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 Grade Boundary: Low Excellence 

1. For Excellence, the student needs to carry out comprehensive quantitative analysis. 
 
This involves: 
 

• collecting titration data that contains at least three titre values that fall within 
a range of 0.2 mL; the average titre value must be within 0.2 mL of the 
expected outcome 

• solving quantitative problems that involve more than two steps 
• the use of stoichiometric principles.  

 
Answers to calculations must demonstrate correct units and appropriate use of 
significant figures. 
 
The student has collected titration data containing three titre values within 0.2 mL of 
each other and the average titre value is within 0.2 mL of the expected outcome (1). 
Quantitative problems that involve more than two steps and the use of stoichiometric 
principles, involving n=m/M and c=n/V are solved using appropriate procedures (2).  
 
For a more secure Excellence, the student could give all final answers to three 
significant figures and use correct units (3). 
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Results       (expected outcome = 21.01 mL) 

Final burette 
reading (mL) 

21.25 42.15 22.10 42.92 

Initial burette 
reading (mL) 

0.15 21.25 1.25 22.10 

Titre (mL) 
 

 
21.10 

 
20.90 

 
20.85 

 
20.82 

 
Calculations 

1. Calculate the average titre volume for the sodium hydroxide 
 
(20.90 + 20.85 + 20.82)  = 20.86 mL = 0.02086 L                      
                  3 

2. Use the known concentration of sodium hydroxide to calculate the amount, in 
moles, of sodium hydroxide  

 
n(NaOH) = c x V = 0.105 x 0.02086 = 2.19 x 10-03 mol 
 
The balanced equation for the reaction occurring is: 

CH3COOH  +  NaOH    CH3COONa  +  H2O 
 

3. Calculate the concentration of ethanoic acid in the diluted vinegar solution 
used in the titration. Give your answer to three significant figures. 

 
n(CH3COOH) = n(NaOH) = 2.19 x 10-03 mol  
 
c(CH3COOH) = n ÷ V 
                       = 2.19 x 10-03 mol ÷ 0.025 L 
                       = 0.0876 mol L-1 
 
Part B: Written activity 
 
Use the following molar masses: 
 
M(C) = 12.0 g mol-1  M(H) = 1.00 g mol-1  M(O) = 16.0 g mol-1  M(Na) = 23.0 g mol-1 
 

1. Oxalic acid is 26.7% carbon, 2.22% hydrogen and 71.1% oxygen, and has a 
molar mass of 90.0 g mol-1. Calculate both the empirical formula and molecular 
formula of oxalic acid. 
 

n(C) = 26.7÷ 12.0 = 2.23 mol  n(O) = 71.1 ÷ 16.0 = 4.44 mol 
 

n(H) = 2.22 ÷ 1.00 = 2.22 mol 
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n(C) 2.23 ÷ 2.22  :  n(H) 2.22 ÷ 2.22  :  n(O) 4.44 ÷ 2.22 

 
=           1.00        :             1.00          :             2.00 

 
Empirical formula = CHO2            M(empirical formula) = 45 g mol-1 

Molecular formula - 90/45 = 2 

                              2(CHO2) =  C2H2O4 

 
2. Malic acid reacts with sodium hydroxide. The equation is  

 
     C4H6O5  +  2NaOH    C4H4O5Na2  +  2H2O 
 
Calculate the maximum mass of sodium malate, C4H4O5Na2, which could be 
made from 15.0g of sodium hydroxide. 

 
n(NaOH) = 15.0 ÷ 40 = 0.375 mol                     n(NaOH)  :  n(C4H4O5Na2)  = 2 : 1 
 
n(C4H4O5Na2)  =  0.375 ÷ 2  =  0.1875 mol        
 
m(C4H4O5Na2)  = 0.1875 x 178  = 33.4g 
 

3. Sodium carbonate, Na2CO3, reacts with hydrochloric acid, HCl. The equation 
for this reaction is 

Na2CO3 + 2HCl      2NaCl + CO2 + H2O 

A student titrates 25.0 mL aliquots of a 0.200 mol L-1 hydrochloric acid solution, with a 
solution of sodium carbonate.   

