Acid Base 4 (In Class Worksheet Key)

1. Consider the titration of 50.0 mL of 0.0250M hypochlorous acid (HOCl) (Ka = 3.5 × 10-8) with 0.050M NaOH. Calculate the pH at the equivalence point. Write the neutralization reaction, write the principle equilibrium reaction if any, use ICE table if needed

Moles of HOCl = 0.0250 M × 0.050 L = 1.25×10–3 mol HOCl
mL’s of  NaOH = 1.25×10–3 mol HOCl * (1 mol NaOH (aq) / 1 mol HOCl(aq)) * (1000 mL/ 0.050 mol NaOH)

mL’s of  NaOH = 25 mL 

	
	
	NaOH(aq) (
	NaOCl(aq) +
	H2O(l)

	Initial
	1.25×10–3 mol
	1.25×10–3 mol
	0
	

	Change
	-x
	-x
	+x
	

	Equilibrium
	0
	0
	1.25×10–3 mol
	



Molarity NaOCl(aq) = 1.25×10–3 mol NaOCl / 0.075 L =  0.0167 M 
	
	NaOCl(aq) +
	H2O(l)  ((
	HOCl(aq) +
	OH-(aq)

	Initial
	0.0167 M
	
	0
	0

	Change
	-x
	
	+x
	+x

	Equilibrium
	0.0167 M-x
	
	x
	x



Kb = 1x10-14/3.5 × 10-8= 2.86 x 10-7

Kb = 2.86 x 10-7= [OH-][HOCl]/[ NaOCl] = [x2]/ 0.0167 M-x

x<<<0.0167 M

2.86 x 10-7= x2/ 0.0167 M

[x] = (4.78 x 10-9)1/2 = 6.91 x 10-5 M = [OH-]


pOH = 4.16,
 pH = 9.84  
Check = (6.91 x 10-5 M /0.0167 M) *100 =0.41%

2. Consider the titration of 60.0 mL of 0.100 M NH3(aq) (Kb = 1.8 x 10-5) with 0.150 M HCl. Calculate the pH after the following volumes of titrant have been added: 

This is a weak base - strong acid titration
(a) 0 mL 

Before any HCl is added, we simply have an aqueous solution of a weak base.
	
	NH3(aq) +
	H2O(l)  ((
	NH4+(aq)
	OH-(aq)

	Initial
	0.100 M
	
	0 M
	0 M

	Change
	-x
	
	+x
	+x

	Equilibrium
	0.100 M-x
	
	x
	x


Kb = 1.8 x 10-5 = [OH-][NH4+]/[NH3] = [x2]/0.100M-x
x<<<0.100M

1.8 x 10-5 =[x2]/0.100M

[x] = (1.8 x 10-6)1/2 = 1.3 x 10-3 M =[OH-]


pOH = 2.9, pH = 11.1  [OH-]
Check = (1.3 x 10-3 M /0.100M) *100 =1.3%
(b) 20.0 mL 

This is in the buffer region 
	
	NH3(aq) +
	H3O+(aq)  ((
	NH4+(aq)
	H2O(l)  

	Initial
	0.075 M
	0.0375 M
	0
	

	Change
	-x
	-x
	+x
	

	Final
	0.0375 M
	0
	0.0375 M
	



60.0 mL * 0.100 M NH3(aq) / 80 mL =0.075 M
20.0 mL* 0.150 M of HCl/ 80 mL = 0.0375 M
	
	NH3(aq)  +
	H2O(l)  ((
	NH4+(aq) +
	OH-(aq) 

	Initial
	0.0375 M
	
	0.0375 M
	0 M

	Change
	-x
	
	+x
	+x

	Equilibrium
	0.0375 M-x
	
	0.0375 M +x
	x


 Ka = 1x10-14/1.8 x 10-5 = 5.56 x 10-10

Kb = 1.8 x 10-5= [OH-] [NH4+] /[NH3]  = x*(0.0375 M +x)/ (0.0375 M-x)

x<<<0.0375 M
1.8 x 10-5= x*(0.0375 M)/ 0.0375 M 

[x] = 1.8 x 10-5 = [OH-]

pOH =4.74
pH=9.25
Check: 
This is in fact half equivalence 
pH = 9.25 + log [0.0375 M]/[ 0.0375 M] = 9.25
(c) 39.5 mL 

