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Purpose/Aim of the experiment
The purpose of this titration experiment is to find out the concentration within an unknown solution (hydrochloric acid), this is called the analyte. This is done through reacting it with another solution of which we do know the quantities of (sodium hydroxide), this is called the base/titrant. The base will also have 3 drops of indicator added (phenolphthalein), this is what shows the colour change. The unknown solution is added by small drops at a time to the known until titration/neutralisation is reached. In the case of this experiment, this was when the colour of the base liquid changed to a light pink colour. This is due to the neutralisation in the solution as the moles of the acid added are the same as the moles in the base (moles acid = moles base). The molarity of the unknown solution will be calculated by recording the initial and final recordings of the burette on each titration performed and then can be used to work out the concentration through the equation and the average of the three titrations performed.
Theory (Background Information)
This chemical reaction happens when a base and an acid and a base are mixed which results in a more neutral solution which is what neutralisation is. The phenolphthalein is used as an indicator as it stays colourless in presence of an acid and turns pink in the presence of a base. The formation of ions is what causes the solution to turn pink, as the concentration of H+ and OH- being equal makes the PH shift from acidic to base. The colour change indicates the endpoint of the test and is not the same as the equivalence point. The equivalence point is a little bit before the endpoint. 
The definitions of common words that will occur over this report.
Standard solution – A standard solution is any chemical solution which has a precisely known concentration. [1]
Titrant – The titrant is a solution of known concentration that is added to another solution to determine the concentration of a second chemical species [2]
Indicator- A substance that changes colour in response to a chemical change. An acid-base indicator, such as the phenolphthalein, changes colour depending on the pH.[3]
In titration you can calculate the solution’s concentration by using the following equation which is: concentration of solution = volume of solution / volume of titrant.
Molarity of a solution is defined as the moles of the solute divided by the volume of the solution in litres. This then means that the moles of solute are equal to the molarity of a solution multiplied by the volume in litres.

Moles solute = M x VMoles

Moles acid = MA x VA
Moles base = MB x VBVolume in dm3
(cubed)

Concentration


For the triangle diagram it is to be shortened to		           n
									         C|V

Therefore, when the moles of acid are equal to the base moles then 
MA X VA = MB X MB

Ma = Unknown
Mb = Molarity of standard base solution
Va – Volume of acid pipetted to conical flask
Vb – Volume of base required to titrate acid in conical flask

Volume of base is calculated as the difference between the initial and the final reading from the burette.
Vb = Vin – Vfin
And then use it to solve Ma so,

Ma = Mb X Vb
	    Va
Titration is used for different needs. One example of how this type of titration test is used is for biodiesel fuel. This is because the waste vegetable oil needs to be neutralised before it is processed. Therefore, a sample of the batch is titrated with a base so that the acidity can be determined. This will mean that the remainder of the batch can be neutralised properly. The product that is removed is free fatty acids as these will not react to create biodiesel fuel. [3]

Chemicals and Equipment
· 100ml of standard NaOH (Sodium Hydroxide) this is the base solution    M = 0.1002   in a labelled beaker
· 100ml of HCL (hydrochloric Acid) with unknown concentration in a labelled beaker
· Phenolphthalein indicator (colourless in acidic solution, pink on basic solution)
· Burette, 50ml attached to a burette stand with a clamp
· Pipette, 10ml with pipette filler
· Small funnel to fill the burette
· 250ml beaker for waste
· White paper to go under titration flask

Procedure
Step 1 – Wash
Pipette – wash with small volume of HCI (discard)
Burette – wash with a small amount of NaOH (discard), use funnel for less waste.
Erlenmeyer flask (conical flask) – Wash with a small amount of distilled water
Step 2
Use small funnel and fill burette with standard NaOH solution until the bottom of meniscus is recording zero. Ensure that there are no air bubbles by running some through the tap. Then record initial reading
Step 3
Fill the clean conical flask with approximately 25ml of HCl, use the pipette filler.
Step 4 
Add 3 drops of phenolphthalein indicator to the flask with acid. Gently swirl the flask to mix.
Step 5
The initial run through of this is a rough test. Using the burette tap, start to let the NaOH solution flow into the conical flask, swirl thoroughly until the solution changes to a light pink. Then record final reading.
Step 6
Repeat steps 2, 3, and 4.

