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[bookmark: _Toc193810035]Introduction
[bookmark: _Toc193810036]Aim of experiment

The aim of the experiment is to determine the concentration of hydrochloric acid (HCl) by adding sodium hydroxide (NaOH) until the equivalence point is reached.
[bookmark: _Toc193810037]Hypothesis

The hypothesis being tested in this experiment is that NaOH of known concentration can be added to HCl, eventually neutralizing it and the equivalence point can be observed using an indicator solution. This measured equivalence point can be used to determine the molarity.
[bookmark: _Toc193810038]Experiment variables

Independent variable: 
Volume of NaOH added to the HCl in the volumetric flask.

Dependant variable: 
Visible change in colour within the volumetric flask due to indicator solution.

Control variables: 
· Lighting conditions
· Ambient temperature
· Cleaning solution
· Concentration of NaOH
· Concentration and volume of indicator solution (phenolphthalein)

[bookmark: _Toc193810039]Experiment equations
[bookmark: _Toc193809857]Equation 1 - Relationship between molarity and volume of two solutions.
M1V1 = M2V2

M1 = Molarity of NaOH (M)
V1 = Volume of NaOH (L)
M2 = Molarity of HCl (M)
V2 = Volume of HCl (L)



[bookmark: _Toc193809858]Equation 2 - Relationship between number of moles, molarity and volume of a solution.
n = M x V

n = Number of moles (mol)
M = Molarity (M)
V = Volume (L)

[bookmark: _Toc193809859]Equation 3 - Molar mass calculation
mm = ∑x

mm = Molar mass of compound (g/mol)
x = Atomic mass of components (g/mol)


[bookmark: _heading=h.75zvc1ezz9dy][bookmark: _Toc193810040]Results
[bookmark: _Toc193810041]Results 

In the experiment all the solutions produced a coloured flame when burned. The different colours observed by the student are listed alongside an estimation of which metal ions are present in the solute.  An additional estimation of the observed wavelength is also recorded, using Figure 1 as a reference.

	Flask
	1 Rough Titration
	2
	3
	4

	VHCl from pipette (mL)
	25.00
	25.00
	25.00
	25.00

	Initial burette reading (mL)
	0.80
	0.00
	0.00
	14.00

	Final burette reading (mL)
	17.95
	16.80
	14.50
	20.50

	VNaOH (mL)
	17.15
	16.80
	14.50
	6.50


[bookmark: _Toc193810086]Table 1 - Results from experiment - before calculations
In this experiment the results remained consistent outside of serial 3, the ratio of base to acid was recorded to be within 0.65:1 and 0.675:1.  The equivalence point was observed when the indicator solution started to turn pink. This is because the indicator solution reacts with alkaline solutions to turn pink, at this point, the solution has been neutralised by the NaOH. 




[bookmark: _heading=h.m102a2ekgo7z][bookmark: _Toc193810042]Discussion
[bookmark: _Toc193810043]Significance of results

The neutralisation of the acid by the base is due to the acidic H+ ions in the HCl reacting with the negative Cl ions. The results of the experiment signify the quantity of the base required in this reaction which can then be used to calculate the molarity of the HCl, NaOH concentration: 0.09977 M.

[bookmark: _Toc193810044]Calculations – Determination of HCl molarity

The molar mass of each compound can be determined by combining the atomic masses of all its components.

Molar mass of each compound:
mmNaOH = 22.99 g/mol + 15.99 g/mol + 1.008 g/mol = 40.00 g/mol
mmHCl = 1.010 g/mol + 34.45 g/mol = 36.46 g/mol

Using the known molarity of the NaOH and the volume used in each test serial, the molarity of the HCl can be determined as well as the number of moles of each compound.

NaOH Molarity: 0.09977 M

Molarity equation
M2 = (M1V1)/V2

Determination of number of moles
n = M x V

Test 1:
M2 = (0.09977 M x 17.15 mL) / 25.00 mL = 0.06844 M
nHCl = 0.06844 M x 0.025 L = 0.001711 mol
nNaOH = 0.09977 M x 0.01715 L = 0.001711 mol

Test 2:
M2 = (0.09977 M x 16.80 mL) / 25.00 mL = 0.06705 M
nHCl = 0.06705 M x 0.025 L = 0.001676 mol
nNaOH = 0.09977 M x 0.01680 L = 0.001676 mol

Test 3:
M2 = (0.09977 M x 14.50 mL) / 25.00 mL = 0.05787 M
nHCl = 0.05787 M x 0.025 L = 0.001447 mol
nNaOH = 0.09977 M x 0.01450 L = 0.001447 mol


Test 4:
M2 = (0.09977 M x 6.50 mL) / 10.00 mL = 0.06485 M
nHCl = 0.06485 M x 0.0100 L = 0.006485 mol
nNaOH = 0.09977 M x 0.000650 L = 0.006485 mol

In these calculations, test serial 3 was identified as an outlier, the molarity of the HCl was 0.06678 M.
Below is the table populated with the values from the above calculations.

