
Buffer Prep Lab 
Chemistry 241/ 2009/ David Thompson 

 
 A buffered solution* is (1) a solution that contains roughly equal amounts of a weak acid 
and its conjugate base, and these enable the buffered solution to (2) resist a change in its 
pH by reacting respectively with hydroxide ions (OH-) and protons (H+) to produce water. 
The most important human example of a buffered solution is blood. In blood, the conjugate bases 
of the buffering system neutralize acids produced in biological reactions, while the conjugate 
acids of the buffering system neutralize bases produced in biologial reactions. These buffering 
reactions convert strong acids and bases to water and in this manner enable the blood to maintain 
the nearly constant pH range that is necessary for cell survival. (p. 716, Zumdahl).  
 
 
To prepare a buffered solution one needs to mix reagents in such a way that at the end of 
the process there are non negligible amounts of both a conjugate weak acid and its 
conjugate weak base present. There are three ways to do this: 
 

1. Dissolve appropriate amounts of a weak acid and its salt1

2. Mix a weak acid with a strong base and dilute. Convert an appropriate amount of the 
weak acid to its weak base form by titrating with an aqeous solution of strong base, such 
as 0.1 M NaOH. 

 (i.e. its conjugate base in salt 
form) or a weak base and its salt (i.e. its conjugate acid in salt form.) in water. 

3. Mix a weak base with a strong acid and dilute. Convert an appropriate amount of the 
weak base to its weak acid form by titrating with an aqeous solution of strong acid, such 
as 0.1 M HCl. 

 
After an appropriate amount of time studying the paragraph shown above do the following 
exercise. Within your group, go around the circle twice. Each person should attempt to describe 
three ways of preparing a buffer without looking at the answer. The other members of the group 
should look at the text above and let the speaker know how close they came to getting it right. 
Everyone should try twice. 

 

                                                 
1 Generally when one goes looking for a conjugate weak acid and a conjugate weak base on the 
chemistry stockroom shelf, one of the two conjugates will be found in its salt form; that is, 
combined with a metal ion or an organic anion of equal and opposite charge. Such compounds in 
which two ions are combined to yield molecules with charge is 0 are called salts. Since all 
chemicals are stored as neutral chemicals, one of the conjugates must be stored as a salt.  Thus 
Zumdahl and Zumdahl correctly say that a buffer consists either of a weak acid and its salt (i.e. 
its conjugate base in salt form) or a weak base and its salt (i.e. its conjugate acid in salt form). 



Prelab: Design a recipe for preparing 250mL of buffer at the target pH you have selected by 
dissolving appropriate amounts of benzoic acid (conjugate acid) and sodium benzoate (conjugate 
base) into de-ionized water. In general a conjugate acid base pair is only able to form useful 
buffers within pH a pH range of ±0.5 pH units of the pKa of the conjugate acid. Since the pKa of 
Benzoic acid is 4.202, Benzoic acid will only form reliable buffers within the pH range of ~ 3.7-
4.7.  
PreLab:  

1. Select a target pH for your buffer that is between 3.7 and 4.7. The benzoic acid may 
not dissolve very readily, so keep its concentration below 0.005 M. Draw up a 
detailed recipe for preparing 250 mL of this buffer. A summary of the method for 
doing this is attached to the end of this lab as an appendix. You will begin your lab 
by preparing this buffer. 

2. Memorize the definition of a buffered solution given on the previous page. 
 
 
 
 
 
 
 
 
 
 
In Lab: 
   
Quick Test: What is the definition of a buffered solution? What are the main steps that need to be 
followed in preparing a buffered solution? Within your group go around the circle twice, with 
each person attempting answer the two questions without looking at external aids. The other 
members of the group should look at the text above and let the speaker know how close they 
came to getting it right. Everyone should have two attempts at answering both questions. 
 

