Descriptive Chemistry

This is the first section you’ll see on Section II, Part B of the test.  You should give yourself 10 minutes to write the formulas for 5 out of 8 possible chemical reactions.

This is a tough section.  The test makers say that this section is on the test because the knowledge of specific facts is important to the understanding of general concepts.  That’s all well and good, but you should be aware that this section is basically filled with chemistry trivia.

Rather than wasting your time trying to memorize an infinite number of possible chemical reactions, your best bet is to understand some general rules for approaching this section, which we give you below.  And remember, you don’t have to do the three hardest ones.

NET IONIC EQUATIONS

If you follow the directions given at the beginning of this section of the test, you’ll be writing your answers in net ionic form.  That means three things to you.

Don’t balance the equations and don’t write down the phases (s, aq, etc.) of the reactants and products.

You don’t get points for balancing or writing down phases, so balancing and writing down phases are a waste of time.

For instance:



If Pb2+ and Cl- ions are placed in solution, PbCl2 will precipitate.  You could write:

Pb2+(aq) + 2 Cl-(aq)            PbCl2(s)



but you should write:

Pb2+ + Cl-            PbCl2
Substances that dissociate extensively should be written as ions
All the reactions are assumed to take place in water unless otherwise stated, so things that ionize in water should be written as ions.

For instance:



NaNO3 ionizes, so it should be written as Na+ and NO3-.



AgCl does not ionize, so it should be written as AgCl.



Ca(OH)2 ionizes to some extent, so either Ca(OH)2 or Ca2+ and OH- are okay.

Leave out any molecules or ions that are not changed in the reaction
Let’s say you’re given this situation:



Solutions of sodium chloride and silver nitrate are mixed.



You know from your solubility rules that silver chloride precipitates.


The full reaction is:

Na+ + Cl- + Ag+ + NO3-            Na+ + NO3- + AgCl


Leaving out things that are not changed results in:

Ag+ + Cl-            AgCl

SCORING
Each of the 5 questions that you answer on this section is worth 3 points, for a total of 15.  On each question, you get 1 point for correct reactants and 2 points for correct products.  The average score for this section is usually about 5.

· That means if you get only 2 of these right (for 6 points) you’ve beat the mean, which means you’re doing as well on this section as most of the people who get a 3 on the test.

· If you get 3 of these right (for 9 points), that puts you above the 80th percentile for the section, which means you’re doing as well as most of the people who get a 4 on the test.

· If you get 4 of these right (for 12 points), that puts you above the 90th percentile for the section, which means you’re doing as well as most of the people who get a 5 on the test.

Don’t forget partial credit.  Even if you don’t know what will happen when two reactants react, you can still get a point for writing them down correctly.

CRACKING THE DESCRIPTIVE CHEMISTRY SECTION
The best way to crack this section is to take control of it.  That is, you should choose the kind of equations that you are most comfortable writing and look for them among the choices.  Approach the section the way a wolf approaches a herd of cattle.  There’s no point in attacking the biggest bull in the herd if you can grab five stragglers without a fight.  The key, of course, is to spot the stragglers.  The following methods of approach should give you the tools to answer at least five of the questions in the section.

I.     Look For Two Uncombined Elements
There’s only one thing you can do with uncombined elements: combine them.  Just make sure that you give each element in the product compound a sensible oxidation state.

(a) Hydrogen gas is burned in air.

H2 + O2            H2O

Notice that air always means oxygen.

(b) Solid sulfur is burned in oxygen.

S + O2            SO2
(c) Solid magnesium is heated in nitrogen gas.

Mg + N2            Mg3N2
(d) A piece of solid zinc is heated in chlorine gas.

Zn + Cl2            ZnCl2
(e) A piece of solid barium is placed in oxygen gas.

Ba + O2            BaO

(f) A piece of solid sodium is placed in hydrogen gas.

Na + H2            NaH

Notice that none of the above equations are balanced.

II.    Look For A Single Reactant
If there is only one reactant, all it can do is break up in a decomposition reaction, so you’re guaranteed the reactant partial credit point.

Decomposition reactions usually produce simple salts and oxide gases.

(a) A solution of hydrogen peroxide is placed under a bright light.

H2O2            H2O + O2
(b) Solid calcium carbonate is heated.

CaCO3            CaO + CO2
(c) Solid potassium chlorate is heated in the presence of a catalyst.

