Name________________________________________

Unit 7:  Chemical Equations and Reactions

Demonstration:  Production of a yellow solid from two colorless solutions.


What happened?        and        What is the yellow stuff that formed?

To answer these questions we must:


Know what substances each solution contained.


Then, we must know how these substances interact when mixed together.


And finally, we must describe what took place in a precise and efficient way.

7-1  Describing Chemical Reactions
Indications of a Chemical Reaction


1.  Evolution of heat and light.


2.  Production of a gas.


3.  Formation of a precipitate.

Characteristics of  Chemical Equations


1.  The equation must represent known facts.


2.  The equation must contain the correct formulas for the reactants and products.


3.  The law of conservation of mass must be satisfied.

Word Equations
REACTANTS - the substances that exist before a chemical change (or reaction) takes place.

PRODUCTS - the new substance(s) that are formed during the chemical changes.

CHEMICAL EQUATION - indicates the reactants and products of a reaction.

WORD EQUATION - describes a chemical change using the names of the reactants and products.

Sample Problem 1: 


Write the word equation for the reaction of methane gas with oxygen gas to form carbon dioxide and water.

Identify the reactants and products.

Interpreting Formula Equations

What are the pros of using word equations?

What are the cons of using word equations?

COEFFICIENTS:  the numbers in front of the formulas of substances in chemical equations which tell the relative 
               number of molecules or formula units taking part in a chemical reaction.

Sample Problem 2:  Interpret the following equation :

2 NaI   +   Cl2   (     2 NaCl   +   I2
Balancing Chemical Equations

BALANCED EQUATION - one in which the number of atoms of each element as a reactant is equal to the number 
of atoms of that element as a product.

What is the relationship between conservation of mass and the fact a balanced equation will always have the same number of atoms of each element on both sides of an equation?

Sample Problem 3:  Determine whether the following equation is balanced.  All the formulas are written correctly. 









2 Na   +   H2O   (     2 NaOH   +   H2
Balancing Chemical Equations


Step 1:  Write a word equation for the reaction


Step 2:  Write the correct formulas for all reactants and products.


Step 3:  Determine coefficients that make the equation balance.

Sample Problem 4:  Write a balanced equation for the reaction between chlorine and sodium bromide to produce 
bromine and sodium chloride.

Sample Problem 5:  Write the balanced equation for the reaction between aluminum sulfate and calcium chloride 
and a white precipitate of calcium sulfate.

Showing Phases in Chemical Equations

SOLID PHASE - the substance is relatively rigid and has a definite volume and shape.  NaCl(s)
LIQUID PHASE - the substance has a definite volume, but is able to change shape by flowing.  H2O(l)
GASEOUS PHASE - the substance has no definite volume or shape, and it shows little response to gravity.  Cl2 (g)
Additional Symbols Used in Chemical Equations [Table 8-2 pg 246]

7-2  TYPES OF CHEMICAL REACTIONS
One of the several schemes used to classify reactions by the type of substances that react and are produced.

The scheme that follows is based on whether these substances are compounds or elements.

DIRECT COMBINATION  (Synthesis)





A                    +                    B               ---------->                    AB




element or cmpd                   element or cmpd.                         compound (cmpd)

Elements with Oxygen and Sulfur


Example:

Metals with Halogens


Example:

Synthesis Reactions with Oxides


Example:

DECOMPOSITION  (Analysis)




AB               ---------->              A                        +                       B         




      compound       
             element or cmpd.                    element or cmpd.

Binary Compounds


Example:

Electrolysis

Metal Carbonates


Example:

Metal Hydroxides


Example:

Metal Chlorates


Example:

Acids


Example:

SINGLE REPLACEMENT




A                    +                  BC
     ---------->               B                 +              AC



     element

              compound

 element
           compound

Example:


Example:

Example:


Example:

DOUBLE REPLACEMENT   also called Partner Exchange of Ions





AB
        +  

CD
     ---------->
     AD
          +                 CB




        compound
    
       compound

             compound
           compound


Example:


Example:


Example:

Driving Forces:


Formation of a Precipitate


Formation of a Gas


Formation of Water

Direct Combination or Synthesis Reactions

Two or more substances combine to produce a single, more-complex substance.

Write a chemical reaction for the following word equations.  The burning of hydrogen to form water.

The burning of carbon monoxide to form carbon dioxide.

The reaction of calcium oxide and water to form calcium hydroxide.

Decomposition or Analysis

A single substance is broken down into two or more simpler substances.

Write a chemical reaction for the following word equations.

Decomposition of water by an electric current (electrolysis of water).  A small amount of sulfuric acid is usually 


added as a catalyst.

Catalyst - a substance that speeds up a chemical reaction without itself being permanently altered.  


(Therefore calalysts are NOT written in the equation).  A catalyst lowers the activation energy,EA.

Mercury (II) oxide decomposed by heat.

Decomposition of the melted ionic solid sodium chloride by electrolysis.

Single Replacement Reactions

A single replacement reaction is one in which a free element becomes an ion and an ion in solution becomes 


a neutral atom.

Write a chemical reaction for the following word equations.


