
Teacher Background Information:
Water is composed of molecules of H2O.  Some of the H2O molecules will collide with one another and break apart into ions in the following way:

2 H2O ↔ H3O+ + OH-

http://www.chem.ubc.ca/courseware/pH/launch.html
The following animations show this interesting behavior in water molecules:


The collisions between water molecules cause the formation of hydronium ions and hydroxide ions. Hydronium ions are hydrogen ions (protons) that are attached to water molecules. In pure water the concentration of H3O+, hydronium ions, and OH-, hydroxide ions, will be equal and the water is said to be neutral. The value of the equilibrium constant for this reaction is 1×10-14, and is referred to as Kw, the self-ionization constant of water. The very small size of this number shows that only a very slight amount of reaction occurs. Since the concentration of hydronium ions must be the same as that of hydroxide ions, [H3O+] = [OH-] = 1×10-7 mol/L. 
The concentration of the hydronium ion is an important property of a solution because it is a measure of the solution's acidity or alkalinity (basicity).  Since the concentrations of H3O+ and OH- are such small, cumbersome numbers, the pH scale was developed which is much easier to use. 
pH, (‘power’ or ‘potential’ of hydrogen), was first introduced by the Danish chemist Søren Sørensen.  It is defined as the negative logarithm of the hydronium ion, H3O+, concentration in a solution:
pH = -log [H3O+]
pH indicates the relative acidity or alkalinity of a substance on a scale of 1-14, with the neutral point at 7.  Values lower than 7 indicate the presence of acids and values above 7 indicate the presence of alkalis (bases).  For example, vinegar has a pH of about 3 and ammonia has a pH of about 11.

Since logarithms are exponents of the base 10, a solution with a hydronium ion concentration of 1×10-7 mol/L will have a pH of 7. If the hydronium ion concentration is 10 times more concentrated, [H3O+] = 1×10-6 mol/L, and the pH becomes 6. As the concentration of hydronium ion becomes more concentrated, the pH goes down.  An analogy to the pH scale is the Richter scale for measuring earthquakes.  An earthquake of ‘6’ is 10 times as violent as a ‘5’.
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Adding Strong Acids and Bases to Water:

If a strong acid, such as hydrochloric acid (HCl) is added to water, it reacts with some of the water molecules as follows: 

HCl  +  H2O  ↔   H3O+  +  Cl– 
Thus, the addition of HCl to water increases the H3O+ or acid concentration of the resulting solution. 

If a strong base, such as sodium hydroxide, is added to water, it ionizes as follows: 

NaOH   ↔   Na+  +  OH– 

Thus, the addition of NaOH to water increases the OH– or alkali concentration of the resulting solutions. 
Thus,

when            the solution is

       [OH-] > [H3O+]         acidic
       [OH-] < [H3O+]          basic

       [OH-] = [H3O+]         neutral

The table below shows the relationship of pH, H3O+ concentration, and OH– concentration. 
	pH
	[H3O+] mol/L
	[OH-] mol/L
	Acidic, Basic or Neutral?

	0
	1.0
	0.00000000000001
	Acidic

	1
	0.1
	0.0000000000001
	Acidic

	…
	…
	…
	Acidic

	7
	0.0000001
	0.0000001
	Neutral

	…
	…
	…
	Basic

	13
	0.0000000000001
	0.1
	Basic

	14
	0.00000000000001
	1.0
	Basic


Note the following about the above table. 

1. As the acid (H3O+) concentration decreases, the pH increases. 

2. As the acid (H3O+) concentration decreases, the base (OH–) concentration increases proportionally. 

3. At pH 7 the acid (H3O+) and base (OH–) concentrations are equal. This is called the neutral point. 

4. The pH scale represents the number of places the decimal point is moved to the left of one in expressing the acid (H3O+) concentration. 

