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Abstract 
[bookmark: _Int_BOOV4gzY][bookmark: _Int_1stPs6fB]This report explains the titration experiment where 25ml of HCL (Hydrochloric Acid) is found using a standard solution. The standard solution used in this experiment was NaOH (Sodium Hydroxide), which had the molarity of 0.1002 Mol/L and was used to clean the burette. It was also the solution added to the Erlenmeyer Flask holding the HCL and Phenolphthalein and mixed until a pink colour was reached. The first and final volume in the burette were carefully recorded and used in final calculations. 
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1. Introduction 
(A) Theory
· [bookmark: _Int_FT3xdSKS]Titration is used to calculate the concentration of a solution where the volumes of chemicals must be measured accurately. The main concept of a titration is to create a reaction between the unknown solution and standard solution (7). Having knowledge of both precise volumes, the unknown concentration can be calculated. To show the reaction between the unknown and the standard solution an indicator may have to be added (7). An example of an indicator is Phenolphthalein, used in acid-based titration. An indicator is used in the experiment to identify the colour of the solution once titration has occurred. 
· The experiment's aim is to find the concentration of HCL using NaOH as the standard solution. 
(B) Definitions
· Standard Solution: An accurately concentrated solution prepared from primary standard of an accurately weighed mass and fixed volume (4).
· Indicator: A substance that displays a visible sign when in the company or lacks concentration of another chemical e.g., acid (5). In this experiment a Phenolphthalein indictor is used where it appears colorless in the acidic but pink in basic solution. 
· Molarity: The measure of the number of moles per liter of liquid (Units: mol/L). This will be calculated in this experiment for HCL.
· Meniscus: the meniscus is the curve of a liquid which is near to the top of a surface where the measurement reading should be taken from.
· Neutralization: A reaction that occurs when an acid reacts with a base to form salt and water (6). In this experiment, at the end point of neutralization, the moles of NaOH equal those of HCL, where they have both been fully consumed. 
(C) Applications
· [bookmark: _Int_HBERuCA5]One application of titration in the real world is in the dairy industry (1). Bacteria gets added into milk to further produce lactic acid to then create other products like yoghurt and cheese. Therefore, titration is used to decipher the correct dose of microbes to turn the milk into these other products (1). The amount of chlorine in a swimming pool is also figured out by titration (2). Sodium Thiosulfate is titrated with Iodine and the results are proportional to the sample of chlorine used (2). Another good example of titration in real life is in the drug industry (3). Drug Titration is used to individualize doses of medicine to patients for them to have the least pain and decrease chance of side effects whilst also having the optimal dosage to be treated correctly (3).

2. Equipment list
(A) The experiment was conducted using the following tools:
· [bookmark: _Int_nl4Gyx5C]A 50ml glass burette which was attached to a stand with a clamp at the bottom helped keep it in place.
· [bookmark: _Int_XmjwkqOo]A 5ml pipette is used to collect the HCL through the pipette filler.
· A beaker for waste when cleaning the burette, pipette, and Erlenmeyer flasks. 
· A titration waste beaker to ensure the chemicals are disposed of properly. 
· A small glass funnel to place the liquid in the burette.
· 4x Erlenmeyer flasks to collect each titration in.
· A pen to correctly label each beaker, chemical and flask.
· Lab sheet to record data 
· Pen to record data. 
· Pasteur pipette to add the phenolphthalein into the Erlenmeyer flask with the HCL. 
· [bookmark: _Int_3iQ9i7mh]A white background to place under the Erlenmeyer flask to observe the titration colour. 
· 2x beakers for each chemical used 
(B) The experiment was conducted using the following chemicals: 
· [bookmark: _Int_CAhszCEl]The standard solution: NaOH (Sodium Hydroxide), 100ml of with a Morality of 0.1002 mol/L in beaker labelled “NaOH”.
· HCL (Hydrochloric Acid) solution in a beaker labelled “HCL” (This chemical has an unknown concentration)
· Phenolphthalein indicator in a small bottle and ensure lid is closed when not in use as can be harsh to breathe in. 
(C) The experiment was conducted using the following PPE:
· Lab coat: To protect you from chemicals for example, HCL and NaOH can stain your clothes. 
· Goggles: They can protect you from chemicals as they can be toxic for your eyes. 
· Gloves: Protect you from toxic chemicals as they could burn. 

