Refresher Lesson Before Applications of Equilibria

Ka or Kb  measure  the extent of reaction—specifically of an acid or base dissociating in water

Write equation and expression for placing hydrofluoric acid in water.

Relationship of pH and [H+] or [OH-]

Relationship between pKa or pKb and the [H+] or [OH-]

LaChatelier and acid/base equilibrium systems

Implications to pH

Nature of Salts

Neutral: NaCl     
Na+ is the _______ of ________  
and Cl- is the  _______ of _________

Basic:  KF             
K+ is the ______ of ______ 

and F-  is the _____ of _____

Acidic:
NH4Br              
NH4+ is the _____ of ______ 

and Br- is the ______ of _____

Appropriate hydrolysis equations

Criteria:  do we have an ______________ _________ (sc) to react with ______________

Neutral:

Basic:

Acidic:

Applications of Equilibria (Chapter 17 Brown and LeMay)

→Good idea to be familiar with terms on pages 759-760

Application I: Common Ion Solutions

Lesson 1
From an earlier lesson we calculated the pH of 0.700 M NaCH3COO to be 9.29.  The pH of 0.700 M CH3COOH is 2.45. What do you predict will happen to the pH, if we add the salt solution to the acid?  

Definition of “common ion effect”:

Shift in the equilibrium position caused by the addition of an ion already involved in the equilibrium reaction.—Le Chatelier!!!!
The acid or base is always the point of reference!!!
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Show at the particulate level what is going on!!

Go back to your prediction, drawing now on your “vast reservoir of chemical knowledge”,  explain it better.

Above is a reaction of a weak acid/salt (containing the common ion).  Let’s walk through this process with a weak base and salt containing common ion.  pH of 0.700M NH4Cl is  5.78 and pH of 0.700 M NH3 is 11.5.  what do you predict will happen to the pH, if we add the salt solution to the base? 
Wht are the requirements to have a common ion equilibrium system?
How is the extent of the dissociation of a weak acid or weak base affected by the presence of its soluble salt?  Explain

Think it through!  

1st: What is the common ion?

2nd: what type of rxn?  WA/salt or WB/salt
3rd: what are we measuring?  H+ or OH-
4th: what do we predict will happen to the pH of the acid or base? 
5th: now you are ready to set up “RICE” table—remembering to avoid the common error mentioned above!

Problem #1:  Calculate the pH of a solution which is 0.53 M HC6H4NO2 and 0.50 M Na C6H4NO2. (Ka = 1.4 x 10-5)  

 pH of just the acid is 2.56
Problem #2:   Calculate the pH of a solution which is 0.245 M NH3 and 0.245 M NH4NO3. (Kb = 1.8 x 10-5)  Go through your five steps before setting up RICE table!  (pH of just the base is 11.3)
Summary:
Addition of a salt with a common ion _____ the extent of a reaction.  Thus either ____ the [H+]  and thus ___ pH or ____ [OH-] and thus would ____ pH
HHE!!!!!!
lesson 2
Somebody had to come up with a mathematical relationship that calculates the effect of common ion on the acid/base in question.  Well, two scientists, Henderson and Hasselbalch, did just that—thus the Henderson-Hasselbalch equation (HHE) it is on your reference sheet.

HHE:  pH = pKa + log [A-]/[HA]    or    pOH = pKb + log [baseH+]/[base]

Caution:  when can you use HHE?  ONLY with common ion situation!!  

· If you only have acid or base—must use ICE table and Ka/Kb
ex:  what is the pH of 0.60 M acetic acid or what is pH of 0.60 M ammonia solution

· If you only have salt solution—must use salt hydrolysis equation with appropriate conjugate acid/base K value
Ex: what is the pH of 0.80 M ammonium chloride  or what ist he pH of 0.80 M potassium sulfide?

Let’s go back to previous problems (page 2) and solve them with HHE, instead of ICE tables!!

Problem 1:
Problem 2
Cool about HHE?  Log of 1 = 0  In common ion situation when [acid] =[ion] the pH = pKa  and pOH=pKb when [base] =[ion]
Limitations of HHE?  Can ONLY use in a common ion situation
Glory of HHE?  Can use ANYTIME you are in a common ion system (hint:  another application of limiting reactant—more on that later)
Take away for you? Know when you are in a common ion situation !!!!!
For the following:

1. is it a common ion equilibrium system?

2. if so, what type?

3. if not, why?

HCl/NaCl

NH3/NH4Cl
HC2H3O2/ NaCl

NaOH/NaCl

NH4Br(aq)

HClO2(aq)
*Limited KOH/excess HC2H3O2
*Excess KOH/ limited HC2H3O2
*Limited HCl/excess NH3
*Excess HCl/limited NH3
KH2PO4/H3PO4
* careful

Application II:  Titrations
Titration of Strong Acid and Strong Base

Lesson 3

     Elaborate on an acid/base titration, using HCl and NaOH as an 

     example:

What are the four stages of any titration?

