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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: _Toc192581618][bookmark: _Toc51833421][bookmark: _Toc192657547]Introduction
[bookmark: _Toc192581619][bookmark: _Toc192657548]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: _Toc192657549]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: _Toc192581621][bookmark: _Toc192657550]Variables 
When completing the experiment, the independent variable is the volume of NaOH in the burette also known as the titrant, this is 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 to ±0.05ml. To insure this the student must read the volumes from the bottom of the meniscus, while at eye level to avoid parallax error. To control the laboratory to insure there is no major changes to the ambient temperature as this value can affect the ph of the solution give false positive results further decreasing accuracy and precision of the endpoint of the reaction.

[bookmark: _Toc192657551]Chemical Equations
In this experiment the unknown concentration of acidic HCI reacts with a standard solution of the basic NaOH which produces a salt NaCI and H2O. This forms a neutralisation reaction (Equation 1) 
[bookmark: _Toc192598495]Equation 1
This neutralisation reaction can also be written as a net ionic equation (Equation 2)
[bookmark: _Toc192598496]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 uses (Equation 3)
[bookmark: _Toc192598497]Equation 3   
n = number of moles (mol)
M = Molarity (mol / L)
V = Volume (L)
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[bookmark: _Toc192581625][bookmark: _Toc192657553]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: _Toc192598494]Table 1 Copy of Titration Data Sheet
[bookmark: _Toc192657554]Key Findings
The results help to prove the hypothesis as there is a clear correlation between the volume of NaOH and the indicator change the colour 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 to Molarity of HCI to be 0.0663M to 3 significant figures.
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[bookmark: _Toc192657556]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 mol of HCI this was done by the being a 1:1 ratio of moles as seen in (equation 1). This allowed the students to use (equation 3) to calculate the molarity if the HCI which was 0.066M. 
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 has will reached the endpoint as the indicator, Phenolphthalein in this experiment, will change from colourless to pink when it reacts with a basic solute. This signals the experiment is complete. The volume of NaOH which was added with a burette is then measure and recorded. It is very important to make sure the volume added is as close to the volume need to react with the indicator otherwise the results would be inaccurate. 

[bookmark: _Toc192581626][bookmark: _Toc192657557]OME Applications 
Acid-base titrations are used to determine the exact concentration of acid which in the sense of OME can be used to insure a high-quality cure of plastic bonds in a PBX. Some 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 insure 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 by reacted with and 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 and this exact molarity insures the mol ratio between NCO groups and OH groups are 1:1. This 1:1 ratio ensure a high-quality plastic bond which helps to keep the PBX stable and insensitive while in development and storage.
[bookmark: _Toc192581627][bookmark: _Toc192657558]Limitations and Errors 
The key limitation of acid-base titrations is that there are inaccuracies in the endpoint. These inaccuracies come down to a human eye trying to perform the job of a colorimetry machine will using a white backdrop to try and highlight the colour changes. There is same problem is that 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 human error causing inaccuracies.
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[bookmark: _Toc192581629][bookmark: _Toc192657560]Summary
To conclude the main findings do support the hypothesis state 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: _Toc192657561]Future Research
To further research the use of a ph sensor would allow the students to plot a titration graph which helps to show 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 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: Wash
· Pipette - with deionised water from the wash bottle followed by a small volume of HCl; discard the washings
· Burette - with deionised water from the wash bottle followed by a small amount of NaOH (discard); use the funnel to pour a few mL of NaOH 
· Erlenmeyer (conical flask) - with a small amount of deionised water
Step 2: 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. Ensure that there is no air bubbles trapped.
STEP 3: Using the pipette filler place 25 mL of HCl solution in the three clean conical flasks
STEP 4: 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
STEP 5: Using the tap of the burette run the NaOH solution in the first conical flask, mixing thoroughly, until the solution changes colour to pink. This step is called rough titration and should allow you to estimate the volume of NaOH needed to neutralise the measured volume of HCl.
STEP 6: Repeat step 5 for the next sample of HCl 
STEP 7: 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 rough titration (Step 5)
· 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
STEP 8: Repeat steps 6 and 7 until a satisfactory result is obtained
· Two volumes of NaOH solution differ by no more than 0.10 mL for the same volumes of HCl
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