Learning about Acids and Bases by doing Serial Dilutions

You are going to do two sets of 1:10 serial dilutions, check the pH of two of the tubes, and see what colors the solutions turn when mixed with an indicator.

Step 1: What is pH? 

1.0 M HCl can be serially diluted from pH of <1 until its pH reaches 7.0.

1.0 M NaOH can also be serially diluted from pH >14 until its pH reaches 7.0.

A pH of 7.0 is the pH of water.

Water, H2O, dissociates into hydrogen ions, H+, and hydroxide ions, OH-.  By definition, acids are determined by their H+ concentration.  Bases are determined by how much they mess with the H+ concentration.  The hydroxide ion, OH- , can combine with H+ ions and remove the H+ ions from solution, so compounds with an OH in them are considered bases. Thus HCl is an acid, hydrochloric acid, and NaOH is a base, sodium hydroxide. 

When the concentration of H+ ions equals the concentration of OH- ions, the pH is 7.0.  Written in chemistry symbolism, this sentence would be rewritten as: when [H+] = [OH-] the pH = 7.0.   Brackets, [  ],  mean “concentration.”  Concentration can be measured in terms of Molarity, parts per million, normality, molality, or a variety of other ways.  If you want to learn the long process of how the number 7.0 came about, just come on in and I’ll be happy to explain it to you.

When [H+] > [OH-], you have an acid.  When [H+] < [OH-], you have a base. 

To measure the amount of [H+] ions, one uses a pH meter.  Technically, pH is a measurement based on the negative log of the hydrogen ion concentration.  Mathematically this is written as:   pH = -log [H+]

To obtain a pH value, the concentration of the H+ ions must be less than          1.0 Molar.  To prove this, type in the calculator:  -log 1.0  (calculators vary so if you need help with this, please ask.)    You should get 0 as an answer.  Ever heard of pH of 0?  Thought not.  Now try typing in – log 0.1.  You should get 1 as an answer.  Ever heard of a pH of 1?  You should have.  In fact, we think of pH ranges as going from 1-14.   By diluting our acid ten times (from 1.0 to 0.1) we were able to fall in the measurable scale of pH. 

It would seem, then, that we can just dilute hydrochloric acid with water to achieve all kinds of pH values, in fact it would seem as if they go on to infinity. BUT since this involves chemistry, it cannot be that simple.  In fact, if we typed in –log 10-9, we get 9 as our pH.  This makes sense, yes?  But in reality, when serially diluting HCl in distilled water, it will never happen.  Having a concentration of 10-9 H+ ions can never happen merely by diluting hydrochloric acid with water.  Why?  The pH of water is 7, so as you dilute the acid, your solution becomes more and more like water.  Water’s pH will not budge unless you add acid or base to it.  Adding more water to water keeps its pH at 7.  SO, to obtain pH values greater than 7, we need to add a base that will “steal” hydrogen ions from the water in the solution, and thereby decrease the amount of available H+ ions in the solution. With fewer H+ ions in the solution, the pH will then increase beyond 7.  (Notice some wacky relationships going on?)  

Here are a few equations to help you with what is happening.

H2O ( H+  + OH-
pH = -log[H+]

pOH = -log [OH-]

pH + pOH = 14

Aha!  Notice that if you take a pH value and a pOH value and add them together, you get 14.  You may recall that our pH scale goes from 1 to 14.  Why is 14 the magic number?  Recall that water has a pH of 7.  Well, the pOH of water is also 7 because the [H+] = [OH-].  How do I know there is a 1 to 1 ratio of H+ to OH-?  My balanced equation tells me.  One water molecule can separate to form one hydrogen ion and one hydroxide ion.  Back to the pH and pOH values, 7 + 7 = 14

More things to notice and to know:

As an acid is diluted, its pH goes from 1 and approaches 7.

As a base is diluted, its pH goes from 14 and approaches 7.  Adding more water to a very diluted base is just like adding more water to a very diluted acid.  Once you hit pH of 7, you are just adding more water to water. 

Buffers work by absorbing and releasing hydrogen ions.  The point of a buffer is to keep the hydrogen ion concentration steady.  We use a buffer during electrophoresis because electricity splits water into hydrogen ions and oxygen ions.  The splitting of water can cause the pH to change, so by buffering the gel electrophoresis, we can keep the pH constant.  

You are going to combine your knowledge of serial dilutions with that of acids and bases to “see” what pH means.

Part 2:

The lab (evil laugh)

Things you will do (but maybe not exactly in this order):

1. Write all of your procedures in your lab notebook.

2. Keep track of all data in your lab notebook.

3. If you want to use colored pencils, just ask for them.

4. Make sure you label diagrams in your lab notebook.

5. If you make a mistake, oh well!  Don’t use white-out.  If you have to, simply cross out your mistake and start over. You are here to learn. Making mistakes is part of learning.

6. Serially dilute in 1:10 sequences from 1.0 M HCl until you reach a pH of 7.0.  Your final volume of each dilution should be 10 mL.  (This means that all of your tubes will have 9 mL left in them except for 1, which will end with 10 mL)

7. Serially dilute in 1:10 sequences from 1.0 M NaOH until you reach a pH of 7.0. Your final volume of each dilution should be 10 mL.  (This means that all of your tubes will have 9 mL left in them except for 1, which will end with 10 mL)

8. Fill out a data table (in your lab notebook) that includes:

· Test tube number

· Molarity of acid and base at each step

· pH and pOH of acid and base at each step.  (Hint:  14 – pH = pOH.  And 14 – pOH = pH.)

