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Aim Of the Titration Experiment
 
To determine the concentration of Hydrochloric acid, HCL, using a known concentration of Base, Sodium Hydroxide, NaOH with a standard concentration of 0.1002 mol/L, using the method of titration. With the visual aid of a indicator, Phenolphthalein, which turns from colourless when in acidic conditions to pink when the solution is neutralised. 
With NaOH, in a graduated burette, a solution of HCl in a conical flask and indicator Phenolphthalein, the method of titration can be used to neutralise the acid in the flask with the base from the burette until the Phenolphthalein indicator turns pink. The volume of the base can then be recorded. A titration reaction is repeated a minim of 3 times to ensure outliers can be identified, removed and an average titre can used for the calculations to find the concentration of the wanted acid.
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A titration is ‘a volumetric analysis technique for investigating concentrations of solutions and amount of chemicals involved in reactions’ [1]. This a ‘widely used technique due to titrations being quick, convenient, accurate and easy to automate’ [1]. However, the titration only gives and accurate result if; the reaction is rapid, is exactly as described in chemical equation [1]. Titrations are used for many studies such as ‘redox, precipitation and complex-forming reaction’ [1]. This report focuses on the use of titrations for acid-base neutralisations. There are 4 types of acid-base titrations combining different strengths of acid and base together; ‘Strong acid: strong base (SA/SB), weak acid: strong base (WA/SB), strong acid: weak base (SA/WB) and weak acid: weak base (WA/WB)’ [2]. 
For this acid-base titration (SA/SB) a strong acid, Hydrochloric acid and a strong base, Sodium Hydroxide were used [2]. NaOH with the known standard concentration of 0.1002 mol/L was used to investigate the concentration of the acid. 
The formula for Hydrochloric acid being neutralised by a base, Sodium Hydroxide [3]:

Ionic equation of the neutralisation reaction between HCl and NaOH:

The Hydrochloric acid (strong acid) and the base mix together in solution to form Sodium Chloride, a salt (ionic compound) and water. The Sodium and Chlorine ions are spectator ions, they are unchanged in the reaction so are present in the same state on either side of the equation [4]. This is due to the acid producing H+ ions when dissolved in water and the base producing OH- ions when dissolved in water [5]. When Sodium Hydroxide is dissolved in water it splits into is constituent ions, Sodium ions (Na+) and Hydroxide ions (OH-) [5]. When Hydrochloric acid dissolves in water Hydrogen ions (H+) are produced as well as Chlorine ions (Cl-) [5]. 
A chemical indicator, Phenolphthalein Solution was used in the experiment to visually show the neutralisation reaction. ‘Phenolphthalein indicator is a pH indicator solution’ [6]. It is colourless when under acidic, neutral, and slightly alkali conditions and fuchsia pink between pH 8.3 and 10.0 (ordinary alkali) [6]. Therefore, it is commonly used for indicating the end point of acid-base titrations [6]. 
Formula for the basis of a neutralisation reaction:

Using the calculation in the ‘Calculation’ section of this report the concentration of the unknown acid (HCl) can be found using the results of the volume of base required to neutralise the acid, from the experiment.
Titrations can help with the environmental effect of testing Ordinance, Munitions or Explosive (OME) materials. There is a lot of contaminated wates that comes from testing, evaluating, and using OME. Titrations can help to determine the pH level of the soil [7] surrounding the site of an OME contaminated zone to find out the levels of contamination to pass to the property-owners or health and safety organisation as to what decontamination methods need to be put into place [7].


Chemicals and Equipment
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· Base used is NaOH with a molarity of 0.1002 mol/L.
· 25ml of unknown molarity of HCL.
· 3 drops of Phenolphthalein indicator solution.
 
