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1. [bookmark: _Toc161664443]Introduction
a. [bookmark: _Toc161664444]Purpose of the experiment
Determine the concentration of an unknown sample of hydrochloric acid, HCl, by reacting it with a standard solution of sodium hydroxide, NaOH (base) using an analytical technique called titration.
b. [bookmark: _Toc161664445]Hypothesis
As the basic NaOH is added to the acidic HCl solution, the pH in the Erlenmeyer flask will begin to neutralise. Once a perfect equilibrium of H+ ions to OH- ions is achieved at a pH of 7.0, the next drop NaOH will tip the solution into alkaline, and the indicator will react accordingly and stain the solution. Assuming the reaction has a stoichiometric ratio, we can use this equivalence point to calculate the previously unknown molarity of HCl solution.
c. [bookmark: _Toc161664446]Variables and equations
The independent variable of the experiment is the volume of NaOH solution required to illicit a reaction to the indicator, with the dependent variable being the resulting pH of the solution in the Erlenmeyer flask.
The formula for calculating molarity is given by:

Where is the number of moles and  is the volume of solution in litres (L) [1].
At the equivalence point in a neutralisation, the moles of acid are equal to the moles of the base [2], which can be expressed with:

Where  is the molarity of acid,  is the volume of acid in the Erlenmeyer flask,  is the molarity of the standard base solution, and is the volume of base solution used to neutralise the acid.
This equation can be rearranged to give us:


2. [bookmark: _Toc161664447]Materials and methods
a. [bookmark: _Toc161664448]Materials and equipment
Chemicals:
· 80ml of standard NaOH solution, MB=0.1026 mol/L in a labelled beaker
· 80ml HCl solution with an unknown concentration in a labelled beaker
· Phenolphthalein indicator (colourless in acidic solution, pink in basic solution)
Equipment:
· 1x Burette, 50mL attached to a burette stand with a clamp
· 1x Pipette, 10mL, with pipette filler
· 3x Erlenmeyer flasks, 100mL
· 1x Small funnel
· 1x Plastic pipette
· 1x Was bottle filled with deionised water
· 1x White paper
· 1x Waste beaker
· 1x Graduated cylinder
b. [bookmark: _Toc161664449]Experiment procedure
1. The equipment was washed before proceeding with the experiment.
· Pipette was washed with deionised water followed by a small volume of HCl; the washings were discarded
· Burette was washed with deionised water followed by a small volume of NaOH; the washings were discarded
· Erlenmeyer flasks were washed with deionised water
2. Using a small funnel, the burette was filled with standard NaOH solution, with some of the solution running through the tap, until the bottom of the meniscus was just on the zero level. 
3. 25mL of HCl solution was placed into the three clean Erlenmeyer flasks using the pipette and pipette filler.
4. 3-4 drops of phenolphthalein indicator was added to each flask with acid and swirled gently, the approximately 10mL of deionised water was added using a graduated cylinder.
5. A rough titration was performed using the tap of the burette to run the NaOH solution into the first Erlenmeyer flask, mixing thoroughly, until the solution changed colour to pink. This gave an estimated volume of NaOH needed to neutralise the measured volume of HCl.
6. For the next titration attempt, the NaOH was ran into the acid/indicator mix until the volume of NaOH was within 2mL of the rough titration result.  At this point the rate was slowed to that of a drip so that a reading of the volume of HCl required to neutralise the solution can be taken to one drop (0.05mL).
7. A final titration was performed, and a satisfactory result was obtained where the two volumes of NaOH solution differed no more than 0.10mL to neutralise the same volumes of HCl. 

