
Chemistry II-AP

Types of Reactions/ Reaction Prediction

(including Redox Reactions & Complexations) 

I. Synthesis (combination)     A +  B   --------->   AB


Substances that are chemically combined may be two elements or two compounds.  If the synthesis reaction is a combination of two elements, the only combination that will not occur is between two metals.  [Remember, though, that a physical union of two metals forms an alloy.]  Theoretically then, any two nonmetals should be able to combine, as well as a combination of a metal and a nonmetal.

ex.  C(s)  +   O2(g) -------------->  CO2(g)
       Fe(s)    +  Cl2(g)  -------------->    FeCl2(s)
but    Fe(s)     +   Sn(s)    ------------>  N.R.  (no reaction)


Although the combination of two compounds could be considered as a synthesis reaction, it could also be classified as a special type of double replacement reaction.  For test purposes, we will classify it as a synthesis reaction.


The types of compounds that can chemically combine to form a new compound usually have acid-base properties.  A metallic oxide is sometimes classified as a “basic anhydride” because, when it is dissolved in water, a base forms.  Likewise, a nonmetallic oxide is called an “acidic anhydride” since dissolution of this type of compound will produce an acid.

ex.   
BaO(s)     +    H2O(liq)   ------------>  Ba(OH) 2(aq)

SO2(g)   +   H2O(liq)   ------------>   H2SO3(aq)

In addition, when an acid and a base react, a salt and water are formed (see the section on double replacement reactions).  Water is an amphoteric substance, and as I have already shown you, it may be written as H-OH.  In an acid-base neutralization reaction, the acid is the source of the hydrogen ion while the base is the source of the hydroxide ion in the formation of the water molecule.  In the synthesis reaction of an acid anhydride with a basic anhydride, only a salt is formed because the two components for the formation of water (the H+ and the OH-) are lacking.

ex.  BaO(s)      +   CO2(g)    --------------->    BaCO3(s)
II.  Decomposition      AB  ----------->  A  +   B


In decomposition, the chemical breakdown usually occurs by either applying direct current (D.C.) or by adding heat.  In all cases, the electrolysis of a substance will occur.  Often it may only be a question of how much current to apply.  Heating of a substance may or may not produce a decomposition and the following rules must be applied.  When a substance is decomposed, two or more products are formed.  These products may be elements, compounds, or a combination of both.

A.  Electrolysis:

2 H2O(liq) ---------DC------->    2 H2(g)   +   O2(g)
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B.  Decomposition by Heating:
1.  Action of heat on hydroxides
All metallic hydroxides form the metallic oxide and release water, with the exception of the I-A metallic hydroxides.  The I-A metallic hydroxides are so stable that heating has no effect.


ex.   Ba(OH)2  ----- ----->   BaO    +  H2O



KOH    ----- ----->   N.R.

2.  Action of heat on carbonates
All metallic carbonate form the metallic oxide and release carbon dioxide gas, with the exception of the I-A metallic hydroxides.  The I-A metallic carbonates are so stable that heating has no effect.



    ex.   BaCO3  ---------->   BaO    +  CO2

        

K2CO3    ----- ----->   N.R.

3.  Action of heat on sulfates
All metallic sulfates form the metallic oxide and release sulfur trioxide gas, with the exception of the I-A and II-A metallic sulfates.  The metallic sulfates of the alkali family and the alkaline earth family are so stable that heating has no effect.


    ex.   FeSO4  ----- ----->   FeO    +  SO3


K2SO4    ----- ----->   N.R.



BaSO4    ----- ----->   N.R.

4.  Action of heat on nitrates
All metallic nitrates form the metallic oxide and release nitrogen dioxide gas as well as oxygen gas, with the exception of the I-A metallic nitrates.  The I-A metallic nitrates decompose, but not completely.  They decompose to yield the metallic nitrite as well as oxygen gas.


     ex.   Ba(NO3) 2  ----- ----->   BaO    +  O2     +   NO2


2 KNO3    ----- ----->   2 KNO2
 +  O2 

5.  Action of heat on chlorates
This group is very active, so that even the alkali metals react.  All metallic chlorates form the metallic chloride and release oxygen gas.  Please note that the oxide of the metal is not formed with this group of compounds.


   ex.  Ba(ClO3) 2  ----- ----->   BaCl2    +  3 O2

         2 KClO3 ----- ----->   2 KCl    +   3 O2
6.  Action of heat on oxides
Most metallic oxides are so stable that heating has no effect.   The only metallic oxides that decompose upon heating are silver mercury, platinum, palladium, and gold.


ex. 
2 HgO  ---- ----->   2 Hg(liq)   +   O2(g)  



