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[bookmark: _Toc132542338]1.	Aim
The aim of this report is to determine the concentration of an unknown solution of hydrochloric acid. As this report will show, this was determined through a titration experiment, where a titrant of sodium hydroxide of known concentration was used to neutralise the acid: complete neutralisation was shown with the use of phenolphthalein indicator. Utilising the volume of sodium hydroxide needed to neutralise the acid, and its known concentration, these were then used to determine the molarity and the number of moles of hydrochloric acid. 
1.1 [bookmark: _Toc132542339]Main Tasks
I. Conduct the titration.
II. Record the results.
III. Calculate the moles and molarity of hydrochloric acid from a known concentration of sodium hydroxide.
IV. Produce a report detailing the experiment and its findings. 
[bookmark: _Toc132542340]2.	Theory
The determination of the concentration of an unknown solution of HCl can be found through a process called titration. This requires using an alkaline solution of known concentration, a standard solution, and adding a measured volume of this standard solution (NaOH) into a predetermined volume of HCl (aq). The point of equivalence or stoichiometric point, where the two solutions have reacted completely is shown with the aid of an indicator, which is defined as:
‘…. a substance that shows a distinct observable change (usually, a colour change) when there is a change in the pH[footnoteRef:1] of an aqueous solution.’ [1] [1:  pH is a scale used to specify the acidity or basicity of an aqueous solution. It is a measure of H+ ions and is defined mathematically as: pH = - log |H+|.] 

Indicators are weak acids or bases. An indicator, HIn (aq), partially dissociates in water to form H+ (aq) ions and its conjugate form, In- (aq):
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Description automatically generated][bookmark: _Ref129342239]Figure 1 - Phenolphthalein Indicator [1]

Colourless                                Pink

Where: 
I. HIn is the unionized indicator, possessing a colour.
II. In- is the conjugate base of HIn that has a different colour compared to HIn
For the purposes of this titration, phenolphthalein was used as an indicator. It is colourless in acidic/near-neutral conditions (pH = 0 – 8.3) but turns pink in basic/alkaline conditions (pH = 8.3-10). In Figure 1, adding extra H+ ions in the form of HCl (aq) will shift the equilibrium position to the left and will result in the solution being colourless; adding OH- ions in the form of NaOH will shift the equilibrium position to the right, resulting in the solution being pink. This is due to the H+ ions being used up, and by Le Chatelier’s[footnoteRef:2] principle the equilibrium position will move in the direction which tends to reduce the disturbance.  [2:  If a system at equilibrium is disturbed, the equilibrium moves in the direction which tends to reduce the disturbance. ] 

For a reaction between a base and an acid, the products are a salt and water. If a carbonate is used e.g., Na2CO3, then CO2 will also be produced. For this titration, the chemical equation was:
NaOH (aq) + HCl (aq)                               NaCl (aq) + H2O (l)
   Base           Acid                                     Salt            Water
To determine the concentration of the unknown molarity of HCL (aq), the stoichiometric equation as shown above can be used. Since its ratio is 1:1 the determination of the molarity of the unknown solution of HCl (aq) and the number of moles can be determined using the following formulae:
· MA x VA = MB x VB
Where:
MA is the unknown molarity of acid
MB is the known molarity of the standard base solution
VA is the volume of pipetted acid in the conical flask
VB is the volume of base used to titrate the acid in the conical flask
Therefore,
MA = MB x VB / VA
· Moles = Concentration (mol dm-3) x Volume (dm-3)
[bookmark: _Toc132542341]2.1	Application
An example of an application in an OME environment is the disposal of polymer bonded explosives (PBX). The polymer aspect is problematic due to the entrapment of the explosive. NaOH swells and degrades the polymer and breaks down the entrapped explosive [2].
[bookmark: _Toc132542342]3.	Chemicals and Equipment
The following is a list of the equipment and chemicals used for this titration:
I. A burette, containing a standard solution of NaOH (aq).
II. A conical flask containing the reagents.
III. A pipette, used to deliver the indicator into the reagent flask.
IV. A burette stand.
V. A solution of phenolphthalein indicator.
VI. A flask of deionised water.
VII. A flask of HCl (aq). 
VIII. Personal protective equipment (PPE).
[bookmark: _Toc132542343]4.	Procedure
I. The following pieces of equipment were cleaned:
a. Pipette was washed with a small amount of HCL (aq) and discarded.
b. Burette was washed with a small amount of NaOH (aq) 
c. Conical flask was washed with distilled water. It did not need to be completely dried prior to use because any subsequent dilution of the HCL (aq) would result in a proportional reduction in the volume of HCL (aq) required to neutralise it.

