AP Chemistry Note Outline

Chapter 4:  Reactions and Reaction Stoichiometry:

	· Water as a solvent

· Strong and Weak Electrolytes

· Solution Concentrations

· How to Make up a solution

· Types of Reactions Introduction

· Precipitation Reactions

· Precipitation Reaction Stoichiometry

· Acid-Base Reactions

· Acid-Base Reaction Stoichiometry

· Oxidation-Reduction Reactions

· Redox Stoiochiometry

· Reaction Prediction--Overall


Water as a solvent

Some Definitions:

· Polar Molecule

· Nonpolar Molecule

· Ionic compound

What happens when something dissolves? (Pictures and diagrams)

[image: image2.png](calibration mark)

‘Weighed
amount
of solute

Wash bottle

(b)

(©)




· An Ionic Compound Dissolves in water

· A Polar Substance Dissolves in water (a polar substance)

· A nonpolar substance with a nonpolar substance
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Strong and Weak Electrolytes

Definitions:

· Strong Electrolyte
· Weak Electrolyte
· Nonelectrolyte
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Look for words like:  

•

acidified

•

basic solution

These Ions:

•

MnO

4

-

•

Cr

2

O

7

2-

•

H

2

O

2

 (most of the time)

•

OCl

-

Combustion Reactions:  Reactions 

that involve air

  

(O

2

)

S.R. Reactions:  If you see a pure 

metal, not ioinized it will  a S.R.

Any element either metal or 

nonmetal.

Something is electrolyzed

Look for the following:

•

Two Ionic Compounds:  

Probably D.R. and a ppt is 

made or H

2

O:  You must 

know your solubility rules 

really well.

•

Oxides:  memorize oxide 

rules

•

Acid/Base Reactions

•

Decomposition Reactions 

are almost always non-

redox

•

Words like equimolar are 

most likely acid/base

•

Words like protic or 

diprotic lead you to acids

•

Coordination 

Compounds:[Especiall 

look for NH

3

]  Fe, Co, Ni, 

Cu, Zn, Ag, Au, Al + NH

3

, 

H

2

O, CN

-

, OH

-

, SCN

-

 :

Things that must be memorized:

•

Solubility Rules

•

Redox Rules

•

Polyatomic Ion Names

•

Metals and Ligands for coordination compounds

•

Oxide Rules


Demo:  (Draw a picture here and make observations—this will be done in class) 

Solution Concentrations

There are many ways to measure solution concentration

In Chemistry the primary way is:

Molarity=

Some helpful equations:

MV = 

It is also a good idea to use millimoles

MV= milimoles (When the volume unit is in mL

Examples:  Calculate the molarity of a solution prepared by dissolving 1.56-g of gaseous HCl into 26.8mL.

Typical blood serum is about 0.14 M NaCl.  What volume of blood contains 1.00mg of NaCl?

How to Make up a solution
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Types of Reactions Introduction

Goal:

To be able to predict the products of a chemical reaction and answer a simple question about it.

Precipitation Reactions

Solubility Rules:


NaClNOSO

	
	Na+
	Cl
	NO3-
	SO42-
	Rest not soluble

	
	K+
	F-
	ClO3-
	
	S2-

	
	Li+
	Br-
	C2H3O2-
	
	CO32-

	
	Rb+
	I-
	
	
	CrO42-

	
	Cs+
	
	
	
	PO43-

	
	NH4+
	
	
	
	PO33-, O2-, OH-

	Exceptions
	None
	Ag+, Hg22+, Pb2+
	None
	Ba2+, Ca2+, Pb2+, Hg2+
	


One special Case:  Ba(OH)2, Sr(OH)2, and Ca(OH)2 are slightly soluble

Review of Ionic and Net-Ionic Equations

Molecular Equations

Complete formulas of all reactants and products are written as if they were molecules.  No explicit indication has been made that the soluble compounds are actually dissociated into ions, so “molecular” in this context means only that complete formulas are used.


Cd(NO3)2(aq)  +  Na2S(aq)  --->  CdS(s)  +  2 NaNO3(aq)

Ionic Equations:  All strong electrolytes are shown ionized
Cd+2(aq)  + 2 NO3-(aq)  +  2 Na+(aq) +  S2-(aq)  --->  CdS(s)  +  2 Na+(aq)  + 2NO3-(aq)

Net Ionic Equations:  


Cd+2(aq)  +  S2-(aq)  --->   CdS(s)

YOU MUST LEARN THE SOLUBILITY RULES:  THEY MUST BE MEMORIZED!!!