The student recorded the following volumes of sodium carbonate:  

24.30 mL 24.41 mL 24.09 mL 24.27 mL 

Using this information, calculate the concentration of sodium carbonate solution. 

n(HCl) = 0.200 x 0.025 

           = 0.005 mol 

V(Na2CO3) = 24.30 mL + 24.41 mL + 24.27 mL/3 

                  = 24.33 mL 

n (Na2CO3) = 0.005/2 = 0.0025 mol 

c(Na2CO3) = 0.0025/0.02433 = 0.10 mol L-1 
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 Grade Boundary: High Merit 

2. For Merit, the student needs to carry out in-depth quantitative analysis. 
 
This involves:  
 

• collecting titration data that contains at least three titre values that fall within 
a range of 0.4 mL; the average titre value must be within 0.5 mL of the 
expected outcome  

• solving quantitative problems that involve at least two steps and require 
application of relationships such as n=m/M and c=n/V.  

 
Titration calculations must be carried out correctly using only concordant titre values. 
 
The student has collected titration data that contains three titre values that fall within 
0.2 mL of each other but the average titre value is within 0.5 mL of the expected 
outcome (1). Quantitative problems that involve at least two steps, involving n=m/M 
and c=n/V have been solved using appropriate procedures (2).  
 
To reach Excellence, the student could give all final answers to three significant 
figures (3) and solve problems involving more than two steps and using 
stoichiometric principles (4). 
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Results       (expected outcome = 21.01 mL) 

Final burette 
reading (mL) 

21.45 21.68 42.40 

Initial burette 
reading (mL) 

0.69 0.84 21.68 

Titre (mL) 
 

 
20.76 

 
20.84 

 
20.72 

 
Calculations 

1. Calculate the average titre volume for the sodium hydroxide 
 
(20.76 + 20.84 + 20.72)  = 20.77 mL = 0.02077 L                      
                  3 

2. Use the known concentration of sodium hydroxide to calculate the amount, in 
moles, of sodium hydroxide  

 
n(NaOH) = c x V = 0.105 x 0.02077 = 2.18085 x 10-03 mol 
 
The balanced equation for the reaction occurring is: 

CH3COOH  +  NaOH    CH3COONa  +  H2O 
 

3. Calculate the concentration of ethanoic acid in the diluted vinegar solution 
used in the titration. Give your answer to three significant figures. 

 
n(CH3COOH) = n(NaOH) = 2.18085 x 10-03 mol  
 
c(CH3COOH) = n ÷ V 
                       = 2.18085 x 10-03 mol ÷ 0.025 L 
                       = 0.087 mol L-1 
 
Part B: Written activity 
 
Use the following molar masses: 
 
M(C) = 12.0 g mol-1  M(H) = 1.00 g mol-1  M(O) = 16.0 g mol-1  M(Na) = 23.0 g mol-1 
 

1. Oxalic acid is 26.7% carbon, 2.22% hydrogen and 71.1% oxygen, and has a 
molar mass of 90.0 g mol-1. Calculate both the empirical formula and molecular 
formula of oxalic acid. 
 

n(C) = 26.7÷ 12.0 = 2.23 mol  n(O) = 71.1 ÷ 16.0 = 4.44 mol 
 

n(H) = 2.22 ÷ 1.00 = 2.22 mol 
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n(C) 2.23 ÷ 2.22  :  n(H) 2.22 ÷ 2.22  :  n(O) 4.44 ÷ 2.22 

 
=           1.00        :             1.00          :             2.00 

 
Empirical formula = CHO2            M(empirical formula) = 45 g mol-1 

Molecular formula = C2H2O4 

 

