Stuyvesant High School

Department of Biology and Geosciences


Nedwidek  Revision of Laboratory Exercise #5 (based on Vernier, 2013)

What is the effect of acids and bases on biological solutions?
INTRODUCTION

It is important for organisms to be able to protect themselves from changes in internal and environmental pH. Any changes could disrupt metabolic activities. Organisms have developed ways in which to cope with these changes. Today you will look at how some biological materials can help “buffer” or moderate drastic swings in pH. Working with your bench mates, you will use a pH sensor attached to a computer to see changes in pH as you add acid or base to water, to buffers, and to several biological solutions (for example, juices, meat and vegetable extracts) that have buffering capacity. You will then share your information with the other students in the class.

OBJECTIVES

In this experiment, you will

· Add an acid to a solution and note the extent that it resists changes in pH.

· Add a base to a solution and note the extent that it resists changes in pH.

· Pool your data with other members of the class to generate averages for each buffer.

MATERIALS 

You will work with your bench mates. The jobs for the bench mates are

1. Add acid/base

2. Hold and swirl the beaker

3. Record data by hand!!
4. Go-fer

Please rotate the jobs as you work with different liquids

Each group should have:

Computer with attached pH sensor (much more sensitive than pH paper).
Plastic box containing a test tube rack with two tubes-label one 0.1N HCl (acid); label the other    BASE, 0.1N NaOH
Micropipettors set at 100 ul, plus tips as needed.  Ask your teacher to show you how to use these.  They are fragile and easily damaged.
50 ml beakers for solutions

250 ml beaker for rinsing sensor tip

0.1N HCl solution – on teacher’s desk

0.1 N NaOH solution – on teacher’s desk

Squeeze bottle of deionized water (“rinse bottle”)

Various biological materials such as apple juice, cranberry juice, potato extract, etc.
Buffer solutions of pH 4, pH 7 and pH 10
Safety: During this lab session, goggles and aprons will be distributed.  You must use them to protect your eyes, skin, and clothes from the acids and bases used in this exercise.

Storage of Equipment: The pH probe is extremely sensitive to shifts in ionic strength.  It should never be exposed directly to unbuffered solutions for a prolonged period of time.  It should never be tapped or dropped as it is glass.  It should always be returned to a storage solution of 3 Molar KCl but NEVER in water.  The bulb should ALWAYS be kept WET.  It is happier in acidic environments for short periods of time than it is in basic environments, but it can tolerate the buffers you will use for short stretches of time.
PROCEDURE

I. Testing the effect of  acid on water

Before each use of the pH sensor, you need to rinse the tip of the electrode thoroughly with distilled water, but do not soak the bulb in distilled water. To do this, hold the pH electrode above a rinse beaker and use the rinse bottle to thoroughly rinse the electrode. Gently blot with paper towel.

Important: The electrode tip is made of glass and is extremely fragile. Handle with care!

1. Fill one of the small beakers with about 20 ml of water.

2. Take the initial pH by carefully placing the electrode tip into the water. 

3. Wait a few seconds for the pH to stabilize. Record the pH in your table.

4. Using the micropipettor with tip, add 100 ul of 0.1N HCl to the water. Swirl the beaker carefully to mix.

5. Wait a few seconds until the pH stabilizes. Take the pH measurement and record it.

6. Repeat steps 4 through 7 nine more times for a total of 1000 ul of 0.1N HCl added to the water, with the goal of shifting the pH to the acid range in 10 increments.  Look for a lowering of pH.  If you do not see this trend, ask your teacher for help to insure that the computer is working to record what your meter is reading.  Record the change at each increment.
7. Throw out water and rinse beaker well.  Rinse the electrode tip.

II. Testing the effect of base on water
Repeat steps 1 through 7 above using BASE 0.1N NaOH INSTEAD OF 0.1N HCl:

Important: The electrode tip is made of glass and is extremely fragile. Handle with care!