1. pH of analyte  before the addition of any titrant
2. pH of analyte before the equivalence point
3. pH of analyte at the equivalence point

4. pH of analyte after the equivalence point
draw and generalize on each stage of a titration (at particulate level) 

 List three different ways we can obtain the equivalence point:
1.

2.

3.

How mathematically do we determine pH of a solution?   -log [H+]  or  -log[OH-] then subtract from 14

What is the joy of working with strong acids and strong bases?

Problem:  A titration is performed by adding 0.600 M KOH to 40.0 mL of 0.800 M HCl.

i)  Calculate the pH before the addition of any KOH.

ii)  Calculate the pH after the addition of 25 mL of KOH
iii)  Calculate the volume of base needed to reach the equivalence point.  What is the pH at the equivalence point?

iv)  Calculate the pH after adding 5.00 ml of KOH past the equivalence point.


Sketch the titration curve for  the following:

a. 50 ml of .100 M HCl and .10 M NaOH

b. 50 ml of .001 M HCl and .001 M NaOH









pH












NaOH (mL)

Graph summary:

How would the graph be different if the analyte were KOH?

What is the distinctive for SA/WB

1.

2.

3.

Show where the equivalence point would be (from titration problem on page 6). 

What volume is ½ way to ep?  
What is significance of ½ to ep?

Show where transition interval would be located

What is indicator of choice in SA?SB titration?

What are the color changes?



Lesson #4 titrations con’t   
Type II: Weak Acid and a Strong Base

1.  Describe “qualitatively” what is happening to the pH of a solution of a weak acid when a solution of a strong base is added to it.

Problem:  A titration is performed by adding 0.200 M NaOH to 24.0 mL of 0.350 M HOCl. Ka= 3 x 10-8
i)  Calculate the pH before the addition of any NaOH.

ii)  Calculate the pH after the addition of 25.0 mL of base
iii)  Calculate the volume of base needed to reach the equivalence point.  What is the pH at the equivalence point?

iv)  Calculate the pH after adding 5.00 ml of NaOH past the equivalence point.

4. Summarize the titration of a Weak acid with a strong base.

5. Sketch the titration curve for  the following:

c. 50 ml of  1.0  M HOCl and 1.0 M NaOH

d. 50 ml of .001 M HOCl and .001 M NaOH









   pH

 






                        NaOH (mL)
Titration Type III: titrating a weak base with a strong acid  (because of the volatility of ammonia solution, it is better to add the acid.) 

Please describe qualitatively what will go on during this titration.

Problem:  A titration is performed by adding 0.100 M HCl to 25.0 mL of 0.100 M NH3 (Kb= 1.8 x 10-5)

Calculate the pH before the addition of any acid

Calculate pH after the addition of 10, 15, 20 ml of the acid

Calculate the pH at the equivalence point

Calculate the pH after the addition of 5 ml of acid past the equivalence point.

Sketch a graph of the relationship
Insert 2003 question 1
One application:  we can graphically determine the Kb of a substance

Lesson #4: Buffers
1a. Define the term buffer. And show an example of a solution that is NOT a buffer (add .20 mole of HCl to 500 mL of H2O

b. What is required to create a buffer solution? Why does this combination work, while others do not?

c. explain the term “capacity” of a buffer, 0.10M HF/0.10M NaF compared to 

0.50M HF/0.50M NaF

Buffer created using WA/salt:
c. Describe the characteristic behavior of a buffer when a small amount of acid is added. 

[image: image1.png]





d. Describe the characteristic behavior of a buffer when a small amount of base is added. 
[image: image2.png]


Use HHE, pH=pKa + log [A-]/[HA], to fill in chart:
	Buffer
	equation
	Add
	Shift to relieve
	Ratio [A-]/[HA]
	Affect on pH

	Acetic acid/sodium acetate
	HA↔H+ + A-
	HCl
	
	
	

	
	
	NaOH
	
	
	


Let’s walk through the process with a buffer created with WB/salt
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pOH=pKb + log BH+/B  then pH= 14-pOH
	Buffer
	equation
	Add
	Shift to relieve
	Ratio [NH4+]/[NH3]
	Affect on pOH
	Affect on pH

	NH3/NH4Cl
	NH3↔NH4+ + OH-
	HCl
	
	
	
	

	
	
	NaOH
	
	
	
	


If chart is confusing use common sense—If I add a base to a basic buffer will become a little more basic, add an acid, becomes a little less basic
Lesson #5: Buffer Misc (Yet another use of HHE!)
How to create a buffer
1. start with appropriate WA/WB by checking Ka or Kb values
	Acid
	Ka
	pKa
	Base
	Kb
	pKb (pOH)
	pH

	Ascorbic
	7.9 x 10-5
	
	Ammonia
	1.8 x 10-5
	
	

	Propanoic 
	1.34 x 10-5
	
	Methyl amine
	4.38 x 10-4
	
	

	Chlorous
	1.1 x 10-2
	
	Diethylamine
	1.3 x 10-3
	
	


2. mix with appropriate amount of salt with common ion—viola!
Let’s go back to the titration of HOCl with NaOH

Pre-Lesson #6: Equilibrium of Salts

Describe and Draw what happens when a salt dissolves in water

What determines how readily a salt is dissolved by water?

