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[bookmark: _Toc193816319][bookmark: _Toc51833421]Introduction
[bookmark: _Toc193816320]Purpose of Experiment
This experiment was used to find the concentration of Hydrochloric acid by using the titration method [1].  In the experiment that was conducted on 21/02/2025 a known standard base was given to the students along with the apparatus to conduct the experiment to find the concentration of HCL.  Once a colour change is present for longer than 30 seconds the student has found the equivalence point.
Equations needed for this experiment
[bookmark: _Toc193348667]Equation 1 M = n/v
[bookmark: _Toc193348668]Equation 2 MaVa = MbVb
[bookmark: _Toc193816321]Hypotheses
In this experiment the conical flask should experience a colour change to pink.  Phenolphthalein is the indicator used in this experiment.  When the base solution is added into the mixture of HCL and indicator once the equivalence point is reached the solution should change colour to pink.
[bookmark: _Toc193816322][bookmark: _Ref288474664][bookmark: _Ref288474670][bookmark: _Toc290554228][bookmark: _Toc299621193][bookmark: _Toc299631419][bookmark: _Toc299631481][bookmark: _Toc299631571][bookmark: _Toc299631647]Variables
The independent variable is the volume of standard solution added to conical flask. The Dependant variable is the molarity of HCL.  The control variables are concentration of standard solution, volume of HCL in each conical flask and the amount of phenolphthalein in each flask.




[bookmark: _Toc193816323]Results
[bookmark: _Toc193816324]Experimental Data
The student conducted the experiment on 21/02/2025 and results were recorded during the experiment.  The results in table 1 were calculated using equation 1 and equation 2.  These two equations are linked by the equivalence point.  With the value of moles needing to be the same for the equivalence point equation 1 with calculations of NaOH would have the same outcome of equation 1 with calculations for HCL.  This means that the volume (mL) and molarity (mol/mL) for NaOH (have volume and given molarity) can be used to calculate the molarity of HCL.
	FLASK
	1 (rough titration)
	2
	3

	VHCL (mL) from pipette
	25
	25
	25

	Initial burette reading
	0.00
	16.80
	33.40

	Final burette reading
	16.80
	33.40
	49.98

	VNAOH (mL)
	16.80
	16.60
	16.58

	Moles of NaOH
	1.68
	1.66
	1.66

	Moles of HCL
	1.68
	1.65
	1.66

	Molarity of HCL
	0.07
	0.07
	0.07


[bookmark: _Toc193348660]Table 1 Titration Data
Table 1 shows the results from the experiment.  The volume of NaOH should not have a difference of any more than 0.10mL.  The results of the rough titration are used to get the approximate volume required to neutralise the acid.  Initial and final burette readings are taken from the bottom of the meniscus.






Apparatus is set up as shown in figure 1
[image: ]
[bookmark: _Toc193348659]Figure 1 Titration apparatus set up [1]
[bookmark: _Toc193816325]2.2 Key Findings
The student’s key findings from the experiment were that the colour change is a rapid response.  Once the equivalence point is reached the colour change is rapid meaning that the rough titrations results were not accurate as the student failed to close the burette immediately.  This is the reason for the 2 repeated tests after the first rough titration.  These results gave a more accurate and reliable result as all the readings were within tolerances and followed expectations.



[bookmark: _Toc193816326]Discussion
[bookmark: _Toc193816327]Experimental results
The results that the student collected in table 1 show the volume of standard NaOH solution required to neutralise the unknown molarity of HCL.  The first result was the rough titration.  This result found that around 16.80mL of NaOH were required to neutralise the solution of HCL.  This result is the least accurate out of the 3 as once the equivalence point was reached there was a delay in stopping the addition of NaOH.  Equation 1 can be used to derive equation 2 as once the solution is at the equivalence point the moles of HCL and NaOH would be the same.  Equation 2 can then be used to get the concentration.   The concentration was found to be 0.07mol/m3.  The second and third results we very similar in volume of NaOH.  The second result found that 16.60mL of NaOH was required to neutralise the acid and using the same theory as before the concentration can be calculated.  For the second result the concentration was found to be 0.07mol/m3.  The third result required 16.58mL of NaOH to neutralise the HCL giving a concentration of 0.07 mol/m3.  Overall, the average concentration of the HCL was found to be 0.07 mol/m3.


[bookmark: _Toc193816328]Relation to OME
In OME titration is a valuable method for analysing different explosives and their compositions.  For example, the reaction between RDX and HMX in sulphuric acid applied using titration as a method with an indicator and brown ring [2] reaction can be used to identify nitrates withing explosives. [3]  Brown ring is a further method used to identify nitrate groups within chemicals.  In OME explosive primary contain nitrate groups as the high energy yield after the breaking of the bonds between the nitrogen atoms.  [5]
[bookmark: _Toc193816329]Limitations
While titrations are a very precise and accurate experiment there are errors that can occur.  Human error with measuring the standard solution as they might not measure from the bottom of the meniscus.  Not all materials can be titrated meaning that this experiment is only useful in specific circumstances.



[bookmark: _Toc193816330]Conclusions
The findings of the experiment show that the concentration of HCL was 0.07M.  The hypothesis of a colour change is supported as to find this value the student had to first observe a colour change and then calculate the molarity using equation 2.  The potential for future experiments could be useful as repeating the experiment more than the three times that it was conducted means that the average concentration of HCL can be found with a higher accuracy to the true value.
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Equipment
1. Burette
2. Pipette
3. Conical flasks x3
4. Funnel
5. Plastic pipette
6. Measuring cylinder
7. Waste beaker
8. White paper to go under titration flask
9. Wash bottle filled with DI water

Method
1. Cleaning apparatus:
a. Pipette – DI water then a small amount of HCL.  Discard washings after
b. Burette – with DI water then a small amount of standard NaOH solution.  Discard Washings after
c. Conical flasks – Wash with DI water
2. Equipment setup.  As shown in figure 1
3. Use a funnel to fill burette with Standard NaOH solution.  Run solution through the tap until burette measures on 0 level.
4. Fill conical flasks with 25mL of HCL using a pipette.
5. Add indicator to flasks of HCL. 3 to 4 drops before swirling to mix in indicator.  Add 10mL of DI water using measuring cylinder.
6. Rough titration.  Run NaOH through the burette into the conical flask until a colour change to pink can be observed.  Measure the reading on the burette.
7. Repeat step 6 for next flask of HCL
8. Run NaOH through burette into the conical flask within 2mL of the rough titration.
Slow the rate of NaOH into conical flask until a colour change occurs.  This allows you to identify the amount of standard solution required to neutralise the acid.
9. Repeat step 7 and 8

Results from experiment
[image: ]
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