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Lab 3 pH 
Objectives:

1. Measure the pH of common solutions using pH test strips.
2. Understand that different solutions have different pH’s.

3. Determine the effect of a buffer when acidic or basic solutions are added to a buffer system.

4. Describe how buffers are used to maintain the pH of a solution when an acid or base is added to the solution.

5. Give the equation that summarizes what happens when carbon dioxide (CO2) combines with water.

6. Name two organs that normally regulate the amount of carbon dioxide and bicarbonate in the blood.

7. Define acidosis. 
8. Name at least two diseases that may cause acidosis.

Lab Materials:

· Nitrile gloves

· Sharpie permanent marker
· tap water from student table
· saline (NaCl) solution, 0.9%
· sodium bicarbonate (NaHCO3) solution, 10%

· lemon juice
· apple juice
· carbonated soda

· vinegar (CH3COOH)

· soap solution

· ammonium (household)

· pH test strips 
· 2 flasks, 50 ml
· 1 flask, 125 ml
· graduated cylinder, 25 ml
· buffer solution, pH 7 
· Phenol Red

· Dropper bottle of hydrochloric acid (HCl), 1.0%

· Dropper bottle of sodium hydroxide (NaOH), 0.5%

Laminated pH control card

Waste beaker. 

Introduction:

Molecules such as acids, and bases dissolved in water may dissociate into charged ions (ionization). An acid is a substance that when it ionizes in a water-based solution, it increases the number of H+ (Hydrogen ions or protons) in a solution. A base is a substance that when it ionizes in a water-based solution, it decreases the number of H+ in a solution. The concentration of H+ in a solution can be measured and this measurement is called the pH of a solution. 
Living cells release waste products that can change the pH of the cell or extracellular fluids. The food we eat can likewise change the pH in our cells and fluids. It is important for the cells of our body to maintain a constant pH.  Many organic molecules, especially proteins, are sensitive to pH and may not function correctly when the pH is changed.
The pH of a solution can be measured using a pH scale that ranges from 0 to 14.  A solution of pH = 7 is neutral, a solution of pH lower than 7 is acidic, and a solution of pH greater than 7 is basic (alkaline). 
The number of H+ ions increases as the pH number decreases (and vice versa). The difference between two successive numbers on the pH scale represents a ten-fold difference in the H+ ion concentration because the scale is a logarithmic scale (log of base 10). For example, a solution with a pH of 2 has 10 times more H+ ions as a solution with a pH of 3. A solution with a pH of 2 has 100 times more H+ ions as a solution with a pH of 4.  
Measuring the pH of Common Solutions:
In this lab, we are going to measure the pH of some common solutions.  You will use pH paper to measure the pH. This paper turns a different color at each of several pH values. You compare the color change to a color chart.

Safety Notes:  Wear safety goggles, closed-toe shoes, and a pair of nitrile gloves for this experiment. Always use special caution when working with chemicals in the lab. Never touch or taste any chemical unless instructed to do so. 

1. Put on your safety goggles, closed-toe shoes and nitrile gloves. Use a Sharpie marker to label each test strip with the common solution tested in the table below.

2. Use the dropper pipette in each solution to obtain a small sample. Holding the pH test strip over the waste beaker, dispense the sample onto a fresh test strip allowing any excess to drip into waste beaker.  Be sure to replace the pipette in the appropriate bottle so that you do not contaminate any of the solutions.
3. Compare the color against the color chart on the pH strip bottle to determine the pH of the solution. Record the pH in the table below.

4. Repeat step 3 for each of the solutions. 
Table: pH of Common Solutions:
	Common Solution
	pH

	Tap water
	

	Apple Juice
	

	Saline solution, (0.9% NaCl)
	

	Sodium bicarbonate (NaHCO3) solution, 
	

	Lemon juice
	

	Carbonated soda
	

	Vinegar (CH3COOH)
	

	Soap solution
	

	Ammonia (Household)
	


5. Answer the following questions.
a. Does a high pH indicate the solution is acidic or basic? ________________
b. Does a low pH indicate the solution is acidic or basic? ________________
c. Does a high pH indicate a high concentration of H+ ions or a low concentration of H+ ions? ____________________

d. Does a low pH indicate a high concentration of H+ ions or a low concentration of H+ ions? ____________________

e. Which of the solutions above had the highest pH? ___________________ 

f. Which of the solutions above had the lowest pH? _____________________ 

g. Which of the solutions above had the lowest concentration of H+ ions? _______________________________________

h. Which of the solutions above had the highest concentration of H+ ions? _______________________________________

6. Dispose of all solutions used in this lab by pouring them into your waste beaker. Dispose of test tubes in broken glass box and any other materials in the trash. 
Determining the Effect of Buffers on pH:
A buffer is a solution whose function is to minimize the change in pH when a base or an acid is added to the solution.  Most buffers consist of a weak acid (which releases H+) and a weak base (which binds H+). If an acidic solution is added to a buffer solution, the buffer will combine with the extra H+ and help to maintain the pH. If a basic solution is added to a buffer solution, the buffer will release H+ to help maintain the pH.  

