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This experiment aims to determine the concentration of an unknown sample of hydrochloric acid (HCl) by titrating it with Sodium Hydroxide (NaOH) and using Phenolphthalein as an indicator. HCl is a strong acid, NaOH is a strong base, and both dissociate in water. When mixed, they produce salt and water and undergo a neutralisation reaction, as seen below.
HCl (aq)  +  NaOH (aq)  -------->  NaCl (aq)  +  H2O (I)
This neutralisation reaction can be written as a Net Ionic equation, as seen below.
H+(aq)  +  OH- (aq)  --------->  H2O(I)
Titration is a technique used to determine the unknown concentration of an acid or base by adding a titrant of known concentration, and this proceeds until the reaction reaches its equivalence point. This will mean that the number of moles of acid is equal to the number of moles of the base. This equivalence point can be observed by the indicator (Phenolphthalein) changing colour, and the moment it changes colour is known as the endpoint. Phenolphthalein is colourless in an acidic solution but will turn pink once the solution turns basic. When this endpoint is achieved, it can be seen by the net ionic equation that the moles of H+ and the moles of OH- are equal. The number of moles of HCl and NaOH are also equal at the endpoint, according to the molecular chemical equation.
The molarity equation M = n/v, n being the number of moles and v being volume, can be rearranged to find the number of moles, and we can then use this to find the concentration of the acid by
MAVA  =  MBVB
Where MA is the concentration of the acid to be calculated (HCl), VA is the volume of acid (HCl), MB is the molarity of the standard base solution (NaOH), and VB is the volume of the base solution (NaOH). 
This experiment hypothesises that if NaOH is added to HCl in a controlled manner, then the volume required to reach neutralisation can be used to calculate its concentration. 
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	FLASK
	1 Rough Titration
	2
	3
	4

	VHCl (L) from pipette
	0.025
	0.025
	0.025
	0.015

	Initial Burete Reading 
	0
	16.5
	33.1
	38.8

	Final Burette Reading
	16.5
	33.1
	46.5
	49.6

	VNaOH (L)
	0.0165
	0.0166
	0.0134
	0.0108

	Moles of NaOH
	0.00165
	0.00166
	0.00134
	0.00108

	Moles of HCl
	0.0017
	0.0017
	0.0017
	0.00102

	Molarity of HCl
	0.0658 M
	0.0662 M
	0.0535 M
	0.0718 M



Sample calculations of the above moles and molarity of HCl and NaOH.
M = n/v
n = M x V
n = 0.09977 M x 0.0165 L
n = 0.00165 moles

