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This experiment aims to determine the concentration of an unknown hydrochloric acid (HCl) solution by titrating it with a standard sodium hydroxide (NaOH) solution. Titration is a chemistry technique that is used in various fields. This includes ordnance, munitions, and explosives (OME), where precise chemical reactions play a crucial role in quality control and safety assessments. The hypothesis tested is that the titration will allow the accurate calculation of the unknown HCl concentration based on the neutralisation reaction:
HCI (aq) + NaOH (aq) → NaCl(aq) + H20(1)
In OME applications, titration is used to assess the stability and composition of chemical compounds used in explosives and propellants. Accurate neutralisation measurements ensure the correct formulation of explosive materials. This is important because it is used for safety and to prevent hazards [1].
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The chemical stability of explosives, propellants, and pyrotechnic compositions often depends on maintaining the correct pH balance. Acid-base titration is used in the quality control of nitrocellulose-based propellants and explosives to prevent material degradation that could lead to unintended detonations [2].
Additionally, titration is used as part of the demilitarisation efforts where chemical neutralisation is used to safely dispose of aged or unstable explosive materials [3]. The accurate determination of acid and base concentrations ensures proper neutralisation reactions, reducing environmental hazards and enhancing safety in military and industrial applications [4]. Advances in automated titration systems further improve precision, making the process more efficient in handling large-scale OME materials [5].
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The experimental data obtained are tabulated as follows:
	FLASK
	1 rough titration
	2
	3
	4

	V HCl (mL) 
from pipette
	25
	25
	25
	n/a

	Initial burette reading 
	0.00
	17.10
	33.50
	n/a

	Final burette reading
	17.10
	33.50
	49.60
	n/a

	V NaOH (mL) 

	17.10
	16.40
	16.10
	n/a

	Moles of NaOH
	0.00171 mol
	0.00164 mol
	0.00161 mol
	n/a

	Moles of HCl
	0.00171 mol
	0.00164 mol
	0.00161 mol
	n/a

	Molarity of HCl
	0.0684 mol/L
	0.0656 mol/L
	0.0644 mol/L
	n/a


The average molarity of the HCl solution was found to be approximately 0.0661 mol/L. 
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The moles of NaOH were calculated using the formula:
Moles of NaOH = Molarity of NaOH × Volume of NaOH (L)
Given that the molarity of NaOH is 0.09977 mol/L, and converting the NaOH volume from mL to L:
For the first trial: Moles of NaOH= 0.09977 x (17.10/1000) = 0.00171 mol
For the second trial: Moles of NaOH= 0.09977 x (16.40/1000) = 0.00164 mol
For the third trial: Moles of NaOH= 0.09977 x (16.10/1000) = 0.00161 mol
Since the reaction is a 1:1 molar ratio (from the balanced equation HCl + NaOH → NaCI +H20), the moles of HCl are equal to the moles of NaOH.
The molarity of HCl was determined using:
MHCl = Moles of HCl/Volume of HCl(L)
Since the volume of HCl used in each trial is 25mL=0.025 L:
For the first trial: MHCl=0.00171/0.025= 0.0684 mol/L
For the second trial: MHCl=0.00164/0.025= 0.0656 mol/L
For the third trial: MHCl=0.00161/0.025= 0.0644 mol/L
The average molarity of HCl is 0.0661 mol/L, and is calculated as:
MHCl,avg=(0.0684+0.0656+0.644)/3= 0.0661mol/L
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The titration results demonstrate a consistent and accurate determination of HCl concentration, confirming the hypothesis. 
The calculated average molarity of the hydrochloric acid solution was determined to be 0.0661 mol/L. This value was obtained by averaging the individual molarities from three titration trials, which were 0.0684 mol/L, 0.0656 mol/L, and 0.0644 mol/L, respectively. 
Usually, the small variation between these values indicates a high level of precision in the titration process. However, visually, the solution turned a deep pink rather than a faint pink at the endpoint, indicating that slightly too much NaOH may have been added. This suggests that the titration could have been performed more accurately by adding NaOH more slowly as the endpoint approached, ensuring a more precise colour change.
Errors that can affect the experiment:
· Misreading the meniscus on the burette.
· Small variations in the volume of the indicator added.
· Presence of carbon dioxide from air, which could slightly alter pH values.
Future improvements could involve using automated titration equipment to enhance precision and integrating pH meters for better endpoint detection [5].
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This experiment successfully determined the molarity of an unknown HCl solution using titration with NaOH. The findings confirm the effectiveness of titration in precise chemical quantification, which is critical in OME applications for maintaining the safety and reliability of explosive materials. Further research could explore automated titration methods for more refined accuracy in OME quality control and environmental management.
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