Chemistry II-AP
Acid-Base Titration
Objectives:
  I.  To determine the molar concentration (or normality - N) of a solution of HCl.  
      (Lab A)
II.  To determine the gram equivalent weight (GEW) of an unknown acid.      
        
       (Lab B)
Materials:
   two 50-ml burets & buret clamp

   two 250-ml Erlenmeyer flasks (the wide-mouth type is better)

   standardized NaOH solution


   indicators – phenolphthalein, bromthymol blue, methyl orange, etc.
   150 ml of HCl solution of unknown concentration  -   A, B, C, D, E, F, or G (for Lab A)

   package of unknown acid (for Lab B)

Pre-Lab:
Research and devise a procedure for the standardization of NaOH with potassium biphthalate (also known as KHP). You will need to have read the procedure to discern the amount and concentration of the NaOH. Attach this procedure to the lab.
Discussion:
For part I (Lab A), you will determine the concentration of an unknown acid solution based on the volume of acid used, and the volume and known molarity of the NaOH solution used.  [Because HCl is a monoprotic acid (only contains one ionizable hydrogen), the molarity and the normality of the solution will be the same.]   In Lab A, you will be able to back-titrate if necessary.  Back-titrating can be used if you overshoot the endpoint in your initial titration.  
The key point is to keep an accurate record of the total volume of acid used as well as the total volume of base used.  No extra water may be added, though, because it would change the volumes, and thus, the concentrations.  Because you have the option of back-titrating, you can run your first trial very quickly.  Remember to record all volumes to 0.00 ml.
At the equivalence point the number of moles of OH- is equal to the number of moles of H+.  Because of this relationship, we know that:

            MAVA   =    MBVB     for monoprotic acids titrated with monobasic bases;  
            otherwise, the formula for most acid-base neutralization titrations is:





   NAVA   =    NBVB
In order to better understand how indicators work, you will perform two titrations using indicators other than phenolphthalein.  You will then perform at least two titrations using phenolphthalein (do as many as you need to in order to get the deviation to a value less than 0.005.
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        For part II (Lab B), you will run the titrations by using a finite amount of solid acid so you will not be able to back-titrate!  Be sure to record the mass of the solid to 0.001 g.  As in part I, at the equivalence point the number of moles of OH- is equal to the number of moles of H+.  At the equivalence point, the number of moles of hydroxide ion can be calculated based on the volume of base used and the molarity of the solution.  The number of moles of hydronium ion (H3O+1) will be equal to the number of hydroxide ions.  The gram-equivalent weight  (GEW) of an acid is defined as the weight, in grams, that produces 1.00 mole of hydrogen ion.  Because you know the weight of the solid, and the volume and molarity of the base, the amount of water added to dissolve the acid is not critical.

          moles OH-    =    moles  H+  at equivalence point

          moles OH-    =   Molarity of NaOH x Volume (in liters) of NaOH

          # of moles of H+ = # of equivalents of acid

For part III (Lab C), you will run the same titration as part I (Lab A) but this time you will create a titration curve. Remember that a titration curve is a plot of pH versus the base added to the solution. This portion of the lab is inquiry based and will require you to calculate the pH at various instances during the titration. This means that much of the information will be generated by you and your group members. Put another way, this information as not been explicitly taught. What has been taught to you are the skills necessary to make educated judgments. 
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Procedure:  
[to be done in pairs  -  each person should do at least 2 titrations or 4 titrations total]

For Part I (Lab A): 

  1.   Set up two burets - one for acid and one for base.  Mark them clearly with a label at the top!

  2.   Rinse burets - with tap water first, then with distilled water.  Check to see if the water beads; if it does, the buret needs further cleaning. Check to see if the tap leaks.  Check also to see that it turns freely.  Be sure the water flows freely through the tip.

  3.   Obtain approximately 150 ml of a solution of HCl.  Record the letter of the sample NOW.
  4.   Next, rinse the buret with a 5-10 ml of the solution, making sure to rinse the tip by letting some solution run through the tip.  Discard this rinse solution.
  5.   Fill the burets with the proper solutions (make sure the tap is closed).  Take care to put the proper solution in the correct buret!  Remember to fill the buret tip.  Record the initial volume reading for both the base and the acid.  It is not necessary to always fill the buret to the 0.00 ml mark.  When reading the buret, get a reading to within 0.02 mL.
  6.   Clean a 250-ml Erlenmeyer flask.  The flask does not need to be thoroughly dried on the inside as long as only drops of distilled water are on the inside.  

