

Titration Report

Purpose of the experiment

The purpose of this experiment is to find the unknown concentration of a given solution by titrating it with a volume of standard acid solution of known concentration until neutralised.  Using calibrated volumetric glassware, we can analyse the volume used to reach the endpoint and from this volume we can calculate the concentration.  In this experiment we were given a standard Sodium Hydroxide solution of 0.1002 mol/L and a Hydrochloric Acid solution with an unknown concentration.  The hydrochloric acid solution was measured into a beaker with a few drops of Phenolphthalein indicator.  Then, the Sodium Hydroxide solution was titrated into the beaker containing HCl and the indicator until the endpoint was reached, indicated by a change in colour of the indicator.  At this point, you record the volume required to reach the end point and repeat this process until you achieve consistent results.  
Main Tasks
· Determine what volume of 0.1002 mol/L Sodium Hydroxide is required to neutralise 25ml of Hydrochloric Acid
· Use this volume to calculate molarity of Hydrochloric acid, the number of moles of Sodium hydroxide and the number of moles of Hydrochloric acid.









Theory 

Titration is a process of chemical analysis where a reaction is created by adding a measured/known substance to a different sample in order to determine an unknown element of the sample.  The process involves slowly adding a standard solution to the sample you are analysing, until the endpoint is reached i.e. neutralisation.  This will be indicated by a change in colour of the indicator or a change in a property that you are measuring throughout the titration.  In this acid based titration, a Phenolphthalein indicator was used.  The end point was reached when the solution turned a pink colour. [1]

Definitions to note in this experiment

Standard Solution:  solutions of accurately known quantities prepared using standard substances.
Molarity:  concentration of a solution in moles
Meniscus:  a curve that is formed on the top of a liquid inside a container.  Formed by surface tension between the liquid and the container.  Reading should be taken from the bottom of the meniscus.
Neutralisation: to make and acidic or alkaline substance chemically neutral.
End point:  the point in which titration is reached.  This can be marked by a colour change
Titrant: a substance of known volume and concentration that you add to another solution of unknown concentration to cause a reaction.
Indicator: changes colour in the presence of a particular substance, can be used to measure acidity, alkalinity, or the progress of a reaction.




The chemical equations that represent this experiment:

HCl (aq) + NaOH (aq) → NaCl (aq) + H2O (l)
Hydrogen Chloride + Sodium hydroxide → Sodium chloride + Water

H+ + Cl- + Na+ + OH- → Na+ + Cl- + H2O (l)
Hydrogen + Chlorine + Sodium + Hydroxide → Sodium + Chlorine + Water

Here we can remove the spectator ions to shorten this equation.  Spectator ions are ions that are present in the same state on both sides of the reaction but remain unchanged.  This leaves us with:

H+ + OH- → H2O (l)
Hydrogen + Hydroxide → Water

This shows the end point of the experiment (neutralisation).

Formulae for this experiment:

Moles (mol) = Concentration (mol/L) x Volume (L)

At the end point of neutralisation, the moles of acid are equal to the moles of base. 
Moles of acid = Moles of base

Therefore:

Concentration acid x volume acid = concentration base x volume base
Or 
MA x VA = MB x VB

In this experiment, the concentration of the acid is unknown.  Rearranging this formula, we are able to calculate the concentration.  This gives us:

MA = 

1 ml = 0.001 L (1 x 10-3)

Possible applications of titration in OME

· Measuring contamination in the event of a Radiological incident.  Samples could be taken of the water in the surrounding area of the incident to analyse the levels of contamination.
· Could be used to measure the pH level of chemicals for explosives.  
· Perhaps to analyse the effectiveness of stable iodine tablets used in the event of a radiation incident.
· Redox titrations – where a reducing substance is titrated with a standard solution of an oxidising agent or the reverse.  This could be used in the creation of explosives.  For example, Nitric acid and ammonia. [2]







Chemicals and equipment

· 100ml of 0.1002 mol/L standard NaOH solution
· 100ml of HCl solution 
· Phenolphthalein indicator
· Calibrated volumetric glassware;
i. 50ml Burette
ii. 10ml Pipette
· Funnel for Burette
· 250ml beaker for waste
· White tile 
· Conical flask for HCl
· Stirring rod
· Burette stand and clamp.















Procedure
Make sure safety goggles and lab coat are worn as this experiment involves acids/corrosives.  
· Firstly, wash out the pipette with a small volume of HCl and dispose of it, then do the same with the burette and NaOH.  Rinse out the conical flask with a small amount of water as well.
· Fill the burette with NaOH using the funnel, ensuring no air bubbles and that the bottom of the meniscus sits just on 0.
· Record the initial reading.
· Put 25ml of HCl into the conical flask using the pipette.  As the pipette is only 10ml this will take 2 and half fills.
· Add a few drops of the Phenolphthalein indicator to the HCl and swirl gently.
· Run the NaOH solution into the conical flask using the tap on the burette while mixing gently, until the solution turns to pink indicating the end point.  (Rough titration)
· Record the final reading.
· Repeat the process again but run the NaOH to within 2ml of the rough titration.
· Then run the NaOH solution into the conical flask at a slower rate so that you can get a more accurate reading (0.05ml, within one drip)
· Record final reading.
· Repeat a few more times until satisfactory results are achieved:
i. Two results within 0.06ml of each other or,
ii. Three results within 0.1ml of each other








