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1. Introduction to Stoichiometry
One of the most fundamental principles in chemistry, and indeed of this module, is that of Stoichiometry. Rooted in the Law of Conservation of Mass [1], it provides the basis of the relationship between reactants and products, and allows the quantities and properties of one “side” of a reaction to be calculated from the other. This is also what’s sometimes known as Quantitative Chemistry [2]
This is useful during experimental chemistry when the quantities need to be calculated, for example of reactants required to produce a specified amount of a product, or to create a reaction of a certain size. It can also be used to predict the qualities of an end product, and to compare against other known products.
Stoichiometry is also important to industrial scale production of chemical products. If the quantities of reactants are not correct, it can have a variety of consequences, ranging from uneconomical wastage of chemicals and inefficiency of chemical manufacturing processes, to a low quality end product that doesn’t react as expected or is more sensitive than intended.
The OME field is no exception, as the properties of a thermochemical reaction, its equations and the energy given off, all rely upon stoichiometric calculations. [3]
















2. Aim
Students were asked to identify the concentration of a solution of Hydrochloric Acid (HCl) by performing a titration. This involved neutralising a known quantity of characterised alkali solution (Sodium Hydroxide – NaOH), using Phenolphthalein indicator to indicate when the reaction had occurred, and thus being able to exactly measure the quantities of reactants used. By using this data and their knowledge of stoichiometric calculations, the students could then calculate the molar concentration of the Hydrochloric Acid solution.
This experiment provided an opportunity for the students to gain experience in applying the stoichiometric calculations to a real-world problem, as well as provide some wider visualisation of stoichiometry and balancing reactions.
Whilst it may seem fairly basic when more technologically advanced methods are available, when performed correctly, titration is capable of producing realisable and accurate results. [4]


















3. Method
3.1 Apparatus
The following apparatus is required for this experiment:
· PPE (Personal Protective Equipment) 
· Lab Coat
· Safety Goggles
· Chemical-Resistant Disposable Gloves (Usually Nitrile)
· Laboratory Glassware: 
· 1 x 50ml Burette (50ml)
· 1 x 10ml Volumetric pipette (10ml)
· 1(+) x Conical Flask (250ml) - Multiple flasks can be used if you wish to avoid washing it out between experiment runs.
· 1 x Glass funnel (Small enough to sit in top of burette)
· 1 x Waste Beaker (Suitable size to contain waste volume)
· Other equipment:
· 1 x Roller pipette filler
· 1 x Clamp Stand
· 1 x Boss & Clamp (or burette clamp)
· 1 x White Tile (Optional, however makes colour identification easier)
· 1 x Washer bottle for distilled water
· Suitable waste chemical disposal facilities and/or temporary waste storage vessels.
3.2 Chemicals
The following chemicals are required for this experiment: 
· 100ml of Hydrochloric Acid (HCl) Solution (Unknown concentration – experiment to determine concentration)
· 100ml of Standard Concentration Sodium Hydroxide (NaOH) Solution (0.1002 mol/l) was used in this experiment)
· Phenolphthalein Indicator
· Distilled Water
3.3 Safety Requirements
The chemical hazards in this experiment are: Both HCl and NaOH are corrosive. Care should be taken to ensure that spillages are minimised and that they do not make contact with the skin. As such, in the event of a spillage touching the skin, the area should be doused under cool running water and further advice should be sought from your supervisor.
Phenolphthalein is a known carcinogenic. As such, particular care should be taken to ensure that it does not come into contact with the eyes, mouth etc. The risk due to skin spillages is lesser, but there is a risk of staining. As such, in the event of a spillage touching the skin, the area should be doused under cool running water and further advice should be sought from your supervisor. It is also an environmental hazard, and as such must not be poured down the sink.
To protect against chemical hazards suitable PPE should be worn. This consists of a long-sleeved lab coat, safety goggles and Chemical-Resistant Gloves (Usually Nitrile). Long trousers and closed toe footwear should also be worn.
In the event of a non-contact spill onto e.g. a bench, the spill should be cleaned up immediately using an agreed procedure.
When working with experimental glassware there is always a risk of injury due to broken glass etc if handled incorrectly. As such, all glassware should be handled carefully to avoid breakages. In the event of broken glass, the experiment should be paused and all broken glass swept up. Any cuts etc should be thoroughly rinsed and suitable first aid given.
3.4 Experimental procedure
1. Rinse the burette with a small amount of the standard NaOH solution.
2. Once rinsed, clamp the burette as shown by figure one in section 4.5.
3. Using the funnel, fill the burette with the standard NaOH solution until it is above the zero mark, and then drain using the tap into the waste container until the quantity reads exactly zero.* (If not exactly zero, record the starting volume) Remove the funnel to prevent excess solution from dripping in later.
4. Rinse the pipette with a small amount of the HCl solution, and the conical flask with a small amount of distilled water. 
5. Using the pipette with filler attached, place 25ml of HCl solution into the conical flask. (If not exactly 25ml, record the exact volume)
6. Add 3-4 drops of Phenolphthalein Indicator into the flask containing the acid and swirl gently to mix.
7. Once mixed, place the flask below the burette outlet. If using a tile to increase colour visibility, place the flask on top of the tile.
8. Conduct a rough titration by using the tap to add NaOH to the flask. Add in small amounts, swirling after each addition to ensure the indicator is mixed in and permanent colour change is not recorded too early.
9. Stop adding when there the solution in the flask undergoes a definite, permanent change to pink. It is generally accepted that means a change which persists for more than 30 seconds after thorough mixing [5] Record the final burette reading.
10. Calculate the volume of solution added by subtracting the initial burette reading from the final. (e.g. if: Initial = 0.10, Final = 18.30, Volume added = 18.30 – 0.10 = 18.20 ml added)
11. Empty the conical flask (if reusing the flask) and repeat steps 3 – 7, excluding rinsing the pipette in step 4.
12. Using the burette tap freely run in NaOH solution until you are a few ml away from the final recorded volume last time. (e.g. if you ran in 18ml last time, run in approx. 15-16ml)
13. Slowly add NaOH solution a few drops at a time, again swirling after each, until the permanent colour change is observed. Record the final burette reading, which should now be more precise.
14. Repeat steps 11-13 at least one more time, more if required for accuracy or due to an unexpected/anomalous result.
* Ensure all reading are taken from the bottom of the meniscus whilst viewed level with the surface of the liquid to minimise the possibility of parallax error.

