Ch. 11 Chemical Reactions

Chemical Reactions:

Collision Theory:

· Molecules must collide in order for reaction to occur

· Need sufficient energy (activation energy-min. energy needed for 
          rxn to occur) and proper orientation of particles
Rates of Rxn- factors affecting rates:

· Concentration- ↑ = ↑ rxn rate (add more particles or ↓ volume of rxn vessel)                    
· Temperature (kinetic energy) - ↑ = ↑ rxn rate 

· Surface area- ↑ = ↑ rxn rate (by smaller particle size)
· Catalyst- speeds up rxn b/c ↓ activation energy
· Nature of reactants – complexity of reactants- appropriate orientation   
                                              and energy
Entropy:

· Measure of disorder in a system

· Gas – liquid- solid (decreasing entropy)

· ( entropy = spontaneous reaction

· ( entropy = nonspontaneous reaction

Indicators of Chemical rxn:
11.1 Writing and Balancing Equations:

Reactants → Products

(aq) – aqueous (dissolved in water)

(l)- liquid

(g)- gas

(s)- solid

Catalysts - speed up reactions, not part of the reaction

Coefficients- whole # in front of formulas to balance the equation

Balanced equation- same # of atoms of each element on both sides of 

                               the equation - Law of Conservation of Mass
          Ex 1.  Iron + oxygen → Iron(III) oxide             (word equation)

                    Fe (s) + O2 (g)  →  Fe2 O3 (s)                         (skeleton equation)    

                    4Fe (s) + 3O2 (g)  → 2Fe2 O3 (s)                    (balanced equation)
Rules for Writing and Balancing equations:

1.) Write the skeleton equation

2.) Determine the # of atoms of each element on each side (create an inventory) 

3.) Balance one element at a time (start with the element that is not 

     equal on both sides or one that appears the least amount on both 

     sides. Save H and O for last). Hydrocarbons- look at the subscript

     for H.  If ½ of it = odd# add a 2 as the coefficient.  If even- leave alone.
4.) Check to make sure equal # of atoms on both sides

5.) Make sure all coefficients are in the lowest possible ratio
                        Types of Chemical Reactions:

1) Synthesis (combination): A synthesis reaction is when two or more simple compounds combine to form a more complicated one. These reactions come in the general form of: 

A + B ---> AB

                                 Ex.  combination of iron and sulfur to form iron (II)  sulfide: 

 Fe + S ---> FeS
2) Decomposition: A decomposition reaction is the opposite of a synthesis reaction - a complex compound breaks down to make simpler ones. These reactions come in the general form: 

AB ---> A + B

                                Ex. electrolysis of water to make oxygen and hydrogen gas: 

2 H2O ---> 2 H2 + O2

3) Single replacement: This is when one element trades places with another element in a compound.   These reactions come in the general form of: 

A + BC ---> AC + B

                                Ex.  magnesium replaces hydrogen in water to make magnesium hydroxide 
                                       and hydrogen gas: 

Mg + 2 H2O ---> Mg(OH)2 + H2

4) Double replacement: This is when the anions and cations of two different compounds switch places, forming two entirely different compounds. One of the products is usually a precipitateThese reactions are in the general form: 

AB + CD ---> AD + CB

                                 Ex.  reaction of lead (II) nitrate with  potassium iodide to form lead (II
                                        iodide and potassium  nitrate: 

Pb(NO3)2 + 2 KI ---> PbI2 + 2 KNO3

      Acid-base: This is a special kind of double replacement reaction that takes place when an acid and base react with each other. The H+ ion in the acid reacts with the OH- ion in the base, causing the formation of water. Generally, the product of this reaction is some ionic salt and water: 

HA + BOH ---> H2O + BA

                                 Ex.  reaction of hydrobromic acid (HBr) with  sodium hydroxide: 

HBr + NaOH ---> NaBr + H2O
5) Combustion: A combustion reaction is when oxygen combines with another compound (usually has CO2 and  H2O as a product). These reactions are exothermic, meaning they produce heat. 

                                 Ex.  burning of napthalene: 

C10H8 + 12 O2 ---> 10 CO2 + 4 H2O
Checklist for figuring out what type of reaction is taking place:
Follow this series of questions. When you can answer "yes" to a question, then stop! 

1)  Does your reaction have oxygen as one of it's reactants? If yes, then it's a combustion reaction 

2)  Does your reaction have two (or more) chemicals combining to form one chemical? If yes, then it's a synthesis reaction 

3)  Does your reaction have one large molecule falling apart to make several small ones? If yes, then it's a decomposition reaction 

4)  Does your reaction have any molecules that contain only one element? If yes, then it's a single displacement reaction 

5)  Does your reaction have an acid and base as the reactants and water as one of the products? If yes, then it's an acid-base reaction 

6) If you haven't answered "yes" to any of the questions above, then you've got a double displacement reaction

Sample Problems 
List what type the following reactions are: 

1)  NaOH + KNO3 --> NaNO3 + KOH 

2)  CH4 + 2 O2 --> CO2 + 2 H2O 

3)  Ba + 2 NaBr -->  BaBr2 + 2 Na 

4)  CaSO4 + Mg(OH)2 --> Ca(OH)2 + MgSO4 

5)  NH4OH + HBr --> H2O + NH4Br 

6)  Pb + O2 --> PbO2 

7)  Na2CO3 --> Na2O + CO2

11.3 Reactions in Aqueous Solution

Complete Ionic equation:

· Shows each of the ionic compounds as separate ions if they are water 
          soluble (aqueous) 

· Insoluble compounds are not separated and have the (s) symbol

· Double replacement reactions only

· Spectator ion(s)-  ion(s) that appears on both sides of an equation; not 
          directly involved in reaction and therefore get crossed out

Net Ionic balanced equation:
· An equation for a reaction in solution (aqueous) that shows ONLY what is 
          directly involved in the reaction (what’s left over after crossing out the 
          spectator ion(s))

· Must be balanced with respect to both elements and charges
· Chemical Equilibrium: (Dynamic equilibrium)
· Reversible rxns

· When the rates of a forward rxn = rates of a reverse rxn (constant ratio between the concentration of the reactants and the products)
Ex. 2SO2 (g) + O2(g) ( 2SO3(g)

    Equilibrium Expression:

                  aA + bB ( cC + dD         Lowercase letters= Coefficients 

                                                 Uppercase letters = Compound

       Keq =  Products           Keq =  [C]c [D]d
                Reactants                    [A]a  [B]b
 Ex. N2 + 3H2(2NH3

                 Keq =    [NH3]2
                           [N2] [H2]3  

   Le Chatelier’s Principle: http://ed.ted.com/on/VRpdvzQB
· If a stress is applied to a system, system changes to reduce the stress and 
       re-establish dynamic equilibrium (the equilibrium will shift in the direction to 

       accommodate the change) THINK SEESAW!!
· Stress = Concentration change (seesaw), temperature(seesaw), or pressure
           (#of moles)
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