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1. [bookmark: _Toc159584673]Introduction
[bookmark: _Toc159584674]1.1 Purpose
Titration is an experiment which is carried out to measure the amount of a substance within a solution, whereby a reaction occurs with another substance (in solution) of a known concentration, allowing the accurate measurement of the unknown concentration through calculations.

[bookmark: _Toc159584675]1.2 Hypotheses
Once the mixture reaches the equivalence point, the phenolphthalein will change the colour of the solution (as the solution becomes basic). Once this point is reached, the volume of each solution is measured & calculated to provide the concentration in moles.

[bookmark: _Toc159584676]1.3 Variables
[bookmark: _Toc159584677]1.3.1 Independent
· Precision while using measuring equipment.
· Contamination from improper cleaning.
· Perception of colour.
· Proper use of equipment.

[bookmark: _Toc159584678]1.3.2 Dependant
· The colour of the solution.
· The mixture of the solution.

[bookmark: _Toc159584679]1.3.3 Control
· Volume of Hydrochloric acid in beaker.
· Volume of phenolphthalein in beaker.
· Volume of de-ionised water in beaker.
· Initial volume of sodium hydroxide added (Excluding rough titration).

[bookmark: _Toc159584680]

1.4 Equations
Equation one – Reaction:

HCl(aq) + NaOH(aq) → H2O(l) + NaCl(aq) [1].

Equation two – Calculating concentration of Sodium Hydroxide:

[image: titration-calculation, eq. 4][2].

With C meaning concentration, V meaning volume & lower names related to substances.

[bookmark: _Toc159584681]2. Materials & Methods
[bookmark: _Toc159584682]2.1 Materials & Equipment
· 50ml Burette.
· 4x Conical flasks.
· Plastic pipette.
· Calibrated glass pipette.
· Large beaker.
· 2x medium beakers.
· Measuring cylinder.
· Lab stands & clamps.
· De-ionised water & bottle.
· Hydrochloric Acid solution 0.1M.
· Sodium Hydroxide solution 0.1M.
· Phenolphthalein.
[bookmark: _Toc159584683]2.2 PPE
· Lab coat.
· Safety glasses.
· Gloves.
[bookmark: _Toc159584684]2.3 Procedure
[bookmark: _Toc159584685]2.3.1 Washing
· Run de-ionised water through the measuring pipette and burette, ensuring water runs over all surfaces. Allow to drain out.
· Wash conical flasks out with de-ionised water.



[bookmark: _Toc159584686]2.3.2 Preparation of samples
· Measure out 25ml of hydrochloric acid using the calibrated pipette. Place this into a clean conical flask. If the volume is not accurate, note this in the results sheet.
· Measure out 10ml of de-ionised water using measuring cylinder. Place this into the conical flask with the HCl.
· Use a plastic pipette to drop 3-4 drops of phenolphthalein into the solution in the conical flask.
· Repeat this for all 4 flasks or use the same flask and wash out between tests.

[bookmark: _Toc159584687]2.3.3 Preparation of the burette
· Add sodium hydroxide to the burette, filling to the 0ml line.
· Run a small amount through the burette, into the large beaker which will be used for waste.
· Fill the burette again with sodium hydroxide, as close to the 0ml line as possible.
· Record the precise starting value on the results sheet.

[bookmark: _Toc159584688]2.3.4 Rough Titration
· Place a conical flask (prepared with solution above) under the burette.
· Open the valve on the burette and slowly add sodium hydroxide, swilling the conical flask.
· Once the solution begins to change colour briefly, slow down. Stop once the solution becomes pink. Note down the volume of NaOH.

[bookmark: _Toc159584689]2.3.5 Titration
· Refill the burette.
· Place a flask under the burette and add approximately 5ml less NaOH than noted for the rough titration.
· Add NaOH drop by drop, swilling throughout.
· Stop once the solution changes colour. Note down the volume of NaOH.
· Repeat for all samples. 
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Figure 1 – Equipment.