5. Each pH unit represents a tenfold change in the H3O+ or OH– concentration. For example, a solution at a pH of 6 is 10 times more concentrated in H3O+ ions than a solution at a pH of 7. 

pOH

pOH is sometimes used as a measure of the concentration of hydroxide ions, OH−, or alkalinity. pOH is not measured independently, but is derived from pH. The concentration of hydroxide ions in water is related to the concentration of hydrogen ions by:
[OH-] = Kw / [H+]
Where, as mentioned, the Kw is the self-ionization constant of water and is equal to 1x10-14. 

The relationship between pH and pOH is as follows:  

pOH ≈ 14 – pH at room temperature
(The pH of pure water decreases with increasing temperatures. For example, the pH of pure water at 50 °C is 6·55).
Also, if the hydroxide ion concentration is known, the pOH of a solution can be calculated by: 

pOH = -log [OH-]
Calculating [OH-] and [H3O+] from pH and pOH:

[H3O+] = invlog (-pH)

[OH-] = invlog (-pOH)

pH Measurement:

Acid Base Indicators

Acid-base indicators are large organic molecules that are different in color depending on the concentration of H3O+ ions present. The indicator litmus is red if the pH is less than 7 and is blue if the indicator is at a pH greater than 7. At pH 7, both red and blue forms are present and the indicator looks purple.

For convenience, these dyes are often deposited on a strip of paper. When a drop of solution to be tested is placed on the paper, the resulting color change is indicative of the approximate pH of the test solution. Dye indicator solutions or paper have the advantage of being quite inexpensive, very portable, and often suitable where only an approximate pH measurement is needed.  There are several acid-base indicators, all which change color within varying pH ranges.  
pH Meters

On the other hand, where precise measurements are needed and / or the solution to be measured is colored, a pH meter is required. Accordingly, pH meter and electrode systems have been developed which respond in a precise manner to the pH of a solution. 

In the first part of this activity, the teacher will perform an acid, base and indicator demonstration that will allow students to focus on and come up with an operational definition of pH.
In the second part of this activity, students will prepare a series of solutions of different pH values by diluting both acids and bases.  They will then examine a series of indicators to see what colors they show in the solutions of different acidity.  Lastly, they will use the colors of the indicators to determine the pH of an unknown solution.  
Before any discussion of pH, ask students to write what they know about pH. This activity should be done in class to insure individual, spontaneous answers.


Teacher Demonstration:  Acids, Bases, Indicators and pH
Use cabbage juice and/or universal indicator and add to household materials, hydrochloric acid and sodium hydroxide.  
Decant the purple liquid from a can of red cabbage in juice.  Or, prepare your own red cabbage juice as follows:
Cabbage Juice Indicator Preparation:
Cut a red cabbage into several pieces and place them in a pot with enough water to cover the cabbage.  Boil the water and cabbage for 10-15 minutes and let it cool. Pour the contents through a strainer into a container and discard the cabbage leaves. The cabbage juice should be stored in the refrigerator until needed and may be frozen if it will be stored for several days.

Add 25 mL* of the extracted red cabbage juice to the following solutions:

(*You may need more or less depending on the concentration)

125 mL of vinegar; 125 mL of household ammonia; 1 teaspoon of baking soda in 125 mL of distilled water; 125 mL of colorless, carbonated beverage such as 7-Up™; 5 mL of laundry detergent in 125 mL of distilled water; 125 mL of milk; 125 mL of 0.1 mol/L HCl; 125 mL of 0.1 mol/L NaOH.

Have students record the color of each mixture and state the indicator color of red cabbage juice in acidic and basic solutions.  Have them state an approximate pH value of each solution based on the chart below.  Repeat the procedure with 5 mL of universal indicator.
Colors of Cabbage Juice in Acidic and Basic Conditions:
acid           neutral           base



0   1   2   3   4   5   6   7   8   9   10  11  12  13  14





    pink……...purple…blue…..green

Colors of Universal Indicator in Acidic and Basic Conditions:
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                              Red...orange..yellow..green..blue…indigo…violet
Based on the above demonstration, have students try to state an operational definition of pH.

