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1. Addition of 0.22 moles of HCl to 100mL of a 3.5 M CO32- solution makes a buffer solution. 
Ka(HCO3-) = 4.7 × 10-11
The key reaction to start is: CO32-  + HCl → HCO3-  
What is the [CO32-] in this solution?
Two approaches – [H+] = 0.22moles/0.100L = 2.2M OR 3.5M CO32- x 0.1L = .35moles CO32-
Using the reaction we now know that [CO32-] = 3.5 M – 2.2 M OR (0.35moles-0.22 moles)/0.1L
[HCO3-]  =  0.22moles/0.1L = 2.2 M HCO3-
 [CO32-]  = 1.3M CO32-

What is the [HCO3-] in this solution?
All of the [HCO3-] comes from the H+
We know that [HCO3-] = 0.22moles/0.100L = 2.2M OR 3.5M -1.3M = 2.2M [HCO3-] 

What is the pH of this solution? 
This is a buffer of [CO32-]  and the conjugate acid [HCO3-].
The key reaction is: HCO3-  + H2O → CO32- + H3O+
Ka =  [H+][CO32-]/[HCO3-]   = 4.7x10-11 = [H+](1.3)/2.2 
[H+] = 4.7x10-11 x 2.2/1.3 =7.95E-11
pH =  10.099

 2. A solution of benzoic acid (Ka = 6.3 x 10-5) was titrated with 6.0M NaOH. The initial 0.200L solution had a concentration of 0.45 M benzoic acid. Benzoic acid is a monoprotic acid symbolized “HBz”.
What is the pH of the initial solution?

HBz [image: https://edugen.wileyplus.com/edugen/courses/crs9381/art/qb/qu/c13/ch14-006_18.gif]H+ + Bz-
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0.45-x 	x	x	X2/0.45-x = 6.3x10-5 ≈ x2/0.45	x = (0.45 x 6.3 x10-5)1/2 = 0.005324 (1%)
pH = 2.274

What is the pH at ½ of the equivalence point?
At ½ equivalence there are equal amounts of Bz- and HBz so the simple answer is 
[H+] = 6.3x10-5 x [HBz]/[Bz-] = 6.3x10-5 	pH = 4.200659

 
3. What is the molar solubility of BaF2 in neutral water? Ksp of barium fluoride is 1.8x10-7. 
BaF2 ⇌Ba2+ (aq) + 2F- (aq)
 [Ba2+][F-]2 = 1.8 x 10-7
[F-] = 2[Ba2+]

[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 0.20 moles of HCl to 100mL of a 3.5 M CO32- solution makes a buffer solution. 
Ka(HCO3-) = 4.7 × 10-11
The key reaction to start is: CO32-  + HCl → HCO3-  
What is the [CO32-] in this solution?
Two approaches – [H+] = 0.20moles/0.100L = 2.0M OR 3.5M CO32- x 0.1L = .35moles CO32-
Using the reaction we now know that [CO32-] = 3.5 M – 2.0 M OR (0.35moles-0.22 moles)/0.1L
[HCO3-]  =  0.20moles/0.1L = 2.0 M HCO3-
 [CO32-]  = 1.5M CO32-

What is the [HCO3-] in this solution?
All of the [HCO3-] comes from the H+
We know that [HCO3-] = 0.20moles/0.100L = 2.0M OR 3.5M -1.5M = 2.0M [HCO3-] 

What is the pH of this solution? 
This is a buffer of [CO32-]  and the conjugate acid [HCO3-].
The key reaction is: HCO3-  + H2O → CO32- + H3O+
Ka =  [H+][CO32-]/[HCO3-]   = 4.7x10-11 = [H+](1.5)/2.0  
[H+] = 4.7x10-11 x 2.0/1.5 =6.27E-11
pH =  10.203

 2. A solution of benzoic acid (Ka = 6.3 x 10-5) was titrated with 6.0M NaOH. The initial 0.200L solution was had a concentration of 0.40 M benzoic acid. Benzoic acid is a monoprotic acid symbolized “HBz”.
What is the pH of the initial solution?

HBz [image: https://edugen.wileyplus.com/edugen/courses/crs9381/art/qb/qu/c13/ch14-006_18.gif]H+ + Bz-
0.40
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0.40-x 	x	x	X2/0.40-x = 6.3x10-5 ≈ x2/0.40 = (0.40 x 6.3 x10-5)1/2 = 0.00502
pH = 2.299
What is the pH at ½ of the equivalence point?
At ½ equivalence there are equal amounts of Bz- and HBz so the simple answer is 
[H+] = 6.3x10-5 x [HBz]/[Bz-] = 6.3x10-5 	pH = 4.201
 
3. What is the molar solubility of PbCl2? Ksp of lead(II) chloride is 1.7x10-5.
PbCl2 ⇌Pb2+ (aq) + 2Cl- (aq)

[Pb2+][Cl-]2 = 1.7 x 10-5
[Cl-] = 2[Pb2+]

