Introduction to Titration 

and 

the Analysis of Vinegar
INTRODUCTION:

The neutralization reaction that occurs between an acid and a base provides a convenient method for analyzing the concentrations of acids or bases.  An example of the neutralization reaction between an acid and a base is shown below.
HCl      +     NaOH   (     H2O     +    NaCl    

acid   +        base       (      water   +   salt   
The point at which all of the acid in the sample has completely reacted with the base is known as the equivalence point.  The process of gradually adding one solution to another to reach the equivalence point is known as titration. How does a chemist know when the equivalence point is reached? The equivalence point is detected by observing a color change in an indicator like phenolphthalein is added to the system. The point at which an indicator just barely changes color is known as the end point. 

So what’s the theory here? Well, let’s say you have an Erlenmeyer flask that contains a known number of moles of acid (H+). If phenolphthalein is used, the solution will be  ________ (color). When base (OH-) is added to the flask, the OH- will react with the H+ immediately. The color will, therefore, still be _________ because the OH- gets used as soon as they are added. Eventually, the OH- will ultimately prevail because it is continually added to the flask consuming all the H+ that was put in originally. Once the H+ is gone, OH- is now present and the indicator changes color. This signals the chemist to stop adding base. The amount of moles of base added now equals the amount of moles of acid in the original solution. 
Stoichiometry and the balanced equation now come in to play. If we knew the exact number of moles of acid to begin with, then, the equation tells us the exact number of moles of base that must react with it. Once we know the exact number of moles of base, it is a simple matter to determine the concentration (molarity) of the base by using the moles of the base and the volume of base used. (You did molarity problems like this in class!) 
Visit the following web site for a nice visual on the set up for titration. http://www2.sfu.ca/chemistry/chem126/Techniques/Man%20titration.html
PRODECURE
Part A.
Standardization of Sodium Hydroxide Solution

     Before the analysis of vinegar begins, the concentration (molarity) of the base used must be established. Standardization, is therefore, nothing more than a titration to determine the exact molarity of a solution. Solutions of known concentration are called standard solutions. The problem is that you cannot determine the concentration of one solution unless the concentration of the other is known accurately.         

     We will use oxalic acid, H2C2O4·2 H2O, to standardize the NaOH. (The ·2 H2O means that one mole of oxalic acid is hydrated with two moles of water.) Oxalic acid is a solid acid. Because it is a solid, we know its concentration. It is just its molar mass! We can now calculate number of moles of the acid used quite easily. to review, how would you calculate the number of moles of oxalic acid used if you measured 0.15 g of oxalic acid?  
1. Obtain approximately 100mL of the NaOH solution from the supply bottle.  Properly fill a buret with the NaOH using the techniques shown in the prelab discussion.

2. Into a clean 250 mL wide-mouth flasks mass out between 0.15 - 0.20 grams of Oxalic Acid.  Record the mass of oxalic acid you use to the nearest 0.01 gram.  CAUTION:  Oxalic acid is very poisonous in both the solid and aqueous state.  Wash your hands after this part of the experiment!
3. Add about 30 mL of D.I. water to each flask to dissolve the acid. Be sure to add 3 drops of phenolphthalein indicator to each flask. Why are you adding the phenolphthalein?

Slowly add the NaOH from the buret to the flask (the process of titrating) as demonstrated previously. Constant swirling of the flask is a must to insure mixing! When all of the acid has been consumed by the base you will have reached the equivalence point! This is detected by the indicator becoming a faint pink lasting for at least 20 seconds while the flask is swirled.  DON’T OVER TITRATE! Over titrating means your solution is a wine red color. You have gone too far. More base has been added then necessary to react with the acid. (You will be recording an incorrect volume of NaOH used and thus ultimately calculate an incorrect molarity for the NaOH.)  If you do over titrate, just add a measured quantity of the oxalic acid to the flask and the wine red color will disappear. Titrate again to achieve the faint pink color. Be sure to record the new total volume of base used! Also, be sure to record the new total mass of oxalic acid you used!
4. Record all data in a neat and organized fashion in a data table.