II. The burette was filled with the standard NaOH solution with the aid of a small funnel. A small amount was run through the tap until a legible reading was found, and no air gaps remained. An initial reading was then recorded, noting that this required taking the reading at the bottom of the meniscus[footnoteRef:3].  [3:  Meniscus: concaved water surface as a result of coming into contact with an unclean glass surface. The reading should be taken from the bottom of the surface tension. ] 

III. 25mL of HCl solution was placed in the conical flask with the aid of a pipette.
IV. A few drops of phenolphthalein indicator were added to the conical flask and gently swirled to ensure an even distribution.
V. The NaOH solution was then added using the burette, until the solution changed from a colourless solution to a bright pink solution. The final reading on the burette was recorded which determined the amount of NaOH solution required for neutralisation. 
VI. Steps II, III and IV were repeated, but this time with a greater degree of accuracy. This was achieved by adding the NaOH solution into the conical flask until it was within 2 mL of the initial recorded value. For this experiment it required repeating the first, rough estimation, to find a reliable end point. Once the solution started to develop faint shades of pink, the volume of NaOH (aq) was reduced to one drip at a time. The final, neutralised solution was of a light pink colour. 
[bookmark: _Toc132542344]5.	Observations / Data
The point of neutralisation was found to be of a very light pink colour, as shown in Images 1. It was found that if the mixture was swirled too much near the end point, the solution would readily return to a colourless solution. Therefore, a less vigorous action was required near the end point. 
[bookmark: _Toc132539092][bookmark: _Toc132542345][image: ]
[bookmark: _Ref132452791]Images 1- Light pink phenolphthalein indicator at the point of neutralization.
[bookmark: _Toc132542346]5.1	Titration Data

	Flask
	1 Rough titration
	2
	3
	4
	5

	V HCL (mL) from pipette
	25.00 
	25.00 
	25.00
	25.00
	25.00

	Initial burette reading (mL)
	0.00 
	11.60
	15.70
	17.60
	19.30

	Final burette reading (mL)
	11.60
	13.70
	17.50
	19.20
	21.10

	V NaOH (mL)
	11.60
	2.10
	1.80
	1.60
	1.80

	Moles of NaOH
	1.162 x 10-4
	2.104 x 10-4
	1.804 x 10-4
	1.603 x 10-4
	1.804 x 10-4

	Moles of HCl
	1.16 x 10-3
	2.10 x 10-4
	1.805 x 10-4
	1.603 x 10-4
	1.805 x 10-4

	Molarity of HCl
	0.4649
	0.0842
	0.0722
	0.0641
	0.0722



[bookmark: _Toc132542347]6.	Calculations
Moles = Concentration (mol dm-3) x Volume (dm-3)
The molarity of the standard base solution of NaOH (aq) was recorded to be 0.1002 dm-3. 
Moles of NaOH = (1.8 x 10-3) dm3 x 0.1002 mol dm-3
		= 1.804 x 10-4
Because the stoichiometric ratio is 1:1, the following equation can be used:
MA x VA = MB x VB
Where:
MA is the unknown molarity of acid
MB is the known molarity of the standard base solution
VA is the volume of pipetted acid in the conical flask
VB is the volume of base used to titrate the acid in the conical flask
Therefore,
MA = 
MA = [(1.8 x 10-3) dm3 x 0.1002 mol dm-3] / (2.5 x 10 -3) dm-3 
Molarity of the unknown HCl (aq) = 0.0722 mol dm-3
Moles of HCl = Concentration (dm-3) of HCl (aq) x Volume of HCl (aq) (dm-3)
	= 0.722 mol dm-3 x (1.8 x 10-3) dm3
Moles of HCl = 1.805 x 10-4
[bookmark: _Toc132542348]7.	Results and Conclusion
This experiment required at least two results to be within 0.06mL, which was achieved: two readings of 1.80 mL were recorded. The stoichiometric equation for this reaction stated that it’s a 1:1 ratio. The calculated moles of HCl and NaOH were 1.805 x 10-4 and 1.804 x 10-4 respectively which supports the theoretical equation. 
Factors which affected this experiment included:
I. The individual undertaking the experiment, which required the ability to accurately read the burette.
II. Atmospheric carbon dioxide, which forms a weak acid called carbonic acid, would have affected the titration reaction. This was noticeable at the point of neutralisation, when a light pink colour was readily turned back to a colourless solution when the conical flask was swirled too vigorously. Therefore, more NaOH was required for neutralisation. An equation for this reaction with NaOH (aq) is shown below:
2NaOH (aq) + CO2 (g)                                 NA2CO3 (aq) + H2O (l)
III. The calibration and degree of accuracy of the equipment. 
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