Acid-Base Titration

Titration is a laboratory technique that can be utilized to determine the concentration of a certain substance.  A standard solution having a known molarity is titrated ‘against’ (reacted with) a solution of unknown concentration.  Generally, an indicator is utilized to signal the completion of the neutralization reaction.


The point at which the number of moles of hydronium ion (H3O+) equals the number of moles of hydroxide ion (OH-) is known as the equivalence point.  The signal that the equivalence point has been reached is a change in colour due to the presence of  the indicator.  Theoretically speaking, once the equivalence point is reached, the neutralization reaction is complete.

In this lab activity, you will titrate 0.1 M NaOH against an unknown concentration of HCl in order to find its concentration.  
Objectives:
1.  To titrate a hydrochloric acid solution of unknown concentration with      standardized 0.10M sodium hydroxide.

2.  To utilize the titration data to calculate the molarity of the hydrochloric acid.

Materials:

Apparatus:
Buret



pipette                         

Safety Goggles
Buret Clamp & Stand

3 Erlenmeyer Flasks

Lab Apron

50 mL Beaker


100 mL Beaker                                 400mL Beaker
Reagents:

Standardized NaOH solution (0.10M)


Hydrochloric Acid solution 


Phenolphthalein solution (indicator)

CAUTIONS:  The NaOH solution is corrosive to skin, eyes, and clothing.  Wash any spills or splashes immediately with plenty of water.  The acid solution is mildly corrosive as well.  Deal with any spills/splashes similar to the NaOH protocol.  Finally, Phenophthalein is poisonous and extremely flammable.  Do not get any in your mouth; keep well away from flame.
Procedure:
PART I:  Determination of Molarity of HCl Solution

1.  Put on your lab apron and safety goggles.

2.  Obtain approximately 40 mL of the hydrochloric acid solution of unknown concentration (place in a 50 mL beaker) and about 60 mL of the standardized NaOH solution (0.10M)(place in 100 mL beaker).  Record the molarity of NaOH in your copy of Table 1.

3.  Using a pipette, transfer 10.0 mL of the HCl solution into a 250 mL Erlenmeyer flask.
4.  Add 3-4 drops of phenolphthalein solution to the flask.

5.  Rinse a clean buret with approximately 10 mL of the standardized NaOH solution.  Drain the buret and refill with the standardized NaOH solution.  Record the initial volume of the NaOH in the buret in your copy of Table 1.
6.  Gradually dispense some of the standardized NaOH solution into the titration flask.  Swirl the flask constantly (see figure 1).  Continue adding NaOH, noting any changes in the flask.

FIGURE 1 – Simple Titration Set-up
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7.  As the EQUIVALENCE POINT is approached, a pinkish colour will appear, and will dissipate more slowly as the titration proceeds.  Now add the NaOH drop-by-drop.  Stop the titration when the addition of a single drop of NaOH causes the solution to remain pinkish for 20-25 seconds.  Record the volume of NaOH required to reach the equivalence point in your copy of Table 1.  The most accurate reading is one in which the solution is the faintest possible pink, but still remaining that colour.

8.  Repeat steps 3 through 7 using a second 10.0 mL sample of HCl.  Knowing the volume obtained in your first titration, you can be extra careful when you are within 1 mL of the previous value, and add the NaOH a drop at a time, shaking after each drop.  This lessens the likelihood of your overshooting the mark.

9. Do a third, and if time, more titrations.
Reagent Disposal:
Pour any leftover reagents down the sink with plenty of water.  Do NOT return any solutions to their original containers.  

Data and Observations:  

Determination of Molarity of Hydrochloric Acid Solution

Table 1 – Volume of NaOH Required to Neutralize 10.00 mL of Unknown HCl

	Molarity of NaOH =

_______M
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	TRIAL 
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	Initial Volume of NaOH (mL)
	
	
	
	
	

	Final Volume of NaOH (mL)
	
	
	
	
	

	Volume of NaOH used (mL)
	
	
	
	
	

	Average Volume of NaOH (mL)
	


*In your good copy, indicate here any trials that were omitted
Calculations:
1.  Calculate the moles of NaOH from the average volume used in Part I, and the given molarity.

2.  Calculate the moles of HCl present originally.

3.  Calculate the molarity of the HCl solution.

Follow-Up Questions:
1.  While doing a titration, it is permissible to use a wash bottle to wash down any material that may have splashed higher up. This increases the volume in the flask.  Why will it have no effect on the results?

2.  What was the reason for rinsing out the buret with NaOH solution before starting the titrations?

3.  Explain why, upon addition of NaOH, the solution in the flask forms a ‘cloud’ of pink, only to have it disappear in a matter of seconds.

4.  Using the molarity obtained in your results, calculate the pH of the original HCl solution.
Conclusion:

State the results of Objective 2.