 
2. Malic acid reacts with sodium hydroxide. The equation is  

 
     C4H6O5  +  2NaOH    C4H4O5Na2  +  2H2O 
 
Calculate the maximum mass of sodium malate, C4H4O5Na2, which could be 
made from 15.0g of sodium hydroxide. 

 
n(NaOH) = 15.0 ÷ 40 = 0.375 mol                     n(NaOH)  :  n(C4H4O5Na2)  = 2 : 1 
 
n(C4H4O5Na2)  =  0.375 mol        
 
m(C4H4O5Na2)  = 0.375 x 178  = 66.75g 
 

3. Sodium carbonate, Na2CO3, reacts with hydrochloric acid, HCl. The equation 
for this reaction is 

Na2CO3 + 2HCl      2NaCl + CO2 + H2O 

A student titrates 25.0 mL aliquots of a 0.200 mol L-1 hydrochloric acid solution, with a 
solution of sodium carbonate.   

The student recorded the following volumes of sodium carbonate:  

24.30 mL 24.41 mL 24.09 mL 24.27 mL 

Using this information, calculate the concentration of sodium carbonate solution. 

n(HCl) = 0.200 x 0.025 

           = 0.005 mol 

V(Na2CO3) = 24.30 mL + 24.41 mL + 24.27 mL/3 

                  = 24.33 mL 

n (Na2CO3) = 0.005/2 = 0.0025 mol 

c(Na2CO3) = 0.0025 mol/0.025 L = 0.1 mol L-1 
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 Grade Boundary: Low Merit 

3. For Merit, the student needs to carry out in-depth quantitative analysis.  
 
This involves: 
 

• collecting titration data that contains at least three titre values that fall within 
a range of 0.4 mL; the average titre value must be within 0.5 mL of the 
expected outcome 

• solving quantitative problems that involve at least two steps and require 
application of relationships such as n=m/M and c=n/V.  

 
Titration calculations must be carried out correctly using only concordant titre values.  
 
The student has collected titration data that contains three titre values that fall within 
0.2 mL of each other but the average titre value is within 0.5 mL of the expected 
outcome (1). Quantitative problems involving c=n/V have been solved correctly (2). 
A quantitative problem involving n=m/M has been solved (3). 
 
For a more secure Merit, the student could correctly solve a quantitative problem 
that uses the relationship n=m/M involving at least two steps (3). 
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Results       (expected outcome = 21.01 mL) 

Final burette 
reading (mL) 

21.45 21.68 26.22 

Initial burette 
reading (mL) 

0.69 0.84 5.5 

Titre (mL) 
 

 
20.76 

 
20.84 

 
20.72 

 
Calculations 

1. Calculate the average titre volume for the sodium hydroxide 
 
(20.76 + 20.84 + 20.72)  = 20.77 mL = 0.02077 L                      
                  3 

2. Use the known concentration of sodium hydroxide to calculate the amount, in 
moles, of sodium hydroxide  

 
n(NaOH) = c x V = 0.105 x 0.02077 = 2.18085 x 10-03 mol 
 
The balanced equation for the reaction occurring is: 

CH3COOH  +  NaOH    CH3COONa  +  H2O 
 

3. Calculate the concentration of ethanoic acid in the diluted vinegar solution 
used in the titration. Give your answer to three significant figures. 

 
n(CH3COOH) = n(NaOH) = 2.18085 x 10-03 mol  
 
c(CH3COOH) = n ÷ V 
                       = 2.18085 x 10-03 mol ÷ 0.025 L 
                       = 0.087 mol L-1 
 
Part B: Written activity 
 
Use the following molar masses: 
 
M(C) = 12.0 g mol-1  M(H) = 1.00 g mol-1  M(O) = 16.0 g mol-1  M(Na) = 23.0 g mol-1 
 

1. Oxalic acid is 26.7% carbon, 2.22% hydrogen and 71.1% oxygen, and has a 
molar mass of 90.0 g mol-1. Calculate both the empirical formula and molecular 
formula of oxalic acid. 
 