Observations/Data

	FLASK
	1st titration (rough)
	2nd titration
	3rd titration
	4th titration

	VHCl (ml) from pipette

	25ml
0.025L
	25ml
0.025L
	25ml
0.025L
	25ml
0.025L

	Initial burette reading

	20ml
	19.5ml
	21.4ml
	28.9ml

	Final burette reading

	36.3ml
	35.9ml
	38.2ml
	44.5ml

	VNaOH (ml)

	16.4ml
0.0164L

	16.4ml
0.0164L
	16.8ml
0.0168L
	15.6ml
0.0156L

	Moles of NaOH


	0.00164mol
	0.00164mol
	0.00168mol
	0.00156mol

	Moles of HCl


	0.00164mol
	0.00164mol
	0.00168mol
	0.00156mol

	Molarity of HCl


	0.0657mol/L
	0.0657mol/L
	0.0673mol/L
	0.0625mol/L



The average volume of NaOH used was 16.3ml or 0.0163L.
The average concentration of HCl was 0.0653 mol/L.






Calculations

VNaOH (ml)
1st (rough) titration: 36.4 ml – 20 ml = 16.4 ml
2nd titration: 35.9 ml – 19.5 ml = 16.4 ml
3rd titration: 38.2 ml – 21.4 = 16.8 ml
4th titration: 44.5 ml – 28.9 ml = 15.6 ml

Moles of NaOH
Molarity of NaOH = 0.1002 mol/L
n=MV
1st titration: n = 0.1002 mol/L x 0.0164 L = 0.00164 mol
2nd titration: same as above = 0.00164 mol
3rd titration: n = 0.1002 mol/L x 0.0168 L = 0.00168 mol
4th titration: n= 0.1002 mol/L x 0.00156 L = 0.00156 mol

Molarity of HCl
MB = 0.1002 mol/L
VA = 0.025 L
MA =  = 
1st titration: MA =  = 0.0657 mol/L
2nd titration: MA =  = 0.0657 mol/L
3rd titration: MA =  = 0.0673 mol/L
4th titration: MA =  = 0.0625 mol/L
Moles of HCl
n = MV
V = 0.025 L
1st titration: n = 0.0657 mol/L x 0.025 L = 0.00164 mol
2nd titration: n = same as above = 0.00164 mol
3rd titration: n = 0.0673 mol/L x 0.025 L = 0.00168 mol
4th titration: n = 0.0625 mol/L x 0.025 L = 0.00156 mol



















Results and Discussion 

From the results of this experiment, you can see that the first two titrations done were identical and the third titration was very close in value as well.  In the first two, when neutralisation was reached, the indicator turned a light pink colour.  In contrast, the last two were slightly darker in colour.  This would show that the first two titration were more successful and showed a more accurate value for the end point of titration.  Unfortunately, our titrations did not agree within 0.1cm3 as required, as two were the same and the other two were out by 0.4cm3 and 0.8cm3 respectively.  This could be due to not closing the tap on the burette quick enough, not reading the values off the burette correctly, or slight variations of the method in each titration.  

















Conclusion 

In conclusion the titration was a success as the end point was reached and from the results acquired, we were able to calculate the molarity of hydrochloric acid.  Titration is a very effective method of neutralising acids as it’s a fairly simple process and easily analysed.  However, the experiment relies heavily on interpretation so depending on who carries out the experiment the results may vary.  In addition to this, mistakes could be made when measuring volumes of solutions so results could be affected by this. 



















References

	[1] 
	E. o. E. Britannica, “Titration, Chemical Process,” 4 April 2023. [Online]. Available: https://www.britannica.com/science/titration.

	[2] 
	Mostafa, “9 Most Effective Applications of Redox Titration,” 5 September 2022. [Online]. Available: https://blog.praxilabs.com/2021/03/16/applications-of-redox-titration/. [Accessed 10 04 2023].






[image: Table

Description automatically generated]
Titration Lab Report	Rachel McColm - 2223157	OME Chemistry ACDB4011
image2.png
stupent's nave:_Rachel M<Calm

PARTNERS NAMES: _ Ailee Gva\l}l

TITRATION DATA SHEET
Molarity of the standard base solution: M naow = 01002 nial /-
FuaSK 1 rough B 3 0
tration
Vialmt] 25ml | 25ml | 25ml | 25mi
frompipette | 6,095 | 00250 | 003SL | g-025L
il burette
reading 20mi 9Sml | 21-eml | 289m]
Finalburette T
reading %t | 359ml | 3§-2ml | bl Sml
Vioonmt] 16eml [ 16:4ml | 16:8mi | 156ml
0016l | 001641 |00168L [0-0156L
moles of NaOH
00016t mol |0-0oiGmal 000168 Mol 000 1SEmal
Wales of HCT
0:0016Lmol |0-00164mdl (0-00ICEMAL (0-001S6mdl

| Wolarity of ici | ‘a%ﬁ 0065+ |90673 |0-0625

06T | e e

Accuracy

You should record pipette and burette readings to the nearest 0.05 cm? (spproximately one
drop). Consecutive tirations should agree to within 0.10 cm* and, you should repeat the
itration untlthis i achieved.
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