	
	NH3(aq) +
	H3O+(aq)  ((
	NH4+(aq)
	H2O(l)  

	Initial
	0.0603 M
	0.05954 M
	0
	

	Change
	-x
	-x
	+x
	

	Final
	0.00076 M
	0
	0.05954 M
	


60.0 mL * 0.100 M NH3(aq) / 99.5 mL = 0.0603 M
39.5 mL* 0.150 M of HCl/ 99.5 mL = 0.05954 M
	
	NH3(aq) +
	H2O(l)  ((
	NH4+(aq) +
	OH-(aq) 

	Initial
	0.00076 M
	
	0.05954 M
	0 M

	Change
	-x
	
	+x
	+x

	Equilibrium
	0.00076 M -x
	
	0.05954 M +x
	x


Kb = 1.8 x 10-5= [OH-] [NH4+] /[NH3]  = x*(0.05954 M +x) /(0.00076 M -x)
x<<<0.00076 M
1.8 x 10-5= x*(0.05954 M)/ 0.00076 M
[x] = 2.30 x 10-7 M = [OH-]

pOH =6.64pH=7.36

Check: 

pH = 9.25 + log [0.00076 M]/[ 0.05954 M] = 7.36
(d) 40.0 mL 
	
	NH3(aq) +
	H3O+(aq)  ((
	NH4+(aq)
	H2O(l)  

	Initial
	0.060 M
	0.060 M
	0
	

	Change
	-x
	-x
	+x
	

	Final
	0
	0
	0.060 M
	


60.0 mL * 0.100 M NH3 (aq) / 100 mL = 0.060 M

40 mL* 0.150 M of HCl/ 100 mL = 0.060 M

	
	NH4+(aq) +
	H2O(l)  ((
	NH3(aq) +
	H3O+(aq)  

	Initial
	0.060 M
	
	0
	0

	Change
	
	
	+x
	+x

	Equilibrium
	0.060 M-x
	
	x
	x



Ka = 5.56 x 10-10  = [H3O+][NH3] /[NH4+] = [x2]/ 0.060 M-x

x<<<0.060 M

5.56 x 10-10  =[x2]/ 0.060 M 
 [x] = (3.34 x 10-11 M)1/2 = 5.78 x 10-6 M =[H3O+]
pH = 5.24
(e) 40.5 mL 

(HCl is now in excess, a strong acid problem) 
	
	NH3(aq) +
	H3O+(aq)  ((
	NH4+(aq)
	H2O(l)  

	Initial
	0.0597 M
	0.0604 M
	0
	

	Change
	-x
	-x
	+x
	

	Final
	0
	0.00075 M
	0.0597 M
	


60.0 mL * 0.100 M NH3 (aq) / 100.5 mL = 0.0597 M

40.5 mL* 0.150 M of HCl/ 100.5 mL = 0.0604 M

pH = 3.13 
(f) 60.0 mL. 

	
	NH3(aq) +
	H3O+(aq)  ((
	NH4+(aq)
	H2O(l)  

	Initial
	0.0500 M
	0.0750 M
	
	

	Change
	-x
	-x
	+x
	

	Final
	0
	0.025 M
	0.0500 M
	


60.0 mL * 0.100 M NH3 (aq) / 120 mL = 0.0500 M

60.0 mL* 0.150 M of HCl/ 120 mL = 0.0750 M

pH = 1.60
3. What are the pH and the concentrations of all species in a solution that is made from 0.20 M Al(ClO)3, 0.40 NaClO and 0.40 M HClO (Ka =3.0 x 10-8)

