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Introduction
Aim of the Experiment.  
To determine the concentration of an unknown sample of hydrochloric acid (HCl), the experiment will be to react the unknown concentration of HCl with a standard (known) concentration of sodium hydroxide solution (NaOH), base. This technique is known as acid-based titration. 
Titration.
There are many different methods of titration, but this experiment will be focusing on acid-based titration, of which there are 3 supported concepts [1]:
i. Arrhenius concept:
ii. Bronsted-Lowry concept:
iii. Lewis concept.
Acid based titration is also known as neutralisation titration, an analytical technique used to determine unknown concentrations of an acid or base by neutralising them with a standard solution of acid or base. In this instance, the neutralisation reaction will produce salt and water:
i. Equation 1:  HCl (aq)   +   NaOH (aq)  ------ >  NaCl (aq)  +  H2O (l)
According to Svante Arrhenius, acids and bases are substances that produce Hydrogen (H+) ions and Hydroxide (OH-) ions when dissolved in water (aqueous solution (aq)). The neutralisation reaction can be written as a NET IONIC equation:
i. Equation 2:  H+(aq) + OH- (aq) ------> H2O(l)
During the acid-based titration process, a point will be reached where the number of moles of acid is equivalent to the number of moles of base. By applying the law of conservation of mass, we know based on stoichiometry, that the number of moles needed to neutralise HCl must be equal to the number of moles in the NaOH, and for neutralisation to occur the number of moles of H+ ions supplied by the HCl must be equal to the number of OH− ions supplied by the NaOH. 
i. Equation 3:  MAVA = MBVB
ii. Where M = n/v
iii. M = Molarity, V = Volume, n = moles.
To be able to now when the neutralisation has occurred, we need to add an indicator that is visibly detectable. During the experiment we will be using a phenolphthalein indicator that is colourless in an acidic solution, but turns pink when the solution becomes basic, knowing this we can visibly witness the end point, which is where the solution reaches is equivalence point (completed reaction of acid and base, pH of 7) and starts to become slightly basic. 
Materials and Methods
Materials and equipment:
· Lab coat;
· Safety goggles;
· Gloves;
· 80ml NaOH solution (MA = 0.1026mol/L).
· 80ml HCl solution (MB = Unknown mol/L).
· Phenolphthalein indicator.
· 50ml Burette.
· Clamp and burette stand.
· 10ml pipette.
· Pipette filler.
· 100ml Erlenmeyer (conical) flasks.
· Small funnel.
· Plastic pipette.
· Deionised water wash bottle.
· 10ml graduated cylinder.
· White paper.
· Beaker.

Procedure:
Wash the pipette with deionised water from the wash bottle followed by a small volume of HCl then discard the washings.
Wash the burette with deionised water from the wash bottle followed by a small amount of NaOH then discard the washings. Use the funnel to pour a few mL of NaOH. 
Wash the Erlenmeyer (conical flask) with a small amount of deionised water and Sicard the washings.
Using a small funnel, fill the burette with standard NaOH solution, running some of the solution through the tap, until the bottom of meniscus is just on the zero level and record the reading, ensuring that there are no air bubbles trapped.
Using the pipette filler place 25 mL of HCl solution in the three clean conical flasks
Add 3-4 drops of phenolphthalein indicator to each flask with acid and swirl gently, then add approximately 10 mL of deionised water using a graduated cylinder.
Using the tap of the burette run the NaOH solution in the first conical flask, mixing thoroughly, until the solution changes colour to pink. Note down the final burette reading and calculate the difference. 
Repeat for the next sample of HCl. This time, run the NaOH into the acid /indicator/water mix until the volume of NaOH is within 2 mL of what it was in the previous titration. 
At this point run the base at a slower rate (dripping it slowly and shaking the solution in the flask) so you can read the volume of HCl required to neutralise the solution to one drop (0.05 mL). Note: Take an accurate reading within 0.05 mL and take the reading at the first colour change in the solution
Repeat steps h and i until a satisfactory result is obtained. 
Calculate a mean average for the molarity using values.
Results 
The results of the titration are captured in Table 1 below:
	Flask
	1 rough titration
	2
	3
	4

	Volume of HCl (ml)
	25.00
	25.00
	25.00
	25.00

	Initial burette reading (ml)
	3.00
	22.20
	27.50
	28.20

	Final burette reading (ml)
	22.00
	41.15
	47.10
	47.25

	Volume of NaOH (ml)
	19.00
	18.95
	19.60
	19.25

	Known molarity of NaOH (mols/ L)
	0.1026
	0.1026
	0.1026
	0.1026

	Moles of NaOH
	1.9494x103
	1.9443x103
	2.011x103
	1.975x103

	Moles of HCl
	1.9494x103
	1.9443x103
	2.011x103
	1.975x103

	Molarity of HCl (mols/ L)
	0.07798
	0.077772
	0.08044
	0.079


Table 1: Titration Results
Considering the variance between the last two readings and the initial rough and subsequent results. I would think the second titration was also a rough reading, and as such the average molarity for the HCl is calculated as:
i. 0.08044 + 0.079 = 0.07972mols/L
            2
Discussion
The experiment demonstrated the neutralisation process and more specifically, the end point, where the resultant solution turned slightly basic as the HCl solution turned slightly pink when a certain amount of NaOH was added (~ 19.425ml). Using the equations provided with the known and measured values, we can determine the mole value in the NaOH (1.9494x103). For neutralisation to take place, we know that an equivalent number of moles is required from the HCl. As the Molarity is expressed as the number of moles of solute in 1 liter of solution (Molarity (M) = moles of solute (n) / liters of solution (v)), then we can use the equation to determine the Molarity of HCl (0.07972mols/L). 
Titration has a place in the OME field, such as:
Karl Fisher titration: Used to monitor the degradation of some energetic components by determining the ingress of water into a product and therefore understanding the aging properties. Which is a well-known test during In-Service Surveillance of energetic materials [2].
Quality control: As reported in a journal [3], as the insensitive high explosive 3-nitro-1,2,4-triazol-5-one (NTO) is a weak acid, it was able to be exploited for analysis by acid based titration. Providing a viable tool for quality purposes during manufacture that is both simple and economical. 
Though simple this type of titration does have limitations, such as:
Less sensitive than instrumented analysis.
As demonstrated in our experiment, human error is highly probable. 
Exact endpoints difficult to determine. 
Conclusion 
The results from the experiment supports the theory behind acid based titration but does suffer from too much human interaction and the likelihood of error may be high. If time was permitted, additional titrations would have been preferable for this experiment, to obtain a more accurate reading of the end point. 
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