1.  The reaction of solid zinc with sulfuric acid to produce zinc sulfate and hydrogen gas.


2.  The reaction of solid copper with aqueous silver nitrate to produce solid silver and copper (II) nitrate.


3.  The reaction of solid silver with aqueous copper (II) nitrate to produce solid copper and silver nitrate.

If reaction 2 occurs, should reaction 3 occur?
Explain.
7-3  ACTIVITY SERIES OF THE ELEMENTS

4.  The reaction of chlorine gas with aqueous sodium bromide 


      to produce  liquid bromine and aqueous sodium chloride.

Sample Problem 6:  Write a balanced formula equation for the reaction 



       between magnesium metal and hydrochloric acid.

Double Replacement Reactions

Take place between two ionic compounds that are dissolved in water.  In a double replacement reaction,

the cation of one compound replaces the cation in the other compound to produce two new compounds.

PRECIPITATE - a solid substance formed by a physical or chemical change in a liquid (or even gaseous) medium.  


(Abbreviated:  ppt)  

Write a chemical reaction for the following word equations.


Equation 1.  Aqueous silver nitrate with aqueous sodium chloride.


Equation 2.  Aqueous sodium hydroxide with hydrochloric acid.


Equation 3.  Aqueous ammonium chloride with aquesous sodium hydroxide.

For a double replacement reaction to occur one of the products must be "removed" from the reaction.   

Identity the products that have been "removed" in the  three previous reactions.  Explain your answers.


Equation 1


Equation 2


Equation 3

Sample Problem 7:  Write a balanced equation for the reation between the water solutions of calcium hydroxide 



          and sulfuric acid. (This is called an acid-base reaction.  Do you see why?)

Appendix A:  
 
  

   

Solubilities of Inorganic Compounds in Water
MAIN  POINTS

· The Earth is (virtually) a materially closed system but an energetically open one.  In other words, energy flows in and out of the planet, but matter does not.

· The flow of energy through the Earth powers many material cycles in which matter is cycled through a variety of forms.

· Chemical reactions involve the rearrangement of atoms (although the atoms are often incorporated within molecules of ions).

· Chemical equations summarize chemical reactions, using chemical formulas to represent the reactants and products, rather than full names.

· All the atoms that appear on one side of a balanced equation must also appear on the other side.  Chemical reactions, in other words, adhere to the Law of Conservation of Mass (matter).

· Real chemical reactions are more complex than the neat summaries depicted in equations.  Some reactants usually remain unreacted, some side reactions generate additional minor products, and most reactions proceed through a variety of chemical intermediates which are usually not included in the equations.

· The main factors influencing reaction rates are temperature, concentration, and the presence of catalysts.

· Chemical equations can be used to calculate the specific quantities of reactants and products involved in the reactions, either as masses or as moles.  The general term for the process of performing such calculations is stoichiometry.

· In order to live in chemical harmony with the Earth, we need to learn to use materials in ways that fit into the general pattern of material cycles within our materially closed system.

· Recycling of materials is becoming an increasingly important and popular aspect of modern life and economic activity.  The growth of recycling is being driven both by its economic benefits and by the concern for the environment.

Balancing Equations 



Name__________________________________  

1.  ____ Sb   +   ____ Cl2   ----->   ____ SbCl3
2.  ____ Mg   +   ____ O2   ----->   ____ MgO

3.  ____ CaCl2   ----->   ____ Ca   +   ____ Cl2
4.  ____ NaClO3   ----->   ____ NaCl   +   ____ O2
5.  ____ Fe   +    ____ HCl   ----->   ____ FeCl2   +   ____ H2
6.  ____ CuO   +   ____ H2   ----->   ____ Cu   +   ____ H2O

7.  ____ Al   +   ____ H2SO4   ----->   ____ Al2(SO4)3   +   ____ H2
8.  ____ MgBr2   +   ____ Cl2   ----->   ____ MgCl2   +   ____ Br2
9.  ____ SnO2   +   ____ C   ----->   ____ Sn   +   ____ CO

10. ___ Pb(NO3)2   +   ____ H2S   ----->   ____ PbS   +   ____ HNO3
11.  ____ HgO   ----->     ____ Hg   +   ____O2
12.  ____ KClO3   ----->   ___ KCl   +   ____ O2
13.  ____ N2   +   ____ H2   ----->   ____ NH3
14.  ____ HCl   +   ____ MnO2   ----->   ____ MnCl2   +   ____ H2O   +   ____Cl2
15.  ____ NaBr   +   ____ Cl2   ----->   ____ NaCl   +   ____ Br2
16.  ____ Cu   +   ____ H2SO4   ----->   ____ CuSO4   +   ____ H2O   +   ____ SO2
17.  ____ Zn   +   ____ AgNO3   ----->   ____ Zn(NO3)2   +   ____ Ag

18.  ____ Ag   +   ____ HNO3   ----->   ____ AgNO3   +   ___ H2O   +   ____ NO2
19.  ____ H2S   +   ____ SO4   ----->   ____ H2O   +   ____ S

20.  ____ Sn   +   ____ Cl2   ----->   ____ SnCl4

