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[bookmark: _Toc51833421][bookmark: _Toc194062447]Introduction
[bookmark: _Toc194062448]Purpose of a Titration
A titration is a laboratory process [1] used to determine the concentration of a solution, by reacting it with a solution of known concentration, known as the titrant.
[bookmark: _Toc194062449]Hypothesis
If NaOH (Sodium Hydroxide) of known concentration is added to a solution of HCl (Hydrochloric Acid) of unknown concentration, the measured volume of NaOH required to neutralise the solution can be used to accurately calculate the concentration of HCl.
[bookmark: _Toc194062450]Variables
The independent variable of the experiment is the volume of NaOH added to the solution, the dependent variable is the concentration of HCl, as the volume of NaOH is used to calculate the concentration. The controlled variables of the experiment include: the molarity of NaOH, 0.09977M; the volume of HCl; the temperature of the lab; and the indicator used.


[bookmark: _Toc194062451]Results
[bookmark: _Toc194062452]Recorded results
[bookmark: _Toc194056473]Table 1- The recorded measurements taken during the titration, the original data sheet can be found in appendix B.
	Flask
	1
	2
	3

	Volume of HCl (mL)
	25
	25
	25

	Initial burette reading (mL)
	0.10
	16.80
	24.70

	Final burette reading (mL)
	16.75
	33.80
	42.15

	Volume of NaOH (mL)
	16.65
	17
	17.45


All measurements taken from the burette are to the nearest 0.05 cm3, this is according to the accuracy of the burette. For the third titration the burette was partially refilled with NaOH; though unlikely, it is possible that the added NaOH may have been contaminated, or potentially have a slightly different molarity and should be considered when interpreting the results. Based on the colour of the solution, flask 1 has the most accurate result as the solution is less pink when compared to the other two solutions, as shown in figure 1.
[image: ]
[bookmark: _Toc194062464]Figure 1 - An image of the 3 completed titrations side by side for comparison.
[bookmark: _Toc194062453]Calculations
[bookmark: _Toc194062454]Equations
To calculate the molarity of the HCl solution we can use the following equation [2]:
[bookmark: _Toc194056475]Equation 1
Where  is the Molarity,  is the number of moles and  is the volume of the solution. The volume of the solution was measured during the titration, the number of moles of HCl must equal the number of moles of NaOH due to the neutralisation reaction (equation 2), as the chemicals react with a 1:1 molar ratio:
HCl (aq) + NaOH (aq) ----------- > NaCl (aq) + H2O
[bookmark: _Toc194056476]Equation 2
With this the number of moles of NaOH is calculated using equation 1, therefore giving the value for the number of moles of HCl. Due to this relationship this sequence of calculations can be rewritten as the following equation:
Equation 3
This equation can be rearranged to make the molarity of HCl () the subject of the equation:
Equation 4
[bookmark: _Toc194062455]Calculations
Using equation 4, the molarity of HCl was calculated for each titration. The results can be found in table 2 to three significant figures.
[bookmark: _Toc194056474]Table 2- Table showing the calculated molarity of HCl for each titration.
	Flask
	1
	2
	3

