
Buffer Solutions 

 

Biological systems are extremely sensitive to pH.  Human beings can only operate in the 

pH range of 7.35 to 7.45.  How do we maintain such a stringent pH?  Fortunately our 

blood is buffered with the carbonic acid / bicarbonate buffer.  In fact, most biologically 

active systems require a buffered environment.  Enzyme reactivity is extremely sensitive 

to solution pH and requires buffered solutions to function.  

 

In lab this week you will prepare buffer solutions and examine their change in pH with 

the addition of strong acids and bases. 

 

A pH meter is the best way to determine the pH of a solution.  pH meters, on the other 

hand, can be very finicky instruments.  A much quicker way to get a measure of a 

solution pH is a universal indicator.  A universal indicator has a color associated with 

each pH unit over a wide pH range.  In this buffer lab we will use a universal indicator 

useful over the pH 4 to 10.  The color pH code is: 

 

pH 12: purple  

pH 10: blue 

pH   9: teal 

pH   8: green  

pH   7: yellow (greenish) 

pH   6: yellow  

pH   5: orange (yellow) 

pH   4: red (orange) 

pH   3 and lower  red 

 

Buffer capacity is a measure of the amount of strong acid or base that a buffer can absorb 

before a significant change in pH is observed.  The term is most often used qualitatively, 

“the solution has a large buffer capacity”, but there are also quantitative descriptions of 

buffer capacity.  There is not universal agreement on a quantitative expression of buffer 

capacity, one description is:  
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We will use this quantitative description of buffer capacity to describe a phosphate 

buffer.  The phosphate buffer solution (H2PO4
−
 / HPO4

2−
) is one of the most common 

biological buffers, because it buffers so near to pH 7.3. 

 

Preparation of a Phosphate Buffer 

 

We will begin by preparing 200 mL of a phosphate buffer solution (H2PO4
−
 / HPO4

2−
) 

that is 0.05 M in both acid and conjugate base.  We will create this buffer in two steps.  

The H2PO4
−
 in the solution is obtained from the salt NaH2PO4 and the HPO4

2−
 is from the 

salt K2HPO4.  You will prepare 100 mL of 0.1 M solutions of each salt and then combine 

them to create the 0.05 M buffer. 

 

Calculate the number of grams of NaH2PO4⋅H2O (FW = 138 g/mol) needed to make 100 

mL of a 0.1 M H2PO4
− 

 solution.  In addition, calculate in your notebook the pH that this 



salt solution should have from its hydrolysis with H2O.  (Use the Ka table provided at the 

end of the handout.) 

 

After calculating the pH of the 0.1M H2PO4
− 

 solution, prepare this solution in a 250 mL 

beaker.  100 mL of H2O can be measured with a graduated cylinder. 

 

To this salt solution, add six drops of the universal indicator.  Is the calculated pH the 

same as the pH given by the indicator?  Record the indicator color and corresponding pH. 

 

Calculate the number of grams of K2HPO4 (FW = 174.2 g/mol) needed to make 100 mL 

of a 0.1 M HPO4
2−

 solution. In addition, calculate in your notebook the pH that this salt 

solution should have from its hydrolysis with H2O.  Use the Ka table provided at the end 

of the handout.  Hint: This hydrolysis will be an equilibrium described by Kb. 

 

After calculating the pH of the 0.1M HPO4
2−

 solution, prepare this solution in a 250 mL 

beaker.  100 mL of H2O can be measured with a graduated cylinder. 

 

To this salt solution add six drops of the universal indicator.  Is the calculated pH the 

same as the pH given by the indicator?  Record the indicator color and corresponding pH. 

 

Mixing these two solutions will produce a phosphate buffer solution.  What should the 

pH of the resulting buffer solution be?  Show this pH calculation in your lab notebook. 

 

Add one of the solutions to the other to create the phosphate buffer (H2PO4
−
 / HPO4

2−
).  

Stir the solution with a glass stir rod.  What pH does the indicator show for the buffer 

solution? 

 

Evenly divide this buffer solution into your 250 mL beakers.  This will give two 100 mL  

buffer solutions.  These two buffer solutions will be examined during the addition of a 

strong acid to one and a strong base to another. 

 

Buffer Capacity of the Phosphate Buffer 

 

To calculate the buffer capacity of your phosphate buffer you will measure the moles of 

acid required to decrease the buffer pH by a known amount.  With the other solution the 

pH will be raised by a known amount through the addition of a strong base. 

