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Structure 1.4.1 
Experimental estimation of the Avogadro constant			
References: 
S1.4.1 The mole (mol) is the SI unit of amount of substance. One mole contains exactly the number of elementary entities given by the Avogadro constant. 
T3 General mathematical skills 
Aim 
To estimate the Avogadro constant and compare this to the accepted value. 
Introduction
A monomolecular layer is a one-molecule thick film of a substance that forms on a surface. You may have seen the colourful ‘oil sheen’ on water in ports and marinas, or even in puddles on the ground. This effect is caused by a one-molecule thick film of oil or grease. 

In this experiment we will form a monomolecular layer of oleic acid and use the information obtained to estimate Avogadro’s number.

Pre-lab questions
1. What is the accepted value of the Avogadro constant to four significant figures?
2. What are the formulas for the area of a circle and the volume of a cylinder?
3. The density of oleic acid is 0.890 g cm−3 and its molar mass is 282 g mol−1. What is the volume per mole of oleic acid?
4. After determining the volume per mole of oleic acid, what is the other piece of data required to determine the Avogadro constant? 
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. Produced solutions should be stored to be used in future experiments. No harm to people and the environment will be caused by this experiment.
Equipment list
	Chemicals/materials 
	Apparatus (per group of students) 

	deionized water
grease (paraffin gel or Vaseline)
HCl 0.1 mol dm−3 (optional)
oleic acid solution 
petroleum ether (or pentane) 

	watch glass
dropper pipette
volumetric cylinder (10.00 cm3 ± 5%) 
digital balance (± 0.001 g) 
calliper 


	Note: Prepare the oleic acid solution by dissolving 0.05 cm3 of oleic acid in 1 dm3 of petroleum ether. As a very small amount is required for this experiment, prepare a small batch for the whole class, and store the remaining solution for future use.



Method
Before you are ready to run the experiment you need to determine the volume and mass of each drop of oleic acid solution from your pipette, as this may vary:
Place a 10.00 cm3 volumetric cylinder on the digital balance and press tare. 
When the balance shows 0.000 g, add oleic acid solution drop by drop using your 
pipette until you reach the 1.00 cm3 mark on the volumetric cylinder. 
Record the number of drops and the mass of the 1.00 cm3 of oleic acid solution 
in Table 1.

Forming the monomolecular layer
1. Take a clean and dry watch glass and determine its diameter to an accuracy of 2 (or preferably 3) decimal places using a calliper.
2. Make the rim of the watch class water repellent by rubbing a thin layer of grease on it.
3. Set the watch glass on the bench and fill it with deionized water. 
(Instead of deionized water, you could use tap water and add a drop of dilute HCl to neutralize any ions that may interfere with the experiment.)
4. Use your pipette to transfer oleic acid solution carefully, drop by drop, onto the water surface so as to cause minimal disturbance on the surface of the water.
5. While counting the number of drops, keep adding more drops until the oleic acid spreads to the whole surface of the water. Record this number of drops in Table 2. 
6. Using your calliper, measure the thickness of the monolayer formed.


Analysis 
Table 1
	
	Number of drops to deliver 1 cm3 of oleic acid solution
	Mass of drops required to deliver 1 cm3 of oleic acid solution
	Volume of 1 drop of solution
	Mass of 1 drop of solution

	Uncertainty
	
	
	
	

	Obtained values
	
	
	
	




Table 2
	
	Diameter of watch glass
	Number of drops required to form the monolayer 
	Volume of oleic acid in monolayer
	Surface area of monolayer
	Thickness of monolayer

	Uncertainty
	
	
	
	
	

	Obtained values
	
	
	
	
	



To proceed with the calculation, an assumption needs to be made about the shape of the oleic acid molecules. To keep this simple, we can assume that the molecules of oleic acid are cubic in shape, with each side equal to the thickness of the monolayer determined in the experiment.

Volume of 1 molecule of oleic acid = (thickness of monolayer)3

You can now determine the number of molecules in one mole of oleic acid (the Avogadro constant), which is equal to the ratio of the volume of one molecule of oleic acid (see pre-lab questions) to the volume of one molecule:



You can also determine the number of molecules in the layer, which is equal to the ratio of the volume of the layer to the volume of a single molecule.

Post–lab report 
Write a report where you:
Summarize the important theoretical concepts described in this lab. 
Summarize the experimental procedure.
Highlight any important health and safety matters.
Present your data and calculations.
Determine your % error from the accepted value of the Avogadro constant.
Identify the sources of error in this experiment. Which ones are systemic and 
which are random?
Suggest some ways in which the experiment could be improved. 
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