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Titration
Determine the concentration of a solution of hydrochloric acid, HCL using a standard solution of sodium hydroxide, NaOH.
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[bookmark: _Toc129183174][bookmark: _Toc132287268]Aim
The aim of titration is to find the equivalence point between two reactants with one generally with an unknown concentration. 
Our experiment was to determine the concentration of HCl using a standard solution of NaOH with a concentration of 0.1002Mol/L. Using the Standard solution and moles = concentration x volume we can figure out the concentration of an unknown solution.
[bookmark: _Toc129183175][bookmark: _Toc132287269]Theory
The definition of Titration according to the Cambridge Dictionary “a method of finding exactly how much of a substance there is in a solution by gradually adding measured amounts of another substance that reacts to it in a known way, for example by causing a colour change” [1]

The definition of a standard solution according to Education “A standard solution is a a solution of accurately known concentration prepared from a primary standard (a compound which is stable, of high purity, highly soluble in water and of a high molar mass to allow for accurate weighing) that is weighed accurately and made up to a fixed volume.” [2]

Phenolphthalein indicator is a weak organic acid and is commonly used in acid-based titrations, in an acidic solution the is colourless, when the solution is above PH9 [3], the indicator will become a pink colour. Using this indicator allows us to see using a standard solution mean we can work out the molarity of an unknown solution. 
In this experiment we used a class B burette meaning one drop is approximately 0.05ml therefore all measurements should be to 2 decimal places and the final figure be either 0 or 5.
 In order to get accurate results the glassware must be read correctly, a meniscus is the curve at the surface of a liquid touching the sides of the glassware. This is produced from surface tension; you measure from the bottom of meniscus for an accurate measurement. 

Chemical equations
Moles = volume * concentration

Amolarity * AVolume = Bmolarity * BVolume
This equation only works at the equivalence point Where the moles of the acid = the moles of the base. 

Applicable to OME
At defence manufacturing sites there are Regulations on the quality of water waste which must be adhered to. Titration can be sued to ensure that the concentration of contaminants such as ammonia are below the regulated amount. These regulations also effect other manufacturing processes such as [4].
Titration can also be used to check the quality of ingredients and munitions to ensure that the correct concentration of materials is present to ensure the munition has the expect outcome on the battlefield. Titration is also used for this purpose in the pharmaceutical industry shown in [5]
Titration can also be used to detect and calculate the exact concentration of an unknown substance in a munition. 
[bookmark: _Toc129183176][bookmark: _Toc132287270]Health and safety
Both HCL and NaOH are corrosive and can cause burns if they come into contact with skin or eyes so appropriate PPE must be worn. This is shown in the safety data sheet for both HCL [6] and NaOH [7]
The reaction between NaOH and HCL is a exothermic reaction, therefore the mixing of these substances needs to be at a controlled speed to limit the temperature
The substances if not disposed of correctly can have environmental impacts, therefore the waste is to be put into a waste flask to be disposed of correctly, this must be found out from local regulations but will include neutralisation and dilution.
Safety equipment 
· Lab coats – These are worn to contamination and spread of chemicals outside of the lab.
· Goggles – These protect the user’s eyes from potential hazards.
· Gloves – protect skin from corrosive or irritable materials [6].

[bookmark: _Toc129183177][bookmark: _Toc132287271]Chemicals and equipment
Chemicals
· 100ml of standard NaOH solution 
· 100ml of HCl solution – unknown concentration 
· Phenolphthalein indicator  

