Key Terminology for Reaction Predictions

There are multiple terms that can identify the type of reaction and forms of products.

These include:

· Excess- indicates a large concentration of one reactant: can indicate: 

· complex ion reactions, 

Ex. An excess of concentrated ammonia solution is added to freshly precipitated copper(II) hydroxide.

Cu(OH)2 + 4 NH3 → [Cu(NH3)4]2+ + 2 OH-

The ammonia, NH3, replaces the OH in a Lewis acid/base reaction to fill copper’s empty orbitals

· Single replacement

Ex. Hydrogen sulfide gas is bubbled through excess potassium hydroxide solution.

H2S + 2 OH- → S2- + 2 HOH

The excess hydroxide replaces the sulfide in the reaction

· Cold- Usually decomposes into smaller, stable compounds: could be redox

Ex. Chlorine gas is bubbled into cold, dilute sodium hydroxide.

Cl2 + 2 OH- → ClO- + Cl- + HOH

Spectator ions: 2 Na+
One chlorine atom is reduced and the other oxidized in this redox reaction because there is not enough energy for the Na-O bonds to be completely broken

· Hot- Allows for the formation of  a larger variety of products because there is more available free energy: redox

Ex. A small piece of calcium metal is added to hot distilled water.

Ca + HOH → Ca2+ + OH- + H2
The calcium is oxidized and hydrogen reduced in this redox reaction. Note that the Ca and OH are left as ions instead of in a compound. 

· Dilute- Usually found in acid-base reactions, redox

Ex. Dilute sulfuric acid is added to a solution of lithium hydrogen carbonate.

H+ + HSO4- + HCO3- → HOH + CO2 + SO42-
Spectator ions: Li+
Because the sulfuric acid is dilute, the HSO4- ion can more easily be broken up, resulting in the unstable H2CO3, which then decomposes into HOH and CO2
· Concentrated- indicates complex ion reaction

Ex. A concentrated solution of ammonia is added to a solution of copper(II) chloride.

Cu2+ + 4 NH3 → [Cu(NH3)4]2+
The Cu ion reacts with the concentrated solution to fill all of its empty orbitals in this acid base reaction. The Cl ions are spectators and are not present.

· Solution of…- Usually indicates an aqueous solution reaction

· Powdered- Indicates solid reactant

ie Powdered magnesium oxide is MgO (s)

· Pure- indicates the reactant is not in solution: it is solid, liquid or gas, depending on temperature

ie Crystals of pure calcium oxide is CaO (s) as CaO is solid at room temperature: more importantly, the reactant is not written as Ca2+ + O2-
· State indicators (solid, liquid, gas) correspond to the correct symbol, (s), (l), or (g) and means that the reactant does not break up into ions on the reactant side

· Acidified/Basic- Indicates a redox reaction; use appropriate method for acidic or basic solution
Ex. Acidified potassium permanganate is added to a solution of sodium sulfite.

MnO4- + H+ + SO32- → 

To obtain the reaction, break up the reaction into half reactions. Since the natural oxidation state of Mn is +2, this is one of the half reactions. 

MnO4- → Mn2+
Then add the H+ on the right and HOH on the left. Since Mn goes from +7 to +2, add 5 e-s to the left side.

5e- + MnO4- + H+ → Mn2+ + HOH

Next, balance the H+.

5e- + MnO4- + 8 H+ → Mn2+ + HOH

That is one half reaction.

For the other, start by creating SO42-, as it is more stable than SO32-
SO32- → SO42-
Add H+ and HOH.

HOH + SO32- → SO42- + H+
Add 2e- to the right as S is being oxidized.

HOH + SO32- → SO42- + H+ + 2e-
Balance.

HOH + SO32- → SO42- + 2 H+ + 2e-

Combining the two half reactions and balancing the electrons, 

10e- + 2 MnO4- + 16 H+ + 5 HOH + 5 SO32- → 2 Mn2+ + 2 HOH + 5 SO42- + 10 H+ + 10e-
Canceling the spectators, 

2 MnO4- + 6 H+ + 3 HOH + 5 SO32- → 2 Mn2+ + 5 SO42- + 10 H+     (This is the final reaction.)
