THE PH SCALE AND THE CONTROL OF ACIDITY
THEORY


According to Bronsted-Lowry definition, acids are proton donors and bases are proton acceptors. Hydrochloric acid, HCl, is an acid because it is a proton donor and water acts as the base because it accepts protons. 
HCl  +  H2O  (  H3O+ (aq)  +  Cl- (aq)


Hydrochloric acid undergoes 100% ionization and the reaction essentially goes to completion. Hydrochloric acid is therefore, a strong acid. 
A weak acid is a poor donor of protons. Acetic acid is a weak acid. The concentration of the undissociated acid is much greater than that of the acetate ion.
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An indicator is an organic dye that allows a visual determination of the acidity or basicity of a solution. The indicator has one color in acidic solution and another color in basic solution  Litmus paper is a commonly used indicator in chemistry labs. It consists of a complex mixture of many organic compounds. Filter paper is usually impregnated with this mixture. It comes in two colors, blue and red. Blue litmus turns red on contact with acidic solution and red litmus turns blue on contact with basic solution. In several cases, indicators show a range of colors in acidic and basic solutions. Some natural products such as red cabbage leaves and anthocyanins (a dye) exhibit a variety of colors depending on the acidity of the solution. However, in chemistry labs, a very concise determination of acidity is required. The pH scale was devised for this purpose. 
pH is defined as – log10 [H+]

When pH = 7, [ H3O+] = [OH-], the solution is neutral

When pH < 7, [ H3O+] > [OH-], the solution is acidic

When pH > 7, [ H3O+] < [OH-], the solution is basic

OBJECTIVES
1. Become familiar with acids and bases
2. Measure pH of some common substances
3. Learn to use indicators

4. Appreciate the importance of pH control and learn to maintain close pH control

5. Learn to calculate PH and [H+]

PROCEDURE
A. DETERMINATION OF PH OF SUBSTANCES
1. Place a drop or two of each of the following solutions on blue and red litmus papers. Record color changes, if any.
a) 0.1 M HCl (hydrochloric acid)

b) 0.1 M NaOH (sodium hydroxide)

c) 0.1 M NaCl (sodium chloride)

d) saturated Na2CO3 solution (sodium carbonate)

e) 2 M NH3 (ammonia)

f) milk

g) 5% baking soda solution (sodium hydrogen carbonate)

h) a carbonated beverage solution (half diluted with water)

i) white vinegar (diluted tenfold)

j) fruit juice
k) a colorless shampoo

l) a colorless detergent (diluted twenty times)

m) an aspirin tablet (dissolved in 20 mL of water)

2. Place 1 mL of each of the above solutions in test tubes. Add 1 mL of cabbage juice to each solution. Note any color change. Identify the PH by comparing it to the reference standards given by your instructor.  DO NOT DISCARD THE SOLUTIONS.
3. Use the above solutions and repeat the PH determination with PH meter. Record your observations. Compare your results from steps # 1, # 2 and # 3.

B. ACTION OF BUFFERS

1. Add 2 drops of 0.1 M HCl acid to 5 mL of boiled water. Measure the pH. Calculate the change in pH, if any.
2. Add 2 drops of 0.1 M NaOH acid to 5 mL of boiled water. Calculate the change in pH, if any. 
3. Measure the pH of buffers A and B. Repeat steps #2 and #3 using buffers labeled A and B, instead of 5 mL of boiled water. Determine the change in pH, if any, upon addition of acid and base. 
OBSERVATIONS
A. DETERMINATION OF PH OF SUBSTANCES
	Substance
	Litmus paper
(Note color change)
	Cabbage juice
(Note pH)
	pH meter

(Indicate the value)
	Conclusions
(acidic, basic, neutral?)

	0.1 M HCl

	
	
	
	

	Vinegar 

	
	
	
	

	0.1 M NaOH


	
	
	
	

	0.1 M NaCl


	
	
	
	


DETERMINATION OF PH OF SUBSTANCES (CONTINUED)
	Substance
	Litmus paper

(Note color change)
	Cabbage juice

(Note pH)
	pH meter

(Indicate the value)
	Conclusions

(acidic, basic, neutral?)

	5% NaHCO3


	
	
	
	

	Na2CO3 solution


	
	
	
	

	2 M NH3


	
	
	
	

	Milk


	
	
	
	

	Soda 

	
	
	
	

	Fruit juice

	
	
	
	



DETERMINATION OF PH OF SUBSTANCES (CONTINUED)
	Substance
	Litmus paper

(Note color change)
	Cabbage juice

(Note pH)
	pH meter

(Indicate the value)
	Conclusions

(acidic, basic, neutral?)

	Shampoo 

	
	
	
	

	Detergent 

	
	
	
	

	Aspirin solution


	
	
	
	


From your observations can you conclude, 

which is the best indicator for recording pH? ______________________
B. ACTION OF BUFFERS


ADDITION OF HYDROCHLORIC ACID TO WATER
	Initial pH of water
	Final pH of water
	(pH
	Is water a buffer?

	
	
	
	


ADDITION OF SODIUM HYDROXIDE TO WATER
	Initial pH of water
	Final pH of water
	(pH
	Is water a buffer?

	
	
	
	


ADDITION OF HYDROCHLORIC ACID TO SOLUTIONS A AND B
	Initial pH of buffer A
	Final pH of buffer A
	(pH
	Is solution A a buffer??

	
	
	
	

	Initial pH of buffer B
	Initial pH of buffer B
	(pH
	Is solution B a buffer??

	
	
	
	


ADDITION OF SODIUM HYDROXIDE TO SOLUTIONS A AND B
	Initial pH of buffer A
	Final pH of buffer A
	(pH
	Is solution A a buffer??

	
	
	
	

	Initial pH of buffer B
	Initial pH of buffer B
	(pH
	Is solution B a buffer??

	
	
	
	


QUESTIONS
1. Could a 5% solution of HCl be used as a substitute for vinegar in a salad dressing? Why or why not?

2. Some lakes are very acidic. One such lake registers a pH of 4.2. What is the [H+] of this lake?

3. If a farmer is told that his soil is too sour, what does this indicate about its pH? To “sweeten” the soil, should he add lime (which dissolves to make calcium hydroxide) or sulfur (which makes sulfurous acid)?
4. Explain the action of buffers based on the results of your experiment.

5. Complete the following table.

	[H+]
	[OH-]
	pH
	Acidic/basic/neutral

	1 ( 10-3 M
	
	
	

	
	1 ( 10-12
	
	

	
	
	7.2
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