Acid-Base Titration

--- An Experiment in Analytical Chemistry ---

Objective 
The objective of this experiment is to determine the concentration of a solution of quinine sulfate and to investigate the differential solubility of an alkaloid when it is in its protonated and deprotonated forms.

Background
Titration is the most convenient technique used to carry out quantitative studies of acid-base (neutralization) reactions.  In a titration, a solution of accurately known concentration, called a standard solution, is added gradually to another solution of unknown concentration until the chemical reaction between the two solutions is complete.  For example, when an acid is titrated with a standard solution of base, the equivalence point is reached when all of the acid has been neutralized by the base.  At this point, the moles of base that have been added is equal to the number of moles of acid that were in the sample.

Since we can’t actually watch the molecules react, we do not know exactly when the equivalence point occurs.  We can approximate the equivalence point by observing the endpoint - the point at which an indicator changes color.

An indicator is a substance that changes color with pH.  Usually it is a weak acid that is one color when protonated and another color when deprotonated.  At low pH, the protonated form dominates, whereas at high pH the excess of hydroxide ion (OH-) in solution causes the indicator to become deprotonated and thereby change color.

HIn(aq)   +   OH-(aq)
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Color 2

In the titration of an acid with a base, just after the equivalence point is reached there is suddenly an excess of hydroxide ion in solution.  This excess hydroxide ion deprotonates the indicator and a color change is observed, signaling the endpoint.

Sodium hydroxide is invariably the base standard used to titrate weak acids.  Unfortunately, it is difficult to accurately prepare a sodium hydroxide solution of a specific concentration since it is impossible to get an accurate mass of the solid.  This is because sodium hydroxide absorbs carbon dioxide from the air and reacts with it, thereby changing its amount.  Consequently, a solution of sodium hydroxide needs to be standardized  (its concentration determined accurately) before it can be of use.  Potassium hydrogen phthalate or “KHP” (KHC8H4O4) is a monoprotic acid which can be massed very precisely.  It can then be titrated with a sodium hydroxide solution of unknown concentration and the exact concentration of the OH- can be determined.
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HC8H4O4- (aq)    +   OH- (aq)      (      C8H4O42-(aq)     +    H2O(l)
Apparatus
Chemicals

Volumetric pipets, 5 mL, 10 mL
Potassium hydrogen phthalate (KHP, 204.23 g/mol)

Magnetic stirrer and stir bar
Sodium hydroxide, 6 M

Buret, 25 mL
Quinine bisulfate heptahydrate,  

Buret stand and clamp
Phenolphthalein indicator solution

Erlenmeyer flasks, 3 x 250 mL
Deionized water

Procedure

Part I.  Standardization of the Sodium Hydroxide Solution

1.
I will be preparing a solution of NaOH for the entire class by dissolving solid NaOH in water.     

What is the approximate concentration of this stock solution?  
2.
Obtain an exact mass of KHP (should be about 0.1 g) in a 250 mL Erlenmeyer flask.

3.
Add distilled water to approximately 50 mL, the stir bar, and 2 drops of phenolphthalein.

4.
Place the flask on the magnetic stirrer and start stirring to dissolve the acid and mix in the indicator.

5.
Set up the buret filled with the prepared sodium hydroxide solution.  Record the initial volume of the base.

6.
Do a calculation to estimate the approximate volume of base that will be required to reach the endpoint in this first titration.  Check this value with your instructor before you proceed.

7.
Proceeding slowly for the first trial, titrate the KHP with the sodium hydroxide until the endpoint is reached.  You should observe the appearance of a permanent pink color based on the addition of a single drop (this is the best case scenario for the endpoint).  Record the final volume of the base.

8.
Calculate the concentration of the sodium hydroxide.

9.
Repeat the above steps until three close values for the concentration are obtained (the relative standard deviation should be less than 3%).  You may titrate more quickly since you can approximate where the endpoint will be.  Be sure to slow down when approaching the endpoint.