There are many different buffers and each one stabilizes the pH of the solution within a specific pH range. One buffer may be effective within a range of pH 2 to pH 6, while another buffer may be effective within a range of pH 10 to pH 12.  For example, the buffering systems in our blood buffer at around pH 7.4. That is, they maintain the pH at or very close to 7.4. The three main buffer systems in our bodies are the (1) bicarbonate buffer system, (2) phosphate buffer system, and (3) protein buffer system.

In this lab you are going to determine the effect of buffers on the pH of a solution when an acid is added to the solution.
Safety Notes:  Make sure you are still wearing your safety goggles and a pair of nitrile gloves. If not, put on your goggles and a fresh pair of gloves. Always use special caution when working with chemicals in the lab. Never touch or taste any chemical unless instructed to do so. 

1. Obtain 2–50 ml flasks. Label one flask “tap H2O” and label the other flask “buffer.”

2. Place 25 ml of tap water (pH 7) in the flask labeled “tap H2O.”
3. Place 25 ml of the buffer solution (pH 7) in the flask labeled “buffer.”
4. Measure the pH of each using the pH test strips and record in the table below.

5. Add 10 drops of  phenol red to each flask. Mix by swirling the liquid. The fluid in each flask should be a pale red. Phenol red is a color pH indicator (that is, when you add phenol red to the clear solution, the resulting color indicates the pH of a solution). Phenol red is red at pH 7, yellow at  pH 6 and lower and fuschia  at  pH 8 and higher.
6. Place the flask of tap water and Phenol Red on a piece of white paper. Add 1.0% HCl (hydrochloric acid) drop by drop to the solution. Mix thoroughly after each drop by swirling the liquid. Count and record the number of drops required to turn the solution yellow (which indicates a pH of 6).

7. Predict whether it will take more or less drops of HCl to change the pH of the buffer (as compared to the water). (think about the function of a buffer!) __________________

8. Repeat step 6 with the flask containing pH 7 buffer and Phenol Red. Count and record in the table the number of drops of 1.0% HCl required to lower the buffer solution from pH 7 to pH 6.
Table: Effect of Buffers on pH:

	Solution
	pH
	#  of drops of 1.0% HCl required to reach pH of 6

	Tap water and  Phenol Red
	
	

	Buffer and Phenol Red 
	
	


a. Which solution (the water or the buffer) required more drops of HCl to change the pH to a pH of 6? ______________________________
b. Was your prediction in step 7 correct? _______________

c. Explain the results.

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
9. Dispose of all solutions used in this experiment in the “Waste” beaker. Dispose of other materials in the trash. Rinse out the flasks and place them upside down on the drying rack over sink.

Observing the Effect of Carbon Dioxide (CO2) on pH:

Carbon dioxide (CO2) is produced as a waste product when the body breaks down glucose during cellular respiration. The CO2 is normally transported in the blood and released into the air through the lungs. The body must get rid of the CO2 in this way because when CO2 combines with the water in the blood, it can lower the pH of the blood (make the blood more acidic). Recall that a change in pH can change the structure of the proteins in your blood and cells such that the proteins no longer function. 

The equation below summarizes what happens when CO2 combines with water (H2O):
CO2 + H2O <===> H2CO3 <===> H+ + HCO3–
Note that if the amount of CO2 is increased, it will cause the equilibrium to shift to the right, thereby increasing the amount of H2CO3 (carbonic acid), H+ and HCO3– (bicarbonate ions). The increase in H+ leads to a decrease in pH (that is, the solution becomes more acidic).
Your body has buffer systems and organs that regulate the pH levels in your body. The lungs regulate the amount of carbon dioxide in the blood and the kidneys regulate the amount of bicarbonate ions to maintain a blood pH between 7.35 and 7.45. For example, during exercise, the rate of CO2 production increases dramatically as muscles increase their oxidation (breakdown) of glucose.  However, there is little change in blood CO2 levels and pH during exercise, because the excess CO2 is blown-off by increased breathing.

Sometimes, however, blood pH decreases to below 7.35. This may occur in patients suffering from emphysema, asthma, bronchitis, pneumonia, and pulmonary edema. CO2 increases in the blood since it cannot effectively diffuse out of the lungs. This results in a condition known as acidosis. Acidosis means there is an increase in the number of H+ (pH is decreased) in the blood to the point that a greater number of H+ are present in the blood than can be absorbed by the buffer systems. 
Safety Notes:  Make sure you are still wearing your safety goggles and a pair of nitrile gloves. If not, put on your goggles and a fresh pair of gloves.
1. Place 50 ml tap water into 125 ml flask
2. Add 10 drops Phenol Red- Gently swirl to mix


What is the color of the solution?

3. Add 6 drops .5% NaOH (base)- Gently swirl to mix

 What is the color of the solution?

4. Have subject blow out through the straw into the solution until you observe a color change. 

a. What gas is blown through straw?


b. What does the change in color indicate about the pH of the solution?

Clean-up: 

Dispose of all solutions used in this experiment in the “Waste” beaker. 
Dispose of other materials in the trash. 
Rinse out flasks and place upside down on the drying rack over sink.
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