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1. Addition of 0.22 moles of NaOH to 100mL of a 3.5 M benzoic acid (C6H5CO2H) solution makes a buffer solution. 
Ka(C6H5CO2H) = 6.3 x 10-5

What is the [C6H5CO2H] in this solution? (2)
Two approaches – [OH-] = 0.22moles/0.100L = 2.2M OR 3.5M C6H5CO2H x 0.1L = .35moles C6H5CO2H Using the reaction we now know that [C6H5CO2H] = 3.5 M – 2.2 M OR (0.35moles-0.22 moles)/0.1L
[C6H5CO2H]  = 1.3M C6H5CO2H

What is the [C6H5CO2-] in this solution? (2)
All of the that [C6H5CO2-] comes from the OH-
We know that [C6H5CO2-] = 0.22moles/0.100L = 2.2M OR 3.5M -1.3M = 2.2M [C6H5CO2-]  

What is the pH of this solution? (2)
This is a buffer of [C6H5CO2H]  and the conjugate base [C6H5CO2-].
The key reaction is: C6H5CO2H+ H2O → C6H5CO2- + H3O+
Ka =  [H+][ C6H5CO2-]/[ C6H5CO2H]   = 6.3x10-3 = [H+](2.2)/1.3  
[H+] = 6.3x10-5 x 1.3/2.2 =3.723x10-5 
pH =  4.43

2. How much does the pH change when 0.010 moles of HCl is added to a 500mL buffer solution with 0.50M NH3 and 0.50M NH4Cl (Kb (NH3) = 1.80x 10-5).(3)
This is a buffer of [NH3] and the conjugate base [NH4+]. The reaction is NH3 + H2O ⇌ NH4+ + OH-
The pH of this buffer is determined by the Kb and the relative concentrations of the conjugate pair. 
Initial pH: [OH-][NH4+]/[NH3] = Kb 	[OH-] = Kb x [NH3]/ [NH4+]
In this case   [OH-] = Kb x [NH3]/ [NH4+] = Kb 	[OH-‑] = Kb  = 1.80 x 10-5 pOH = 4.75 and
 pH = 14-4.75 = 9.26
When we add HCl we change the concentration of both NH3 and NH4+ by 0.01moles/0.500L
The key reaction is: NH3  + H3O+ → NH4+ + H2O
The new  [NH3] = 0.5M – 0.02M = 0.48M and  [NH4+] = 0.5M+ 0.20 = 0.52M
New [OH-‑] = Kb  = 1.80 x 10-5 (0.48/0.52) and pOH = 4.78 and
 pH = 14-4.78 = 9.22
Change is 0.04 pH units

3. Write the balanced equation associated with Ksp for barium fluoride, BaF2, dissolving in water. (1)
BaF2 ⇌	Ba2+ (aq) + 2F- (aq)
What is the molar solubility of BaF2? Ksp of barium fluoride is 1.8x10-7. (2)
[Ba2+][F-]2 = 1.8 x 10-7
[F-] = 2[Ba2+] and [F-]2 = 4[Ba2+]2
[Ba2+]4[Ba2+]2 = 1.8 x 10-7  so 	[Ba2+] = {1.8x10-7/4}1/3 = 0.003557M 
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1. Addition of 0.19 moles of NaOH to 100mL of a 3.5 M benzoic acid (C6H5CO2H) solution makes a buffer solution. 
Ka(C6H5CO2H) = 6.3 x 10-5
What is the [C6H5CO2H] in this solution? (2)
Two approaches – [OH-] = 0.19moles/0.100L = 1.9M OR 3.5M C6H5CO2H x 0.1L = .35moles C6H5CO2H Using the reaction we now know that [C6H5CO2H] = 3.5 M – 1.9 M OR (0.35moles-0.19 moles)/0.1L
[C6H5CO2H]  = 1.6M C6H5CO2H

What is the [C6H5CO2-] in this solution? (2)
All of the that [C6H5CO2-] comes from the OH-
We know that [C6H5CO2-] = 0.19moles/0.100L = 1.9M OR 3.5M -1.6M = 1.9M [C6H5CO2-]  

