CHM 212

EXPERIMENT 1: Preparation of Standard Acid (HCl) and Base (NaOH)

In this experiment you will prepare a solution of standard acid and base by diluting a concentrated solution of the acid and base.  Once you have prepared these solutions you will be required to standardize the solution.  The process of standardization involves the titration of your prepared solution with a primary standard that will allow you to determine the exact concentration of the solutions that you have prepared.  It is very important that you perform this experiment with the utmost care because you will be using these solutions for the next five or six experiments.  To this end, if you are careless in this experiment, it will negatively affect your future grades, since the values that you determine for these solutions will be used in all of your future calculations.

Prior to the preparation of your solutions, it is important that you boil the water.  Water under laboratory conditions will contain CO2 which will increase the acidity of the water and will influence the concentrations of your solutions, particularly the base.  Because the water will be slightly acidic, some of the base will be neutralized by the slightly acidic water and as such, the concentration of the base determined will be lower than it should be.  To this end, you are required to boil your water prior to preparing your solutions to expel as much CO2 as possible from the water. 
Part 1: Preparation of Standard 0.1 M NaOH

In this portion of the experiment you will prepare and standardize a 0.1 M NaOH solution.  You will determine the exact concentration by titrating your NaOH solution with a known quantity of a primary standard. The primary standard here is a solid acid - potassium hydrogen phthalate (KHP).  Based upon the mass of the KHP used, the volume of NaOH required to titrate to the end point and the mole ratio of the reactants, it will be possible for you to determine the exact concentration of NaOH solution to the third or fourth decimal place depending upon the accuracy of the analytical balance employed.  It is important that you use the analytical, not the top-loading balance for weighing the primary standard.  The top-loading balances are usually able to only measure to the first or second decimal place, while the analytical balance can measure out to the fourth decimal place.  The pertinent reaction is as follows:




[image: image1.wmf]C

O

2

K

C

O

2

H

+

N

a

O

H

C

O

2

K

C

O

2

N

a

+

H

2

O



eq. 1

Procedures: 
1. Dry the primary-standard-grade potassium hydrogen phthalate (KHP) for at least 1 hr at 1100C and store it in a desiccator. You should check with your TA because the KHP might be in the oven prior to your arrival to the lab.  If this is the case, then you are still to cool the KHP in a desiccator before weighing.
2. Boil 1L of water for 5 min to expel CO2. Pour the water into a polyethylene bottle.  Whenever not in use, you should store the bottle tightly capped. Before closing the bottle you should squeeze the bottle to expel as much air as possible.

3. Calculate the volume of 50wt% NaOH needed to produce 1 L of ~ 0.1M NaOH.  The 50 wt% NaOH will be provided to you.  The density of this solution is approximately 1.50 g/mL.  You should exercise extreme care while handling this solution. If any gets onto your skin rinse with copious amounts of water. This solution is very corrosive.    

4. Use a plastic graduate cylinder to transfer this amount of NaOH to the bottle of water.  Mix well and allow the solution to cool to room temperature. Ideally leave the solution until the next lab period before standardization.
5. Weigh four ~ 0.51g portions (use the analytical balance) of the dried KHP from step 1 above.  Record the exact weights of each portion. You will need it in the calculations later.  Dissolve each of the three portions in ~25 mL of distilled water in a 125 mL Erlenmeyer flask.  Add 3 drops of phenolphthalein indicator to each flask and titrate one of them rapidly to find the approximate end point using the ~0.1M NaOH you prepare from step 4 above.  You should cap the top of your buret (parafilm would work) to minimize CO2 entry.

6. Calculate the volume of NaOH required for each of the other three samples and titrate them carefully. During the titrations, you should wash liquid from the walls of the flask into the bulk solution by tilting and rotating the flask carefully.  When near the end point of the titration, you should deliver the NaOH one drop at a time.  The end point is the first appearance of a pink color that persists for 15 s.  You can expect the pink color to fade over time as CO2 enters the solution.
7. Calculate the average molarity, the standard deviation (s), and the relative standard deviation (RSD).  RSD is calculated as standard deviation/average molarity.  Report these values along with sample calculations on your report sheet.
Part 2: Preparation of Standard 0.1 M HCl
The exact concentration of a standard solution of HCl is determined by titrating the solution with a known quantity of a primary standard such as sodium carbonate (Na2CO3).  From the known quantity of the primary standard, the volume of acid consumed and the mole ratio of the reaction, the exact concentration of the HCl prepared in this experiment can be determined.  The pertinent reaction is as follows:



2HCl + Na2CO3 ( CO2 + 2NaCl + H2O 



eq. 2

1. Calculate the volume of concentrated HCl (37.2 wt%, density = 1.19 g/ml) that should be added to 1L of water to prepare ~ 0.1 M HCl. 

2. Prepare this solution in a capped polyethylene bottle. You should use a graduated cylinder to deliver the concentrated acid, using great care.  Should you get any of this solution onto your hands or skin, flush with a large amount of water.  This material is corrosive. 

3. Dry primary-standard-grade Na2CO3 for 1 h at 1100C and allow it to cool in a desicator. Check with your TA, this compound may already be dried prior to your arrival at the lab.  In this case, you are still required to cool the Na2CO3 in the desiccator. 
4. Weigh four samples containing sufficient sodium carbonate to react with ~25 mL of 0.1M HCl from a buret and place each into a 125 mL Erlenmeyer flask.  You should use the analytical balance and record the exact weights of these portions as you will need to know these numbers later for your calculations.  When ready to titrate each, dissolve it in ~ 25 mL of distilled water.

5. Add 3 drops of bromocresol green indicator and titrate one sample rapidly to a green color to find the approximate end point.

6. Carefully titrate each of the other samples until they just turn from blue to green.

7. Boil each of the solutions to expel CO2. The solution should return to a blue color.

8. Carefully add HCl from the buret until the solution turns green again.
9. Titrate one blank solution prepared by added 3 drops of the indicator to 50 mL of 0.05 M NaCl.  Subtract the blank volume of HCl from that required to titrate Na2CO3.

10. Calculate the mean HCl molarity, standard deviation and relative standard deviation.

11. Save both your HCl and NaOH solutions and record their exact concentrations determined in this experiment as you will need these solutions in several subsequent experiments.  It is very important that you exercise good lab practice and accurately determine the concentrations of these solutions.  The caveat being, errors in this experiment will adversely affect the accuracy of subsequent experiments and will directly affect your grade.  WORK CAREFULLY!!!
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