[Pb2+]4[Pb2+]2 = 1.7 x 10-5  so 	[Pb2+] = {1.7x10-5/4}1/3 = 0.01620M 
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1. Addition of 0.20 moles of HCl to 100mL of a 3.0 M CO32- solution makes a buffer solution. 
Ka(HCO3-) = 4.7 × 10-11
The key reaction to start is: CO32-  + HCl → HCO3-  
What is the [CO32-] in this solution?
Two approaches – [H+] = 0.20moles/0.100L = 2.0M OR 3.0M CO32- x 0.1L = .30moles CO32-
Using the reaction we now know that [CO32-] = 3.0 M – 2.0 M OR (0.30moles-0.20 moles)/0.1L
[HCO3-]  =  0.20moles/0.1L = 2.0 M HCO3-
 [CO32-]  = 1.0M CO32-

What is the [HCO3-] in this solution?
All of the [HCO3-] comes from the H+
We know that [HCO3-] = 0.20moles/0.100L = 2.0M OR 3.0M -1.0M = 2.0M [HCO3-] 

What is the pH of this solution? 
This is a buffer of [CO32-]  and the conjugate acid [HCO3-].
The key reaction is: HCO3-  + H2O → CO32- + H3O+
Ka =  [H+][CO32-]/[HCO3-]   = 4.7x10-11 = [H+](1.0)/2.0  
[H+] = 4.7x10-11 x 2.0/1.0 =9.40E-11
pH =  10.027

 2. A solution of benzoic acid (Ka = 6.3 x 10-5) was titrated with 6.0M NaOH. The initial 0.200L solution was had a concentration of 0.50 M benzoic acid. Benzoic acid is a monoprotic acid symbolized “HBz”.
What is the pH of the initial solution?

HBz [image: https://edugen.wileyplus.com/edugen/courses/crs9381/art/qb/qu/c13/ch14-006_18.gif]H+ + Bz-
0.50
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0.50-x 	x	x	X2/0.50-x = 6.3x10-5 ≈ x2/0.50 = (0.50 x 6.3 x10-5)1/2 = 0.00561, pH = 2.251

What is the pH at ½ of the equivalence point?
At ½ equivalence there are equal amounts of Bz- and HBz so the simple answer is 
[H+] = 6.3x10-5 x [HBz]/[Bz-] = 6.3x10-5 	pH = 4.201
 
3. What is the molar solubility of Ag2SO4? Ksp of silver sulfate is 1.2x10-5. 
Ag2SO4 ⇌2Ag+ (aq) + SO4- (aq)
[Ag+]2[SO4-] = 1.2 x 10-5
 [SO4-] = 2[Ag+]

[SO4-]4[Ag+]2 = 1.2 x 10-5  so 	[SO4-] = {1.2x10-5/4}1/3 = 0.0144M 
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1. Addition of 0.22 moles of HCl to 100mL of a 3.0 M CO32- solution makes a buffer solution. 
Ka(HCO3-) = 4.7 × 10-11
The key reaction to start is: CO32-  + HCl → HCO3-  
What is the [CO32-] in this solution?
Two approaches – [H+] = 0.22moles/0.100L = 2.2M OR 3.0M CO32- x 0.1L = .30moles CO32-
Using the reaction we now know that [CO32-] = 3.0 M – 2.2 M OR (0.30moles-0.22 moles)/0.1L
[HCO3-]  =  0.22moles/0.1L = 2.2 M HCO3-
 [CO32-]  = 0.8M CO32-

What is the [HCO3-] in this solution?
All of the [HCO3-] comes from the H+
We know that [HCO3-] = 0.22moles/0.100L = 2.2M OR 3.0M -0.8M = 2.2M [HCO3-] 

What is the pH of this solution? 
This is a buffer of [CO32-]  and the conjugate acid [HCO3-].
The key reaction is: HCO3-  + H2O → CO32- + H3O+
Ka =  [H+][CO32-]/[HCO3-]   = 4.7x10-11 = [H+](0.8)/2.2  
[H+] = 4.7x10-11 x 2.2/0.8 =1.29X 10-10
pH =  9.889

 2. A solution of benzoic acid (Ka = 6.3 x 10-5) was titrated with 6.0M NaOH. The initial 0.200L solution was had a concentration of 0.60 M benzoic acid. Benzoic acid is a monoprotic acid symbolized “HBz”.
What is the pH of the initial solution?

HBz [image: https://edugen.wileyplus.com/edugen/courses/crs9381/art/qb/qu/c13/ch14-006_18.gif]H+ + Bz-
0.6
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0.6-x 	x	x	X2/0.60-x = 6.3x10-5 ≈ x2/0.60 = (0.60 x 6.3 x10-5)1/2 = 0.00615, Ph = 2.211
With quadratic x = 0.00612

What is the pH at ½ of the equivalence point?
At ½ equivalence there are equal amounts of Bz- and HBz so the simple answer is 
[H+] = 6.3x10-5 x [HBz]/[Bz-] = 6.3x10-5 	pH = 4.201
 
3. What is the molar solubility of Ni(OH)2? Ksp of nickel (II) hydroxide is 5.5 x 10-16. 
Ni(OH)2 ⇌Ni2+ (aq) + 2OH- (aq)
 [Ni2+][OH-]2 = 5.5 x 10-16
[OH-] = 2[Ni2+]

[Ni2+]4[Ni2+]2 = 1.8 x 10-7  so 	[Ni2+] = {5,5x10-16/4}1/3 = 0.000005161 
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