Common Inorganic Reactions Lab

Purpose:


To observe common inorganic reactions and learn to write equations for those reactions

Background:


Many inorganic ionic reactions fall into one of four general categories: combination or synthesis reactions, decomposition reactions, single displacement reactions, and double displacement (also referred to as double replacement or metathesis) reactions.

I. Synthesis or Combination Reactions


Synthesis reactions consist of the direct combination of two simple substances to form a more complex substance. This reaction could be represented by: A + B ( AB. Examples of this reaction are:

a). Metal   +   Nonmetal   (   Ionic Compound


2 Mg (s)   +   O2 (g)   (   2 MgO (s)

2 Na (s)   +   Cl2 (g)   (   2 NaCl (s)

Cu (s)    +   S (s)   (   CuS (s)

b). Metal Oxide   +   Water   (   Metal Hydroxide


MgO (s)   +   H2O (l)   (   Mg(OH)2 (s)

CaO (s)   +   H2O (l)   (   Ca(OH)2 (s)

c). Nonmetal Oxide   +   Water   (   Oxyacid


CO2 (g)   +   H2O (l)   (   H2CO3 (aq)
d). Metal Oxide   +   Nonmetal Oxide   (    Ionic Compound


CaO (s)   +   CO2 (g)   (   CaCO3 (s)

e). Ammonia   +   Acid   (   Ammonium Compound


NH3 (g)   +   HCl (g)   (   NH4Cl (s)

II. Decomposition Reactions:


Decomposition reactions involve the breakdown of a compound into simpler substances. This could be represented by: AB ( A +B. These reactions are often the reverse of the reactions above. Examples of these reactions are:

a). Compounds can be decomposed into their elements using heat or electricity.


2 HgO (s)   Heat(   2 Hg (l)    +   O2 (g)

2 H2O (l)   Electricity(   2 H2 (g)   +   O2 (g)
b). Carbonates decompose upon heating to produce the metal oxide and carbon dioxide gas. 


CaCO3 (s)   (   CaO (s)   +   CO2 (g)

c). Hydrogen carbonates decompose upon heating to produce the metal oxide (sometimes producing the carbonate as an intermediate), carbon dioxide gas, and water vapor.


2 NaHCO3 (s)   (   Na2O(s)   +   2 CO2 (g)   +   H2O (g)

2 NaHCO3 (s)   (   Na2CO3 (s)   +   CO2 (g)   +   H2O (g)
d). Metal hydroxides decompose upon heating to produce the metal oxide and water vapor. 


Ca(OH)2 (s)   (   CaO (s)   +    H2O (g)

This is the reverse of the synthesis reaction Ib above.

e). Metal chlorates decompose upon heating to produce the metal chloride and oxygen gas.


2 KClO3 (s)   Cat.(   2 KCl (s)   +   3 O2 (g) 

(MnO2 catalyst)

f). Peroxides can be decomposed to produce the oxide and oxygen gas.


2 H2O2 (aq)   (   2 H2O (l)   +   O2 (g)


(MnO2 catalyst)

III. Single Displacement Reactions:


Single displacement reactions involve the reaction of a pure element with a compound so that the element replaces one of the elements in the compound (producing a second free element) and combines with the other ion in the original compound to form a new compound. This is represented by: A + BC ( AC + B. 

a). Displacement of one metal from its compound by a more reactive metal


Cu (s)   +   2 AgNO3 (aq)   (   2 Ag (s)   +   Cu(NO3)2 (aq)

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

b). Reactive metal   +   water   (   H2 (g)   +   metal hydroxide


Ca (s)   +   2 H2O (l)   (   H2 (g)   +   Ca(OH)2 (s)

2 Na (s)   +   2 H2O (l)   (   2 NaOH (aq)   +   H2 (g)

c). Reactive metal   +   acid   (   H2 (g)   +   ionic compound


Mg (s)   +   2 HCl (aq)   (   H2 (g)   +   MgCl2 (aq)

