Electrolytes

1. List whether each of the following is a strong, weak, or nonelectrolyte.  If it is strong, write the dissociation equations.

a. HClO4

b. C6H12

c. LiOH

d. NH3

e. NaCl

f. HC2H3O2

g.   NH4Cl

Molarity 

2. Calculate the molarity of a solution contain 0.875 mole NaCl in 1 liter?  in 500 ml; in 100 ml;  in 6 liters?

3. How would you prepare 500.00 mL of a 0.0500 M solution of Cu(NO3)2 from solid copper (II) nitrate?  

4. Calculate the volume of 0.500 M Cu(NO3)2 needed to prepare 250 mLs of a 0.0400 M Cu(NO3)2 solution.

5. Determine the molarity of total ions in a solution prepared by dissolving 9.82 g of CuCl2 in enough water to make 

600. mL of solutions.  What is the molarity of chloride ions?

Precipitation Reactions and Net Ionic Equations:

SOLUBILITY RULES: memorize!!!

1.  Most alkali metal salts AND NH4+ salts ARE soluble

2.  Cl-, Br-, I- are soluble, *except for Ag+, Hg2+2, Pb+2

3.  F- are soluble, *except for IIA metals

4.  NO3-, ClO3-, ClO4-, and CH3COO- are soluble
5.  SO4-2 are soluble,  *except for  Ca2+, Sr+2, Ba+2, Ag+, Pb+2, Hg22+

6.  CO3-2, PO4-3, C2O4-2, CrO4-2, S-2, OH-*, and O-2 are INSOLUBLE                                (rule 1 takes priority!) *barium, strontium, and calcium hydroxide are slightly soluble
It can be assumed that ionic cmpds that dissolve in water are strong electrolytes and are therefore soluble.
6. Determine which of the following compounds are soluble in water

a. Silver nitrate

b. Sodium chloride

c. Lead (II) bromide

d. Ammonium hydroxide

e. Barium sulfate

f. Calcium Hydroxide

g.   Lithium Carbonate

7.    Complete and balance the following reactions, determining, in each case, if a precipitate is formed.  Write the molecular equation, the complete ionic equation, and the net ionic equation

a)  Potassium chloride in combined with lead (II) nitrate

b) Silver nitrate and magnesium bromide are mixed

c) Sodium chloride and lithium sulfate are mixed

Acid base neutralization reactions:

d)  Sodium hydroxide is mixed with phosphoric acid

e)  Acetic Acid is mixed with potassium hydroxide

Stoichiometry in Precipitation Reactions:

8. Calculate the mass of silver sulfide produced when 18.0 g of silver nitrate is added to excess sodium sulfide.

9. What mass of iron (III) hydroxide is produced when 35.0 ml of a 0.250 M solution of iron (III) nitrate is mixed 

     with 55mL of a 0.180M KOH solution?

10.  From the previous problem, calculate the molarity of the nitrate ions in the solution after the reaction is complete.

Acid Base Reactions/Titrations

11. Calculate the molarity of sulfuric acid in a 20.00 mL sample, which is neutralized by 18.50 mLs of 0.750 M  NaOH.
12. How many grams of Ba(OH)2 are contained in a 25.00 mL solution if 16.52 mL of 0.850 M HCl are required to completely neutralize the sample?

13. If 25.0 mL of 0.625 M HBr are mixed with 42.0 mL of 0.352 M NaOH, will the resulting solution be acidic or basic?

Redox Reactions

14. In the following reactions, assign oxidation states, identify the species that is reduced, oxidized, the reducing agent, and the oxidizing agent.

3Cu + 8H+ + 2NO3-  →  2NO + 4H2O + 3Cu2+
C2H5OH (g)  +      O2(g)  →       CO2(g)  +       H2O(g)

15.  Balance the following oxidation-reduction reactions using the half-reaction method.

(a) S2– (aq)  +  NO3– (aq) →  S8(s)  +  NO2(g)   





acidic solution 

(b) MnO4– (aq)  + I–(aq) →  MnO2(s)  +  IO3–(aq)    




basic solution
Putting it ALL together!  If you can do this problem you can do it all!

16.         Potassium dichromate in acidic solution is frequently used to determine the concentration of Fe(II) in solution.  

Cr2O72- (aq)  + Fe2+ (aq) + H+(aq) → Cr3+ (aq) + Fe3+ (aq) + H2O (l)

A solution Cr2O72-is prepared by dissolving 6.425 g of K2Cr2O7 in 800.0 mL of water.  A total of 21.35 mL of this solution is required to reach the end-point in a titration of a 250.0 mL sample containing Fe(II).  Determine the concentration of Fe(II) in the solution.  

