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Acids and Bases
by Elisabeth Price, 2007
KEY CONCEPT



We generally encounter acids and bases as aqueous (water) solutions of chemicals that produce hydrogen (H+) (often presented as hydronium ions, H3O+) or hydroxide (OH-) ions.  We can test for the presence of these ions using an indicator that changes color depending on the concentration of these ions.  
The pH scale tells the concentration of the hydrogen ion.

Various materials are classified as acids or bases.

Acids and bases react with each other and other materials.

SKILLS:
Observing, Recording, Calculating, Investigating, Interpreting, Modeling

TIME:
1.25 hours


AUDIENCE:
Teachers and students, grades 5 – 8, but can be adapted for younger students and used for older ones.

OBJECTIVES
To detect acids and bases, to classify materials as acids or bases, to investigate the pH scale and relate it to the indicator response, to investigate neutralization of acids or bases.

SAFETY

Wear safety goggles.
Avoid using strong acids and bases in the activities.
Background for teachers 

CONTENT FOCUS

Various types of chemicals dissolve in water.  One of these types consists of an acid, and its opposite, a base.  In the simplest definition, an acid adds hydrogen ions, H+, (often written as hydronium ions, H3O+) to the water, while a base adds hydroxide ions, OH-, to the water.  The addition of the hydrogen and hydroxide ions to the water is mediated by the equilibrium of the dissociation of water itself into those ions:  H2O ↔ H+ + OH-.  The relation between hydrogen ion and hydroxide ion is controlled by the water dissociation constant, Kw = [H+]x[OH-] = 10-14.  In this  and other similar equations, the square brackets mean concentration in terms of moles per liter.  
Materials can be classified as acids or bases, or perhaps neither.  Many foods are acids.  Many cleaning agents are bases.  The classification follows the definition above: if the addition of the chemical to water increases the hydrogen ion concentration in the water, it is an acid; conversely, if the addition of the chemical to water increases the hydroxide ion concentration in water, the chemical is a base.  The solutions produced are called acidic or basic.  

Acids and bases can react with each other.  This reaction produces water and reduces the concentrations of both acid and base (hydrogen and hydroxide ions) in the solution.  This is neutralization.  

The pH is a way of expressing the concentration of hydrogen ion in water.  Because the concentration is very low, but the effect can still be measured, a logarithmic scale is used.  In such a scale, only the negative of the power of ten that reflects the concentration is reported.  For example, a hydrogen ion concentration of 1 x 10-4 moles per liter has a pH of 4, an acid.  The activity investigates this mathematical relationship more.  In general, because of the constant relationship between the concentration of hydrogen ion and hydroxide water controlled by the dissociation of water itself through the expression for Kw, (see above) a pH of 7 means the concentration of hydrogen ion and hydroxide ion are equal.  A pH less than 7 means the hydrogen ion concentration is more than that of the hydroxide ion, so the solution is acidic.  A pH more than 7 means the hydroxide ion concentration is greater than that of the hydrogen ion, so the solution is basic.  
Relation to the Environment

Acids and bases react with other chemicals in the environment and may change the properties of the water.  For example, if natural water were to become acidic, chemicals from the rocks (for example) through which the water runs might dissolve into the water more than if the water were neutral.  So, the water stream would then contain components that normally would be present in lower concentrations.  Such reactions depend on the concentration of the acid (or base) in the water as well as the environment through which the water moves

.


The Activity

ADVANCE PREPARATION 

· Before hand, soak the coffee filters in cabbage juice and dry them.  In order to make the cabbage juice, boil red cabbage leaves in enough water to cover the leaves.  Continue boiling until the color is mostly removed from the leaves.  Separate the water and leaves, keeping the water.  Let the solution cool.  Pour some of the cooled red cabbage juice into a pie tin.  Put in a handful of flattened coffee filters.  Let them soak up the purple color, then hang the coffee filters on a line to dry.  Repeat as needed.  Two cups of cabbage juice is enough for about 200 coffee filters.

TIPS

· Straws are used as eye droppers, but eye droppers themselves can be used.

· Q-tips are used to place a sample onto the indicator paper, but a coffee stirrer straw can work for liquid samples.  

· Papers other than coffee filters can be used in the activities in which the cabbage leaf is rubbed onto the paper.

MATERIALS 

Engage

· Red cabbage leaves, one per pair of students

· Coffee filters, two per student

· A variety of household liquids and foods to test.  Be careful to select safe materials, not strong cleaning solutions.  For example, use fruits, baking soda, vinegar, milk, dishwashing liquid, sodas, and soap.   

Explore

· Lemon juice to be diluted to various strengths

· Small cups

· Deionized water for dilution

· Straws to be used as eye droppers.  Bend over the top of the straw about one inch to serve as the rubber bulb.  Squeeze the turned over bit close to the straw, put the straw into a liquid, and release the squeeze to draw liquid up into the straw.

· Coffee filters with red cabbage rubbed onto them as in the Engage activity
Explain

· Lemon juice

· Baking soda

· Wax paper to work on
· Q-tips to take samples of the lemon juice solution onto the indicator paper

· Coffee filters rubbed with red cabbage to serve as the indicator
Elaborate

· Various basic and acidic solutions.

