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Determination of Concentration of HCl using NaOH by Titration
Experiment 2: Titration
Fraser Goodwin | ACDB4011 | 24/03/2023

Purpose
Aim
The aim of this experiment is to determine the concentration of a solution of Hydrochloric Acid by using a standard solution of Sodium Hydroxide.  This will be done through a method of titration.
Main Tasks
· By using titration, determine what volume of a standard solution of sodium hydroxide is needed to neutralize a solution of hydrochloric acid.
· Use the determined volume of sodium hydroxide recorded to calculate the unknown molarity of hydrochloric acid.
Theory
Titration is a very useful method of quantitative analysis of the molarity of a substance, known as the analyte.  It involves the gradual addition of a reactant, known as a titrant, to the analyte until a chemical reaction takes place.  There are various types of titrations that are used for different purposes and their scale and complexity vary depending on the purpose.  Acid-base titration is the most used method, and it is done by the reaction between an acidic solution and a basic solution.  The goal of this is to fully neutralize the acid by adding the base to it to produce a neutral solution.  In this report, the neutralization reaction between Sodium Hydroxide (NaOH) and Hydrochloric Acid (HCl) will be analyzed.  The balanced chemical equation for this reaction is:
HCl(aq) + NaOH(aq)     NaCl(aq) + H2O(l)
HCl is a strong acid and NaOH is a strong base which reacts with each other to form Sodium Chloride (NaCl) and water (H2O).  This is an acid-base reaction that does not form any precipitate as NaCl is completely soluble in water.  When these reactants are in an aqueous solution, they completely disassociate to form their respective anions and cations:
NaOH(aq)  Na+(aq) + OH-(aq)
HCl(aq) H+(aq) + Cl-(aq)
So, when NaOH is titrated into a solution of HCl, the Na+ cations from the sodium hydroxide combine with the Cl- anions from the hydrochloric acid to produce sodium chloride.  Similarly, the OH- anions from NaOH combine with H+ cations from HCl to produce water.  This is a complete neutralization reaction, meaning that the resultant solution of the products will have a neutral pH of 7.  Therefore the use of an indicator is needed so that it can be detected when the end point of the reaction occurs.  The indicator used in this titration is phenolphthalein which has a pH that lies between 8.2 and 10, thus meaning it can detect as soon as a solution turns from acidic to basic.  The titrant (NaOH) is added dropwise from the burette into a mixture of the analyte (HCl) and phenolphthalein.  When all the acidic H+ ions are neutralized by the basic OH- ions, the solution turns light pink because the indicator is colourless in acid but light pink in a base.  The point where the solution just turns light pink is called the end point or equivalence point.  This is the point where the number of moles of acid in the solution is equal to the number of moles of base. [1]  Therefore, this can be used to calculate the unknown concentration of HCl:
nacid = nbase
As number of moles = concentration x volume:
cacid  Vacid = cbase  Vbase
The concentration of the acid (HCl) can be calculated by:
cacid = 
Where: 
cbase = The concentration of the standard solution.
Vbase = The volume of NaOH added via the burette.
Vacid = The volume of acid to which the base was added.
Application
Titration has many uses in various fields and industries and is primarily used to find out the concentration of something in a particular substance. For example, environmental scientists may use titration to measure the pollutants in rain by determining the level of acid formation due to pollution.  It is also used in food processing, pharmaceuticals, wine making and is used in the ordnance, munitions and explosives industry.  It is also used in food processing, pharmaceuticals, wine making and is used in the ordnance, munitions, and explosives industry. [2]  Titration can be used to measure the concentration of a particular substance in an explosive.  This could be used to identify where the explosive has come from or who it was made by.  It can also be used to test the stability of the explosive by testing if the makeup of the explosive has altered in any way. [3]
Apparatus
Chemicals
· 100 mL of standard NaOH solution, c = 0.1002 mol/L
· 100 mL of HCl solution 
· Phenolphthalein indicator
Equipment
· 50 mL burette
· A burette stand with clamp
· 10 mL pipette
· Pipette filler
· Small funnel
· White tile
· 250 mL conical flask
· Beaker for waste
Method
1. The pipette was washed with a small volume of HCl, the burette was washed with a small volume of NaOH and the conical flask was washed with a small volume of deionized water.  Everything that was used to wash the equipment was discarded in the waste beaker.
2. Using the small funnel, the burette was filled with standard NaOH solution and then some of the solution was ran through the tap until the reading on the burette was at zero.  The initial reading on the burette was recorded.
3. Using the pipette and pipette filler, 25 mL of HCl solution was placed in a clean conical flask.
4. 3-4 drops of phenolphthalein indicator was added to the conical flask and stirred gently.
5. A rough titre was then performed by running the NaOH solution into the conical flask by opening the tap on the burette whilst constantly mixing. This was done until the solution changed colour to light pink.  The reading on the burette was recorded.
6. Steps 3 and 4 were then repeated.
7. Taking into consideration the rough titre, the NaOH was ran through the tap of the burette until a few millilitres before the rough titre value. It was then ran dropwise into the conical flask ensuring it was being constantly stirred until the solution turned light pink.
8. Steps 6 and 7 were then repeated until satisfactory results were obtained.
Experimental Data
	FLASK
	1 rough titration
	2
	3
	

