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                 Reactions You Really Must Know      November, 2005 

NOTES:   1) all equations must be net ionic
         2) Alkali metals in solution are always spectators 

         3) You must know solubility rules sheet
    
   4) REMEMBER THE DIATOMIC ELEMENTS MUST BE WRITTEN WITH                       SUBSCRIPT 2 IN THE ELEMENTAL FORM (ex: CHLORINE Cl2)

            all "Gens" are diatomic

         5) For non- redox : The non metal in the polyatomic ion must             have the same oxidation state as in the oxide   

         6) H2S is a gas

 I)  There are 6 basic classifications of compounds.

    1) acids   2)bases   3) metal oxides (MgO)

    4) nonmetal oxides (SO2)  5) salts (cation-anion) 6) others

II)  REACTIONS

1) Combustion
   Hydrocarbon or oxyhydrocarbon + oxygen ----> CO2 + H2O

   There is not a net ionic for this. 

   Must Know = Meth, Eth, Prop, But, Pent, Hex, Hept, Oct.

   ending in  Ol is an alcohol (OH)

sample:  Propanol is reacted with excess oxygen

         C3H7OH + O2 ----> CO2 + H2O

2)  Synthesis 

    element + element --> compound

sample:  Solid calcium is reacted with oxygen

            Ca + O2 --> CaO

3)   Single Replacement: 4 distinct types **NOTE: all single            replacements are REDOX

   A + BD ---> AD + B  or      C2 + BD ---> BC + D2 

                          (Most Likely C and D are halogens)

Element + compound--->   Metal replaces Positive ion (cation)

   or

 Nonmetal replaces nonmetal

        i) Active metal and water --> Base(aq) + H2(g)
sample:         Potassium is added to water

                K + H2O ---> KOH + H2 

net ionic       K + H2O ---> K+ + OH- + H2
**In this equation why isn't K a spectator?

It is solid metal. It is not an ion at the start of the reaction!!!

        ii) Metal replaces metal in a compound
sample: a bar of zinc metal in immersed in a solution of

                copper (II) sulfate            

           Zn(s) + CuSO4 ---> Cu + ZnSO4 

net ionic  Zn  +  Cu2+ ---> Cu + Zn2+
         iii) Metal + acid ---> H2 and salt
sample: a piece of aluminum metal is placed in sulfuric acid                     

 Al  + H2SO4  -->  Al(SO4)3  + H2
net ionic       Al  +  H+ + -->  Al3+ + H2
Copper is NOT ACTIVE ENOUGH TO REPLACE HYDROGEN - IT DOES A MYSTERY REACTION

NOTE:  IN GENERAL THE METAL REACTANT WILL FORM ITS ION AND THE 

       CATION WILL BE BECOME THE ELEMENT

         iv) nonmetal + ionic compound ---> 
sample:  chlorine gas is bubbled into a solution of

         potassium bromide  

             Cl2  + KBr ---> Br2 + KCl

net ionic    Cl2  + Br- ---> Br2 + Cl-
 4)   Double Replacement -- always at least one on exam  one of the products will be a gas, a precipitate or a weak acid

compound + compound --> compound + compound

sample: tri-potassiumphosphate is added to zinc nitrate

             K3PO4 + Zn(NO3)2 ---> KNO3 + Zn3(PO4)2
net ionic      PO43- + Zn2+  ---> Zn3(PO4)2
5) Decomposition: Breakdown of a substance - only one reactant
     i) metal carbonate ------> carbon dioxide + metal oxide
         sample: Calcium carbonate is strongly heated   

               CaCO3  ----> CaO   +   CO2
     ii) breakdown of a compound with catalyst:

       sample: hydrogen peroxide is catalyzed to decompose by manganese dioxide

         H2O2 ----> H2   + O2
6)  SUBSTANCES WHICH REACT WITH WATER TO PRODUCE A BASE 

   **NOTE: Not Redox

SUBSTANCES which produce a base:  N,O,H if negative oxidation state 

   i)    METAL OXIDE AND WATER -----> BASE
      sample:solid sodium oxide is added to distilled water

            Na2O(s)   +  H2O(l)   ------>   NaOH(aq)

net ionic   Na2O(s)   +  H2O(l)   ------>   Na+(aq)    +  OH-(aq)

 ii)   IONIC hydrides and nitrides in water:
Ionic hydrides and water yield base and Hydrogen    
sample : solid lithium hydride is added to water  

              LiH   +  H2O --->  LiOH +  H2
net ionic     LiH   +  H2O --->  Li+  + OH-  +  H2 

         Ionic nitrides and water yield ammonia and base
sample :  water is added to a sample of solid magnesium nitride

            Mg3N2 + H2O --->  Mg(OH)2 + NH3
Mg(OH)2  is not dissociated because it is insoluble

iii)   Salt of a strong base and weak acid in water
sample    solid sodium acetate is dissolved in water

          NaC2H3O2 + H2O ---> NaOH + HC2H3O2    

          NaC2H3O2- + H2O ---> OH- + HC2H3O2
7)  Substances which react with water to produce an acid

      NOTE:    not redox

    i)    nonmetal oxide and water----> oxyacid
sample:   Phosphorous (V) oxide is sprinkled over distilled water           

              P2O5  + H2O --->  H3PO4
 sample:    sulfur dioxide is bubbled into water

               SO2     +    H2O ---> H2SO3(aq)  

 sample :     sulfur trioxide is bubbled into water

              SO3   + H2O ---->  H2SO4(aq) 

net ionic     SO3   + H2O ---->  H+ + HSO4+
this is not a redox reaction we must  know the oxidation state of the nonmetal and link it to an appropriate number of oxygens to form a polyatomic ion

