
Experiment 1-3 -- Synthesis and identification of Alum

In this experiment the ionic compound, potassium aluminum sulfate, or alum, KAl(SO4)2•12H2O, will be prepared from an aqueous solution containing K+, Al3+, and SO42- ions.  The aluminum ions will be formed by oxidizing aluminum from aluminum foil.  If the aqueous solution which contains [Al(H2O)6]3+ ions, K+ ions, and SO42- ions is allowed to evaporate, the compound will crystallize.  

After a compound has been synthesized, tests should be carried out to verify that the compound formed is indeed the compound desired.  The first and simplest test is to find the melting point of the compound and compare it to the known value for alum.  The second test is to determine the amount of water of hydration present in the alum crystals (refer to experiment 2).  The third test is a chemical test to determine the percent of sulfate in the compound prepared.  The second and third tests will be performed in experiment 11.

Objectives

•  To prepare an ionic compound from its constituent ions

•  To determine the melting point of the synthesized substance

Apparatus and Materials

aluminum foil
3 M KOH
3 M sulfuric acid

baking soda
50% water-ethanol solution
vinegar

250-mL beaker
50-mL graduated cylinder
Büchner funnel and filter flask

ice bath
balance
thermometer

stirring rod
ring and ring stand
bunsen burner

filter paper
alum crystals
2 capillary tubes


rubber band
Thiele melting point tube
thermometer clamp


mortar and pestle



Procedure

1.  Put on apron and goggles now!  Weigh out about 1 gram of aluminum foil.  Record exact mass.  Tear the foil into small pieces and place the pieces into a 250-mL beaker.

Caution:  3 M sulfuric acid and potassium hydroxide are highly damaging to skin and eyes.  Be careful when handling them.  If you spill any on yourself, wash off with large amounts of water.  Neutralize sulfuric acid spills on the counter with baking soda, and neutralize potassium hydroxide spills with vinegar.

Caution:  When aluminum reacts with potassium hydroxide solution, hydrogen gas is produced.  Make sure that no flames are present.

2.  Slowly add 25 mL of 3 M KOH solution.  Allow the reaction to proceed until all of the foil is dissolved.  

3.  Remove any undissolved solids such as carbon particles by filtering the solution through a Büchner funnel while the solution is hot.  Rinse the filter paper with a small amount of distilled water.

4.  Cool the solution, and then acidify it SLOWLY, with constant stirring, using 35 mL of 3 M H2SO4.  The solution will get very hot because you are adding strong acid to the strongly basic solution.  Solid Al(OH)3 will first precipitate and then dissolve as more H2SO4 is added.  If a precipitate still remains, filter the solution and discard the solids.

5.  Boil the solution until water has evaporated to give a volume of about 50 mL of solution.

6.  Cool the solution in an ice bath for 15 minutes, keeping it as motionless as possible.  Crystals of alum should grow in the beaker.  If no crystals form, scrape the bottom of the beaker with a stirring rod to create a rough place where crystals may begin to grow.  If you still have no crystals, consult your instructor.

7.  Collect the alum crystals by vacuum filtration.  Wash the crystals with 50 mL of a 50% by volume water/ethanol mixture.  Allow the crystals to dry at room temperature.

8.  Determine the mass of the alum produced.

9.  Melting point test:  Use a mortar and pestle to pulverize a small amount of alum.  Pack the alum in a capillary tube to a depth of about 1 cm.  To do this, push the open end of the capillary tube down into a small pile of alum powder.  Then turn the tube so that the open end is up, and bounce the bottom of the tube on the table.  Repeat this step, using previously prepared alum.

10.  Using a small rubber band, fasten the capillary tubes to a thermometer, so that the solid in the capillary tubes is even with the bulb of the thermometer.

11.  Immerse the  bottom of the thermometer and capillary tubes in a Thiele tube filled with water.  Clamp the Thiele tube above the bunsen burner using a universal clamp, and clamp the thermometer above the Thiele tube using a thermometer clamp.

12.  Heat the tube slowly in order to get accurate values.  Record the temperature at which each sample melts.  Compare the melting points.

13.  Save the remaining alum for the next experiment.

Data and Observations


Obtain and record all relevant data.

Analysis of Data


Write a balanced equation showing the reaction of aluminum ions, potassium ions, and sulfate ions to produce alum.  Assuming that aluminum is the limiting reagent, calculate the theoretical yield of alum, and then use this and the actual yield to calculate the percent yield.

Conclusion


Assuming that the melting point obtained for the alum from the instructor is the correct melting point for alum, calculate your percent error for the melting point of alum.  Give some possible explanations for your error.  Be specific.  State what you learned and analyze the procedure.  Identify the strengths and weaknesses of your procedure.  Make any suggestions to improve the experiment.

Lab Report


The lab report should contain all sections except for hypothesis, materials and procedures.