Al(ClO)3( Al3+ + 3 ClO -

0.20 M Al(ClO)3* ( 3 mol ClO -/ 1 mol Al(ClO)3) = 0.60 M ClO -
NaClO ( Na+ + ClO --

0.400 M NaClO * ( 1 mol ClO -/ 1 mol NaClO) = 0.40 M ClO -

Initial amount of ClO -= 0.60 M ClO -+ 0.40 M ClO -= 1.00 M ClO -
	
	HClO  +
	H2O ((
	ClO - +
	 H3O+

	Initial
	0.40 M
	
	1.00 M
	0

	Change
	-x
	
	+x
	+x

	Equilibrium
	0.40 M-x
	
	1.00 M+x
	x

	Equilibrium values
	
	
	
	


Equilibrium values Al3+ = M and Na+ =0.100 M

Ka = [ClO -]*[ H3O+]  
(
3x10-8= [1.00 M+x]*[x]  
Assume x <<< 0.40 M

             [HClO] 

                     [0.40 M-x]

3x10-8= [1.00 M]*[x]    
x = [ H3O+]  = 1.2 x10-8 M
pH = -log[1.2 x10-8 M] =7.9


     [0.40 M]

Check: (1.2 x10-8 M/0.40 M) *100 = 3 x10-6 % assumption ok 

4. Calculate the pH of a solution which is 0.750 M HC4H7O2 (butyric acid) and 0.650 M NaC4H7O2. 
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b. Calculate the pH after the addition of 0.010 mol of KOH to a 400 mL sample of the buffer 
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5. Calculate the molar solubility of lead (II) fluoride.

PbF2  ( Pb2+  +  2F-
                X          2x

Ksp​= [Pb] [F]2
3.6x10-8 = (x) (4x2)

3.6x10-8 = 4x3
9.0x10-9 = x3
X = 0.00208

6. What is the solubility (in M) of BaF2 in a 0.15M solution of NaF?

BaF2  ( Ba2+  +  2F-




NaF (  Na+  +  F-
                X          .15 (from the NaF)

    

0.15    0.15

Ksp​= [Ba] [F]2
1.7x10-6 = (x) (0.15)2
1.7x10-6 = 0.0225x

7.56x10-5 = x
7. The Ksp for Zn(OH)2 is 5.0x10-17. Determine the molar solubility of Zn(OH)2 in a buffer solution with a pH of 11.50.

pOH = 14 - pH

pOH = 14 – 11.5  = 2.5

2.5 = -log [OH-]

[OH-] = 0.0032

Zn(OH)2  ( Zn2+  +  2OH-
                
X         0.0032 

Ksp​= [Zn] [OH-]2
Ksp = (x) (0.0032)2
5.0x10-17 = 1.0x10-5 x 

4.88 x 10-12 = x

8. A student prepares a solution that is 9.5 x 10-3 M in [Mg2+] and 2.5 x 10-3 M in [F-].  Will a precipitate form? 




MgF2 (s) ↔ Mg2+ (aq) + 2 F- (aq)


MgF2 (s) ↔ Mg2+ (aq) + 2 F- (aq)




x
      2x


Ksp = products/reactants


Ksp = 3.7 x 10-8 (from table)


Also, Q = products/reactants


Q = [Mg2+][F-]2
Q = [9.5 x 10-3][2.5 x 10-3]2 

(Note that the F- concentration used is 2.5 x 10-3 

and not twice that)

Q = 5.9 x 10-8
Q > Ksp  



Therefore, a precipitate will form (there is a greater  amount 




of ion present than the solvent

9. A solution containing CrO42− is added drop wise to a neutral solution that contains both 1.00 M Ba2+ and 1.00 M Pb2+. What salt will precipitate first? Explain your reasoning.
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10. In a qualitative analysis, the test for the presence of Cu2+ ion is the formation of the bright blue complex ion Cu(NH3)42+. What are the equilibrium concentrations of Cu(NH3)42+ and Cu2+ when 1.0 mL of 0.200 M Cu2+ is combined with 1.0 mL of 15.0 M NH3? (Kf Cu(NH3)42+ =5.0 x 1012)
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