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[bookmark: _Toc132561227]Purpose of titration
Aim: To find an unknown concentration of hydrochloric acid HCL using a known concentration of base sodium hydroxide NaOH of 0.1002mol/L using the method of titration. 
[bookmark: _Toc132561228]Theory
Titration is a form of analysis used to determine unknown concentrations of solutions, there are 4 types of titrations, of the four types strong acid with a strong base is the simplest. The advantages of using titrations for a volumetric analysis is both speed and accuracy [1] there are disadvantages, but following a sturdy procedure and being mindful of human error factors [2] can dramatically reduce these disadvantages. 
To fully achieve a titration there must be a known concentration of either the acid or the base. [3]
During the titration, neutralisation occurs as both the acid and base are strong, both the acid and the base will completely separate into ions. At the equivalence point or neutralisation, equal amounts of H+ and OH- will combine to from H2O. This result is the same for all strong acid-strong base titrations [4] . In addition, the cation created from the separation of the base and anion created from the separation in the acid combine to create salt. The reaction between a strong acid and strong base will always create water and a salt [5]. 
For this particular experiment the known base titrant, sodium Hydroxide (NaOH) with a concentration of 0.1002 mol/L  is being used to neutralise an unknown concentration of Hydrochloric acid (HCl). 
The neutralisation reaction between HCl and NaOH : 	HCl(aq) + NaOH(aq)Ò NaCl(aq)+ H20(L) 
NaOH is a base, a base is a substance that releases hydroxide ions (OH-) in water [3].
HCl is an acid, an acid is a substance that releases hydrogen ions (H+) in water [3]. 
The ionic formula for this reaction: 	 H++ Cl- + Na+ + OH- = Na+ + Cl- + H20. Cl- + Na+ are the spectator ions forming a salt. H++ OH- due to ionic bonding water is formed.  
Nonaqueous titrations have been used in the analysis of explosives, the paper boasts of an accurate and time saving means of quantative analysis. [6] The technology around now surpasses the need to perform the titrations on the explosives containing inorganic nitrates and organic nitrates, as today we would use mass spectrometry in place of this method. 


A standard solution: “A standard solution is a solution of accurately known concentration prepared from a primary standard (a compound which is stable, of high purity, highly soluble in water and of a high molar mass to allow for accurate weighing) that is weighed accurately and made up to a fixed volume” [6]

Titrant: “The titrant is the solution with known concentration and is placed in the burette. The analyte is the solution of unknown concentration that is being measured.” [7]

Indicator: “chemical indicator, any substance that gives a visible sign, usually by a colour change, of the presence or absence of a threshold concentration of a chemical species, such as an acid or an alkali in a solution.” [8]
[bookmark: _Toc132561229]Chemicals and Equipment
[bookmark: _Toc132561230]Chemicals needed: 
100mL of standard NaOH solution 0.1002 Mol/L 
100mL of HCl with unknown concentration 
2 drops of solution of phenolphthalein indicator  (0.05ml per drop)

[image: ]Safety procedures relating to handling each of the chemicals can be found on the material safety data sheets in the following references: [9] [10] [11] 

[bookmark: _Toc132561231]Equipment needed: 
50mL Burette
Burette stand and clamp
10mL pipette including filler
Small funnel to safely fill the burette 
250mL waste beaker 
White tile or paper for under the titration flask for contrast. 



[bookmark: _Toc132561232]Procedure[14]

The procedure worked too is as follows: 
1. Ensure all equipment is clean –Wash the pipette with a small amount of HCl and then discard. 
    –Wash the burette with a small amount of NaOH and then discard.
    –Wash the conical flask with a small amount of distilled water and discard. 
2. Safely fill the burette with a standard solution of NaOH – run a small amount of solution through the tap. 
          –Ensure there are no air bubbles present.
          –Record the initial reading.
3. Using the previously cleaned pipette, place 25ml of HCl into the cleaned conical flask. 
4. Using a balloon pipette add 3 drops of phenolphalein indicator solution into the conical flask containing HCl and swirl gently 
5. Using the tap of the burette run or dropper the NaOH solution into the conical flask, mixing or swirling thoroughly until the solution changes from clear to pink. – Ensure you continue swirling for around 30 seconds to ensure all of a permanent colour change. Take the final recording. 
6. Repeat this process of steps 4-6 another two times. Each time trying to use less NaOH to neutralise the solution and get a lighter shade of pink, to get a truer result of the amount needed to neutralise. 
[bookmark: _Toc132561233]Data collected 

	Flask
	       1
           rough titration
	2
	3
	Average

	V HCL mL
	25.00 mL
	25.00 mL
	25.00mL
	-

	Initial burette reading 
	00.00 mL
	17.20 mL
	24.40 mL
	-

	Final burette reading 
	16.60 mL
	33.80 mL
	41.05 mL
	-

	V NaOH mL
	16.60 mL
	16.60 mL
	16.65 mL
	16.62 mL

	Moles of base NaOH
	
	
	
	

	Moles of acid HCL
	
	
	
	

	Molarity of HCL
	0.067mol/L
	0.067mol/L
	0.067mol/L
	0.067mol/L


[bookmark: _Toc132561234]Calculations 


i. VB= 16.60mL			MB= 0.1002 mol/L	VA= 25.00mL 
ii. VB= 16.60mL
iii. VB= 16.65mL
iv. VB= 16.62mL

i & ii.	 
iii.	 
iv. 	 
[image: ]

i & ii.	   
iii.	  
iv.	 
Acid	 
[bookmark: _Toc132561235]
Results, observations and discussion
The results gathered from the experiment and calculations: 
	
	Concentration 
	Moles 

	Acid        HCl
	0.1002 mol/L
	1.675

	Base      NaOH
	0.067 mol/L
	1.665


A repeated titration result gives a truer representation of consistent results, combined with an average of all the results to eliminate random errors and give a more accurate value than one single value from one result. [12]

Whilst conducting the experiment it was observed that the colour change in during the rough titration was a very light pink, this shade differed from titrations 2 and 3 as 2 and 3 were darker in colour. Phenolphthalein indicator is colourless in acid and changes to pink when in a basic solution, the stronger the base, the darker the colour. [13] The variations in colour has shown that titrations 2 and 3 were more alkaline than titration 1. Titration 1 is the closest to being neutralised, but is still slightly alkaline as the pink hue in colour was still visible. The variation in accuracy could be down to inaccuracy of the students, performing the titrations. 
[bookmark: _Toc132561236]Conclusion
Using titration to find an unknown concentration of hydrochloric acid HCL using a known concentration of base sodium hydroxide NaOH of 0.1002mol/L. This worked well and did give a rough estimation on the concentration, as previously mentioned the limitations using phenolphthalein solution as the indicator during this experiment, not only will the indicator only turn pink at a PH of 8.3 making the result still more basic than true neutral of 7.0 the colour change can also be perceived differently by different people. Using either a tintometer or a digital PH meter would give a more precise final result using up all ions resulting in all elements being used and forming a salt and water, with no residual base or acid left. There is only a small sample of results, had the students carried out more titrations the average result would have been more accurate and proved a more consistent result, removing any anomalies and random errors that may have occurred. The results of the titrations show that the accuracy from the first to the third titration was decreasing. The experiment should be repeated using the suggestions in this paragraph to gain a more accurate result. 
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