The relevant Health and safety for the chemicals used are contained in the Material Safety Data Sheet, MSDS, for each chemical. The MSDS for NaOH [8], HCl [9] and Phenolphthalein Solution [10] can be found in the list of references. This explains what precautions such as relevant PPE should be worn to protect against spills and what to do in the event of a spill and contaminated waste disposal. 
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· Labelled beaker of NaOH 0.1002 conc.
· Labelled beaker of HCl unknow conc.
· 50ml Burette
· Burette clamp stand 
· Small funnel for burette
· 10ml Pipette with pipette filler 
· 3 X 250ml Conical flasks 
· 250ml beaker for waste
· White tile 
· 2x Small pipettes
· Pen for labelling flasks 
· 100ml beaker for distilled water 
· Pen
· Titration data sheet
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· Goggles 
· Nitrile gloves 
· Lab coat
· Covered legs e.g., no skirts or shorts.
· Long hair tied back.
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Image of the set-up of the titration [2]:
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Step 1: Washing the equipment.
· 10ml Pipette- add a small volume of the pipette with HCl and discard.
· 50ml Burette- add a small amount of NaOH with a gloved finger or stopper take the burette and slowly turn with liquid inside to clean then discard.
· Funnel- used with the filling of the burette to clean. 
· Conical flask- ad a small amount of distilled water and swill discard. 
Step 2: Using the small funnel in the top of the burette and ensuring the stopcock is closed, fill the burette to the zero-marking measuring to the base if the meniscus at eye level. Ensure that the Jet of the burette is full and there are no air bubbles are in the system as the burette is calibrated. Record the initial reading once set up, REMOVE the funnel before any readings and titrations begin this will affect the accuracy of the results.
Step 3: Using the pipette filler and 10ml pipette place 25ml of HCl into the cleaned conical flask, do not force the small amount of liquid stuck in the pipet it is calibrated to account for this.
Step 4: Add 3 drops of Phenolphthalein indication solution using a small clean pipette to the conical flask containing the acid. Swill gently. Add the tile under the conical flask and the flask under the burette tap.
Step 5: Using the stopcock run the NaOH solution into the conical flask, slowly while swilling/mixing thoroughly, stopping to mix more thoroughly as the reaction becomes closer to the end point (shown by a pinker solution). Distilled water can be used to wash of any solution caught on the sides of the conical flask.
Step 6: Continue adjusting the amount of NaOH added until the solution JUST turns pink, stop the titre, and record the burette reading. If hard to see use a coloured card or a gloved hand for assistance behind the burette. 
Step 7: Take the conical flask with the solution and keep to the side for disposal advice given from the lab technician.
Step 8: Repeat steps 2 to 7 as many times as required, minimum 3 to calculate an average. Filling the burette as necessary. Record all results in the table [11].







Data Sheet
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The average titre was calculated and from this the following results and calculations were made. 
· Concentration of HCl 
· Moles of HCl 
· Moles of NaOH  .
The average titre was used for accuracy. 
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The first titre was a rough titre however the results was the most accurate result experiments. The first titre turned very pale pink indicated a close to neutral result as phenolphthalein goes pink under weak alkali conditions [6], showing the paler the pink the closer to the neutral pH state. 
The 1st titre turned colourless after approximately 10 minuets, indicating that either it was fully mixed and now neutralised or that the titration hadn’t finished. This was different to titrations 2 and 3 which were darker in colour and stayed this darker pink for longer displaying a more alkaline solution, not the desired neutral, pH 7 the experiment is looking for.
During all the titrations, the colour of the end solution became more solidly pink demonstrating the accuracy at the start decreased during the titrations, this could be due to rushing the experiment or due to the practical being shared between two students, there wasn’t true consistency.  
The calculations exhibited that the concentrations of both the HCl and NaOH were very similar both rounding to 0.1 mol/L to 1 significant figure. This shows that the amount of base required to neutralise the acid was just shy of 1:1 in ratio. The amount of moles in both the acid and base solutions were also similar when calculated with moles of HCL  and moles of NaOH , a difference of . However, it took 16.60ml of NaOH to neutralise the 25ml of HCl exhibiting that the neutralisation was not 1:1.

[bookmark: _Toc132582457]Conclusion 
 
The experiment was controlled; however, there was a lot of inaccuracies. A more accurate result could have been established if; the chemical indicator was swapped to a digital pH reader, the burette and pipette were more accurate, one student performed the experiment entirely, more precision from the student(s).  
Due to the chemical indicator phenolphthalein being used and using pink as a visual identifier left contradictions between the two students’ perception of the end point of the titration. The pink solution could be seen with the help of a white tile however the accuracy of relying on perception and eyesight was not accurate and due to the collaboration technique of the student’s, compromises had to be established.
If this experiment was to be repeated with the same equipment the students could increase the accuracy of the data by completing more titrations to find a better average result and determine outliers to be removed. 
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