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Acid-Base Titrations

Lab Report
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Honors Chemistry II
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Objective:  

To determine the unknown concentrations of a strong acid, HCl, and a weak acid, acetic acid, by titrating with a standardized NaOH solution.  

Background Information:

Titration is a procedure for carrying out a chemical reaction between two solutions by the controlled addition from a buret of one solution into the other. A method, such as an indicator, must be used in a titration to locate the equivalence point. The equivalence point is the part of the titration when enough base has been added to the acid (or acid added to the base) that the concentration of [H+] in the solution equals the concentration of [OH-]. When titrating, acid can either be added to base or base can be added to acid, both will result in an equivalence point, which is the condition in which the reactants are in stoichiometric proportions. They consume each other, and neither reactant is in excess. The purpose of a strong acid-strong base titration is to determine the concentration of the acidic solution by titrating it with a basic solution of known concentration, or vice-versa, until neutralization occurs. At the equivalence point, equal amounts of H+ and OH- ions will combine to form H2O, resulting in a pH of 7.0 (neutral). The pH at the equivalence point for this titration will always be 7.0, note that this is true only for titrations of strong acid with strong base. When using a weak acid, the equivalence point will always be above 7.0.
Procedure:  

First, standardize the pH meters using a two point calibrations of pH 4.0 and 7.0 by using the sample solutions.  Be sure to keep the pH probe wet and rinse the electrodes with distilled water in between solutions.  Next, pipette exactly 50.0 ml of the unknown HCl into a 250 ml beaker.  Add a couple of drops of phenolphthalein indicator in the first determination, and add a couple drops of methyl red into the second determination.  Set up the titration by placing the beaker of solution on a stirring meter, with a stirring rod inside.  Also submerge the pH electrode into the solution.  Place the buret over the beaker and set up the drop counter under the tip.  Be sure to test the drop counter into a waste beaker before beginning the titrations.  Start titrating the solution with .0954 M NaOH and note where the color changes, the equivalence point.  Continue to titrate the solution until the slope of the titration curve flattens out and the end point is reached.

Next, pipette 10 ml of the vinegar, acetic acid, into a 250 ml beaker.  Add about 40 ml of distilled water to bring the volume up so the pH electrode will be covered.  Add a couple of drops of phenolphthalein indicator in the first determination and a couple of drops of methyl red into the second determination.  Titrate with 0.9712 M NaOH following the same procedure as in titrating the unknown HCl solution. 
Data and Calculations:   

Initial Concentration of NaOH used with unknown HCl:  0.0954 M

Initial Concentration of NaOH used with vinegar:  0.9712 M

Titration of unknown HCl:

	Indicator
	Initial Buret Volume(ml)
	Drop to Equivalence Point 
	Final Buret Volume(ml)
	Volume to Endpoint(ml)

	Phenolphthalein
	0
	570
	37.5
	37.5

	Methyl Red
	0 
	554
	37.8
	37.8


Titration of acetic acid:

	Indicator
	Initial Buret Volume(ml)
	Drop to Equivalence Point 
	Final Buret Volume(ml)
	Volume to Endpoint(ml)

	Phenolphthalein
	12.5
	166
	27.6
	15.1

	Methyl Red
	27.6
	141
	42.2
	14.6


Equivalence Points:  
	Acetic Acid
	With Phenolphthalein
	8.98mL

	
	With Methyl Red
	8.811mL

	HCl
	With Phenolphthalein
	30.751mL

	
	With Methyl Red
	30.862mL


The equivalence point was determined from the first derivative curve of the attached graphs.  The point with the largest slope is the equivalence point.  This can be calculated by computing the rise over the run for each point, then finding out which point yields the largest result. 

Color Change Points Converted to Milliliters:

This can be calculated by dividing the volume titrated by the total number of drops and multiplying the drop number of the color change by this quotient.

	Acetic Acid
	With Phenolphthalein
	8.98mL

	
	With Methyl Red
	7.45mL

	HCl
	With Phenolphthalein
	31.2mL

	
	With Methyl Red
	30.7mL


Average Volume of NaOH Used for Each Sample:

	Acetic Acid
	8.545mL

	HCl
	30.807mL


Concentration of Acetic Acid: 

Concentration in Molarity= moles of solute / Liters of solution
.00845 L NaOH * .9712M NaOH = .00437 mol NaOH = .00437 mol OH

.00437 mol OH = .00437 mol CH3COOH / .01 L = .437 M CH3COOH 

Mass Percent of Acetic Acid in Vinegar:


(Grams of acetic acid / grams of water) x 100 = Mass % of acetic acid in vinegar
.00437 mol CH3COOH * 60.05 g mol−1 = .2624 g CH3COOH

10 mL water * 1 g / mL = 10 g water

.2624 g CH3COOH / 10 g water * 100 = 2.62 %

Concentration of HCl:

Concentration in Molarity= moles of solute / Liters of solution

.030807 L NaOH * .0954 M NaOH = .002939 mol NaOH = .002939 mol OH

           .002939 mol OH = .002939 mol HCl / .05 L = .05878 M HCl

Discussion and Conclusion:

This experiment involved titrating a strong acid of unknown concentration, HCl, and a weak acid of unknown concentration, acetic acid, with a standardized NaOH solution.  By measuring the pH change against the volume of NaOH, it was easy to see the equivalence point, since the graph were in logarithmic form, the nature of the pH scale.  

The concentration of HCl was found to be 0.05878 M and the concentration of acetic acid was found to be 0.2624 M.  The mass percentage of acetic acid was calculated at 2.62%, which is below the federal standard of 4%.

During the experiment, two different indicators were used to monitor pH:  phenolphthalein and methyl red.  In the first trial, the drop number of the color change correlated perfectly with the equivalence point of the reaction.  The others were considerably less accurate, especially methyl red.  If one of the indicators had to be chosen to determine the equivalence point, phenolphthalein would be the obvious choice.  Both indicators could be used in a titration using HCl to titrate an ammonia solution, but methyl red would change color after the equivalence point, phenolphthalein before.
From this experiment, the differences between strong and weak acids can be seen through titrating with a strong base.  The weak-acid solution has a higher initial pH.  The pH rises more rapidly at the start, but less rapidly near the equivalence point.  The pH at the equivalence point does not equal 7.00.  The equivalence point for a weak acid-strong base titration has a pH > 7.00. For a weak acid-strong base titration, the pH will change rapidly at the very beginning and then have a gradual slope until near the equivalence point. The gradual slope results from a buffer solution being produced by the addition of the strong acid or base, which resists rapid change in pH until the added acid or base exceeds the buffer's capacity and the rapid pH change occurs near the equivalence point.
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[image: image1.emf]HCl with Phenolphthalein; pH vs Volume
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[image: image2.emf]HCl with Phenolphthalein; First Derivitave Curve
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[image: image3.emf]HCl with Methyl Red; pH vs Volume
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[image: image4.emf]HCl with Methyl Red; First Derivative Curve
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[image: image5.emf]Acetic Acid with Phenolphthalein; pH vs Volume

0

2

4

6

8

10

12

14

0 50 100 150 200 250 300

Volume (Drops)

pH

[image: image6.emf]Acetic Acid with Phenolphthalein; First Derivative Curve 
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[image: image7.emf]Acetic Acid with Methyl Red; pH vs Volume
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[image: image8.emf]Acetic Acid with Methyl Red; First Derivitave Curve
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