1. Prepare 250 mL of buffer of benzoic acid/sodium benzoate buffer at your target pH. 
Because sodium benzoate does not dissolve readily keep its concentration below 0.005 
M. 

 
2. Distribute 200mL of the buffer equally between 4 beakers. Each beaker should contain 

50mL of your buffer. Label the 4 four beakers: Buffer Aliquot 1, Buffer Aliquot 2, Buffer 
Aliquot 3 and Buffer Aliquot 4.  

 
3. Fill another four beakers with de-ionized water from the white taps at the sink. 

 Label these beakers: DI water 1, DI water 2, DI water 3 and DI water 4. 
 



Explore the difference between the response of your buffer solution and that of deionized water 
to the following challenges. In all of the challenges listed below, do all measurements with DI 
water first, to obtain control values, before repeating the same set of measurements with your  
buffered solution.  
 

Challenge 1 
 

Acid challenge  
Dilution Challenge 

pH of  
 
DI water 1 

pH of  
 
Buffer Aliquot 1 

 Measure pH 
 

  

Add one mL of 0.01 M HCl.  
Measure pH  
 

  

Mix each solution with 100mL 
of water. Measure pH 
 

  

 
1. Which solution’s pH is most strongly perturbed by an addition of acid? 
2. Which solution’s pH is most strongly perturbed by dilution? 
 
The generic form of one of the reactions that is active in a buffered solution is: 
 

a
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      + =
  

  

3. A second reaction becomes active when the solution is challenged by the addition of a strong 
acid. Write out the generic from of this second reaction, and use Le Chatelier’s principle to 
predict which way it will cause the equilibrium of the first reaction to shift. 
 
 
 
4. Use Le Chatelier’s principle to predict whether the first reaction would be predicted to shift 
left or right upon dilution. Does your observed pH change agree qualitatively with the 
prediction? 
  
5. The pH of a truly neutral solution (pH 7) does not change upon dilution. However, the pH of 
an unbuffered acidic (or basic) solution does change upon dilution. Use the definition of pH to 
explain why this is to be expected.  

logpH H + = −    
Use the equation shown above to predict how much the pH is expected to change for the dilution 
that you carried out. How well does the pH change that you observed agree with the one that you 
predicted? 
 



Do all measurements with DI water first, to obtain control values, before repeating the same set 
of measurements with your  buffered solution.  
 

Challenge 2 Base challenge  
Dilution Challenge 

pH of  
 
DI water 2 

pH of  
 
Buffer Aliquot 2 

 pH prior to challenge 
 

  

 Add one mL of 0.01 M NaOH. 
Measure pH. 

  

 Add 2 grams of table salt (NaCl). 
Measure pH. 

  

 
Do all measurements with DI water, to obtain control values, before repeating the same set of 
measurements with your buffered solution.  
 

Challenge 3 Degassing Challenge pH of  
 
DI water 3 

pH of  
 
Buffer Aliquot 3 

 pH prior to challenge 
 

  

 Degas the samples your are 
degassing either by,  

A. bubbling N2 gas through 
them while monitoring 
pH or 

B. bringing each solution to 
a boil. Cover & Cool in 
an ice bath. Measure pH 
when you can 
comfortably handle each 
solution. 

  

 
 
 
 
 
 
 
 
Based on the experiments you have conducted in this lab, what conclusions can you draw about 
the similarities and differences of buffered and unbuffered solutions? Are the observations you 
have made consistent with your theoretical understanding of how buffers should behave? If you 
found discrepancies between your expectations and experiments, try to explain how the 
discrepancies might have arisen. 
 
 
 



 
Individual exercise: Numerous other conjugate acids and bases have been placed out. Select an 
appropriate conjugate pair and a target pH. Individually prepare 100mL of a buffer aiming to 
obtain the targeted pH and assuming that a total buffer concentration of either 0.01 M or 0.005 
M. Mix the buffer well and then measure its pH. How close did you come to your target pH? 
 
