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Introduction
In this experiment the process of titration was used to determine the concentration of an unknown solution containing hydrochloric acid. It is hypothesized that through the use of a known solution of NaOH to neutralize it, enough data can be gathered to accurately determine the unknown concentration of HCl.

The calculations to do this require the use of the reaction equation, the molar ratio of that equation and the equation of concentration. Those are the following:
Reaction Equation 			NaOH+HCl=NaCl +H2O
Molar Ratio of 1 			(1NaOH to 1HCl)
Equation of Concentration		Concentration=Moles/Volume




Result


	Experiment Data
	Rough Titration
	Titration 2
	Titration 3

	Volume (HCl)
	25.00mL
	25.00mL
	25.00mL

	Burette (Initial)
	32.00
	30.11
	30.00

	Burette (Final)
	49.05
	46.32
	46.44

	Volume (NaOH)
	17.05mL
	16.21mL
	16.44mL

	Moles (NaOH)
	0.001701
	0.001617
	0.001640

	Moles (HCl)
	0.001701
	0.001617
	0.001640

	Molarity (HCl)
	0.06804 (moles/L)
	0.06468 (moles/L)
	0.06561 (moles/L)



After the first, rough, titration gave a target NaOH volume, the following two titrations showed first a massive reduction from the initial estimate, and then a smaller increase, suggesting that the true value needed is nearly certainly between 16.21ml and 17.05ml.



Discussion

The experiment shows that after a rough titration, following titration will have a relatively low range of results, in this case we can estimate the molarity is likely 0.065145 +/- 0.000465 (moles/L), by finding the mean and range of the two more accurate titrations and assuming that neither value was greatly incorrect.

This experiment is an example of titration, a key tool used in the analysis of chemical concentrations of substances, that can be used to ensure explosive concentration and purity, something that is vital in fields like OME where there is greater risk if there is a defect. [1]
Another example of its use in OME is its use in identifying unknown explosive compounds, a very useful way to narrow down potential culprits and determine the capabilities of enemy munitions. [2]

There where a few key limitations and sources of error in the experiment, firstly that while precise equipment was used, human error in the experiment was inevitable, especially with the difficulty of measuring colour change by sight. Secondly that only 3 titrations were done and that this was not enough data to mathematically prove that these were not anomalous results.



Conclusion
In conclusion, the evidence is insufficient to reject the hypothesis, instead proving that titration can be used to provide an accurate estimate of the concentration of an unknown solution.
Future research in this field would be best served by attempting to determine a way for a titration test to be applied to scarcer traces of compounds from detonated explosives, thus allowing more data to be gained from while reduce involvement in any ongoing conflict.
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Equipment and Method

Chemicals:
100ml of standard NaOH solution of 0.09977 mol/L
100ml HCl solution of unknown concentration
Phenolphthalein Indicator
Equipment:
1x Burette 50ml attached to stand with a clamp
1x Pipette 10ml 
3x Conical Flasks 100ml
1x Small Funnel
1x Bottle of deionised water
1x Graduated cylinder 100ml’
1x White Tile
1x Beaker for waste


Procedure:
Clean all apparatus with water, then run through NaOH for the Burette, ensuring it doesn’t have air bubbles.
Fill up the Burette with NaOH and record the Initial reading
Use pipette to place 25ml of HCl in the 3 conical flasks
Add 3-4 drops of indicator to each and swirl gently
Use burette to run NaOH into one of the flasks while swirling gently, until the solution turns to pink.
Record final reading of burette.
Repeat to the other two flasks, but this time slow down rate of NaOH flow once you reach within 2mL of that titration. This allows you to take a more accurate measurement.
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