitrogen trioxide gas is bubbled through a solution of barium hydroxide.

3. Hydrogen sulfide gas is bubbled through a solution of potassium hydroxide.
4. Sulfur dioxide gas is bubbled into an excess of a saturated solution of calcium hydroxide.
5. Carbon dioxide is absorbed into a potassium hydroxide solution.

VI. Metallic Oxide + Acid ( Salt + Water

Sodium oxide is dissolved in hydrochloric acid.
Na2O + 2H+ ( 2Na+ + H2O 
1. Solid calcium oxide is added to nitric acid.

2. Iron(III) oxide is dissolved in phosphoric acid.

3. Potassium oxide is dissolved in sulfuric acid.

4. Acetic acid is used to dissolve lead(II) oxide.

5. Hydrofluoric acid is used to dissolve silicon dioxide.
VII. Metallic Oxide + Non-Metallic Oxide( Salt (NOTE: salt is never ionized because it is not in solution)

Potassium oxide is heated in an atmosphere of sulfur trioxide.

K2O + SO3 ( K2SO4
1. Barium oxide combines with carbon dioxide.

2. Dinitrogen trioxide is passed over a bed of iron(III) oxide.

3. Powdered diphosphorous pentoxide is mixed and heated with zinc oxide.

4. Sodium oxide is placed in an atmosphere of gaseous dinitrogen pentoxide.

5. Sulfur trioxide is heated in the presence of solid calcium oxide.

VIII. Acid + Metal -> Salt + Hydrogen Gas

Examples:

1. Sodium is dissolved in hydrofluoric acid

2Na + 2HF -> 2NaF + H2
2Na + 2H+ + 2F- -> 2Na+ + 2F- + H2

2Na + 2H+ -> 2Na+ + H2

2. Solid magnesium is added to a beaker of hydrochloric acid

Mg + 2HCl -> MgCl2 + H2

Mg + 2H+ + 2Cl- -> Mg2+ + 2Cl- + H2

Mg + 2H+ -> Mg2+ + H2

Problems:

1. A solid zinc strip is added to sulfuric acid.

2. Calcium metal is dropped into hydrochloric acid.

3. Magnesium is added to nitric acid.

4. Phosphoric acid is reacted with a sample of barium.

5. Potassium is added to a solution of acetic acid.

IX. Strong Acid + Salt of a Weak Acid( Salt of a Strong Acid + Weak Acid
Dissociation of the strong acid and the salt of a strong acid always occurs in solution.

 Solutions of hydrobromic acid are placed in a .1 M solution of potassium phosphate.

H+ + Br- + K+ + PO4-3 ( K+ + Br- + H3PO4
H+ + PO4-3 ( H3PO4
1. Solid sodium acetate is added to a solution of hydrochloric acid.

2. Solutions of nitric acid and potassium nitrite are mixed.

3. Solid barium phosphate is added to a solution of sulfuric acid.

4. A solution of sodium cyanide is added to a solution of hydroiodic acid.

5. Solid calcium carbonate is dissolved in a solution of hydrochloric acid.

X. Soluble Salt + Soluble Salt ( Insoluble Salt + Soluble Salt 

These reactions form a precipitate, but all soluble salts must be dissociated in solution.

Ex: A solution of barium chloride is added to a solution of potassium sulfate.

Ba+2  +  Cl- +  K+  + SO4-2( BaSO4 + K+  + Cl-
Ba+2 +SO4-2 ( BaSO4
Problems:

1. Solutions of lead (II) nitrate and potassium chloride are mixed.

2. Solid ammonium sulfate is dissolved in a solution of barium chloride.

3. Solutions of iron (III) acetate and sodium hydroxide are mixed.

4. A solution of potassium carbonate is added to a solution of nickel (II) chloride.

5. Solutions of barium chloride and mercury (II) nitrate are mixed.

XI. More Active Element + Less Active Ion( More Active Ion + Less Active Element

 THE RULES

(i) Metallic elements are considered more active the closer they are to Francium.

(ii) Non metals are considered more active the closer they are to Fluorine.

EXCEPTIONS

Zinc will reduce Copper.   

Copper metal is added to a solution of silver nitrate.

Cu + Ag+( Cu+2 + Ag
1. A solid bar of magnesium is mixed with a mole of silver ions in solution.

2. A solution of copper(II) chloride is added to solid lead.

3. Chlorine is bubbled through a solution of sodium bromide.

4. Liquid bromine is added to a solution of potassium iodide.

XII. Combustion Reactions

Any hydrocarbon compound burned with oxygen always forms carbon dioxide and water.
HYDROCARBONS:

Meth- 1 Carbon

Eth-   2 Carbons

Prop- 3 Carbons

But-   4 Carbons

Alkane
Alkanes are hydrocarbons with single bonds.       

CnH2n+2
Methane   CH4
Ethane     C2H6
Propane   C3H8
Butane     C4H10
Alkene
Alkenes are hydrocarbons with double bonds.

CnH2n
Methene CH2
Ethene   C2H4
Propene C3H6
Butene   C4H8
Alkyne
Alkynes are hydrocarbons with triple bonds.

