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[bookmark: _Toc498329514]Introduction 
This experiment's objective is to accurately obtain the concentration (molarity) of an unknown Hydrochloric acid (HCL) by applying the analytical titration method. This is done by reacting the HCL with a standard solution of sodium hydroxide NaOH (base).

The hypothesis is by titrating a known amount of a substance, you can obtain the data to find out just how much titrant is needed to reach an equilibrium/endpoint
Equations that will be used 
neutralisation reaction equation:

Net ionic equation:

To calculate the Moles 

The equation for molarity

Avogadro’s constant 










[bookmark: _Toc1069640824]Materials and Method 
Chemicals: 
• 80 mL HCl solution with an unknown concentration in a labelled beaker 
• Indicator, Phenolphthalein (colourless in acidic solution, pink in basic solution)
• 80 mL of standard NaOH solution 0.1026 mol/L in a labelled beaker
Equipment:
• 1x Beaker for the waste
• 1x white paper to go under the titration flask
• 1x Small funnel to fill the burette
• 1x Wash bottle with deionised water
• 1x Plastic pipette
• 3x Erlenmeyer (conical) flasks, 100 mL
• 1x Burette, 50 mL 
• 1x Pipette, 10 mL, with pipette filler
• 1x Graduated cylinder, 10 mL
• Burette stand with clam


• Pipette - with deionised water from the wash bottle followed by a small volume of HCl; discard the washings.
• Burette - with deionised water from the wash bottle followed by a small amount of NaOH (discard); use the funnel to pour a few mL of NaOH.
• Erlenmeyer (conical flask) - with a small amount of deionised water.










Step 1 wash the following:

Pipette - with deionized water (DI water) with the wash bottle followed by a small volume of HCL; discard the washings into waste beaker.


Burette – with DI water then with a small funnel pour a few mL of NaOH into the burette then discard.

Erlenmeyer flask – use small amount of DI water then discard.

Step 2 
use a funnel to fill the burette with the NaOH solution allow some of the solution to run through the tap to ensure the meniscus is level with zero and that there are no air bubbles.

Step 3
Fill three clean Erlenmeyer flasks with 25mL of HCL using a pipette. 

Step 4
Add to each flask with HCL, 3-4 drops of phenolphthalein indicator, then swirl gently and approximately add 10 mL of DI water using a graduated cylinder.

Step 5
Using the tap of the burette run the NaOH solution into the first flask, while swirling the flask continuously, until the solution turns pink. This step allows you to estimate the volume of NaOH needed to neutralise the HCL this step is called rough titration.



STEP 6: Now:
Run the NaOH into another flask with the HCL mix until the volume of NaOH is within 2 mL of what it was in the rough titration. Then run the NaOH at a Drop-by-Drop rate, while continually swirling the flask, so you can accurately read the volume of HCl required to Neutralise the solution, record results at first colour change within accuracy of 0.05mL.

Step 7
Repeat steps 6 until satisfied with accuracy of the results.



[bookmark: _Toc1918111680]Results and Discussion
From the table of results, we can see the pattern of the solution becoming basic when around 19.10 mL of NaOH is added to the Uknown concentration of HCL.
As the results were to have the indicator (phenolphthalein) become the lightest shade of pink to show the end point (neutralisation) where the solution is at equilibrium with the same amount of moles of NaOH and HCL when the colour change takes place it means the solution has turned from Acid to Basic. 
This can be represented in the following equation:

The titration proceeds until the equivalence point is reached, which is when the NaOH and the HCL are broken into different ions cations(H+) and anions (OH-), this is when moles of (H+) and (OH-) are equal. 

This can be written as a Net ionic equation:


The number of moles of acid and base are linked through the stoichiometry of the balanced equation.


The lightest shade was achieved when 19.00 mL of NaOH was added to the solution leading to the conclusion that this was our most accurate reading











Figure [1]
	FLASK
	1 
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	V HCl (mL) 
from pipette
	 25mL
	 25mL
	 25mL

	Initial burette reading 
	 0
	0
	0

	Final burette reading
	 19.10mL

	19.00mL
	19.10mL


	V NaOH (mL) 
 
	19.10mL

	19.00mL
	19.10mL

	Moles of NaOH
 
	
	 
	

	Moles of HCl
 
	
	 
	

	Molarity of HCl
 
	 mol/L
	mol/L
	 mol/L


Converting mL to L for the formular to be accurate:

To calculate the Moles of NaOH:

Consintration mol
Volume 
Number of moles
 = Moles of NaOH
As to reach equilibrium Moles of NaOH must equal Moles of HCL:
Moles of HCL 

Molarity calculation:

Molarity
Number of moles
Volume of HCL:
  = molarity of HCL










Due to the nature of doing the experiment by hand it leaves the room for human error, this could be the case when reading the Burette incorrectly or realising more NaOH into the solution, than was needed, for the solution to turn basic.

For example, when you look at figure 1 you can see that after the first result the solution reaches the end point when 19.10mL of the solution is mixed with the HCL then when we repeated the experiment again, the end point was 19.00mL with the indicator being a lighter shade of pink this being our most accurate reading, finally repeating the experiment one last time we once again got the same result of 19.10mL this is due to human error and not having steady enough hands to control the speed at which the NaOH is released from the burette.

One field where titration is implemented practically is within the field conventional explosives such as propellants and pyrotechnics such as when determining the amounts of ammonium nitrate and ethylenediamine dinitrate in a composite material [1], the method of titration is different however and is called potentiometric titration this is when they don't use an indicator to detect the change instead they use electric potential through the substance.


[bookmark: _Toc1584781535]Conclusion
Experimental findings support the original hypothesis as having the knowledge of the titrant's molarity leads to the Titration method adequately providing the endpoint, allowing for the calculation of the Molarity of the unknown concentration of the HCL.  mol/L

However, as stated the results were only adequate as demonstrated by the room for human error. A more accurate method (appropriate for laboratory use) would be the use of a fully automated form of titration that would be able to find the exact endpoint for the most accurate results. Nevertheless, this form of titration has appropriate application where the exact endpoint and precision are not critical. For example, testing the quality of drinking wells in places that do not have the luxury of water treatment plants. [2]
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