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1. The purpose of this test was to determine the concentration of a solution of hydrochloric acid, HCl using a standard solution of sodium hydroxide, NaOH. By carrying out the titration we were able to record the volumes of base and acid used and then use the results to determine concentration. Following the procedure, four sets of results were collected within tolerance of each other yielding a consistent reading allowing for the concentration of the HCl solution to be determined. 
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2. The purpose of this test was to determine the concentration of a solution of hydrochloric acid, HCl, using a standard solution of sodium hydroxide, NaOH. Doing this we can gain an understanding of how the theory being taught meets practical use. The main tasks involved with this lab test would be to prepare and carry out the titration, record the volumes of base and acid used and then use the results to determine concentration. Upon completion produce a report covering every aspect.

3. The main tasks for this lab report are:

3.1. Understand the theory of moles, molarity and concentrations of solutions.
3.2. Prepare the lab experiment.
3.3. Carry out the experiment using the correct procedure.
3.4. Record the results.
3.5. Calculate moles and molarity of NaOH and HCl.
3.6. Produce lab report.

[bookmark: _Toc129874900]Theory

4. A titration is a process of chemical analysis in which the quantity of some constituent of a sample is determined by adding to the measured sample an exactly known quantity of another substance with which the desired constituent reacts in a definite, known proportion. [1]

5. The standard solution is a solution of known concentration in this instance the NaOH. 

6. The indicator is Phenolphthalein which will be used to indicate when the acid is fully neutralised by the solution as it will fully make the mixture turn pink. 

7. The base is the standard solution of NaOH. 

8. The acid in question is an unknown concertation of HCl.

9. One application for titrations is explosives detection. It was found that nitroaromatic explosives such as 2-nitrotoluene, 4-nitrotoluene can be detected using nanorods made of nanocrystal. To demonstrate this ability fluorescence spectrometric titration experiment was carried and found that fluorescence of nanorods was found to be highly sensitive suggesting that nanocrystals can be used to detect nitroaromatic explosives. This can then be used for counter terrorism and environmental protection activities. [2]

10. The formulas and calculations for this experiment were used to determine the unknown concentration of HCl. [3]

10.1. Chemical reaction:

10.1.1. HCl (aq) + NaOH (aq) > NaCl (aq) + H2O (I)

10.2. Balanced neutralisation reaction:

10.2.1. H+ + Cl- + Na+ + OH- > Na+ + Cl- + H2O (I)

10.2.2. Na+- and Cl- are called separator ions

10.2.3. H+ + OH- > H2O (I)

10.3. Calculations 


10.3.1. Moles acid = MA x VA

10.3.2. Moles base = MB x VB

10.3.3. MA x VA = MB x VB

10.3.4. Molarity of Acid, MA = MB x VB / VA
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11. To facilitate this test there was a variety of equipment that was used and 

11.1. Safety equipment
11.2. Safety goggles
11.3. Gloves
11.4. Lab coat
11.5. Suitable clothing

12. Lab equipment

12.1. Burette 50mL
12.2. Burette stand and clamp
12.3. Pipette 10mL
12.4. Pipette filler
12.5. Small funnel
12.6. 250mL beaker for waste
12.7. 3 conical flasks
12.8. White tile

13. Chemicals

13.1. 100mL of standard NaOH
13.2. 100mL of HCl solution
13.3. Phenolphthalein indication
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14. The following is the procedure used to carry out the titration.

