
Chapter 16 Worksheet 1 

Buffers and the Henderson-Hasselbalch Equation 


1. 	State the operational and technical definitions of a buffer. 


Operational definition (What does it do?): 


A buffer is a solution that resists changes in pH upon the addition of a small amount of 
strong acid or strong base. 

Technical definition (How do you make one?): 

A buffer is composed of a mixture·of a weak acid its conjugate base. 

(Sometimes a solution that is technically a buffer does NOT resist changes in pH. This occurs 
when so much acid or base are added to the buffer that they become the excess reactant.) 

2. The pH of a buffer is determined by two things: 

The Ka (or pKa) of the conjugate acid and [A-] = moles A 
[HA] moles HA 



3. 	 Write equations that show what happens when a small amount of strong acid (H+) or strong base 
(OH-) are added to a buffer. 

HA + OH- -7 A- + H20 (conjugate acid neutralizes added strong base) 

A- + H+ -7 HA (conjugate base neutralizes added strong acid) 


(Note: For a buffer to resist changes in pH, the added OH- or the added H+ must be limiting. If 

they are not you say that you have exceeded the "buffering capacity".) 


4. 	 Explain why the pH does not change very much when a small amount of strong acid or strong base 
are added to a buffer. 

The pH does not change very much because (A"] I (HA] does not change very much. This is true 
as long as the amount of strong acid or base added is small compared to the amount of conjugate 
acid and conjugate base in the buffer. If you add too much strong acid or base, you will exceed 
the buffering capacity. 

5. 	 What is meant by "buffering capacity"? What determines "buffering capacity"? 

Buffering capacity refers to the amount of added acid or added base that can be neutralized by a 
buffer. It is determined by the concentrations of the conjugate acid and conjugate base. Buffering 
capacity increases as these concentrations increase. 

6. 	 Most often (but not always) buffers are prepared such that the concentrations of the conjugate acid 
and base are similar. Why? 

So the buffer will have equal capacity to neutralize either added base or added acid. 
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7. Calculate the pH of the following 3 solutions. 
a. A 0.250 M solution ofHF (Ka = 7.1 x 10-4

) 

b. A 0.500 M solution ofNaF (Kb = 7) 
c. 	 A buffer that contains both 0.250 M HF and 0.500 M NaF 
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8. 	 The Henderson-Hasselbalch (H-H) equation provides a recipe for making a buffer of a given pH. 
It is simply the logarithmic form of the Ka expression for the conjugate acid. 

a. 	 Derive the H-H equation below. 

When you mix a weak acid with its conjugate base, the acid ionization reaction shifts to the left so the 
% ionization drops. Thus, we can assume that [HA]eq = [HA]o and [K]eq = [A-]o and no ICE table is 
required. 

HA= H+ +A

(H+] - K (BA]0 

at a [A-]0 


-loglln = -logK. -log(~:) 

pH = pK. -log(~:J 

pH =pK. +Jo{~)) Henderson-Hasselbalch equation 

If [HA] = [A-] then [H+] = Ka and pH = pKa 

[A-] 	 moles A-
pH pKa + log -- = pKa + log -- 

[HA] moles HA 

If [A] = [HA] then pH::;: pKa 


If [A-] > [HA] then pH > pKa 


If [A-] < [HA] then pH < pKa 
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9. 	 The Ka for HF is 7.1 x 10-4 so its pKa 

a. 	 Mix 10.0 mL of 0.500 M HF with 10.0 mL of 0.500 M NaF. pH = ?J.L5" 

b. 	 Mix 1.00 mL of 0.500 M HF with 10.0 mL of 0.500 M NaF. pH 4. (5' 

c. 	 Mix 10.0 mL of 0.500 M HF mixed with 1.00 mL of 0.500 M NaF. pH = ---=.'2,-,~15",--___ 

[F-] L 
d. 	 A mixture ofHF and NaF has a pH of 1.15. -- =--+10-",,-=0___ 

[HF] 

10. Use the Henderson-Hasselbalch equation to calculate the ratio ofHC03'to H2C03 in normal blood 

pKa -loge 4.2 x 10'7) = 6.38 

[A -] =10pH,pKa= 107.40-6.38 = 101.02 = 10.5 


[HA] 


The ratio is so high because blood needs to be able to neutralize more acid than base. That's 
because cellular metabolism produced acidic waste products that are pumped into the blood. 

11. Circle the conjugate acid-base pair that you would choose to prepare a buffer solution that has a 
pH of4.50. 

a. HCIO and CIO' b. C6HsCOOH and C6HSCOO' c. HPO/' and P04
3

, 


(Ka 3.5 x 10'8) 
 (Ka 3.6 x 10,13)(Ka = 6.3 x 10.5) 

Explain your choice: 

Benzoic acid and the benzoate ion is the best choice because the pKa of benzoic acid is closest 
to 4.50. Therefore, the resulting buffer will have a base to acid ratio close to one. 

12. A buffer's job is to prevent large pH changes upon the addition of small amounts of either strong 
acid or strong base. As long as the buffer capacity is not exceeded, any added strong acid or strong 
base will be neutralized by the buffer components. Let's look at this process quantitatively. 

a. 	 What is the pH of a buffer made by mixing 10 mL of OAO M sodium dihyrdogen phosphate 
with 10 mL of 0.40 M~en phosphate? The 3 Ka values for phosphoric acid 
are: Kal = 7.5 X 10'3, Ka2 = 6.2 x 10' Ka3 4.8 X 10,13. I 
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b. 	 Write the net ionic equations for the neutralization reactions that occur upon addition of a 
small amount ofNaOH (or any metal hydroxide) or HCl (or any strong acid) to the buffer. 

Add strong base: l-l'l POq- +0 (-e ~ Hpaq2- t t-i'LG 

Add strong acid: I~ r au,1.- t rt:'JO-\- -"t ~~(7G.t- -{. (-tzj 

c. 	 What is the pH after 20.0 mL of 0.0 10M NaOH or 0.010 M HCl is added to the buffer? 
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