[bookmark: _Toc159584690]3. Results
[bookmark: _Toc159584691]3.1 Experimental data

	Flask
	1- Rough Titration
	2
	3
	4

	V (HCl) ml, From pipette
	25.00
	25.00
	25.00
	25.00

	Initial burette reading
	0
	0
	0
	20.00

	Final burette reading
	19.70
	19.40
	19.70
	39.50

	V (NaOH) ml
	19.70
	19.40
	19.70
	19.50

	Moles of NaOH
	0.002
	0.002
	0.002
	0.002

	Moles of HCl
	0.002
	0.002
	0.002
	0.002

	Molarity of HCl
	0.08
	0.08
	0.08
	0.08
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          Figure 2 – The finished product	  Figure 3 – Measuring the NaOH using the burette         Figure 4 – Titration in progress

Above are the full results from the experiment. The graph has been used to show the range within the results of our samples. This range was larger than hoped, but tests 2 & 3 are within acceptable range.

[bookmark: _Toc159584692]3.2 Explanation

The results above show that the sodium hydroxide has a molarity of 0.08. This is done by adding it to an acid, until both solutions cancel each other out and become water & sodium chloride. This is shown by the indicator. The volume of the Hcl can be compared to the NaOH, and when implemented into the equation this gives the concentration in molarity of the sodium hydroxide.

2. [bookmark: _Toc159584693]Discussion
[bookmark: _Toc159584694]4.1 Results analysis

The results show that this experiment can be used to determine the molarity of a solution where it is otherwise unknown, by using a solution with a known molarity which reacts until they cancel each other out. Unfortunately, the results were not particularly accurate, as there was a wider range than anticipated. However, with a larger number of samples this may not be an issue.

[bookmark: _Toc159584695]4.2 Relevance & Use cases

This experiment is relevant to the OME field due to its use in determining concentrations. When creating explosive or pyrotechnic compositions, chemicals may occasionally need to be verified. The use of titration may be used to determine the concentration of these chemicals and validate them for use.

[bookmark: _Toc159584696]4.3 Limitations of the experiment

[bookmark: _Toc159584697]4.3.1 Human Factors
Similarly to the flame test, this test produces a qualitative result, in the form of a colour change. The experiment is reliant on the person performing it to be able to see colour (colour blindness would reduce accuracy significantly) and therefore results could vary person to person.
Use of the burette can also be fiddly for someone who has not got experience, meaning that more of the sodium hydroxide than necessary may be added by mistake, reducing the accuracy of the results.

[bookmark: _Toc159584698]4.3.2 Contamination
The cleaning process is very simple, and without ample experience, traces of the compounds may remain after cleaning. This could affect the results of the test.



[bookmark: _Toc159584699]4.3.3 Accuracy
Due to the tests qualitative nature, the results are heavily dependent on the perception of the person running the test, and their skill. A way to improve this would be to increase the number of tests.
[bookmark: _Toc159584700]5. Conclusions

[bookmark: _Toc159584701]5.1 Findings

We found that the molarity of the sodium hydroxide solution was 0.08 mol. This means that we can now label the sample and use it in other experiments with a good idea that it is within a certain specification.

[bookmark: _Toc159584702]5.2 Improvements
[bookmark: _Toc159584703]5.2.1 Accuracy
To improve the accuracy of this experiment, it would be necessary to repeat it several times, and obtain mean data. Ph measurement may also be used to accurately measure when the solution reaches a balance.

[bookmark: _Toc159584704]5.2.2 Contamination
Improved cleaning methods could be implemented, however multiple passes of the existing cleaning method may be used to obtain a better result.

[bookmark: _Toc159584705]5.2.3 Human factors
Considerations should be taken around colour blindness, and more people should compare samples. Samples should be given more time to settle out and this noted within the procedure, as they can return to a clear solution over time sometimes. These issues may be avoided using Ph measurement as with the accuracy.



[bookmark: _Toc159584706]6. References
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[bookmark: _Toc159584707]7. Appendices
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Figure 5 – Results sheet, provided by Dr Ewa Kazimierska

Volume NaOH	19.7	19.399999999999999	19.7	19.5	Test


Volume NAoh in ml
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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.





