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Question 5 
 

Answer the following questions about laboratory solutions involving acids, bases, and buffer solutions. 
 
(a) Lactic acid, HC3H5O3, reacts with water to produce an acidic solution. Shown below are the complete 

Lewis structures of the reactants. 

   
 
 In the space provided above, complete the equation by drawing the complete Lewis structures of the 

reaction products. 

 

 
 

One point is earned for 
each correct structure. 

 
(b) Choosing from the chemicals and equipment listed below, describe how to prepare 100.00 mL of a 1.00 M 

aqueous solution of NH4Cl (molar mass 53.5 g mol−1).  Include specific amounts and equipment where 
appropriate. 

NH4Cl(s)     50 mL buret  100 mL graduated cylinder 100 mL pipet 
Distilled water     100 mL beaker 100 mL volumetric flask Balance 
 

 mass of NH4Cl  =  (0.100 L)(1.00 mol L−1)(53.5 g mol−1)  =  5.35 g NH4Cl  
 

1. Measure out 5.35 g NH4Cl using the balance. 

2. Use the 100 mL graduated cylinder to transfer approximately 25 mL of 
distilled water to the 100 mL volumetric flask. 

3. Transfer the 5.35 g NH4Cl to the 100 mL volumetric flask. 

4. Continue to add distilled water to the volumetric flask while swirling the flask 
to dissolve the NH4Cl and remove all NH4Cl particles adhered to the walls. 

 5. Carefully add distilled water to the 100 mL volumetric flask until the bottom 
of the meniscus of the solution reaches the etched mark on the flask.

 

One point is 
earned for the mass. 

 
One point is 

earned for using a 
volumetric flask. 

 
One point is 

earned for diluting 
to the mark. 
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Question 5 (continued) 
 

(c) Two buffer solutions, each containing acetic acid and sodium acetate, are prepared. A student adds 0.10 mol 
of HCl to 1.0 L of each of these buffer solutions and to 1.0 L of distilled water. The table below shows the 
pH measurements made before and after the 0.10 mol of HCl is added. 

 pH Before HCl 
Added 

pH After HCl 
Added 

Distilled Water 7.0 1.0 
Buffer 1 4.7 2.7 
Buffer 2 4.7 4.3 

 
 (i) Write the balanced net-ionic equation for the reaction that takes place when the HCl is added to 

buffer 1 or buffer 2. 

C2H3O2
−  +  H3O+  →   HC2H3O2  +  H2O 

 
One point is earned 

for the equation. 
 

 
 

 (ii) Explain why the pH of buffer 1 is different from the pH of buffer 2 after 0.10 mol of HCl is added.
 

 Before the HCl was added, each buffer had the same pH and thus had the 

same [H+]. Because Ka for acetic acid is a constant, the ratio of [H+] to Ka 
must also be constant; this means that the ratio of [HC2H3O2 ] to [C2H3O2

− ] 
is the same for both buffers, as shown by the following equation, derived from
the equilibrium-constant expression for the dissociation of acetic acid.  

+

− =2 3 2

2 3 2

[HC H O ] [H ]

[C H O ] aK
 

 After the addition of the H+, the ratio in buffer 1 must have been greater 
than the corresponding ratio in buffer 2, as evidenced by their respective pH 
values. Thus a greater proportion of the C2H3O2

− in buffer 1 must have 

reacted with the added H+ compared to the proportion that reacted in 
buffer 2. The difference between these proportions means that the original 
concentrations of HC2H3O2  and C2H3O2

−  had to be smaller in buffer 1 than 
in buffer 2. 

 

One point is earned for a 
correct answer involving 
better buffering capacity 

or relative amount of base 
(acetate ion). 
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Question 5 (continued) 
 

 (iii) Explain why the pH of buffer 1 is the same as the pH of buffer 2 before 0.10 mol of HCl is added. 

 Both buffer solutions have the same acid to conjugate-base 
 mole ratio in the formula below. 

[H+]  =  Ka 
[ ]

−⎡ ⎤
⎣ ⎦

2 3 2

2 3 2

HC H O

C H O  

 
Therefore, the buffers have the same [H+] and pH.

 

One point is earned for the correct 
answer involving ratio of acid 

to base in the buffer. 
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Question 5 

 
Sample: 5A 
Score: 8 
 
This response earned all 8 points: 2 for part (a), 3 for part (b), 1 for part (c)(i), 1 for part (c)(ii), and 1 for  
part (c)(iii). 
 
Sample: 5B 
Score: 5 
 
Both points were earned in part (a). The first point was earned in part (b) for the correct mass calculation; the 
other 2 points were not earned because the volumetric flask is not used, and the water is not filled to the mark that 
indicates a total volume of 100.00 mL. The point was not earned in part (c)(i) because the equation is not a net-
ionic equation. The points were earned in parts (c)(ii) and (c)(ii). 
 
Sample: 5C 
Score: 3 
 
The points were not earned in part (a). The first point was earned in part (b) for the correct mass of solute (even 
though the student identifies the solute as HCl instead of NH4Cl). The other 2 points were not earned because the 
volumetric flask is not used, and the water is not filled to the mark that indicates a total volume of 100.00 mL.  
The points were earned in parts (c)(i) and (c)(ii). In part (c)(iii) the point was not earned because the student does 
not write about the importance of the ratio of acetate to acetic acid but simply states the obvious relationship 
between H+ concentration and pH. 
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