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•  Antoine Lavoisier: mass is 
conserved in a chemical 
reaction. 

•  Chemical equations: 
descriptions of chemical 
reactions. 

•  Two parts to an equation: 
reactants and products: 

2H2 + O2 → 2H2O 
 



•  The chemical equation for the formation of water 
can be visualized as two hydrogen molecules 
reacting with one oxygen molecule to form two 
water molecules: 

2H2 + O2 → 2H2O 
 



2Na + 2H2O → 2NaOH + H2 

2K + 2H2O → 2KOH + H2 
 



•  Stoichiometric coefficients: numbers in front of 
the chemical formulas; give ratio of reactants and 
products. 

•  Example:  2K + 2H2O → 2KOH + H2 

Why is there no 
coefficient here? 





•  Law of conservation of mass: matter cannot be 
lost in any chemical reactions.  



Combination and Decomposition Reactions 
•  Combination (synthesis) reactions have fewer 

products than reactants: 
2Mg(s) + O2(g) → 2MgO(s) 

•  The Mg has combined with O2 to form MgO. 
•  Decomposition reactions have fewer reactants 

than products: 
2NaN3(s) → 2Na(s) + 3N2(g)   

(the reaction that occurs in an air bag) 
•  The NaN3 has decomposed into Na and N2 gas. 



Combination and Decomposition Reactions 



Combination and Decomposition Reactions 



Combustion in Air 

Combustion is the burning of 
a substance in oxygen from 
air: 
 
C3H8(g) + 5O2(g) → 3CO2(g) 

+ 4H2O(l) 
 



Combustion Analysis 
•  Empirical formulas are determined by combustion 

analysis: 
• All carbon from compound goes to CO2 (find 

moles of C from amount of CO2 produced). 
• All hydrogen from compound goes to H2O 

(find moles of H from amount of H2O 
produced). 

• Any other element present can be determined 
by subtracting mass of C and H from mass of 
sample. 



Example – Determine the 
Empirical Formula: 

2.65 g of an unknown liquid containing only 
carbon, hydrogen, and oxygen were burned in air, 
and produced 5.06 g of carbon dioxide and 3.11 g 
of water.  What is the empirical formula of the 
unknown liquid? 



Electrolytic Properties 
•  Aqueous solutions, solutions in water, have the 

potential to conduct electricity. 
•  The ability of the solution to conduct depends on 

the number of ions in solution. 
•  There are three types of solution: 

•  Strong electrolytes, 
• Weak electrolytes, and 
• Nonelectrolytes. 



Electrolytic Properties 



Ionic Compounds in Water 
•  Ions dissociate in water. 
•  In solution, each ion is surrounded by water 

molecules. 
•  Transport of ions through solution causes flow of 

current. 
 



Molecular Compounds in Water 
•  Molecular compounds in water (e.g., CH3OH):  no 

ions are formed. 
•  If there are no ions in solution, there is nothing  to 

transport electric charge. 



Strong and Weak Electrolytes 
•  Strong electrolytes: completely dissociate in 

solution. 
For example: 

 
•  Weak electrolytes: produce a small concentration 

of ions when they dissolve. 
•  These ions exist in equilibrium with the unionized 

substance. 
•  For example: 

HCl(aq)                H+(aq) + Cl-(aq)

HC2H3O2(aq)                H+(aq) + C2H3O2
-(aq)



 
•  When two solutions are mixed and a solid is 

formed, the solid is called a precipitate. 



Solubility Rules – Used to determine what reaction 
occurs, if any: 

 1.  Separate all ions. 

 2.  Determine all possible compounds formed. 

 3.  Determine which, if any, of the compounds 
  will precipitate. 

 4.  Write the appropriate chemical equation. 



Rules for Solubility of Ionic Compounds in Water 
1.  All common Group 1 and ammonium salts are soluble. 
2.  All nitrates, chlorates, and acetates are soluble except silver 

acetate. 
3.  All halide salts (except fluorides) are soluble except those 

of silver, mercury (I), and lead. 
4.  All sulfates are soluble except those of silver, mercury (I or 

II), lead, calcium, strontium, and barium. 
5.  Calcium, strontium, and barium hydroxides (as well as 

group 1 hydroxides) are soluble; other hydroxides 
generally are not. 

6.  Most other ionic compounds are generally insoluble. 





Double Displacement (Metathesis) 
Reactions 

•  Metathesis or double displacement reactions 
involve swapping ions in solution: 

AX + BY → AY + BX. 
•  Metathesis reactions will lead to a change in 

solution if one of three things occurs: 
–  an insoluble solid is formed (precipitate), 
– weak or nonelectrolytes are formed, or 
–  an insoluble gas is formed. 



Ionic Equations 
•  Ionic equation: used to highlight  reaction 

between ions. 
•  Molecular equation: all species listed as 

molecules: 
HCl(aq) + NaOH(aq) → H2O(l) + NaCl(aq) 

•  Complete ionic equation: lists all ions: 
H+(aq) + Cl-(aq) + Na+(aq) + OH-(aq) → H2O(l) + 

Na+(aq) + Cl-(aq) 
 

•  Net ionic equation: lists only unique ions: 
H+(aq) + OH-(aq) → H2O(l) 

 



Examples:  Write the complete ionic and net ionic 
equations for each of the following reactions. 

1.  Aqueous solutions of sodium sulfide and calcium 
nitrate are mixed. 

2.  Aqueous solutions of barium chloride and 
potassium sulfate are mixed. 

3.  Aqueous solutions of silver nitrate and ammonium 
chloride are mixed.  



1.  Na2S (aq) + Ca(NO3)2 (aq)  2NaNO3 (aq) + CaS (s) 
2Na+ + S2- + Ca2+ + 2NO3

-  2Na+ + 2NO3
- + CaS (s) 

Ca2+ + S2-  CaS (s) 
 
2. BaCl2 (aq) + K2SO4 (aq)  BaSO4 (s) + 2KCl (aq) 
Ba2+ + 2Cl- + 2K+ + SO4

2-  BaSO4 (s) + 2K+ + 2Cl- 
Ba2+ + SO4

2-  BaSO4 
 
3. AgNO3 (aq) + NH4Cl (aq)  NH4NO3 (aq) + AgCl (s) 
Ag+ + NO3

- + NH4
+ + Cl-  NH4

+ + NO3
- + AgCl (s) 

Ag+ + Cl-  AgCl (s) 
 
 
 