Equipment
· Burette 50ml
· Pipette 10ml
· Pipette 5ml
· Small funnel
· 3x Conical flasks 250ml
· Glass rod
· White tile
· Waste beaker
[bookmark: _Toc129183178][bookmark: _Toc132287272]Procedure
1. Firstly, begin with washing the equipment and ensuring none is damaged, to clean the pipette use a small amount of HCL and discard into a spare conical flask to be appropriately disposed of at the end of the experiment. The Burette is to be washed using NaOH using a funnel, the NaOH is also to put into the waste conical flask. The conical flask being used for the experiment can be cleaned using distilled water, ensure the flask is dry after as this can dilute the solution. 
2. Use the small funnel to fill the burette to with NaOH to the top, place the waste glass under the burette, and run some NaOH out the tap into the waste glass until the bottom of the meniscus is at the 0 level with no air bubbles trapped.
3. Using the pipette fill 25ml of HCL into a clean conical flask and add 3-4 drops of phenolphthalein indicator to the same flask and stir gently using the glass rod.
4. Record the starting level of NaOH in the burette.
5. Place the flask with HCL and phenolphthalein under the burette on top of the white tile and gently open the tap, whilst the tap is open ensure the solution in the flask is being mixed thoroughly. Once the solution turns pink shut the tap and mix the solution for 30 seconds, if it remains pink you have found the equivalent point, if it turns clear continue to carefully ass NaOH to the flask until it turns pink.
6. Record the final volume of NaOH in the burette.
7. Now repeat steps 2-6
8. Using the previous results of the volume of NaOH required this data can be used to Make this process more efficient. Run the NaOH within 2ml of the 1st titration then you can slow the rate of NaOH to ensure a precise volume is used to equalise the solution.
9. Repeat steps 6-8 until you have 3 complete titrations.
[bookmark: _Toc129183179][bookmark: _Toc132287273]Observations
We found that it was quite difficult to control the flow as it required very small movements. This meant it was easy to go over the equivalence point. Once over the equivalence point that titration was unusable so it had to be started from the beginning. It was a very simple procedure meaning that no specific training is required. 
[bookmark: _Toc129183180][bookmark: _Toc132287274]Calculations
Shown below in figure 1 can see the rough workings out of the calculations to work out the molarity and the number of moles in the solutions.
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Figure 1






[bookmark: _Toc129183181][bookmark: _Toc132287275]Results
The original copy is in figure 2 in the appendix 
	Flask
	Rough titrations 1
	2
	3

	V HCL
	25.00
	25.00
	25.00

	Initial burette reading
	2.20
	19.55
	21.60

	Final burette reading
	18.95
	35.75
	38.20

	V NaOH
	16.75
	16.20
	16.60

	Moles of NaOH
	1.623x10^-3 Moles
	1.623x10^-3 Moles
	1.623x10^-3 Moles

	Moles HCL
	1.678x10^-3 Moles
	1.62324x10^-3 Moles
	1.663x10^-3 Moles

	Molarity of HCl
	0.0671Mol/L
	0.649 Mol/L
	0.0665Mol/L



[bookmark: _Toc129183182][bookmark: _Toc132287276]Conclusion
Positives
When done correctly it is a highly accurate process
The costs to do get the equipment and reactants are relatively cheap to acquire compared to alternatives.
The process of titrations is simple and doesn’t require any special training or skills.
Negatives
During the process of completing this experiment it is very easy to add too much of the solution and go past the equivalence point, this cannot not be redone and creates inaccurate results.
Human error can occur in multiple ways, the burette has to be read correctly to show a accurate measurement. To control the flow out of the tap the operator must has fine control over the tap to allow for small adjustments to flow. 
Depending on the user the duration of the test can vary massively. If the first titration was relatively accurate the next titration will occur quickly
The standard solution must be accurate to be able to identify the concentration of the unknown solution. Without an accurate standard the solution it will skew the results.

Titration is a simple and effective method of calculating the concentration of an unknown solution requiring little skill and finances compared to other processes.
[bookmark: _Toc132287277]Alternatives
Spectroscopy – This involves measuring the absorption or emission of light to determine the concentration of a substance. 
Conductivity – involves testing the conductivity of a solution which can be used to calculate the concentration of a solution.
Gravimetry – involves measuring the mass of a sample before and after a chemical reaction to determine the amount of a specific component in the sample.
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