2 Al (s)    +   6 HCl (aq)   (   2 AlCl3 (aq)   +   3 H2 (g)


Zn (s)   +   H2SO4 (aq)   (   H2 (g)   +   ZnSO4 (aq)
d). Displacement of one halogen by a more reactive halogen:


2 KI (aq) +  Cl2 (aq) (  2 KCl (aq)+  I2 (aq)

IV. Double Displacement or Metathesis Reaction


The general form for the double displacement reaction is: AB + CD ( AD + CB. In this reaction the positive and negative ions exchange between the product compounds.  The driving force for this reaction is usually one of the following: the formation of a solid (a precipitate), formation of a gas, or the formation of a weakly ionized compound such as water or a weak acid. If none of these driving forces is present, no reaction usually occurs.

a). Precipitation Reactions-Formation of a Solid


Two water-soluble ionic compounds react to form two new ionic compounds if one of the new compounds is insoluble in water.


AgNO3 (aq)   +   NaCl (aq)   (   NaNO3 (aq)   +   AgCl (s)


Cu(NO3)2 (aq)   +   2 NaOH (aq)   (   Cu(OH)2 (s)   +   2 NaNO3 (aq)

b). Gas Formation

     The formation of a gas is a strong driving force since in an open system the gas escapes and the reverse reaction is not possible. The formation of a gas usually results from the reaction of the ionic compound with an acid or base.

aa). Metal carbonate or hydrogen carbonate + acid ( carbon dioxide + water + ionic compound


CaCO3 (s)   +   2 HCl (aq)   (   CO2 (g)   +   H2O (l)   +   CaCl2 (aq)

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


NaHCO3 (s)   +   HCl (aq)   (  CO2 (g)   +   H2O (l)   +   NaCl  (aq)

bb). Ammonium compound + metal hydroxide  (   ammonia + water + ionic compound


NH4Cl (s)   +   NaOH (aq)   (   NH3 (g)   +   H2O (l)   +   NaCl (aq)

cc). Metal sulfide + acid   (   Hydrogen sulfide + ionic compound


Na2S (aq)   +   2 HCl (aq)   (    H2S (g)   +   2 NaCl (aq)

dd). Metal sulfite + acid   (  Sulfur dioxide + water + ionic compound


Na2SO3 (s)   +   2 HCl (aq)   (   SO2 (g)   +   H2O (g)   +   2 NaCl (aq)

C. Formation of a Weakly Ionized Compound


In acid-base neutralization reactions, the formation of water is either the driving force for the reaction or a major contributing factor. The H+1 ion from the acid and the OH-1 ion from the base react to form water. The water only very slightly ionizes to form H+1 ion and OH-1 ions, so that the reaction is driven in the forward direction.

aa). Acid + metal hydroxide ( water + ionic compound


HCl (aq) +   NaOH (aq)   (   NaCl (aq)   +   H2O (l)
bb). Acid + metal oxide ( water + ionic compound


CaO (s)   +   2 HCl (aq)   (   H2O (l) +   CaCl2 (aq)

2 HCl (aq)  +  Na2O (s) (  H2O (l) +  2 NaCl (aq)

CaO(s)   +   H2SO4(aq)   (   H2O(l)   +   CaSO4(s)

cc). Nonmetal oxide + metal hydroxide ( water + ionic compound


SO3 (g)   +  2 KOH(aq)   (   K2SO4(aq)   +   H2O(l)


CO2 (g)   +  Ca(OH)2 (aq)   (   CaCO3 (s)   +  H2O (l)
PROCEDURE:

Safety glasses must be worn are all times during this lab.

Several indicators will be used in this experiment. Your instructor may change indicator used in a particular reaction.

Blue litmus paper turns red in acidic solution. Red litmus paper turns blue in basic solution.  Use a stirring rod to touch some of the solution to be tested on the paper. Do not put the paper into the tube since it may come in contact with an added reagent rather than the reaction mixture and give a false test. You need to test the solution with both types of litmus paper if the first one used does not change. If neither type changes, the solution is either neutral or the compound did not dissolve enough to produce a change.