· color of each dilution when mixed with the following indicators:

· phenylphthalein

· universal indicator

· bromothymol blue

· phenol red

· cabbage juice (if available)

· color of each solution when put on pH paper (spot paper with 5-10 uL of each dilution)

9. Determine the real pH of the test tube that should be pH 4 by using a pH meter.

10. Determine the real pH of the test tube that should be pH 9 by using a pH meter.

11. AFTER you figure out the pH of the pH 4 test tube and the pH 9 test tube take about 1 mL of each serial dilution and put it in a well of a 24 well plate.  Repeat this for each indicator you are testing.  You have two 24 well plates in your drawer and I recommend putting them side to side so that one long continuous row of both plates can correspond to your row of serially diluted test tubes.
Example of an Acid dilution plate set-up

	pH 1
	pH 2
	pH 3
	pH 4
	pH 5
	pH 6

	indicator 1
	indicator 1
	indicator 1
	indicator 1
	indicator 1
	indicator 1

	indicator 2
	indicator 2
	indicator 2
	indicator 2
	indicator 2
	indicator 2

	indicator 3
	indicator 3
	indicator 3
	indicator 3
	indicator 3
	indicator 3

	indicator 4
	indicator 4
	indicator 4
	indicator 4
	indicator 4
	indicator 4


Example of a Base dilution plate set-up

	pH 9
	pH 10
	pH 11
	pH 12
	pH 13
	pH 14

	indicator 1
	indicator 1
	indicator 1
	indicator 1
	indicator 1
	indicator 1

	indicator 2
	indicator 2
	indicator 2
	indicator 2
	indicator 2
	indicator 2

	indicator 3
	indicator 3
	indicator 3
	indicator 3
	indicator 3
	indicator 3

	indicator 4
	indicator 4
	indicator 4
	indicator 4
	indicator 4
	indicator 4


For pH 7 and 8, you may want to see if there is a third plate you can borrow or be creative with figuring out how to include their testing when you only have 2 plates to use.

The more organized you are at this step, the happier you will be.  You should only have to add 1 drop of indicator to see a color change, except for the phenylphthalein.  If the phenylphthalein does not work, then you might want to add 10 drops of the phenylphthalein. 

12. Identify which test tube has 1 part per million of hydrogen ions.  Identify which test tube has 1 part per million of hydroxide ions.  One part per million means that one part of the solution is solute, in a total number of 1 million particles.  (In other words, there are 999,999 molecules of solvent per molecule of solute.)

Sample data table for the lab notebook.  If you can design a better one, then please use it.  Since this is so small, please don’t write your answers on this table, draw a larger one in your notebook, even if it takes up 2 pages.

(The data table is on the next page)

	Test tube number
	Molarity of acid

[H+]
	Molarity of base

[OH-]
	pH
	pOH
	Color in phen

(phenylthalein)
	Color in Univer. Indicat.
	Color in BTB
	Color in phenol red
	Color in cabbage Juice
	Color on pH paper

	1
	1.0
	N/A
	0
	14
	
	
	
	
	
	

	2
	0.1
	N/A
	
	
	
	
	
	
	
	

	3
	10-2
	N/A
	
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	
	
	
	

	6
	
	
	
	
	
	
	
	
	
	

	7
	
	
	
	
	
	
	
	
	
	

	8
	
	N/A
	7
	
	
	
	
	
	
	

	9
	N/A
	
	7
	
	
	
	
	
	
	

	10
	
	
	
	
	
	
	
	
	
	

	11
	
	
	
	
	
	
	
	
	
	

	12
	
	
	
	
	
	
	
	
	
	

	13
	
	
	
	
	
	
	
	
	
	

	14
	
	
	
	
	
	
	
	
	
	

	15
	N/A
	0.1 M
	
	1
	
	
	
	
	
	

	16
	N/A
	1.0 M
	14
	0
	
	
	
	
	
	


pH of the tube we thought was pH 4: _________

pH of the tube we thought was pH 9: _________

Which test tube has 1 ppm of H+ ions?

Which test tube has 1 ppm of OH- ions?

Part 3:  Follow-up calculations

Perform the following calculations.  Copy the problem and show your work and answer in your lab notebook.  This lab is pretty easy to do by following patterns, but not really by having to understand the relationship between pH and [H+], so here are a few “math” problems.

1.  [H+]  =  0.32 M, what is the pH?

2. [H+] = 4.5 x 10-5 M, what is the pH?

3. The pOH = 3.5, what is the pH?

4. The pH = 5.7, what is the pOH?

5. [OH-] = 0.00087 M, what is the pOH?

6. [OH-] = 0.0000038 M, what is the pH?

7. [H+] = 0.000028 M, what is the [OH-]?

8. [OH-] = 7.6 x 10-4 M, what is the [H+]?

9. The pH = 4.3, what is the [H+]?

10. The pH = 12.5, what is the [H+]

11. The pH = 11.8, what is the [OH-]?

12. The pOH = 6.1, what is the [H+]?

13. How did you determine which test tube had 1 ppm of H+ ions?

14. How did you determine which test tube had 1 ppm of OH- ions?

15. If your final goal were to make 2.0 L of a pH 5 solution, how would you change your serial dilution protocol (instructions?)  Keep in mind that your boss will fire you if you make 2.0 L of solution at each step because you don’t need 2.0 L of solution at each step.  How can you minimize your waste, but still accurately have a pH 5 solution after serially diluting from a stock of 1.0 M HCl?

16. Why did we do 1:10 dilutions instead of 1:2 dilutions or 1:5 dilutions?
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