MAVA  =  MBVB
MA = ( MBVB) / VA
MA = (0.09977 M x 0.0165 L) / 0.025 L
MA = 0.0658 M
These results show a consistency in the amount of NaOH between the rough titration and titration 2. However, volume differences were outlined in titration 3, which called for the need for titration 4. These differences (note: volume of HCl of 4 differed to titrations 1-3 due to its availability during the experiment) continued into this fourth titration, and the molarity of HCl differed greatly. Despite the volume difference, you would expect the molarity of HCl to be similar. Due to the inconsistent results, it was therefore impossible to calculate an average concentration of HCl needed to reach the equivalence point due to the differing volume of NaOH.
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In this experiment, the volume of NaOH needed to reach the endpoint and therefore neutralise the HCl solutions varied considerably more than what was to be expected. This, therefore, made it difficult to obtain a reliable average of the NaOH needed. The titration results ideally need to be consistent and should follow a 1:1 molar ratio, however, the inconsistent values in this experiment suggest potential experiment errors that, therefore, impacted the precision and accuracy.
This variation in NaOH volumes could be due to several factors, such as inconsistent or inadequate mixing of the conical flask under the burette, inadequate washing of the equipment at the start of the experiment, or subjective errors in the endpoint detection. In a similar vein, if the first endpoint was detected by inserting too much NaOH into the solution, it could have gone past its equivalence point and, therefore, meant an inaccurate amount of NaOH was needed on the next test to match the first result. Also, the flow rate of NaOH varied over the 4 titrations, this can lead to discrepancies of when the colour change was observed. Due to these inconsistent results, the consequential HCl concentration is unreliable, and the experiment to obtain accurate results would need to be repeated. 
Sources of error in this experiment could also have occurred by obtaining a parallax error by misreading the burette due to not being at eye level. There can also be subjectivity when judging the colour change of the indicator and, therefore, can lead to inaccurate NaOH volumes. Equipment accuracy can also be a factor as the burette and pipette can have precision limitations and, therefore, provide inaccurate readings. 
Potential improvements on this experiment could be using a pH meter to be able to detect the precise end point. Perform more titrations and trials to reduce random errors and get a clearer idea of averages. You could also use a digital burette to improve accuracy and help eradicate equipment inaccuracies. Standardisation could also improve accuracy by having consistent swirling of the conical flask and a more controlled NaOH flow rate.
In the Ordnance, Munitions and Explosives (OME) industry, acid-based titration techniques can be essential for safety, quality control and precise analysis. Non-aqueous titration can be used on explosives such as TNT and nitroglycerine, for example. This involves titrating explosive compounds in non-aqueous solvents, offering precise analytical results in solubility and reactions. [1] The aluminium content in explosives can be determined using potentiometric titration, which involves dissolving an explosive sample in nitric acid and being titrated with sodium fluoride. An electromotive force can then be observed using an electrode and can, therefore, determine accurate levels of aluminium [2]. Similarly, Metal-organic compounds can be analysed using thermometric titration, which detects enthalpy changes during the titration process. This method offers the ability to titrate compounds that cannot be analysed during normal titration methods [3][4].  These examples show the critical role of titration in the OME industry and how it can be used to ensure safety and quality whilst also giving precise results. 
[bookmark: _Toc192607769]Conclusions
This titration experiment aimed to find the concentration of Hydrochloric acid using a known Sodium Hydroxide amount. However, variations in the NaOH volumes across the four titrations made it difficult to obtain a reliable and consistent result and, therefore, led to uncertain final HCl concentrations. These inconsistencies are most likely due to difficulties in detecting the endpoint and subjectiveness in the colour change and/or equipment handling or cleaning errors. This, therefore, highlights the need for further testing under stricter controls, for example, using a pH meter for more precise measurements and ensuring standardisation across NaOH flow rate and mixing techniques.
Despite these challenges, this experiment shows the importance of titration in chemistry and highlights the need for it within the OME industry to ensure safety and meet environmental standards in both production and disposal.
Areas of future research based on titration and this experiment could be repeating the experiment with improved endpoint detection by using pH meters or using different indicators to find the most precise colour change near the equivalence point. This experiment could also be conducted under different conditions, such as temperature, to show if temperature affects the titration process and alters results. In other areas, further research by titration could be conducted to prevent environmental hazards such as acid rain and its effects on bodies of water such as lakes. Finally, general experiments that could minimise experimental errors in titration could be conducted by studying the impacts of burette and pipette sizes and their precision and accuracy as well as minimising human errors.
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[bookmark: _Toc192607773]Materials and Equipment
· 100 ml of standard NaOH solution MB = 0.09977 mol/L
· 100 ml HCL solution
· Phenolphthalein indictor

· 1 x Burette 50 ml attached to a stand and clamp
· 1 x Pipette 5 ml with pipette filler
· 3 x Erlenmeyer conical flasks 100 ml
· 1 x Plastic pipette
· 1 x Wash bottle with deionised water
· 1 x Graduated cylinder 100 ml
· 1 x white paper to go underneath titration flask
· 1 x waste beaker

[bookmark: _Toc192607774]Methods
1. [bookmark: _Toc192607775]Wash the 5 ml pipette with deionised water and then a small amount of HCl and discard in the waste beaker.
2. [bookmark: _Toc192607776]Wash the burette with deionised water and then a small amount of NaOH and discard in the waste beaker.
3. [bookmark: _Toc192607777]Wash the 3 Erlenmeyer conical flasks with deionised water.
4. [bookmark: _Toc192607778]Use a funnel to fill the burette with NaOH solution and run the solution through the tap until the bottom of the meniscus is on the zero level. Ensure that no air bubbles are present.
5. [bookmark: _Toc192607779]Record the reading on the burette.
6. [bookmark: _Toc192607780]Use the 5 ml pipette to place 25 ml of HCl in the three Erlenmeyer conical flasks.
7. [bookmark: _Toc192607781]Add 3-4 drops of phenolphthalein indicator in each flask and swirl the flask gently to mix.
8. [bookmark: _Toc192607782]Add approximately 10 ml of deionised water to the conical flask using a graduated cylinder.
9. [bookmark: _Toc192607783]Perform a rough titration by using the tap of the burette to run the NaOH solution into the first conical flask. Mix it thoroughly during this process and until it changes colour to pink. This gives you an estimated volume of NaOH needed to neutralise the HCl.
10. [bookmark: _Toc192607784]Record the reading on the burette.
11. [bookmark: _Toc192607785]Repeat step 9 into the next conical flask, but this time, use a slower drip rate when you near the rough titration volume. Make sure to mix it throughout. By slowing the drip rate, you will be able to read the volume of HCl required to neutralise the solution to one drop (0.04 ml)
12. [bookmark: _Toc192607786]Take reading when neutralisation is obtained.
13. [bookmark: _Toc192607787]Repeat steps 11-12 in the final flask and repeat if necessary to obtain satisfactory results.
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