n(C) = 26.7÷ 12.0 = 2.23 mol  n(O) = 71.1 ÷16.0 = 4.44 mol 
 

n(H) = 2.22 ÷ 1.00 = 2.22 mol 
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n(C) 2.23 ÷ 2.22  :  n(H) 2.22 ÷ 2.22  :  n(O) 4.44 ÷ 2.22 

 
=           1.00        :             1.00          :             2.00 

 
Empirical formula = CHO2            M(empirical formula) = 45 g mol-1 

Molecular formula = C2H2O4 

 
2. Malic acid reacts with sodium hydroxide. The equation is  

 
     C4H6O5  +  2NaOH    C4H4O5Na2  +  2H2O 
 
Calculate the maximum mass of sodium malate, C4H4O5Na2, which could 
bemade from 15.0g of sodium hydroxide. 

 
n(NaOH) = 15.0 ÷ 40 = 0.375 mol                     n(NaOH)  :  n(C4H4O5Na2)  = 2 : 1 
 
n(C4H4O5Na2)  =  0.375 ÷ 2  =  0.185 mol        
 
m(C4H4O5Na2)  = 0.185 x 155  = 28.675 g 
 

3. Sodium carbonate, Na2CO3, reacts with hydrochloric acid, HCl. The equation 
for this reaction is 

Na2CO3 + 2HCl      2NaCl + CO2 + H2O 

A student titrates 25.0 mL aliquots of a 0.200 mol L-1 hydrochloric acid solution, with a 
solution of sodium carbonate.   

The student recorded the following volumes of sodium carbonate:  

24.30 mL 24.41 mL 24.09 mL 24.27 mL 

Using this information, calculate the concentration of sodium carbonate solution. 
 

n(HCl) = 0.200 x 0.025 

           = 0.005 mol 

V(Na2CO3) = 24.30 mL + 24.41 mL + 24.27 mL/3 

                  = 24.33 mL 

n (Na2CO3) = 0.005/2 = 0.0025 mol 

c(Na2CO3) = 0.0025 mol/0.02433 L = 0.1027 mol L-1 
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 Grade Boundary: High Achieved 

4. For Achieved, the student needs to carry out quantitative analysis. 
 
This involves: 
 

• collecting titration data that contains at least three titre values that fall within 
a range of 0.4 mL; the average titre value must be within 0.8 mL of the 
expected outcome 

• solving quantitative problems that use the relationships n=m/M and c=n/V to 
calculate one variable given the other two (the relationships are not given).  

 
The student has collected titration data that contains three titre values that fall within 
0.4 mL of each other and the average titre value is within 0.8 mL of the expected 
outcome (1). A quantitative problem involving c=n/V (titration problem) has been 
solved (2). A Quantitative problem using n=m/M is calculated correctly (3).  
 
To reach Merit, the student could collect titration data for which the average titre 
value is within 0.5 mL of the expected outcome (1) and correctly calculate a two-step 
quantitative problem that uses the relationship n=m/M (4). 
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Results       (expected outcome = 21.01 mL) 

Final burette 
reading (mL) 

21.99 22.54 29.95 

Initial burette 
reading (mL) 

0.69 1.09 8.5 

Titre (mL) 
 

 
21.30 

 
21.75 

 
21.45 

 
Calculations 

1. Calculate the average titre volume for the sodium hydroxide 
 
(21.30 + 21.70 + 21.45)  = 21.48 mL = 0.02148 L                      
                  3 

2. Use the known concentration of sodium hydroxide to calculate the amount, in 
moles, of sodium hydroxide  

 
n(NaOH) = c x V = 0.105 x 0.02150 = 2.256 x 10-03 mol 
 
The balanced equation for the reaction occurring is: 

CH3COOH  +  NaOH    CH3COONa  +  H2O 
 

3. Calculate the concentration of ethanoic acid in the diluted vinegar solution 
used in the titration. Give your answer to three significant figures. 

