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Preparing crystals and observing the lattice structure	 
Reference:
S2.1.3 Ionic compounds exist as three-dimensional lattice structures, represented by empirical formulas.
Aim  
To prepare crystals of potassium aluminium sulfate (alum) and MgSO4 and observe their crystalline (lattice) structures.
Introduction
Ionic compounds exist as three-dimensional lattice structures held together by ionic bonds between oppositely charged ions. The details of the lattice geometry vary in different compounds, depending mainly on the relative sizes of the ions, but it always involves a fixed arrangement of ions based on a repeating unit or unit cell. In this lab you will form crystals of potassium aluminium sulfate (alum) and magnesium sulfate, then observe their crystalline lattice.

Potassium aluminium sulfate hydrate is a double-sulfate salt that contains ions of both K+ and Al3+. It has the chemical formula KAl(SO4)2•xH2O. Alum has been in use since ancient times – the ancient Egyptians used it to purify water, because the salt can act as a flocculant (a substance that causes particles to clump together and thus be easily filtered out from a solution).

Magnesium sulfate, or Epsom salt, MgSO4, is a widely used fertilizer since it contains two nutrients that plants require, magnesium and sulfur. The anhydrous salt of MgSO4 is highly hygroscopic, so it is used in organic synthesis to remove traces of water from organic solutions.

Ionic compounds can be crystallized in a process where a ‘seed’ of a crystal (a small amount of the solid compound) is suspended in a saturated solution of the compound which is then allowed to slowly cool down. The process is time-consuming and tedious as it must be repeated multiple times to grow the crystals to desirable sizes.

Pre-lab question
Research the crystalline structures of alum and magnesium sulfate. 
One of the things you will discover is that the crystallization patterns are affected by temperature. Why do you think this is?
Please note 
A full risk assessment should be carried out prior to commencing this experiment. 
Personal safety equipment should be worn. 
Chemicals should be disposed of safely and with due regard to any environmental considerations. 

Risk assessment
	Material name and chemical formula
	Associated risks
	Measures taken

	



	
	

	



	
	

	



	
	



Environmental risks
	Waste products (if any)
	Associated risks
	Waste management

	



	
	





Ethical risks
Small amounts should be used when possible. Products should be collected and appropriately stored to be used in subsequent experiments. No harm to people and the environment will be caused by this experiment. 

Equipment list
	Chemicals/materials 
	Apparatus (per group of students) 

	KAl(SO4)2•12H2O powder
MgSO4•7H2O powder
deionized water

	beaker
funnel 
filter paper 
watch glass 
thread
pencil or popsicle stick
evaporating basin
water bath at 60°C
crucible 
Bunsen burner
balance 
microscope or magnifying glass 




Method
You will prepare one alum and two magnesium sulfate crystals, using the same method 
for both compounds. 
Step 1: Preparing a ‘seed’
1. Transfer 20.0 g of the salt powder to a beaker and dissolve it using the minimum 
amount of deionized water. 
2. Filter the solution into a clean, dry evaporating basin. 
3. Evaporate the filtrate slowly over a hot water bath at 60°C until crystals start to form. 
4. Allow the concentrated solution to cool and then collect the crystals by filtration. 
5. Place the crystals on a watch glass and dry them by placing another piece of filter 
paper on top. 
6. Select the best-shaped crystal from the batch to be your seed and place it to one side.


Step 2: Growing a crystal
1. In a beaker, heat some deionized water to 60°C. 
2. Take the rest of your material (not the seed) and place it in a new clean and dry beaker. 
3. Dissolve the crystals using a minimum amount of the heated deionized water. 
4. Allow the solution to reach room temperature and then suspend your seed using the 
thread and a pencil (or other stick) as shown in the diagram.
It is important to allow the solution to cool to room temperature before suspending 
the seed in the solution because you do not want the seed to dissolve. 





5. Check on the crystal formation the next day.
6. You can remove the suspended crystal and make a new solution with any precipitated 
solid by repeating the second step multiple times to grow the crystal to the size you want.


Analysis
Crystal structure
1. Dry the crystal and observe it under a microscope or with a magnifying glass depending 
on its size. 
2. Describe the geometry

(a) Alum: ………………………………………………………………….………………..

…………………………………………………………..…………………….……………..

(b) Magnesium sulfate: ………………………………………………………….………..

……………………………………………………………..………………….……………..


Formula of the hydrate
1. Find the mass of a clean dry crucible.
2. Place a dry crystal in the crucible and find its mass.
3. Heat the crucible with the crystal (with no lid) for a few minutes, then find the new mass. 
4. Continue heating until the mass remains constant.
5. Calculate the change in mass.
6. Calculate the % of water by mass in the crystal and hence determine the formula 
of the hydrate.

At the end of the experiment, store the anhydrous MgSO4 crystal (from Method Step 2) 
in a desiccator for later use – about 7 to 8 g of anhydrous MgSO4 will be required for 
the ‘Dissolving crystals. Enthalpy change of hydration’ lab in Reactivity 1.2.2.


Post–lab report 
Write a report where you:
· Summarize the important theoretical concepts described in this lab. 
· Summarize the experimental procedures.
· Present your findings.
· The correct formula of the hydrates is MgSO4•7H2O and KAl(SO4)2•12H2O. 
Use this information to determine your experimental error.
· Identify and itemize the sources of error in this lab procedure.
· This was a skills-building exercise. Evaluate your skills and consider the parts 
that may have been challenging for you.
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