Types of Redox Reactions

Be able to write the reaction and predict products for Single Replacement, Combustion, Decomposition, and Synthesis reactions.

Redox reactions involve the transfer of electrons. The oxidation numbers of at least two elements must change.  

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 redox.

Tricks of the Trade:

If you’re not asked to write the total ionic equation and only need the net ionic, there are some shortcuts:

1. Never write down group I or nitrate ions (unless included in a SOLID)

2. Make something go UP in charge and something go DOWN in charge……..but

3. Go to metals FIRST!

4. Make sure your charge and atoms are balanced on both sides of the equation. 

Common oxidizing agents              Products formed
MnO4- in acidic solution
             Mn2+
MnO2 in acidic solution
             Mn2+
MnO4- in neutral or basic solution       MnO2(s)

Cr2O72- in acidic solution
             Cr3+
HNO3, concentrated
                   
NO2
HNO3, dilute                                       NO

H2SO4, hot, concentrated                    SO2
metal-ic ions                                       metal-ous ions

free halogens                                      halide ions

Na2O2                                                 NaOH

HClO4
                                       
Cl-
H2O2                                                   H2O

Common reducing agents                Products formed
halide ions                                           free halogen

free metals                                          metal ions

sulfite ions or SO2                               sulfate ions

nitrite ions                                           nitrate ions

free halogens, dilute basic solution      hypohalite ions

free halogens, conc. basic solution       halate ions

metal-ous ions                                      metal-ic ions 

H2O2
                                                  O2
C2O42 -                                                 CO2

a) Iron(III) ions are reduced by iodide ions.
b) Potassium permanganate solution is added to concentrated hydrochloric acid.
c) Solutions of potassium iodide, potassium iodate, and dilute sulfuric acid are mixed.
d) A solution of tin(II) sulfate is added to a solution of iron(III) sulfate.
e) Chlorine gas is bubbled into a cold solution of dilute sodium hydroxide.
But remember, if you’re asked to write the TOTAL ionic equations you need to include those spectators.  

SINGLE REPLACEMENT

Single Replacement reactions are just redox.  The same rules apply.  These are actually easy to identify due to the presence of a single element trying to displace another from a compound.  

Note: Be very careful when there is a metal being added to water.  The most common student mistake is to produce a metal oxide and hydrogen gas.  This is WRONG!!!  When adding a reactive metal to water you produce a metal HYDROXIDE (base) and hydrogen gas.  All single replacement reactions will take place.  There should be no NO RXNs.
A + BC ( B + AC

· A piece of aluminum metal is added to a solution of silver nitrate

· Small chunks of solid sodium are added to water

· Chlorine gas is bubbled into a solution of sodium bromide

· Magnesium turnings are added to a solution of iron(III) chloride

ADDITION REACTIONS

Some addition reactions are easy to identify.  Those easy ones include two elements that are coming together to form one product.  These are also another type of REDOX reaction where oxidation state changes occur.  

However one of the most common addition reactions is the strangest one which includes an acidic or basic anhydride. 

OXIDES ARE WEIRD!

Non metal oxides are “fake acids” – acids without water.  When you add water to one of these you make an acid.

Metal oxides are “fake bases” – bases without water.  When you add water to one of these you make a base.

Say to yourself “NO acid MO base” (NO is nonmetal oxide and MO is metal oxide)

· Calcium metal is heated strongly in nitrogen gas

· A strip of magnesium is placed in a flame

· Magnesium oxide is added to a container of carbon dioxide gas

· Solid calcium oxide is heated in the presence of sulfur trioxide gas

DECOMPOSITION REACTIONS

Decomposition reactions are EASY to recognize.  One reactant is decomposing to multiple products.  Simple compounds containing just two types of elements easily split into two separate elements.  (Be carefully not to produce ions in the decomposition unless water is present).
Some of you more difficult decomposition reactions contain polyatomics and can get a bit harder.  Rather than trying to memorize a billion rules, just remember:  Polyatomics can decompose to gases.  Knowing that will get you through many of these problems.

One last one you should know:  Hydrogen peroxide decomposes to make water and oxygen                      

· Magnesium carbonate is heated

· Potassium chlorate is heated in the presence of manganese dioxide

· Solid ammonium carbonate is heated

· A solution of hydrogen peroxide is heated

COMBUSTION REACTIONS

You know you have a combustion reaction when something is burned in air or burned in oxygen.  Combustion reactions are also REDOX equations so be sure to look for oxidation number changes.  No memorization is required for these equations.  Oxygen will just smack into all the elements in present with oxygen always going down in oxidation state from a zero to a minus 2.  

· Methane is burned in the presence of oxygen

· Lithium metal is burned in air

· Solid zinc sulfide is heated in an excess of oxygen

· A piece of solid bismuth is heated strongly in oxygen

Organic Compounds…..what you need to know!