Reaction Types
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Types of Reactions:
Reactions with no changes in Oxidation Numbers
I.  Dissociation Reactions of Salts in Aqueous Solutions: 


dissociation:  When ionic compounds dissolve in water the ions which compose these compounds separate from each other and enter the solution as more or less independent particles (ions):  Cations or anions


NaCl ---->  Na+1(aq)
+
Cl-(aq)

H2SO4(l)
---->
Na+(aq)
+
HSO4-(aq)
II.  Nonmetallic oxides react with H2O to form acids


This is called an acid anhydride


SO3(g)
     +  H2O
---->
H2SO4   +
H2O  ---->   H3O+(aq)  + HSO4-

N2O5(g)   +   H2O  ----> 2 HNO3   +   H2O   ---->  2 H3O+   +   2 NO3-
III.  Metallic Oxides react with H2O to form bases.


Called a basic anhydride


Na2O(s)   +  H2O  ---->   2 NaOH  +  H2O (l)   ---->   2 Na+(aq)  +   2 OH-(aq)

IV.  Some Decomposition Reactions


A.  Base  ---->  metal oxide + water



Ca(OH)2  ---->  CaO  +  H2O


B.  Salt containing oxygen  ---->  metal oxide  +  nonmetal oxide



CaCO3   ---->CaO  +  CO2

C.  Acid containing oxygen  ---->  water +  nonmetal oxide



H2CO3   ---->   H2O  + CO2
V.  Metallic oxides + nonmetallic oxides  ---->  Salt


CaO(s)  +  SO2(g)  ---->   CaSO3(s)

VI.  Reactions of Coordination compounds


These are called “complex” ions.  (Though an ion is not always made).  It involves adding a ligand to a 4th row transition metal, and a few other selected metals.  There are many different ligands, but i this course we will only look at the most common.  These include:  ammonia (NH3), water, hydroxide (OH-), thiocynate (SCN-), and cyanide (CN-).  The number of ligands that attach to the metal will almost always (in our case always) be double the amount of the charge on the metal. To determine the final charge add the total charge from the metal to the sum of the charges from all of the ligands.



Ag+  +  NH3  ---->  Ag(NH3)2+


Cu+2  +  OH-  ---->  Cu(OH)4-2
Non-Redox Rxn Practice
1. hydrogen sulfide is bubbled through a solution of silver nitrate.

2. concentrated (15M) ammonia solution is added in excess to a solution of copper(II) nitrate.

3. equal volumes of dilute equimolar solutions of sodium carbonate and hydrochloric acid are mixed.

4. dilute acetic acid solution is added to solid magnesium carbonate.

5. sulfur trioxide gas is added to excess water.

6. powdered magnesium oxide is added to a container of carbon dioxide gas.

Oxidation-Reduction Reactions

Oxidation Numbers

    Rules

1. Atoms have oxidation states of 0

2. Ions keep their charges

3. Oxygen in a compound is –2 unless as peroxide (then it is –1)

4. Fluorine is –1

5. Hydrogen is +1 unless as a hydride (then it is –1)

6. Sum of oxidation states equals charge of substance.  If it is a compound then it is zero.
Oxidation State Practice

Definitions:

Oxidation

Reduction

Oxidizing Agent

Reducing Agent

Examples:  

2Pb + 3O2 (  2PbO +   2SO2
Cl2 + OH- (  ClO-  + Cl-  + H2O

Balancing Redox Reactions

Rules—Acid solution

1. Write reactions as ½ reactions—One for the oxidation and one for the reduction

2. Balance all elements except H and O

3. Balance H with H+
4. Balance O with H2O

5. Balance Charge with e-
6. Multiply reactions by factors such that the e- cancel

7. Add both ½ reactions

Examples

MnO4-  +_ Fe2+  ( Fe3+  + Mn2+

(acid)

K2SO4  +  NaCl  (  Cl2  +  SO32-
H+ + Fe2+ +Cr2O72- ( H2O  + Cr3+ + Fe3+
Rules—Base solution

1. Write reactions as ½ reactions—One for the oxidation and one for the reduction

2. Balance all elements except H and O

3. Balance H with H+
4. Balance O with H2O

5. Add OH- to  both sides to cancel the H+
6. Cancel out any extra water and OH-
7. Balance Charge with e-
8. Multiply reactions by factors such that the e- cancel

