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[bookmark: _Toc161400847][bookmark: _Toc161401131]Introduction
The goal of this lab session was to determine the concentration of an unknown sample of hydrochloric acid (HCl). To find this concentration I reacted the unknown solution of HCl with a standard solution of NaOH (Sodium Hydroxide) in the form of a titration. 
[bookmark: _Toc161400848][bookmark: _Toc161401132]Hypotheses
The concentration of an unknown sample of HCl can be calculated via a titration with NaOH and the help of an indicator. 
The indicator (phenolphthalein) will change pink. 
Variables, 
· The amount of standard solution of NaOH is the independent variable. 
· The dependant variable is the unknown concentration of the solution. 
Equations
HCl(aq) + NaOH (aq)  NaCl(aq) + H2O (l) 
Molarity (m/L)  = moles/volume (l)
Moles of H+ = moles of OH- 
Terms: 
Titration: a technique used to measure the volume of a solution of a known concentration that is reacted with a known amount of a substance with an unknown solution. 
Burette: a piece of calibrated glassware used to measure volume. 
Standard solution: a solution of exactly known concentration, a substance which is added to the reaction system in small amounts, indicates when the reaction has reached the endpoint with a colour change. 
Endpoint: the stage in the titration at which the amount of standard solution added is just enough to completely neutralize the unknown solution. 
Molarity: concentration of solution. 
Meniscus: concave line of liquid at top of the container. 


[bookmark: _Toc161400849][bookmark: _Toc161401133]Materials and method
· 1x Burette, 50ml 
· 1x Burette stand and clamp 
· 3x Erlenmeyer flask (conical flask) , 100ml each 
· 1x Small funnel
· 1x plastic pipette 
· 1x wash bottle with deionised water 
· 1x graduated cylinder 10ml 
· 1x white tile 
· 1x waste beaker. 
· Pipette filler, 
· 25ml pipette 
· 10ml measuring cylinder 
Method. 
Washing, 
· Wash the pipette with deionised water from the wash bottle, followed by a small volume of HCl, discard washing into waste beaker. 
· Wash the Burette with deionised water from the wash bottle followed by a small amount of NaOH 
· Wash the conical flask with a small amount of deionised water
Titration method, 
Step 1 
· Using a small funnel fill the burette with standard NaOH solution. Allow some to run through the tap. 
· Close the tap and then continue filling until the bottom of the meniscus is on the 0 level. 
· Make sure that there are no air bubbles within the Burette. 
Step 2 
· Using the pipette filler connected to the 25ml pipette add 25 ml of HCl to each of the clean conical flasks.
· Add 3-4 drops of phenolphthalein indicator to the solution. 
· Then add 10 ml of deionised water using a measuring cylinder. 
· Open the tap of the burette and allow the NaOH to run into one of the conical flasks. 
· Mix the solution by swirling the conical flask. 
· Once the solution turns pink turn the tap on the burette to closed 
· Record the new measurement of NaOH in the Burette to two decimal places. 
· This is the rough titre. 
Step 3 
· Repeat step 1and  2 but partially close the tap once the amount of NaOH approaches the result of he rough titre. 
· Slowly add the last drops of NaOH stopping when the solution turns pink. 
· Add drop wise until the solution turns a light pink/purple (the lighter the better) 
· Make sure to record the final reading on the burette to within 0.05ml 
Step 4
· Repeat step 3 until two concordant results are found. To be concordant the results the amount of NaOH used to turn the same concentration of solution pink must be within 0.10ml. 

[bookmark: _Toc161400850][bookmark: _Toc161401134]Results 
Molarity of NaOH = 0.1026mol/L 
	Flask 
	1 (rough titration) 
	2
	3

	V HCl (mL) 
	25.00
	25.00
	25.00

	Initial burette reading 
	0.00
	0.00
	0.00

	Final burette reading 
	19.10
	19.00
	19.10

	V NaOH (mL) 
	19.10
	19.00
	19.10

	Moles of NaOH 
	1.96x10-3
	1.95x10-3
	1.96x10-3

	Moles of HCl 
	1.96x10-3
	1.95x10-3
	1.96x10-3

	Molarity of HCl 
	0.078
	0.078
	0.078


[bookmark: _Toc161400851][bookmark: _Toc161401135]Figure 1 

[bookmark: _Toc161401136]Calculations
HCl(aq) + NaOH (aq)  NaCl(aq) + H2O (l) 
Molar ratio of HCl: NaOH = 1:1 
Molarity (m/L)  = moles/volume of acid (l)
Moles of NaOH = molarity x volume = 
= 0.1026 x 0.0191 = 1.95966X10-3
Molar ratio = moles of HCL = moles of NaOH 
Molarity of HCl =  1.95x10-3 / 0.025 = 0.076
= 0.076Mol/L 
Concentration of HCl in unknown solution – 0.076 Mol/L 
After carrying out the titration we can see that the concentration(molarity) of HCl is less than that of NaOH. This explains why the average volume of NaOH (19.05) used was lower than the average volume of HCl (25). This is because the base was a higher molarity than the acid and so could neutralise it using less solution.  
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[bookmark: _Toc161400853][bookmark: _Toc161401138]Discussion 
The experimental results show how moles and volume can be used to work out the molarity of a solution. From my results we can see that the Molarity of HCl (the unknown solution) is around 75% of the molarity of NaOH as a result of this we can assume that there would be less NaOH required to complete this reaction as the concentration is higher thus less NaOH would be required to react with the same amount but lower molarity of HCl.   
As seen in figure 2, the solution in the conical flask changes colour, signalling the endpoint in the reaction. The reaction has reached the equivalence point.  The indicator we used was phenolphthalein this specific indicator is colourless in an acidic solution but turns purple/pink in a basic solution. This is how we know the solution has been neutralised and is now basic. The lighter the colour of the solution the more accurate the titration as the less basic the solution is. The colours used in this titration help to mark the end of the experiment but also help to indicate the state of the solution (basic/acidic) 
Limitations/errors within this experiment. 
Although the Burette and Pipette are both highly accurate forms of measuring solutions taking down the results relies on human eye sight. Reading the burette can be difficult and some people may not take the reading form the bottom of the meniscus this creates inaccuracy in the amount of NaOH used. Furthermore, the reaction produces a colour change due to the phenolphthalein indicator. Because there is no standard colour it is up to the operator of the tap of the burette to decide when the reaction has produced a colour change. This inaccuracy is reduced by carrying the reaction out upon a white background. 
Carrying out a titration to work out the molarity of an unknown substance is highly relevant to OME. The concentration of specific chemicals within an explosive substance define the power of an explosion. Using titrations to calculate the exact concentration of specific compounds such as potassium nitrate can be used to edit the chemical formula of an explosive substance to increase/decrease the power of an explosion. Ultimately a titration is a powerful analytical tool to work out the concentration of an unknown solution and has a wide range of uses. 

[bookmark: _Toc161400854][bookmark: _Toc161401139]Conclusions
I was able to find the concentration of an unknown solution of HCl using a titration reaction. The hypothesis was correct, the indicator did turn pink and this signalled the end of the reaction as the solution had become basic. 
For future research it may be worth doing a titration with a solid instead of a solution, this would be more relevant to OME. Another way possible future expansion to this experiment is to carry out a titration with chemicals more related to OME. 
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