Introduction:

The numerical scale called pH indicates how acidic or basic a solution is, or whether that solution is neutral.  Many products we use daily for personal hygiene, home and auto care, or eating and drinking are acidic or basic, and thus have pH values.   
In the space below, write down everything you know about pH:


The first step in making a serial dilution is to take a known volume (usually 1ml) of stock (concentrated solution) and place it into a known volume of distilled water (usually 9ml).  This produces 10ml of the dilute solution. This dilute solution has 1ml of stock /10ml, producing a 10-fold dilution (i.e. the amount of stock in each ml of the diluted solution is 0.1ml).
[image: image4.jpg]



Source:  http://biology.kenyon.edu/courses/biol09/tetrahymena/serialdilution2.htm
The technique used to make a single dilution is repeated sequentially using more and more dilute solutions as the "stock" solution.  At each step, 1ml of the previous dilution is added to 9ml of distilled water. Each step results in a further 10-fold change in the concentration from the previous concentration.

The values shown in the tubes are the amount (in ml) of the stock solution present in each ml of the dilute solution.

The dilution of the original stock solution is shown below the tubes.
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Source:  http://biology.kenyon.edu/courses/biol09/tetrahymena/serialdilution2.htm
Student Activity:  pH and Indicators

Objectives:
To prepare a series of acidic and basic solutions by the process of serial dilution; to determine the color changes that indicators undergo when they are in solutions of different degrees of acidity; and to determine the pH of some unknown solutions.

Materials:

HCl, 0.10 mol/L




NaOH, 0.010 mol/L

Distilled water




2 Microplates 


Beral pipets with micro tips


Methyl orange indicator solution


Bromothymol blue indicator solution

Phenolphthalein indicator solution


Universal indicator



3 Unknown (to students) solutions
Procedure:
Preparing the Solutions of Different pH by Serial Dilution
1. Arrange a microplate so that there at least 12 columns across the top.  Choose four different rows for the different indicators to be tested.

2. Put 10 drops of 0.10 mol/L HCl (which has a pH of 1) in well #1 in the first row. Put 10 drops of 0.010 mol/L NaOH (which has a pH of 12) in well #12. Put 9 drops of distilled water in wells #2 through #11.  You are now ready to begin the serial dilution.

                    


                            Water    






                only

    
                 10 a       9 w       9 w     9 w        9 w       9 w         9 w        9 w      9 w       9 w      9 w     10 b   
                   1 
       2          3          4           5           6            7           8           9        10        11         12
a = acid (HCl);    w = distilled water;     b = base (NaOH)

3. Pull some of the acid solution from well #1 into a dry Beral pipet. Transfer one drop of the acid from well #1 to well #2, and put the rest of the acid back in well #1. Mix well #2 thoroughly by drawing up the entire contents of the well into the pipet and then returning the liquid to the well.

       1 drop



              Water    







               only

    

                 10 a      9+1a     9 w      9 w        9 w       9 w        9 w        9 w       9 w       9 w     9 w     10 b   

                   1 
       2          3          4           5           6            7           8           9        10        11         12

a = acid (HCl);    w = distilled water;     b = base (NaOH)

Now well #2 has 1 drop of acid and 9 drops of water as shown in the diagram above.  The concentration of the solution in well #2 is now 0.01 mol/L (or 1 x 10-2 mol/L) and has a pH of 2.
4. Now use the same technique to transfer one drop from well #2 to well #3 and thoroughly mix the contents of well #3. Continue this serial dilution until you add one drop from well #5 to well #6 and mix. Note that each time you do this, the solution is diluted one-tenth. The hydronium ion concentration in well #1 is 1x10-1 mol/L (0.1 mol/L), and the pH is 1. In well #2, the hydronium ion concentration is 1x10-2 mol/L (0.01 mol/L), and the pH is 2.