Add both ½ reactions

Al + MnO4-  (  MnO2  + Al(OH)4-
Cl2 + KMnO4 (  MnO2  +  ClO-
III.  Types of Redox Reactions


A.  Simple Redox



1.  Hydrogen Displacement




Ca(s)  +  2H2O(l)  -->  Ca(OH)2(s)  +  H2


2.  Metal Displacement




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



3.  Halogen Displacement




Cl2(g)  +  KBr(aq)   ---->  2KCl(aq)  +  Br2(l)



4.  Combustion




CH4(g)   +  2O2(g)    --->    CO2(g)  + 2H2O(g)


B.  Disportionation



This is where one substance both oxidizes and reduces



Cl2(g)  +  2OH-(aq)   ------>  OCl-(aq)  +  Cl-(aq)  +  H2O(l)

C.  Reactions involving oxoanions such as Cr2O72-

14H+(aq)  +  Cr2O72-  +  6 Fe2+  --->  Cr3+   +  7 H2O    +  6  Fe3+
IV.  Redox Reaction Prediction

Important Oxidizers




Formed 

MnO4- (acid solution)



Mn+2

MnO4- (basic solution)


MnO2

MnO2 (acid solution)



Mn+2

Cr2O7-2 (acid)




Cr+3

CrO4-2





Cr+3

HNO3, conc




NO2

HNO3, dilute




NO


H2SO4, hot conc



SO2

Metallic Ions
(Sn4+)



Metallous Ions (Sn2+)

Free Halogens
(Br2)



Halide ions (Br-)

HClO4





Cl-

H2O2





H2O

Halates (IO3-)




Halogens (I2)

Important Reducers




Formed in Reaction


Halide Ions (Cl-)




Halogens (Cl2)

Free Metals (Fe)




Metal Ions (Fe3+)

Metalous Ions
(Cu1+)




Metallic ions (Cu2+)

Nitrite Ions





Nitrate Ions


Sulfite Ions





SO4-2

Free Halogens (dil, basic, sol)



Hypohalite ions


Free Halogens (conc, basic sol)


Halate ions


C2O42-






CO2

H2O2






O2
· Redox reactions involve the transfer of electrons.  The oxidation numbers of at least two elements must change.  Single replacement, some combination and some decomposition reactions are redox reactions.

To predict the products of a redox reaction, look at the reagents given to see if there is both an oxidizing agent and a reducing agent.  When a problem mentions an acidic or basic solution, it is probably is redox.

Prediction Practice with Redox
1. solid copper is added to a dilute nitric acid solution.

2. a solution of potassium permanganate is mixed with an alkaline solution of sodium sulfite.

3. ethanol is completely burned in air.

4. sodium metal is added to water.

5. hydrogen peroxide solution is added to a solution of iron(II) sulfate.

Precipitation Reaction Stoichiometry

Example 1:  

10.0 mL of 0.25M Barium chloride is reacted with 10.0mL of 0.35M sodium sulfate.  

a. Write the balanced reaction

b. How many grams of ppt will form?

c. What are the concentrations of all ions present? (Use and BCA table) 

Example 2:

50.0mL of 0.10M sodium phosphate is mixed with 50.0mL of 0.10M copper II chloride.  

a. Write the balanced reaction

b. How many grams of ppt will form?
What are the concentrations of all ions present? (Use and BCA table) 

c. Acid-Base Reaction Stoichiometry
Finding the Molarity of an Acid

20.0mL of 0.25M NaOH is titrated with 23.2mL of HC2H3O2 to the phenophtalien endpoint.  What is the concentration of the acetic acid?

10.0mL of 0.50M NaOH is titrated with 23.2mL of H3PO4 to the phenophtalien endpoint.  What is the concentration of the phosphoric acid?

Calculating the Molar Mass of an acid

0.523 grams of an unknown monoprotic acid is titrated to the phenphtalien endpoint with 22.5mL of 0.103M NaOH.  What is the molar mass of the acid?

Redox Stoiochiometry
50.0mL of 0.10M KMnO4 is titrated to the endpoint with  20.0 mL of FeSO4.  The solution is acidified.  

a. Balance the equation.

b. What is the concentrations of the Fe2+ [Fe2+]?
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