

Lab Report 2
Titration Test.
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1. [bookmark: _Toc161914400]Introduction  
1.1 [bookmark: _Toc161914401]What was the purpose of the experiment?
The purpose of the experiment was to use titration to accurately determine the concentration of an unknown sample of Hydrochloric acid (HCl) by reacting it with a standard solution of sodium hydroxide (NaOH).
1.2 [bookmark: _Toc161914402]The hypothesis
By using titration to react a solution of NaOH with a solution of HCl, it should be possible to determine the concentration of the HCl solution. The reaction between NaOH and HCl is a one-to-one stoichiometric reaction. By carefully controlling the addition of the NaOH solution until the reaction reaches the end point (where the moles of HCl equal the moles of NaOH), we can accurately determine the volume of HCl required for neutralisation. From this volume and the known concentration of HCl, we can calculate the amount of NaOH present in the solution and thereby determine its concentration.
1.3 [bookmark: _Toc161914403]What are the variables and/or terms and equations will be used?
Two variables are the base solution of NaOH and standard solution of HCl. The NaOH solution starts on a reading of 0.00 and will change throughout the experiment as it is added to the controlled variable solution of the HCl, which we start with 4 conical flasks, each filled with 25mL of the solution.
Some terms for experiment are:
· Titration – the technique we will be using to measure the volume of a known concentrated solution, that will react with a measured volume of an unknown substance.
· Burette – The calibrated piece of glassware used to measure the volume of the NaOH. 
· Standard solution – A solution of a known concentration.
· Indicator – A substance that is added to the reaction system in small amounts, it indicates the reaction has been completed.
· Endpoint – The stage where the indicator colour change has been observed.
· Equivalence point – Point in the titration where the amount of standard solution added is just enough to neutralise the unknown substance.
· Meniscus – Concave line of liquid at the top of the container.


2. [bookmark: _Toc161914404]Materials and methods
2.1 [bookmark: _Toc161914405]What materials will be used?
	Equipment
	Purpose

	1x 80ml of standard NaOH solution in a beaker 
	Used to determine the concentration of the HCl solution.

	1x 80ml of HCl solution with an unknown concentration
	The base solution that will be neutralised.

	1x Phenolphthalein indicator
	Will help to identify the endpoint of the acid-base titration.

	1x Burette with stand and clamp
	Used to precisely measure and dispense the NaOH solution into the conical flask of HCl solution.

	1x 10ml pipette, with pipette filler
	Used to measure and transfer a precise volume of HCl solution into a conical flask.

	3 x 100ml conical flasks
	Used to hold the solutions during the titration process.

	1x small funnel to fill burette
	Used to transfer the NaOH into the burette without spillage.

	1x plastic pipette
	Used to add 3-4 drops of phenolphthalein indicator to the HCl beaker.

	1x wash bottle with deionised water 
	To clean the equipment before use, to ensure no cross-contamination.

	1x 10ml graduated cylinder 
	To add de-ionisd water to the HCl solution in the conical flasks.

	1x white paper to go under titration flask
	To see when the titration is at the endpoint.

	1x waste beaker
	To put all the solutions into at the end to be collected and disposed of ethically. 










2.2 [bookmark: _Toc161914406]The procedure
· Wash the burette, conical flasks and pipette with the deionised water, to minimise chance of cross-contamination. The burette needs a small amount of NaOH flushed through after the water.
· Use the small funnel to fill the burette with the NaOH solution. Overfill slightly and run the excess out until the reading is at 0.00, ensuring there are no air bubbles. Record this reading.
· Fill 3 conical flasks with HCl solution using the pipette filler.
· Using the plastic pipette, add 3-4 drops of phenolphthalein indicator to the conical flasks, then add 10ml of de-ionised water using the graduated cylinder.
· Turn the stopcock on the burette to run the NaOH solution in to the first conical flask, for a rough titration. When the solution turns pink stop and record the volume of NaOH used. 
· Repeat the previous step for the next conical flask, and again record the reading.
· As previous but stop when the level of NaOH is within 2ml of the first rough titration.
· Start the titration again but at a slower pace. Take the reading at the first colour change in the solution.
· Repeat as above if needed. 2 volumes of NaOH should differ by no more than 0.10ml for the same volume of HCl.













