	ACDB 4011: Titration Lab Report

	Cameron Lane- OME Apprentice













Table of Contents
Introduction	1
Results	1
Discussion	2
OME Applications	3
Conclusions	3
Appendix	4
Appendix A – Method and Materials	4
Appendix B – Results Sheet	5
References	6

[bookmark: _Toc193875780][bookmark: _Toc193919715]Introduction
The second lab session conducted was a titration was a titration of hydrochloric acid with sodium hydroxide. This was to test the hypothesis that the concentration of the hydrochloric acid can be calculated through carefully measuring the amount of a known concentration of sodium hydroxide required to neutralise all of the acid. The aim of the experiment therefore was to perform an accurate measure of the volume of sodium hydroxide added, to enable the calculations for the molarity of the hydrochloric acid. The independent variable being measured was the quantity of sodium hydroxide solution required to neutralise the [11] hydrochloric acid. The dependent variable for this experiment was the colour of the solution when neutralised. The control variables for this were the concentration of sodium hydroxide and the quantity of hydrochloric acid being neutralised. 
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Table 1, seen below, shows the results of the experiment. The first titration conducted, using flask one, was a rough titration, to get an understanding of roughly where the result should be for following flasks. This gave the slightly higher figure of 16.85mL, and it was clear that we had gone far beyond the neutralisation point from the deep pink colour produced. The second flask was more accurate, based on the results of the rough titration, as we could slow down closer to the measured value. This gives the result of 16.7mL lower as it should have been, but also resulted in a strong pink colour, again indicating that the neutralisation point had been missed. Flask 3 was the final titration we conducted, to get the most precise result. This resulted in a value of 16.29mL, which varied significantly from the first two results. This flask did however result in a far better colour at this result, only a hint of pink visible, indicating that there is far less excess sodium hydroxide present, from better use of the burette. 
	Flask Number
	1
	2
	3

	Volume HCl (mL)
	25
	25
	25

	Initial Burette Reading (mL)
	0.00
	16.85
	22.62

	Final Burette Reading (mL)
	16.85
	33.55
	38.91

	Volume NaOH (mL)
	16.85
	16.7
	16.29

	Moles of NaOH
	0.001681
	0.001666
	0.001625

	Moles of HCL
	0.001681
	0.001666
	0.001625

	Molarity of HCl- (mol/L)
	0.06724
	0.06664
	0.06500


Table 1- Results Table

There are a number of different possibilities for the cause of this variation in results. The first possibility is that the first two results were significantly higher than the actual neutralisation point, and that the final result is an accurate reading. This is possible for the first result, however, is unlikely for the second as we knew roughly where the result should be, so could measure more accurately around that number. Another possibility is that the amount of hydrochloric acid being neutralised was wrongly measured, resulting in a lesser amount of sodium hydroxide required to neutralise it. This could be due to misreading the graduations on the pipette, an error multiplied by measuring 9 times in total, or by not correctly accounting for the meniscus. The last potential source of error resulting in this reading is that the amount of sodium hydroxide was wrongly measured. These later two points are both down to human error, although there is no way to tell which is responsible of the two.
The best way to improve upon these errors is to repeat the experiment. This would allow for any outliers to be identified and removed, resulting in a more accurate result, as well as averaging out the minor errors from the reading of the meniscus. More accurate equipment could also be use, particularly a larger pipette, so the hydrochloric acid is not being measured repeatedly to get the correct volume. A method of detecting the indicator that does not rely on the human eye would also result in greater accuracy, as the titration should be stopped at the earliest sign of change, which may not be picked up by the human eye as well.
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The results above show the amount of sodium hydroxide required to neutralise the unknown concentration of acid. From this value, the concentration of the acid can be calculated through a number of steps. Listed below is the equation of the reaction occurring during the experiment, equation 1. 

          Equation 1
From this equation we can see that 1 mole of sodium hydroxide is required to neutralise one mole of hydrochloric acid, resulting in one mole of sodium chloride and one mole of water. This means that for the hydrochloric acid in the solution to be neutralised, an equal amount of sodium hydroxide is required, as it is a stoichiometrically equivalent reaction. First the moles of sodium hydroxide need to be calculated. This is done using the equation n = c * v, where n is the moles, c the concentration in mol/L, and v the volume in mL. The concentration of the sodium hydroxide is known, 0.09977 mol/L, so multiplying this by the volume of solution added gives the moles of sodium hydroxide added. The three calculations are listed below, based on the first equation listed below:




These values are the amount of sodium hydroxide that was used to neutralise the hydrochloric acid in each flask. As the reaction takes one mole of each, these values are also the amount of moles of hydrochloric acid present in the solution being neutralised. From this, the concentration of the acid can be calculated, as shown below:



