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Graph pH
by Elisabeth Price, 2008
KEY CONCEPT



The measure of acidity, pH, is defined as the negative logarithm of the hydrogen ion concentration.  (pH = -log[H+])This activity has the participants graph the hydrogen ion concentration as a function of pH so the participants have a chance to see how quickly the concentration changes, and to see why the scale is logarithmic.
SKILLS:
Graphing, properties of logarithms
TIME:
15 minutes


AUDIENCE:
Teachers and students, grades 5 – 10, but can be used for older ones.  
OBJECTIVES
To become acquainted with the properties of logarithms as applied to pH.
SAFETY

No special requirements
Background for teachers 

CONTENT FOCUS

This activity is merely an illustration of a logarithmic curve, using pH.  For many applications, the range covered is too large for relationships to be graphed on a linear scale.  The logarithmic scale permits graphing over many orders of magnitude (powers of ten).  For example, in this activity, it is possible to graph only three orders of magnitude of pH on a linear scale of centimeter graph paper.  That covers only, for example, pH between 1 and 3.  
The Activity

ADVANCE PREPARATION 

· For each group, provide several sheets of centimeter graph paper, each centimeter divided into tenths.  The graph paper will need to be at least 10 centimeters long in the y direction (vertical).


TIPS

This activity is meant to relate to the Definition of pH activity in which rice represents the orders of magnitude.
MATERIALS 

· Centimeter graph paper, each centimeter divided into tenths, several sheets per group.
· Sharp pencils

PROCEDURE

1. Engage participants by exploring pH and modeling pH with rice (OpChem Cabbage Juice, and OpChem acid base pH definition).
2. Explore the logarithmic function by graphing the concentration of hydrogen ion (on the y axis) versus pH (on the x axis).  Set the highest point on the y axis (10 centimeters above the x axis) at 1 x 10-1.  That will make the first centimeter above the x axis 0.1 x 10-1, or 10-2.  On the x axis, define the first centimeter to the right of the y axis as 1.  Label the y axis as “Hydrogen ion concentration,” and the x axis as pH. 
3. Explain the relationship of pH and hydrogen ion concentration by graphing the concentration of hydrogen for pH 1, pH 2, and pH 3.  Draw a smooth curve to connect the dots.
4. Elaborate the relationship by starting another piece of graph paper, but setting the top y axis point (10 centimeters above the x axis) to be 1 x 10-3 so the first centimeter above the x axis is 0.1 x 10-3, or 10-4.  Label the axes as above.  Again graph the hydrogen ion concentration for pH 3, 4, and 5.  Repeat the procedure as desired (or needed).
5. Evaluate by further discussing the relationships between hydrogen ion concentration and pH.  Compare the shapes of the curves of the first and second (and subsequent) graphs.  Using the graph, determine the pH of a hydrogen ion concentration of 0.5 x 10-1.  
Participants evaluate own understanding of pH and logarithms.  Why is a logarithmic scale needed for a discussion of acidity?  
Note:  We are using a negative relationship, 

pH = -log [H+], so the graph has a negative slope.  

Extension:  Applications to Mining

1. Are there other instances of logarithmic scales in mining or geology?  
References
There are many on-line references to logarithms.  Perhaps the easiest is Wikipedia:

http://en.wikipedia.org/wiki/Logarithm  

Notice that the graphs shown in this reference graph value (in our case hydrogen ion concentration, there X) on the x axis, and the logarithm on the y axis.  In addition, the relationship is direct, not the negative as with pH.
