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1. [bookmark: _Toc193811687]Introduction
[bookmark: _Toc193811688]1. a. Purpose of the experiment
The purpose of this experiment in to discover the concentration of an unknown sample of hydrochloric acid, HCl, by reacting it with a standard solution of sodium hydroxide, NaOH (base).
[bookmark: _Toc193811689]1. b. The Hypotheses
To accurately determine the molarity o a solution using a neutralisation reaction
[bookmark: _Toc193811690]1. c. The Variables and Equations
The variables of the experiment are 100ml of NaOH with 0.09977 mol/L and 100ml of HCl with an unknown concentration. 
Moles solute =M × V
Moles acid = MA × VA
Moles base = MB × VB
MA × VA = MB × VB

2. [bookmark: _Toc193811691]Results
[bookmark: _Toc193811692]2. a. Experimental Data
	FLASK
	1 Rough Titration
	2
	3

	VHCl(mL) from pipette
	25mL
	25mL
	25mL

	Initial burette reading
	0.00
	16.80
	33.40

	Final burette reading
	16.80
	33.40
	49.98

	VNaOH(mL)

	16.80
	16.60
	16.58

	Moles of NaOH

	1.676
	1.656
	1.654

	Moles of HCl

	1.676
	1.656
	1.655

	Molarity of HCl 

	0.067
	0.066
	0.066



[bookmark: _Toc193811693]2. c. Key Findings and Patterns
The molarity of the hydrochloric acid, HCl, is consistently showing as 0.66 mol/L, which is a lesser molarity than the sodium hydroxide, NaOH. The moles of HCl and NaOH for the second two attempts are extremely similar.
3. [bookmark: _Toc193811694]Discussion
[bookmark: _Toc193811695]3. a. Results and Significance
The results show a significant similarity, showing that the experiment was completed accurately. If the results were unique to one another then a different molarity of HCl was used for each experiment which would be an error, therefore skewing your results. 
[bookmark: _Toc193811696]3. b. Relevance to OME
Titration can be used in OME to test the quality and composition of intensive high explosives, 3-nitro-1,2,4-triazol-5-one (NTO). “The weakly acidic character of this compound is exploited for its testing of quality by aqueous acid-base titration. The NTO sample was dissolved in water and the resultant solution was titrated against 0.07 N NaOH solution using phenolphthalein as indicator.” [1]
[bookmark: _Toc193811697]3. c. Limitations/Sources of Error
A limitation of this experiment would be the accuracy of the equipment used as if any measurements are read wrong due to parallax error. Furthermore, lack of attention to the flow of the sodium hydroxide can lead to the experiment being ruined as adding too much can make the solution too pink, which is an inaccurate data reading. The method is based on a weak base/strong acid concept but doesn’t consider that if the number of moles is the same in the acid and the base. [2]
4. [bookmark: _Toc193811698]Conclusion
[bookmark: _Toc193811699]4. a. Summary
To summarise, the experiment did support the hypotheses as the molarity of the HCl was calculated. This gives an idea of the room for error when completing the experiment. 



[bookmark: _Toc193811700]4. b. Potential Directions for Future Research
Completing this experiment with different molarity of solutions to see if there is an active trend that can be visually interpreted. 
5. [bookmark: _Toc193811701]References
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6. [bookmark: _Toc193811702]Appendix
[bookmark: _Toc193811703]6. a. Materials and Methods
[bookmark: _Toc193811704]6. a. i. Materials
· ~ 100 mL of standard NaOH solution, MB = 0.09977 mol/L in a labelled beaker 
· ~ 100 mL HCl solution with an unknown concentration in a labelled beaker 
· Phenolphthalein indicator (colourless in acidic solution, pink in basic solution)
· 1x Burette, 50 mL attached to a burette stand with clamp
· 1x Pipette, 10 mL OR 5 mL, with pipette filler
· 3x Erlenmeyer (conical) flasks, 100 mL
· 1x Small funnel to fill the burette
· 1x Plastic pipette
· 1x Wash bottle with deionised water
· 1x Graduated cylinder, 100 mL
· 1x White tile or white paper to go under the titration flask
· 1x Beaker for the waste
[bookmark: _Toc193811705]6. a. ii. Method
1. Clean all equipment before use:
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
2. Using a small funnel, fill the burette with standard NaOH solution, running some of the solution through the tap, until the bottom of meniscus is just on the zero level. Ensure that there are no air bubbles trapped. Record initial reading.
3. Using the pipette filler place 25 mL of HCl solution in the three clean conical flasks.
4. Add 3-4 drops of phenolphthalein indicator to each flask with acid and swirl gently, then add approximately 10 mL of deionised water using a graduated cylinder.
5. Using the tap of the burette run the NaOH solution in the first conical flask, mixing thoroughly, until the solution changes colour to pink. This step is called rough titration and should allow the estimation of the volume of NaOH needed to neutralise the measured volume of HCl. Record the final reading.
6. Repeat step 5 for the next sample of HCl.
7. This time:
Run the NaOH into the acid /indicator/water mix until the volume of NaOH is within 2 mL of what it was in the rough titration (Step 5).
At this point run the base at a slower rate (dripping it slowly and shaking the solution in the flask) so the volume of HCl required to neutralise the solution to one drop (0.05 mL) can be read. Note: Take an accurate reading within 0.05 mL and take the reading at the first colour change in the solution
8. Repeat steps 6 and 7 until a satisfactory result is obtained
Two volumes of NaOH solution differ by no more than 0.10 mL for the same volumes of HCl

[bookmark: _Toc193811706]6. b. Original Data Sheet
[image: A white sheet with black text

AI-generated content may be incorrect.]
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