ACDB 4011: Titration Test
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Introduction

The Hypothesis of this experiment was to test the colour change within a solution at what point, to allow the identification of the concentration of the solution, whether it’s an acid base or an alkali solution and using this to calculate the molarity of the substance being tested.
Within this test, the independent variable was the unknown sample I evaluated. The Dependent variable was the volume change within the solution when the neutralization occurs. 
The control variables were:
· Keeping a white tile underneath the conical flask
· Maintaining a swirling acting within the conical flask to ensure it is being mixed in constantly.
· Cleaning of the metal rod used.
· Washing all glassware being used with deionized water to prevent contamination.
· Maintaining an average temperature within the environment.
· Same indicator chemical used throughout.
Equation Used:
· M = n/v
· Molarity = moles / volume
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Materials & Equipment used:
· Safety Goggles, Lab Coat & disposable gloves
· 80mL of standard NoOH Solution
· 80 mL HCl solution with unknown concentration
· Phenolphthalein indicator
· A 50mL Burette (including a stand and clamp)
· A 10mL Pipette (with Pipette filler)
· A small funnel to avoid spillage into the birette.
· 3 x 100mL Conical Flasks
· A 10mL Graduated Cylinder
· A PLASTIC Pipette
· A White Tile
· A Wash bottle (With deionized water and another with HCL).
· A Waste Beaker.

Experimental Procedure:
1. Put on Lab Coat, disposable gloves & Eye Protection
2. Wash the equipment using the deionised water.
a. Pipette 
i. First with deionised water
ii. Secondly using a small amount of HCL
b. Burette
i. First with Deionised water.
ii. Secondly using a small amount of NaOH
c. Conical Flask with small amount of distilled water.
3. Fill the burette with standard NaOH solution using a funnel, making sure there are no air bubbles trapped inside and the bottom of the meniscus is at zero level.
4. Fill up all 3 conical flasks with 25 mL of HCL solution using the pipette filler.
5. Add 4 drops of phenolphthalein indicator to each flash and swirl the indicator into the solution before adding in 10 mL of deionised water using the graduated cylinder.
6. Run the tap of the burette containing the NaOH solution in the first conical flask, stirring thoroughly until the colour of the solution changes to pink. This is the rough titration.
7. Record the reading.
8. Repeat step 6 for the next HCL sample, however, run the NaOH tap full pace until you are 2mL of the rough titration before slowing it down to one drop at a time so that the reading is more precise this time, as it will be accurate to 0.05mL (1 drop).
9. Repeat until a precise value is recorded. Two of the recorded values should be within 0.1 mL of each other, then calculate the mean average for the molarity using the precise values, ignoring the rough titration value.
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The results from the experiment can be seen in the table below. Carried out within a group of three consisting of myself, Luke Brown and Uwais Patel.
	Flask
	Result 1 – Rough Titration
	Result 2
	Result 3

	Volume of HCl (ml)
	25.00
	25.00
	25.00

	Initial burette reading (ml)
	0.00
	19.60
	0.00

	Final burette reading (ml)
	19.60
	39.20
	19.55

	Volume of NaOH (ml)
	19.60
	19.60
	19.55

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

	Moles of NaOH
	2.01110-3
	2.01110-3
	2.00610-3

	Moles of HCl
	2.01110-3
	2.01110-3
	2.00610-3

	Molarity of HCl (mols/ L)
	0.08044
	0.08044
	0.08023



Calculating the mean average of the molarity of HCL over the 2 used results = 
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From the results of the experiments, we can see that it took around 19.55cm3 of NaOH solution in order to witness the colour change, which occurred when the equivalence point, which is when the acid is neutralised. We can use this value, alongside the moles of NaOH provided in order to calculate the moles of NaOH present within the solution, which will be the same as the moles of HCl, allowing us to calculate the molarity with the volume.
The moles of NaOH was calculated using the equation n = Mv, which was then rearranged to M = n/v to calculate the molarity of HCL, using the moles of NaOH = moles of HCL. The results of these calculations are within the table.
Due to this method calculating the molarity of a subject solution by neutralising it with the reaction of HCl (aq) + NaOH (aq) -> NaCl (aq) + H2O (l) in this test, it can be done with both an acid base, mixing in an alkali, or by mixing an acid into an alkali base.

This method is used within industry and in specific OME related fields for a variety of reasons.
1. For in-service surveillance (ISS), within the OME field, ammunition ISS is conducted on rounds after their original shelf life has run out, in order to test the rounds to ensure that they will be safe and suitable for service and storage for another 3 years. During ISS ‘Karl Fischer titration’ [1] is conducted within France in order to test the water uptake within the rounds to ensure chemical stability within the rounds and to test the purity of the component.
2. To check the strength of chemical compositions used within OME, such as nitrates used within explosives [3]
3. To neutralise contaminant OME compounds such as TNT, ‘TNT was completely removed from aqueous solutions at pHs above 11.5, and the addition of hydroxide to TNT solutions reduced toxicity.’ [4]
It can be used outside the OME field in:
· Quality control of ‘products like pharmaceuticals, soap, and even biodiesel fuel’ [2], ensuring the correct levels of content within each product.
· Environmental sustainability, with an emphasis on neutralising contaminants.
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To conclude, the findings support the original hypothesis set out originally, which involved the colour of the solutions changing at an equivalence point. There would be multiple ways to improve the experiment for the future, involving:
· Increased number of tests/ titrations conducted.
· Greater volume of solutions with larger test apparatus to make it more precise.
· Using automation/ machines to remove human error.
Another potential molecular testing method that could be researched and used in the future is high performance liquid chromatography which is used to separate ‘compounds dissolved in a liquid sample and allows qualitative and quantitative analysis of what components and how much of each component are contained in the sample.’ [5]
Titration does have flaws however, as it has multiple sources of error and limitations which would be addressed for further use where applicable. For example:
· More accurate at higher quantities.
· Human error when reading the volume and when setting up the equipment i.e. air bubbles within the equipment
· Improper mixing of the solutions.
· Expensive equipment, which is hard to set up especially in a non-lab environment.
· Inadequate cleaning of equipment, leading to contamination.
· Stopping after the equivalence point has been reached.
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