Note: Heating an oxyacid will cause it to decompose to a              nonmetal oxide and water. ( reverse of above)

sample of process:         H2CO3 is heated

                           H2CO3 ---> CO2 + H2O

ii) Salt of a weak base and strong acid in water
sample:    solid ammonium chloride is added to water    

           NH4Cl + H2O --->NH4+ + Cl- ---> NH3 + H3O+ 

net ionic  NH4Cl + H2O  ---> NH3 + H+ + Cl- 

iii)   molecular compound and water ---> binary acid and oxyacid
            PCl3  + H2O ---> HCl + P(OH)3 ---> HCl + H3PO3
net ionic   PCl3  + H2O ---> H+  +  Cl- + H3PO3
***NOTE: The more electronegative element in the molecular compound forms the binary acid. The less electronegative element forms the oxyacid

8) Other reactions with metal oxide and nonmetal oxides
    Remember metal oxides are basic and       

    nonmetal oxides are acidic 

   i) Metal oxide and acid forms salt and water
     (metal oxides are basic, base + acid = salt and water)

sample: Lanthanum (III) oxide is dissolved in hydrochloric acid        

               La2O3 + HCL --> LaCl3 + H2O       

net ionic:     La2O3 + H+ ---> La3+  + H2O

  ii) nonmetal oxide and base --> salt and water
sample: sulfur dioxide gas is added to solution of sodium  hydroxide  

             SO2  +  NaOH ---> Na2SO3 +H2O

net ionic    SO2  +  OH- ---> SO32- + H2O

iii)  nonmetal oxide and metal oxide---> salt containing oxygen
     sample: solid calcium oxide is heated in the presence of    sulfur trioxide gas

             CaO + SO3 --> CaSO4
Note: because there is no water present in this reaction, there are no ions formed

NOTE: an oxysalt when heated--> metal oxide and nonmetal oxide     

sample of process: Calcium carbonate is heated

                  CaCO3 --> CaO + CO2 

 solid ammonium carbonate is heated

                 (NH4)2CO3 --> CO2 + NH4OH--> CO2 + NH3 + H2O

9) Some Electrolysis reactions:

i) Electrolysis of molten ionic compounds

sample: molten potassium chloride is electrolyzed

KCl(l)----->  K  + Cl2
 
reaction at anode 2Cl- (l) -----> Cl2  + 2e-

reaction at cathode: 2 K+(l)  +  2e-  ---->  2 K

net ionic:  K+  + Cl-     ----->  K   + Cl2
the K is not a spectator because it is not in solution

ii) Electrolysis of ionic solutions
sample :  A solution of potassium iodide is electrolyzed

KCl(aq) + H2O ---->   Cl2   + KOH(aq)  + H2
reaction at anode: 2Cl- (aq) -----> Cl2  + 2e-

reaction at cathode: 2 H2O + 2e- -----> H2   + 2 OH -

net ionic: 2 Cl- + 2 H2O ---->   Cl2   + 2OH- (aq) + H2
water is more easily reduced than potassium ion so the potassium ion is a spectator

10) mystery reactions you should know that pop up everywhere:  

i) A strip of copper is immersed in dilute nitric acid
you may think this is single replacement but it just isn't Cu is not active enough to replace H - check table of Eo 

net ionic : Cu + H+ + NO3-  ---> NO + H2O + Cu2+                   

ii) hot filing of transition element in a synthesis reaction

sample: Excess chlorine gas is passed over hot iron filings

Fe  + Cl2    ---->  FeCl3   ( apparently since the filings are hot, Fe oxidizes to its higher oxidation state, if not hot- Fe+2) 

iii) halogen and water: 
Cl2 + H2O ----> HCl + HOCl   NET:  Cl2 + H2O ----> H+ +  Cl- + HOCl 

iv) halogen and base:   sample : chlorine is bubbled in a dilute sodium hydroxide solution 

Cl2  + NaOH  ---->  OCl- + NaCl(aq) + H2O     

net ionic: Cl2  + OH-  ---->  OCl- + Cl- + H2O

11) Complex Ion Formation: This occurs when certain transition metals and sometimes Al are reacted with Ammonia NH3, hydroxides (OH-), cyanides CN-, or thiocyanate SCN- that are usually concentrated or in excess solutions. Usually the metal is attached to these substances by twice its oxidation state.  THE COMMON METALS ARE Zn, Fe, Cu, aluminum usually complexes with hydroxide as Al(OH)4-1.  

Excess ammonia is added to a solution of Zinc (II) nitrate

Zn2+   + NH3 ( Zn(NH3)42+ 

Excess sodium cyanide solution is added to a solution of silver nitrate

CN-   + Ag+     ( Ag(CN)2-
notice we must get the correct charge of the product

12) Organic reactions: read them over and study last.

i) ADDITION- THE COMBINATION OF A SUBSTANCE WITH AN UNSATURATED HYDROCARBON RESULTING IN THE FORMATION OF ONE PRODUCT.

TO IDENTIFY THIS REACTION MAKE SURE THE REACTANT IS AN ALKENE OR ALKYNE

I.E.)    A)    C2H4  +  Br2     ------->   C2H4Br2

 B) 2-PENTENE + BR2          --------->  2,3 DIBROMOPENTANE

   H H H H H                                   H H H H H

 H-C-C=C-C-C-H                               H-C-C-C-C-C-H

   H     H H                                   H BrBrH H 

ii) SUBSTITUTION- Alkane + halogen ---> haloalkane + HX

TO IDENTIFY THIS REACTION MAKE SURE THE REACTANT IS A ALKANE.

ALSO THERE WILL BE ONE LESS HYDROGEN IN THE ORGANIC PRODUCT.

C2H6  +  Br2  ----->  C2H5Br  +  HBr

