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1. Determine the pH and the equilibrium concentrations of all species in a solution that contains 0.350 M HNO2, 0.210 M Ca(NO2)2, and 0.100 M NaNO2.

Ca(NO2)2 ( Ca2+ + 2 NO2-

0.210 M Ca(NO2)2  * ( 2 mol NO2-/ 1 mol Ca(NO2)2) = 0.420 M NO2-

NaNO2 ( Na+ + NO2-

0.100 M NaNO2* ( 1 mol NO2-/ 1 mol NaNO2) = 0.100 M NO2-

Initial amount of NO2- = 0.420 M NO2- + 0.100 M NO2- = 0.520 M
	
	HNO2 +
	H2O ((
	NO2- +
	 H3O+

	Initial
	0.350 M
	
	0.520 M
	0

	Change
	-x
	
	+x
	+x

	Equilibrium
	0.350 M-x
	
	0.520 M+x
	x

	Equilibrium values
	0.350 M
	
	0.520 M
	3.0 x 10-4 M


Equilibrium values Ca2+ = 0.210 M and Na+ =0.100 M
Ka = [NO2-]*[ H3O+]  
(
4.5x10-4= [0.520 M+x]*[x]  
Assume x <<< 0.520 M
             [HNO2] 

                     [0.350 M-x]
4.5x10-4= [0.520 M]*[x]  
x = [ H3O+]  = 3.0 x 10-4 M
pH = -log[3.0 x 10-4 M] =3.52

     [0.350 M]
Check: (3.0 x 10-4 M/0.520 M) *100 = 0.06% assumption ok
2. A scientist wishes to prepare a buffer solution to work at pH=10.6. Specify two compounds needed to prepare the buffer, using at least one of the following compounds. Show enough work to clearly explain your reasoning.
Hydrofluoric acid (HF)
Ka =6.8 x 10-4
 pKa =3.17
Methylamine (CH3NH2) 
Kb=4.4 x 10-4  
Ka =Kw/Kb = 1.0 x 10-14/4.4 x 10-4  = 2.3 x 10-11   pKa =10.64
Aniline (C6H5NH2) 
Kb=4.3 x 10-10 
Ka =Kw/Kb = 1.0 x 10-14/4.3 x 10-10 = 2.4 x 10-5     pKa =4.62

Want pKa ≈ pH

pH wanted 10.6 ≈ pKa closes is 10.64 Methylamine (CH3NH2)

To be a buffer you need the acid and its conjugate base of the weak acid base system

Weak acid = CH3NH3 +

Weak conjugate base = CH3NH2
3. A 26.00 mL sample of 0.400 M HCN is titrated with 0.200 M Ca(OH)2.

a) What species are in solution at the equivalent point?  Should the solution at the point be acidic, basic or neutral? 

At equivalent point only Ca(CN)2 remains
Ca2+ is neutral conjugate of a strong base
CN- is basic since it is a conjugate of a weak acid
Therefore the solution is basic
b) What is the pH of the solution at the equivalence point?


1) First find volume of Ca(OH)2. needed at equivalent point


26.00 mL  HCN *(0.400 mol HCN/1000 mL) =0.0104 mol HCN


2HCN + Ca(OH)2. ( 2H2O + Ca(CN)2


0.0104 mol HCN * (1 mol Ca(OH)2/2 mol HCN) *(1000 mL Ca(OH)2/0.200 mol Ca(OH)2.)


= 26.0 mL Ca(OH)2. needed

   2) Determine molarity of all species at equilibrium



At equivalence point only CN- remains   M CN- = 0.0104 mol CN- / 0.05200L = 0.200 M CN-
	
	CN-  +
	H2O ((
	HCN +
	OH-

	Initial
	0.200 M
	
	0 M
	0 M

	Change
	-x
	
	+x
	+x

	Equilibrium
	0.200 M-x
	
	x
	x




Kb =Kw/Ka = 1.0 x 10-14/4.9 x 10-10  = 2.04 x 10-5  
Kb = [HCN]*[ OH-]  
(
2.04x 10-5  =      [x]2

Assume x <<< 0.200 M

             [CN-] 

                    
        [0.200 M-x]

2.04x 10-5  =      [x]2

x =[OH-]  = 2.02 x 10-3 M 
pOH= -log[2.02 x 10-3 M] =2.69
                     [0.200 M]
pH = 14- pOH = 14-2.69 =11.3
4. In tonight experiment the solubility product, what salt are you determining the Ksp for?
Calcium iodate