BaO  ----- ----->   N.R.
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III.  Single Replacement (or Single Displacement)   
    




   M   +   AB  ----->   MB   +   A     



         or    X   +  AY  ----->     AX   +   Y


      For a metallic element to replace a metal cation in a compound, the element must be more active; ie. higher on the activity series.  For a nonmetal to replace an anion, it must be more active.  Activity for nonmetals decreases as you move down within a group, which means that the higher it is in a family, the more active it is..

ex.        Fe(s)   +    CuSO4(aq)   ----------->   FeSO4(aq)   +  Cu(s)

Cl2(g)   +    2 NaBr(aq)   --------->    Br2(liq)   +    2 NaCl(aq)

 Fe(s)   +    BaSO4(aq)   ----------->   N.R.


Br2(liq)   +    2 NaF(aq)   --------->    N.R.


When a metal that is above hydrogen in the activity series is treated with an acid, a salt is formed and hydrogen gas is liberated.

ex.
Zn(s)   +   2 HCl(aq)    ----------->  ZnCl2(aq)  +   H2(g)

Cu(s)    +   2 HCl(aq)    ----------->  N.R.

ALERT:    FOR SINGLE REPLACEMENT REACTIONS YOU WILL NEED TO CHECK EITHER THE ACTIVITY SERIES OR THE PERIODIC TABLE. 
======================================================================

IV.  Double Replacement (or metathesis)    AX  +   BY  ------->    BX   +  AY



Double replacement reaction generally fall under one of two categories - (1) acid-base neutralization reactions or (2) precipitation reactions.  Many types of double replacement reactions are said to be reversible - that is, once the products are formed, they may turn back into the original reactants.  The reactions that we will be considering are said to be irreversible.  Two criteria must be met for a reaction to have occurred.  

(1) Both reactants must be soluble in water or in each other.  You will need to know the solubility rules to figure out whether or not the reactants fit this criterion. 

(2)  There must be evidence of a reaction.  Evidence of a reaction may be (a) the formation of a solid (a precipitate), (b) a gas may be evolved, or (c) a molecular species may be formed.  Usually when a molecule is formed, heat is evolved (an exothermic reaction!)  Probably the most important molecule that will be formed will be water.  [Actually when a gas is formed (b), the gas is a molecular species.

IT IS IMPERATIVE THAT YOU LEARN THE SOLUBILITY RULES (ALONG WITH ALL OF THE EXCEPTIONS!) AS QUICKLY AS POSSIBLE!!!
REMEMBER: BOTH CRITERIA MUST BE MET FOR A DOUBLE REPLACEMENT REACTION TO OCCUR.
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Acid-Base Neutralization:


1.  Acid +  Base ---------->  Water   +  Salt


(Salt is the by-product of this reaction; the driving force of this reaction is the formation of water.)



ex.   HCl(aq)   +   KOH(aq)      -------------->  H2O   +   KCl(aq)

2.  Metallic oxide +  Acid  --------->   Water   +   Salt




ex.    BaO(s)   +   2 HCl(aq)     ------------->
H2O   +   BaCl2(aq)



3.  Nonmetallic oxide  +  Base  ---------->   Water   +  Salt



ex.    SO3(g)  +   2 KOH(aq)     --------->  H2O   +   K2SO4(aq)

Precipitation:

1.  Both reactants soluble in water



ex.   AgNO3(aq)      +   NaCl(aq)    ------------->   AgCl(ppt)     +  NaNO3(aq)

2.  Water-insoluble reactant is soluble in acids



ex.  BaCO3   +    KBr(aq)      ----------->  N.R.



yet  BaCO3    +  HCl(aq)     ----------->  H2CO3(aq)    +  BaCl2(aq)






or better 
  H2O  +  CO2(g)  +  BaCl2(aq)
There are three compounds that are commonly written in a molecular form, yet they do not exist as molecules.  You need to commit these to memory.

1.  ammonium hydroxide - NH4OH(aq) - is really an aqueous solution of ammonia gas.

2.  sulfurous acid - H2SO3(aq) - is really an aqueous solution of sulfur dioxide gas.

3.  carbonic acid - H2CO3(aq) - is really an aqueous solution of carbon dioxide gas.

If any of the three substances is used as a reactant, they are considered soluble (meet the first criterion.)  Yet if they are listed as a product, they meet the second criterion (release of a gas, or a molecular species.)

For a reactant to meet the first criterion (solubility), it must be water-soluble, or soluble in an acid, but only if the other reactant is an acid!  To be soluble in an acid solution, it must be a basic salt.  That means it must contain a cation from the I-A family or the lower II-A family, and the anion must be from a weak acid.  On the product side, at least one of the products must have something other than an "S".

