Acid Base 3 In Class Worksheet Key
1. Calculate the pH of a hypochlorite buffer containing 0.150 M HClO and 0.100 M NaClO.

Equation:
	HOCl
	(
	H+
	+
	OCl-

	[0.150] – x

(ne1glect x)
	 
	x
	 
	[0.100 + x]

neglect x


 

Ka = [H+][ OCl-]/[HOCl] 

 

2.9 x 10-8 = [x][0.100]/[0.150] 

 

x = 4.3 x 10-8 = [H+]

 

pH = 7.37
2. A buffer solution is prepared from 0.40 M HA and 0.40 M NaA (its conjugate base).  The buffer has a pH of 4.74. What is the Ka for HA?

Equation:
	HA
	(
	H+
	+
	A-

	[0.40] 

 
	 
	1.8 x 10-5x

(since pH = 4.74)
	 
	[0.40 ]

 


 

Ka = [H+][A-]/[HA] = [1.8 x 10-5][(0.40]/[0.40] = 1.8 x 10-5
 


b. What is the pH after 0.008 mol HCl is added to 1.00 L of this buffer?

 

	 
	HA
	(
	H+
	+
	A-

	 
	[0.40] 
	 
	 
	 
	[0.40 ]

	Add 0.008 mol H+/L
	+ [0.008]
	 
	 
	 
	-[0.008]

	New concentrations
	[0.408] – y

neglect y
	 
	y
	 
	[0.0392] + y

neglect y


 

Ka = [H+][A-]/[HA]

 

[H+] = Ka[HA]/[A-]

 

[H+] = [1.8 x 10-5][(0.408]/[0.392] = [1.87 x 10-5]

 

new pH=4.73
3. The solubility of Ag2CO3 is 0.032 M at 20oC.  What is the Ksp of silver carbonate?

 

Equation:
	Ag2CO3(s)
	(
	2Ag+
	+
	CO3-2

	 
	 
	[0.064]
	 
	[0.032]


 

Ksp =[ Ag+]2[CO3-2] =[0.064]2[0.032]

 

Ksp =1.3 x 10-4
4. How many grams of CaF2 will dissolve in 2.0 L of water?

 

Equation:
	CaF2(s)
	(
	Ca+2
	+
	2F-

	 
	 
	x
	 
	2x


 

Ksp = [Ca+2][F-]2 
 

3.2 x 10-11 = [x][2x]2

 

3.2 x 10-11 = 4x3
 

x = [2.0 x 10-4] 

 

(2.0 x 10-4 mol CaF2/L) x (2.0 L) x (78.0 g/mol) = 0.031 g CaF2 

 

5. Will any precipitate form if 4.6 mg NaCl is dissolved in 500 mL of 0.0080 M AgNO3?

 

Equation:
	AgCl(s)
	(
	Ag+
	+
	Cl-


 

Ksp = [Ag+][Cl-]

 

Explain how you arrived at this conclusion.
 

since AgNO3(aq) ( Ag+(aq)  + NO3-(aq)

[Ag+] = [0.0080]

 

since NaCl(aq) ( Na+(aq) + Cl-(aq)
[Cl-] = (4.6 x 10-3 g NaCl/0.500 L) x (1 mol NaCl/58.5 g NaCl) x (1 mol Cl-/1mol NaCl)
[Cl-] = [1.5 x 10-4]

 

Qsp = [0.0080][ 1.5 x 10-4] = [1.2 x 10-6]

Ksp =1.8 x 10-10
 

Since Qsp > Ksp, a small amount of precipitate will form.

6. Given 20.0 ml , 0.05 M acetic acid ( Ka = 1.8x10-5)  titrated with 0.05 M NaOH.  Calculate the pH of the following solutions.

a) initial solution

b) mixture after adding 5.0 ml ,  0.05 M NaOH solution

c) mixture at one-half equivalent point

d) mixture at equivalent point

e) mixture after adding 25 ml , 0.05 M NaOH





Kw ( 1.0 x 10 -14 )

      Ka = 1.8 x 10 -5;
Kb =  


        =  5.56 X 10 -10   ;      pKa = 4.75





 Ka  ( 1.8 x 10 -5 )

     (a)

	
	HC2H3O2  ⇋
	 H3O+(l) +
	C2H3O2-(aq)

	Initial
	0.05 M
	0
	0

	  Change
	-x
	+x 
	+x

	Equilibrium
	0.05 M –x
	x
	x




1.8 x 10 -5 = x2 / 0.05 M –x     x<<<0.05


        ______         __________________

 
x= [H+ ] =  ( MaKa  =    ( ( 0.05 ) ( 1.8 x 10 -5 ) =  9.49 x 10 -4 M ;    PH=  3.02

 Check: (9.49 x 10 -4 M /0.05 M)* 100 = 1.9% assumption ok
     (b)                          

          Mol acid   =  (0.05mol )(20.0 ml)


 



         1000 ml

          Mol base =  
(0.05 mol) (5.0 ml)
            



              

                                         (1000 ml)

	
	HC2H3O2  
	OH- ⇋
	 H2O(l) +
	C2H3O2-(aq)

	Initial
	0.001 mol
	0.00025 mol
	
	0

	  Change
	-x
	-x
	
	+x

	Final
	7.5 x10-4 mol
	0
	
	2.5 x10-4 mol




x = 0.00025 mol

Ma = 7.5 x10-4 mol / 0.025 L = 0.03 M acetic acid

Mcb = 2.5 x10-4 mol / 0.025 L = 0.01 M acetate ion



        0.1 M




          pH = 4.75 + log  
        =  4.75 - 0.477  = 4.27



    0.3 M

        