Saturation occurs when what happens?

Write the equilibrium equation and the expression to show this for sodium chloride.

Define solubility.  What are the units in general that are used for solubility?  What units are used for equilibrium?  Determine the solubility and the Ksp for sodium chloride.

Lesson #6: Solubility Product Ksp


1.  Writing the equation of an insoluble salt in equilibrium with its ions and the expression
	Salt
	Equation
	expression

	Silver bromide


	
	

	Strontium iodide


	
	

	Calcium phosphate


	
	

	Lead(II) chloride


	
	

	Copper(I)hydroxide


	
	


2. Differentiating between the terms molar solubility/solubility, concentration of ions, and Ksp


the solubility of silver bromide is 5.74 x 10-7M at 25oC. Calculate the Ksp of silver bromide
barium sulfate has a molar solubility of 1.03 x 10-5M, what is the Ksp of barium sulfate?
Copper (I) sufide has a measured solubility of 2.0 x 10-4M, calculate its Ksp
Calculate the molar solubility of Ag2CrO4 in water.  The value of Ksp= 1.12 x 10-12
If the Ksp for bismuth(III) sulfide is 1.1 x 10-73, calculate solubility of the salt.
The concentration of Pb2+ in a solution saturated with lead(II) bromide is 2.14 x 10-2M. Calculate Ksp for the salt.
The concentration of Ag+ in a solution saturate with silver oxalate is 2.2 x 10-4M. calculate the Ksp for silver oxalate

3. Comparison of Ksp’s to determine solubility. Looking at JUST Ksp to determine which is the most soluble of a group, can be misleading
If salts contain same number of ions:

solubility can be determined from Ksp
AgI

Ksp= 1.5 x 10-16
CuI

Ksp = 5.0 x 10-12
CaSO4
Ksp = 6.1 x 10-5
If salt doesn’t contain the same number of ions:   solubility must be calculated first:

CuS

Ksp= 8.5 x 10-45
Ag2S

Ksp= 1.6 x 10-49
Bi2S3

Ksp= 1.1 x 10-73
What if I get something like this on the mc and have no calculator?????

Lesson #7: Applications of Ksp
I.  Ksp can be used to predict if a precipitate will form when two solutions are mixed. Another look at comparing Q to K
1. 0.010 M Mg2+ and 0.050M CO32- are mixed.  Will a ppt form? Ksp = 1 x 10-5
2.  1.0 x 10-5 M Na2S and 5.0 x 10-5 M Pb(NO3)2 are mixed.  Will a ppt form? 

Ksp of PbS= 3.7 x 10-9
3.  Exactly 200 mL of 0.0040M BaCl2 is mixed with exactly 600 mL of 0.0080M K2SO4.  Will a ppt form?  Ksp of BaSO4 = 1.5 x 10-9
4.  Slight variation on double replacement.  Equal volumes of equal molar barium chloride and potassium sulfate are titrated to the equivalence point.  Or this could be phrased:  25.0 mL of .200 M BaCl2 is titrated to the equivalence point with .300 M K2SO4  What is the [Ba2+] at the equivalence point?
II.  Ksp allows calculation of solubility of one salt, not only in water, but in another salt solution.

What is the solubility of BaSO4 in 0.10M Na2SO4  (common ion!)
If we were simply looking at molar solubility in water what would we do? 

How is this different?  Can we determine [SO4]o?

Now we are ready!

5.  Refer to last lesson and find the molar solubility of BaSO4 in water.  How does this compare to the molar solubility in Na2SO4?  Does this make sense?

7. What is the molar solubility of Ag2CrO4 in 0.01M AgNO3?

III.  pH and Solubility
I:  Ksp of hydroxides
We do not need molar solubilities if we are given pH.  A saturated solution of Be(OH)2 has a pH= 10.8.  What is the Ksp?

More subtle, is the effect of pH on the solubility of a salt. If the salt is basic or acidic—it’s solubility will be affected by the pH of the solution.
In general:

	Nature of salt
	pH of solution
	Effect on solubility
	Why?

	Basic


	
	
	

	Basic


	
	
	

	Acidic


	
	
	

	Acidic


	
	
	


Examples:
	Salt
	Nature of salt
	pH of solution
	Effect on solubility
	reason

	NaCl

	
	>7
	
	

	CaCO3

	
	>7
	
	

	CH3NH3Br

	
	>7
	
	

	KNO3

	
	<7
	
	

	Na2SO3


	
	<7
	
	

	NH4I


	
	<7
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