 
 
 
 
 
 
IF you wish: 
 
Devise a simple test for determining whether or not a solution is buffered. Then go out and 
obtain a commonly available substance (such as coffee, soda or aspirin etc…) Dissolve it in 
water if necessary. Use your test to attempt to determine whether or not the solution is buffered. 
Describe the sample that you tested and comment on the results of your test. 



Appendix: Conjugate Acid / Conjugate Base Buffer Recipe 
Assuming that the following ingredients are available on the shelf, describe exactly how you would 
prepare a buffer with pH = 4.6, weaker buffer ingredient concentration = 0.003 M & total volume = 
500 mL. 
 

  Ka pKa   
46.03 g/mol Formic Acid (HCO2H) 1.8·10-4 3.74 Sodium Formate (NaCO2H) 68.01 g/mol 
60.052 g/mol Acetic Acid (HC2H3O2) 1.8·10-5 4.74 Potassium Acetate (KC2H3O2) 98.14 g/mol 
52.46 g/mol Hypochlorous acid (HOCl) 3.5·10-8 7.46 Sodium hypochlorite (NaOCl) 74.44 g/mol 
96.91 g/mol Hypobromous acid (HOBr) 2·10-9 8.70 Potassium hypobromate 

(KOBr) 
135.00 
g/mol 

61.83 g/mol Boric acid (H3BO3) 5.8·10-10 9.24 Potassium Borate (KH2BO3) 99.92 g/mol 
 
 
(1) Find the conjugate acid/base pair with pKa closest to the target pH  

The pKa which is closest to 4.4 is the pKa of acetic acid which is equal to 4.74. Thus the 
conjugate pair of acetic acid (HA) and sodium acetate (NaA Na++A-) are the ones that should 
be used to prepare this buffer.  
 

(2) Calculate the ratio of conjugate base to acid that is needed to obtain the desired pH 
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(3) Calculate the concentration of weak acid and weak base that will be used. The problem states 

that the concentration of the weaker buffer component is 0.003 M.  Since the ratio of base to 
acid is smaller than 1, the weaker (less abundant) buffer ingredient is A-.  

                           
0.003 ,

0.003 0.00414
0.724

Thus A M substitutethisback intotheratioequation

MHA M

−  = 

  = = 
 

(If you had not been told the concentration of A- you could pick any reasonable concentration for 
one of the two ingredients, and then could calculate the concentration of the other.) 
 

(4) Determine how many grams of each are needed: 

0.003 potassium acetate
KA

mol
Mass =

BufferL
0.500 BufferL⋅ 98.14 potassium acetate

potassium acetate

g
mol

⋅ 0.1472

0.00414

potassium acetate

acetic acid
HA

g

mol
Mass

=

=
BufferL

0.500 BufferL⋅ 60.052 acetic acid

acetic acid

g
mol

⋅ 0.1244 acetic acidg=
 

Recipe: (Use goggles, check Material Safety Data Sheet if you are unfamiliar with acetic acid) 
A. To a 500 mL volumetric flask add about 50 mL of DI water. 
B. Weigh out on an analytical balance 0.1472g KC2H3O2 and 0.1970g HC2H3O2. 
C. Add these to the 500 mL volumetric flask. Mix well by swirling while holding the flask by its 

base (not by the neck, which is fragile and might break). 
D. Add water until the flask is 2/3 full. Mix well by swirling, once again holding the flask at its 

base. Fill to near the bottom of the mark. Complete the fill by adding DI water dropwise with 
a dropper or Pasteur pipette.  

E. Cap and Invert 5-6 times to ensure good mixing, making sure to partially open the cap after 
each inversion to release any pressure that might have built up. 

F. Measure the pH with a pH meter to see if the desired pH was obtained. If you are close add 
strong acid or base dropwise while stirring and monitoring pH, to nudge the pH over to the 
desired value. If the pH is more than ~0.6 units away from the target, start again.  


