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Science in Motion

Juniata College

Crystal Clear:  Aluminum to Alum

Teacher Notes

Time:  1 hour

Grade Level:  Middle school, high school

Objectives:
· To synthesize Alum from scrap aluminum

· To distinguish between chemical and physical properties

· To determine the purity of a salt using melting point

· To identify the characteristics of a crystal

· To differentiate between exothermic and endothermic reactions

· To calculate molar mass, moles, percent yield, and percent error

Major concepts:
· Chemical and physical properties

· Synthesis of a salt

· Exothermic vs Endothermic reactions

· Properties of crystalline substances

· Molar mass and the mole

Preparation:
All materials listed are for one student, multiply as needed.  The sulfuric acid solution may be prepared already diluted ahead of time.  Add 120 ml of concentrated acid to 130 ml of distilled water for ten students ahead of t[image: image1][image: image2]ime.  Once the filtrate is obtained, it should remain undisturbed for proper crystallization.

Vocabulary:
Precipitate:  A solid that comes out of solution

Crystal:  A homogeneous solid that has a repeating three dimensional pattern of atoms, ions, molecules

Hydrate:  A crystalline solid that has water molecules chemically adhering to the structure

Salt:  A compound formed by the neutralization of an acid and a base.

Sample Calculations:
1. What is the formula mass of KAl(SO4)2.12 H2O, based on the molar masses listed on the periodic table?   [Hint:  Add up the molar masses of each element in the formula].474.0 g/mol

2. How many moles of alum were produced in the experiment?  [Hint:  Divide the mass of alum obtained in the experiment by the formula mass].

·  If mass of alum = 15.23 g                (15.23g /474.0) g/mol = 0.032 moles of alum
3. How many moles of aluminum were consumed in the reaction?  [Hint:  Divide the mass of aluminum used in the experiment by the molar mass of aluminum on the periodic table].

· If mass of aluminum = 1.00 g                (1.00g/27.0)g/mol = 0.037 moles of aluminum

4. For every mole of aluminum used, one mole of alum should be produced.  Using your calculated value for moles of aluminum, how many moles of alum should you have obtained?  [Hint:  This value is your theoretical yield]

· 0.037 moles of alum should be produced

5. What is your percent yield of alum?

· %Yield =  Actual Yield      x  100 = 0.032 moles of alum x 100 =  86.5% of alum
·                 Theoretical Yield             0.037 moles of alum
6. Obtain the actual literature melting point from your teacher and calculate the percent error in the melting point.

· %Error = |Actual – Theoretical |  x 100 = 

·                        Theoretical

· Actual melting point is 92-93ºC

Questions:
1. Why did the reaction get hot when sulfuric acid was added to the reaction mixture? The reaction is exothermic and releases energy when the salt reacts with sulfuric acid.  This is a neutralization reaction of a strong acid with a strong base.
2. What are two reasons for the experimental melting point being lower than the literature value?  If the salt has impurities, melting point would be lower.  If the salt were wet, then water would act as an impurity, so melting point would be lower
3. If the alum crystals were wet when they are massed, how will it affect your % yield? The percent yield of the crystals could be higher than the expected yield.
Post-Lab Discussion Notes:
Alum is synthesized in three steps:

Step 1:  Aluminum reacts with aqueous potassium hydroxide to yield potassium aluminum hydroxide and hydrogen gas

2Al + 2 KOH + 6 H2O (2KAl(OH)4 + 3H2

Step 2:  The potassium tetrahyroxoaluminate from the last reaction reacts with sulfuric acid in a neutralization reaction to form potassium sulfate and aluminum hydroxide.

2KAl(OH)4 + H2SO4 (K2SO4 + 2H2O + 2 Al(OH)3

Step 3:  Aluminum hydroxide reacts with sulfuric acid to form the salt aluminum sulfate and water.

2 Al(OH)3 + 3H2SO4 ( Al2(SO4)3 + 6H2O

The two hydrated salts formed in the reaction form a double salt commonly called alum with the formula KAl(SO4)2.12 H2O.

Net Ionic Equation:

Al3+(aq) + K1+(aq) + 2 SO42-(aq) + 12 H2O ( KAl(SO4)2.12H2O(s)

Sources:
Synthesis of Potassium Aluminum Sulfate from Scrap.  <<http://


employees.oneonta.edu/kotzjc/LAB/Alum_Expt.pdf>>
Extension Activities:
· Calculate water of hydration in the synthesized alum.

· Identify the limiting reagent.  Calculate the amount of sulfuric acid that is in excess.

· Create a water purification column and incorporate the alum into the purification process.
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