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Determination of an unknown concentration of hydrochloric acid using titration

Purpose
The purpose of this experiment is to perform a titration to determine an unknown concentration of a sample of hydrochloric acid. A titration is a volumetrically controlled reaction where a reactant of known concentration is added in a controlled manner to a regent of unknown concentration, in order to calculate the unknown concentration. In this case, known concentration sodium hydroxide was added to the acid. 

Theory
Neutralisation occurs between an acidic an alkali substance, when hydrogen ion transfer occurs, resulting in the production of a salt and water.  For the reactants in this experiment, Hydrochloric acid and sodium hydroxide, the equation is as follows:
NaOH(aq) + HCl(aq) → NaCl(aq) + H2O(l)
From this stoichiometry, it is seen that an amount of sodium hydroxide in moles, will neutralise an equal amount of hydrochloric acid. Therefore, the amount (in moles) of sodium hydroxide added to the acid to neutralise it will be equal to the number of moles of acid present, and frokm this the concentration can be calculate using the following formulae:
Moles = concentration x volume, for the sodium hydroxide and
Concentration = moles / volume, for the hydrochloric acid. 
This reaction does not involve a change in colour, so an indicator, phenolphthalein that will change colour when the solution is neutralised is added to the unknown, hydrochloric acid. As the titrant, sodium hydroxide, is added to the acid, checks are made to determine the point at which the solution just changes from colourless to pink. The titrant used is a standard solution, a solution made using precise volumetric glassware, to ensure an accurate and high precision concentration value. 
In an OME environment, unknown concentrations are found when disassembling munitions of an improvised nature. It is important to determine the makeup of improvised explosive devices, as this can be used to determine where the device is manufactured and quantify the level of hazard an initiation would cause. However, as shown in the journal Analytical Methods, colorimetry is usually used to determine concentrations [1], due to having a greater accuracy and range of detectable compounds, as it is not reliant on performing a reaction. 
Chemicals and equipment
Unknown concentration hydrochloric acid
0.1002 M sodium hydroxide solution
Dilute phenolphthalein indicator
50 cm3 volumetric burette
10 cm3 graduated pipette
3 x 100 cm3 conical flasks
Glass funnel

Procedure
25 cm3 of hydrochloric acid was added tot a conical flask using the graduated pipette, with 3 drops of phenolphthalein indicator added to it.  The burette was filled with the sodium hydroxide solution using a glass funnel. A rough titration was performed with the base added in a continuous fashion until a colour changed occurred, to provide an approximate titre value. A new conical flask with 25cm3 of acid and 3 drops of indicator added was then used for the subsequent titration, with care being taken once the added amount of titrant was approaching 2 cm3 less than the rough titre, until the solution just held a light pink colour.  This was then repeated until results within 0.10 cm3 were achieved. 

Results
Original in annex A
	Titration
	Volume of HCl used / cm3
	Titre value / cm3
	Moles of NaOH / mol
	Moles of HCl / mol

	Rough
	25.00
	16.60
	1.663 x 10-3
	1.663 x 10-3

	1
	25.00
	16.50
	1.653 x 10-3
	1.653 x 10-3

	2
	25.00
	16.45
	1.648 x 10-3
	1.648 x 10-3



Using the concordant titres of 1 and 2, an average value of the number of moles of HCl present in 25 cm3 can be found as:
(1.653 x 10-3 + 1.648 x 10-3) mol / 2 = 1.6505 x 10-3 mol
Using this value n the concentration equation gives:
1.6505 x 10-3 mol / (25 cm3 / 1000) = 0.06602 M
The calculated value for the concentration of the unknown hydrochloric acid is 0.06602 M, to 4 significant figures. However, there are a number of sources of error in the experiment. First of these is the repeated used of a 10cm3 graduated pipette to dispense 25cm3 of acid, as a graduated pipette has lower precision than a volumetric pipette, and repeated use for one measurement causes these errors to stack. A second source of error is parallax whilst reading graduated glassware, leading to inaccurate readings. Finally, the precision of the used glassware was not noted, so no error bars can be drawn for the calculated value. 
Conclusion
The results of this experiment show a simple method for the calculation of an unknown concentration of an acid, in this case hydrochloric acid. This is an easy procedure to perform if he identity of the acid is known, however due to its simple nature, it can introduce a number of errors, so will not give as precise a result as an alternate method, for example colorimetry. 
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