What is the pH of this solution? (2)
This is a buffer of [C6H5CO2H]  and the conjugate base [C6H5CO2-].
The key reaction is: C6H5CO2H+ H2O → C6H5CO2- + H3O+
Ka =  [H+][ C6H5CO2-]/[ C6H5CO2H]   = 6.3x10-3 = [H+](1.9)/1.6  
[H+] = 6.3x10-5 x 1.6/1.9 = 5.305x10-5 
pH =  4.28


2. How much does the pH change when 0.020 moles of HCl is added to a 500mL buffer solution with 0.50M NH3 and 0.50M NH4Cl (Kb (NH3) = 1.80x 10-5).(3)
This is a buffer of [NH3] and the conjugate base [NH4+]. The reaction is NH3 + H2O ⇌ NH4+ + OH-
The pH of this buffer is determined by the Kb and the relative concentrations of the conjugate pair. 
Initial pH: [OH-][NH4+]/[NH3] = Kb 	[OH-] = Kb x [NH3]/ [NH4+]
In this case   [OH-] = Kb x [NH3]/ [NH4+] = Kb 	[OH-‑] = Kb  = 1.80 x 10-5 pOH = 4.75 and
 pH = 14-4.75 = 9.26
When we add HCl we change the concentration of both NH3 and NH4+ by 0.02moles/0.500L
The key reaction is: NH3  + H3O+ → NH4+ + H2O
The new  [NH3] = 0.5M – 0.04M = 0.46M and  [NH4+] = 0.5M+ 0.40 = 0.54M
New [OH-‑] = Kb  = 1.80 x 10-5 (0.46/0.54) and pOH = 4.81 and
 pH = 14-4.81 = 9.18
Change is 0.07 pH units

3. Write the balanced equation associated with Ksp for lead(II) chloride, PbCl2 dissolving in water.(1)
PbCl2 ⇌ Pb2+ (aq) + 2Cl- (aq)

What is the molar solubility of PbCl2? Ksp of lead(II) chloride is 1.7x10-5.(2)

[Pb2+][Cl-]2 = 1.7 x 10-5
[Cl-] = 2[Pb2+]    [Cl-]2 = 4[Pb2+]2 
[Pb2+]4[Pb2+]2 = 1.7 x 10-5  so 	[Pb2+] = {1.7x10-5/4}1/3 = 0.0162 M
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1. Addition of 0.15 moles of NaOH to 100mL of a 3.5 M benzoic acid (C6H5CO2H) solution makes a buffer solution. 
Ka(C6H5CO2H) = 6.3 x 10-5
What is the [C6H5CO2H] in this solution? (2)
Two approaches – [OH-] = 0.15moles/0.100L = 1.5M OR 3.5M C6H5CO2H x 0.1L = .35moles C6H5CO2H Using the reaction we now know that [C6H5CO2H] = 3.5 M – 1.5 M OR (0.35moles-0.15 moles)/0.1L
[C6H5CO2H]  = 2.0M C6H5CO2H

What is the [C6H5CO2-] in this solution? (2)
All of the that [C6H5CO2-] comes from the OH-
We know that [C6H5CO2-] = 0.15moles/0.100L = 1.5M OR 3.5M -2.0M = 1.5M [C6H5CO2-]  

What is the pH of this solution? (2)
This is a buffer of [C6H5CO2H]  and the conjugate base [C6H5CO2-].
The key reaction is: C6H5CO2H+ H2O → C6H5CO2- + H3O+
Ka =  [H+][ C6H5CO2-]/[ C6H5CO2H]   = 6.3x10-3 = [H+](1.5)/2.0  
[H+] = 6.3x10-5 x 2.0/1.5 = 8.40 x10-5 
pH =  4.08


2. How much does the pH change when 0.015 moles of HCl is added to a 500mL buffer solution with 0.50M NH3 and 0.50M NH4Cl (Kb (NH3) = 1.80x 10-5).(3)
This is a buffer of [NH3] and the conjugate base [NH4+]. The reaction is NH3 + H2O ⇌ NH4+ + OH-
The pH of this buffer is determined by the Kb and the relative concentrations of the conjugate pair. 
Initial pH: [OH-][NH4+]/[NH3] = Kb 	[OH-] = Kb x [NH3]/ [NH4+]
In this case   [OH-] = Kb x [NH3]/ [NH4+] = Kb 	[OH-‑] = Kb  = 1.80 x 10-5 pOH = 4.75 and
 pH = 14-4.75 = 9.26
When we add HCl we change the concentration of both NH3 and NH4+ by 0.015moles/0.500L
The key reaction is: NH3  + H3O+ → NH4+ + H2O
The new  [NH3] = 0.5M – 0.03M = 0.47M and  [NH4+] = 0.5M+ 0.03 = 0.53M
New [OH-‑] = Kb  = 1.80 x 10-5 (0.47/0.53) and pOH = 4.80 and
 pH = 14-4.80 = 9.20
Change is 0.06 pH units

