Titration Curves and Acid/Base Indicators

Introduction:


One method a chemist can use to investigate acid-base reactions is a titration. A pH titration is performed by adding small, accurate amounts of  standard base to an acid of unknown concentration.  The pH  is recorded methodically and is plotted vs. the volume of base added to the acid solution..  The result of this plot is an "S" shaped curve.  The inflection point of this curve (middle of the "S") is indicative of the equivalance point.  This point occurs when the acid and base in solution are stoichiometrically equivalent.  An equivalance point can be very useful in determining the concentration of an acid or base.  Chemists can also titrate using an indicator to determine the end point of a titration.  An indicator contains a molecule that exists in at least two different forms which have different colors.  The forms differ by the addition or removal of a hydrogen ion.  Thus, the color of the indicator solution changes when the pH changes past a certain point.  In this experiment, a strong acid will be titrated with a strong base, a strong acid will be titrated with a weak base and a weak acid will be titrated with a strong base.  In each case the equivalance point will be determined with a pH meter and the end point determined with an indicator.

Purpose:


The purpose of this experiment is to titrate a strong acid with a strong base, a weak acid with a strong base, a strong acid with a weak base and to compare the results as determined by a pH meter and an indicator.  The best indicator to use for a given titration will also be determined.

Equipment / Materials:


HCl (unknown conc.)


250-mL beaker


0.10 M NaOH



100-mL graduated cylinder



magnetic stirrer and stirring bar

250-mL volumetric flask


pH meter and electrode


50-mL buret

pH buffer solutions (pH 4, 7, and 10)
buret clamp


Kimwipes




acetic acid (unknown concentration)


0.1 M Ammonium hydroxide 

phenolphthalein


methyl orange



bromothymol blue

Safety:

SYMBOL 159 \f "Wingdings" \s 12 \h
Always wear an apron and safety glasses in the lab.

SYMBOL 159 \f "Wingdings" \s 12 \h
Avoid contact of solutions with skin and clothing.  If there is contact,  wash with water.

SYMBOL 159 \f "Wingdings" \s 12 \h
Sodium hydroxide can cause instantaneous, permanent eye damage.

Procedure:  Part I  Strong acid and Strong base

1. Standardize the pH meter

2. Measure 25.00 mL of unknown HCl into a 250-mL beaker, and dilute it with 75 mL of distilled water.

3. Fill the buret past 0.00-mL mark with NaOH solution.  Drain the level of the base to the 0.00 mL mark.  Make sure the tip of the buret is filled.

4. Add several drops of the assigned indicator.

5. Begin titrating, stopping to record the volume of NaOH, the pH, and the indicator color on the data sheet at intervals of  0.2 pH units.

6. Continue the titration until the titrant in the buret reaches 50.0 mL or a pH of 12 is obtained. 

7. Repeat 2 more times.  Use a different indicator each time.

Procedure Part II  Strong acid and Weak Base

8. Measure 25.00 mL of unknown HCl into a 250-mL beaker, and dilute it with 75 mL of distilled water.

9. Fill the buret past 0.00-mL mark with NH4OH solution.  Drain the level of the base to the 0.00 mL mark.  Make sure the tip of the buret is filled.

10. Add several drops of the assigned indicator

11. Begin titrating, stopping to record the volume of NH4OH, the pH, and the indicator color on the data sheet at intervals of  0.2 pH units.

12. Continue the titration until the titrant in the buret reaches 50.0 mL or a pH of 12 is obtained. 

13. Repeat 2 more times.  Use a different indicator each time.

Part III Weak Acid and Strong Base

14. Measure 25.00 mL of unknown acetic acid into a 250-mL beaker and dilute it with 75 mL of distilled water.

15. Fill the buret past 0.00-mL mark with NaOH solution.  Drain the level of the base to the 0.00 mL mark. Make sure the tip of the buret is filled.

16. Add several drops of the assigned indicator.

17. Begin titrating, stopping to record the volume of NaOH, the pH and the indicator color on the data sheet at intervals of  0.2 pH units.

18. Continue the titration until the titrant in the buret reaches 50.0 mL or a pH of 12 is obtained. 

Repeat 2 more times.  Use a different indicator each time.






Name_________________________________

Name_________________________________


Period_________________________________


Date__________________________________                                                                       

Titration pH meter vs Indicator
Data Table:

Acid used __________Base used _______________Indicator used ________________
	pH
	mL NaOH
	Indicator color
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Concentration of NaOH: _______________

	Endpoint/equivalence point volume
	Methyl orange
	Bromothymol Blue
	Phenolphthalein
	pH meter

	HCl - NaOH
	
	
	
	

	HCl - NH4OH
	
	
	
	

	HC2H3O2 - NaOH
	
	
	
	


Calculations:


1.
From the graph find the volume of base required to reach the equivalence point.


2.
Find the moles of  base. (vol. base (L) x conc base (M/L) = moles).


3.
Write and balance the equation for the reaction of the acid with the base


4.
Calculate the moles of acid required to react with the calculated moles of base.


5.
Determine the concentration of acid in moles/L.

6. From the indicator determine the end point of the titration

Questions:

1.
How would the following affect the results?

a.
The buret is dirty and drops of NaOH cling to the side walls of the buret as it is drained.

b.
The buret is not rinsed with NaOH prior to filling.

c.
The buret tip is not filled at the start of the titration.

d.
30 mL of unknown acid are used instead of 25 mL.

e.
The buret is not read at eye level.  Explain.

f.
The base is added too rapidly in the region of rapid pH change.

g.
100 mL of distilled water is used instead of 75 mL.

h. The original volume of base is not at 0.00 mL and a student assumes it is.

2.
In each case, how does the equivalence point compare to the end point?

3.
Which indicator is best for each type of titration?
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