
Titration Lab Report
Introduction
The purpose of the Titration experiment is to find out the concentration of a solution. In this case we had a known concentration of NaOH (Sodium Hydroxide) and used it to find the concentration of HCl (Hydrochloric acid). The HCl and NaOH will form NaCl and H2o. The titration will continue until the equivalence point is reached, which is when the number of moles of acid is equal the number of moles of base. This is determined by the stoichiometry of the reaction. Phenolpthalein is colourless in acid, and purple in basic solutions, so will be used to indicate the end point. It is then possible to measure how much base was used, and therefore the concentration of the acid.
My hypothesis is that I will be able achieve accurate results to find the equivalence point, and by doing so I will be able to accurately calculate the Moles of NaOH and HCl as well as the molarity of HCl by using the known molarity of NaOH.
The independent variable in this experiment is the volume of HCl. The controlled variables are the volume of NaOH with a molarity of 0.1026 mol/L and the Phenolphthalein.
Equations
	moles H+ = moles OH-
	moles acid (nA) = moles base (nB)
	MAVA = MBVB
M= Molarity n= number of moles v= volume



Materials and Methods
	Materials:
	Chemicals:
	

	Pipette
	80 mL NaOH solution MB = 0.1026 mol/L
	Standard solution

	Plastic pipette
	80 mL HCL
	Unknown Concentration

	Graduated cylinder
	Phenolphthalein
	Indicator

	Waste beaker
	
	

	Burette
	PPE:
	

	Erlenmeyer (conical) flasks x3
	Gloves
	

	Deionised water
	Lab coat
	

	White paper (for under the flask)
	Safety googles
	



	Procedure:

	1. Wash Pipette with deionised water followed by small amount of HCl.
Wash Burette with deionised water followed by small amount of NaOH.
Wash Erlenmeyer with deionised water.

	2. Use small funnel to fill burette with NaOH solution. Run some through the tap until bottom of meniscus is just on the zero. Ensure no trapped air.
RECORD INITIAL READING!

	3. Using pipette filler, place 25mL of HCL solution in 3 clean conical flasks.

	4. Add 3-4 drops of phenolphthalein indicator to each flask and swirl. Add approximately 10 mL of deionised water using a graduated cylinder

	5. Gradually run NaOH solution from burette into first conical flask, mixing thoroughly, until the solution turns pink. Doesn’t need to be too careful, first run is rough titration to estimate volume of NaOH.
RECORD FINAL READING!

	6. Repeat the last step but this time stop a couple of mL short of the point of rough titration. Now slowly drip the NaOH while swirling the solution until it turns and stays pink. This time you are trying to gain an accurate reading to 0.05mL (one drop).
RECORD THE READING!

	7. Repeat the last step until two volumes of NaOH solution differ by no more than 0.10mL for the volumes of HCl


Results
	
	Rough titration
	Attempt 2
	Attempt 3
	Attempt 4

	V HCl (mL) from pipette
	25mL
	25mL
	25mL
	25mL

	Initial burette reading
	3mL
	22.2mL
	27.5mL
	28.20mL

	Final burette reading
	22mL
	41.15mL
	47.10mL
	47.25mL

	V NaOH (mL)
	19mL
	18.95mL
	19.6mL
	19.25mL

	Moles of NaOH
	1.9494 x10-3
	1.94427 x10-3
	2.01096 x10-3
	1.97505x10-3

	Moles of HCl
	1.9494 x10-3
	1.94427 x10-3
	2.01096 x10-3
	1.97505x10-3

	Molarity of HCl
	0.077976
	0.0777708
	0.0804384
	0.079002


Table 1 - Experiment Results
During titration the equivalence point was reached, which means that the moles of the acid was equal to the moles of the base. We know the molarity and the volume of the base, so it is possible to calculate the moles.
Molarity x volume = Moles
The molarity of the NaOH was 0.1026 mol/L and the average volume of NaOH over the four tests was 0.0192L.
	0.1026 mol/L x 0.0192L = 1.96992x10-3 Moles.
Since we have equivalence, the Moles of the HCl concentration would also be 0.0192. The volume of the HCl was 0.025L and it is possible to find the molarity by dividing the Moles by the volume.
	0.0192 Moles / 0.025L = 0.768 moles/litre
So, the average of the results was HCl molarity of 0.768.
After between 18.95mL and 19.6mL of NaOH being added to the HCl there was a clear change of colour in the solution. This was due to a reaction with the Phenolphthalein when the base has neutralised the HCl.
Discussion
The results show that the equivalence point was reached at around 19.2mL of base being added. The measurements are extremely precise, measuring to 0.005L. The colour change was easily visible making the test effective. The results weren’t as consistent as I had expected although they are still effective and with more skill they would have better consistency. I was able to calculate the Moles of both HCl and NaOH and the molarity of HCl.
One way that Titration is used in OME is demonstrated by Karasch et al [1]. They discuss the negative impact TNT has had on the evironment, then use titration to calculate how they could remove TNT from our surroundings. They calculated that TNT can be broken down at pH12. Jackson et al [2] conducted a similar expiriment on RDX. The optimal pH for RDX degradation was pH 6.5–7.0. Another use of Titration in OME is for analysing the composition and quality of explosives. This is illustrated by Nandi et al. [3] in their journal report analysing the quality of NTO.
The results of the experiment aren’t as accurate as I was aiming for potentially highlighting some limitations in the experiment. This could be down to few things. It is possible that the readings could have been misread due to lack of experience and needing to be level, reading from the bottom of the meniscus. There could have been inaccuracy from the solution, for example if there was residue left from cleaning which ended mixed into the base solution. The solution needs to be swirled which may have led to uneven movements across the attempts. Finally, it’s possible that we allowed too much base solution out from of the burette in the final drip. This again could be down to lack of practice with the equipment.
Other limitations I noticed was that some of the equipment is reasonably expensive. You have to select the correct indicator as different indicators change colour at different pH levels. It can take a few tests which could cause an issue if you only a small amount of sample to test.
Conclusion
As predicted in my hypothesis, I was able to accurately calculate the Moles of NaOH and HCl, and the molarity of HCl. My results were reasonably accurate but had room for improvement. I would have like to have improved the accuracy of these results by repeating the experiment a few more times, until I had sequential results within 0.10mL. I would like to try increasing the volumes to see if this would help to increase accuracy.
Bell-Young [4] describes Karl Fischer titration as being used for water/ moisture determination. It is used for determining shelf life of medication and I would be interested to investigate whether it is used or could be used for determining shelf life of missiles.
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