Bromothymol blue indicator solution changes from blue in a basic solution to yellow in an acidic solution. It is green in a neutral solution.

Phenolphthalein indicator solution changes from red-purple in a basic solution to colorless in an acidic solution. 

Cobalt blue paper is coated with CoCl2, which is blue in the anhydrous form. It combines with water to form a hydrate, CoCl2.6 H2O, which is pink.

Lead Acetate paper is coated with lead acetate, Pb(C2H3O2)2, which reacts with H2S gas to form brown-black PbS.

Pb(C2H3O2)2 (aq)   +   H2S (g)   (   PbS (s)   +   2 HC2H3O2 (aq)
PART I: Synthesis Reactions

1. Your instructor may want to do this a demonstration. Obtain a piece of magnesium ribbon approx. 5 cm. long and buff the metal with steel wool. Observe the properties of the metal. Hold the ribbon with crucible tongs and carefully heat the end of the metal with a burner flame. Do not look directly at the metal while it is reacting. Compare the properties of the product to those of the original metal.

2. Place a small amount of calcium oxide (or the magnesium oxide produced in step 1) in a test tube and add a few mL of water. Stir vigorously. Test the solution with litmus paper or add a few drops of bromothymol blue to it. Is the compound water-soluble? Is the solution acidic or basic? Record your results.

3. Take a test tube half-filled with water and add a few drops of bromothymol blue to it. Carefully blow through a straw to bubble carbon dioxide gas through the water for a few minutes. Is the solution acidic or basic? Record your results.

4. The instructor will demonstrate the reaction between NH3 and HCl to form NH4Cl.

PART II: Decomposition Reactions

1. Place a small amount of copper carbonate in a test tube. Attach a gas delivery setup consisting of a rubber stopper, glass right angle bend, rubber tubing, and a Pasteur pipet. Heat the test tube gently. Bubble any gas produced through some limewater in another test tube. Note any changes in the compound and the results of the limewater test. Record your results.

2. Place a small amount of sodium hydrogen carbonate in a test tube. Attach a gas delivery setup consisting of a rubber stopper, glass right angle bend, rubber tubing, and a Pasteur pipet. Heat the test tube gently. Bubble any gas produced through some limewater in another test tube. Test any liquid that condenses with cobalt blue paper. Note any changes in the compound and the results of the limewater test. Record your results.

3. Place a small amount of calcium hydroxide in a dry test tube. Heat the test tube gently. Test any liquid that condenses with cobalt blue paper. Record your results.

4. Place a small amount of potassium chlorate in a dry test tube and add a small amount of manganese dioxide. Mix the solids gently by shaking the tube back and forth. Heat the test tube gently over a flame and bring a glowing splint to the mouth of the tube. Record your observations on the changes in the reaction mixture and the results of the splint test. Cool the tube before dissolving out the residue with hot water.

5. To a test tube about a quarter filled with 6% hydrogen peroxide, H2O2, add a small amount of manganese dioxide. Cover the mouth of the tube with your thumb to trap some of the gas. Bring a glowing splint to the mouth of the tube. Note the results.

6. Your instructor will demonstrate the decomposition of water using an electrolysis apparatus.

PART III: Single Displacement Reactions

1. Place a small piece of clean magnesium metal in a test tube. Add 5ml of 0.5M Cu(NO3)2 to the tube. Let the test tube stand for a few minutes. Record your results.

2. Place a small piece of calcium metal into a test tube half-filled with water. Place your thumb over the mouth of the tube to trap some of the gas. Test the gas with a burning splint. Test the solution with litmus paper or by adding a few drops of phenolphthalein or bromothymol blue solution. Record your results.

3. Place about 3mL of 3M HCl in a test tube. Add a small piece, about 3cm, of clean magnesium ribbon to the test tube. Place your thumb over the mouth of the tube for a minute. Bring a burning splint to the mouth of the tube.  Record your observations.

4. Place a small amount of chlorine bleach in a test tube. Using a stirring rod, touch some of the solution onto a piece of potassium iodide- starch paper. Note the results.