 

In two beakers prepare two 100 mL water solutions that contain the same amount of 

indicator as the buffered solutions.  These non-buffered solutions will be used as a color 

control during the addition of a strong acid and base.  For these unbuffered solutions use 

the boiled water at the front of the lab.  The water is boiled to remove dissolved carbon 

dioxide, which form carbonic acid in water. 

 

At your lab table prepare two burets.  One buret is to contain 0.1 M HCl and one should 

be prepared with 0.1 M NaOH.  Be sure that the tips of the burets are filled before you 

use them and that they are labeled.  The NaOH and HCl are at the front of the room. 

 



To one of your pH = 7 water samples add two drops of 0.1 M HCl from your buret.  Stir 

this drop into the solution.  From the indicator color estimate the pH change (∆ pH) 

caused by 0.1 mL of 0.1 MHCl. 

 

To the other water sample add two drops of NaOH.  Estimate the pH change caused by 

the addition of 0.1 mL of 0.1 M NaOH.  These are the pH changes (∆ pH) you will use in 

the buffer capacity measurements. 

 

Now add HCl to one of the buffered solutions until the indicator color is the same as the 

acidic water solution you recently prepared.  Be sure to record initial and final buret 

readings, so that the total HCl volume added can be measured.   

 

When the pH of the buffer solution is the same as the pH of the acidic water sample, 

record the total volume of HCl required to change the pH of the buffer solution.   

 

From the buffer capacity formula on the first page, calculate the acidic buffer capacity of 

your phosphate buffer. 

 

Repeat this buffer capacity measurement by increasing the solution pH of the second 

buffer solution with the addition of 0.1M NaOH.  Add NaOH to the buffer solution until 

it is the same color (pH) as the basic water solution.  Be sure to record buret volumes. 

 

When the pH change has been made to the buffer, calculate the basic buffer capacity of 

the phosphate buffer.  These two buffer capacities should be the same, but determining 

pH with the universal indicator will make the buffer capacities somewhat different. 

 

Acetic Acid / Acetate Buffer 
 

Another common buffer system is the acetic acid / acetate buffer.  To prepare this buffer, 

quantities of acetic acid (HA) and acetate ion (A
−
) must be present in solution.  The 

acetate ion in this preparation will come from sodium acetate (H3CCO2Na·3H2O FW = 

136 g/mol).  The acetic acid H3CCOOH will be generated by the partial titration of 

acetate by HCl. 

 

Prepare a 100 mL sodium acetate solution by dissolving approximately 0.5 g (record the 

exact mass you use) of H3CCO2Na in water and diluting to 100 mL in a volumetric flask. 

 

Calculate in your lab notebook the moles of acetate ions in solution and the pH of your 

sodium acetate solution solution. 

 

Pour the sodium acetate solution into a 250 mL beaker.  Add three drops of the universal 

indicator to the solution.  After stirring record the solution pH as given by the indicator color. 

 

To produce a quantity of acetic acid in your solution calculate how many moles of HCl 

needs to be added to the acetate solution to produce a buffer solution that is half acetic 

acid (HA) and half acetate ion (A
−
). 

 

Using the 0.1 M HCl in your buret calculate how many ml of HCl must be added to your 

acetate solution to make [HA] = [A
−
] in your solution. 



 

What will the pH of this resulting buffer be? (This should be a very quick calculations 

because of the special buffer conditions you are preparing).  What should the color of the 

solution be? 

 

Add the necessary 0.1 M HCl to prepare the buffer solution above. 

 

Record the buffer solution pH as determined by the indicator color. 

 

The pH of the H3CCO2H / H3CCO2
−
 buffer should be near pH = 5.  From your 0.1 M 

NaOH buret record the amount of NaOH required to change the pH by 2.   

 

After increasing the buffer pH to 7 (green/yellowish), determine the quantity of NaOH 

required to now change the pH to 9, another pH change of 2.  This should be done 

carefully as the change will be rapid. 

 

Provide a statement comparing the two amounts of NaOH required to make the solution 

pH change by 2.  This is a marvelous example of the buffer region of a titration.  Once 

outside of the buffer region, you can expect dramatic pH changes upon its addition of 

titrant. 

 

After completing your buffer preparations you can clean your burets with DI water and 

place them back in the buret clamp, upside down with the stopcock open.  Be sure to 

rinse the tip of the burets.  Clean your remaining glassware.  Collect all used solutions in 

the waste beaker in the hood. 

 

Turn in your blue notebook pages.  There is no abstract for this qualitative laboratory. 

 

 


