Experiment 4.3c – rate of reaction by gas syringe
!! Wear eye protection correctly throughout the experiment

In this experiment you will investigate the rate of the reaction between marble chips (calcium carbonate) and dilute hydrochloric acid:
CaCO3(s) + 2HCl(aq) → CaCl2(aq) + H2O(l) + CO2(g)

The calcium carbonate is a solid so its concentration will not change during the experiment. As the reaction proceeds the concentration of the hydrochloric acid will go down and by measuring the rate we shall be able to see what effect the acid concentration is having on the rate. The calcium carbonate is in great excess so the reaction will come to a stop when all the acid has all been used up.

1 Obtaining the data
Set up your apparatus as in the diagram:
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Make sure that you select the correct-sized bung. If it is slightly too small it will get stuck in the test tube. Take great care with the gas syringe. The barrel can drop out, it’s made of glass and it’s very expensive! Check that the barrel does not stick in the gas syringe. If it does you will get poor results.
Add 10 cm3 of dilute (1 molar) hydrochloric acid to the marble chips and allow a couple of seconds for the acid to become saturated with carbon dioxide gas. Now put the bung firmly into the test tube mouth (it must seal, but be careful not to break the glass) and start your stop clock simultaneously.

Complete the following table inserting the time taken to reach the stated volume. Leave your experiment for about ten minutes before recording the final gas volume.

	Volume (cm3)
	Time (s)
	Vf – Vt (cm3)

	
	
	

	0
	0
	

	10
	
	

	20
	
	

	30
	
	

	40
	
	

	50
	
	

	60
	
	

	70
	
	

	80
	
	

	
	
	

	
	( (final)
	


Vf –Vt is the final volume minus the volume at a particular time. So if your final volume is 93 cm3, then Vf –Vt is 83 (93 – 10) when the volume is 10 cm3 and so on.  This is sometimes asked about on the exam. The volume of gas goes up as the reaction proceeds (as the carbon dioxide is a product). When we draw concentration-time graphs we nearly always show the concentration of a reactant (going down). In this case Vf –Vt represents the concentration of the hydrochloric acid. This is maximal at the start of the experiment and zero at the end when it has all been used up.
Now draw a graph of Vf –Vt on the vertical axis and time on the horizontal axis. Remember to fully label your axes and chose appropriate scales so that you use the full area of your graph paper for the plot. Measure two consecutive half-lives (the time taken for Vf –Vt to half in value), and hence deduce (work out) the order of the reaction with respect to the hydrochloric acid.
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