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Figure 1
	Flask
	1
	2
	3
	

	VHCL(ml)
from pipette 
	25.00
	25.00
	25.00
	

	Initial Burette Reading 
	0.00
	17.10

	33.50
	

	Final Burette reading 
	17.10
	33.50
	49.60
	

	VNaOH (ml)
	17.10
	16.40
	16.10
	

	Moles of NaOH 
	1.71
	1.64
	1.17
	

	Moles of HCl
	1.71
	1.64
	1.16
	

	Molarity of HCl 
	0.06
	0.06
	0.06
	0.06
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Figure 1 [2]
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List of Equations 
	ΔE = h x f
	Energy difference (J) = Planck constant (Js) x frequency (Hz)

	C = f x λ
	Speed of light (ms-1) = frequency (Hz) x wavelength (m)

	MaVa= MbVb
	(Acid concentration (mol/ml))(acid volume (ml)) = (molarity of standard base (mol/ml))(volume of standard base (ml))

	M = n / v
	Molarity (mol/ml) = moles (mol) / standard volume (ml)
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	M
	Mole/Litre (Molarity)

	HCl
	Hydrochloric Acid Solution 

	NaOH
	Sodium Hydroxide 

	OME
	Ordnance, Munitions and Explosives 
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	Potential of Hydrogen 





1 [bookmark: _Toc193998054]Introduction, Initial Hypothesis and Results 
1.1 [bookmark: _Toc193998055]Introduction
Titration testing is the chemical practice used to determine the concentration of an unknown acid or alkali. The aim of this practical is to accurately confirm the concentration of an unknown sample of hydrochloric acid. This was completed by using sodium hydroxide as the reactor.
The dependant variable of the experiment is the final burette reading, measuring the NaOH quantity used in each titration experiment. The control variable is the equipment used, the concentration of the NaOH, the concentration of the HCL and the competency of the people completing the practical to maintain fair results. The independent variable is the final colour and potency of the final mixed solution.[1]
1.2 [bookmark: _Toc193998056]Initial hypothesis and found results 
The hypothesis of this experiment is that when the neutralising of the acid HCl using NaOH will result in a pale pink colouring when reacting with phenolphthalein and suggesting the initial point of neutralisation and therefore the molarity of the original acid can be calculated.
This hypothesis is base on phenolphthalein, as it is a weak acid when the pH is 8.2 and below, the acid is in a protonated form which is colourless. When the neutralisation occurs, meaning a rise in pH to above 8.2, of both the phenolphthalein and the HCl, the phenolphthalein changes to a deprotonated form, appearing pink in colour. [6]
Table 1 shows the results concluded form the ‘Titration Practical’. The morality of the standard base solution is previously given and is used in later calculations, NaOH has the molarity of 0.09977.
Table 1
	Flask
	1
	2
	3
	

	VHCL(ml)
from pipette 
	25.00
	25.00
	25.00
	

	Initial Burette Reading 
	0.00
	17.10

	33.50
	

	Final Burette reading 
	17.10
	33.50
	49.60
	

	VNaOH (ml)
	17.10
	16.40
	16.10
	

	Moles of NaOH 
	1.71
	1.64
	1.17
	

	Moles of HCl
	1.71
	1.64
	1.16
	

	Molarity of HCl 
	0.06
	0.06
	0.06
	0.06


These values were calculated through the following method.
Firstly, the Ma (Acid Concentration mol/dm3) is calculated. 
MaVa = MbVb
Ma = MbVb / Va
       = (0.09977 * x) / 25 
Where x is the dependant variable of the volume of used NaOH.
Where x = 17.1, Ma = 0.06824 mol/ml
Where x = 16.1, Ma = 0.064255 mol/ml
Where x = 16.4, Ma = 0.065449 mol/ml
Secondly, the Mole content of HCl and NaOH is calculated.
Molarity (mol/m3) = moles (mol) / standard volume (ml)
Mv = m
Where M = 0.09977 and v = 17.1, then m = 1.706061 mol
Where M = 0.09977 and v = 16.4, then m = 1.636228 mol
Where M = 0.09977 and v = 16.1, then m = 1.606297 mol

Where M = 0.06824 and v = 17.1, then m = 1.166904 mol
Where M = 0.065449 and v = 16.4, then m = 1.0733636 mol 
Where M = 0.064255 and v = 16.1, then m = 1.0345055 mol

The equations used can be simplified as the acid concentration is referred to in both equations, it can be written as Ma = MbVb / Va, then (MbVb / Va)v = m. 