3. Procedure
· 1. Before beginning the titration you must clean the pipette, burette, and Erlenmeyer flasks. To clean the pipette, add a small amount of HCL and swish back and forth before discarding into the waste beaker. Do the same to clean the burette but instead add a small amount of NaOH and swish back and forth before discarding in the waste beaker. The Erlenmeyer flasks should be cleaned with distilled water before being discarded in the waste beaker. 
· [bookmark: _Int_hlW5MGSU]2. To begin the experiment, firstly fill the burette (using the funnel) with NaOH solution until the meniscus is on a figure where the second decimal point is 0 or 5 to ensure the calibrated glassware is read accurately. Record the initial reading here in the table.
· [bookmark: _Int_2C69SHGY]3. Next, fill the pipette up with HCL using the pipette filler and transfer to the Erlenmeyer flask labelled ‘1’. This will have to be repeated 5 times to reach 25ml of HCL in the flask. 
· [bookmark: _Int_FEb3C5pI]4. As well as the 25ml of HCL you should also add 4 drops of Phenolphthalein into the ‘1’ Erlenmeyer flask as this is the indicator used in this experiment.
· 5. Placing the ‘1’ Erlenmeyer flask under the tap of the burette and begin to turn your tap to release the NaOH into the flask. As you release the NaOH you should smoothly swirl the flask to mix the chemicals thoroughly watching until you see the liquid change colour (Tip: It might be easier to have a partner maneuver the tap whilst you mix the chemical). The liquid should be light pink in colour.
· 6. Record the reading on the burette making sure to again read from the meniscus. 
· 7. Repeat steps 3,4,5 and 6 for the remaining titrations making sure to use the correctly labelled flasks and remember to refill the NaOH and record the new burette reading if needed. 
· 8. After all titrations have been completed and recorded in the table you should compare the colours then discard all titrations into the titration waste beaker as well as all liquid in the waste beaker into the titration waste so they can be discarded properly. 
· 9. Place all the conical flasks in the sink pre-filled by the lecturers to be cleaned properly. 
· 10. Calculate all the moles of HCL and NaOH as well as the molarity of HCL from all the values collated in the table. You should also calculate the difference in volume of NaOH in ml.

4. Discussion
(A) Data Table
	Flask
	rough titration
	1
	2
	3

	VHCL (ml) from pipette 
	25ml
	25ml
	25ml
	25ml

	Initial burette reading 
	20ml
	20.5ml
	21.4ml
	28.9ml

	Final burette reading 
	36.4ml
	36.9ml
	38.2ml
	44.5ml

	VNaOH (ml)
	16.4ml
	16.4ml
	16.8ml 
	15.6ml

	Moles of NaOH
	1.64328x10^-3 moles
	1.64328x10^-3 moles
	1.68336x10^-3 moles
	1.56312x10^-3 moles

	Moles of HCL
	1.64328x10^-3 moles 
	1.64328x10^-3 moles
	1.68336x10^-3 moles
	1.56312x10^-3 moles

	Molarity of HCL
	0.0657312 mol/L
	0.0657312 mol/L
	0.0673344 mol/L
	0.0625248 mol/L


(Original table given in appendices)
(B) Calculations
· Moles of solute (NaOH) = M x V
· Moles of acid (HCL) = M x V
· Morality of HCL= Moles of NaOH/Volume of solution

(C) Results
· For the first titration a concentration of 0.0657312 mol/L was discovered. This solution was light pink in colour and like the rough titration in the beginning. The second and third titration had a concentration of 0.0673344 mol/L and 0.0625248 mol/L respectively and were both a darker pink colour than the earlier titrations. An average concentration of 0.0651968 mol/L was found for HCL. 
· The result was not as exact as it could have been due to the darkness in colour of the solutions when titration had been achieved. This was due to the amount of NaOH being released from the burette into the Erlenmeyer flasks. The results could have further been improved by correctly reading the calibrated glass as the burette was not completely vertical to the desk and the pipette was not completely held at eye level. Another possible fault is having leftover solution or chemical left in the equipment even after the cleaning process is complete. Another issue to take into consideration would be the refilling of the NaOH into the burette as the experiment progressed to ensure there was enough to last for all titrations. 
· The calculated answers can also vary depending on settings of calculator and how they were rounded. 

5. Conclusion
· Overall, the experiment did find the concentration of HCL. When Phenolphthalein was added, a pink colour was achieved in the solution and from calculation an average concentration of 0.0651968 mol/L was found. The results heavily rely on visual detection therefore are not completely correct and could vary depending on students' perception. To achieve a more accurate experiment next time you could use apparatus to mix the solution instead of by hand to ensure the correct dosage of NaOH solution was added. 
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