In order to show that a reaction has occurred, you must be able to write a NET IONIC EQUATION.  The net ionic equation shows what ions actually reacted.  Those ions that are not part of the net ionic equation are called "spectator ions" because they merely "watch" the reaction occur.

molecular:
  
AgNO3(aq)       +      NaCl(aq) ---------------->   AgCl(ppt)     +      NaNO3(aq)
ionic:
       Ag+(aq)  +  NO3-(aq)    +  Na+(aq)     +     Cl-(aq)     ----------->   AgCl(ppt)   +  Na(aq)+    +    NO3-(aq)
net ionic:  



Ag+(aq)       +   Cl-(aq)        ------------->   AgCl(ppt)      
      In this example, the sodium and the nitrate ions were the spectator ions because they didn't change.
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Redox Reactions - Predicting the Products
You will need to know these ten oxidizing agents and the ten reducing agents, including their exceptions.

I.  Common Reducing Agents (substances that are oxidized - lose electrons)

    Reducing Agent



            Product Oxidized To:

1.
 Alkali metals --------------------------------->     cation form 



4 Li(s)   +   O2(g)  --------------->   2 Li2O(s)

2 K(s)    +   Cl2(g) --------------->  2 KCl(s)
2.
Most metals or metallic ions ----------------->
Highest oxidation state of the metal



Cu(s)    +   Cl2(g) ---------------->  CuCl2(s)

2 FeCl2(aq)  +  Cl2(g)  ---------->   2 FeCl3(aq)
3.  Hydrogen -------------------------------------->  H+ (often in the form of H2O)

H2(g)   +   Cl2(g) ---------------->   2 HCl(g)

H2(g)   +   CuO(s) --------------->   Cu(s)    +   H2O

4.
Carbon monoxide (CO) ----------------------->     Carbon dioxide  (CO2)


2 CO(g)    +   O2(g)   ------------->    2 CO2(g)

3 CO(g)    +   Fe2O3(s)  ---------->   2 Fe(s)    +  3 CO2(g)

                       (with all oxiding agents except conc. HNO3)
5.
H2S(g)  +   S-2  --------------------------------------------->
S


3 CuS(s)   +  8 HNO3(aq) (dilute) ------------->
 3 S(s)  +  3 Cu(NO3)2(aq) +  2 NO(g)   +  4 H2O


3 H2S(g)   +  K2Cr2O7(aq)  +   4 H2SO4(aq)  -------->  3 S(s)  +  Cr2(SO4) 3(aq)  +  K2SO4(aq)  +  7 H2O


                                (with concentrated HNO3)

6.
H2S(g)  +   S-2  -------------------------------------------->
SO4-2                              

 H2S(g)   +  8 HNO3(conc.)     ------------>   H2SO4(aq)  +  2 NO2(g)   +  4 H2O

7.
SO2  or  SO3-2(aq)   -------------------------------------------->
SO4-2(aq)



H2SO3(aq)    +   2 HNO3(CONC.)   -------------->  H2SO4(aq)   +  2 NO2(g)   +  4 H2O


2 KMnO4(aq)  +  SO2(g)  +   2 H2O  ----------->
   K2SO4(aq)   +    2 MnSO4(aq) +  H2SO4(aq)
8.
Halides (Cl-, Br-, I-)  ----------------------------------->  Free halogens ( Cl2, Br2, I2)


MnO2(s)   +   4 HCl(aq)   ---------->    Cl2(g)   +   MnCl2(aq)  +   2 H2O

9.
HNO2(aq)  ----------------------------------------------->
HNO3(aq)

5 HNO2(aq) +  2 KMnO4(aq) +  3 H2SO4(aq)   ------>  5 HNO3(aq) +  2 MnSO4(aq) +  K2SO4(aq) + 3 H2O

10.
H2O2  ---------------------------------------------------->
O2(g)

5 H2O2  +   2 KMnO4(aq)  +  3 H2SO4(aq)   -------->  K2SO4(aq)  +  2 MnSO4(aq)  +  5 O2(g)  +  8 H2O
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II.  Common Oxidizing Agents (Substances that are reduced - gain electrons)

    Oxidizing Agent



Product Reduced To:

1.
O2(g) ----------------------------------------->   O-2  (sometimes in the form of H2O)


         2 Ca(s)  +  O2(g)  -------------->   2 CaO(s)

         2 H2(g)  +  O2(g) -------------->  2 H2O

2.
Halogens ( Cl2, Br2, I2)  ------------------->  Halides (Cl-, Br-, I-)


          Zn(s)   +  Br2(liq)  ------------->   ZnBr2(s)
3.
Dilute HNO3(aq)  ---------------------------->  NO(g)