While there is a slight variation in the calculated molarity of the acid due to the accuracy of the base solution measured, utilising the two more accurate results it is clear that the molarity is roughly 0.066. This proves the hypothesis that a value of the molarity of the hydrochloric acid can be calculated.
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One significant use of titrations in the OME field is in the manufacture of Nitrocellulose, also known as guncotton. Nitrocellulose is produced through the reaction of cellulose and concentrated nitric acid, forming a mixture of mono-, (C6H9(NO2)O5), di-, (C6H702OH(NO2)2), and trinitrates, (C6H7O2(NO2)3) [1][8]. It is a vital product in the OME field, being essential to “virtually all gun propellants for over a hundred years”, as well as numerous applications in rocket propellants, and high explosive use in both commercial and military applications [5][6]. Nitrocellulose is however not very stable. In addition to its ease of detonation, leading to many accidents in initial years of research, nitrocellulose also breaks down on its own at room temperature, forming nitric acid as a product [6]. This breakdown is autocatalytic, the nitric acid acting as the catalyst to further speed up the breakdown forming more nitric acid. This is where titration can be of use. In a very similar way to how titration was used in the experiment conducted above, the amount of nitric acid left over after the production of nitrocellulose can be measured through carefully measuring the amount of a base required to neutralise it [1]. This allows for excess amounts to be neutralised, without damaging the nitrocellulose produced [10]. As nitrocellulose is a mixture of nitrates, the level of nitrogen present in the molecule varies from batch to batch [5]. One method of measuring this is with titrations, using either the Salicylic acid-subtitanium method or by Bowman’s method [3][11][12]. Salicylic acid-subtitanium is not however commonly used due to the difficulty of accurately measuring the results, and the cost of the subtitanium salt required for it, while the method proposed by Bowman has numerous steps to it requiring careful control, rendering it inferior to more modern, simpler methods [3][11][12]. Titration can also be used later in the life of nitrocellulose. While nitric acid is a catalyst for the breakdown of nitrocellulose, it still breaks down on its own. Titration can be used on a sample of nitrocellulose to see how much of the initial product has broken down, through measuring if there is nitric acid present and the quantity that is present if so. These three uses in the life of nitrocellulose are important safety issues in the OME field, as degraded explosives can have dramatically altered effects, either far less stable and hazardous, or less explosive and unreliable for use [2][4][7]. 
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The results of this experiment strongly support the hypothesis that the concentration of an unknown solution of hydrochloric acid can be calculated using the neutralisation of the acid by sodium hydroxide. The experiment shows that a titration could be used to neutralise a solution of hydrochloric acid, and that the amount of base required to neutralise this could be accurately measured. And based off the known concentration of sodium hydroxide used, it was possible to calculate a value for the concentration of the acid. The results gained from this experiment were not as precise as potentially possible, most likely due to human error, meaning that a definitive value cannot be given, however this experiment definitely proved that it is possible to calculate a value. 
The main source of error across this experiment is human error, primarily from taking measurements. Setting up the experiment and taking measurements during it rely on human judgment. Misreading a number or not factoring in the meniscus can lead to results different from their true value. The impact of this can be seen in the third result in the experiment. The point at which the indicator is visible can also be misjudged, again resulting in results different from the true value. To reduce the impact of these errors, the experiment could have been repeated more, so outliers can be identified, and the value of molarity of the hydrochloric acid can be averaged across a greater number of data points. Greater accuracy could also be gained through the use of more precise equipment, such as higher volume pipettes, limiting the potential for errors during measuring, and more accurate methods of measuring the point of change in the indicator, such as through colorimetry.
Further research into titrations could look into the wider applications in the OME field. As it is a method for accurately measuring a reactant, there should be significant use cases in testing in a wide variety of areas. Also of interest would be ways to utilise the equipment more accurately. During this experiment, the solutions were mixed through swirling the flask. While this worked, a more thorough method of mixing could result in more accurate results, as on a number of occasions it appeared that the solution had indicated. However, mixing for longer revealed that it was not mixed thoroughly enough, and more sodium hydroxide was still required. Other techniques could include the use of colorimetry, allowing the identification of the equalization point earlier than possible by the human eye.
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Chemicals:
· 100mL of NaOH solution, concentration 0.09977 mol/L, in a beaker
· 100mL of HCL solution, unknown concentration, in a beaker
· Phenolphthalein indicator
Equipment:
· 1x Burette, 50mL, held in place in a stand with a clamp
· 1x Pipette, 10mL, with pipette filler
· 3x Erlenmeyer flasks, 100mL
· 1x Small funnel to fill burette
· 1x Plastic pipette
· 1x Wash battle, filled with deionised water
· 1x Graduated cylinder
· 1x White tile
· 1x Waste beaker
Procedure:
1. Wash the equipment being used:
· Burette- Rinse with deionised water, discard, then rinse with NaOH solution, discard afterwards
· Pipette- Rinse with deionised water, discard, then rinse with HCL solution, discarding afterwards
· Erlenmeyer flasks- Rinse with deionised water
2. Fill the burette with NaOH solution, making sure that air bubbles are removed by running excess through the burette
3. Using the pipette, will the 3 Erlenmeyer flasks with 25mL of HCL solution
4. Add 3 drops of phenolphthalein indicator to each flask, before adding 10mL of deionised water, mixing gently
5. Conduct the first rough titration, mixing the flask as you add NaOH using the burette, until the solution changes to pink, to get a rough amount for how much NaOH is needed. Record this reading
6. Repeat step 5, dripping the NaOH solution using the burette when close to the reading found in the first test. This should be accurate to within 1 drop, 0.05mL. Record this
7. Repeat for the final flask, recording the result
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