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The purpose of this titration is to determine the unknown concentration of a sample of HCl by titrating it against a standard solution of NaOH. This is a neutralisation reaction, meaning that the product is salt and water. An indicator is used to show when the equivalence point has been reached. A suitable hypothesis for this experiment would be that it will take between 15ml and 20ml of NaOH to neutralise 25ml of HCl. The variables to consider: independent variable- the volume of NaOH added; dependent variable – the pH of the solution; control variables – the volume of HCl started with, the speed at which the NaOH is added, the person adding the NaOH, and the amount of indicator used. This is linked to OME as it is required that you can work out the molarity and concentration of chemicals being used when testing and manufacturing explosives.
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The equipment required to conduct this experiment is as follows, 80ml of a standard solution of NaOH with a known molarity (in this case 0.1026mol/L), 80ml of HCl solution with an unknown concentration, phenolphthalein indicator, 50ml burette and clamp stand, glass pipette, conical flask, funnel, plastic pipette, deionised water, measuring cylinder, white tile, and waste beaker. To carry out this experiment first wash pipette, burette and conical flask with deionised water. Next swill around and out a small amount of NaOH in the burette as well as filling and emptying the glass pipette with HCl, to insure no impurities. Now fill the burette with NaOH (if poured further than zero it does not matter) open the tap until the liquid begins to run into waste beaker, once it has run, close the tap again. If meniscus is still above zero continue releasing some of the liquid. Record the initial reading.  Using glass pipette transfer 25ml of HCl into a conical flask, add a few drops of phenolphthalein and, using the measuring cylinder, measure 10 ml of deionised water and add also.  Gently swirl to mix. Place conical flask under burette tap with the white tile underneath, slowly allow the NaOH to be released into the flask. Swirl gently to mix the chemicals together. Keep this up until the solution turns pink, record volume of NaOH used. It is recommended that the first titration is a rough one meaning you can add it less precisely but quickly to figure out the approximate point of neutralisation. Rinse conical flask or get a new one and repeat, this time run the NaOH until it is 2ml less than the rough titration, after that add slowly and carefully looking for a colour change with each drop. 
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	Rough
	1
	2
	3

	Initial reading
	0.00
	0.00
	0.00
	20.00

	Final reading
	19.70
	19.40
	19.70
	39.50

	Volume used (ml)
	19.70
	19.40
	19.70
	19.50
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As you can see in table 1, titrations 1 and 3 are consecutive results (agree within 0.10cm3 of one another) it can be assumed that in the rough titration and in titration 2 the NaOH was added past the equivalent point, these results are regarded as anomalous. This means that it took an average of 19.45ml of NaOH to neutralise 25ml of HCl.  From this information the molarity of HCl can be calculated. Firstly, work out the moles of NaOH using its already known molarity combined with the equation “molarity=mol solute/vol of solution (L)” [1] so rearranging and using gives 0.1026 x 0.01945= 1.99557 x 10-3. Because the equation for this reaction has a 1 to 1 ratio the moles of HCl will also be 1.99557 x 10-3. Using the moles of HCl we can conclude the molarity of it using the equation “molarity=moles of solute/vol of solution (L)” [1] again, thus 1.99557 x 10-3/0.025 = 7.98229x10-2 (mol/L).
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A large part of designing and manufacturing explosives relies heavily on chemistry. It is essential when dealing with such high-risk materials that you know the properties of them, and the concentration is a crucial factor. Not only will it make work increasingly more accurate, it will also ensure safety. In the OME industry, labs have to titrate chemicals against one another to be certain of their explosive properties. Many other industries use titration, for example titration plays a huge part in the manufacture of pharmaceuticals, and “the end point of the titration in these instances is also the formation of the pharmaceutical product.” [2] This shows how transferable the skill of titration can be over a range of industries.
From the experimental results, it can be interpreted that 19.45ml of NaOH standard solution is needed to reach an equivalence point with 25ml of HCl, meaning that the molarity of HCl was 0.0798mol/L. 
Human error can have an effect on the accuracy of the result during this experiment. Unfortunately, when carrying out the experiment one of the control variables was not followed, this was due to changing the person that was adding the NaOH. “Each individual perceives colour slightly differently, which affects the outcome of the experiment. If the colour has changed slightly, too much of the titrant, which comes from the burette, can be introduced into the solution, overshooting results.” [3] As a result of this it lead to an anomalous result. If conducted again it would be a good idea to not be done in groups as then each student gets experience and will not be at the disadvantage of someone else’s interpretation of colour. It would also have been good to make the standard solution personally, that way there is less margin for someone else’s error and gives more control over the experiment. Repeating the experiment until three consecutive results were obtained would give a better proven average.
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From this experiment it can be said that the hypothesis was correct- it did take between 15ml and 20ml to reach the equivalence point. The experiment was successful and the molarity was able to be calculated from the results acquired, the opportunity to repeat the experiment until three consecutive results were obtained would give a more proven average and as a result a better molarity could have been calculated.
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