3. [bookmark: _Toc161914407]Results
 
	
	Flask 1
	Flask 2
	Flask 3
	Flask 4

	V HCl (mL)
	25.00
	25.00
	25.00
	25.00

	Initial burette reading
	00.00
	19.45
	24.50 (refilled)
	18.30

	Final burette reading
	19.45
	38.90
	44.15
	37.60

	V NaOH (mL)
	19.45
	19.45
	19.65
	19.30

	Moles of NaOH
	0.0019 moles/L
	0.0019 moles/L
	0.002 moles/L
	0.0019 moles/L

	Moles of HCl
	0.01945 moles
	0.01945 moles
	0.00201 moles
	0.00198 moles

	Molarity of HCl
	0.778 mol/L
	0.778 mol/L
	0.081 mol/L
	0.079 mol/L



The volume of NaOH run into flasks 1 and 2 were the same, which has meant the moles of NaOH and HCl, as well as the molarity of HCl is the same. Flask 3 required 0.3mL more of NaOH to reach the endpoint, while flask 4 required 0.15mL less than flasks 1 and 2 at its endpoint.














4. [bookmark: _Toc161914408]Discussion 
[bookmark: _Toc161914409]4.1 Results and their significance
The results show same or very similar levels of NaOH and HCl used in the first 2 titrations. Flask 3 shows the concentration or amount of HCl is slightly higher as it required more NaOH to reach the endpoint. While flask 4 needed slightly less NaOH solution for the endpoint to be observed, showing the amount of HCl was possibly slightly less than flasks 1 and 2.
The variation in the molarity of HCl in flasks 3 and 4 indicate potential errors during the experimental procedure, such as the filling of the conical flask. 
[bookmark: _Toc161914410]4.2 Relevance to OME
Titration plays a crucial role in OME safety, in nitrogen-based explosives titration is used to determine the content of nitrogen in the compounds, which is essential for determining the potency of the explosive. [1]
The Karl Fischer titration method allows to determine moisture content, which can be applied to explosives. Moisture in explosives can cause instability and effect the sensitivity and performance of the explosive. Using this method of titration can help maintain the moisture level within the explosive. [2]
[bookmark: _Toc161914411]4.3 Limitations and errors in titration
Some limitation or potential errors in using titration are:
· Endpoint deduction. As this is normally determined through visual indicators, it can be subjective to each person, leaving the results open to interpretation. 
· Measurement errors. Errors could happen in the measurements of the variables, from mis-reading the volume markings, to incorrectly calibrated instruments. 
· Human error. From mistakes of readings, calculation errors, or improper technique, such as not looking at the burette at eye level. 







5. [bookmark: _Toc161914412]Conclusion  
[bookmark: _Toc161914413]5.1 Summary
Flasks 1 and 2 showed consistent results, while flask 3 showed higher molarity of HCl, and flask 4 showed lower molarity, this suggests potential human error in the amount of HCl in the conical flasks, or potentially error in the deduction of the endpoint of the experiment. 
Despite the variations in flasks 3 and 4, the results largely support the hypothesis, we were able to determine the molarity of the HCl throughout the titration.
 It confirms that the reaction between NaOH and HCl is one-to-one stoichiometric reaction as the moles of HCl and NaOH are equal at the end point. 
[bookmark: _Toc161914414]5.2 Directions for future research
Future research could prioritise optimising the techniques used in titration to limit the potential for errors in many stages of the experiment, such as measuring the solutions or how we view the endpoint. This could involve automated measurement systems, or finding a way to determine the endpoint that is less subjective. 
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