	Flask
	1 Rough Titration
	2
	3
	4

	VHCl from pipette (mL)
	25.00
	25.00
	25.00
	25.00

	Initial burette reading (mL)
	0.80
	0.00
	0.00
	14.00

	Final burette reading (mL)
	17.95
	16.80
	14.50
	20.50

	VNaOH (mL)
	17.15
	16.80
	14.50
	6.50

	Moles of NaOH (mol)
	0.001711
	0.001676
	0.001447
	0.0006485

	Moles of HCl (mol)
	0.001711
	0.001678
	0.001447
	0.0006485

	Molarity of HCl (M)
	0.06844
	0.06705
	0.05787
	0.06485


[bookmark: _Toc193810087]Table 2 - Results from experiment - post calculations
[bookmark: _Toc193810045]Relevance to OME

The relevance of titration to OME stretches to multiple areas, one of which is the identification of an explosive composition’s purity. An example of this is a testing report from a journal on an explosive composition called FOX-7 [1].  In this report, the composition was subject to non-aqueous titration and a purity was able to be determined. Another journal article supporting the use of non-aqueous titration details the testing of TNT as well as other explosive compounds with similar methods [2].

Another journal details the testing of an explosive’s purity using acid-base titration like the experiment performed for the molarity [3]. All these tests were of a high precision and further support the validity of the performed experiment.

[bookmark: _Toc193810046]Sources of error

The nature of the experiment allowed the following sources of error:

· Human error:
· Limitations of using human eye to measure the level of liquid in burette as well as the change in colour from the indicator.
· [bookmark: _heading=h.d3z63m6ptrx5]Control of solution release from burette using valve.




[bookmark: _Toc193810047]Conclusion
Overall, the testing proved accurate as the serials produced very similar results. The HCl’s molarity was determined to be 0.06678 M. The use of the indicator was appropriate as it was able to consistently display the equivalence point of the acid/base mixture. The use of titration in OME is important to the provision of safe compounds of known purity.
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[bookmark: _Toc193810049]Appendices
1.a. [bookmark: _Toc193810050]Annex a - Materials and methods
Chemicals: 
· ~ 100 mL of standard NaOH solution, MB = 0.09977 mol/L in a labelled beaker 
· ~ 100 mL HCl solution with an unknown concentration in a labelled beaker 
· Phenolphthalein indicator (colourless in acidic solution, pink in basic solution)

Equipment:
· 1x Burette, 50 mL attached to a burette stand with clamp
· 1x Pipette, 10 mL OR 5 mL, with pipette filler
· 3x Erlenmeyer (conical) flasks, 100 mL
· 1x Small funnel to fill the burette
· 1x Plastic pipette
· 1x Wash bottle with deionised water
· 1x Graduated cylinder, 100 mL
· 1x White tile or white paper to go under the titration flask
· 1x Beaker for the waste

Procedure:
· Step 1: wash
· Pipette - with deionised water from the wash bottle followed by a small volume of HCl; discard the washings
· Burette - with deionised water from the wash bottle followed by a small amount of NaOH (discard); use the funnel to pour a few mL of NaOH 
· Erlenmeyer (conical flask) - with a small amount of deionised water

· Step 2: Using a small funnel, fill the burette with standard NaOH solution, running some of the solution through the tap, until the bottom of meniscus is just on the zero level. Ensure that there are no air bubbles trapped.
RECORD THE INITIAL READING !!!

· STEP 3: Using the pipette filler place 25 mL of HCl solution in the three clean conical flasks

· STEP 4: Add 3-4 drops of phenolphthalein indicator to each flask with acid and swirl gently, then add approximately 10 mL of deionised water using a graduated cylinder

· STEP 5: Using the tap of the burette run the NaOH solution in the first conical flask, mixing thoroughly, until the solution changes colour to pink. This step is called rough titration and should allow you to estimate the volume of NaOH needed to neutralise the measured volume of HCl.
RECORD THE FINAL READING!!!

· STEP 6: Repeat step 5 for the next sample of HCl 

· STEP 7: This time:
· Run the NaOH into the acid /indicator/water mix until the volume of NaOH is within 2 mL of what it was in the rough titration (Step 5)
· At this point run the base at a slower rate (dripping it slowly and shaking the solution in the flask) so you can read the volume of HCl required to neutralise the solution to one drop (0.05 mL). Note: Take an accurate reading within 0.05 mL and take the reading at the first colour change in the solution

· STEP 8: Repeat steps 6 and 7 until a satisfactory result is obtained. Two volumes of NaOH solution differ by no more than 0.10 mL  for the same volumes of HCl

1.b. [bookmark: _Toc193810051]Annex b – Original data sheet
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