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1. [bookmark: _Toc161904661]Introduction

The purpose of this experiment is to determine the molar concentration of a solution of hydrochloric acid (HCl) through titration with a sodium hydroxide (NaOH) solution of known molarity in the presence of phenolphthalein indicator. The molar concentration of HCl will be calculated using the formula:

Where  is the concentration of acid that must be calculated,  is the volume of the acid solution,  is the molarity of the base solution, and  is the volume of the base solution.
The hypothesis to be tested is that the molarity of a solution of an unknown molar concentration can be calculated using titration.
The Variables of this experiment are;
· Independent variables: 
· Volume of NaOH solution added (mL)
· Volume of Phenolphthalein indicator (mL)
· Dependent variables: 
· Volume of HCl solution (mL)
 Equation:

This is a neutralisation reaction, where the acid and base are neutralised into salt and water. The stoichiometric ratio of this reaction is 1:1.

2. [bookmark: _Toc161904662]Materials and Methods

2.1 [bookmark: _Toc161904663]Lab Tools and Supplies 

· 1x Burette (50 mL) 
· 1x Burette Stand with Clamp
· 1x Pipette (10 mL)
· 1x Pipette Filler
· 3x Conical flask (100 mL)
· 1x Small Funnel
· 1x Plastic Pipette (3mL)
· 1x Deionised Water (Wash Bottle)
· 1x Graduated Cylinder (10 mL)
· 1x White Tile/Paper
· 1x Beaker
· 80mL of NaOH Solution (M = 0.1026 mol/L)
· 80mL of HCl Solution (M = Unknown)
· Phenolphthalein Indicator#



2.2 [bookmark: _Toc161904664]Procedure

1. Wash the pipette (10mL) with deionised water from the wash bottle followed by a small volume of HCl, dispose of the washings. Wash the burette with deionised water from the wash bottle followed by a small amount of NaOH using the funnel, again dispose of the washings. Wash the conical flasks with a small amount of deionised water.
2. Using the small funnel, fill the burette with standard NaOH solution. Run some of the solution through the tap, until the bottom of meniscus is at zero. Ensure that there are trapped air bubbles. Record the reading on the burette.
3. Measure 25mL of the HCl into the three cleaned conical flasks. Use the 10mL pipette and pipette filler. Take care not to contaminate the pipette filler with HCl.
4. Using the plastic pipette, add 3 drops of phenolphthalein indicator to the three conical flasks containing the HCl, swirl gently to mix.
5. Using the graduated cylinder, add 10mL of deionised water to the conical flasks. This dilution makes the endpoint of the titration easier to observe.
6. With careful control of the tap on the burette, add the NaOH solution into the first conical flask. Swirl the conical flask to ensure the NaOH mixes thoroughly as it is added. As soon as the entire solution in the conical flask changes colour to pink, stop adding the NaOH solution. This first result will not be completely accurate and is a rough titration. You will be able to hone a more accurate measurement in further steps.
7. Record the final reading on the burette.
8. Repeat step 6, this time add the NaOH until the burette reading is within 2mL of the first titration result. The NaOH must then be added dropwise from this point, until the endpoint of the titration can be observed from a single drop. The burette reading can be taken to 0.05mL of precision.
9. Repeat step 6-8 until a satisfactory result has been obtained. Two readings of NaOH should not differ by any more than 0.10mL for the same volumes of HCl.

2 [bookmark: _Toc161904665]Results

	Flask
	Titration 1
	Titration 2
	Titration 3

	Volume HCl (mL)
	25.00
	25.00
	25.00

	Initial burette reading (mL)
	0.00
	0.00
	0.00

	Final Burette Reading (mL)
	19.10
	19.00
	19.10

	Volume NaOH (mL)
	19.10
	19.00
	19.10

	Moles of NaOH (NB)
	
	
	

	Moles of HCl (NA)
	
	
	

	Molarity of HCl (mol/L)
	
	
	


All three results are within 0.10mL of NaOH.
The volume of NaOH required for neutralization can be utilised to determine the molar concentration of the HCl solution.
Molarity of the standard base solution: 
Moles of NaOH;




Molarity of HCl;
Stoichiometric ratio of 1:1 means; 
number of moles of HCl = number of moles of NaOH

Using the equation for molarity[1];

We can solve for 
Therefore;

Using this equation we can calculate the molarity of the HCl;



Moles of HCl;



[bookmark: _Toc161904666]

3 Discussion
The results indicate the volume of NaOH required for neutralization, facilitating the determination of the molar concentration of HCl. The known concentration of NaOH is pivotal in achieving accurate titration results. All Three of the titration results were within 0.10mL of each other, which demonstrates consistency in carrying out the experiment.
This experiment is pertinent to OME as it underscores the significance of acid-base titration, a fundamental technique in analytical chemistry. 
Use of titration in the context of OME can be used for quality control [2]. In the manufacturing and handling of explosives, precise control over chemical composition and purity is paramount to ensure consistent performance and safety [3]. Titration techniques can be used to test the integrity and properties of a substance ensuring adherence to specifications. This can be used by titrating samples taken from production batches or storage facilities.
Potential limitations include measurement errors by anyone carrying out the experiment and assumptions of stoichiometric equivalence. There is also a risk of contamination disrupting the results. 
4 [bookmark: _Toc161904667][bookmark: _Toc51833419]Conclusion

The experiment successfully determines the molar concentration of the HCl solution through titration with NaOH. Future research directions may involve investigating advanced titration techniques and exploring the application of alternative indicators for enhanced accuracy in concentration determination.
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