PART IV: Double Displacement or Metathesis Reactions:

1. Mix 0.1M solutions of the following pairs of substances and record your observations. Use about 1mL of each solution for the test.

a). AgNO3   +   NaCl

b). BaCl2   +   Na2SO4
c). Pb(NO3)2   +   NaI

d). Ni(NO3)2   +   NaCl

e). CaCl2   +   Na3PO4
f). Cu(NO3)2   +   Na2S

2. Place a small amount of calcium carbonate in a test tube. Add 3M HCl dropwise to the tube. Record your results.

3. Place a small amount of sodium hydrogencarbonate in a test tube. Add 3M HCl dropwise to the tube. Record your results.

4. Place about 1mL of 0.1M HCl in a test tube. Add two drops of bromothymol blue to the tube. Add 1M NaOH dropwise. Record your results.

5. Place a small amount of calcium oxide in a test tube. Add about 5ml of water and stir. Add a drop of bromothymol blue to the tube. Add 6M HCl to the tube dropwise with stirring. Record your results.

6. Place about 10ml of limewater in a test tube. Gently blow into the tube through a clean straw. Record your results.

7. Place a small amount of ammonium chloride in a test tube. Add about 1mL of 6M NaOH. Warm the tube gently but not to boiling. Bring a piece of moist red litmus paper to the mouth of the tube. Wave some of the vapor toward you. DO NOT SMELL THE TUBE DIRECTLY. Note any odor. Record your observations.

8. The following reaction must be carried out in the hood.  Place a small amount of zinc sulfide in a test tube. Add about 1mL of 3M HCl to the tube and warm gently. Bring a piece of moist lead acetate paper to the mouth of the tube. Record your results. Rinse out the tube in the hood.

9. The following reaction must be carried out in the hood. Place a small amount of sodium sulfite in a test tube. Add about 1mL of 3M HCl to the tube and warm gently. Bring a piece of moist blue litmus paper to the tube. Record your results. Rinse out the tube in the hood.  
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DATA TABLE

Record your observations and write balanced equation for each of the reactions.

PART I: Synthesis Reactions

1. Mg(s)   +   O2(g)    (
2. CaO(s)   +   H2O (l)   (
3. CO2 (g)   +   H2O (l)   (
4. NH3 (g)   +   HCl(g)   (
PART II: Decomposition Reactions

1. CuCO3 (s)   (
2. NaHCO3 (s)   (
3. Ca(OH)2 (s)   (
4. KClO3 (s) (MnO2 catalyst)   (
5. H2O2 (aq) (MnO2 catalyst )   (
6. H2O (l) (electricity)   (
PART III: Single Displacement Reactions

1. Mg(s)  +   Cu(NO3)2 (aq)   (
2. Mg(s)   +   HCl(aq)  (
3. Ca(s)    +   H2O (l)   (
4. KI(aq)   +   Cl2 (aq)    (
PART IV: Double Displacement Reactions

1a. AgNO3 (aq)   +   NaCl (aq)    (
b. BaCl2 (aq)   +   Na2SO4 (aq)    (
c. Pb(NO3)2 (aq)   +   NaI (aq)   (
d. Ni(NO3)2 (aq)   +   NaCl (aq)   (
e. CaCl2 (aq)   +   Na3PO4 (aq)   (
f. Cu(NO3)2 (aq)   +   Na2S (aq)   (
2. CaCO3 (s)   +   HCl (aq)   (
3. NaHCO3 (s)    +   HCl (aq)   (
4. HCl (aq)   +   NaOH (aq)   (
5. CaO (s)   +   HCl (aq)   (
6. Ca(OH)2 (aq)   +   CO2 (g)   (
7. NH4Cl (s)   +   NaOH (aq)   (
8. ZnS (s)   +   HCl (aq)   (
9. Na2SO3 (s)   +   HCl (aq)   (
CONCLUSIONS:

1. Write balanced equations for all the reactions in the experiment.

1
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