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An investigation was completed to determine the unknown molarity of a sample of hydrochloric acid through a neutralisation titration and the use of a standard solution of sodium hydroxide. The chemical reaction that took place is discussed, as well as the uses of titration in an ordnance, munitions and explosives environment.
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[bookmark: _Toc193880336]Introduction
[bookmark: _Toc193880337]Purpose of Experiment
The aim of the titration experiment is to determine the molarity of an unknown substance through its reaction with a standard solution [1]. A standard solution is one with an exact, known concentration [2].
[bookmark: _Toc193880338]Hypothesis
The neutralisation titration of a known quantity, but unknown molarity, of hydrochloric acid (HCl) will produce data on the quantity of a standard solution of sodium hydroxide (NaOH) needed to reach an equilibrium, which can then be used to calculate the molarity of the HCl.
[bookmark: _Toc193880339]Variables, Terms and Equations
[bookmark: _Hlk192591449]In this experiment, the independent variable is the volume of the titrant, which is the solution of known concentration that is added [3], NaOH in this case. The dependent variable is the pH value of the solution, which is measured by the colour change in the indicator. The control variables are the molarity of the NaOH, the volume and molarity (although unknown) of the HCl, the person reading the burette, and all the equipment used.
There are two equations used in the analysis of the results of the titration experiment, used to calculate the molarity of the HCl.
[bookmark: _Toc193880355]Equation 1 – The relationship between the molarity (M), moles (n) and volume (v) of a substance.

[bookmark: _Toc193880356]Equation 2 – The balanced equation for the reaction of hydrochloric acid and sodium hydroxide.

[bookmark: _Toc193880340]
Results
	
	Titration 1 (rough)
	Titration 2
	Titration 3

	Volume of HCl from pipette / mL
	25.0
	25.0
	25.0

	Initial burette reading / mL
	0.00
	16.5
	33.1

	Final burette reading / mL
	16.5
	33.1
	49.7

	Volume of NaOH / mL
	16.5
	16.6
	16.6

	Moles of NaOH
	0.00165
	0.00166
	0.00166

	Moles of HCl
	0.00165
	0.00166
	0.00166

	Molarity of HCl
	0.0658
	0.0662
	0.0662


[bookmark: _Toc193880354]Table 1 – The results for the acid-base titration experiment.
Although the rough titration had a different value for the volume of NaOH to the equal second and third titrations, all values were still within 0.1mL of one another, as per the requirements for accurate results. The moles of NaOH and HCl were equal for each titration due to their 1:1 ratio in the balanced equation (equation 2).
After the calculations were done, the results for the molarity of HCl were within 0.01mL of each other, to three significant figures, for all three titrations. This highlights the precision of the experiment.




[bookmark: _Toc193880341]Discussion
[bookmark: _Toc193880342]Interpretation of Results
The results obtained support the hypothesis. The titration produced data on the volume of standard NaOH needed to neutralise the sample of HCl, which was then used to calculate its unknown molarity. 
Due to the 1:1 ratio of NaOH and HCl in the balanced equation (equation 2), the unknown molarity of HCl can be calculated when the volumes of standard NaOH and HCl needed for the neutralisation reaction are identified. This is done using phenolphthalein indicator, which turns colourless in acidic solutions and pink in basic solutions [4]. As HCl is acidic, the solution will be clear when the indicator is first added, and as the NaOH is added, the solution will become more basic until it is neutralised. When the solution is fully neutral, it is at the equivalence point [3]. Then, as the concentration of NaOH rises slightly higher than that of HCl, the phenolphthalein indicator will begin to turn a light, dusty pink. When the colour change is spotted, it is the endpoint of the experiment [3].
If the pH of the titration experiment had been recorded throughout, perhaps through use of a probe and a pH meter, the data could have been plotted against the volume of added NaOH to produce a titration curve. This gives a visual representation of the neutralisation reaction taking place and shows the equivalence point [5].
[image: ]
[bookmark: _Toc193880351]Figure 1 – An example titration curve of sodium hydroxide and hydrochloric acid where 25cm3 is required to neutralise the solution [5].
When the chemicals are neutralised, they have an equal number of moles. Using the known volume of HCl and of NaOH from the burette readings, the molarity of HCl can be calculated using equation 1.
[bookmark: _Toc193880352]Figure 2 – Molar calculations for titration 1.










