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the goal of this experiment is to determine the number of moles in an unknown concentration of hydrochloric acid, HCL by adding a base (NaOH) until the solution becomes neutral. An indicator (phenolphthalein) added to the HCL will turn pink as soon as the solution becomes basic.
Hypothesis:
By accurately capturing the point at which the indicator turns pink and taking the measurements of amount of base added from the burette we can determine the concentration of the HCL sample.

Variables:
· Human error when taking measurements from the burette and using the 10mL pipette.
· Poor titration technique
· Potential for HCL flask to be contaminated with trace amounts of base.
Equations:
Molarity = Number of Moles / Volume
Molarity acid * Volume acid = Molarity base * Volume base (Ma*Va = Mb*Vb)
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Materials and methods:

Equipment and materials:
· 100 mL of standard NaOH solution, Mb = 0.1026 mol/L in labelled beaker
· 100 mL HCL solution with an unknown concentration in labelled beaker
· Indicator – Phenolphthalein labelled jar for extraction with plastic pipette
· 1x Burette, 50 mL attached to a burette stand with clamp
· 1x Pipette, 10 mL, with pipette filler
· 4x Erlenmeyer flasks, 100 mL
· 1x small funnel
· Plastic pipettes 
· 1x wash bottle with deionised water
· 1x White paper to go under the titration flask
· 1x beaker for waste

Procedure:
1. Wash pipette with deionised (DI) water followed by a small amount of HCL, taking care not to tip the pipette upside down. Discard the washings. Then, Wash the burette with DI water followed by a small amount of NaOH. Use the funnel to pour NaOH to avoid spilling. Wash Erlenmeyer flasks with small amount of DI water.
2. Use the small funnel to fill the burette with NaOH solution until the reading is 0.00. Take care to read from the bottom of the meniscus and ensure there are no air bubbles trapped. Record the reading on the burette.
3. Use the pipette to fill Erlenmeyer flasks with 25mL of HCL and add 3 – 4 drops of indicator with the plastic pipette and swirl gently.
4. Perform rough titration using the tap on the burette to add NaOH solution into the flask while mixing the solution until it turns pink. Record the final reading on the burette,
5. Repeat step 4 for the next sample until you are within 2 – 3 mL of the rough titration reading.
6. Once you are within 2 – 3 mL change to adding NaOH at a slower rate while still mixing the solution in the flask. Aiming to get an accurate reading of the NaOH required to neutralise the solution to within 0.05 mL. Once neutralisation occurs take the reading from the burette.
7. Repeat steps 5 and 6 until a satisfactory result is obtained. Aiming for consecutive titration readings to be with 0.10 mL of each other. 
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Results:
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	FLASK
	1 (rough titration)
	2
	3
	4

	V HCL (mL)
From pipette
	25.00
	25.00
	25.00
	25.00

	Initial burette
reading
	0.00
	19.45
	24.50
	18.30

	Final burette
reading
	19.45
	38.90
	44.15
	37.60

	V NaOH (mL)

	19.45
	19.45
	19.65
	19.30

	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



The figures were rounded to 2 decimal places.
Equation for the reaction:
HCl + NaOH -> NaCl + H2O
This equation shows 1 mole of HCl reacts with 1 mole of NaOH and we get 1 mole of H2O a 1:1 mole ratio. Therefore, the moles of HCL in the experiment should be the same as the Moles of NaOH. If we look at the results table, then we can see this is true.
The molarity of HCL can be derived from the results using the following formula Ma*Va = Mb*Vb.
Ma = (Mb*Vb) / Va
     = (0.1026 * 0.01945) / 0.025
Ma = 0.0789 = 0.08 2dps
     





Discussion:
Titration provides us with information about the stoichiometry of the reaction. From the results we can work out how much H2O is formed when any amount of mols of HCL react with NaOH because we determined the ratio to be 1:1. If we have 0.002 mols of HCL and NaOH we know it will form 0.002 mols of H2O.
This formula can then be used to determine the mass of the Water produced.
Mass = Number of mols * Molar Mass
The Molar Mass of H2O = 18.015 g/mol
Mass = 0.002 * 18.015
= 0.36 mL of Water.
This information can be used to work out how much of a molecule you need to react to create a desired amount of something. 
In OME a process called nitration is used to create explosives compounds such as nitrocellulose to replace some of the -OH groups with -ONO2 groups. One of the determining factors on how many of the -OH groups are replaced is the composition of the acid [1]. Acid – Base titration used in this experiment could be used to determine the composition of the acid you want to use for nitration.

Limitations and potential sources of error:
· Manual titration requires a level of skill from the practitioner to get great results.
· Using a colour changing indicator is not a good way to accurately check if the Ph of the solution is neutral (7.0)
· Lighting and eyesight can make it difficult to accurately measure the volume in the burette and while using the pipette.
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Conclusions:
The variance between the Volume of NaOH was a little greater than desired on the 3rd and 4th titration. This suggests an error during the lab work. However, once the calculations were rounded to within 2 decimal places the results were the same which is accurate to determine the moles of HCL for the purpose of this experiment.
It could be interesting to see the results using different molarities of HCL and NaOH solution to see if that will support our findings.
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