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Introduction

The purpose of the experiment was to determine the concentration of an unknown solution of Hydrochloric acid (HCl) by mixing with a solution of sodium hydroxide (NaOH) of a known concentration through completing a titration. The hypothesis was the concentration of an unknown substance can be calculated through reacting with a solution of known concentration and reaching equilibrium point. The volume of the titrant (NaOH) was the independent variable as this was measured, the reaction of the mixture was the dependant variable as this reached equilibrium and the controlled variable was the molarity of the NaOH [1].
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	FLASK
	1 rough titration (ml)
	2 (ml)
	3 (ml)
	Comments

	V HCl (mL) 
from pipette
	25.00
	25.00
	25.00
	Test 2 and 3 were a different HCl from test 1

	Initial burette reading (mL)
	0.00
	20.70
	21.20
	

	Final burette reading (mL)
	20.70
	37.20
	40.20
	

	V NaOH (mL) 

	20.70
	16.50
	17.00
	

	Moles of NaOH

	0.0021
	0.0017
	0.0017
	Same number moles at end point

	Moles of HCl 

	0.0021
	0.0017
	0.0017
	Same number moles at end point

	Molarity of HCl
	0.0826
	0.0659
	0.0678
	

	Comments
	Lightest
	Light
	Darkest
	



Results to (4.s.f) after titration completed. 
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The molarity of the HCl was unknown and calculated as below:
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The equilibrium point was reached in in all three tests, each with a different volume of the NaOH at the final stage. The initial rough titration had a higher value of 20.70ml until reaching equilibrium. Whereas tests two and three had lower amounts of 16.50ml and 17.00ml. This was due to the batch of HCl being changed for the second two tests and suggested it had a different molarity due to the inconsistency between volumes.

At the equilibrium point the solution changed to a light pink shade and held the colour for 30 seconds. At this point the pH of the mixture had changed to become neutral [2]. This was a strong acid titration therefore a weak acid indicator was used. Phenolphthalein was colourless in in the acidic concentration of HCl and pink coloured when the solution surpassed the equivalence point and became magenta [3].

Test 1 and 2 showed the lightest shade with test 3 being darkest suggesting the equilibrium point was surpassed. This suggested the equilibrium point sat in the region between 16.50 and 17.00 for the HCl used in test 2 and 3.
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[bookmark: _Toc193989887]Significance of results

The significance of these results was that two tests had a similar volume of NaOH to reach equilibrium therefore provided a guide to where the molarity of the HCl sits however not an exact value. This highlighted that a greater precision and multiple more tests could have provided a more accurate figure. 
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Within the defence industry titrations are used for propellant stability tests relating to gas and temperature [4]. The Bergmann-Junk test used gases absorbed into a hydrogen peroxide solution and is titrated against a standard sodium hydroxide solution of known molarity to find the unknown value. This is used for testing accelerated ageing to identify how the propellants could act in the future [4].
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The main limitation of this titration was that the equivalence point occurred before the colour change was observed. At this point the reactants have completely turned into products and the solution is at a neutral pH [5] show in the graph in Appendix A, in this case in the pH region of phenolphthalein. This small difference could have affected the accuracy and determination of a substance's concentration. 
The titration also relied on human accuracy for measurements using various types of equipment. Having multiple errors in an experiment could affect the precision and accuracy. For example, in this experiment readings were taken from the meniscus, however there were areas for improvement such as using a pipette instead of a beaker to gain more accurate results.
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In conclusion the hypothesis of this experiment was correct, and the experiment proved that when a titrant of a known concentration is added to a solution of an unknown solution an equivalence point will be reached. Using an indicator with a suitable pH region to identify the end point could identify the concentration of an unknown solution. For future experiments different indicators could be used and more precise measuring equipment. Titrations could also be done using digital and automatic equipment.
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Appendix A: pH equivalence graph
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Figure 1 - Graph showing the PH changes pf running an alkali (NaOH) into a acid (HCl) highlighting the equivalence point [6].


















Appendix B: Materials and methods

· 50ml Burette, Stand and clamp, 10ml Pipette with filler, 3x 100ml Erlenmeyer flaks, Funnel, Plastic Pippete, Deionised water wash bottle, 100ml Graduated cylinder, White paper, Waste Beaker, NaOH solution (0.1M), HCl (unknown concentration).

Method:
· All equipment washed: pipette washed with deionised water using a wash bottle then a small amount of HCl. Burette washed with deionised water and a small amount of NaOH. Erlenmeyer flasks washed with deionised water. All waste discarded into waste container.
· Burette filled with 50ml of NaOH solution. Measured from eye level at the meniscus.
· Erlenmeyer flaks filled with 25mL HCl using a pipette.
· Phenolphthalein indicator added to each flask of HCl 
· 10mL deionised water added to each flask using a graduated cylinder and mixture gently stirred.
· NaOH solution ran through the burette using the tap until the solution changes to pink. Ran slower closer to point of equilibrium. Final reading of burette recorded to get rough titration reading.
· Previous steps repeated for each sample













Appendix C: Original Data sheet from experiment
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Precision and Accuracy

You should record pipette and burette readings to the nearest 0.05 cm? (approximately one -
drop). Consecutive titrations should agree to within 0.10 c¢m?3 and, you should repeat the %
titration until this is achieved.
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Running alkali into the acid

This is very similar to the previous curve except, of course, that
the pH starts off low and increases as you add more sodium
hydroxide solution.

pPH 144

- equivalence
point

25
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Again, the pH doesn't change very much until you get close to
the equivalence point. Then it surges upwards very steeply.