  7.   Run about 25 ml of acid into the flask for the first trial.  Add 8-12 drops of indicator.

  8.   Begin titrating with the NaOH solution, letting the solution run quickly – swirl constantly.  As stated before, should you overshoot the endpoint, you can add more acid solution.  Continue to swirl as you add the base solution.  For indicators other than phenolphthalein, know what the midpoint color should be.  For phenolphthalein, when the faintest pink color remains for 30 seconds, record the final volumes of both the base and the acid.

  9.   Repeat this procedure three more times.  Adjust the initial volume of acid solution used each time by at least 3 - 5 ml.  The total volume of base used for a titration should be at least 20 ml; 35 ml is actually a preferable amount.

10.   Calculate the molarity of you HCl solution.  If one of the four trials deviates more than a 5.0% deviation, you may discard it.

Data & Calculations:

Record the letter (ID) of the unknown HCl solution used!!!
Conc. of standardized NaOH


Indicators used
For each of the four trials:
Base:  final volume reading (to 0.05 ml)
Acid:    final volume reading (to 0.05 ml)
            initial volume reading  (to 0.05 ml) 

   initial volume reading (to 0.05 ml)
            total volume used (to 0.05 ml) 

 
   total volume used  (to 0.05 ml)
Calculations:             

 
concentration of HCl


average concentration &
average deviation
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Part II (Lab B):
1.  Obtain a package with an unknown solid acid.  Record the sample number.
2.  The buret for the acid will no longer be used.  YOU WILL NOT BE ABLE TO BACK-TITRATE IN THIS PART OF THE LAB.

3.  Weigh by difference a small amount of your acid sample (CHECK WITH YOUR INSTRUCTOR ABOUT THE ACTUAL AMOUNT TO USE!!!).  Record the weight to 4 SIG FIGS (if possible)!!.
4.   Into a clean Erlenmeyer add the solid sample.  Add approximately 25 ml of distilled water to the sample.  Set the flask on a hot plate / stirrer and add a small bar magnet.  Set the stirring to a low setting.  Continue stirring until the solid has dissolved.  Once the acid has dissolved, add 6 - 8 drops of indicator.

5.  Titrate with the NaOH solution, rapidly at first, but slowly when the pink color begins to appear.  Take care not to overshoot the endpoint.  Stirring should be constant. Record the volume of base used.

6.  Repeat this procedure three more times.  Change the amount of acid used each time by at least 0.08 grams.  Record the volume of base used each time - to 0.05 ml.

7.  Calculate the number of moles of base used to reach the equivalence point.  Next, calculate the gram-equivalent weight for the acid.

8.   Because we will be using the burets for several labs, rinse them thoroughly with tap water and distilled water.  Leave them inverted at your table.  Keep the tap open.  Make sure your entire lab area is clean before you leave!!!
Data & Calculations:

Conc. of standardized NaOH

For each of the four trials:
Weight of packet before removing sample: (measure by difference to 0.001 gram)

Weight of packet after removing sample:  (measure by difference to 0.001 gram)

Weight of sample:

Base:       final volume reading  (to 0.05 ml)

               initial volume reading  (to 0.05 ml)

                 total volume used  (to 0.05 ml)

Calculations:
moles of OH-
moles of acid neutralized

grams of acid neutralized

gram equivalent weight of acid

average GEW of acid

average deviation of GEW

Chemistry II-AP

Titration Lab

Standardizing a Sodium Hydroxide (NaOH) Solution

In a titration, it is critical to know the exact concentration of the titrant (the solution in the buret which will be added to the unknown) in order to determine the concentration of the solution being tested.  We will standardize the ~0.1 M NaOH solution (the titrant) with potassium hydrogen phthalate (KHP, KC8H4O4H) using phenolphthalein as the indicator.  KHP is a weak acid and reacts with base in the following way:

[image: image1.png]CHOH + Ol ————  GHOF +H,0 ()




To Standardize:
1. Weigh ~0.8 g of dried KHP (MW = 204.23 g/mol) into an Erlenmeyer flask and dissolve in 50-75 mL of distilled water.  Record the amount of KHP and water used.

2. Add 4 drops of indicator into the flask and titrate to the first permanent appearance of pink.  Near the endpoint, add the NaOH dropwise to determine the total volume most accurately.

3. Calculate the concentration of NaOH.

4. Report the concentration of NaOH to the class.  An average number will be determined to give the most reliable value of NaOH concentration.  Do not discard the remaining NaOH – you will use this for the rest of these experiments.
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