 
n(CH3COOH) = n(NaOH) = 2.256 x 10-03 mol  
 
c(CH3COOH) = n ÷ V 
                       = 2.256 x 10-03 mol ÷ 0.025 L 
                       = 0.0902 mol L-1 
 
Part B: Written activity 
 
Use the following molar masses: 
 
M(C) = 12.0 g mol-1  M(H) = 1.00 g mol-1  M(O) = 16.0 g mol-1  M(Na) = 23.0 g mol-1 
 

1. Oxalic acid is 26.7% carbon, 2.22% hydrogen and 71.1% oxygen, and has a 
molar mass of 90.0 g mol-1. Calculate both the empirical formula and molecular 
formula of oxalic acid. 

 
n(C) = 26.7÷ 12.0 = 2.23 mol  n(O) = 71.1 ÷ 32.0 = 2.22 mol 

 
n(H) = 2.22 ÷ 1.00 = 2.22 mol 
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n(C) 2.23 ÷ 2.22  :  n(H) 2.22 ÷ 2.22  :  n(O) 2.22 ÷ 2.22 
 

=           1.00        :             1.00          :             1.00 
 

Empirical formula = CHO           M(empirical formula) = 45 g mol-1 

Molecular formula = C2H2O2 

 
2. Malic acid reacts with sodium hydroxide. The equation is  

 
     C4H6O5  +  2NaOH    C4H4O5Na2  +  2H2O 
 
Calculate the maximum mass of sodium malate, C4H4O5Na2, which could 
bemade from 15.0g of sodium hydroxide. 

 
n(NaOH) = 15.0 ÷ 40 = 0.375 mol                     n(NaOH)  :  n(C4H4O5Na2)  = 2 : 1 
 
n(C4H4O5Na2)  =  0.375 x 2  =  0.75 mol        
 
m(C4H4O5Na2)  = 0.75 x 155  = 116.25g 
 

3. Sodium carbonate, Na2CO3, reacts with hydrochloric acid, HCl. The equation 
for this reaction is 

Na2CO3 + 2HCl      2NaCl + CO2 + H2O 

A student titrates 25.0 mL aliquots of a 0.200 mol L-1 hydrochloric acid solution, with a 
solution of sodium carbonate.   

The student recorded the following volumes of sodium carbonate:  

24.30 mL 24.41 mL 24.09 mL 24.27 mL 

Using this information, calculate the concentration of sodium carbonate solution. 
 

n(HCl) = 0.200 x 0.025 

           = 0.005 mol 

V(Na2CO3) = 24.30 mL + 24.41 mL + 24.27 mL/3 

                  = 24.33 mL 

n (Na2CO3) = 0.005/2 = 0.0025 mol 

c(Na2CO3) = 0.0025 mol/0.025 L = 0.1 mol L-1 
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 Grade Boundary: Low Achieved 

5. For Achieved, the student needs to carry out quantitative analysis. 
 
This involves: 
 

• collecting titration data that contains at least three titre values that fall within 
a range of 0.4 mL; the average titre value must be within 0.8 mL of the 
expected outcome 

• solving quantitative problems that use the relationships n=m/M and c=n/V to 
calculate one variable given the other two (the relationships are not given). 

 
The student has collected titration data that contains three titre values that fall within 
0.4 mL of each other and the average titre value is within 0.8 mL of the expected 
outcome (1). Titration calculation is carried out correctly (2). Part of a quantitative 
problem using n=m/M has been solved correctly (3).  
 