14.1. Wash
14.1.1. Pipette with HCl
14.1.2. Burette with NaOH
14.1.3. Conical flasks with distilled water
14.2. Using the funnel, fill the burette with NaOH so that the meniscus is at the zero level
14.3. Ensure that there is no air bubble
14.4. Use the pipette filler to place 25mL HCl solution into the three conical flasks
14.5. Add 3-4 drops of phenolphthalein indicator to each conical flask
14.6. Place the conical flask under the burette and use the tap to drop the NaOH solution into the flask and mix thoroughly until the solution changes to the colour pink
14.7. Record how much NaOH was used reading off the burette
14.8. Repeat steps 13.2 – 13.6
14.9. Drop the NaOH into the flask until there is about 2mL remaining before colour change occurs
14.10. As there is 2mL left to add carefully drop the NaOH into the flask and immediately stop as the colour change
14.11. To add drops, carefully open the burette until a consistent controllable drop rate is achieved
14.11.1. Continuously mix
14.12. Wait for longer than 30 seconds, if the pink disappears add more NaOH
14.13. As colour change occurs record the volume of NaOH used to neutralise the HCl
14.14. Repeat steps 7-10 until satisfactory results are obtained
14.14.1. At least two results are within 0.06 of each other
14.14.2. At least two of the results are within 0.10 of each other
1.1. 
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15. This is the calculations needed to determine Molarity for HCl and moles for NaOH and HCl

15.1. Moles acid = MA x VA

15.2. Moles base = MB x VB

15.3. MA x VA = MB x VB

15.4. MA, molarity is the unknown and has to be calculated

15.5. VA is the volume of acid pipetted into the conical flask

15.6. MB is the molarity of the standard base solution

15.7. VB is the volume of base used to titrate acid into the conical flask

15.8. Thus, the formula used:

15.8.1. MA = (MB x VB) / VA

16. This table is the clean version of the lab sheet written out during the experiment. See Appendix A for rough version used during the experiment. 
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	Flask
	1
	2
	3
	4

	V HCl (mL) from pipette
	25mL
	25mL
	25mL
	25mL

	Initial burette reading
	0mL
	17mL
	13.40mL
	19.90mL

	Final burette reading
	16.90mL
	33.60mL
	30.20mL
	36.90mL

	V NaOH (mL)
	16.90mL
	16.60mL
	16.80mL
	16.90mL

	Moles of NaOH
	1.69 x 10-3 mol
	1.66 x 10-3 mol
	1.69 x 10-3 mol
	1.69 x 10-3 mol

	Moles of HCl
	1.15 x 10-3 mol
	1.11 x 10-3 mol
	1.13 x 10-3 mol
	1.15 x 10-3 mol
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	0.068mol/L
	0.067mol/L
	0.067mol/L
	0.068mol/L
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17. The molarity was calculated and the average for the four results is:

0.068 + 0.067 + 0.067 + 0.068 = 0.27

0.27/4 = 0.0675 or 0.068mol/L 2dp

18. However, the result is not as accurate as it should be as the moles for both NaOH and HCl are not matching when they should be. This could be due to a number of factors: 

· Human error played a massive factor in the inaccuracy of the of the calculations of the moles for both NaOH and HCl. This is due to when preparing the acid and the base, inaccurate measurements we made. Also, when carrying out the titration the recording of the volume of the base to neutralise the acid was not accurately captured. 
· Misreading the volumes when preparing the acid and base as well as reading the volume used in the burette. 
· End point is when the reaction stops, we know when this occurs as the indicator used will change colour. There most likely was an error as the indicator did not change instantly and so too much NaOH was added to the acid. 
· Contamination of the containers used may have diluted the concentration of the acid and base used. Doing this could have affected the results.
[bookmark: _Toc129874905]Conclusion

19. In conclusion, for this test, four sets of consistent results were collected that allowed for the calculation of the unknown molarity of hydrochloric acid of 0.068mol/L. Doing this demonstrates the theory of moles, molarity and the practical process of titration. However, the result is not as accurate as it should be as the moles for both NaOH and HCl are not the same meaning that wrong volumes of NaOH was used to neutralise the acid meaning that the molarity calculation will not be as accurate as it should be. 
20. If this test was conducted again, learning from experience, the test should be repeated many more times to yield more reliable results as well as follow the procedure more carefully to reduce the likelihood of human error and create more valid results. 
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Appendix A – Titration Data Sheet
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