1. Fill one of the small beakers with about 20 ml of water.

2. Take the initial pH by carefully placing the electrode tip into the water. 

3. Wait a few seconds for the pH to stabilize. Record the pH in your table.

4. Using the micropipettor with tip, add 100 ul of 0.1N NaOH to the water. Swirl the beaker carefully to mix.

5. Wait a few seconds until the pH stabilizes. Take the pH measurement and record it.

6. Repeat steps 4 through 7 nine more times for a total of 1000 ul of 0.1N NaOH added to the water, with the goal of shifting the pH to the basic range in 10 increments.  Look for a rise in pH.  If you do not see this trend, ask your teacher for help to ensure that the computer is working to record what your meter is reading.  Record the change at each increment.
7. Throw out water and rinse beaker well.  Rinse the electrode tip.

III. Testing the effect of acid and base on a buffer solution

1. Each bench in a triad will choose one of the three buffers. Write the pH of your “group buffer” here: ___ (You MUST choose from pH 4, pH 7 or pH 10.)
2. Pour about 20 ml of buffer into a small beaker. Repeat steps 3 through 7 using 0.1N HCl as in section I.  Record pH at each increment as above.
3. Pour about 20 ml of a buffer into a clean beaker and repeat steps 3 through 7 using 0.1N NaOH  as in section II.  Record pH at each increment as above.
4.  You should see less of a shift in the acidic range for the acidic buffer and less of a shift in the basic range for the basic buffer, but let the data speak to you if it can.

IV. Testing the effect of acid and base on a biological liquid with buffering capacity.

Important: If you are using liver solution, please use pHydrion paper and not the pH sensor. The protein of the liver will stick to the electrode. We may have potato extract as an option.  See teacher for instructions.

1. Each bench in the triad will choose one biological liquid (apple or cranberry juice will likely be available), potato extract,  or liver solution. If you have time, you can try a second liquid. Don’t worry, you won’t have time for more than one.  Write the name of your biological solution here: _____________________. 
2. Pour about 20 ml of liquid into a small beaker. Repeat the steps 3 through 7 as for 0.1N HCl in section I.

3. Pour 20 ml of liquid into a clean beaker and repeat steps 3 through 7 as for 0.1N NaOH in section II.
4. If buffering occurs, you should see less of a shift in either the acidic or basic range depending on your choice of biological buffer solution, but let the data speak to you if it can.

*This lab is based on the Acids and Bases lab from Biology with Vernier, Redding and Masterman, ISBN 978-1-929075-43-0
GRAPHING THE DATA

Graph your data in parallel with class data.  (Ask your teacher for graph paper to enable you to hand plot the data you collected.)  This requires that the data from each table be shared with the class. Use different symbols for the different solutions and provide a legend please. Avoid colors.  (Example: use the same symbol for both acid and base treatment of apple juice.) The acid and base data you obtained for water should also be included in each graph for comparison. The graph should include the data for each solution with acid added and with base added.  Specifically, plot:

-Effect of 0.1N HCl acid on the pH of water.

-Effect of 0.1N NaOH base on the pH of water.

-Effect of 0.1N HCl acid on the pH of buffer 4.

-Effect of 0.1N NaOH base on the pH of buffer 4.

-Effect of 0.1N HCl acid on the pH of buffer 7.

-Effect of 0.1N NaOH base on the pH of buffer 7.

-Effect of 0.1N HCl acid on the pH of buffer 10.

-Effect of 0.1N NaOH base on the pH of buffer 10.

-Effect of 0.1N HCl acid on the pH of apple juice.

-Effect of 0.1N NaOH base on the pH of apple juice.

-Effect of 0.1N HCl acid on the pH of cranberry juice.

-Effect of 0.1N NaOH base on the pH of cranberry juice.

-Effect of 0.1N HCl acid on the pH of potato extract.

-Effect of 0.1N NaOH base on the pH of potato extract.

**See report form for further specific instructions regarding the graphs required.**
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