
[image: ]


University of Wales Trinity Saint David
L4 - Chemistry ACDB4011

Rory Bowen





Lab Report - Titration



[bookmark: _Toc290554218][bookmark: _Toc299621183][bookmark: _Toc299631411][bookmark: _Toc299631471][bookmark: _Toc299631561][bookmark: _Toc299631638][bookmark: _Toc193856114][bookmark: _Toc1187840747][bookmark: _Hlk192580537]Abstract
The neutralising titration experiment is a technique used to calculate the molarity of an unknown solution against a known concentration of a solution. During the experiment, the unknown concertation of acidic HCI is neutralised by reacting the solution with a standard solution of NaOH. This volume of a known molarity of NaOH makes it possible to calculate the molarity of the HCI.
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[bookmark: _Toc193856117][bookmark: _Toc2037123207]List of Abbreviations
	IT
	Information Technology

	HCI
	Hydrochloric acid 

	NaOH
	Sodium hydroxide

	PBX
	Plastic Bonded Explosive 

	H2O
	Water

	M
	Molarity



[bookmark: _Toc192581618][bookmark: _Toc193856118][bookmark: _Toc1957350664][bookmark: _Toc51833421]Introduction
[bookmark: _Toc192581619][bookmark: _Toc193856119][bookmark: _Toc1712372662]Purpose of Experiment
The purpose of the experiment is to determine the concentration of an unknown sample of HCI, by reacting it with a standard solution of NaOH via a neutralisation titration. [1]

[bookmark: _Toc192581620][bookmark: _Toc193856120][bookmark: _Toc1046069579]Hypothesis 
A standard solution of NaOH is titrated against an unknown molarity of HCI. The titration will allow the student to calculate the molarity of HCI due to the theory of a neutralisation reaction.

[bookmark: _Toc193856121][bookmark: _Toc400010288][bookmark: _Toc192581621]Variables 
When completing the experiment, the independent variable is the volume of NaOH in the burette, also known as the titrant, because the volume of NaOH will affect the dependent variable, the pH value of the solution. Next, the control variables consist of the correct measurement and reading of said measurement to ensure the precision is ±0.05ml. To ensure this, the student must read the volumes of the titrant from the bottom of the meniscus, while ensuring that they are at eye level to avoid a parallax error. The temperature of the laboratory needs to be controlled to ensure there are no major changes to the ambient temperature as this value can affect the pH of the solution, giving false positive results and further decreasing the accuracy and precision of the endpoint of the reaction.

[bookmark: _Toc193856122][bookmark: _Toc337477774]Chemical Equations
In this experiment, the unknown concentration of acidic HCI reacts with a standard solution of the basic NaOH which produces NaCI and H2O. This forms a neutralisation reaction (Equation 1).
[bookmark: _Toc193969974]Equation 1
This neutralisation reaction can also be written as a net ionic equation (Equation 2).
[bookmark: _Toc193969975]Equation 2
The (aq) stands for an aqueous solution meaning that the elements or compounds are dissolved in a solvent in this case H2O. 
To calculate the Molarity of a liquid the students were told to use Equation 3.
[bookmark: _Toc193969976]Equation 3   
n = number of moles (mol)
M = Molarity (mol / L)
V = Volume (L)
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[bookmark: _Toc193856124][bookmark: _Toc237384597][bookmark: _Toc192581625]Experimental Data 
	Flask
	1
	2
	3

	VHCI (ml)
	25.00
	25.00
	25.00

	Initial burette reading (ml)
	0.00
	16.50
	33.10

	Final burette reading (ml)
	16.50
	33.10
	49.70

	VNaOH (ml)
	16.50
	16.60
	16.60

	Moles of NaOH
	0.00165
	0.00166
	0.00166

	Moles of HCI
	0.00165
	0.00166
	0.00166

	Molarity of HCI
(mol/L)
	0.0660
	0.0664
	0.0664


[bookmark: _Toc192768681]Table 1 Copy of Titration Data Sheet
[bookmark: _Toc193856125][bookmark: _Toc1902529035]Key Findings
The results help to prove the hypothesis as there is a clear correlation between the volume of NaOH and the indicator’s colour change of the solution from colourless to a light pink. This is because the proper techniques were used to identify the endpoint of the reaction. The students calculated the Molarity of HCI to be 0.0663M to 3 significant figures.
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[bookmark: _Toc193856127][bookmark: _Toc951828173]Interpretation of experimental results
The purpose of the experiment is to calculate the molarity of HCI, this is possible as there is a known molarity of NaOH of 0.09977M. The measured volume of NaOH gave us that there was 0.0166mol of NaOH, which was used to calculate the moles of HCI. This was done by there being a 1:1 ratio of moles, as seen in equation 1. This allowed the students to use equation 3 to calculate the molarity of the HCI, for each flask. 
The molarity of the first flask was calculated with Equation 3,



The mole ratio of NaOH and HCI is 1:1, which means HCI also has 0.0166. To work out the molarity of HCI, Equation 3 was used.




The HCI in the first flask was calculated to be 0.0660mol/litre. The second and third flasks’ volume of NaOH was the same.
The molarity of the second and third flask was calculated with Equation 3,



The mole ratio of NaOH and HCI is 1:1, which means HCI also has 0.0166. To work out the molarity of HCI, Equation 3 was used.