For a more secure Achieved, the student could correctly solve an entire quantitative 
problem using n=m/M. 
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Results       (expected outcome = 21.01 mL) 

Final burette 
reading (mL) 

21.69 22.07 21.67 

Initial burette 
reading (mL) 

0.00 0.00 0.00 

Titre (mL) 
 

 
21.69 

 
22.07 

 
21.67 

 
Calculations 

1. Calculate the average titre volume for the sodium hydroxide 
 
(21.69 + 22.07 + 21.67)  = 21.81 mL = 0.02181 L                      
                  3 

2. Use the known concentration of sodium hydroxide to calculate the amount, in 
moles, of sodium hydroxide  

 
n(NaOH) = c x V = 0.105 x 0.02181 = 2.290 x 10-03 mol 
 
The balanced equation for the reaction occurring is: 

CH3COOH  +  NaOH    CH3COONa  +  H2O 
 

3. Calculate the concentration of ethanoic acid in the diluted vinegar solution 
used in the titration. Give your answer to three significant figures. 

 
n(CH3COOH) = n(NaOH) = 2.290 x 10-03 mol  
 
c(CH3COOH) = n ÷ V 
                       = 2.290 x 10-03 mol ÷ 0.025 L 
                       = 0.0916 mol L-1 
                      
 
Part B: Written activity 
 
Use the following molar masses: 
 
M(C) = 12.0 g mol-1  M(H) = 1.00 g mol-1  M(O) = 16.0 g mol-1  M(Na) = 23.0 g mol-1 
 

1. Oxalic acid is 26.7% carbon, 2.22% hydrogen and 71.1% oxygen, and has a 
molar mass of 90.0 g mol-1. Calculate both the empirical formula and molecular 
formula of oxalic acid. 

 
n(C) = 26.7÷ 12.0 = 2.23 mol  n(O) = 71.1 ÷ 32.0 = 2.22 mol 

 
n(H) = 2.22 ÷ 1.00 = 2.22 mol 
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n(C) 2.23 ÷ 2.22  :  n(H) 2.22 ÷ 2.22  :  n(O) 2.22 ÷ 2.22 

 
=           1.00        :             1.00          :             1.00 

 
Empirical formula = CHO           M(empirical formula) = 45 g mol-1 

Molecular formula = C2H2O2 

 

2. Malic acid reacts with sodium hydroxide. The equation is  
 
     C4H6O5  +  2NaOH    C4H4O5Na2  +  2H2O 
 
Calculate the maximum mass of sodium malate, C4H4O5Na2, which could 
bemade from 15.0g of sodium hydroxide. 

 
n(NaOH) = 15.0 ÷ 40 = 0.375 mol                     n(NaOH)  :  n(C4H4O5Na2)  = 2 : 1 
 
n(C4H4O5Na2)  =  0.375 x  2  =  0.75 mol        
 
m(C4H4O5Na2)  = 0.75 x 155  = 116.25g 

 

3. Sodium carbonate, Na2CO3, reacts with hydrochloric acid, HCl. The equation 
for this reaction is 

Na2CO3 + 2HCl      2NaCl + CO2 + H2O 

A student titrates 25.0 mL aliquots of a 0.200 mol L-1 hydrochloric acid solution, with a 
solution of sodium carbonate.   

The student recorded the following volumes of sodium carbonate:  

24.30 mL 24.41 mL 24.09 mL 24.27 mL 

Using this information, calculate the concentration of sodium carbonate solution. 
 

n(HCl) = 0.200 x 0.025 

           = 0.005 mol 

V(Na2CO3) = 24.30 mL + 24.41 mL + 24.27 mL ÷ 3 

                  = 24.33 mL 

n (Na2CO3) = 0.005 x 2 = 0.01 mol 

c(Na2CO3) = 0.01/0.025  = 0.4 mol L-1 
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 Grade Boundary: High Not Achieved 

6. For Achieved, the student needs to carry out quantitative analysis. 
 
This involves: 
 

• collecting titration data that contains at least three titre values that fall within 
a range of 0.4 mL; the average titre value must be within 0.8 mL of the 
expected outcome 

• solving quantitative problems that use the relationships n=m/M and c=n/V to 
calculate one variable given the other two (the relationships are not given). 

 
The student has collected titration data that contains three titre values and the 
average titre value is within 0.8 mL of the expected outcome (1). Titration calculation 
is carried out correctly (2). A quantitative problem using n=m/M has been solved (3).  
 