3. Write the balanced equation associated with Ksp for silver sulfate, Ag2SO4 dissolving in water.(1)
Ag2SO4 ⇌ 2Ag+ (aq) + SO4- (aq)
What is the molar solubility of Ag2SO4? Ksp of silver sulfate is 1.2x10-5. (2)
[Ag+]2[SO4-] = 1.2 x 10-5
[Ag+] = 2[SO4-]      [Ag+]2 = 4[SO4-]2           
4[SO4-]3 = 1.2 x 10-5  so 	[SO4-] = {1.2x10-5/4}1/3 = 0.0144M 
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1. Addition of 0.25 moles of NaOH to 100mL of a 3.5 M benzoic acid (C6H5CO2H) solution makes a buffer solution. 
Ka(C6H5CO2H) = 6.3 x 10-5
What is the [C6H5CO2H] in this solution? (2)
Two approaches – [OH-] = 0.25moles/0.100L = 2.5M OR 3.5M C6H5CO2H x 0.1L = .35moles C6H5CO2H Using the reaction we now know that [C6H5CO2H] = 3.5 M – 2.5 M OR (0.35moles-0.28 moles)/0.1L
[C6H5CO2H]  = 1.0 M C6H5CO2H

What is the [C6H5CO2-] in this solution? (2)
All of the that [C6H5CO2-] comes from the OH-
We know that [C6H5CO2-] = 0.25moles/0.100L = 2.5M OR 3.5M -1.0M = 2.5M [C6H5CO2-]  

What is the pH of this solution? (2)
This is a buffer of [C6H5CO2H]  and the conjugate base [C6H5CO2-].
The key reaction is: C6H5CO2H+ H2O → C6H5CO2- + H3O+
Ka =  [H+][ C6H5CO2-]/[ C6H5CO2H]   = 6.3x10-3 = [H+](2.5)/1.0  
[H+] = 6.3x10-5 x 1.0/2.5 = 2.52x10-5 
pH =  4.60

2. How much does the pH change when 0.030 moles of HCl is added to a 500mL buffer solution with 0.50M NH3 and 0.50M NH4Cl (Kb (NH3) = 1.80x 10-5).(3)
This is a buffer of [NH3] and the conjugate base [NH4+]. The reaction is NH3 + H2O ⇌ NH4+ + OH-
The pH of this buffer is determined by the Kb and the relative concentrations of the conjugate pair. 
Initial pH: [OH-][NH4+]/[NH3] = Kb 	[OH-] = Kb x [NH3]/ [NH4+]
In this case   [OH-] = Kb x [NH3]/ [NH4+] = Kb 	[OH-‑] = Kb  = 1.80 x 10-5 pOH = 4.75 and
 pH = 14-4.75 = 9.26
When we add HCl we change the concentration of both NH3 and NH4+ by 0.03moles/0.500L
The key reaction is: NH3  + H3O+ → NH4+ + H2O
The new  [NH3] = 0.5M – 0.06M = 0.44M and  [NH4+] = 0.5M+ 0.06 = 0.56M
New [OH-‑] = Kb  = 1.80 x 10-5 (0.44/0.56) and pOH = 4.85 and
 pH = 14-4.85 = 9.15
Change is 0.11 pH units

3. Write a balanced equation associated with Ksp for nickel hydroxide, Ni(OH)2, dissolving in water.(1)
Ni(OH)2 ⇌ Ni2+ (aq) + 2OH- (aq)
What is the molar solubility of Ni(OH)2? Ksp of nickel (II) hydroxide is 5.5 x 10-16.(2) 
[Ni2+][OH-]2 = 5.5 x 10-16
[OH-] = 2[Ni2+]  and [OH-]2 = 4[Ni2+]2 

4[Ni2+]3 = 5.5 x 10-16  so 	[Ni2+] = {5.5x10-16/4}1/3 =5.161x10-6 = 0.000005161 