The second and third flask of HCI was calculated to have a molarity of 0.0664mol/litre. With all the results being within 0.1ml of accuracy to each of the other flasks It was concluded that the exact molarity of HCI solution was 0.0663mol/litre to three significant figures. 
During the experiment, the reaction will reach the equivalence point. This when enough standard solution is added to completely neutralise the acid, changing the pH rapidly. If any more basic solute is added, the reaction will have reached the endpoint. The indicator, Phenolphthalein in this experiment, will change from colourless to pink when it reacts with a basic solute. This signals that the experiment is complete. The volume of NaOH which was added with a burette is then measured and recorded. It is particularly important to make sure the volume added is as close to the volume needed to react with the indicator, otherwise the results would be inaccurate. 

[bookmark: _Toc192581626][bookmark: _Toc193856128][bookmark: _Toc701152751]OME Applications 
Acid-base titrations are used to determine the exact concentration of acid which in the sense of OME can be used to ensure a high-quality cure of plastic bonds in a PBX. Bonds in PBX are made by reacting isocyanate groups(-NCO) with hydroxyl groups(-OH). To improve the quality of the bond the exact concentrations are needed to ensure a 1:1 ratio of hydroxyl and isocyanate groups to achieve the higher quality [2]. An example is a neutralisation reaction titration with NaOH and HCI to determine the exact Molarity of the HCI. This then allows the acid to react with an excess of an amine group. The isocyanate is then back titrated against the exact amount of an amine group to ensure that only the isocyanate groups react to the equivalence point giving the exact molarity. This concentration ensures the mol ratio between NCO groups and OH groups are 1:1. This 1:1 ratio ensures a high-quality plastic bond which helps to keep the PBX stable and insensitive while in development and storage.
[bookmark: _Toc192581627][bookmark: _Toc193856129][bookmark: _Toc769044374]Limitations and Errors 
The key limitation of acid-base titrations is that there are inaccuracies concerning the endpoint. These inaccuracies come down to a human eye trying to perform the job of a spectrometer, while using a white backdrop to try and highlight the colour changes. There is a similar problem when reading the burette – a parallax error can occur when trying to read the bottom of a meniscus when not at eye level. This limit can be reduced by weighing out the titrant while inside the burette, which takes out the human error causing inaccuracies and can make measurement of the mass or volume easier.
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[bookmark: _Toc192581629][bookmark: _Toc193856131][bookmark: _Toc1414768211]Summary
To conclude, the main findings do support the hypothesis stated in section 1. This claim is supported through the analysis of the experimental data collected during the experiment. The acid was neutralised by the base, as seen in the ionic equation (Equation 2), as the indicator was used to show the endpoint of the reaction. 
[bookmark: _Toc193856132][bookmark: _Toc1020431016]Future Research
To further help the research of acid-base titration, the use of a pH sensor would allow the students to plot a titration graph, which helps to show the rate of change in pH leading up to, during, and after the equivalence point. This would allow the students to visualise the change mentally and visually, with the use of both a pH sensor and indicator. A drawback of this is a potential contamination of the unknown solute, as multiple tests with the same sensor could cause this impurity.
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Lab tools and supplies
Chemicals
· 100 mL of standard NaOH solution, MB = 0.09977 mol/L in a labelled beaker 
· 100 mL HCl solution with an unknown concentration in a labelled beaker 
· Phenolphthalein indicator (colourless in acidic solution, pink in basic solution)

Equipment
· 1x Burette, 50 mL attached to a burette stand with clamp.
· 1x Pipette, 10 mL, OR 5 mL, with pipette filler
· 3x Erlenmeyer (conical) flasks, 100 mL
· 1x Small funnel to fill the burette.
· 1x Plastic pipette
· 1x Wash bottle with deionised water.
· 1x Graduated cylinder, 100 mL.
· 1x White tile or white paper to go under the titration flask.
· 1x Beaker for the waste

Procedure
Step 1 - The pipette was washed with DI water from the provided wash bottle and, after discarding the washings of water, a small volume of HCI was added to also clean the pipette. Next, the burette was washed with DI water and a small amount of NaOH. The Erlenmeyer flask was washed out with DI water.
Step 2 - A small funnel was used to fill the burette with the standard NaOH solution. Once filled, some of the solution was run through the tap until the bottom of the meniscus hit the zero level. There was an expectation to ensure that there was no air bubbles trapped.
STEP 3 - The pipette filler was used to place 25 mL of HCl solution in the three clean conical flasks.
STEP 4 - 3-4 drops of phenolphthalein indicator were added to each flask by the assistant supervisor. Each flask with acid and indicator was swirled gently, and then approximately 10 mL of deionised water was added using the graduated cylinder.
STEP 5 - The tap of the burette was opened to run the NaOH solution into the first conical flask. While the tap was open, the flask was mixed thoroughly, until the solution changed colour to pink. This first neutralisation titration is called the rough titration and allowed the students to estimate the volume of NaOH needed to neutralise the measured volume of HCl. 
STEP 6 - Step 5 was repeated for the next two samples of HCl. The next two samples ran the NaOH into the acid mix until the volume of NaOH was within 2 mL of what it was in the rough titration.
STEP 7 - The tap was closed more to run the NaOH at a slower rate so that the students could read the volume of NaOH required to neutralise the solution of HCI to one drop. An accurate reading would be within 0.05 mL of the first colour change in the solution.
STEP 8 - Steps 6 and 7 were repeated until a satisfactory result was obtained. A satisfactory result consisted of two volumes of NaOH solution differing by no more than 0.10 mL for the same volumes of HCl.
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