AP CHEM LAB :  Mission Impossible (Reaction Prediction)

Background:   Many chemical reactions can be classified as a synthesis, composition, single replacement or double replacement reaction.  Generalizations about what products might be formed are useful in determining how the reactants combine.  Solubility rules, the activity series and oxidation numbers are used to identify the products.

Problem:  You will be provided with a set of chemicals to use for this experiment.  Your goal is to produce as many different substances as possible by means of a chemical reaction between any ONE or TWO of the given materials.  DO NOT mix more than two of the materials for any one reaction!  DO NOT try to decompose acids by heating!  For each test use a minimum of materials (2 or 3 drops of solutions and small pieces of solids).  Solids may be dissolved in small amounts of water to make solutions before mixing with another material.  Gentle heating may be used as a catalyst to speed up any reactions that do not occur immediately.  Unreacted solids from one test may be rinsed with distilled water, dried, and reused in subsequent tests.  

Write balanced net ionic equations with phase symbols for all reactions that occur.  Include what experimental evidence there is that the reaction actually did occur (example: precipitate formed, gas evolved, etc.). Attempt to explain any unexpected reactions that occurred and any expected reactions that did not occur. 

Materials:  The materials for the lab are calcium, zinc and aluminum metals; copper (II) chloride and magnesium carbonate solids; potassium hydroxide, magnesium sulfate and acetic(ethanoic) acid solutions; and air (primarily oxygen for combustion) as a gas.  

Teacher Notes:  Mission Impossible (Reaction Prediction)
All solutions are approximately 1M and provided in dropper bottles for easy dispensing.  The solids are in granular or fine mesh form, placed in small containers with straw scoops.  Probable reactions are listed below:

        Synthesis:    2Ca(s)  + O2(g) ( 2CaO(s)   (Burns brightly)

Decomposition:   MgCO3(s)  +  heat  (  MgO(s)  +  CO2(g)  (weight loss)

Redox:


Ca(s)  +  2HC2H3O2(aq) (  H2(g)  +  Ca(C2H3O2)2(aq)   (bubbles)



net ionic: Ca(s)  +  2HC2H3O2(aq)  (  H2(g)  +  Ca2+(aq)  +  2C2H3O21-(aq)


Zn(s)  +  2HC2H3O2(aq) (  H2(g)  +  Zn(C2H3O2)2(aq)   (bubbles)



net ionic: Zn(s)  +  2HC2H3O2(aq)  (  H2(g)  +  Zn2+(aq)  +  2C2H3O21-(aq)


2Fe(s)  +  3CuSO4(aq) (  3Cu(s)  +  Fe2(SO4)3(aq)   (Cu metal forms)   



net ionic:  2Fe(s)  +  3Cu2+(aq) (  3Cu(s)  +  2Fe3+(aq)


Mg(s)  +  CuSO4(aq) (  Cu(s)  +  MgSO4(aq)   (Cu metal forms)



net ionic:  Mg(s)  +  Cu2+(aq) (  Cu(s)  +  Mg2+(aq)

Precipitation:


FeS(s)  +  2HCl(aq) (  H2S(g)  +  FeCl2(aq)  (rotten egg smell of H2S(g))



net ionic:  FeS(s)  +  2H1+(aq) ( H2S(g)  +  Fe2+(aq)


FeS(s)  +  H2SO4(aq) (  H2S(g)  +  FeSO4(aq)   (rotten egg smell)



net ionic:  FeS(s)  +  2H1+(aq) (H2S(g)  +  Fe2+(aq)


Na2CO3(s)  +  2HCl(aq) (  2NaCl(aq)  +  H2CO3(aq) ( CO2(g) + H2O(l)



net ionic:  Na2CO3(s)  +  2H1+(aq) (  2Na1+(aq) + CO2(g) + H2O(l)


Na2CO3(s) + H2SO4(aq) ( Na2SO4(aq) + H2CO3(aq)   (bubbles)



net ionic:  Na2CO3(s)  +  2H1+(aq) (  2Na1+(aq) + CO2(g) + H2O(l)

Na2CO3(aq) + CuSO4(aq) ( Na2SO4(aq) + CuCO3(s)   (white precipitate)



net ionic:  CO32-(aq)  +  Cu2+(aq) ( CuCO3(s)


CaCl2(aq) + CuSO4(aq) ( CaSO4(s) + CuCl2(aq)   (white precipitate)



net ionic:  SO42-(aq)  +  Ca2+(aq) ( CaSO4(s)


CaCl2(aq) + H2SO4(aq) ( CaSO4(s) + 2HCl(aq)   (white precipitate) 



net ionic:  SO42-(aq)  +  Ca2+(aq) ( CaSO4(s)

Note:  With copper and iron metals, the products may form ions with variable oxidation states.  During double replacement reactions, the oxidation states do not change.  In single replacement reactions, usually the oxidation is complete and the metal reaches its highest oxidation state, which is 2+ for copper and 3+ for iron.  During synthesis(composition) reactions, typically the more common, stable oxidation state will form.  However, either charge is possible and the burning of iron could form FeO(s) or Fe2O3(s).