· Coffee filters prepared before hand, soaked in cabbage juice and dried.  In order to prepare the cabbage juice, boil red cabbage in enough water to cover leaves.  Pour out the water that is now red.  Soak the coffee filters in the water and hang them out to dry.  
· Q-tips

· Purple grape juice

· Small cups

· Deionized water

· Straws
PROCEDURE

1. Engage participants by classifying materials as acids or bases.  As an indicator use red cabbage rubbed onto coffee filters or other paper.  Identify the initial color changes with materials known to be acids or bases—citric fruit for the acid and an antacid (such as Tums) for the base.  
2. Explore pH, the acidity scale, by taking an acid and diluting it.  Describe the color of the indicator in successive samples as the acid is diluted.  Does the indicator indicate that the sample is becoming more or less acidic? 
3. Explain the observations by refining the investigation.  This time, actually neutralize the lemon juice with small bits of baking soda or baking soda solution.  Test the solution after each addition.  Also make observations about the chemical reaction.  
4. Elaborate by working with pH mathematically.  pH is the -log[H+].  A logarithm of a number is the power to which 10 must be raised to make that number.  For example, 100 is 10 x 10, or 102.  The logarithm (log for short) of 100 (or 102) is 2.  For a small number, the power is negative.  For example, 1/100 or 0.01, is 1/10 x 1/10, or 0.1 x 0.1, or 1/(102) or 10-2.  So, the log of  10-2 is -2.  So, if the concentration of hydrogen ion, [H+], were 0.01 moles per liter (10-2), then the pH would be –log(10-2) or –(-2) or 2.  That is a very acidic solution even though the concentration seems to be low.  A neutral solution has a pH of 7.  That means the concentration of hydrogen ion, [H+], is only 10-7, or 0.0000001 moles per liter.  Put rough pH values onto the colors from the cabbage juice.
Investigate a drop sized sample of purple grape juice that is itself an indicator.  Do you think grape juice is acidic or basic?  Check with the cabbage juice indicator.  Dilute that drop and note the color change.  What is that color change indicating?  Test your idea by reacting grape juice with an appropriate chemical (acid or base) and watch the color change.
5. Evaluate:  As a culminating activity, paint a picture on a piece of coffee filter soaked in red cabbage juice and then dried.  What type of solution will produce a green color?  What type will produce pink?  Colors in between?  Use a Q-tip to paint a picture with the appropriate solutions of acid or base.  (Note, the broadest spectrum of colors may require some strong acids and bases.  Strong acids or bases are defined as those acids and bases that dissociate completely in solution with water, such as HCl (muriatic acid) or NaOH (lye).  A weak acid doesn’t dissociate completely, so even a concentrated solution of the acid doesn’t have a huge concentration of H+ ions.)  

Participants evaluate own understanding of acids and bases and pH.  Consider also the use of the activity in the classroom.  Will it be useful for a specific grade level?  How will it need to be changed?  

Extension:  Applications to Mining

1. Brainstorm situations in which pH is important in mining.  

2. Does the pH need to be adjusted in these situations?

3. How might the pH be adjusted?  Model such ideas with the materials at hand
About pH and Mining
Wherever solutions are used in mining, pH is important.  

For example, often, waters are pumped out of the mines in dewatering.  These natural waters are then either used in the processing or put back into the environment.  If waters are put into streams or rivers, the waters must have the same compositions as those rivers, including in pH.  If oxygenated water reacts with sulfide minerals in the rocks, sulfuric acid (H2SO4)is often formed.  
4FeS2(s) + 15O2(aq) +14H2O(l) → 4Fe(OH)3(s) + 8SO42-(aq) + 16H+(aq)
In extracting the ore, it is necessary that the sodium cyanide solution sprayed onto the heap in order to leach out the gold must be basic enough so that the cyanide does not combine with hydrogen ions to become hydrogen cyanide, a gas.  H+(aq) + CN-(aq) → HCN(g)  So, the pH of leach solutions must stay basic.  

Solutions used in processing may be acidic in order to prepare the ore for extraction.  These solutions may be reused in the processing, but eventually may be put into a tailings pond.  If these solutions are let back into the environment, they must be the same as other waters in composition, including pH.

In each case, how might the pH be adjusted?  
Some common acids and bases and dissociation constants

	Acetic acid (vinegar)
	CH3COOH
	Ka1.
7.6X10-5
	
	

	Citric acid (in citrus fruits)
	HOC(CH2COOH)2COOH
	Ka1 
7.1X10-4
	Ka2 
1.68X10-5
	Ka3 
6.4X10-6

	Ascorbic (vitamin C)
	C6H8O6
	Ka1
7.9X10-5
	Ka2 
1.62X10-12
	

	Hydrochloric acid (Muriatic acid)
	HCl
	strong
	
	

	Sodium hydroxide (lye)
	NaOH
	strong
	
	

	Ammonium hydroxide (ammonia)
	NH4OH
	strong
	
	

	Magnesium hydroxide (Milk of Magnesia)
	Mg(OH)2
	Kb1 
2.5X10-9
	Kb2 
2.5X10-3
	

	Calcium hydroxide (lime solution)
	Ca(OH)2
	Kb1 
3.7X10-3
	Kb2 
4.0X10-2
	


Color of Cabbage Juice

Cabbage juice contains anthocyanins, complex chemicals composed of carbon, hydrogen, and oxygen.  The name of the chemicals refers to a group of chemicals made of carbon, hydrogen, and oxygen with relatively small differences in structure and molecular formula.  The chemicals create the colors present in flowers, fall leaves, and colored vegetables.  The colors of the anthocyanins change depending on the pH because hydrogen or hydroxide ions are removed or added to the anthocyanin.  That changes the structure of the chemical and therefore changes the chemical’s interaction with light that produces the color.  
For a discussion of the chemicals that undergo this color change, see “Water to Wine, The Molecular Basis of Indicator Color Changes,” in General Chemistry on line,  http://antoine.frostburg.edu/chem/senese/101/features/water2wine.shtml .
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