CnH2n-2
Ethyne   C2H2
Propyne  C3H4
Butyne   C4H6
Alcohols

They are simply organic compounds where a hydroxide group (OH) replaces a hydrogen atom.

Methanol: CH3OH
Ethanol: C2H5OH
Propanol: C3H7OH
Butanol: C4H9OH
Any hydrocarbon compound burned with oxygen always forms carbon dioxide and water.
Propane is burned in air.

C3H8 + O2 ( CO2 + H2O
1. Methanol is burned in air.

2.   Butene is burned in the presence of oxygen.

3. Ethane is burned in air.
4. Propyne is burned in air. 

Solutions

I. Metal + Nonmetal → Salt

1. 2Ba + O2  → 2BaO

2. 2Li + O2 → 2LiO

3. Fe + S → FeS or Fe2S3
4. Mg + Cl2 → MgCl2
5. Fe + O2 → FeO or Fe2O3
II. Acid + Base → Salt + Water

1. Na+ + OH- +HC2H3O2 → Na+ + C2H3O2-  + H2O

2. Fe(OH)3 + 3HCl → FeCl3 + 3 H2O

3. HF + K+ + OH- → K+ + F- + H2O

4. H2SO4 + Ba(OH)2→ BaSO4 + 2H2O

5. H+ + OH-(H2O
III. Nonmetal Oxide + Water -> Acid

1. CO2 + H2O -> H2CO3
      2. P2O5 + 3H2O -> 2H3PO4
      3. Cl2O + H2O -> 2HClO

      4. N2O3 + H2O -> 2HNO2

      5. N2O5 + H2O -> 2H+ + 2NO3-

IV. Metal Oxide + Water -> Metal Hydroxide (Base)

     1. K2O + H2O -> 2K+ + 2OH-

     2. Ca + 2H2O -> Ca(OH)2 + H2

     3. LiH + H2O -> Li+ + OH- + H2

     4. BaO + H2O -> Ba(OH)2

     5. 2Na + 2H2O -> 2Na+ + 2OH- + H2

V. Nonmetal Oxide + Base( Salt 

1.  CO2 + OH- ( HCO3-
2.  N2O3 + 2OH- ( H2O + 2NO3-

3.  H2S + OH- ( HS- + H2O
4.  SO2 + Ca(OH)2 => CaSO3 + H2O
5.  CO2 + OH- ( HCO3-

VI. Metallic Oxide + Acid ( Salt + Water

1. CaO + 2H+ ( Ca2+ + H2O

2. Fe2O3 + 2H3PO4 (2FePO4 + 3H2O

3. K2O + 2H+ ( 2K+ + H2O

4. 2HC2H3O2 + PbO( Pb2+ + 2C2H3O2- + H2O

5. 4HF + SiO2 ( SiF4 + 2H2O

VII. Metallic Oxide + Non-Metallic( Salt

1. BaO + CO2( BaCO3
2. 3N2O3 + Fe2O3( 2Fe(NO2)3
3. P2O5 + 3ZnO( Zn3(PO4)2
4. Na2O + N2O5( 2NaNO3
5.   SO3 + CaO ( Ca+2 + SO4-2

VIII. Acid + Metal ( Salt + Hydrogen

1. Zn + H+ + HSO4- -> Zn2+ + SO4- + H2

2. Ca + 2H+ -> Ca2+ + H2

3. Mg + 2H+ -> Mg2+ + H2

4. 3Ba + 2H3PO4 -> Ba3(PO4)2 + 3H2

5. 2K + 2HC2H3O2 -> 2K+ + 2C2H3O2- + H2
IX. Strong Acid + Salt of a Weak Acid( Salt of a Strong Acid + Weak Acid

1. NaC2H3O2 + H+ + Cl-( HC2H3O2 + Na+ + Cl-
2. H+ + K+ + NO2- ( HNO2 + K+
3. Ba3(PO4)2 + H++ SO4-2 ( BaSO4 + H3PO4 (or H2PO4- or HPO4-2)

4. CN- + H+ + I-( HCN + I-
5.   MgO + H+ + Cl- ( Mg++ + H2O + Cl-

X. Soluble Salt + Soluble Salt( Insoluble Salt + Soluble Salt

1. Pb++ + Cl- ( PbCl2
2. Ba++ + SO4-- ( BaSO4
3.   Fe+++ + OH- ( Fe(OH)3

4.   Ni++ + CO3-- ( NiCO3
5.   Hg+ + Cl- ( HgCl

XI. More Active Element + Less Active Ion( More Active Ion + Less Active Element

1. H+ + C2H3O2 - → HC2H3O2
2. H+ + NO2- → HNO2 
3. Ba3(PO4)2 + 3H++ 3HSO4- → 3BaSO4 + H3PO4
4. CN- + H+→ HCN

5. 2H+ + CO3-2 → H2CO3
XII. Combustion Reactions

1. 2CH3OH + 3O2( 2CO2 + 4H2O

2. C4H8 + 6O2(4CO2 + 4H2O

3. 2C2H6 + 7O2( 4CO2 + 6H2O

4. C3H4 + 4O2( 3CO2 + 2H2O

