Flame test 2 – Titration 
Introduction 
The purpose of the Titration experiment was to find out the concentration of HCI by carefully adding NaOH with a known concentration to the HCI until a chemical reaction is complete this helps us determine the unknown concentration of HCI by measuring the volume of NaOH required. 
Hypothesis:
When I mix HCI with a standard solution of NaOH and use phenolphthalein as the indicator to determine when they are completely balanced I can figure out the concentration of HCI required to reach the equivalence point and the stoichiometric reaction between HCI and NaOH is complete indicated by a colour change.  
Variables:
Independent variable – The volume of NaOH added during the titration process.
Dependent variable – The volume of NaOH required to reach equivalence point, Meaning the end of the reaction.
Control variables:
1. Concentration of NaOH solution 
2. Indicator used (phenolphthalein)
3. Equipment used for measurement (burette, pipette etc)

Calculations:  
moles H+ = moles OH- 
moles acid (nA) = moles base (nB) 
The equation for molarity, M = n / v can be solved for n (number of moles) and we can write:
MAVA = MBVB
M= Molarity, n = Moles and v = volume 




Materials and method 
Chemicals: 
· 80 mL of standard NaOH solution, MB = 0.1026 mol/L in a labelled beaker 
· 80 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, 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, 10 mL
· 1x White tile or white paper to go under the titration flask
· 1x Beaker for the waste

Method:
1. Wash equipment – Pipette with de-ionized water and small amount of HCI, Burette with de-onized water and small amount of NaOH and the conical flask with de-ionized water. Ensuring to discard all liquid after washed.
2. Fill burette with standard NaOH solution using a funnel open tap and run solution three until it is on zero and make sure no air bubbles are trapped. 
3. Record initial reading
4.  Add Add 25ml of HCI to the three conical flasks using pipette filler then add 3-4 drops of Phenolphthalein to each flask and swirl gently then 10ml of de-ionized water using graduated cylinder.
5. Rough titration – open tap of burette and run NaOH solution into first conical flask while swirling flask to mix until colour changes to pink, this gives you an estimate of volume of NaOH needed to neutralize measured volume of HCI. 
6. Record final reading and repeat previous step for next sample
7. Run the NaOH into next conical flask until the volume of NaOH is within 2ml of what it was in the rough titration then close tap until only slightly open and solution is dripping at a very slow rate and keep swirling flask to mix at the first sign of colour change record the reading ensuring its within 0.5mL
8. Repeat until results are satisfactory. 



Results 
Molarity of the standard base solution: M NaOH =  0.1026 mol/L

	FLASK
	1 rough titration
	2
	3

	V HCl (mL) 
from pipette
	25
	25
	25

	Initial burette reading 
	0
	40.0
	33.0

	Final burette reading
	20.30
	19.25
	13.40

	V NaOH (mL) 

	20.30
	20.75
	19.60

	Moles of NaOH

	
	
	

	Moles of HCl

	

	
	

	Molarity of HCl

	0.0833
	0.0852
	0.0804



 = 0.0828 was the average molarity of HCl throughout the experiment 


Discussion 
A)
The titration experiment showed that a colour change from clear to pink occurred throughout the experiment when we added around 20.22ml of NaOH solution. This colour change from clear to pink occurred due to a reaction between the alkaline solution and indicator (phenolphthalein) this occurs when the solution becomes neutral. 
As we are given the molarity of NaOH (0.1026 mol/L) we can find the moles using the equation n = Mv for example when 20.75ml of NaOH was needed for colour change the moles was 2.129x10-3  and we also know that the number of moles of HCl is equal to the number of moles of NaOH at endpoint as moles acid (nA) = moles base (nB) so this means the moles of HCl would also be 2.129x10-3  we can then use this to get the molarity of HCl by using the formula M = nv which in this case would be 0.0852mol/L. we can then repeat thus for all other results excluding the rough titration to get an average across all results of the experiment. 
The titration experiment is useful as it allows us to find the molarity of unknown solution which can be further used in the OME field. 
B)
Titration can be used in the OME industry in many ways such as nonaqueous titration which could be used for analyzing components of explosives such as acidity or moisture content. More insight into this can be found here [1]. 
Titration can also be used for quality control ensuring that explosives are reliable and safe. With titration being one of the test methods as described in [2].
Testing purity and stability of explosives. 



C)  Limitations and potential sources of error:
· The accuracy of the equipment, i.e. burettes and pipettes can cause inaccurate measurements and therefore affect the results. 
· Another limitation to the titration experiment is the titration technique for example how fast the NaOH is added could impair on the results. 
· A third limitation is the contamination of samples for example if the conical flask was not clean and was contaminated this could cause errors in the results. 
· Set up of equipment takes time. 
Conclusions 
The main findings of the titration experiment where that a reaction occurred at the equivalence point when the solutions were balanced which was indicated by a colour change from clear to pink which supports my hypothesis previously stated. To improve this experiment next time I would carry out more titrations to improve the accuracy of the overall average I would also use a more accurate piece of equipment to measure the solutions as the burette and pipette can easily be misinterpreted which would then impede on the validity of the results.
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