	V HCl (mL) 
from pipette
	25.00
	25.00
	25.00
	

	Initial burette reading 
	0.00
	17.10
	24.10
	

	Final burette reading
	17.10
	33.80
	40.60
	

	V NaOH (mL) 

	17.10
	16.70
	16.50
	

	moles of NaOH

	1.713 x10-3 moles
	1.673 x10-3 moles
	1.653 x10-3 moles
	

	Moles of HCl

	1.713 x10-3 moles
	1.673 x10-3 moles
	1.653 x10-3 moles
	

	Molarity of HCl

	0.069 mol/L
	0.067 mol/L
	0.066 mol/L
	


 Titration data sheet

Calculations
From the Titration data sheet:
Average titre = 
Average titre = 
Average titre = 16.60 mL = 16.6 x10-3 L = Vbase
At end point:
nacid = nbase
as n = cv:
cacid  Vacid = cbase  Vbase
To find concentration of HCl (cacid):
cacid = 
cacid = 
cacid = 0.067 mol/L
Error in Titration Apparatus:
 x 100%
Uncertainty in pipette = ±0.05 mL
 x 100%
% uncertaintypipette = 0.2%
Uncertainty in burette = ±0.05 mL
 x 100%
% uncertaintyburette = 0.3%
Total percentage uncertainty in apparatus:
% uncertaintypipette + % uncertaintyburette
0.2% + 0.3% = 0.5%
Results and Discussion
From the experimental data and supporting calculations it was determined that the unknown concentration of HCl was 0.067 mol/L with a percentage uncertainty of 0.5%.
cHCl = 0.067 mol/L ± 0.5%
cHCl = 0.067 mol/L ± 3.35 x10-4 mol/L
There were measures taken when carrying out this experiment to ensure that the results obtained were the most accurate that could be achieved with the equipment available.  First, as stated in the procedure all the apparatus used was washed with the substance that was going to be running through it.  This is done to avoid impurities as it ensures that the concentration of whatever is being used in the piece of apparatus e.g burette is exactly what it should be.  Also, to increase the accuracy of the results obtained the titration was completed a few times until concordant results were achieved.  This helps to achieve the most accurate value possible.
Although there were steps taken to achieve accurate results, there will always be a degree of uncertainty with titration experiments.  The sources of experimental error in this experiment are as follows:
· 25 mL pipette – This goes up in increments of 0.1 mL, so the uncertainty in this piece of apparatus is 0.05 mL.
· 50 mL burette – This also goes up in increments of 0.1 mL, so the uncertainty in this piece of apparatus is 0.05 mL.
· Human error – There could have been an error in the readings of burettes/pipettes, determination of end point of experiment, error in use of burette tap.
Conclusion
To conclude, the aim of this experiment was to determine the unknown concentration of Hydrochloric Acid using a standard solution of Sodium Hydroxide by means of titration.  The results achieved in the experiment were used to calculate the concentration and the values seem realistic, so it is determined that the experiment was carried out successfully.
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Figure 1 - Titration Data Sheet
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