         3 Cu(s)  +  8 HNO3(aq)  (dilute)  ------------>  3 Cu(NO3)2(aq)   +  2  NO(g) +   4 H2O

4.
Concentrated HNO3(aq)  --------------------->  NO2(g)

 Cu(s)  +  4 HNO3(aq)   (conc.)  ------------>  3 Cu(NO3)2(aq)   +  2  NO2(g) +   2 H2O

5.
H2SO4  (hot & conc.)  ------------------------>
  SO2(g)

Cu(s)  +  H2SO4 (hot & conc.)  -------------->
  SO2(g)  +  CuSO4(aq)    +  2 H2O


                                         (in acidic solution)
6.
MnO4-(aq)      or MnO2(s)      ------------------------>   Mn+2(aq)     


2 KMnO4(aq)  +  5 H2S(g)  +  3 H2SO4(aq) ---->  5 S  +  2 MnSO4(aq)  +  K2SO4(aq)   +  8 H2O


MnO2(s)  +  4 HCl(aq)   --------------->  MnCl2(aq)  +  Cl2(g)  +  2 H2O


                         (in basic or neutral solutions)
7.
MnO4-(aq)       ---------------------------------------->   MnO2(s)

 KMnO4(aq)   +  3 NO2(g) +  2 KOH(aq)   --------> 3 KNO3(aq)   +  2 MnO2(s)  +   H2O

8.
Cr2O7-2(aq)    or  CrO4-2(aq)    ----------------------->   Cr+3(aq) 

K2Cr2O7(aq)    +  14 HCl(aq)   -------------->  2 CrCl3(aq)  +  2 KCl(aq)   +  3 Cl2(g)  +  7 H2O

9.
HNO2(aq)   ------------------------------------------->   NO(g)  

2 HNO2(aq)  +  2 HI(aq)   ----------------->  I2(s)   +  2 NO(g)  +  2 H2O

10.
H2O2  --------------------------------------------->   H2O

2 HI(aq)  +  H2O2  ------------------------>  2 H2O  +  I2(s)
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Metal Ions/ Compounds that commonly form complexes and their Complexing Agents:

1.  Iron(III)

2.  Silver

3.  Zinc hydroxide

4.  Aluminum hydroxide

5.  Copper

6.  Other complexes

1.  Iron(III) ion, when mixed with a solution containing the SCN- ion, forms a blood-red complex.  The complex is FeSCN+2.

2.
Silver ion (+1) forms several complexes with a coordination number of 2.  Specifically, [Ag(NH3)2]+1 and [AgCl2]-1 are two important complexes that form.  The diammine silver complex results when a solution containing the silver ion is reacted with an aqueous ammonium hydroxide solution.  The dichloroargentate complex only forms when there is a strong excess of the chloride ion.  For example, if 6 M hydrochloric acid is used, AgCl precipitates, so 12 M hydrochloric acid is needed in order to form the complex.


Zinc and aluminum react similarly with bases, but you need to be able to distinguish between the two.

3.
Reactions of zinc hydroxide with:  (a) strong acid;   (b) strong base;     (c) weak base - NH3 or NH4OH


a)  
Zn(OH)2(s)     +    2 H+(aq)    ---------->  Zn+2(aq)       +  2 H2O


b) 
Zn(OH)2(s)    +    2 OH-(aq)    ---------->  Zn(OH) 4-2(aq)

c)
Zn(OH)2(s)     +   4 NH3(aq)    ---------->  Zn(NH3) 4+2(aq)        +  2 OH-(aq)
4.
Reactions of aluminum hydroxide with:  (a) strong acid;   (b) strong base;     (c) weak base - NH3.


a)  
Al(OH)3(s)    +  3 H+(aq)    ---------->  Al+3(aq)       +  3 H2O


b) 
Al(OH) 3(s)    +   OH-(aq)       ---------->  [Al(OH)4]-1(aq)

c)
Al(OH) 3(s)    +  4 NH3(aq)        ---------->  N.R.

Note:  
Zinc hydroxide is soluble in both strong and weak bases because it forms two different complexes - one with the “hydroxo” ligand and the other with the “ammine” ligand.  Aluminum hydroxide only forms the “hydroxo” complex.

5. When copper (II) solutions are reacted with ammonia, the tetraammine copper (II) complex forms, which is a deep, clear blue solution.  The ammonia may be expressed as aqueous ammonia or concentrated ammonium hydroxide solution.  Even a 6 M solution of ammonia will cause the formation of the complex.

6.
If other complexes are included on the AP exam, you can assume that they have a coordination number of 6.  Not many other complexes are used, though, besides the first four listed.


