Experiment 4: Inorganic Synthesis from Coke can to Alum
Experimental Objectives
In this lab, the objective is to convert a piece of aluminum metal in alum (KAl(SO4)2 • 12 H2O) by going through a series of reactions and steps.

Procedure
In this experiment two weighted samples of aluminum metal were dissolved with KOH followed by the addition of H2SO4. The solution was then filtered twice once with a regular glass funnel and the other as a vacuum filtration with the Buchner funnel. Washes with methanol were later done to get rid of excess H2SO4 and resulting crystals were weighted. The initial weights and final weights of the samples are then used to calculate the percent yield. 
Observations and Results
Table 1: Observations and recorded measurements of the experiment
	Mass of Alumium Metal
	Sample 1: 0.54g
	Sample 2: 0.55g

	The addition of KOH
	· The aluminum turned white and there was some fizzing

· The solution also became white and the fizzing increased with heat (gas was also seen)

· After the metal dissolved the solution was black or a very dark brown

	The addition of H2SO4
	· The solution became a clear gray colour

· At the start of the addition of the acid the black solution solidified into a white solid which dissolved back into the solution with some stirring and heat

	Final Steps of the experiment
	·  When the solution was cooled a white crystalline substance was formed. This increased in the ice bath and sample 2 was taken out at about 4°C

· In the Buchner funnel after the vacuum filtration all the was left was a white solid

	Final Measurements

	
	Sample 1
	Sample 2

	Mass of clean, dry beaker
	81.10g
	67.06g

	Mass of beaker and crystals
	87.50g
	71.02g

	Mass of the crystal
	6.4g
	3.96g

	Percent Yield
	67.44%
	41.73%


Sample Calculation of Percent Yield


Discussion

In this lab several steps were taken in synthesizing alum from some aluminum metal. The first step was dissolving the aluminium metal in potassium hydroxide as seen in the following equation.
2 Al(s) + 2 KOH(aq) + 6 H2O(l) ( 2 Al(OH)4- (aq) + 2 K +(aq) + 3 H2 (g)
The next step was the addition of sulfuric acid which resulted in the precipitate that was observed in Table 1. The precipitate was Al(OH)3 however since it is amphoteric it can re-dissolved as was observed when more acid is added. The chemical equations describing this are as follows:


The precipitate forming reaction

2 K+(aq) + 2 Al(OH)4- (aq) + H2SO4 (aq) ( 2 K+(aq) + 2 Al(OH)3 (s) + 2 H2O (l) + SO42- (aq)

The re-dissolving of the precipitate

2 Al(OH)3 (s) + 3 H2SO4 (aq) (2 Al3+ (aq) + 3 SO42- (aq) + 6 H2O (l)

After the acid and some filtering the resulting solution was cooled and the formation of crystals was observed. This is because the solubility of alum decreases with lowering temperature. This is seen in the following equation where the ions in solution come together to form alum.
K+(aq) + Al3+ (aq) + 2 SO42- (aq) + 12 H2O (l) ( KAl(SO4)2 • 12 H2O (s)

When comparing the amount of alum produced to the amount of aluminum metal that was started with the percent yields of both samples tell us that some aluminum was lost during the experiment. A major source of error that helps explain this lost would be the inaccurate filtration that took place. Not all the alum crystals could be recovered during the filtrations resulting an lower yield of product.
Questions

1) As seen in the discussion the white precipitate was identified as Al(OH)3. The chemical equation the shows its formation is : 
2 K+(aq) + 2 Al(OH)4- (aq) + H2SO4 (aq) ( 2 K+(aq) + 2 Al(OH)3 (s) + 2 H2O (l) + SO42- (aq)

2) The measured solution temperature for sample 2 is 4°C. If the solubility of alum is 1.0g at 1.0°C and 1.7g at 6.0°C then there is a 0.14g increase in solubility with every degree increase in temperature. Therefore 1.42g of alum in sample 2 is left in the chilled solution as shown below.
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3) According to the Merck Index if alum is kept for a long time at 60-65°C it will lose only 9 H2O but they can be reabsorbed on exposure to air. Also alum will only become anhydrous at about 200° and only one gram of alum can dissolve in 7.2ml of water and in 0.3 ml of boiling water. Taking into consideration all these characteristics it can be concluded that it is very difficult to remove the 12 water molecules associated with alum because of the great amount of effort needed to dehydrate alum.
% yield = Mass of actual yield            x 100


	  Mass of theoretical yield 


              = 6.4 g         x 100


	   9.49 g


	= 67.44%





nAl = 0.54g x 1 mol       = 0.02 moles of Al


	          26.98g


*Moles of Al = Moles of Alum


Expected mass of alum = 0.02 mol  x  474.39g


				           1 mol


			= 9.49 g





Change in solubility/°C = (1.7g – 1.0g) 


			   (6°C – 1°C)


		             = 0.14 g/°C


Therefore at 4°C amount of alum left is


	= 1.0g + 0.14 g + 0.14 g + 0.14 g


	= 1.42g