KClO3            KCl + O2
(d) A sample of solid ammonium carbonate is heated.

(NH4)2CO3            NH3 + CO2 + H2O

(e) A piece of solid potassium nitrate is heated.

KNO3           KNO2 + O2
III.  Look For Water As A Reactant
When metals and nonmetals react with water, they tend to react in predictable ways.  In general, metals react with water to form bases and nonmetals react with water to form acids.

Here are three variations.

1. A pure metal or a metal hydride in water will produce a base and hydrogen gas.
(a) Sodium metal is added to distilled water.

Na + H2O            Na+ + OH- + H2
(b) Calcium metal is added to distilled water.

Ca + H2O            Ca(OH)2 + H2
(c) Solid calcium hydride is added to water.

CaH + H2O            Ca(OH)2 + H2
(d) Solid lithium hydride is added to distilled water.

LiH + H2O            Li+ + OH- + H2
2. A metal oxide in water will produce a base.
Metal oxides are called basic anhydrides because they produce bases when added to water.

(a) Solid potassium oxide is added to water.

K2O + H2O            K+ + OH-
(b) Solid barium oxide is added to water.

BaO + H2O            Ba2+ + OH-
(c) Solid lithium oxide is added to water.

Li2O + H2O            Li+ + OH-
(d) Solid calcium oxide is added to water.

CaO + H2O            Ca(OH)2
3. A nonmetal oxide in water will produce an acid.
Nonmetal oxides are called acid anhydrides because they produce acids in water.

(a) Solid dinitrogen pentoxide is added to water.

N2O5 + H2O            H+ + NO3-
(b) Carbon dioxide gas is bubbled through water.

CO2 + H2O            H2CO3
(c) Solid phosphorous (V) oxide is added to distilled water.

P2O5 + H2O            H3PO4
(d) Sulfur dioxide gas is bubbled through water.

SO2 + H2O            H2SO3
(e) Sulfur trioxide gas is bubbled through water.

SO3 + H2O            H+ + HSO4-
IV.    Look For An Acid-Base Neutralization
There are a few variations on this, but you can follow all of them through to get the standard proton donor - proton acceptor equations that you should be used to dealing with.

4. An acid and a base.
(a) Equal molar amounts of potassium hydroxide and hydrochloric acid are mixed.

H+ + OH-            H2O

Strong acid and strong base.

(b) Solutions of nitric acid and sodium hydroxide are mixed.

H+ + OH-            H2O

Strong acid and strong base.

(c) A solution of sodium hydroxide is added to a solution of acetic acid.

HC2H3O2 + OH-            C2H3O2- + H2O

Weak acid and strong base.

(d) Solutions of hydrofluoric acid and potassium hydroxide are mixed.

HF + OH-            F- + H2O

Weak acid and strong base.

(e) Solutions of ammonia and nitric acid are mixed.

NH3 + H+            NH4+
Strong acid and weak base.

(f) Solutions of ammonia and sulfuric acid are mixed.

NH3 + H+            NH4+
Strong acid and weak base.

(g) Solutions of ammonia and hydrofluoric acid are mixed.

HF + NH3            F- + NH4-
Weak acid and weak base.

(h) Solutions of ammonia and carbonic acid are mixed.

H2CO3 + NH3            HCO3- + NH4+
Weak acid and weak base.

5. An acid and a basic salt.
This is still a straightforward acid-base reaction.

(a) Solutions of hydrochloric acid and sodium bicarbonate are mixed.

H+ + HCO3-            H2CO3
(b) Dilute sulfuric acid is added to a solution of potassium fluoride.

H+ + F-            HF

(c) Excess hydrochloric acid is added to a solution of potassium sulfide.

H+ + S2-            H2S

The word “excess” is there to indicate that there are enough H+ ions to form H2S, instead of just HS-
A base and an acid salt.
(a) Sodium hydroxide solution is added to a solution of ammonium nitrate.

NH4- + OH-            NH3 + H2O

(b) Solutions of potassium hydroxide and ammonium chloride are mixed.

NH4+ + OH-            NH3 + H2O

6. An acid anhydride and a base.
If you look at these in two steps, you’ll see that they’re just like other acid-base neutralizations.

(a) Carbon dioxide gas is bubbled through a potassium hydroxide solution.

            (CO2 + H2O            H2CO3)

       +  (H2CO3  + OH-            HCO3- + H2O)

             CO2 + OH-            HCO3-
(b) Sulfur trioxide gas is bubbled through a sodium hydroxide solution.