3.5 Setup Diagram
[image: ]  Fig. 1 – A titration set up [X]












4. Results
	Flask
	1 (Rough titre)
	2
	3

	Volume of HCl in flask (ml)
	24.95
	25.00
	25.00

	Initial Burette Reading 
(ml)
	0.30
	17.10
	16.20

	Final Burette Reading (ml)
	17.40
	34.10
	33.10

	Volume of NaOH added (ml)
	17.10
	17.00
	16.90
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Fig. 2 – Original Data Collection Sheet


5. Data Analysis and calculations
5.1 Titre 1 (Rough)
	Moles of NaOH
	=
	Volume of NaOH (l)
	x
	Concentration (mol/dm3)

	
	=
	(17.10 x10-3)
	x
	0.1002

	
	=
	0.00171342

	
	=
	1.71342 x10-3 mol

	

	Therefore Moles of HCl
	=
	1.71342 x10-3 (as ratio of NaOH to HCl is 1:1)

	
	
	



	Molarity of HCl
	=
	Moles of HCl (mol)
	=
	1.71342 x10-3
	

	
	
	Vol. of HCl (l)
	
	24.95 x10-3
	

	
	=
	0.0686741483

	
	=
	6.87 x10-2 mol/l (to 2dp)



5.2 Titre 2 
	Moles of NaOH
	=
	Volume of NaOH (l)
	x
	Concentration (mol/dm3)

	
	=
	(17.00 x10-3)
	x
	0.1002

	
	=
	0.00170340

	
	=
	1.7034 x10-3 mol

	

	Therefore Moles of HCl
	=
	1.7034 x10-3 (as ratio of NaOH to HCl is 1:1)

	
	
	



	Molarity of HCl
	=
	Moles of HCl (mol)
	=
	1.7034 x10-3
	

	
	
	Vol. of HCl (l)
	
	25.00 x10-3
	

	
	=
	0.068136

	
	=
	6.81 x10-2 mol/l (to 2dp)



5.3 Titre 3
	Moles of NaOH
	=
	Volume of NaOH (l)
	x
	Concentration (mol/dm3)

	
	=
	(16.90 x10-3)
	x
	0.1002

	
	=
	0.00169338

	
	=
	1.69338 x10-3 mol

	

	Therefore Moles of HCl
	=
	1.69338 x10-3 (as ratio of NaOH to HCl is 1:1)

	
	
	



	Molarity of HCl
	=
	Moles of HCl (mol)
	=
	1.69338 x10-3
	

	
	
	Vol. of HCl (l)
	
	25.00 x10-3
	

	
	=
	0.0677352

	
	=
	6.77 x10-2 mol/l (to 2dp)




5.4 Mean Titre
	Mean volume of NaOH (l)
	=
	∑ Titre 1-3 NaOH Volumes
	

	
	
	Number of Titres
	

	
	=
	17.10 + 17.00 + 16.90
	

	
	
	3
	

	
	=
	51
	
	

	
	
	3
	
	

	
	=
	17 ml



	Moles of NaOH
	=
	Volume of NaOH (l)
	x
	Concentration (mol/dm3)

	
	=
	(17.00 x10-3)
	x
	0.1002

	
	=
	0.00170340

	
	=
	1.7034 x10-3 mol

	

	Therefore Moles of HCl
	=
	1.7034 x10-3 (as ratio of NaOH to HCl is 1:1)

	
	
	



	Molarity of HCl
	=
	Moles of HCl (mol)
	=
	1.7034 x10-3
	

	
	
	Vol. of HCl (l)
	
	24.98 x10-3
	

	
	=
	0.06819055244

	
	=
	6.82 x10-2 mol/l (to 2dp)



5.5 Possible Sources of Experimental error
Whilst impossible to eliminate completely [6], efforts were made to minimise the uncertainty and experimental error introduced whilst following the above process. 
By far the easiest way to inadvertently introduce error into a titration are when reading off the burette or pipette, as despite these being calibrated glassware, (which reassures users that the markings are accurate) it is easy to introduce parallax error by reading the scale from the wrong angle or height. To counter this, it was ensured that quantities were read from the bottom of the meniscus with the eyes parallel to the liquid level.
As the experimental runs went on for a couple of hours in a crowded laboratory, there was a notable temperature increase, which could possibly have affected the reaction time.
There will be an uncertainty within the final result, as the precision of the result is limited by that of the measuring instruments used. As such all volume readings are subject to an uncertainty of ±0.5ml.





7. Conclusion
As found in the calculations above, the molarity of the HCl solution was found to be 0.068 mol/l. This is consistent with other students’ results and as such I am reasonably happy with my result.
Only three Titres were performed, and as such the accuracy of this final figure could be improved by conducting further repeat.
As mentioned above, the precision of this experiment could also be improved by increasing the precision of the glassware used, however this is likely to not be practicable.
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