Buffer
CHM 1046

1. What is the pH of a 0.203 M HF solution?  HF Ka = 6.8 x 10-4  

pH = 1.93
a. What is the pH of a buffer solution prepared by mixing 50 mL of a 0.203 M HF with 50 mL of a .315 M NaF solution?  HF Ka = 6.8 x 10-4  

pH = pKa + log [base]/[acid] 

= 3.17 + log [(.01575 mol F-/.1 L) / (.01015 mol HF / .1 L)]
pH = 3.36
b. What is the resulting pH if we add 5 mL of a .800 M HCl solution to this buffer?  Does the pH make sense?  Why/why not?
Adding HCl ( find moles
M = mol/L

Mol = M*L = .800 mol/L * .005L = .004 mol HCl which will neutralize the base! And change the total volume to .105 L
pH = pKa + log [base]/[acid] 

= 3.17 + log [(.01575 mol F- - .004 mol HCl /.105 L) / (.01015 mol HF  + 004 mol HCl / .105 L)]
pH = 3.09
The lowering of the pH does make sense since you added an acid, the pH should go down, become more acidic.  3.36 (  3.09
c. What is the resulting pH if we add 5 mL of a 0.600 M NaOH solution to the original buffer?  Does the pH make sense?  Why/why not?
Adding NaOH ( find moles

M = mol/L

Mol = M*L = .600 mol/L * .005L = .003 mol NaOH which will neutralize the acid! And change the total volume to .105 L

pH = pKa + log [base]/[acid] 

= 3.17 + log [(.01575 mol F-  +.003 mol NaOH /.105 L) / (.01015 mol HF - .003 mol NaOH / .105 L)]
pH = 3.59
The increase of the pH does make sense since you added a base, the pH should go up, become more basic.  3.36 (  3.59
2. What is the pH of a 0.435 M CH3CO2H solution?  CH3CO2H Ka = 1.75 x 10-5
pH = 2.56
a. What is the pH of a buffer solution prepared by mixing 120 mL of a 0.435 M CH3CO2H with 50 mL of a 0.286 M CH3CO2Na solution?  
CH3CO2H Ka = 1.75 x 10-5
pH = pKa + log [base]/[acid] 

= 4.76 + log [(.0143 mol CH3CO2- /.170 L) / (.0522 mol CH3CO2H / .170 L)]
pH = 4.20

b. What is the resulting pH if we add 10.2 mL of a .513 M HCl solution to this buffer?  Does the pH make sense?  Why/why not?
Adding HCl ( find moles

M = mol/L

Mol = M*L = .513 mol/L * .0102L = .0052326 mol HCl which will neutralize the base! And change the total volume to .1802 L

pH = pKa + log [base]/[acid] 

= 4.76 + log[(.0143 mol CH3CO2- - .00523 mol HCl/.1802 L) / (.0522 mol CH3CO2H + .00523 mol HCl / .1802 L)]
pH = 3.96
The lowering of the pH does make sense since you added an acid, the pH should go down, become more acidic.  4.20 (  3.96
c. What is the resulting pH if we add 3.56 mL of a 0.420 M NaOH solution to the original buffer?

Adding NaOH ( find moles

M = mol/L

Mol = M*L = .420 mol/L * .00356L = .0014952 mol NaOH which will neutralize the acid! And change the total volume to .17356 L

pH = pKa + log [base]/[acid] 

= 4.76 + log[(.0143 mol CH3CO2-  + .0014952 mol NaOH /.17356 L) / (.0522 mol CH3CO2H - .0014952 mol NaOH/ .17356 L)]
pH = 4.25
The increase of the pH does make sense since you added a base, the pH should go up, become more basic.  4.20 (  4.25
3.  Give a recipe for preparing 1.0 L of a  CH3CO2H-CH3CO2Na  buffer solution that has a pH = 4.00.  You have 1.5 M CH3CO2H  and 1.9 M  CH3CO2Na available   

CH3CO2H Ka = 1.75 x 10-5
pH = pKa + log [base]/[acid] 
4.00 = 4.76 + log [base]/[acid]

-.76 = log [base]/[acid]

.1738 = [base]/[acid]

Ratio [base]/[acid] = .1738 / 1

.1738 moles of base

Find volume,   M= mol/L        L= mol /M  = .1738 mol / 1.9 M = .09147 L CH3CO2Na
1 mole acid

Find volume,   M= mol/L        L= mol /M  = 1 mol / 1.5 M = .6667 L CH3CO2H

Mixing .09147 L of 1.9 MCH3CO2Na with .6667 L of 1.5 MCH3CO2H would give you a buffer with a pH of 4.00,but your total volume would be = .09147 L + .6667 L = .75817 L, and I need 1.0 L.

So, 

1L = X(.75817 L)             X = 1.319    Multiply both volumes by this number

.09147 L CH3CO2Na * 1.319 = .1206 L CH3CO2Na
.6667 L CH3CO2H * 1.319 = .8794 L CH3CO2H

Calculate total volume = .1206 L + .8794 L = 1 L


Recipe:

 
Mix .1206 L of a 1.9 M  CH3CO2Na with .8794 L of a 1.5 M CH3CO2H  
4. Give a recipe for preparing 1.5 L of a  HF-NaF  buffer solution that has a 

pH = 4.00.  You have 2.0 M HF and 3.0 M NaF available             
HF Ka = 6.8 x 10-4  
pH = pKa + log [base]/[acid] 

4.00 = 3.17 + log [base]/[acid]

.83 = log [base]/[acid]

6.76 = [base]/[acid]

Ratio [base]/[acid] = 6.76 / 1

6.76 moles of base

Find volume,   M= mol/L        L= mol /M  = 6.76 mol / 3 M = 2.25 L NaF

1 mole acid

Find volume,   M= mol/L        L= mol /M  = 1 mol / 2 M = .5 L HF

Mixing 2.25 L of 3 M NaF with .5 L of 2 M HF would give you a buffer with a pH of 4.00,but your total volume would be = 2.25 L + .5 L = 2.75 L, and I need 1.5 L.

So, 

1.5 L = X(2.75 L)             X = .545    Multiply both volumes by this number

2.25 L of 3 M NaF * .545 =  1.23 L of 3 M NaF 

.5 L of 2 M HF  * .545 = .273 L of 2 M HF  


Calculate total volume = 1.23 L + .273 L = 1.50 L


Recipe:

 
Mix   1.23 L of 3 M NaF with .273 L of 2 M HF  
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