           (SO3 + H2O            H+ + HSO4-)

       + (H+ + OH-            H2O)

            SO3 + OH-            HSO4-
(c) Carbon dioxide gas and ammonia gas are bubbled into distilled water.

           (CO2 + H2O            H2CO3)

       + (H2CO3 + NH3            HCO3- + NH4+)

            CO2 + H2O + NH3            HCO3- + NH4+
V.     Look For A Mixture Of Two Salt Solutions
For these questions, you have to predict which salt precipitates.  If you are familiar with the solubility rules, these aren’t too bad.

(a) Solutions of calcium nitrate and sodium sulfate are mixed.

Ca2+ + SO42-            CaSO4
(b) A solution of silver nitrate is added to a solution of potassium iodide.

Ag+ + I-            AgI

(c) Solutions of lead (II) nitrate and tri-potassium phosphate are mixed.

Pb2+ + PO43-            Pb3(PO4)2
(d) A solution of ammonium sulfide is added to a solution of magnesium iodide.

Mg2+ + S2-            MgS

(e) A solution of barium chloride is mixed with a solution of silver (I) sulfate.

Ba2+ + Cl- + Ag+ + SO42-            BaSO4 + AgCl

VI.   Look For The Combustion Of A Carbon Compound
Carbon compounds always burn to form oxide gases.  Even if you can’t get the reactant formula from the name of a hydrocarbon compound, you can probably get the two product points by knowing that it produces carbon dioxide and water when it burns.

(a) Ethane is burned in air.

C2H6 + O2            CO2 + H2O

(b) Methanol is burned in oxygen.

CH3OH + O2            CO2 + H2O

(c) Carbon disulfide is burned in excess oxygen.

CS2 + O2            CO2 + SO2
The word “excess” is there to indicate that there is enough oxygen to form CO2, rather than CO.

(d) Propane is burned in air.

C3H8 + O2            CO2 + H2O

VII.  Look For A Solid Transition Metal Placed In Solution
This will be a redox reaction and the solid metal will always be oxidized.  Look for two variations.

7. The solution is a neutral transition metal salt solution.
      The metal ion in solution will be reduced.

(a) Solid manganese flakes are placed in a solution of copper (II) sulfate.

Mn + Cu2+            Mn2+ + Cu

(b) A piece of solid nickel is placed in a solution of silver nitrate.

Ni + Ag+            Ni2+ + Ag

(c) A bar of zinc is immersed in a solution of silver nitrate.

Zn + Ag+            Zn2+ + Ag

(d) Iron filings are placed in a solution of iron (III) sulfate.

Fe + Fe3+            Fe2+
Here, differing oxidation states of iron are both changed to an intermediate state.

8. The solution is a strong oxoacid solution.
The anion of the oxoacid will be reduced to an oxide gas and water will form.

(a) A piece of copper is immersed in dilute nitric acid.

Cu + H+ + NO3-            Cu2+ + NO + H2O

(b) A piece of copper is immersed in concentrated warm sulfuric acid.

Cu + H+ + HSO4-            Cu2+ + SO2 + H2O

(c) A piece of silver is placed in dilute nitric acid.

Ag + H+ + NO3-            Ag+ + NO + H2O

      (d)  A piece of lead is immersed in concentrated warm sulfuric acid.

            Pb + H+ + HSO4-            Pb2+ + SO2 + H2O

VIII.  Look For Transition Metal Ions In Solution With Ammonia, Hydroxide, Cyanide, Or Thiocyanate
Transition metal ions form complex ions with the species above.  It doesn’t matter how many of them you place on the transition metal, as long as you get the charge on the complex ion correct.

(a) Excess ammonia is added to a solution of silver nitrate.

Ag+ + NH3            Ag(NH3)2+
(b) A solution of sodium cyanide is added to a solution of iron (II) chloride.

Fe2+ + CN-            Fe(CN)64-
(c) A solution of potassium thiocyanate is added to a solution of iron (III) chloride.

Fe3+ + SCN-            Fe(SCN)2+
(d) A concentrated solution of ammonia is mixed with a solution of zinc (II) nitrate.

Zn2+ + NH3            Zn(NH3)42+
(e) Excess ammonia is added to a solution of copper (II) nitrate.

Cu2+ + NH3            Cu(NH3)42+
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