[bookmark: _Toc193880353]Figure 3 – Molar calculations for titration 2 and 3, which had equal values for the volume of NaOH.















[bookmark: _Toc193880343]OME Applications
Titrations are used within an ordnance, munitions and explosives (OME) environment for the quality control of products [6], to ensure that the correct concentrations of each chemical are present. For example, when using Isophorone Diisocyanate (IPDI), a back titration is used to determine the isocyanate (-NCO) and hydroxyl (-OH) content and ensure the 1:1 ratio within the solution [7] during the production of composite propellants and secondary explosives. 
[bookmark: _Toc193880344]Limitations
In any experiment, there are limitations. Considering these reduces the potential for error and increases the accuracy of results. In the neutralisation titration experiment, one limitation to be considered is the parallax error when reading the meniscus of the NaOH in the burette. The meniscus is the concave line of liquid at the top of the container and is where the value of the volume should be read from [3]. This parallax error can be avoided by ensuring that the value is read at eye level.
Some further limitations are the use of phenolphthalein indicator and the choice of apparatus. Instead, the value of the pH of the solution could have been measured using a probe and a pH meter, to eradicate the subjectiveness of measuring colour change by eye. Moreover, the accuracy of taken measurements are limited by the scale of the apparatus [8], so the choice of measuring apparatus used, specifically the burette, could have been to a much higher level of precision to give more accurate results.


[bookmark: _Toc193880345]Conclusion
In conclusion, the hypothesis is correct. The neutralisation titration produced data on the volume of a standard solution of NaOH used to neutralise a sample of HCl, which was then used to calculate its unknown molarity. 
Further research would be obtained through the repetition of the experiment, with action to remove the limitations and gather more accurate data. This could be through an improvement of apparatus, like using a burette with a higher precision to allow for a more precise reading of the volume of NaOH, or by using a pH meter to pinpoint the equivalence point of the reaction exactly.
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[bookmark: _Toc193880348]Materials
· 100mL of standard NaOH solution with 0.09977mol/L
· 100mL of HCl solution with unknown concentration
· Phenolphthalein indicator
· Deionised water
· Clamp stand and clamps
· 50mL burette
· 10mL pipette
· 100mL conical flask x3
· Funnel
· Plastic pipette
· 100mL graduated cylinder
· White sheet of paper
· Waste beaker



[bookmark: _Toc193880349]Method
1. The glass pipette was washed with deionised water, then with HCl.
2. The burette was washed with deionised water, then NaOH.
3. The 3 conical flasks were washed with deionised water.
4. The funnel was placed in the burette and the NaOH was ran through the open tap.
5. The tap was closed, and the burette filled with NaOH until the meniscus was at zero and there were no air bubbles.
6. The initial reading on the burette was recorded.
7. 25mL of HCl was pipetted into each conical flask.
8. 3 drops of phenolphthalein indicator were added to each flask, and it was swirled gently.
9. 10mL of deionised water was added to each flask using a graduated cylinder.
10. The white paper was placed beneath the burette tap, with a conical flask on top.
11. The rough titration was completed by opening the tap of the burette to let the NaOH run through into the flask while swirling thoroughly, until the solution turned pink.
12. The final reading on the burette was recorded.
13. The next conical flask was placed below the burette.
14. The NaOH was ran through the burette until it was within 2mL of the result of the rough titration.
15. The NaOH was allowed to drip out of the burette at a very slow rate, with the flask being swirled gently until the solution turned a dusty pink.
16. The final reading on the burette was recorded.
17. The final conical flask was placed below the burette and steps 14-16 were repeated.
18. All solutions were emptied into the waste beaker and disposed of safely.
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[bookmark: _Toc193880350]Image of the Original Observation Sheet
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