Step 7
Instead of letting the flow of the NaOH solution run, this time have it drip slowly into the conical flask so that you can get a more precise recording of NaOH added. 
Step 8
Repeat steps 6 and 7 until results are obtained. It is desired to have results within 0.10ml of each other. 
It is important to record pipette and burette readings to the nearest 0.05cm3 (approximately one drop). 



Observations/Data
The molarity of the standard base solution of NaOH to be 0.1002 Mol/L. The amount of HCl that was put into the beaker at the beginning of the test was 10ml. This was the case for each time that the test was completed. The initial burette reading in the rough titration test was 0ml and then the final reading was 6.85ml. This meant that the volume of NaOH is 6.85ml.
 The initial burette reading for the first test was 6.85ml and the final burette reading was 13.60ml, this meant the volume of NaOH is 6.75ml.
The initial burette reading for the second test was 13.60ml and the final burette reading was 20.30ml. This meant the volume of NaOH was 6.70ml
The initial burette reading for the third, and final test, was 20.30ml and the final burette reading was 27.05ml. This meant the volume was 6.85ml.
Calculations
The first calculation that was needed to be complete was to figure out the moles of NaOH. This was done by using the Molarity of the standard base solution which was 0.1002 mol/L and then multiplying that by the volume, in litres, of the NaOH added, which was 6.85mlx 10^-4. The answer was 6.764x10^-4. The second titration result was 6.713x10^-4, using the same method. The result for the third test was 6.764x10^-4, using the same method.
The number of moles in HCl was the same as in the NaOH so all the results concluded to be the same. In the results table that was recorded the data was recorded to two decimal places, so they were either rounded up or down. Not effecting the results of the calculations. 
The molarity was then determined by multiplying the number of HCl moles and then dividing it by the volume of HCl in litres. This resulted for the first test to be 6.765x10^-4 divided by 10x10^-4, this resulted as of 0.0676 mol/L^-1. The result of the second titration, using the same method was 0.0671mol/L^-1. The third titration resulted in the same answer as the first titration. The average of these three tests came out to be 0.0674 mol/L^-1.
Results and Discussion
The results gained from this experiment align with what was originally set out in the initial purpose/aim. This is because the results identify the concentration of the HCl through mixing it with a standard solution which was NaOH. The calculations that were a used during this test should be correct and using the information gathered from each titration a result was achieved which also align with what was set out to be achieved from this experiment. 
However, this does not mean that this test is perfect. There is a good chance of experimental errors that can occur, one of these being operator error. An example of this occurring was that not each of the titration results were the same colour as they ranged from a light pink to dark pink in results. This shows that more NaOH was added than what was necessary for the indicator to show to the solution pink. The light/pale pink was the desired colour, and the darker pink was not, therefore this can effect the recordings as this will have an effect on the figures for the calculations so can’t be 100% reliable for achieving the same accuracy with each completion of the test. 
Another operator error that can occur during this experiment is that the operator can record the burette readings from the wrong point of the meniscus. The operator is meant to read from the lowest point of the meniscus but can very easily end up forgetting or not looking carefully enough and reading from elsewhere. This will cause a inaccuracy in data collected from the test which will then have a unreliable results gathered from the test. 
Conclusion

In conclusion, the experiment was set out to find the concentration of a unknown solution (hydrochloric acid) by using the known quantities of the sodium hydroxide and an indicator (phenolphthalein), to show when titration had occurred. The data collected from the burette readings was then used in the calculations that was used to identify the moles of NaOH, moles of HCl, and the molarity of HCl. The test was easy and quick to perform and doesn’t require lots of difficult equipment to use/access. It also requires cheap and easy to purchase safety equipment to perform it too. An improvement to be made for completing the experiment again would be to outline the importance of slowly adding the NaOH to the beaker so that a lighter pink colour will be achieved and will then lead to the results being more accurate too. 