 I

Part A Calculations:

A little more Discussion of Theory……

The equation for the standardization of NaOH solution is shown below.
H2C2O4 ▪ 2 H2O   +    2 NaOH
                    Na2C2O4 + 4 H2O

      Since we measured an exact mass of oxalic acid we can easily determine the exact number of moles of oxalic acid used. (To find the molar mass of oxalic acid dihydrate, H2C2O4 · 2H2O, just add the total mass of two moles of water to the mass of one mole of H2C2O4.) Also, this reaction shows that two moles of NaOH are required for each mole of oxalic acid used. Using that idea we can determine the exact number of moles of NaOH used. This is nothing more than a stoichiometry problem. The moles of NaOH reacted can be combined with the volume of NaOH titrated to find the molarity.
Be sure to show all set ups and calculations for each part of the lab.

******************************
Part B, the analysis of vinegar, continues on the next page

Part B.
      Titration of Vinegar

The vinegar you purchase from a grocery store must be a solution of 5% acetic acid by FDA (Food and Drug Administration) regulations. This means that in a 100 gram sample of vinegar there are 5 grams of acetic acid. The rest of the solution is water! We are going to determine the % acetic acid in various brands of vinegar to see if they comply with the government specifications! 

Acetic acid  reacts with sodium hydroxide to give the salt sodium acetate and water.




HC2H3O2 + NaOH
                     NaC2H3O2 + H2O

Thus, the standardized NaOH from Part A can be used to determine the amount of acetic acid in a vinegar sample.

5. Fill a buret with your standardized NaOH.

6. Obtain 20 mL of vinegar and transfer it to a clean 250 mL wide-mouth Erlenmeyer flask. Add 3 drops of phenolphthalein to the flask as in Part A and titrate to the end point with NaOH as in Part A.

7. Repeat steps 1 and 2 for two additional titrations.  Record all data in your data table.

Part B. Calculations 
1. Using the average molarity from Part A, calculate the moles of NaOH used in each trial.

2. How many moles of HC2H3O2 reacted in each trail?  (Refer to the balanced equation given earlier. This is just stoichiometry!)
3. (Optional) Calculate the molarity of the vinegar for each trial.  Average the results.

To find the % of acetic acid in the vinegar we need to know the mass of acetic acid and the mass of vinegar used. Remember, % is found by using the formula:  part/total x 100.
4. Using the molar mass of acetic acid and the moles of acetic acid from # 2, calculate the mass of acetic acid in each trial.

5. Assuming the density of commercial vinegar to be 1.00 g/mL, use this value and the volumes of vinegar to find the mass of vinegar in each trial.

6. Finally, calculate the % of acetic acid for each trial and then average the values.
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7. Calculate the % error between your value and the value for weight % of acetic acid on the vinegar bottle’s label.

Well? Does your brand of vinegar comply with the FDA?

POST LAB

Questions:  Give your answer choice and write an explanation for each.

8. _______Suppose that during the NaOH standardization procedure in Part A you misread the balance, and recorded an oxalic acid sample mass that was higher than the actual mass.  How would this error influence the calculated NaOH concentration.

a. Calculated conc. will be higher than correct conc.

b. Calculated conc. will be lower than correct conc.

c. Calculated conc. will not be influenced.

8. _______Suppose that while titrating an oxalic acid sample in Part A, you run past the end point and add more NaOH than you should.  How will this error influence the calculated NaOH concentration.

a.
Calculated conc. will be higher than correct conc.

b. Calculated conc. will be lower than correct conc.

c. Calculated conc. will not be influenced.

9. _______Suppose that while titrating a vinegar sample with standard NaOH, you misread the buret, and the recorded NaOH volume is higher than the actual volume used.  How will this error influence the final calculated percent of acetic acid?

a.
Calculated conc. will be higher than correct conc.

b. Calculated conc. will be lower than correct conc.

c. Calculated conc. will not be influenced.

10. _______Suppose you are confused about which of two containers held standard NaOH and which held dilute vinegar.  Which of the following would be the safest way to decide the contents of each container?

a. Feel each solution.

b. Taste each solution.

c. Add one or two drops of phenolthalein indicator to a small sample of each solution.

By the way, a ‘salt’ is the substance that forms when the cation from the base and the anion from the acid form a new compound.
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