       (c)  At one-half equilibrium,   pH  =  pKa  =  4.75
(d)
 at the equivalents point, mol acetic acid = mol hydroxide

Mol acid   =  (0.05mol )(20.0 ml) =
0.001 mol HC2H3O2 =
 mol OH-
 



         1000 ml

0.001 mol  OH- * (1000 mL/  0.05 mol OH-) = 20 mL OH-
Mol base =  
(0.05 mol) (20 ml)  =   0.001 mol     OH-  



              

                                (1000  ml)

	
	HC2H3O2  
	OH- ⇋
	 H2O(l) +
	C2H3O2-(aq)

	Initial
	0.001 mol
	0.001 mol
	
	0

	  Change
	-x
	-x
	
	+x

	Final
	0
	0
	
	0.001 mol





x = 0.001 mol
                           0.001 mol

            Mcb = 

             = 0.025 M C2H3O2-(aq)


  0.0400 L 
	
	C2H3O2-(aq)
	H2O(l) ⇋
	 HC2H3O2  +
	OH-

	Initial
	0.025 M
	
	0
	0

	  Change
	-x
	
	+x
	+x

	Equilibrium
	0.025 M-x
	
	x
	x





5.56 X 10 -10   = x2 / 0.025 M-x 

x<<<0.0025

                ______     ________________

      x =  [OH-]= (McbKb  = ((0.025)(5.56x10-10) =3.72x10-6 M;  pOH=5.42; pH = 8.57

Check: (3.72x10-6 M /0.025 M)* 100 = 0.015 % assumption ok
       (e)     Mol base =  (0.05 mol) (25 ml)  =   0.00125 mol     OH-  



              (1000  ml)

	
	HC2H3O2  
	OH- ⇋
	 H2O(l) +
	C2H3O2-(aq)

	Initial
	0.001 mol
	0.00125 mol     
	
	0

	  Change
	-x
	-x
	
	+x

	Final
	0
	2.5 x10-4 mol
	
	2.5 x10-4 mol





x = 0.001 mol


Mb = 2.5 x10-4 mol / 0.045 L = 0.006 M OH-


pH=14 + log (0.006) =  14 – 2.22  ( pH = 11.78

7. Define what a buffer is and what a buffer does.

[image: image1.emf]
8. What characteristic of a weak acid/base conjugate pair tells you the pH the buffer will try to maintain?
[image: image2.emf]
9. Identify the best acid-base conjugate pair that could be used to produce a buffer at a pH=4.20

A) H3BO3, NaH2BO3

pKa =9.14
B) CH3COOH, NaCH3COO   pKa =4.74
C) C6H5COOH, NaC6H5COO pKa =4.19
Determine the molar solubility of CuS in 0.25 M HNO3. 
Ksp 
CuS(s) (( Cu2+ + S2-
1/Ka2    S2- + H+(( HS-
1/Ka1     HS- + H+ (( H2S
Knet   CuS(s) + 2 H+(( H2S + Cu2+
Knet = Ksp / (Ka1 . Ka2) = (1.3 x 10-36) / (8.9 x 10-8)(1.0 x 10-19)

Let x = molar solubility of CuS

Knet = 1.46 x 10-10 = [H2S][Cu2+] / [H+]2 = x2 / (0.25 - 2x)2
Assume 2x << 0.25

1.46 x 10-10 = x2 / (0.25)2 so, x = 3.0 x 10-6 M (OK!)
10. Determine the molar solubility of CuS in 0.25 M NaCN.

Ksp CuS(s) (( Cu2+ + S2-
Kf  Cu2+ + 4 CN- ((Cu(CN)42-
Knet CuS(s) + 4 CN- ((S2- + Cu(CN)42-
Knet = Ksp . Kf = (1.3 x 10-36) (1.0 x 1029) = 1.3 x 10-7
Let x = molar solubility of CuS

Knet = 1.3 x 10-7 = [S2-][Cu(CN)42-] / [CN-]4 = x2 / (0.25 - 4x)4
assume 4x << 0.25

1.3 x 10-7 = x2 / (0.25)4 so, x = 2.25 x 10-5 M (OK!) 
Substance Equilibrium Constant(s)

HC2H3O2 
Ka = 1.8 x 10-5
HCHO2
Ka = 1.8 x 10-4
HCN 

Ka = 4.9 x 10-10
HOCN

Ka = 2.0 x 10-4
H2CO3 
Ka1 = 4.3 x 10-7 
Ka2 = 5.6 x 10-11
H2S 

Ka1 = 8.9 x 10-8 
Ka2 = 1.0 x 10-19
H2SeO3 
Ka1 = 2.4 x 10-3 
Ka2 = 4.8 x 10-9
NH3 

Kb = 1.8 x 10-5
CH3NH2 
Kb = 4.4 x 10-4
HONH2 
Kb = 1.1 x 10-8
CuS 

Ksp = 1.3 x 10-36
Cu(OH)2 
Ksp = 2.2 x 10-20
Au(OH)3 
Ksp = 5.5 x 10-46
Cu(NH3)42+ 
Kf = 1.7 x 1013
Cu(CN)42- 
Kf = 1.0 x 1029