To reach Achieved, the student could collect titration data that contain at least three 
titre values that fall within a range of 0.4 mL (4). 
 

 



Exemplar for internal assessment resource Chemistry for Achievement Standard 91161 

© NZQA 2017  

Results       (expected outcome = 21.01 mL) 

Final burette 
reading (mL) 

21.69 22.07 21.65 

Initial burette 
reading (mL) 

0.00 0.00 0.00 

Titre (mL) 
 

 
21.69 

 
22.07 

 
21.65 

 
Calculations 

1. Calculate the average titre volume for the sodium hydroxide 
 
(21.69 + 22.07 + 21.65)  = 21.80 mL = 0.02180 L                      
                  3 

2. Use the known concentration of sodium hydroxide to calculate the amount, in 
moles, of sodium hydroxide  

 
n(NaOH) = c x V = 0.105 x 0.02180 = 2.289 x 10-03 mol 
 
The balanced equation for the reaction occurring is: 

CH3COOH  +  NaOH    CH3COONa  +  H2O 
 

3. Calculate the concentration of ethanoic acid in the diluted vinegar solution 
used in the titration. Give your answer to three significant figures. 

 
n(CH3COOH) = n(NaOH) = 2.289 x 10-03 mol  
 
c(CH3COOH) = n ÷ V 
                       = 2.289 x 10-03 mol x 0.025 L 
                       = 0.057225 mol L-1 
                      
 
Part B: Written activity 
 
Use the following molar masses: 
 
M(C) = 12.0 g mol-1  M(H) = 1.00 g mol-1  M(O) = 16.0 g mol-1  M(Na) = 23.0 g mol-1 
 

1. Oxalic acid is 26.7% carbon, 2.22% hydrogen and 71.1% oxygen, and has a 
molar mass of 90.0 g mol-1. Calculate both the empirical formula and molecular 
formula of oxalic acid. 

 
n(C) = 26.7÷ 12.0 = 2.23 mol  n(O) = 71.1 ÷ 32.0 = 2.22 mol 

 
n(H) = 2.22 ÷ 1.00 = 2.22 mol 
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n(C) 2.23 ÷ 2.22  :  n(H) 2.22 ÷ 2.22  :  n(O) 2.22 ÷ 2.22 

 
=           1.00        :             1.00          :             1.00 

 
Empirical formula = CHO           M(empirical formula) = 45 g mol-1 

Molecular formula = C2H2O2 

 
2. Malic acid reacts with sodium hydroxide. The equation is  

 
     C4H6O5  +  2NaOH    C4H4O5Na2  +  2H2O 
 
Calculate the maximum mass of sodium malate, C4H4O5Na2, which could 
bemade from 15.0g of sodium hydroxide. 

 
n(NaOH) = 15.0 ÷ 40 = 0.375 mol                     n(NaOH)  :  n(C4H4O5Na2)  = 2 : 1 
 
n(C4H4O5Na2)  =  0.375 x  2  =  0.75 mol        
 
m(C4H4O5Na2)  = 0.75 x 155  = 116.25g 
 

3. Sodium carbonate, Na2CO3, reacts with hydrochloric acid, HCl. The equation 
for this reaction is 

Na2CO3 + 2HCl      2NaCl + CO2 + H2O 

A student titrates 25.0 mL aliquots of a 0.200 mol L-1 hydrochloric acid solution, with a 
solution of sodium carbonate.   

The student recorded the following volumes of sodium carbonate:  

24.30 mL 24.41 mL 24.09 mL 24.27 mL 

Using this information, calculate the concentration of sodium carbonate solution. 
 

n(HCl) = 0.200 x 0.025 

           = 0.005 mol 

V(Na2CO3) = 24.30 mL + 24.41 mL + 24.27 mL/3 

                  = 24.33 mL 

n (Na2CO3) = 0.005 x 2 = 0.01 mol 

c(Na2CO3) = 0.01/0.025  = 0.4 mol L-1 

 

 