1.3 [bookmark: _Toc193998057]Key findings and pattern observations  
Firstly, the reaction witnessed is the neutralisation of the acidic compound HCl by the addition of NaOH. This is visible to the naked eye as an activator of phenolphthalein changes from colourless to translucent pink. This testing is not exact as the final colour is difficult to regulate to a precise standard.  As shown in figure 1.
[image: Image result for titration experiment shades of pink]Figure 1 [2]
Secondly, it is observed that the greatest variance of volume added of NaOH is in the primary test, suggesting repetition of that test may produce a higher accuracy of a result. As shown in Table 1, consistent precision of 16.4ml and 16.1ml with a difference of a 0.3ml allowed by the tolerance of the equipment used. 
Finally, the variance in results suggest a reasonable precision as the process of titration has a high allowance for human and as well as a tolerance greater than the average difference.
[bookmark: _Toc193998058]2 Discussion of Experiment   
[bookmark: _Toc193998059]2.1 Experimental Significance 
The final molarity of the calculated HCl is the dependant variable of the practical. This was calculated using all the results across three different attempts and finally average to create a final value. This result is primary reason for titration testing as it is the morality of an unknown acid [3]. The final molarity was determined to be 0.06 mol/ml.
The unknown moles of NaOH were calculated by volume of the initial NaOH (25ml) multiplied by the given molarity. As the test was repeated with the same volume, to a 0.5ml accuracy, this repeated the same result across all three testing, maintaining the integrity of the control variable. 
The second calculated value is the moles of HCL, this is calculated by MaVa= MbVb where the product of the molarity of the standard solution and the standard solution volume is divided by the acid volume. 
The third calculated value is the molarity of HCl, where M is calculated by the number of moles over the volume. The mean is taken from the three calculated results. 
[bookmark: _Toc193998060]2.3 Relevance to OME 
Neutralisation and disposal are the most common use of titration in OME contexts, where the neutralisations of acids are required to correctly and safely store and disposed of left over compounds. To make the process efficient, the correct molarity is calculated, and the neutralisation process can be replicated. [5]
Quality control is highly important in OME where ensuring the correct molarity of a compound is needed for usage, storage, disposal and design. 
[bookmark: _Toc193998061]2.5 Error and limitations 
Titration results are evaluated by the colour change from colourless to translucent pink. A high accuracy concluding titration test results in a very light translucent pink however, there is no way to quantify this colour and precision across the three tests is minimal with significant variance. 
Precision of equipment can be a limitation where the resolution is can cause issues where multiple compounds are combined, where the equipment is accurate to either 0.5ml or 1ml, across multiple chemicals tolerance stacking occurs, meaning the final volumes and amounts can alter the results of calculations significantly. 
[bookmark: _Toc193998062]3 Conclusion 
[bookmark: _Toc193998063]3.1 Summarisation
The results have a low standard deviation, meaning a precise set of results, and has show to be an accurate result. Therefore, a summary of the data would suggest the molarity of HCl is 0.06 mol/m3.  This follows the initial hypothesis of a result with a variance of 0.1 precision. 
[bookmark: _Toc193998064]3.2 Future research 
Current researching how titration can advance the method where electrical conductivity can be measured using a method called Conductometric Titration. [4] This method uses a sudden change in conductivity to imply the stoichiometric point has been reached, rather than using sudden colour change to imply neutralisation. This method has the potential advantage of being highly accurate, precise and having a far lower expectation of human error due to all results being quantifiable.  
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[bookmark: _Toc193998067]1 Materials and methods 
Materials
· 100ml NaOH solution 
· 100ml HCl solution 
· Phenolphthalein 
· Burette 
· Pipette 
· Erlenmeyer flask
· Small funnel 
· Plastic pipette 
· Wash bottle with deionised water
· Graduated cylinder 
· White paper 
· Beaker for waste 
Method
1. Sufficient washing using the deionised water. This is to remove all residue or contaminants which may alter the results at any point. Each piece of equipment should be washed using this method. 
2. Using the funnel, pour the NaOH solution into the burette, running the valve until the level reaches the zero point.
3. Place 25ml of HCL into each three conical flasks using the Pipette.
4. Add an equal amount of phenolphthalein into each flask to ensure consistency through the experiment – suggested 3 to 4 drops.
5. Slowly, agitating the mixture through circular movements, add the NaOH solution to the acid until there is a colour shift from colourless to light pink, recording all results and quantity changes.
6. Repeat and average results to ensure precision and remove outliers.  
2 [bookmark: _Toc193998068]Original Data sheet [image: ]and Calculations 
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