    





              Water    







               only

    

                   10        9+1      9+1     9+1        9+1      9+1        9 w        9 w       9 w       9 w     9 w     10 b           

                   1 
       2          3          4           5           6            7           8           9        10        11         12

5. Repeat the dilution process in reverse with the 0.010 mol/L NaOH, working from well #12 to #11, making #8 the last of the basic dilutions. Well #7 will contain only distilled water.

    





              Water    







               only

    

                   10        9+1      9+1     9+1        9+1      9+1          9          9+1      9+1      9+1     9+1      10  

                   1 
       2          3          4           5           6            7           8           9        10        11         12

6. Prepare three other rows of acid and base in the same way.
7. Before moving on to the next step of the procedure, draw your own serial dilution diagram showing:

a) A microplate with 12 columns and 1 row (like the one above)
b) Arrows showing transfer from one well to the next

c) The volume of solution being transferred from one well to the next

d) The volume of water added to each well

e) The concentration in each well after the dilution is complete

f) The relative number of hydronium/hydroxide ions in each well

g) The pH of each well

Make your diagram large enough that all of the components can be added.

8. Also, calculate the [H3O+] and [OH-] in each well of row 1 your microplate. The following relationships may be useful:
pOH = -log [OH-]

[H3O+] = invlog (-pH)

[OH-] = invlog (-pOH)

[OH-] = Kw / [H+]

pOH ≈ 14 – pH 

9. Which ion concentration is greater when the solution is acidic?  Basic? 

The Addition of Indicator
You now have four rows of diluted solutions of acid and base, each well containing one-tenth as much hydronium ion as the one before it. The well numbers indicate the approximate pH of the solutions.

10. Add one drop of a methyl orange indicator to each well in your first row. Put a drop of phenolphthalein in each well in the second row. Put a drop of bromothymol blue in the third row, and add a drop of universal indicator to the last row.
11. Using the microplate diagram provided illustrate all of the different colors shown by the indicators.   
12. Determine the pH values where the indicator color changes occur.  How might these values be significant in a neutralization/titration experiment?
Determining the pH of the Unknown Solutions
13. Put 5 drops of the unknown solution in each of 4 wells in a new microplate. Put one drop of each one of your indicators into the unknown solution. Compare the colors of the indicators to those in your first microplate, and estimate the pH of the unknown solution.

14. Repeat for the other two unknown solutions.

15. For the three unknown solutions, describe, in detail, the color changes of each of the indicators.

Additional Questions:
1.  Do you think that the Universal indicator could contain one of the other indicators used in your experiment?  Explain.

2.  Explain how the pH values from 1 to 12 were obtained from the dilution process.

3.  Explain how you arrived at the pH values of the unknown solutions.

Microplate


Extension Activities:

1. Try to react a small strip of magnesium ribbon with the acids and bases in your first microplate.  Record the results and look for a correlation between the pH and the reactivity with magnesium for each substance.
2. Bring in samples of products from home that could be acidic or basic so that you can test their pH.  Suggestions include:  vinegar, ginger ale, 7-up, colas, citrus fruits or juices, saliva (student), skin lotions, colognes, dishwashing detergent, laundry detergent, shampoos, eggs, antifreeze, hair spray, sunscreens, antiseptic lotions, mouth washes, face soap, nail enamel remover, contact lens solution, tap water, distilled water, glass cleaner, liquid fertilizer or plant food, algaecides, drain cleaner, metal polish and jewelry cleaner. 

pH Applications: (for optional discussion)
The pH or acidity of a solution is important throughout all phases of chemistry and biochemistry.  
In the Chemical Industry, the efficient production of nylon, as well as other modern fibres depends on rigid pH control.  