	Volume of NaOH (mL)
	16.65
	17.00
	17.45

	Molarity of NaOH (M)
	0.09977

	Moles of NaOH
	1.66 x10-3
	1.70 x10-3
	1.74 x10-3

	Moles of HCl
	1.66 x10-3
	1.70 x10-3
	1.74 x10-3

	Molarity of HCl (M)
	0.0665
	0.0678
	0.0696





[bookmark: _Toc194062456]Discussion
[bookmark: _Toc194062457]Key Findings, improvements, and limitations
The results show that all titrations were performed successfully, however the results were less precise than desired. The measured volume of NaOH for the three titrations were within 0.80 mL of one another, this is quite poor considering the precision and accuracy of a burette. Additional titrations should’ve been performed to acquire a more accurate value for the molarity.
The current method for titration is to keep adding titrant to the solution until the equivalence point is reached. A potential method for improving the accuracy of a titration is to increase the number of titrations performed. After performing a rough titration, a range could be established. For example, if the rough titration required a volume of 16.0 mL to reach the equivalence point, then a range between 14.0 mL to 18.0 mL can be established. Titrations can then be performed by aiming for a set value, rather than visually looking for a colour change in the solution, incrementally increasing this value until the upper limit of the range is reached. The entire range of titrations could then be compared to qualitatively identify the most accurate titration. This is likely to provide better results but does require significantly more time and resources to perform.
One limitation of the experiment is the measuring of the volume of titrant. The requirement to visually take a reading from the burette increases the measurement error of the experiment, as each technician is likely to provide a different answer for the same measurement. The reading of the meniscus can increase the measurement error by ±0.12cm3 depending on the angle from which the meniscus is read (Figure 2).
[image: A zoomed-in section of the burette between 20.5 milliliters and 18.5 milliliters shows the level of the solution in the burette. There is a concave meniscus at the surface of the solution. There are 3 eyes on the right side of the burette looking at the level of the solution from above, at, and below the meniscus. The eye above the meniscus reads the solution level to be at 19.42 milliliters. The eye at the same level as the meniscus reads the level of the solution to be 19.5 milliliters. The eye below the meniscus reads the level of the solution to be 19.62 milliliters. The correct measurement of the solution level is 19.5 millimeters.]
[bookmark: _Toc194062465]Figure 2- A diagram showing the potential reading error for the meniscus when at a non-perpendicular angle.
[bookmark: _Toc194062458]Relevance to industry
Titrations are used in the OME industry to analyse different nitrated explosive compounds such as Trinitrotoluene (TNT), Dinitrotoluene (DNT), hexagen (RDX) and more by	titrating them as acids in dimethylformahide and methyl isobutyl ketone (4 methyl-2-pentanone) [3]. 
One such use of titrations can be used to understand the levels of explosive contamination in soil samples by using multiple analytical methods such as gas chromatography. These analytical studies can identify the impact of explosive contamination in the environment [4].	




[bookmark: _Toc194062459]Conclusion
[bookmark: _Toc194062460]Conclusion
The results of the titration meet the hypothesis, the molarity of HCl was accurately identified through multiple repeats of the experiment. The precision and accuracy of the results can be improved by eliminating human error during measurement recording. One potential way this could be achieved is by weighing the titrant before and after, calculating the volume using the mass, this would eliminate the need of reading the burette by eye. Another solution is to perform a set range of titrations as mentioned in section 3.1.
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Chemicals and Equipment
Chemicals
· ~100 mL of NaOH solution, MB = 0.09977 mol/L
· ~100 mL HCl solution of unknown concentration
· Phenolphthalein indicator
Equipment List
· 1 Burette, 50 mL clamped to a burette stand
· 1 Pipette, 10 mL with pipette filler
· 3 Erlenmeyer (conical) flasks, 100 mL
· 1 small funnel
· 1 Plastic Pipette
· 1 Wash bottle containing deionised water
· 1 Graduated cylinder, 100 mL
· White paper
· 1 Waste Beaker
Methodology[*]
1. The pipette and burette were washed with deionised water, followed by a small quantity of HCl. The Erlenmeyer flasks were washed with deionised water only. Any remaining solution was discarded into the waste beaker.
2. Using a small funnel, the burette was filled with NaOH solution; the solution was run through the tap until the bottom of the meniscus was level with the zero mark on the burette. 
3. Using a pipette filler, three conical flasks were filled with 25 mL of HCl each.
4. 3-4 drops of phenolphthalein indicator and 10 mL of deionised water was added to each flask and swirled gently to mix the solution.

5. Using a burette the NaOH solution was slowly mixed into the first conical flask until the colour of the solution turned pink. The start and end points of the NaOH were measured using the graduations of the burette to obtain an accurate measurement of the volume of NaOH added to the solution. This was repeated for each conical flask.
[bookmark: _Toc194062463]Scanned Data sheet
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Precision and Accuracy

You should record pipette and burette readings to the nearest 0.05 cm> (approximately one
drop). Consecutive titrations should agree to within 0.10 cm3 and, you should repeat the
titration until this is achieved.
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