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1.0 Introduction:
	This experiment is used to quantitatively define the molarity of an acid by reacting it with a base to form a solution which we assume the pH using phenolphthalein to ascertain whether equilibrium has been reached, based on the colour observed. Then using the measurements to define the molarity of the acid.
[bookmark: _Toc161123355]1.1 Hypotheses:
· The concentration of the sample of HCl can be determined with the use of a titration.
· Observations can be explained based on scientific evidence and understanding.
[bookmark: _Toc161123356]1.2 Variables:
Independent Variable – Volume of the Base (NaOH).
Dependent Variable – The pH of the solution in the conical flask.
Control Variables – The molarity of the Base (NaOH), amount of phenolphthalein, meniscus read horizontally, temperature and pressure constant.
[bookmark: _Toc161123357]1.3 Equations:
The neutralisation, or endpoint, will be when equilibrium is achieved in the reaction of HCl and NaOH. 
HCl + NaOH  NaCl + H2O
In this reaction the reactants are in a 1:1 ratio, so there should be equal amounts of the reactants, so long as the concentration is the same.
Moles acid (nA) = moles base (nB)
Since the aim is to calculate the molarity (concentration) of HCl we must use the equation (Where A is the acid and B is the base)
M(A) x V(A) = M(B) x V(B)
M(A)= Molarity of Acid (must be calculated)
V(A)= Volume of Acid (conical flask)
M(B)= Molarity of Base (0.1026mol/L)
V(B)= Volume of Base (burette)
Rearranging the equation gives us:
M(A) = ( M(B) x V(B) ) / VA
Molarity x volume = moles
[bookmark: _Toc161123358]1.4 Materials and Equipment:
· 50mL burette
· Standing clamp
· Small funnel (fits in burette)
· 10mL Pipette with pipette filler
· Plastic pipette
· 3x 100mL conical flasks
· Deionized water in wash bottle
· 10mL measuring cylinder
· White paper (to contrast the Phenolphthalein)
· Large beaker for chemical waste
[bookmark: _Toc161123359]1.5 Chemicals Used:
· 80mL of NaOH (Sodium Hydroxide) (Molar Concentration: 0.1026mol/L)
· 80mL of HCl (Hydrochloric Acid) (Molar Concentration: Unknown)
· Phenolphthalein Indicator
[bookmark: _Toc161123360]1.6 PPE Used:
· Nitrile Gloves
· Lab Coat
· Eye Goggles
· Hair Ties (If necessary)
· Moustache/Beard coverings (If necessary)
[bookmark: _Toc161123361]2.0 The Test
2.1 [bookmark: _Toc161123362]Procedures:
1. The burette, conical flasks and pipettes must be washed to remove contaminants. Use deionised waster on all the above to remove contaminants that may react. On the burette follow this up with a quick rinse with a small amount of NaOH, discard the rinse NaOH, and then pour uncontaminated NaOH to through the stopcock, if we left the water in the stopcock it would affect the concentration of the of the NaOH inside, for this same reason rinse the pipette with HCl after the water. [1]
2. Place the burette at a level that is below chest height, pouring above that could result in spills onto yourself. Place the funnel into the burette and fill to above the zero line with NaOH, use the tap to remove excess base until the meniscus reaches exactly zero. Ensure the burette is perfectly to gravity, to ensure the meniscus is in the right place.
3. Using the pipette and a pipette filler, add 25mL of HCl into each of the three conical flasks.
4. Add 4 drops of phenolphthalein indicator to each conical flask.
5. Add 10mL of deionised water to each conical flask.
6. Perform a rough titration, this is to judge approximately when the endpoint occurs; slowly adding NaOH to the conical flask of HCl, deionised water and phenolphthalein. When the phenolphthalein stops remaining colourless and is even slightly pink/purple for longer than 30 seconds whilst swilling the endpoint has been reached
7. Record the final reading on the burette, if you used more than half of the NaOH refill for the next test, if not continue from the current reading.
8. Now complete the next test with the next conical flask, run the burette until 2-3mL before the endpoint of the previous test, it should still be colourless and close the stopcock on the burette. Wash any NaOH down the side of the conical flask with deionised water.
9. Run the stopcock at a rate where only one drop falls from the burette at a time, swill the conical flask, and check to see if the colour remains. As soon as it does close the stopcock.
10. Repeat steps 7 – 9 until all your conical flasks have been used.
[image: ]
Figure 1 Lab partner (Arron Simpson), adjusting the burette so that it is level so we can get an accurate reading of the meniscus before and after the titration, my other Lab partner (Matt Claridge) is just out of frame looking from a secondary angle to confirm.
[bookmark: _Toc161123363]2.2 Results:
	Flask
	1
	2
	3
	4

	V HCl (mL) from pipette
	25.00mL
	25.00mL
	25.00mL
	25.00mL

	Initial burette reading
	27.50mL
	22.20mL
	3.00mL
	28.20mL

	Final burette reading
	47.10mL
	41.15mL
	22.00mL
	47.45mL

	V NaOH (mL)
	19.60mL
	18.95mL
	19.00mL
	19.25mL

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

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

	Molarity of HCl
	0.0804384mol/L
	0.0777707mol/L
	0.077974mol/L
	0.079002mol/L




[bookmark: _Toc161123364]2.3 Conclusions & Findings:
	The significance of these results is that due to the human factor there are margins of error, colour is relative and if the phenolphthalein is faint, it may get wrongly labelled as clear, resulting in more moles of NaOH being added than necessary. Impatience and improper mixing of the conical flask, means that the dissipation of the base hasn’t completed yet before the next drop of base is added, resulting in too many being added and the titration being incorrect. We have given a molarity to the HCl though there is a chance of human error and it being slightly off, and the observations have been explained scientifically.
[bookmark: _Toc161123365]2.4 Relation to OME:
	In relation to OME, titrations are used; an example is to measure out a zinc stearate solution with acetone. Zinc stearate is a lubricating solid and has water repellent properties, we use it as a mould release agent, and improver of material flow properties. We use titrations as we typically use 0.5% ZnSt in some of our products if it is required. Lowering or removing the amount of ZnSt used in a pellet means they can get stuck in our automatic presses.
[bookmark: _Toc161123366]2.5 Limitations:
This is going off the assumption that the molarity of the NaOH solution is correctly labelled as 0.1026mol/L, if it is in fact not of that concentration then the entire experiment loses accuracy.	
We take the process of titrations slow as we could easily bypass the correct amount of base (NaOH) in which we are adding to achieve neutralisation, adding too much base because it hadn’t dispersed into the acid (HCl) and the phenolphthalein hadn’t completely turned pink is a limitation. Where the base drips into the acid it will be the most concentrated and the phenolphthalein will flare pink for a moment before returning to colourless, getting impatient and an adding the base too fast can cause the endpoint to be missed. 
[image: ]
Figure 2 - Titration underway, note the drip of the base (NaOH) has just fallen into the acid (HCl), and the flash of pinkish/purple phenolphthalein has shown, this will dissipate when the base disperses as neutralisation has not yet been reached.
3.0 Conclusion:
	The titration is useful for many parts of OME, from production to testing. Being able to determine the concentration of chemicals ensures that our products work as advertised, and measuring out additives to our products ensures we get the benefit from their addition in their designated quantity, too little creates poor performance in manufacturing, too much creates poor performance in intended usage. Titrations determine the concentration so they are essential. Automatic titration machines can avoid the human error factor and are more reliable. And repeating the test more times than 3 with the rough excluded would provide with a more reliable data as anomalous results are more likely to stand out.
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