In Biochemistry, the pH of our blood is normally controlled to within a few tenths of a pH unit by our body chemistry. If our blood pH changes as much as half a pH unit, serious illness will result. Proper skin pH is essential for a healthy complexion. The pH of one's stomach directly affects the digestive process. 

In Agronomy, the pH of the soil regulates the availability of nutrients for plant growth, as well as the activity of soil bacteria. In alkaline soils ( pH 8 and above ) the amount of nitrogen, phosphorus, iron and other nutrients in solution become so low that special treatment is necessary to ensure proper growth. 

In Food Science, the efficient production of food products depends upon careful pH control. The proper curd size, uniformity, and structure of cottage cheese is directly related to the pH at cutting time. Yeast can ferment and leaven dough only within certain pH limits. Jelly will not gel properly unless the pH is in the 3.5 region. 

In the Pulp and Paper Industry, pH control is essential to the proper operation of bleaching plants and wet-end processes. Also, in order to conform to environmental protection regulations, the pH of wastewater from these plants must be controlled. 

In Chemical Research and Engineering, accurate pH measurement is necessary to the study of many chemical processes. The researcher needs to know the pH at which a chemical reaction proceeds at its fastest in order to understand the reaction. The engineer uses the information to develop practical commercial processes. 

In Environmental Research and Pollution Control, the pH of a river or lake is important in maintaining a proper ecological balance. The pH of the water directly affects the physiological functions and nutrient utilization by plant and animal life. Extremes in pH can reduce a lake to a lifeless, smelly bog.  Protecting our waterways requires constant monitoring of industrial effluent. Plating and metal finishing plants tend to produce acidic wastewater, as do mining operations, chemical plants often have very alkaline wastewater. pH measurements are used as a guide to the proper neutralization of these plant wastes, as well as to monitor the final effluent quality. Occasionally, an acidic stream can be combined with an alkaline stream to produce a final stream, which is close to neutral. pH measurements assure the proper management of this cost saving technique. 

Did You Know…

Alkaline gets its name from the "al kali" plant whose ashes are capable of neutralizing acids. It does this because it contains KOH.
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www.chemistryland.com/CHM107Lab/Lab1/Lab1Prep...
A pH rhyme from D. Kolb (1979). Journal of Chemical Education, 56, 53: 

For coffee it's 5, for tomatoes it's 4;
While household ammonia is 11 or more.
It's 7 for water, if in a pure state,
But rain water is 6, and sea water is 8.
It's basic at 10, quite acidic at 2,
And well above 7 when litmus turns blue.
Some find it a puzzlement. Doubtless their fog
Has something to do with that negative log.

Online Resources:
pH of Shampoo
http://www.sciencenetlinks.com/lessons.cfm?BenchmarkID=8&DocID=18
Testing Soluble Aspirin:

http://www.abc.net.au/science/surfingscientist/pdf/lesson_plan16.pdf
Is your pH balanced?

http://stellardefender.com/pdfs/sciencebehindgame.pdf
pH Animation:
http://www.johnkyrk.com/pH.html
H+, pH Animation:

http://www.purchon.com/chemistry/acids.htm#animation
Tom Greenbowe Animation:  Acids Bases and Salts:  Measuring pH

http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/flashfiles/acidbasepH/ph_meter.html
pH and the Environment, Body and Diet:

www.lonoswaterguide.com/water_ph_and_health
pH Tutorial from UBC:

http://www.chem.ubc.ca/courseware/pH/launch.html
pH Applications:

http://www.coastwidelabs.com/Technical%20Articles/ph__the_power_of_hydrogen.htm
pH and Indicators Activity
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Animation:  Two water molecules colliding (Tom Greenbowe):


� HYPERLINK "http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/animations/H2Osingleeq.html" �http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/animations/H2Osingleeq.html�


Animation:  Water at equilibrium (Tom Greenbowe):


� HYPERLINK "http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/animations/H2Oeq.html" �http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/animations/H2Oeq.html�
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