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This experiment sought to accurately find the concentration of an unknown solution of Hydrochloric acid (HCL). To determine this, it would be reacted with a known solution of Sodium Hydroxide (NaOH) to neutralise the solution. 
The equation for the neutralisation is:
HCL + NaOH  NaCL + H2O
To accurately measure this the process used will be titration to gain an accurate measurement of the volume used and an indicator will be used to determine the point of neutralisation. This will be clear as the indicator will change colour. This equivalence point will occur when the moles of the acid and the base are equal. 
Therefore, using the equation M=n/v (where M is molarity, n is the number of moles and v is volume) we can surmise that:
MAVA=MBVB
Where A is the Acid and B is the Base. V is the volume of both used and M is the Molarity. 
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	Flask
	1 
	2
	3
	4

	VHCL (mL) from pipette
	25
	25
	25
	25

	Initial burette reading
	1
	17.75
	31.7
	14.75

	Final burette reading
	17.75
	34.6
	47.95
	31.5

	VNaOH (mL)
	16.75
	16.85
	16.15
	16.75

	Moles of NaOH
	1.671 x 10-3
	1.681 x 10-3
	1.611 x 10-3
	1.671 x 10-3

	Moles of HCL
	1.671 x 10-3
	1.681 x 10-3
	1.611 x 10-3
	1.671 x 10-3

	Molarity of HCL (mol/L)
	0.06684
	0.06724
	0.06444
	0.06684



 The measurements in the Burette were accurate to 0.05ml. Measurements 1&4 match with 2 being within 0.1ml giving a set of results that are in alignment with each other. As the measurements can be made to 4 sig. figs. all calculations are to 4 sig figs. 
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The results show that the Molarity of the Acid was most likely 0.06684 (mol/L) with the repeated result showing that. This could be further confirmed by more repetitions. This experiment did have some limitations notably, it required the individual to measure the volume in the burette with their eyes as well as, drop a controlled volume into the acid to watch for the indicator changing colour. This required fine motor control, and it would be more precise to have a machine measured drop at this stage so smaller increments could be added to the flask result in more precise measurements. 
Precision in measurements is key in OME.  In the Second World War the Italian Navy suffered from excessive shell dispersion particularly in its large calibre rifles. This caused them significant tactical disadvantages as they were unable to consistently hit allied shipping at ranges that they could (especially by the British be hit). One of the main factors behind this were to great tolerances in the manufacturing process of the propellent charges. This would cause variance of the muzzle velocity of the shells causing the wide dispersion [1]. By having more precise measurements of the propellent charge more consistent ranges could be achieved. It is thus important to have accurate measurements in OME to achieve the desired outcome and that it is consistent with what you want to achieve.
While the accuracy and precision inherent in titration is important in the OME industry a more direct use of titration is in determining the presence or purity of an explosive. Picric acid is a sensitive explosive that is commonly used both as itself or as part of other explosives [2] and titration is an effective method to determine its presence [3] thus an investigator would be able to narrow down what explosive was used by its presence. In the manufacture of explosive purity is necessary to ensure that the explosive is working as intended. Titration is used in the manufacture of modern explosives to be able to test the required purity is being met [4]. 
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The solution neutralised as hypothesised with the results being consistent showing that it neutralised at the same point each time. To investigate this further varying the concentrations of the liquids to confirm that results are repeated at different molarities. Additionally, changing the acid or base to ensure that this is not a quirk of these substances, for example changing the acid to Sulphuric Acid. For an example more OME specific Picric Acid might be tried.
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· 100mL of standard NaOH solution, MB = 0.09977mol/L in a labelled beaker
· 100mL HCL solution of unknown concentration in labelled beaker
· Phenolphthalein indicator 

· 1x Burette, 50mL attached to a burette stand with a clamp
· 1x Pipette, 10mL or 5mL, with a pipette filler
· 3x Erlenmeyer flasks 100mL
· 1x small funnel to fill Burette
· 1x Plastic Pipette
· 1x Wash Bottle of deionised water
· 1x Graduated Cylinder, 100ml
· 1x White tile to go under titration flask
· 1x Beaker for waste
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· Wash the Burette, Pipette and Erlenmeyer flasks with deionised water
· Using the funnel fill the Burette with the NaOH solution ensuring there are no air bubbles
· Using the pipette place 25mL of the HCL solution in the Erlenmeyer Flasks
· Add 3-4 drops of the indicator, swirl then add circa 10mL of Deionised water to each flask
· Using the Burette tap run the NaOH solution into one of the flasks mixing until it turns pink. Record the readings.
· Repeat previous step for the remaining flasks
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Precision and Accuracy

You should record pipette and burette readings to the nearest 0.05 cm? (approximately one.
drop). Consecutive titrations should agree to within 0.10 cm? and, you should repeat the

titration until this is achieved.





