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[bookmark: _Toc131584015]Purpose

The purpose of the experiment was to analyse the concentration of Hydrochloric Acid, using standard concentration of Sodium Hydroxide
The main objective for the experiment was to produce a light pink colour when Phenolphthalein is added to the basic solution. When acidic solutions are used, Phenolphthalein does not display colour. 
All parties involved in conducting this experiment were instructed to follow all lab safety protocols as there are hazards involved during the procedure. Using corrosive materials and the use of glassware to name a few.
The student carrying out the experiment should upon conclusion of the lab-based part, evaluate calculations based upon the results that were collected during the experiment. These calculations would identify the moles and molarity of HCl, the moles of NaOH, the moles base and the moles solute.
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[bookmark: _Toc131584017]Overview of Titration
Titration is used for chemical analysis in which the quantity of some constituent of a sample is determined by adding the measured sample an exactly known amount of another substance with which the desired constituent reacts in a definite, known proportion. The process is usually carried out by slowly adding a standard solution of titrating reagent, or titrant, from a burette, essentially a long, graduated measuring tube with a tap at its bottom section. The process is stopped when the point of equivalence is reached. [1]

[bookmark: _Toc131584018]Definitions
Standard solution is a solution of accurately known concentration prepared from a primary standard (one that is known to be stable, of high purity, highly soluble in water and of a high molar mass to allow for accurate weighing) that is weighed accurately and made up to a fixed volume. [2]
Titrant is a solution of known concentration that is added to another, to examine the concentration of a second chemical. [3]
Indicator is any substance that gives a visible sign, usually by a colour change of the presence or absence of a threshold concentration of a chemical species, such as an acid or an alkali in a solution. [4]
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Calculations based on the results of the experiment are used to ascertain the moles of the volume from the pipette, moles of standard solution, moles of the solute, moles acid, moles base and the volume of acid and base.
To calculate moles volume of HCl from the pipette, the formula (nNaOH=MV) is used.
To identify moles for the standard solution, this is the same as the moles of volume of NaOH (nNaOH=nHCl).
To find molarity of HCl in the pipette, the formula (MHCl=n/v) is used.
(n Solute=MV) is used to calculate moles solute.
And finally for moles acid, (moles acid=M B VB/VA) is used.
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Titration can be applied in OME to analyse acid mixtures in explosives, which is not as straightforward as conventional titration. The method uses two contiguous titrations.
The first involves the titration of the sulfuric acid as sulphate, not acid, using barium chloride as titrant.
The second titration follows immediately after, titrating the total acid content with standard sodium hydroxide solution.
Both results report to the same line on the same spreadsheet, and utilising MS Excel, the individual sulphuric and nitric components can be calculated. [5]

[bookmark: _Toc131584021] Chemicals and Equipment
The experiment requires, an acid (HCl,100mL), a standard solution (NaOH, 100mL) and an indicator (Phenolphthalein).
The equipment used was a pipette, a burette, a flask, beaker for waste, a small funnel and a clamp.
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Before the procedure commences, all the equipment must be thoroughly cleaned to ensure the accuracy of the results. The pipette was cleaned by using a small amount of HCl and disposed into the waste.
The burette was cleaned with a small volume of NaOH and subsequently discarded as waste. The funnel was washed using the same method. 
Distilled water was used to clean the flask.
For the procedure itself, the burette was filled with NaOH standard solution using the small funnel. After placing the flask under the tap outlet, the tap was opened, and the level examined until it reached the level zero of the burette ensuring no air bubbles were present in the burette.
Next, the first reading was taken from the burette. Using the pipette, 25mL of HCl was then dispensed into the flask.
Using the pipette, 3-4 drops of phenolphthalein was added to the HCl and the flask was swirled slowly by hand. After this was completed, using the burette, the tap was opened and the NaOH was added slowly and continued to be swirled until the colour pink could clearly be identified visually. Once the results appeared, a final reading on the burette was recorded.
This procedure was carried out another 3 times repeating the process. Noting that the volume of HCl is within 2mL of the level that was tested during the rough titration.
The flow of the base solution was reduced to a slower rate so that the volume of HCl could be read to narrow the results to one drip from the burette. After this a reading was taken at 0.05mL (one drip) and another reading at the first change in colour of the solution. After this the HCl was changed to try and show the palest colour change and repeated the steps until satisfactory results were collected.
[bookmark: _Toc131584023]Observations and Data

Prior to the experiment, the molarity of the base solution was stated as 0.1002 moles per L of NaOH. The volume of HCl contained within the beaker was 25mL. The initial and final burette readings from the result of the first titration was recorded at 0mL and 17.1mL, showing that the volume of NaOH was 17.1mL.
The second titration gave readings of 17.1mL initial and 33.9mL resulting in a volume of 16.8mL.
The final titration carried out resulted in 33.9mL initial and 50mL, resulting in a final volume of 16.1mL.
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Calculations of the three titration tests are shown below.
Titration 1




Titration 2.



 = 0.06733 mol/L
Titration 3.







[bookmark: _Toc131584025] Results and Discussion

Upon conclusion of the titration, the student was able to find out and record the concentration of a solution of hydrochloric acid (HCl), using a standard solution hydroxide, NaOH. 
All health and safety procedures were adhered to. PPE was worn and good housekeeping was maintained throughout.
The student was aware of experimental error throughout the experiment. The main cause of this was human error, one instance was when the solution displayed a darker shade of pink in the second and third titrations than the first. This could indicate contamination of the solution and subsequently provide inaccurate results.
The calculations provided were based on the results shown and disregarded the potential inaccuracies, they were provided to demonstrate a basic understanding of the formulas involved.
Another human factor that could be considered is when using the tap of the burette, this is operated by hand and thus, can take some time to familiarise the student with the method of achieving the correct flow.  This can be another reason for producing inaccurate results.

[bookmark: _Toc131584026]Conclusion

The purpose of the titration was to determine the concentration of an Acid with an Alkaline solution (Hcl with NaOH). Phenolphthalein was used as the indicator to show the titration had taken place. As a darker than anticipated shade of pink was displayed during the results phase, the student appreciated that with more experience, a higher level of accuracy will be achieved. Nevertheless, results were collected, and calculations were carried out based on the formulas provided.
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