Alkanes

Alkanes only contain single bonds (sigma bonding) and have the general formula CnH2n+2.

The prefixes for alkenes that you need to know in combination with the suffix –ANE are listed for below:

1-carbon methane           4-carbons butane             7-carbons heptanes         10-carbons decane

2-carbons ethane              5-carbons pentane           8-carbons octane

3-carbons propane           6-carbons hexane             9-carbons nonane

Cycloalkanes

These hydrocarbons exist in ring structures with general formula CnH2n.  You name them just as alkanes but add the 

prefix CYCLO-

Alkenes 

These are compounds containing at least one carbon to carbon double bond with the general formula CnH2n.   They use 

the same prefixes as alkanes but end in an –ENE suffix.

Alkynes 

These are compounds containing at least one carbon to carbon triple bond with the general formula CnH2n-2.   They use 

the same prefixes as alkenes but end in a –YNE suffix. 

COORDINATION COMPOUNDS – COMPLEX IONS

Coordination compound, any of a class of substances with chemical structures in which a central metal atom is surrounded by nonmetal atoms or groups of atoms, called ligands, joined to it by chemical bonds. Coordination compounds include such substances as vitamin B12, hemoglobin, and chlorophyll, dyes and pigments, and catalysts used in preparing organic substances.

A major application of coordination compounds is their use as catalysts, which serve to alter the rate of chemical reactions. Certain complex metal catalysts, for example, play a key role in the production of polyethylene and polypropylene. 

Coordination compounds in nature

Naturally occurring coordination compounds are vital to living organisms. Metal complexes play a variety of important roles in biological systems. Many enzymes, the naturally occurring catalysts that regulate biological processes, are metal complexes (metalloenzymes); for example, carboxypeptidase, a hydrolytic enzyme important in digestion, contains a zinc ion coordinated to several amino acidresidues of the protein. Another enzyme, catalase, which is an efficient catalyst for the decomposition of hydrogen peroxide, contains iron-porphyrin complexes. In both cases, the coordinated metal ions are probably the sites of catalytic activity. Hemoglobin also contains iron-porphyrin complexes, its role as an oxygen carrier being related to the ability of the iron atoms to coordinate oxygen molecules reversibly. Other biologically important coordination compounds include chlorophyll (a magnesiumporphyrin complex) and vitamin B12, a complex of cobalt with a macrocyclic ligand known as corrin.

Coordination compounds in industry

The applications of coordination compounds in chemistry and technology are many and varied. The brilliant and intense colors of many coordination compounds, such as Prussian blue, render them of great value as dyes and pigments. Phthalocyanine complexes (e.g., copper phthalocyanine), containing large-ring ligands closely related to the porphyrins, constitute an important class of dyes for fabrics.

Several important hydrometallurgical processes utilize metal complexes. Nickel, cobalt, and copper can be extracted from their ores as ammine complexes using aqueous ammonia. Differences in the stabilities and solubilities of the ammine complexes can be utilized in selective precipitation procedures that bring about separation of the metals. The purification of nickel can be effected by reaction with carbon monoxide to form the volatile tetracarbonylnickel complex, which can be distilled and thermally decomposed to deposit the pure metal. Aqueous cyanide solutions usually are employed to separate gold from its ores in the form of the extremely stable dicyanoaurate(−1) complex. Cyanide complexes also find application in electroplating.

Coordination compounds have been studied extensively because of what they reveal about molecular structure and chemical bonding, as well as because of the unusual chemical nature and useful properties of certain coordination compounds. The general class of coordination compounds—or complexes, as they are sometimes called—is extensive and diverse. The substances in the class may be composed of electrically neutral molecules or of positively or negatively charged species (ions).

How do you know if you’re doing a complex ion problem?  You need to have a metal in the presence of a very high 

concentration of a ligand.

Metal:   Theoretically any transition metal can complex 

Ligand:  High concentration of OH

these are the most common.

The Coordination Number: of the ligands that attach to the metal in the complex is usually double that of the most 

common oxidation state of that metal 

The overall charge of the complex is based on the combination of charges from both the metal and the ligand (if the 

ligand is even charged
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(hydroxy) or NH3(amine) or SCN

-

-

(thiocyano).  There  are other possible ligands but
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 Concentrated (15M) ammonia is added in excess to a solution of copper (II) nitrate

 Dilute hydrochloric acid is added to a solution of tetraminecopper (II) sulfate

 A suspension of zinc hydroxide is treated with concentrated sodium hydroxide solution

 Solid silver chloride is added to a concentrated solution of ammonia

 Hydrochloric acid is added to a solution of dihydroxysilver bromide
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Heavy metal 


BAD GUYS!