3. [bookmark: _Toc161664450]Results
a. [bookmark: _Toc161664451]Experimental Data
The results of the experiment are as follows:
	FLASK
	1st titration (rough)
	2nd titration
	3rd titration

	V HCl (mL) from pipette
	25.00
	25.00
	25.00

	Initial burette reading
	20.00
	6.70
	26.70

	Final burette reading
	39.55
	26.70
	46.65

	V NaOH (mL)
	19.55
	20.00
	19.95

	Moles of NaOH
	2.006 x10-3
	2.052 x10-3
	2.047 x10-3

	Moles of HCl
	2.006 x10-3
	2.052 x10-3
	2.047 x10-3

	Molarity of HCl
	0.082
	0.082
	0.082



The molarity of standard base solution was given as mol/L.
b. [bookmark: _Toc161664452]Tables, graphs, and figures
The visual results of the experiment are as follows:
[image: A few beakers with purple liquid

Description automatically generated]
Figure 1 - Titration results from left to right: rough titration,1st titration, 2nd titration.
Our final titration has a barely perceivable tint in colour owing to a very minimal amount of the phenolphthalein indicator reacting to the available hydroxide ions. This is means that the results gleaned from this iteration of the experiment are our most accurate findings.
c. [bookmark: _Toc161664453]Key findings
Using the final titration as a basis, we can see that the molarity of HCl is 0.0819mol/L, to an equal degree of significance as the given . This was achieved by using the formula:

We can then see that there is an equal number of moles of HCl and NaOH in the final solution, given by:


4. [bookmark: _Toc161664454]Discussion
a. [bookmark: _Toc161664455]Interpretation and significance
We can interpret the results of the experiment and observe a relationship between the independent and dependant variable. Using this observation we can identify the equivalence point of the reaction where the moles of each reagent are in a stoichiometric ratio. 
b. [bookmark: _Toc161664456]Relevance to Ordnance, Munitions, and Explosives engineering
Titration can help with the chemical manufacturing of explosives with quality control and environmental sustainability compliance [3]. 
In quality control, titrations can be used in testing the concentration of reagents. The production of nitro glycerine, trinitrotoluene, and trimethylene trinitramine require nitrating acids, Acid-base titrations are used to provide a rapid analysis of the process acids [4]. Explosive compounds manufactured through C-Nitration, O-Nitration, and N-Nitration all require a mixture of nitric and sulfuric acids [5], so efficient yield the correct molarity needs to be tightly controlled.
Titrations can be used to check the level of pollution being produced by a chemical factory. The Health and Safety Executive gives guidelines on Explosive Regulations which require a commitment to protecting the environment; titrations can be used as a monitoring tool for these pollutants in the ground water, and to determine the chemical effluents coming from a manufacturing facility [3].
c. [bookmark: _Toc161664457]Limitations of the experiment
A titration is a destructive method, both reagents are consumed during the experiment. This can be an expensive experiment in the OME industry and a potential waste of reagents.
Titrations must take place in an aqueous form.
Human reaction time is also a limiting factor, that and the human eye’s ability to detect minute colour changes. Human error can also be introduced by inadvertently turning the knob on the burette the wrong way onto full and dumping in far too much NaOH by mistake.


5. [bookmark: _Toc161664458]Conclusion
a. [bookmark: _Toc161664459]Summary and evaluation
In conclusion, we can purpose that the initially unknown molarity of the HCl solution is in fact 0.0819mol/L, to 2dp, and accept our hypothesis. The solution forms a stoichiometric ratio with 0.1026mol/L NaOH, having an equal number of moles of each substance, 2.05×10-3 to 2dp.
With the impressively pale solution of saline and phenolphthalein indicator, we can confidently claim we have a high degree of accuracy, at least as high as we can achieve with the error value for our equipment.
b. [bookmark: _Toc161664460]Potential directions for future research
Human managed instruments and readings can only be so precise, to reduce human error an electronic pH meter could be implemented instead of relying on human evaluation of the indicator. The precision of the experiment is also limited to the precision of the equipment. Measuring with more accurate scales will also increase the accuracy of the results.
Glass is a fragile material but is used in titrations for its non-reactivity. Future advances in technology could yield a replacement material that has the benefits of glass, but without its hazardous brittle nature [6].
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