	Relative Standard Deviation (RSD)

RSD    =    s    x  100%
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Part II.   Titration of Quinine bisulfate with Sodium Hydroxide
10.
Using a volumetric pipet, transfer 10.0 mL of quinine sulfate solution to a clean 250 mL flask.

11.
Add distilled water to approximately 50 mL, the stir bar, and 2 drops of phenolphthalein.

12. Fill the buret with the prepared NaOH solution (standardized at this point) and titrate as before, proceeding slowly for the first trial.

13. Repeat the titration of quinine bisulfate until three close values for the concentration are obtained (see RSD above).

Guidelines for Calculations

1. Use the average sodium hydroxide concentration determined above to calculate the concentration (molarity) of a quinine bisulfate solution. Note:  At the equivalence point, moles of base added =  moles of acid originally in sample.  What is the relationship between moles of H+ titrated and moles of quinine bisulfate?
2.  Determine an average quinine bisulfate molarity for three runs.
Name:  ___________________________
Section:_________
Date:__________

Acid – Base Titration
Objectives:

Reactions:    Write balanced reactions for 
a)  Standardization of NaOH with KHP

b) Titration of quinine bisulfate with NaOH  (be sure to have correct stoichiometry) - this can actually be separated into two different reactions.  What are they?  (Hint the counterion is an acid.)
Results and Sample Calculations:

Part I. Standarization of the Sodium Hydroxide Solution

	
	Titration #1
	Titration #2
	Titration #3
	Titration #4
	Titration #5

	*Mass of KHP, g
	
	
	
	
	

	*Moles of KHP
	
	
	
	
	

	*Initial buret reading, mL
	
	
	
	
	

	*Final buret reading, mL
	
	
	
	
	

	*Volume NaOH added, mL
	
	
	
	
	

	*Moles of NaOH added
	
	
	
	
	

	*[NaOH], M
	
	
	
	
	

	*[NaOH]aver., M
	
	
	*RSD


	
	


	
	Sample Calculation

	Moles KHP
	

	[NaOH]approx.
Part I. Step 1.
	

	Volume NaOH added
	

	[NaOH]

Part I. Step 8.
	

	RSD
	


Part II. Titration of Quinine Bisulfate with NaOH
Concentration of the Standarized NaOH: ____________________

	
	Titration #1
	Titration #2
	Titration #3
	Titration #4
	Titration #5

	*Initial buret reading, mL
	
	
	
	
	

	*Final buret reading, mL
	
	
	
	
	

	*Volume NaOH added, mL
	
	
	
	
	

	*Moles of NaOH added
	
	
	
	
	

	 Moles of H+  titrated
	
	
	
	
	

	*Moles of quinine bisulfate titrated
	
	
	
	
	

	Volume of quinine bisulfate used 
	
	
	
	
	

	*[quinine bisulfate], M
	
	
	
	
	

	*[quinine bisulfate]aver., M
	
	
	*RSD


	
	

	mass of quinine produced
	
	
	
	
	


	
	Sample Calculation

	[quinine bisulfate]
	

	[quinine bisulfate]average
	

	mass of quinine produced
	

	RSD
	


Conclusions/Questions
1.  Discuss the titration process - was your titration successful?    Was the precision of your experiment good?   Why or why not?  

2.   Why did the quinine solution get cloudy as the titration proceeded - draw the reactions the occurred and explain the difference in the solubility.
3.  What is the difference between an equivalence point and an end point?

4.  The concentration of the prepared NaOH solution can be easily calculated using the M1V1=M2V2 equation, so what was the reason for performing the first set of titrations (Part I)?  Why not just use the value for [NaOH] which was calculated in Step1, Part I?

5.  What would happen if in step 3 of Part I, the KHP had been dissolved in 100 mL of H2O rather than 50 mL of H2O?  How would this affect the titration and calculation of the concentration of NaOH? Explain your reasoning.
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